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Abstract 

The Development of Graduate Researchers in Biodiversity Project. under the 

Research Program on Conservation and Utilization of Biodiversity, has been organized by the 

Center of Excellence in Biodiversity, Department of Biology, Faculty of Science, 

Chulalongkorn University. The purposes of this project are to produce the researchers in 

taxonomy, ecology and biodiversity; and also to support training , researching , publishing and 

potential knowledge of graduate students and lecturers in biodiversity field by supporting 

scholarships for master's degree in biology, zoology, botany, genetics, biotechnology, and 

environmental sciences, and also doctoral degree in biological sciences . From 2005 to 2008, 

the total of 83 graduate students, 59 in master's degree and 24 in doctoral degree, were 

encouraged funding to do their research. Moreover, the project also supported grants to 

them for 46 presentations, 18 national presentations, 28 international presentations including 

36 academic publications. 
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7. 	 tJM1UY11-.31'111nlr~1~u1l'~utl1ur::(Y)U'l11~Llft::U1U1'111~ r'HJ 17 I"If-.3 Ll1ImUUmrU1L~Utl 

tJft-.31u1ur::(Y)U'II1~ 7 I"If-.3 llft::U1U1'111~ 10 I"If-.3 (mn-.3~ 2) (Jl1I"1tJU'ln 'II) 

8. 	 tJft-.31U'Il1-.31'111mr~1~n'lr~YhJY'l1u'l1r~lr1'111n'lnr-.3r::(Y)U'II1~ LLft::U1'U1'111~ 91U'lU 19 ~tl-.3 
.,j

(l'I1r1-.3'1l 3) (Jl1I"1tJU'ln 'II) 

ll~U~U l~tl~"l1nU1LlXnuiJ.~ l'Ii-.3Lur::;(Y)lJl..nnuru-nl'l LLft::r::(Y)u 11I.1=tJhlruon l'I Yl'lltl1U'IlUtl V1~UU;J ~, , 

LUmr19tJ LLft::n'l r11.1 L~Utl t.Jft-.31ULul'i1-.3t1r:: l'll PI 

2. 	 flrtlntJ~tlLI"INn'lr19tJ~lM1J'IlUfl,rufluun'lrvh19tJ ~-.3LLl'in-.3utlr::l-nru 2548-2553 1ur::(Y)u. 	 .. 
)"!~1uru-n(;J 83 Ll"lr-.3n'lr Llft::~~Duru-nl'l 59 Ll"lr-lmr r'l)..!i-l~u 24 LI"INfnr (mn-l~ 1) LVltJLU 

91U')und:JULm-.3mr~rhft-lf'ln~1 22 Ll"lr-lmr Uft::~lLhmr~n1=t1lL~'l 60 LI"I'Nn'lr Llft::ft1tltln 

"l1nmrf'lmn 1 LI"INmr iJntJft::L~tJ{1t (Y)-ln 

2.1 LI"INmr19tJ~lMU'IlUfl,rufluumni119tJ t1-lutlr::)"!1ru 2548· . 
luur::(Y)UlJ\.nuru-nl'l 21 LI"INn1r llft::r::(Y)1JVJ1=tDuru-n1'l 8 LI"INn'lr r'l)"! 29 LI"INn'lr 

llft::~1l1"lmr~n~11utln'lr~n~1 2549 luur::(Y)umnuru-nl'l 13 LI"INn1r lLft::r::;(Y)u 

~~!)uru.yj(;1 2 Lm-ln'lr r'l)"! 15 LI"INmr 

2.2 LI"INn'lr19tJ~1~1u'llUfl,ru~uun'lrvh19tJ t1-lutlr::)"!1ru 2549· . 
dJur::;(y)u)"!~1uru.yjl'l 8 LI"INn'lr llft::;r::;(y)1J~~Duru-n1'l 3 LI"INn'lr r'l)"! 11 LI"INn'lr 

(ft1tltln"l1nmr~n~1 1 Ll"lr-lmr) LLft::;~hL~"ln'lr~n1=t11utlmr~n1=t1 2550 Luur::(Y)u 

)"!~1uru-n(;J 5 LI"INn'lr llft::;r::;V)1J"l~Duru<n(;1 2 LPlr-lnlr r'l)"! 7 Lm-.3mr 

2.3 Lm-ln'lr19tJ~1Mu'llu~,ru~uun'lrvi119tJ t1-l1J1.h::;mru 2550· . 
lum::;(Y)u)..!\.\1uru-n(;1 11 LPlr-lWlr LLft::;r::;(y)1J~~Duru<n(;1 1 LI"INmr r'l)"! 12 LI"INn'lr 

LLft::;~ll1"lmrMn~11unmrMn~1 2551 luur::;(Y)1Jmnuru-n(;J 11 LPlr-ln'lr lLft::;r::;(Y)u 

~~Duru~(;J 5 LPlNnlr r'l)"! 16 Ll"lr-lmr 

2.4 LPlNn'lr19tJ~1~1Ul'lUfl,rufl'4Umrvi119tJ U-lU1Jr::;mru 2551 

luur::;(y)u)"!~1uruon(;J 8 LI"INmr uft::;r::;vlu~~Duruon(;J 3 Lm-ln'l1 r'l)"! 11 Lm-ln'lr Llft::; 

~ll1"lmr~n1=tl1utlmrMn~1 2552 r::;(Y)u)..!\.nuru-nl'l 9 Ll"I1-lmr lLft::;~~Duru~(;J 2 

LI"INn'lr r'l)"! 11 LI"INm1 
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2.5 tFl~-3n1f)4"EJ~l~f1J'vl'.U'llrtJ~'4'Un1nh";)4"EJ U-3tJ1.h:;mru 2552 

~::;c;1tJl..Jl.nuru;;Ul 10 TFlNn1~ u~::;~:;c;1mJ1~lJuruofi(;\ 10 tf'lNm~ '1,}l-J 20 Tr\)'-3m~ lL~::; 

~'Lr9n1~~mnl'Utln1~~mn 2553 ~::;c;1tJl-Jl.nUruofiUl 9 LFlNn1~ LL~::;~:::c;1m)MDuru;;(;\ 

2 TFlNm~ ~,}l-J 11 TFlNn1~ 

TFlNn1~14"U~1~ftJl'l'U~utJ~'U'Unl~Vi1~9EJ ~-3Ll~U-3tJl.h:::l-J1 ru 2548-2553 4"111 LLU'l. . 

mt1J(1.j1~l'lmf'l1~liI~l-Jl.nUru;;(;\ r'Jl-J 38 Lfil-J lL~:::(R1m"~n~liI~mC1!(1.j1~l'lmf'\1~liI~~MDuru;;(;\ 

~,}l-J 11 L~l-J ~-3~Flru:;m~l-Jn1~tJ1,.n~Tm-3m'l1~l-J'tltJLfil-J";)1'l[J1UYl'Ufi~-3~l-JVlH~~'i.l-3~l-JVl. 
111Fl1"J!1ii'l1Ylm L~tlLrh.n.h:::LEJ"J!'U1\..!m~~nM1A'\"!Fl~1 LL~:;m~irU\"!n1~~'tl\"!Lth.!~irutJ~'tlEJU~,} 

4. 	 ~ltl'11EJ~'i.lTFlNn1'1~1~'tJtlfU'Vl\..!1th~\..!tl~~'l1\..!1\"!~1-31.h:;LYlf'l ~-3U~U-3Utl~:;l-J1ru 2548-2553 

'1,}l-J 4 TFlNm'1 ((;\1n-3~ 5) 

5. 	 ~ '1t1nEJ~'i.l~fl'l1\"!1'l1'l1'il1n1'1~1v\'im~\..!'a1\..!r:;c;1U'lI1~llfl:;\"!1\"!1"J!1~ ~-3 LL~U-3tJtlr:::l-J1ru 2548­, 

0­

Flf-3 

6. 	 ~ rtlnEJ~'tl ~fl'l1\"!V11-3";)"J! 1n1 r~l~fu n1r~W l-JW1\..!'} 1r~ 1'1";)'Il1 n1r~-3 ~:;c;1tJ'll1 ~ LL~ ::;\"!1'L..11'll1 ~ • , , 


~,\"!,}\"! 36 ~-3 (mn-3Vl 7) 


7. 	 ~ rtl'11U;'i.l ~ ~-31\"!~l~~w l-J'fiL~mLwfFl,)1l-JJ91n~')U~n-3'D'i.l-3";)YlU1UYl\..!fi'D'i.l-3U~ liI ~ftJ VI\,,!: 4"111 Vi 1 
" 	 'U 'V " 

,",ijmi'tl-3L~EJ')LLtJuTul-J~LliId L~'i.ln1nl\..!fn~~-3~'tlEJ ru u1\..!TplOLnlil ~'htJ~t1~1EJTW'lW1'l tfl1Ll1'tl'.,/ 	 . . 
t1l-JW,)1 9-3WrVl~l-JVI'1~'lFlnl-J 9VlViItVlEJ \"!1'l~I,}JlVl'1')nru Lftf'\~"lI1li1,}U"lI 

http:c;1tJl..Jl


m'a1..:l~ 1 'a1tJ~'f)LFli..:ln1'a~1~~'U~'U'"I1nLFl'a..:ln1HJ~Vl'lrn1~~~1'Um1)J'\.Hnn'VI~1!JYl1..:l:arUl1~~::~'U~'l!'l!1LYI - ~'f)n U..:l'U'lh::)J1ru 2548-2553 

'Wi~'n?l J;l'a~n I ru1 )J'VI1,JruoVi J;l ~~~:: J;l~n,JruoVi J;l '"11 n FI ru::~Y1!J1 F'l1 ?I J;l{ '"I"A'1~..:l n'aru)J'VI1~Y1!J1-t!J" -t= .. " ;J , 

'VI)J1~~'tl"IJtF1~,:jn1~ I ~'!)tF1~,:jn1~ ;1'!)U~(;J/~'tl"IJtl~~1~'l 'VI.an'llIJl~/'ll1"IJ1 'llt11'U11~ 
OJ 

CEB_M_1_2005' I L'l!I'l;Wt.l~1'I1'i'l(;1fLm£JlJ(Vi£JlJ'lJ'El-l'l!::n1.t.llYl£J t.I.'i'l. ~(111f(;1,r U1£JL"l-;''I! ~Yl£J11'11'i'lm)J"nuru.n(;1 I ~'L~"ln1~~m:t' 
4572625723 'i'l1·!I11'l11Wt.l~1'I1'i'l(;1f 

CEB M 2 2005 1'I'l1)J1A·lnn1A~1£J'lJ'1l-ln~'l£Jl~lJ1L'lruL'lJ1L~m'1lYl£J1t.1LL'vi-l'll1~('lJ11.1Ao.! t.I.'i'l. '1l)')1f(;1U U'lI'l~'£J ~Yl£J11'11'i'l(;1~)Jmuru.n(;1 I ~'(~"lm1~m:t' 
4672551023 'i'l1'1J1~'lI1'Yi~m:t1'l1'i'l(;1f 

CEB_M_3_2005 1'I'l1)') 'I..l~ 1n'l..l ~ 1£J'lJ'1l-l(YJ f,m~ ::~'l!1.n ~ L~U-l LYJ ft.llJ'h'l ru('1J 1L; tJ'l 'il Yl £J 1 t.ll( 'vi-l'll1 ~ l'1J 1 t.I.'i'l. 'l~n 1'll~Wt.l~ ~Yl£J1f'l1'i'l(;1~)J1A1Uru~1'1 I ~'L~"lm1~m:tl 
1.1Ao.! 4672403823 'i'l1'lJ11'l11Yit)m:t1'l1'i'll'1f 

CEB_M_4_2005 1'I'l1)J~)JwtJfi'1J'El-l(;11'lLl.ln::Vi!l1~£J'1l~~'l)JnlJyJ'1l-l':n lJ1('lru1A~(n1::~1t.1 "l. 'lI'Cl1.j'1 t.I.'i'l. nYlTt.l1 I'I)')~' :')YI£J11'11'i'l1'11)Jmuru~(;1 ." ..
'i'l1(~"ln1~f'lm:tl 

4672365623 'i'l1'lJ1~'l!1~(;1'l~Yl£J1 

CEB_M_5_2005 'Yi'Clr)(;11.l~::'l!1m'~~1 Portunus peJagicus (Linnaeus, 1758 ) lJ1('lru'1i1'l~-ln~::LlJ~J ~-l1Ar)(;) I t.I·'i'l.1lJ111l1 I'lru~'lJ ~YI£J1P11'i'l[;11)J1A1Uru~[;1 I ~'L~"lm~~m:t' 

~t.lYI'-l1 4672250023 'i'l1'l11:')'lI1~1'1'l~Yl£J1 

CEB_M_6_2005 n1~HYlfYi£J1m'lJ'tl-lt.lnn~)J":l'll1'l Dueu/a bie%r (Scopoli, 1786) LL~::t.ln'll1tn1At.I It.l1urulYi-lPl" 'l-li1)J 1Y1£J1P11'i'l (;1 j')J'I..l1Uru~~111 ." ..
'i'l1L1"ln111'1n\:t1 

Ca/uenas ieobariea (Linnaeus, 1758) 1t.1t)~tJ'i'l)Jwt.l~l.J\,lLm::1.hmrt.l 'ilYl£J1t.1U'vi-l'l!1~ 4672261023 'i'l1'1J1:')'lI1~(;1'l1Yl£J1 

Yl1-lYl::L~1A~Lm::~ij~t.I ~-l1Ar)(;1W-l,:n 

CEB_M_7_2005 n11~hl'ln::-J1'1'l1)JLLtl1~t.lYl1-l)J'1lnyJ()J1iI1I'1LL~::Wt.l~n~~)J'1J'1l-l~-lij)Jl~n Apis I t.l1£J'1iPlL~'!J n~,n~m ~YI£J1P11'i'lm)Jmuru.n(;1 ~'(1"lmj'~n\:t, 

andreniformis Smith, 18581.t.ltl1::LYll'llYl£J 4672554923 'i'l1'lJ1:')'l!1~(;1'l:')YI£J1 

CEB_M_8_2005 mmJ1m.HViulJLI'IN'i'l11-lf-lLLl'l::Yit) ~m1)Jm1'i'lh:lf-l5'::1A~I-lit.lLN'lIilVl Trigona I t.l1£JW'l!1 ~'!J1A~tJ ~YI£J11'11'i'l1'11)Jmuru~1'1 I 'il1'1l'1ln 

laevieeps LLl'l:: Trigona apiealis (Apidae: Meliponinae) 4672351823 'i'l1'!I1~'lI1~m1Yl£J1 

(}"l 



m~1.:J~ 1 ~1!!J~'elLFl~.:Jn1~~1~r'U'Yl'U~1 nLFl~.:Jn1~e.J1ivllrn1~!!J~1'UFl'J13.JVI'Gl1 nVl~1!!JYl1.:J;g'JTl1Yl~::j;)'Umt1!t1!1LYl - L'el n U.:J'U'lh::3.J1ru. 2548-2553 

wtn~Vln~t1!t1!13.JVl1,rru.~VI Lb~:::~~£j,rru.·~VI r,nnFlru::1YlmPl1~Vlf r,p~1~.:Jn~ru~Vl1~Ylm-t!!J (vi'el) 

'\.unmil'il 
:g'f)tM~m'1 ~'f)\j~l1l/b'&l'lltl'i:::~1 ~';l Vltn'llIJl'lI'llI'111 'lI{)'1\A/1TVi..tM~nl'i 

CEB_M_9_2005 mTlLtm Aureobasidium pullulans Yl~~I~~l~j;]'1l~h'UL~'1ln ~Vl£JIP11~(;1T'-I ...nuru.n (;1'U . ~ . ~'JI~'mru ~'UI'U ~ILr"lm~~nb'1 

~1'111':)'JIILVlI'l L'UL~~~'JmYi 

CEB_M_10_2005 I m~~Ll'\n::-J'1l1fL'1lY;~LYl'1l~nb'II'l'JI'-1t.1~lm"~I£JVlI~~'U~m~'-I'lI'il~~1£J~'UfViLL(;1nl1il~n'U1'U I 'UltJ~n(;1U '-I1~1'J~'; 
4672346723 

1Vl£J1P11~(;1T'-It.lIUru.n1ll ~IL~"lnr~~nb'1 

1rh\l11rith LL~::'Unm:;VlI 5 'Di:I(;) I 4572520423 ~1'111~'JI1LVlI'lL'UL~U;'JmYi 

CEB_M_ 11_2005 I inb'ru::~'-Illii'll'il~ eDNA LL'1l~~I-n~'LI'l:aL(;)~'II'il~~~LYiN Apis cerana I 'U.~ . ~~~1. Yiflliil 1VltJlP11M1T'-It.lIUru.n1ll ~'L~"lnr~~nb" 

4672476623 fll'1111'l!1L"'IilL'U'L~~~'JmYi 
• Q ... 

1Yl£JIP11Ml),'-It.lIUru.n[;1 l'l1 LT"l nlTPI nb'1CEB_M_12_2005 I nlnilhitJ1~"'~1J1~i'I'J'U lL'1ln~1~iLL~:;nI),LLl'l(;)~'1l'1ln'll'il~~'ULL!l~~1-n~LI'\:nL(;)~ 'lI!l~t~~'-I Apis I 'U.l'l . f'-lmi£J ~~~~J)1~£J 

l'l1'II1':)'JIILVlI'1L'UL~ ~~'JmYi 

CEB_M_13_2005 I nI),Vl(;)~'1ltJl'\'JI'-1LtJ'UYib''II'1l~~IT~n(;)''llnml'JL''l~'1l Pueraria lobata, Pueraria mirifica, I 'U.~ . 'JT~ru)'~ ~~'lIYi~'; 

4672386823florae 

1YltJlP11~(;1Tl.Jt.lIUru.n(;1 ~'Lhm~~nb" 

Butea superba LLfI:: Mucuna col/errii ~iil1i'ilL'll~'Zi' Hep-G2 I 4672395423 ~1'111':)'JIILYlP!L 'ULflU;'JJ)1Yi 

CEB_M_ 14_2005 I ~Y1~ri'il~~I£J~'U~LL~:;'1Y1~~I'Uri'1ln~I£J~~f'll.'il~~IT~ n(;)n'Jl'JL~'i~'1l,,'lI1~:ueraria mirifica I 'UlmnPl Yi~L~1C1J 1YltJ1P11~1Il:'-It.lIUru.n(;1 ~'Lr"lm~~nb'1 

n'J1'JLMtlLL(;)~ Bulea superba LL~:;n'Jl'JLI'l~'1l(;)1 Mucuna collettii (;)'J£J'JfiY1(;)~'1ltJLLtJtJL'1l'-llf l'lI'll11'I! 1LYlIilL'UL~~;'JJ)1Yi4672212223 

." .. 
~IL:"lnlTPlnb'1CEB_M_15_2005 I nITtlT::Ln'U~~m::."tJ"llnn1ni'il~LYl£J'JLLtJtJL!'l'-l~L(;1Uj;]'iltl~::'JIlm~~~'il£J ru UI'ULl'\nLn~ I 'U.~ . .r1Yl),'Jnru L~PI~'J!I(;1'Jil'J! 11Y1£J1P11~(;1S''-I\.IIUru.n(;1 

~1'lJ1':)'I!11Yl£J1I'lIMlf 

~~LL'J~t\'tl'-l 

CEB_M_16_2005 I L~031Yl£J1'11'1l~Yl'l!'J~P\ Apocynaceae 1'Utl~::LYlI'l1Yl£J 

4689200620r.r~Wr(;)~~YlT~~MI'-1 

1Y1£JII'lI~fJ1S''-I\.IIUru.nfJ1 ~IL~"lm~~nb'1'U. ~. \.I'I1£JmC1J~,r ~Y1fil 

~1'1111'DIYi'1nb'I'lI~(;1f4772549923 

m 

-



ti11'il-1l~ 1 'il~~'fl1F1'i-lln1'iVi1c;lf'U'VI\J tOll n1F1'i-ll n1'i~~ l'IUn'ij~~ ~1TUF1';m.JVI'i'n nVl'ill~'VI1-1l~lhl11'Y'l'i~;'Umru rul1'V1 - b'fl n tJ-Il'UtJ'i~~lru 2548-2553. ~ ~ 

VI-Kn~l'I'imt")Jt")Jl~Vll,rru~l'I bb'il~"l~~,rru~l'I tOllnFlru::1'V1mPfl~l'I{ 'Wl'il-lln'iru~Vll1'Vl'.I1-K~ (vi'fl) 

'V!"'I!J~'6l'lltFlHn1'i 

CEB_M_17 _2005 

~'eJtFl'i.:tn1'i ~'eJil~ CIlh'6l'lltl'i::';h ~'l 

I ).J'ElfL'riL).J(;i1n'lJ'El..:!LU PI'II).JLLDrcr'IJYlI..:!'r~\.!~m~).J LL:::'1..:!~'11'IJYlI..:!~t)fil.J~n1r'lJ'El..:!ml'1L~i~'El I 'lJltJ(;)~ru ~'1rrru~~(;)r 

Wlln'6'lIR'i/'6'lI'll1.. 
1Y1tJ1P11fllnr).J'I-I1uru-nC/l 

'6'lcnunlYl 

~IL~41n1r~n1;-1 

'lJ1'1 Pueraria mirifica L'lJD1::LYlY'lLYltJ L(i'}tJL'1ILYlfI'lJfI RFLP C/lNmL'JrutJ'IJ Cox2 411nL).JL(;) 4772302123 fl1'll1~'1I1lln'l~YltJ1 

f1'El'IJLf;i~tJ 

CEB_M_18_2005 I ).J'ElfL'riL).J(;i1n'lJ'El..:!LU LL~::~'IJ~m1).J'lJ'El..:!m1'JLf'l1'ElLL(i'} -1 Bu/ea superba h.!t!r:;LYlY'llY1tJ 'IJ . ~ . ~f!l~n1~ LLlhij'El-.ll;j~ I ~YltJ1Y'llfllil1).J·vnuru-nlil ~IL~41n1r~n1;-1 

4772245023 ~1'lJ1~'l!1LVlf'ltut~~;'JJ11W 

CEB_M_19_2005 I f'l'lI).J'V!~lm"~ltJYI1-.l'l!U(i'}LL~:;f'l'l1).J1n1).J'll'El-.l).J(i'}ViYl'IJlhurywnruLL~:;tJIL~-.lf-.l ~VltJ1'IJ I 'lJ1tJ1.mfiD r.l'IJYl1~t)fl~ 1V1tJ1P11fl(;)1).J'V!IUru-nlil ~1 L141n11~ n1;-1 
• .. ... I ...." 

LL'V!-1'l!I(;)M'lJI'IJ 41-1'V!'J1Il'IJ1'IJ 4772334223 ~1'll1~'l!lllll'J~YltJ1 

CEB_M_20_2005 I C.J~'ll'El-.l L41i:l~LIn~'lJIii'Eln1n411ry'lJ'El-1'Elt)tJ'J:;~ h-1 L'l!~'1f~U~'lJV'lJL~).Ju1L'1l'IJnn1:;Ylltii~'IJ I 'lJltJ~Y(fiw~ ~'lJVlr~fil.J..r 1V1tJlP11~lilr).J'V!luru-n1il "1L141nI1~n1;-1 

Co/urnix japonica 4572530723 ~1'lJ1~'l!ll(;)'11V1tJ1 

CEB_M_21_2005 f'l'J1).J'V!flIn'V!fl1 tJ 'lJ'El-.l ~ ~'1'El fL1 flilU;'L'J rutJ'El (i') L'lJ 1U'IJ 'i)YltJl'IJLL \1-1'111 ~ L'lJ IU'IJ r.l-1'V!t)(i') 
.. .... -­ ..... 

'IJ.~ . LWtJ..:!wnlil1 ~'lJm1;- 1Y1tJ1Y'l1~1il1).J'V!IUru-nCll "IL141n1r~n1;-1 
-I 

1.Jf'lrY'lUi11).J11'l! 4872400023 ~1'lJ1~'l!IW~n1;-Y'lI~ C/lf 

CEB_M_22_2006 I n11LLwiL-f'El Lankes/erella L'lJnU'lJ1 Hoplobatrachus rugulosus t(i'}tJt!~-.l Glossiphoniids I1.JIUU41!irl..:!w1.JYlf 1V1tJ1P11~ lil1).J'V!IUru-n fi1 ~IL1~n11~n1;-1 

4772340023 ~1'lJ1~'l!lllil'J1Y1tJl 

CEB_M_23_2006 I '1l~m).J~!i11.J'lJ'El":!).J'I1.J~-.lt~UI (Hemiptera: Gerridae) L'IJ~'lJYl~).JUILL).]nfl'1l-.l 'IJ . ~. L'El~l1 ).J-.lf'lflitJ'l!'IJ:; ~YlUIP11Mlr).J'V!luru-nfi1 ~1L141n11~m;1 

4872494023 ~1'l11~'lI1llil'l1Y1tJ1 

CEB_M_24_2006 I n41nr1).J(;)1).J~I()n1~'ll'El-.lllilt)~:;L~'lJUI~::L~'lJUnYlr:;~Uf'l'JI).J~-lllil-.ln'IJ U1L'Iru~IU1~1'IJ\J'EltJ I 'lJltJf'lllil Lt!'lIU:;'Jru'll 1V1tJlP11~ 1il1).J'V!IUru-n(;l ~1L141n11~n1;-1 

L'lllilfn1;-I~'IJ~llilt)tJl1JW'~'1-l I 4872429323 ~1'111:)'l!lllil'J1Y1tJl 

CEB_M_25_2006 LLUU~ 'It! 1:;~'lJ'El-l-ln ~).JL!l).J 1'1'1'ElD~'IJL'lJLL'1'1 :;'IJ'El nLL'ii-lLf'll1'llDr:: L YI PlLVltJ 
~ . 'lJltJ'Il(;lrWr11;- W-.liL411'\j ~YltJIP11~lilr).J'V!luruoYiCll ~IL141n11~n1;-1 

4872255423 ~1'lJ1~'l!lllil'J1Y1tJ1 

-.J 



- -

1JI1'j'I-3Vl 1 'j'ltJ~'elLFI'j'-3m'j'Vll;~u'V1'U"llnLFI'j'-3m'j'l:J~ lJIirn'1r.rtJ 1111'UFI'lI3-J'VI~1 n'VI~I!J'V11-3:n'l111V4'j'::;~umrurulL'V1 - L'el n U-3UtI'j'::;3-Jlru 2548-2553. ~ ~ 

'VI-Kn~IJI'j'm'1!'1!I3-J'VI1,rru-Yi1Jl LL~::; ~~D,rru-Yi1Jl "llnFlru::;'1'V1!J1P!llllJl~ '1~1~-3 n'j'ru3-J'VI1'1'V1~J1-KtJ (c;l'el) 

'VI)J1!JL'&l'lJbM.!lnl'j' 

CEB_M_26_2006 

~'elbf'1'j'-3n1'j' 

I nlr1f)V1~~i1'I mlJh.mlr~ m:tl'lJ'i.jli1'1'lJ'1l'l L'lJIi1'1l1~mL~ ::n'"1 mnJ'lJ'1l·mh\ln~l 

~'elij~ [JI/L'&l'lJtI'J::r.il~'l 

I 'i.jlutlf'llC\llY'1r 1'i.jiu 

'VIin~.. [JI'3/?ll'lJl 

~VlUl f'll~li1rlJ\lluruoi1li1 

'Mn'Um~ 

~lL~'"1ml'~m:tl 

CEB_M_27_2006 

CEB_M_28_2006 

Manouria emys phayrei (Blyth, 1853) 4772597023 

I '1l~nl'lJ~!il'i.j'lJ'1l'ltl~l\1~i1'Itl~nnl'::~'l (Synbranchiformes: Mastac~mbelidae) 1'i.j I 'i.j.i'l. ~lfi\l 'lJ'"1l'~~!l'in~ 
>­

~lJ":m~lY'1r::ul 4872506023 

I ml'nl'::'"11tH,1')L'i.jLL'i.j')ti'lLL~::'1ll\lll''lJ'il'l~'l~l'ln'i.j;ji1'l KaJou/a medio/ineata (Smith, I 'i.jlUrl'i.j£J \l~h'"1,s 

~1'lJl~'ll161i1,)~Vltll 

~Vltll f'lli'lli1l'lJ\ll,jru~1i1 

~1'lJl~".II161i1,)~V1tll 

~VltJlf'll~1i1 rlJ\ll,jrusn Ii1 

~lL~'"1nll'~m:tl 

~lL~'"1ml'~m:tl 

CEB_M_29_2006 

1917) 1'i.j~lLll'1li'lllJL'l1 ~'l\l1i1'1li1ln 4872217623 

I l'),)llJ\I~ln\l~lU'lJ'1l'lLLlJ~'l;tl::'lJl,)LL~::~ruf11Y'1,jlL'i.jLLW'i'l":n1..J1L')ru~V1tJl'i.jLL'vi'l".lll~ I 'i.j . ~. ,)l'rtruu~ mnn"l 

~1'lJl~".II161i1')~VlUl 

1VltJlf'll~ li1l'lJ\ll,jru~[I1 ." .. 
~lLl''"1nll'f'lm:tl 

f'l1-\l1'i.j 4789130420 ~1'lJl~".II1~V1tJlf'll~[I1f 

CEB_M_30_2007 I t./~'ll'1l'l'1l::'Vll'1:a'i.j~'1lmHr.i1CkJl'::tJ::r;)'i.jLL~::ml'L"'l1CkJ'lJ'1l~'1l1U':l::~¥1'lL".II~~1J~'i.jf'lJ'1l'l I 'i.jlUn~l:t!ll I')Vll1!i~'i.j~'i.jfi 
~'lLL,)i1'I~'1llJ 

~VltJlf'll~li1l'lJ\ll,jru~1i1 ~lL~'"1ml'~m:tl 

nU'i.jl Hop/obatrachus rugulosus (Wiegmann, 1834) 4872210123 ~1'll1~'Dl61i1')~Vltll 

CEB_M_31_2007 I 6ru~1'i.j~Vltll mr'l1'i.j LL~::ml'H'~'i.jYl'1J'1l'l1rilh~lJ~LLi1'I'l Gallus gallus spadiceus 'i.jlU~VlfiY'l'l1'f '1l1~l'Y'I'"1,s ~Vltnf'll~li1l'lJ\ll,jru~(J) ~lL1"'lml'~nl:tl 

CEB_M_32_2007 

1'i..1L'JJli1fnl:tl~'i.jf61i111.hX,)U'JJ1LL-ii'l ~'l\l1i1'1'1PltJ!il\l 4872518523 

I Ul'~1i11'i.jL\j'ilL~'1l LL~::Y'ltJlfi~f11Y'11'i.jn1J'i.jl Hoplobatrachus rugu/osus (Wiegmann, I 'i.j')m"l[l1~'i.jVlf Lf'll'l:tl~Vl~ 

~1'1Jl~".II')61i1'l~Vltn 

~Vltll f'll~ (J) rlJ\ll,jru~[I1 ~lL;''''lml'~nl:t1 

CE B_M_33_2007 

1834) 

I t./~ m::Vl1J'II'1l~ml'~i1'In1l'~'i.jY;f1i'1lI'),)llJ\lf\ln\l~ltJ'1J'1l'lLLU l')Y1ls-u1'i.j~'i.j Y1~1 Lll'1lVl'1l~ 

4872251923 

'i.j.~. '1l1rtll I')'i.jfil')lij 

?l1'1Jl~".II1~(;I':l~V1tJl 

~V1tJlf'll?lli1rlJm,jru~[I1 ~lLhmr~nl:tl 

t./l1Ji1 ~'l~1lPtmCkJ"l'i.j'\.is- 4872551123 ?l1'1Jl~".II16(J)'l~VltJ1 

CEB_M_34_2007 l'),)llJ\I~ln~~lU'JJ'1l'llJ'1l~LL~::~L,)'1lfL~fli11J1L')run'lLLl.IU1'i.jLL~::1J1L,)ru~l'lnl '1lVlUl'i.j, 

LL 'vi'l".lll~ i1'I'1lU~'i.jVl'i.j'i.j"" ~'l\·l1i1'1 L:a m1.\Il.1 

I 'i.j.~. tU~1i11 'i.j::Y1 

4872599323 

~V1tJlf'll?l (J) l'lJ\ll,jru~(J) 

~1'1Jl~"II1~'i.j~f'll~[I1f 

~lLhmr~m:tl 

co 



(;l1';j'1~~ 1 ';j'1tJ~l'lLFl';j'~m';j'm~-rU'YI'U~1nLFl';j'~m';j'~~l'IlTn14"!J~1'Um1~\Hnm."~1t1V11~:Zh1l1'Vi';j'::~U~ruru"LVI - Ll'ln iJ~UU';j'::~1ru 2548-2553 
• w w 

~in'{'lI'l';j'~t1Jt1J1~\.nuru-n1'l LL~::riJ~~Uru-n1'l ~1nf'1ru::1V1mPl1'&'l1'l{ ~~1~~n';j'ru~~11V1mi!J (vil'l) 

~~1m'&l"llL~~.!ln1~ ~'1)L~~.!ln1~ ~'1)U~CI1/t'&l"llt1~~1~1 ,"~n~IJl~/~I"l11.. ~Cl")'Un1'Y/ 

CEB_M_35_2007 n1~~::~~'lJ'1l~L1ru1\J~\JL'vIwm nNLYlW"lln~1 Lllll'1l'll')fn'; ~'lWr1fI\J1') ~\J1£1n LL~ ::'L!£1Vi 
~ . \J.~ . thij r;n ~\Jfi'J'l1'1 -;'jYlml"\I~(;l~~'vIIUru.n(;l ~IL~"ln1~~m:n 

L~mL~'1l.!lnUMI~llijl"\I~(;lf~'llLunru. 4872349823 ~1'lJl~'llI~\J~l"\I~(;lf 

CEB M 36 2007 
ell " ............... d,Q d ....

I mn~'1lnM1'lNLL~::'J{)"ln:i''ll')(;l'lJ'1l.:ltJ.:l~~ Apis florae Fabricius . 1787 LL~::tJ'l~I\J \J1£1~htfi~~'; 'J~m~ll"\ ~Ylml"\I~(;l~~'vI1Uru.n(;l I ~IL~"lnl~~n~1 
Apis andreniformis Smith, 1858 h.!~lu~,x'Jm'lJEJ'l ~ILIl'1lYl'1l'ltJ1Ilij. ~.:l'vl-rlfl 4972524323 ~1'lJ1~'llI~(;l'J:jYlE.n 

nlC\J"l \Jtj1 

CEB M 37 2007 I 1')'J1).J'vI~ln'llv.IfILL~::I')'JI~1n1~'lJ1I.:l).Jlfll\.!~\.!Vith~ULL~'l ~\JVi~'J\.!th~mL~::Y1\J \.!.~ . mhr\'!vll'i'1lL'll~ :)Ylml"\I~(;l~~'vIluruon(;1 ~IL1"lm~~n~1 

Ln~(;lmn~ ~lu~,x'Jm'lJEJ'l 'fiILIl'tlYl'1l'ltJ1J;]ij ~'l'vl-rlflmC1J"l'Utrf 4972377423 ~1'jn:)'llI~m:)Ylm 

CEB_M_38_2007 I 1'),)11JLLtJ~~\'!Yl1'l~\J~m1~'lJtl'l\.!n~~ Pavo mulicus Linnaeus, 17661\.!mI')L'\.Iil'1lLL~:: \JI£11Y'1f'll rn,)~'Jmu ~Ylml"\I~UJ~).J'\.IIUru-n(;1 ~ILhn1~~n~1 

ml')(;1::-r\'!(;1n'll'tl'ltJ~::L'Vll"\l'YltJL(;ltJ11JLPi m 'l!'Yl L'Yl~l~mi L~\JL '1l 4972428823 ~1'lJl:)'llI~(;l'J1Ylm 

CEB M 39 2007 I 1'),)1~"'~ln"'~1tJ'II'il'lLYJf\'!LL~::Yhln~L~tJ'lLYJf\.!u·h')ruL'II1'L!\.!1'v1C\! ~'Ylm\'!LL"';'l'll1~ \J . ~. 'IIUI111 ~'l,)'UYlfY'ltJ 1YlEnl"\1~m~"'luruon(;l 
• Q .. 

~ILr"lm~l"Im:t1 

L1n'L!\J 4''l\.6(;l\.!MPl1!i111Jn'll 49722265823 ~1'lJl1'111Y'1~n~l"\1~UJf 

CEB_M_40~2007 ~'J-rIfI Y11'1;,)1l1Y'1 ~ 1'\.1 fu ~ IfI (;111J tJ ~n1::Y1U'lJ'1l'l~11ri1~IfI ~iii 1Y1'll nri ~'1l '1l fmL\JPi'i"l'1l1\.!Yi 
~ . \J.~. ~nJ~::m 1.JC1J~'1l ~Ylml"\I~(;l~).J"'IUru;;UJ ~ILhmr~n~1 

(;lnP11'11\'!~'lLL'JIfI~'1l~'II'1l'lWEltJn1U~I~1fI 4789137920 ~1'1111YlmPlI~(;lf 

~'lLL,)~~tl~ 

CEB_M_ 41_2008 I m~LtJ~tJ\'!LLtJ~'1tJ~::'l!ln11Jl1~~"Jnl~LL~::LPiN~¥I'1tJ1::'l!lm'IJ'1l~'Un~'1L~m Pavo 'UI£1~~-r~oJ "hLr'h 11Yl£1IP11~1Jl~~muru.n1Jl ." ..
~1Lr"lmrPln~1 

mulicus Linnaeus, 1766 ~ lJl.t:hL~tJ'I '1l.(;l'1ltJ~::Ln(;l 4''l'\.l-r(;lL~tJ'll'v1~ 4972594223 ~ 11n:)'l!I~(;1'):)'11 £11 

CE B_M_ 42_2008 I 1'),)I).J'vI~1n'vl~ltJ'II'1l'l'l!V.UJ~1Jl1'~::LY!\.!il1~:: Ly!\Jun 1 \J~'Ylm'ULL\i'l'llI~ L'II1~U,x1-r\.! 'U.~. ~'II~ 1fI'L!£1~-r~i :)YlEn Pl1~ IJl ~~\nuruon UJ ~IL1"ln1r~n~1 

4''l'vl-r1fl~'U'Yl1.J1 4972416023 l'Il'ln:j'1l1~(;l'):j'Ylm 

c.D 



(;l1'i1~~ 1 'i1!J~'elLf)'i~n1'i.yj1c;)-r'UVI'U~1 nLf)'i~n1'ieJ~(;l,rn~4'!J~hUm1~~'rl1 n~'rl1!JVl1~=n'lmYl'i::iK'Ulliruru1LVI - b'el n tI~'Utl'i::~J1ru 2548-2553. ~ ~ 

wtn~(;l'itRt)Jt)J1~~1,rruoi1 (;l bL'rl::~1:In,rruoi1(;l ~1nf)ru::~V1!J1 Pl1'jq(;l; '1~1'rl~n'iru~~1~V1!J1-t!J ((;]'tl) 

~)JI!JL~'lJLiP1'i.:Jm'i 

CEB_M_43_2008 

I =i1'!lLiP1Hm'i 

I fl,)I~~~~'Ufi~::\.I~,,)':}Yi~~!IltJ~::'lllm~iil Portunus pelagicus (Linnaeus, 1758) ntJ 

=i1'!l\l~ !Il/L~'lJtl'i::..jI;,;) 

'WIEl n PI'1'l ~'il.:}tJ~::LVl'il':}~'jJ. . 
~~n~j;I'i/~I'lJ1.. 

:)Yltnf'lIMlnJ\.I,,),jru-n!ll 

~tl1'U.nI"r'4 

~,,)L1"lm~~n\;'1 

t1"l~ElYl1':} mElJ11Yi 1 'ULL\.I I'i'l\.l ~IYl::L~ 'fl1,) ~,:m~::LtJ'U ~':)\.I~(i\~'UYl1.j1 4972228623 ~,,)'ll,,):)'ll")~m1YlElI 

CEB_M_44_2008 I 1J'1'l'll'il':)~':}LL')(i\~'il~VlLtJ~El'ULLtJrl'l~'ilf'l')")~1n1~'ll'il.:}tJ~::'llln~'Un~.:} Pavo muticus 'U.~. fir~nf(;)"rtl'UYl'il':} 1Yltnf'l")~(;)~~\.n,jru-n(;) ~,,)Lr"lm~~n\;'1 

tJ1L')ru~,)ElYi\JL~'1'l,,)LLrl:;~'ilEl~'il':}V1,,)':) L'1I(;)fm;")~'U~~(;)11h~,)EJ'll,,)lL'ii.:} ~':}\.I~(i\'1l't1mil\1 I 4989101420 ~,,)'!J"):SYlmf'l")~[;1f 

.; " 
~':)LL')(i\'1'l'il~ 

CEB_M_45_2008 I f'l,)I)JLtl'UltJl~'UnI~H')J')'Unm:nEl.:l~,) Micronecta grisea LLYl'Wnl1HLYlijW'il~'lltj(i\ 'U.~. ~'Yllmru ~)J~::tJ")'1'l :)Vltnf'l")~[;11)J\n,jru~[;1 I ~,,)L~"lm1~m;") 

Lil(i\Lna(i\~L'1l1'1'lYl1'Wm1f'l,)tJf1~~n~,,)~':}'1'l,,)El Aedes aegypti 4989068420 ~1'll11V1ElIP\")~(;)f 

~':}LL')(i\~'il)J 

CEB_M_46_2008 n1~'1'l(i\~"J,,)L~El"lln'1l!ll~,,)\.InmJL~'ilLL'1'l:;n1::(i\"),;L(i\ElL;'ilnW'iln'll,,),)~,,)El~'W~Y;I'l(i\LLEln 'U.~. li:lT)JYin::ih :SYlmf'l,,)~!Il~~\.I"),jru-n[;1 
• c .. 
~,,)L1"lm1P1n\;'1 

"l")m'll(;)~'f)'W 4972307523 i'l,,)'ll,,):)'ll,,) 

LYlf'lL'UL~~~,)J11Yi 

CEB_M_47_2008 I f'l')"))J\.I'1'l")m"rl,,)El'!J'il.:l'lltj(i\U")1'U~'UY;L'!J"),hL~'f) ~,,)L11'ilLLri':)f'l'ilEJ ~':}\.I~(i\M::1.J1 'U")mrl'ilM~1'i' ')PiL'Um~ 1YltnP\,,)Ml~)J\.II,jru-n!ll I ~IL1"lm~~n,;") 
4972463723 ~,,)'ll,,)~'ll,,)~!Il'):SVltn 

CEB_M_48_2008 

CEB_M_49_2009 

n1~LtJ~El'ULLU'1'l-lYl,,)':) ~ru fi")'W:SYltJ ")~~~~'UfintJ m ~L~tJL[;1'11 'il.:}lrilh ~)J \.ILLVl':) Gallus... . . 
gallus spadicesus 1'Um''1L~tJ'I~~m\1LYiI::L~El.:}~(;)1th~,)El'1l,,)LL-ii.:} 

I f'l')"))J\.I'1'l1 n\.l'1'l ,,)El'll'il'ltJ'ULlJ'ilh'll'ilEJ'Ii'LW'lILtJ~~'U 1,2,3,4 LL'1'l:: 5 
J'.... , .JCi~';

(msp-1,2,3,4 LL'1'l:: 5) 'll'il'lL'J!'il)Jlrl,,)L~El plasmodium falciparum YlLntJ"nnYi'UVi 

'W,,)Elj")tJ'W") ~'f)mIil1C1J 

4972629623 

'UIEJJ;]ij'UVif ~lJYi~~'Ufi 

4972605523 

:SVlmf'l")~(;1~~\.I"),jru-n!ll 

~,,)'!J,,)1'll")~m:SYlm 

:)Ylmf'l,,)\'lIJI~lJ\.II,jru-n!ll 

~1'11,,)~'J!,,)~11l,)1Y1tn 

I ~,,)L1Iilm~~n,;") 

I 'il~1'U~::\.I~,,)'1n1~~n,;") 

'lIlmL(i\'U'1I'il'ltJ~::LVI I'llVlEl 

o 



I?l')'i')"fi 1 'i,) !I~'tlLFI'i"m'ifi1c;i~'U~'U 'ii,) n LFI 'i"m'HJ~ ~l'Irn1~!J c;i,)'U FI'd,) 3-!'l.Hn n'Wi'l,)!I'Vl'),,=iI'l1nYi'i~~'U'llity ty')L'Vl - L'fl n tJ,,'Uth::: 3-!,)CU 2548-2553 

'l-1'ilnn I?l'i'llit).! t).!')3-!vnU ru-Yi I?l LL'&'!::: ~~l)UCU-n I?l 'ii')n FI CU:::1'Vl!J') PI')~ I?l~ ~W')'&'!" n'iru3-!'l-1,)1'Vl!J')-K!I (ui'fl) 

"UJ1m~'IJ'LI'l'i.:tn1'i I ~'tl'LI'l'i.:tn1'i 

CEB_M_50_2009 I "''lllJLLtl1crU'VlI~~ru!'U'lI'!l~n~rhf'l Calotes versicolor (Daudin. 1802) 1u 

tl1::L'Vlp\1vltI 

CEB M 51 2009 I "''lllJ'i'l1lJI1C1~1Um1~U~U~'lI'E1~Ll'i1LLnl-JLL(;l~LYlP\LiiEJ Trachemys scripta 

elegans 1utJ'ElLtEJ~ ru 4'~'\.I-r(;ltlYJlJfi1il tl~::L'Vlf'\1'VlEJ 
CEB M 52 2009 I ~L'lp\~'Vl£J1n1~nU'Ellm"'lI'E1~~1Il1'i'l::LYlU'lJI'i'l::Ll1Uunlu~\J~Ln~lnm~::l.J1 

fi~~lJ'D1&i 4'~'\.I-rI?l1..hu 

CEB_M_53_2010 I m~~m;',)'EI\fn~l-J~fiIU'lI'EI~ Hoya siamica 'D~~L;,,-n'Elu1utl~::L'Vlp\1'VlEJ 

CEB_M_54_2010 I L~C1J~Ylf.J1'l1'E1"~'l!'l!lm~ulutl~::LYlp\1YlEJ 

;1'tlii~IJI/L~'lJt1'i:::~1~1 

U,)~?lI'l'!l1nIYl11rutl1::n'!lUn11 

5072574123 

ulf.Jim,!m ~U'Vl~tl~::Yl"pf 

5072606623 

U.'i'l. ~Ylfiru L'\.I~1LLII1') 

5072518023 

U1~'i'lI'lm,,1"l c;i,,~ulu!mlJ 

5272309423 

UIf.JU~~'l! 'k! 1l-J:&lJ 

5172329923 

m"YlUYl'lU'EI\fmlJ1filuLYJfu'i'l~~ Diplazium Sw. (WOODSIACEAE) lutl~::L'VlP\ IUIEJyt'VlfilJU ~'EI"mEJ 

1YlEJ 5172391723 

CEB M 55 2010 

CEB_M_56_2010 Yl~n~p\1'i'llllf~U1JIU'lI'EI~'l!1'l1 'VlEJ ytYl Ii1UthU~U1UU'r1LL~::'l!1'l1YlEJl.J'i'l~ lJlU1J1U I U1~'Zl1'l L;J EJlJ~'lIMru 'Zl~l"~U~l 

~yjlmru~~u112 ~IUM!mU '1ilLn'f)~m-u 4'~'\.I-r(;lUn5'l1'i'l 

CEB_M_57 _2010 I Yl~n~p\I'i'llllfYlU1JliJ'lJ'EI"Lth~~ 1JIUtl,U1," ~")U~Yl"~ ~lLJ)'EI~U~~'lJ 4'~'\.I-rVl 

U1U 

CEB_M_58_2010 I "''lIl-J'\.I~ln'll\lVl'lJ'!l,,1~\~'!lu~ulu4''''\.I-r~UIU 

CE B_M_59_20 1 0 I m11L!'111::iYm~u~nnlJ'IJ'!l"~n~ru::m"tl~::m1Yi LnEJ'l;r'El"riU~fl ~~lIlluc)'l 

L'\.I~'!l"eJn'Zl~ Glycine max (L.) Merrill 

5172597723 

Ul"~l'l'!lC1J'll~ u'llJii 

5272627023 

U1~'i'lI'lL~'il~-W1 UmYlltN~ 

5172567923 

UI"'i'lI'lp\fC1JfJ C11'l1 

5072639323 

"'~m.jIJl'i/~I'l11 ~tl1'l.unYl.. 
~YlEJIP\I?l1ll1lJ\nuruonlll I 'il~lU1::"dl~n11~n~1 
?l1'ln1'l!1~IIl'l:jYlEJ1 

:jYl£J1P\1'i'lIllUmluru-nll1 I 'EI~1\J~::'\.I~1~n11~m:t1 
'i'l1'l11~'l!I~(;l'l:jYlEJ1 

1Ylf.J1P\1'i'l1ll1lJ\nuru-n(;l I 'EI~lU~::'\.I~I~n1~P1n~1 
~1'l11:j'DI~IIl'l~Ylf.J1 

~'Vl£J1P\I~lIlnJ'\.Iluruonlil I '!lQ1u~::'\.I~1"n1~~n~1 

'i'l1'l11~'DIYl~m:tp\IMlf 

~'Vlf.J1P\1'i'l1ll"l-Jmuruonlil I 'EI~lU~::'\.I~I~n1~P1n~1 
'i'l1'l11~'DIYl~m:tp\IMlf 

~'Vlf.J1P\1'i'l1ll1l-J'\.IIUru-n1ll 

'i'l1'l11~'l!1~1Il'l~'Vl£J1 

~Ylf.J1P\l'i'l mlJ'\.I IUruonIII 

'i'l1'l111'llIYl~n~p\1~lIlf 

'ElU1U1::'\.I~I"nl~P1n~1. 
'EI~lU1::'\.I~1~n11P1n~1 

~YlEJIP\IMl~l-J'\.I.1Uru-n1ll I 'EI~lu~::'\.I~l~n1~P1n~ 
'Zl1'l111'llIYl~n~p\I'i'llllf 

~'VlEJIP\I'i'lIll~l-J,.nuruonlll I 'EI~lU~::'\.I~I'lnl"~n~l 

'i'll'lJI~'l!I~!11'l~YlEJI 

:j'Vlf.J1P\1'i'lIll~lJ'\.IIUru-n1ll I '!l~lU1::'\.I~I~m~~n~1 
~l'lJI:j'l!IYl~n~p\I~lIlf 

http:3-!'l.Hn


U11i1~~ 1 i1!J~'eJLf'1i~n1i~1~-r'U'Yl'U'"I1nLf'1i'm1i~~U1,:rn1~!J~1'Uf'1113.J'VI'Gnn'VI~1!JVl1~=n11l1"(ji~1'l11'U~t\!t\!1LVI - ~'eJn U~'Utli~~1tIA 2548-2553 

'VI-tn'!j U1im'1ltl.J1~'VI1,rtIA-i1 U1 ~~~~ ~'Hli,rt'IJ-i1 U1 '"11 n f'1 tIA~1V1!J1P11?1"'.f '~1~~ niru~'VI11V1!J1-t!J (~'eJ) 

'VI~I!JL~'lJLFI'i.:l nl'i ~'eJLfI'i.:lm'i ~'eJil~C/lM~'lJt1'i~~li1 'VIin~C/l'i/~I'IJ1.. ~tl1'U111'Yi 

CEB_D_1_2005 UYlU.TV1'!1'Cl-l LL U~~ LrtJ1Wi1::n'iltJ~tJ~'iltj{]4'm'ltJL~5'L'"ltJLL~ ::yj'il~yj'1lf~ 1tJU'1l LfttJ-l~-l 

~~1~1 . 

ItJl-lmm tfYlliftJ j;f 

4373874623 

:)YltJlf'11~1i11~1;'~Uru-n1i1 
... ... .... 

~1'!1'1"1Y1tJlf'1'~1i11'111'Yl 

I ~'L~'"ln15'~n~1 

CEB_D_2_2005 :n~L~~~I~ m::~UL~ L~~~'!I'il..:JY;'~ f1~tll,.nrtJ-DI..:JLL~::~f)~1n~L~tJ..:J1tJL'tlL:ntJf11::tjtJtl'iln 

L~tJ~1~ 

I tJ. ~. ~~1nru UI~"1IU'r'lf11 

4473827223 

~'r'ltJlf'111l1'11(;)~~Uru-nj;J 
... ... .... 

ll''!1''J'''J'r'ltJlf'1'i'l1i11'111,Yl 

~'L~'"ln11~n~1 

CEB_D_3_2005 '1ltfm~:)fiIU'!I'il..:J~'111..:J~1.I~ILt.ht.i'iltJ Ischaeminae LL~:: Rotlbelinae (Poaceae)lu 

tlr::LY1f'11'r'ltJ 

I u.~. mrul l~T.L~~ 

I 4673817123 

~Ylmf'lI1l1i11(;)~~uru-n~ 

~1'lJ1:)'111~'r'lmf'lli'lIi1M'JmYl 

I ~'L~'"ln11~n~1 

CEB_D_ 4_2005 lyjL~~L'1lnn~'lJ'1l..:JtJn~LL'1itJf..:J'lJ11 Aerodramus fuciphagus (Thunberg, 1812) 1u 

tl1::L'r'lf'llY1£J 

I u.~. 'ilt1l'~ L'1l1~~ 

4673841123 

~YltJlf'11~1'11~~Duru-n1'1 
4 _ .... 

i'l1'lJ1'J"'J'r'ltJlf'1'i'lf111'11'JI1'~ 

I ~'L~"ln11~n~1 

CEB_D_5_2005 Pl11~'II'1lU'1l1,":1 Yl~tj!i11tl1::'111n1LL~::~ntJmYlnlntJ'U~I"v1::":I1L:n'ilLLU~ViL~tJ 'lJ'1l..:J 

LL~~..:J1l1ULtJ'ilrlJ'U1ulll~If11'!J'1l"nt..:JLYlYllJ1.IIU~r . 

I tJl"tl1::'~Yl1 L~I~tl1::L1l1! 

4673815923 

I ~YltJ':'i'l_1'11(;)~{jUru:1'1 

i'l1'lJ1'J'III'JYlmf'lIMlr'll'Jm~ 

I ~'L~'"ln11~n~1 

CEB_D_6_2005 n11~L~n::~L;"tJ'hJ1rultlt'llYl~lt'JU'1ltJf111P1tJl-DL'il'llYlLL'1l~:nLL~::~'r'lt'r'lI,,:n'JmYl'lJ'1l..:J 

ml'JLPl~'il'IJI'J Pueraria mirifica 1ULLtl'iNtl~n. 
I u.~. ~'r'lfi~1'1 piH'1~~ 

4573846223 

I ~Ylmf'lIMl~(;)~~uru-n~ 

ll"ln~"L'r'lPlLUL~u:n1mYl 

I ~'L~"ln11~n~1 

CEB_DJ_2005 ~ ~'lJ'il" n15'Ltl~ tJULLtl~..:Jn111-DYl~U~ 'il LL1.I~..:Ji'l::1l ~P11fU'il'U n1ru~n~l~tJ~~~ 111t.i'1l tJ111 

tn"l 4'''1.Itjf11\hu tlr::LYlf'll'r'ltJ 

tJ.~. tlf'll1U ~,j,~" 

4673816523 

~YltJ1f'111l~5'(;)~Duru-n1ll 

- - ....1l1'!J11'111'JYltJlf'11~j;J1'11'J111Yl 

~'L~"ln1l'~n~1 

CEB_D_8_2005 YlUYI'JU'iltfmlJ~fiIU'lJ'il..:JLYlfU'II\lf11L;..:J-n'ilU Microsorum punctatum (L.) copel. 

(Polypodiaceae) 

tJltJ~1.Inrfi.. LYl'llrf'lr 

4673833123 

~YltJ1f'11i'lj;J1(;)~Duru-n~ 
4 ... .... 

1l1'lJ1'J'II11Y1tJlf'111lj;J1'II1111Yl 

~'L~"1n11~n~1 

CEB_D_9_2006 "''JllJif~~'U€~ltJ:)tj(;j.JtJln1l''III~~U~LL~::Yj\l~n'!J'1l..:JLYlfUllf)~ Lepisorus (J. Smith) 

Ching (Polypodiaceae) LL~::M~1n~L~tJ..:J. 
I UItJ'J1l'ruitJ'IIILLviu 

4673825123 

~'r'ltJ1f'111l~1(;)~~uru-n1'1 
4 ... ... 

1l1'lJ1'J'II11Y1tJlf'11i'lf11l''II'J111'Yi 

~'L~"1n11~n~1 

..... 
i',) 

-



[;11~1,:jvl1 ~1~~'1)bA~,:jn1~m~.rtJ'V1'U"'IlnbA~,:jn1~eJ~I?lUn1~~~l'UA'J13.J'VI~ln'Will~'V11,:j:n''Ul1yj~~~tJtRrunJ1b'V1 - L'1)n tJ,:jtJ'th~3.Jlru 2548-2553. ~ ~ 

'VI;n'!ll?l~llitytyl3.J\-Il,rru~[;1 LL~~I1J~n,rru~1?l "'Ilnl'lru~1'V1mpfl~[;1f ~~1~,:jn~nr3.J'VI11'V1!J1;~ ((;)'1)) 

'1.u.nm~'lJ'LM~n1~ I ~'f)'LI'lI~~n1'i - ­ I ~'f),H~IJI/L~'lJtJ'i:::~'l~1 'VIin'i'lIJl'i/'i'l'l'lJ'l 'i'lrm.ul'l'l'l.. 
CEB_D_10_2006 I n1~'r1U'r1'l'U'tl~n~~~fil'U'iJ'El-.1n~'ltl1~~~~ Oendrobium sw. ~~ Formosae (Benth. & I 'U.~. '1ln~m ~mi1I11EJI'U'Uvl 1Y1t11P11~11I""l~Duru-n11l I ~lLf"ln1~~n~l 

Hook. F.) Hook. F. (Orchidaceae) l'Uu~::LYlPl1Y1EJLL~::~'U~1n~L~u-l I 4773844123 ~ l'iJl1'l!'l~Y1 tI1 Pll ~ iii M '111 1Y1 

CEB_D_11_2006 I n1~Y1U'V1'l'U'tl"innJ1fi'l'U'iJ'El-.1~'l!'l-lI'1~qJ1L~ltJmJ-li1'lYJ1-l1'U1.h::LYll'\h1U I 'U . ~ . 'Elnltl Li1U~",!'l~~ru 1'V1t11P111'11i1)'l1)~DUOJ-n11l I ~lL~"ln1)'~n~l 
... - .­473845823 ~1'lJl'l'l!1'l'VlEJ1~11l11l~'l!'l1lIY1 

CEB_D_12_2007 n1~LLYlin~::"l'ltJ'iJ'tl-.1L"hU~ Platysternon megacephalum 1.'Uu~tL'r11'\1'V1EJLL~:: 'Ul-lL!'11'1lO)~u ¥1~lijJtJI'IO)1l~~'I'l 11'r1U1~11l11l~(1)~D~ruafil1l I ',h1"ln1~~n~1
~ ~ 

I'Icn'UmYlU~::'l!lmLL~::m),~(;)n1~~l'Un1~'El~fni mru~n~l L'lJlilfn~1~'U~~!1111h 4889652820 1l1'l11~Y1EJ11'\1~!11ffi-.1LL'l(;)~'fl)..J 

L;U-.1L1l1'l ~-.1'v1-rL1lL;tI-.11mJ 

!'1'11)..J LlIJI n~1-.1 'Vl 1-l ~OJ~'l'U1Y1t11 LL~::1i'l'l1 )..J'vI~ 1 n'vl 'I'll U'V1'l-l~'U fi n ),~~'lJ 'tl-l nU'UlCEB_D_13_2008 'U1tJ'tl~Mnr tl1'U"'!'lJ 11Y1tJlI'\11'1111~(1)'=tDUOJ-n11l I 'El~1'U~::'vIrj1-ln11'~n~1.. . 
Hoplobatrachus rugulosus (Wiegmann, 1835) "llmL'vI~-.1'1l1~EJfi)')')..J'l!1~1'Uu~::L'r1P1 I 4973861023 ~1']Jl1'l!11Y1t11I'\11'1Ii1fon'lmYi 

't'VlEJ 

1'\'11)..J~)..J~U€~::'vI~ 1-.1 n),L1l LL 'ElU1'l!=B n LL'I'l::n 1 m1l ~-.1'tl'El n'lJ 'tl~ ~'ULL!'1 ~)..J'tl i1J~ 'UlllU 1 Iii' 'U.I'I . ",!~)..JlllTnr LL1l~-ll~ ~'lL~"lm~~n~lCEB_D_14_2008 1Y1U1P111'11i1~(1)~DUOJ-n11l 

47738727231'l'l1)..JL!'11EJ(;l"llnli'l'l1)..JL~)..J1.'U'ih'l Oryza sativa l. ~1'!11~'l!1~Y1U1I'\II'1Ii1M'lmYi 

'U1-.1n'l'lU1 Pl1tl~::vhJ 'tl~l'U),::'vIrjl~n1~~n~l~L'lPl1'VlU11.h::'l!ln~']J'El~ Indotestudo elongate, Blyth ~th'Un'Eln ~-l'vlO)(;)'lJ'tl'ULLri'UCEB_D_ 15_2008 ~'VltJ1P11~1i11'~~DUOJ.f11i1 
... 6 .... 

4973803623 I'Il'l11'l'l!1'l'VlEJ1P111'1111~'l!'l1l1Y1 

~n~OJ::~ )..Ju~'lJ 'El-l ~'UYlU1.'vi ~Yi lJI'flU ~ 'U'El~ Iii 'El!'1 'l1)..J L!'1~tI (;) "l1 n !'1'11)..J L~)..J1'U-li1'l Oryza 'U .I'I . MYI), Pl1nC\jLn,ncU'lIU 'tl~1'U~::'vI~I-.1nI1'~n~~'V1U1P111'11i11'v)~DuruafiL1lCEB_D_16_2009 

4873853923 ~1']Jl~'lI1~Y1U1P111'1I11M'lmYisativa L. 

'El~1'U"::'vI~I~nl)'~n~1n1 ~U),::LiJ'Un ~)..J U~::'ll1 n nL'I'l:: LL UU tU n 1 ~ L!'1 ~ 'fl 'UtJ1EJ 'lJ'1l-lU~::'lI1 n l'~~1 Portunus 'U.I'I 1(;11[11 I') OJ"'!'lJ ~Y1t11l'\ll'1 1ill'(1)~DUOJ.f1111CEB_D_17 _2009 
, , , 

5073819123 1'11'!n1'1l1~'Vltl1l'\l('llilfn'lmYipe/agicus (Linnaeus, 1758) L~'fln1l'~L1ln1~Yiti~~'U mru~n~l OJ '1il'lyl;~m::LU'U 

4'~'vI-r(;)~'U'r11.J~ 

w 
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c;n'I1.:1~ 1 'I1!J~'tlLfll'I.:In1'I~1~1U'V1'U"I1 n Lfll'I.:I n1'ItJ~ ~Un1r.r!J ~1'U fll'l1~VI~1nVl~1!JVl1.:1:n'l[)1'W'I~~umru CU1LVI - L'tln i1.:1UtJ'I~3J1ru 2548-2553. ~ '" 

VI';n~ WlaJ-;CYtlJ1~Vl1Uruii ~ LL~~~~ljuruii WI "11 n fll ru~1'V1!J11'11~Wl1' ~"A'1~.:In'Iru~Vl11V1!J1';!J (~'tl) 

VI~I!J~'il'llLfOlHm'i 

CEB_D_18_2009 

I ;1'elLfOlHm'i 

I n1~U~~U~'tltJl'Uli1f~'il'tlnl'l!(;)~lnn1~HYi~'ULLuulkN 11'lJ~::uu\:!L'l~(h.n:n 

n~ril~nh'1 ~)JJIEi'ilWll ~-:J1-I-J~'LJ1'lJ mI'lL1-I\l'il'IJ'il-:JU~:;LYlPlh1tJ 

=l!'elUi~/L'il'lltl'i!:~I~~ 

'lJltJlIt1J~'il I'l::L"ll'lJYlf"lll~ 

5073907723 

Vii'n'i'lIJ'l'i/'i'lI'l11.. 
~YlEnPlIi'lIi1~~~~Uru-n1il .. ... .­
i'l1'IJ1'l"llI'lYltJlP11~1il~"Jl'lnl~ 

'i'lm'Utll'1'l 

'il~1'lJ~::wh-:Jn1~~m:t1 

CEB_D_19_2009 'il'fn~)J~ iii 'lJ'!I'1l-:JLL)J fI-:JU'lJ1tJ1 'lJmi"llil ::-J'lJ1il n'!l'1l-:Ju~:: LYl PllYl tJ 'UltJ~~'l1tf.. 'r'I~U~::Li'l"i'1! 
~ .. ~YlEnPlI~Iill'~'l1~Uru-n1il '1l~1'lJl'::1-I~I-:Jnll'~n~1 

5073924323 ~1'!11~-nIi)YlEnPlI~Iilf-hm~ 

CEB_D_20_2009 I CJ~'IJ'il-:JcJltJ"ll::~'1lI'l'lI)J1)J~'lJ~'1ln1~1)J'f)JLL~::n1m~::"lltJLlT'l'!l'il-:J~1il1~::L~'U,j1 
.. .¥ ... .t 1".1 ~ 1 1 ~ ~'.I 1~::LYl'UumL~::l'Ilil'lL~'iltJi"I~1'U 'UU~L'lrulJ1CJ'i'lCli U 'U"l-:J1-I'lCll'UTW lJ1::LYlPI YltJ 

'UltJf"Jllil hJ"lltJ::'lc'il"ll 

5173845523 

~YltJIP11~1il~(1)'l1!jUru-n1il 

~1'!11~'llI~YltJlP11~lilfi'ltl1~ 

I 'il~1'U~::1-I~1-:Jn11~nh'1 

CEB_D_21_2010 I n111~YltJ~(1IIil1)Jl'lJn1l'~m:tI'!1'UI(11'!1'il-:JL'lJIil'il1~mL~::ii"lM~)J'!I'1l-:JL~IL~'iltJ 

Manouria impressa (Gunther, 1882) 

'UltJuf'll t1J1~~ -J'UitJ 

2173923823 

~YltJ1PiI~IJ'Il',,!h'!jUru-n1il 
... .. ... 

~1'!11'l"JlI'lYltJlP11~1il1"Jl'ltl1~ 

I fl~1'lJ~::1-I~1-:Jn11~n'l11 

CEB_D_22_2010 I U"lr.1tJ~ijCJ~ ~'1lI'l'lI)JVI'i'lln1-l~ltJYlI-:J;'lm'r'lLL~::n11LU~tJ'lJLLU~-:JLLYl'UYil'lJ'PJ1'U 

LL'r'I~-:Jnli1'El'U~'llu"i'L'lru'll,tJ~-:Jpih''l!,-~i-:J ~-:J1-I-J~"Jl~1I1 

'lJ.i'l. 'lUliltJI ~)JYlf'r'l6 

5073833923 

~YlEnPlI~Ii1~~'l1ljuru-n1i1 
.. ... ... 

~1'IJ1'l'll1'lYltJ1Pi1~1il~"Jl'ltl1'r'1 

I '1l~1'Ul'::1-I~1-:Jn1~~nh'1 

CEB_D_23_2010 Pl'lI~1-I fll n1-l~1tJ'!I'1l-:J"Jl \:!~ LL~ :;\:!L'l PI~YIEnU ~::'Il1 n ~'IJ'il-:J n-:J n'il n~::~'U~ l'::~ 'lJYI f 'l-:J pf 'U.~. rU!"i''UYlf'l-:JPllin)J'lI\:!-n ~YltJ1PiI~ 1il~~h'ljUru-n Iil 'il~1'Ul':;VI~l~nl~~nh'1 

I CEB_D_24 _2010 

I 

Zephroniidae l'U~-:J\,6~'LJI'lJ 

~m:t~::i'l)J~LL~::n1l'LL~(1I-:J'il'tln'!l'tl-:J1i"1'il)JiJLL'U'lJ(;)LL'ilI'lYhn~tPl;L~~"Jl\:!C/lYi I. II LLI'l:; 

1111'UCJ-:JLYltJ Apis cerana indica 

5073840223 

I 'lJ.~. ~f{]~n1f1 LLn'lL~'tl'l~~ 
5173805423 

~ 1'IJ1~'llI~YltJl PlI~ Iil f5 'ltll~ 

~YltJIP11~1i1~~'l1ljuru-Yi1i1 
.. .. ... 

i'l1'!11'l'llI'lYltJlP11~1i1~"ll'lnl'r'1 

I '1l~1'lJ~::1-I~1-:Jn1l'Pinh'1 

.... 

." 

-



"" - I ~ .. ""1 '" "I ....... .... ~I • I 
~1'i1,:j'Yl 2 'i'l'iu'iI!J"1l'fl~'6'l,:jIk1'YlI,:j';l'llIn1'i'Yl UlL'i'lkl'fl ~kI'i~Ul1J'lII~LL'Gl~kllk11'l11~ l.J,:jUlJ'i~)Jlru 2553• 
tlIL'&'l\J'il"l.\J'3!::~'IJ 

0"",",
(ill CfI'IJ"r'l) 

~'il nl'3U'3~'l!JJ'~'il~1.n'ilUIL'&'l\J'il''i'l m\JV\"lb.:t L 1ill"l. \J nI 'aU '3!::'l! JJ. . ~'il'ilI<i11'a6Yhnm~n' 

~'iln~1n 
'VI-Kn~In'a U'3!::LI'l'Vlnl'iUIL'i'l\J'il 

'a~~'IJ'l!I~ 

(1 ) ~'il.:tI'JU'a~"iIJJ: 13'd BRT Annual Conference• 
~'il~1.n'ilUIL'&'l\J'il: Relationships between the population dynamics of the blue­

11'1 . ~1 . u'UYlI.n f')'l!Ll'lil 

... 1 .. 
\JltJ'lPl~ L1'f)~u1::LY\tN~~ 

~YltJlf'\11'l1111)J""lTru;;j;) 

1'l1'lJ1~'I!1~1il';I1Y1tJl 

poster presentation 

swimming crab and seagrass beds in Khung Krabaen Bay, Chantaburi province 

~'il'i'Hn\JV\ : LNLL1~<!'1l~L~tJ~\JoJ L:ntJ~hnJ '"l. L;tJ~1~~ 

"ll1.:tL1ill"l.\JnI'aU'a~1JJ: 12-14 liJ~if')~ 2009 

(2) ~'il.:tI\JU'i~1JJ : 13'd BRT Annual Conference 11'1. 1f'11. U\JY\\J1 I'l'l!Ll'lil ~Y\tJll'll'i'l1il1"ll;'DlTru;;111 poster presentation 

,gJ ~ '" 0

'll'il'VI1'U'il'UIL'i'l'U'il : Assessment of stock and movement patterns for sustainable \J.I'l.,mm "lru~~ 1'l1'lJ11'l!I~YltJIP11'i'l1ilf-n'lnIY'1 

management of the blue swimming crab, Portunus pe/agicus (Linnaeus, 1758) : A 

case study in Kung >(rabaen bay, Chantaburi province, Thailand 

~'il'i'lm\JV: : LNLL1)JtI'1l~L~tJ~\JoJ L:ntJ~1mJ "I , L~tJ~1~~ 

"ll1.:tL1ill1.'UnI'3U'i~'l!JJ :. 12-14 1il~1f'))J 2009. 
(3) ~'il,n\JU'3!::'ljJJ: 13<0 BRT Annual Conference 

~ ..., '" .
'll'il'VI1'lJ'il\Jlb'&'l\J'el: Genetic diversity of the rice field frog, Hoplobalrachus 

11'1. ~~~ mtJl,"\J~ 

\JitJ'fl't'i'lmr UI\J~'lJ 

1Y1tJil'lll'l111111ll;'DlTru-n111 

'i'li'lJ i1'1!i~y\ tJlP1i'i'll11 f-n'll1iY'l 

I poster presentation 

rugulosus (Wiengmann, 1835), in natura l habitats in Thailand by mitochondrial 

DNA (12S rRNA and cytochrome-b sequences) 
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1Ylf.J1P11I'1m~lj'ljUcu-n(;1 

.. .. ..... 
~1'lJ1'J'lI1'JYltJ1P11~(;11'l1'Jn1-W 

N 
N 

.. a.I) 



UlI'31~vI 3 'Mtl'aI!.1~'elt.J'lHI'\J'YII~~"l!lm'3v11~m'3~~~~ tJ~'Utl'3~~lru 2553 (1J1'el). 
111~'&'l\J'ili.\J~"''U . " ...

(~I(;l'U'VI) 
~'il~1'il~ ~'il';lI'i'&'lI'i/b'iln'&'lI'iiii~~'I'i'\JmnJ~1~ 

l'il'il1"11'i!lYh.~n'l!tll 
~ilil~rn 

VI~n'&'lrn'i 
'" 
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"' . 111~. Vl'll'lnl11lJ~LnI11 :)'YltJ1P'11flm~~Duru-n~ 

(Polypodiaceae) from Thailand Chulalongkorn University 9(1): 99-104, 
v col 

'L.IltJfll-HU! L .... 'll)'M 
... ... .... 

fl1~1'1'll1'1VltJlP'11fl~1'll'lnIVi 

April (2009) 
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April (2009) 

(18) Distribution of the Big-Headed Turtle (Platysternon Zoological Studies 49(5): 640-650 (2010) 1 )''''.1111. r11n1 fi11'),j~ ~VltJ1P11~(;l""l~Buru.n~ 
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(Oryza sativa L.): The Role of OsPSCS1 and OsP5CR 2141: 1-12 (2010) \J.~. MVi1 P'11i1'l1L~')ru'lltJ 
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~1'111'1'llI'1VltJlP'11?l~1'll'lnl"" 

Gene Expression During Salt Stress 

I\..l 
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l'!l11l-1eV 

lm::~l~ "I . 'IIf11.!1 

U1l')ru'ii1,)~~m'::LU~ ~~WrVl~~V11.!1 

l)1"11~U~mmn ~PI. ~~ . 1Jil)~n~ ~·,nU~vl 

U~(j] ~l~~l')l)l-J1flinJ U,)I'\~ltJ 

2 l'I,)llJW,nnl-lflltJ'!l1HLYlf~llfl::~'111.n~l~tJ~lYlf~u1l')ruL'!l1 

l=iim llVlm~ll\.i-l'l)l~l'!ll1.l-IeV 

m"llrtJYimmn 1'1 . fI1. V1~~n~ 1.!ClJln~ 

n~(;l ~l-3~l,),)~U bl)~~f 

3 

m"llrtrYlmnlt1 ~Pa. VII. U~V1~l l'\'IIl~U 

i1~(;l ~1~~1')nVl1~1 PllJ-ih 

4 

'il1"l11uYlmm:n ~Pa. VI~ . U~V1~1 A'lIL?lU 

i1~(j] ~1~~1'),mm I'!ru~'!l 

:)V1mf'\If\(j]~lJl-Iluru-nV1 

(Scopoli. 1786) LLfI::~n'l)1ml-l~ Ca/uenas icobarica 

5 n1~HVlf~mm''lJ'il~unn~lJlJ1l1,) Oucula bic%r 

~11l1"'m1V1m 

(Linnaeus. 1758) 1.u~~CJ?llJ~~fU~Lm::tl1l-1rJ~ 'ilVlm~ 

LL",j~'lI1~V11.:JVI::LfI'\.n.hm::~i1~~ ~.:JWrVl~.:J.:J1 
~ 

m"l1~uYlmnlt1 1f'l. ~ru1 LlJ'-J1itJ 

n~(j] ~1tJn1tjYNj( ')~1ftlJ.. . 
1V1£J1P11MlllJl-IIUru-nVl6 n1mrrtJULY;tJuLI'IN~rl.:Jf.:JLLfI::Yi~~mllJm~?Ir1.:Jf.:J 

~11l11'111"'(j],)1V1U11::~~1.:Ji~h~'lIij~ Trigona /aeviceps 

LLfl:: Trigona apica/is (Apidae: Meliponinae) 

m"l11uYlmnlt1 PI. VII. ru-rnJU ,)-3l:Hij 

ij~(j] ~ltJl1'111 ~lIl-liju. 
7 :)V1mf'l1~(j]~lJ'nuru-nVl 

'il1"111uYlmnltl ~PI. ~1. 1Ji'il~n~ ~fllU~vl ~1'!l11'11IYi~nltf'lIMlf 

n~(j] Ul.:J~1,)l-I~tJn1ClJ"lU ~V1fi1 I 

1 


I 


I 
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8 

9 

11 

LtJClJ"IYi~1ru Uft::1.l1L~-lf-l flYlmULL'I-i-l'llI~f'ihlIU 4'-l\l-r~tiIU ~1'll1~'111~(;l'l~Ylm 

tl1"1116~llinWl til'!. ~~. l1l'l-lLL'!J ~YlfiL"I1'1!1t1 

U~ijJ ult1unfiu 4'UYl~?l-r?l~ 

R'lIl-J\lft In\lftltJ'lltl-l~ L'l'1lfL~ f(;l tJ1L'l rutl'1l ~ L'llIUU 

flYlm'WLL'I-i-l'llI~L'!JIUU 4'-l",-r~uMI'\1firWn'll 

tl1"11r6~mm:n tiP!. ~r. t;itl~n~ ~ftlU'Wl'1 

U~ijJ 'Wl-l~I'lLV;tI-l~n(;lf ~'!Jfmf 

tl'tml-J1filU'!Jtl-ll-J'l'W~-lH'Ul (HEMIPTERA: GERRIDAE) 

L'W~'W~~l-J~ILLl.inft~N 
'1l1"1116~mn~lrl'l."I1t11LftnUr::~1 

U~VI 'Wl-l?lI'lLtl~n l-J-lfla1tJ'lI'W:: 

t;il-lnutJ1L'lru~h~lal'W\1tltl L'!J(;lfnWl~'W~~(;l'hhlJ",a'l-l 

'il1"11r6~mm:n H'L ~r. nlfi~ fi~rJtl~ 

U~(;l 'Wluf'll(;l 'lU'llU::'lru'll 

LLtJtJihur::-m'!Jtl-l~n~l-J'ltll-Jl~tlU1'W1'W 

LLa::'W'1lnuti-lLPln'll tlr::LYl1"l1YlU 

m"l116~mn~ UI. ~r nlfi)' firfltl~ 

U~(;l 'Wlt1~(;l1Yirr~ Yi-l1:tL"I1C\} 

13 CEB_M_27 _2006 tl'tml-J1fil'W'lltl-lUal\1al1lUalm::~\I(SYNBRANCHIFORMES: ~Ylm""?l(;l1l-J\lluru-n1ll 

14 

MASTACEMBELIDAE) L'W~l-J~IL~IYir::m ?l1'll1~'111~m~Ylm 
,".J_~ ... U'" 

'ill"11WYlum~1 11'1. 11l1. nlfir fir"'! '" 

U~(;l 'Wl\1?lI'l?lI~l1 'll"l1Yi~~~n~... 

Kaloula mediolineala (Smith, 1917) 

L'WihL11tl~Il-JL-l1 4'\lW)l1llllln 

m"l11t11imn~1 tll'I. ~1 . ~L'II!li fl'W=Btl 

U~(;l lJltlnu6 U~Lr"lU 

~Yltll"'l~1Il1l-J\lIUru-n(;l 

?l1'll1~'111"'(;l'l~Ylm 
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~'Vl tJ1P11t'l mlJt.l1uru-nIil 

" LLt.lfi~U1U1mUfl'VlEnuLL1-i~'Dl~l'I1tilU t'l1'1l1~'II1~'VlmPl1t'llilf 

tll"117rJ~mn1:t1 7P1 . "11m L~m..h::fJ7 ~~LL'l~~'tllJ 

U~{;1 U~t'l1'l'l77tru'Uf'l f'I'l~'1l1"1 

Gal/us gallus spadiceus 'UL'Dlilfm~1~uf~1il1thil'ltJ'IllLLii~ ~1'1l1';)'lI1~1il'l1'VltJ1 

4'~wr~~~tJjnil 

'1l1r,mrJ~mn1:t1 ~PI. :'lru1 LlJ'-1~itJ 

U~(iJ U1tJt1'VlBvNrf '1l1~m"lu 

17 

Hoplobatrachus rugulosus (Wiegmann, 1834) 

tl1"11~rJ~mm~111'1 . ~W . lJ1~il ivmJ~fI~'1f'l 

U~{;1 UltJL"ll1l4'ul'lf LPl1~l~Vli" 

18 

U1L'lruth~n1 flVltJ1ULL1-i~'lI1~~'tltJ~UVlUU'" 4'~t.I.r(;1L:ntJ~l\uj 

'1l1"l11rJ~mn1:t1 t-lPl. (;11 . liitl~n~ ~f'llUUvl 

U~(iJ U1~~1'lltJ;;m u::Yi 

19 CEB_M_36_2007 n11L~'tlnt'lhlf~lLf'l::.r!l4'mfl(;l'll'i1~t~ijlJ Apis florae 1VltJ1P11t'lIil~lJt.l1Uru-n(;l 

Fabricius, 1787 LLf'l::d~;;1U Apis andreniformis Smith, 1858 t'l1'ln1'l11~1il'l';)VltJ1 

tl1"111rJ~mnM-1 '-11'1 . ~1 . ~1fV1U L~tJ'l'llru'llrJ 

U~1il u1tJ~'VlfiV'mt 'l~Mf'l1f'1 

R'l1l.Jt.lf'lln'l!U~LLf'l::f'I'l1l.J' n'l.J'Iltl~lJ ~1u~uYh.h~'ULL~~ ~uYi 1VltJ1f'11~(iJ1lJ'nuru-n(iJ 

t'l'lUth~mLf'l::~uLm:tIil1n~1lJ 11i1'U~il'Jm'!lEi~ ti1L1ltl'Vltl~t-l1JJij t'l1'1l11'l11~(iJ'l~VltJ1 

4'~t.I.rVlmCY"lul.J1 

tl1"l11rJ~llimn ~PI. (;11 . (;1'J~LL'Il ~'VlfiL"I1n.!itJ 

U~(;1 U1"t'l'1'Jtl~u'U." vitll'll~ 

21 

tl1"11~rJ~mmt1 PI. ~:i' . Vl:'l~n~ l.Jn.!Ln(;1 

U~(iJ Ul~t'l1'l'llU(;11 t'l~'JUVlfl'lrJ 
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~lltJ~~LnPl 4'-l\.l1',;\L=iiEJ-lllni 

ll1"lro~llimtIH'\. ~CUI LlJ1I-i:'l-ntJ 

U~I1lUltJ~n~l1 ~hul,) 

1V1tJ1f'11'Ml~lJW1uruoVilil 
.. 

t'l1'/J11'111~C;),)1V1tl1LL li-l"llI~L'II1~\J~I-nU 4'-l\.l1'Ji)4'uV1'\.i~ 

'tl1"1~6~mmti c.JPI. m.1L"I!!).i FlU~'1l 
__ v v v..( 

U~1iI 'U1-lt'lI,)Yi"l!~ Ji)'UtJt'l')t'l~ 

(Linnaeus.1758) ri\Jih4'tJV11-lnIEJmYi1uLL\.l~-l\.lrYlV1~L~ til') t'l1'/J1";)'111~C;),)1Yltl1 

~-ln1~LU'U 4'-3\.l1'~4''UV1'\.i~ 

1l1"'1~6~mm:n ~I'I. ~~. UUV1UI rl'llLt'lU 

U~11l 'UIEJnl'l~ ~'tl-l'\.JT~LYi'tl-lt'l'/J, . 
25 CEB M 44 2008 c.J~'/Jll-l~-lLL')Ji) ~lllJViL1.J~ EJ'ULLtJ~-l ~'tl rl,)llJ1 n1lJ'/Jll-ltJ~~'111n7 1V1tJ1f'11t'l (;\ ~lJ\.lIUruoVic;) 

unF,!-3 Pavo mulicus U1L,)CU"',)EJiULt'l~ILL~~"'llEJt'lll-lV11-l L'/Jc;) t'l\.lt'l1'/J11'1111V1tl11'11Mlf 

rmtl~'U~~c;)'hh~'ltJ'/JILL;]-3 4'-l\.l1'Ji)'Cl~tJji1U ~-3U')Ji)~'1llJ 

'tl1"1~6~mmtl ~P1. ":lCUI LlJ~";)-ntJ 

il~(;\ UI-lt'lI,)!lC1,j'lrl1ll1 tlUV1'tl-3 

... ... t1 ..
'/Jtl-lUn~-lL'/JEJ'l Pavo muticus Linnaeus. 1766 V1 (;\. ILlJEJ-l tl . 

4'-3\.l1'~ t'l ~~'\.i~ 


'tl1"1~6~llimtl ~P1. ":lCUI LlJ~";)-nEJ 


iJ~(;\ t.llm~'tlt'l:i'~~ 'l~'hunt'l 
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, v \.h~lJ\.lLL~-3 Gallus gal/us spadicesus 1t.lnNL~EJ-3~t'lmU 
Lrn~L~tJ-l~wrt11~')tJ'/JILL;)-3 

'tll"lr6~mmtl H'I . 'iCUI LlJ~";)-nEJ 

iJ~c;) UIEJ~ltJ\n ~tlm,.,1cu... ~ 

http:4'-3\.l1
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34 
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f'I'l1~utlnrtiYl1~~ru~1ti'llfl~n~ri1fl Calotes versicolor ... 
(Daudin. 1802) l\.ltl1::LYlf'l1YlEJ 

m"l11tJ~mn1:t1 1ft. ~1. 11151 fl1fltl(;j 

U~(;1 \.I1~~1'lmJ11Ymru t11::n'1ltJn11 

f'I'l1lJ~1lJ11Cl~1tin11t;U~\.I~'Il~,uJ;hun~LL~~LYiPlli1t1 

Trachemys scripta elegans '\.ItiflL~tI~ ru 4'~wr~u'V)lJinil 
u1::lYlf'l1Ylti 

.. ..I. r.! ... u"m"l11tlYlu1n1:t1 1ft. ~1. n151 fi1fl {;l 

ufll1l \.I1EJiEJqm ~\.IYlnl1::Yi~.,{ 

n11~n1:t1fllin1lJilfi1ti'llfl~ Hoya siamica 'IIU~L;~'fl\.l'\.I 

u1::lYlf'l1Ylti 


m"l11tJ~mn1t1 fl. ~1. lJ1U{;l ~~fl~ 


U~{;l \.I1~~1'lVl'l"'''l ~",r\.l'\.Ifi11lJ 


L1C1j1Yl EJ1'iJ 'il"Yl'll'll 1 tIlfl \.I'\.Itlr::LYl Pl1Yl [J 

fl1"111tJ~mm:t1 C-IPI. ~1. 'lJYI~ f)ru'l1~ 

U~(;1 \.I1[Jti11'11n.! '~~lJ 

m1YlUYl'l\.l'illinnPlfi1\.1L~f\.l~~fl Diplazium Sw. 

(WOODSIACEAE) '\.Itl7::lYlPl1Ylti 

m"l11tJ~mm:t1 PI. ~1. Yl1An~ '4Cl.Jln~ 

ufll1l 'U1t1YjVlfilJ'U ~tl"m[J 

f'I'l1lJ~fl1n'l!U~'IItH1~\~tl'U~\.Il'U4'~~1~ti1ti 


m·mtJ~mn1:t1 PI. ~1. 'lllJAn~ UCl.J~1 


U~11l \.I1~'ll1'll~'il"Yh UmVl1'l-l'; 


tllfn1lJ151\.1'1lfl-ln'l!'l-l.,{llcY1Lthtitltl~fllf'li1ilLlfl::1'ilutu~Ul'U 

u7::lVlPl1Ylti 

,..Jar:! .... 3: .( '" 
fl'l"l17[JVlu1n1t1 PI. ~1. Yl'lnnVl '4Cl.Jln~ 

U~~ 'U1-l'll1'ltl1ru11[i11l~lJ 

1YlEJ1P11'll(;11~~11Jru<Vi(;1 

'll1'il1'l'll1~{;l'l'lYl[J1 

1YlEJ1P11M11lJ~1Uru<Vi11l 

~1'il11'1l1~f;l')'lYlEJ1 

1YlEJ1f'11~(;11lJ'\nuru.;i(;1 

'll1'il11'1!1YiC"]n1tPl1'll(;1f 

1YlEJ1P11~(;11lJ\.nuru<Vi{;l 

'll1'il11'1l1YiC"]n1:tPl1Mlf 

1Vltl1P11M11lJ\.nuru-n1?l 

~1'il1'l'l!1~11l'l1VlEJ1 

':)VlEJ1P11'll{;l1lJ~1Uru.;i 111 

t'\1'!l11'1!1~f;l')1VlEJ1 

1VlEJ1f'11'll1?l1'11:t~uru.n1?l 

'll1'1111'1111VlU1f'11'll(;1f 

;'lJ11Yi 
I 
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Microsorum puncta tum (L.) Copel. (Polypodiaceae) 

tl,)"'11~mn'li1 PI. ~1 . Yl:)~n~ '~C\jLn~ 

ilar;! "',)EJ~,"mrl LYi'll1P1"1 

Lepisorus (J. Smith) Ching (Polypodiaceae) 

1. " ..
LL~:;t~~ n~Ll')EJ"] 

tl,)"'11u~mn~ PI . Vl1. V1:)~n~ 1.jC\jLnVl 

ila", U,)EJ'l11ru-nEJ 'II,)LLYiU 

Formosae (Benth. & Hook. f.) Hook. f. (Orchidaceae) 1.u 

tJ1::LVlI'ILYltm~::~",~1.nf\L~EJ"] 

tl1"'11U~mn'li,) tJf'l . Vl1. liitl~ni ~~')uui 

ila(;) U')..]i11'ltliirm i1cnUIi1Enuui 

1.",tJ1:: L V1f'lLYlEJ 

tl1r.mu~mn'li1 tJPI. ~1. I1itl~n~ ~fnu",i 

U~1i1 U').:]i1')'ltln1t1 Lum./~/mru 

':lVl EnPl1'i\ v\1(;)'liDuruet1V\ 

~1'1l1';)'I!1';)V1EnPl1'i\(;)f 

~'l111Yi 

'i\ I'll1';)'I! 1';)YlEnPl11'l (;If 

;'l111Yi 

'i\1'1l1~'I!1':lVlEJ1P11i1li1f 

;'l111Yi 

';)V1EJ1f'11\'\(;l1V)'IiDuru-n(;) 

\'\,)'Il')';)'I!')':lYltl1f'11\,\(;)f 

~'l111Yi 

mmYiin1::r,ntl'lltl..]u'h~~ Platysternon megacephalum 1.u :)V1EnPl1\,\(;)1V)'liDuruet1[;\ 

l.h::LYlf'l1Yltl LL~::nnll~m:t1\'\C1')umY"ltl1::'I!1nmt'l::n,)1~"'n11 \,\""\,\1'1l1';)'I!,):)YlEJ1f'11~(;)f 

~hum1m~fntt ru L'II(;)fn'li1~U~~(;)'hhL=n[J.:lm'l ~"]\.I-}VI 

L;tI.:]1.mi 

tl1"'11U~mn'li11P1. "'1. rhfi1 fi1f'!tJc;l 

U~(;1 u,)"]u'l1tl-}~u ~~r;l.nri1-}i1~~t'l 

ntln ~':]\.I-}Vl'lltlULUiU 

tl1"',)1~mn'li1 1f'l. "'1. n1fi1 fi1f'!tJc;l 

ua[;\ u')..]n~[J') f'l1-tJ1::VitJ 
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41 tl'tn 124~ filU'Iltl-3LL)J ~-3i1ulu1UflI r1 ~ ::1'u~ n'IJ'iHl.h::LVl f'll Vl [J 

'a1"l11tJ~mn1f11f'1 . .,rtJ1 L~m.h::r.J1 

u~~ Ul[JW~1:ttf Y'l'Zl1..h::L~r~ ... ~ .J 

.... .......1 ~ "" 
r1'lI)J~'ZIln~~I[J'lJtl-3'U~LL'ZI::UL'lf'l'lVltJ1u1::"m'lltl-3n-3n'il 

m:;~uY'l1d)UVlf 'l-3f'f Zephroniidae lu4'-3~<)~tilU 

'il1"fwIDimn1:t11l'1 . fl1 . r11fi1 fl1"!UL'f 

u~~ Ul'l~I'lrul1uVlf 'l-3f'1fi1nmil'D 

L'iI'ZI~h1U~f'll~lPlfLlfrmJLVitJu'll'iWll:;\llulVltJ 

'il1"l11mlmn1:tl ~f'I. 1111. j;j'il~n~ ~'ZII,rui 

il~(;'\ UI-3~I'l~"'fvnr l..hm.,rcy 

2124Lftn Apis andreniformis Smith, 1858 Lu1..h::LVlI'ILVltJ 

,[)1,,'nr~mn1:t' PI. M. ~ri(ij.JU 'l-31:tm 

il~~ ul[Jaf'lL~'lJ f~u'lmll 

1VltJ1P11~~1~1:tDuru.nfl 

~1'IJ1~"~Vl[Jlf'1'~flf 

;'lJnY'l 

1VltJ1f'11Ml1~1:tDuruofilPl 

~1'ln1"~VltJ1I'1'~flf 

'IJ,[)-3~ltJ~Uf~LL~nlih-3nululnYh lnih LL'ZI::unnr::VlI 5 'l!il(1l ~1'1l1LVlf'ltUL~U~'l1'l1Y'l 

'il1"1116~mn1:t111'1.1rul L24'-l1itJ 

il~~ UltJ~~lPltJ 241'Z11')-3'; 

~n1:tru::~)J~'IJ'il-3 eDNA LL'ilflYh-n~tf'l:nL(1l~ 
.l' .

'IJ,[)-3~-3tY'lN Apis cerana 

'ill"lrtJ~mn1:t11f'1 . 1111. 4'uVlfLwcy 4'uVlfL~1 

il~1Pl UI-3~I'l~1~1 ~'ZI1J, 

n1r';ht~u1~'V1fU1-3~'lU LL'iln~1iiiLL~:;n1nLM-3tl'iln'IJtNtiu 

LL'il'Zl','h-n'ZlLf'I:DLI11~ 'IJ'il-3~-3~)J Apis florae 
~ 

'il1"l11tJ~mn1:tl1f'1. fir. 4'uVlrLWt1! 4'U'V1fL~' 

il~1Pl UI-3i\I'lhl/n~tJ ~~-3f'!Il\'Z\[J 

~VltJ1f'11~~124~IUruofi~ 

~1'1l1LVlr1LUL'ZIUih1'l1Y'l 

~VltJ1P11Ml1)Jm,rruofilPl 

~1'1l1LVlRLUtaEi;'l1'l1Y'l I 
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..r. .... .. ..(" I ~ ..,.... 

~Vl£J1P\1i'1l11rmnucU'nll1'lVlfintlnfl1£JYiU~LLfl::'lVlfi1l11Un'i)nfl1£JYiU~'IJ'il-li'l1ri'lnl1l 

m1'lL~1'il'IJ1'l Pueraria mirifica m1'lL"i1'i)Lbl1l~ i'l1'IJ1LVlI'ILULflU:hJ1'lYi 

Butea superba LLfl:: m1'lLI'I1'il"'1 Mucuna co/lettii 

~'l£J~fiVlI1lf'1'ilULLUUL'illJ~ 


tl'Y~1r6~tI1n1t1 )'i'! . VI),. ~-n£J L111l:n'lf'l1i'1l11f 


il~lI1 U1mnf'l ViflL,,1ru 

~ ~ 

49 CEB_M_17_2005 lJ'i)fivlLlJlI11'IJ'il~LU "''l1lJLLtl1~UVl1-l~U~m1lJ LLfl::'l-l~'l1UVl1-l ~Vl£J1f'11i'1l111lJt.nuru-n1l1 

',)t)~U1n1n'il-lm1'lLI'I1'il'IJ1'l Pueraria mirifica Lutl),::LVli'!lVl£J i'l1'IJ1~'D1LVl'"LULfl£i:n'lfnYi 

'il1';m6~mn1t1 rf'l . 111),. {U'VlfL'viC1J 4'U'VlfL~1 

U~Vl U1£JVl'lru ~'lr1ru~~m 

lJ'ilfivlLlJII11n'IJ'il-lLU LLfl::~u~nmJ'!I'i)-ln'l1'lb",1'ilLLI1l-l 


Butea superba Lutlr::LVlf'l'l'Vl£J 


m"116~mn1t1 )'f'I. VIr . 4'uVlfL~C1J {U'VlfL~1 


il~lI1 U1-li'l1'l~f{)~n1f'l LLf!bd~'i)~l;!fl 


51 CEB_M_38_2007 1'I'l1lJLLtl1~UVl1-l~UVmnJ'!I'i)-lunr.!-l Pavo muticus Linnaeus, ~Vl£J1f'11i'1l111lJt.nuru-n11l 

1766LUJl1I'1milmLfl::fnl'll1l::1Ul1ln'IJ'i)-ltl1::LVlf'l'lVl£J i'l1'IJ1~'lI1"'m',)Vlm 

LI1l£J'llJLMLL'lIVlLVlfl'lflmib-BUb'il 

'il1"1r6~mmi1 ri'!. 3n.n L).J~~i£J 

il~Pl U1£J'lYin C11'mnru 

52 CEB_M_49_2009 ~'l'llJl-lfl'lnl-lfl'l£J'!I'il-lEiULlJ'i)L1'!I'i)£J't1Lvl'l!hh~u 1,2,3,4 LLfl:: 5 ~Vlmp\1i'1l11nJl-l1uru-nll1 

(msp-1,2,3,4 LLfl:: 5) '1J'i)-lL~mnfl1L1£J plasmodium f'11'IJ1~'lI1"'m~Vl£J1 
, ~, 

falciparum ViLfiu"1n~Ul;'l1mLI1lU'IJ'il-ll.h::b'Vli'l'lVl£J 

'il1"116~mn1t1 tJf'I . I1lr. Yi-l-n£J l-l1CV[J'VlliU1m 

il~lI1 U1£J1JijUVl1 ~lJYi~~ufi 

riutJfltJ~(I11uff'lLl-l~'il-li1nMl Glycine max (L.) Merrill 

...I-~ - .. ~ 
m"11£JY1u1n1t11f'1. ~).J(;ln ~-3'l1U,(iU 

il~(;l U'I-li'l1'll'lfC1JFJ [l1'l), I 
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54 

57 

58 

:at'lWimn~m'::~1JtlJLflf!fI'IItl-3~'Di\f!fl1.h",U'W'I-3LLfl::t'lf!fl 

1.n~LPi tI~1.'WLtl L1t1(;l ::1'WtltlnL;£1-31111 

tl1"l11u~illm:n f,lf'I. 1'l1. ~tl~n~ ~flIU'W'" 

ijaVl 'WI..:Jt'lI'lJJfh11CU 'Wlf'1'lj'W'YI1'l 

(Thunberg.1812) 1'W1.h::L'YI1'l1'Y1t1 

tl1"l17U~mn1:t111'1 . 1'l1. r11fi7 B7f'1ur;f. 

~'W~m'7JJ'IItl~n1J'W1 Hoplobatrachus rugulosus (Wiegmann. t'l1'IJ1~'YIEJ1P11t'l[;Jfi'l111i'1 

1835) "lnLL",fi~tll~tlfinJJ'DI~1.'WU1::L'YIP11'YIti 

...J_~ "'.r:"
tlI"l11t1'YIu1n1:t1 71'1 . ~t'l[;J uml'W'W'YI 

ija~ 'WI£1'f)'Wt'lmr UI'Wt'l'll. . 

fllJ'fl~~lUnr.tlvlf'l'llmf'l1tJVI"llnf'l'l"\lJL~lJt'l.lih'l Oryza sativa L. 

tl1"l11U~mm:n H'I . Cil1. ~J)~Vln 1'11'l,,\flI'J 

ij~(Il 'lJ1~t'lI'l~'lJlJlmru LLt'l..:J~IJJ 

tl1'117I'J~mn1:t11P1. 1'l1. ~J)~[;Jn 1'11'llfl£1 

ijaVl 'W1-lt'lI'lMi'l11'1'1i1C\jtC\j'lru'llU 

q .. ...1 ~Xl .
'DLflt'l'D'WCiI'YII. II LLfl:: III ~'lJCJ..:J VIti Apis cerana indica 

tI1·m£1~mnttI11'1. Vl1. {'W'YIfL~C\j {'W'YIfL~1 

m~[;1 'W1~t'lI'l~fn~mfl LLr'bdhNl;!fl 
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61 

63 

64 

65 

lobata, Pueraria mirifica, Butea superba LL~:; Mucuna 

collettii Viii~~L'II~1f Hep-G2 

m"llrtffiillnl:tl 71'1 . VIr. ~i£J L;Vl;'ll'lIi'lLJlf 

U~Vl Ul-.li'lI'l'lmU775 ~-.l'llYi-.l'; 

mrl.h:;Liju~~nf:;"'U"llnn1ni~-.lLYitl'lLLUu1!])Ji'lL(i1rJj;)~ 

U7:;"lIln~-.lM~EJ ru U1U~f)mn(i1 4'-.l'\.lt)Ii'I~)J"'f~-.ll'ln)J, , 

fll"llrtffimm:n cm: (;l7. V)'l-.lLL'll ~."fiL"l1C\JiEJ 

U~Vl Ul-.l~I'lJi"'f'lmU L~I'I~'111(i1'lU'll 

nlrLLtJn Aureobasidium pullulans Vi'i'lh-.l'i'l17t;i~liilUL:nml 

m"llfrJ~illm:n fl'l . VIr . '\.ln1:tl ~ruru:;Yitil'l,r 

U~(i1 u,)-.l'i'l,)'l~11'lffCU ~U')U 

L-a)Ju11~unm:;.,,')c\l~u Coturnix japonica 

'tl,)"llrtJ~mm:t,) cm. Vlr .'tlf'lrfCU ~(i1EJ1~EJ 

U~(i1 u,)EJ~."fiYi~ ~'W"'f~~nr 

nlfLl.Yi1L;tl Lankesterella LunUUl 

Hoplobatrachus rugulosus 1V1EJtl~-.l glossiphoniid 

tl')r,mrJ~mm~1 rl'!. VIr. )J1~U ~(i1nNI'I~f)~ 

U~LJl 'I..I1tJU"lfir ~-.l'IJMUYlf 

'Il~-.lLc;i''\.ln,;i1 Manouria emys phayre; (Blyth, 1853) 

....( f.! ... .1"
'tll"lIr£.JYlWmn rl'! . Vlf. mfif fifl'jlJ(i1 

U~(i1 ultJuf'llC\J1Yir t)uitJ 

~."tnl'!l'i'1LJl7)J'\.lIUru-n(i1 

~1'll1~."tnl'll'i'1(i1f 

~-.lLL'lVl~~)J 

f.J~'ll ~-.l'fl:;Yln;ut;itln17L"l1C\Jr:;£J:; Iii'\.,lLL'CI::mn"l1C\)'ll 'fl-.ltlt)EJ'):; ~Yl tnPll'i'1 (i1 f)J'\.lIUcu-n (i1 

~h-.lL'II~fl1u~'W~'IJ'fl-.lmJ'\.,l1 'i'll'l11~'111~(i1'l~Yltn 

Hoplobatrachus rugulosus (Wiegmann, 1834) 

....I.r! .:-: ~ 
'tll"lIr£.JYllJrmn f.J1'I . Vl7. 'flr'lrrcu ·(I(i1tn'CItJ 

U~(i1 U1EJn~1:t!)I f)Yll1fi':1'\.,l~'\.,lfi 
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1\J~\J ~~IU1tlY1tl'Un1Jij 4'''''''1'~mC1J''l'\..I1..r1 
tl1'11rU~mm:t1 tl .. ~r. UYiI~1 L1tl'\.mr'h 

U~j;1 tJl"'~I'ltl11tn f\tJflPni1 

~V1ml"ll~mlJ"'luru;;j;1 

4''''W)~\JMtJl£.Jn LLfl:;,rEJ~hnEJ'lLiltl",ntJ~mYi.nijl"ll~j;1f ~1'!11'i)'lIl~\J~l"Il~j;1f
v 

vhttJr'lru 


tll'11rU~mntn c.J1"I . ~1 .. (;jtl~n~ ~fllUtJi 


U~j;1 tJl"'~I'l1.hijt;n ~tJjh",1'I 


(;h)~V11"'ihmYi~I"'fll~~j;1llJc.Jflnr:;V1tJ'IItl"'~lrri14'~~~~n'l! 'i)V1tnl"ll~(Il1lJ"'IUru;;~ 

n~ lJtltl fmt\Jf'lfltlru~~ nFl1",'l\J~"'LL'l~~tllJ'IItl"'''''ilEJ nltJ~I~~ ~1'1111Y1tnf'lIMlf 
tll'111Efv1mn1:t1 tl .. ~r. tJYi~fl n~\J:; ~"'U'l~~tllJ 

U~IJ'I tJ1"'~1'l~1l.11:;m 1.!C1J~tl 

f\'l1lJLtluh.l1~\Jmrl·ihJ'ltJn1n:;EJ"'~'l Micronecta grisea ~V1EJ11'11~V1rlJ'.nuru;;~ 

LLV1tJnl11-ifLV1)j;i'il~'lIu~dj~Lnii~;ttllflV11\Jm1f'l'ltJ"llJfjn~1 ~"'~I'in'i)'lI1~V1ml"ll~~f 
[j",fllEJ I\edes aegypti 


tl1'111U~mnl:t1 c.J1'I. ~1. ~'NLL'lJ ~V1fiL'I1C1JiEJ 


U~V1 \J1"'~1'l''tnmnr -am::1.hfl 


71 ~V1EJ1f'11~~rlJ"'1uruofi~ 
.., ......... too 


'II 1'l~ lEJYitJ~V1f'l~LLt.tn'l1n L'IIIJ'I H"ltJ ~1'jJl':j'D1LV11"1t\JL~r:i;'lmYi 

tl1'111U~mm:tl11'1. ~r.'\nrl:tl ~ruru:;YiUI"I,r 


U~IJ'I \Jl"'~I'l~:JJlJYir r:£h 


UL'If'l~V1EJ1 m1n\Jtll,"11'1Jtl",~(l1'l~:;L~tJ,.j,~:;L~tJlln1\J~tJVi 


Lnl:tV1nLfl::1.hfi11lJ'lIl~ 4''''W)C;"\1..i1tJ 


tllr.mu~mnl:t1 c.Jf'I . Vl1 . ~L'D!l! f'ltJ~tl 


U~IJ'I tJl"'~I'l'Z!Ylfiru L"'fllLL~'l 

Yi~m:tf'll~lJ'ImtJthtJ'IItl"''lI1'l1V1EJYlV1filtJU1\J~\JltJtJiufl:;'lI1'l :)V1EJ11"1'~~1lJ""Uru-n~ 

lV1EJ~~~lJltJu1\J"!'tilmClhi~\J1 12 ~ltJflqmtJ ~1U1'il'Z!MtJ ~1'111~'lI1Yi~nl:tI'lI~(Ilf 

4'",,,,l'~\Jr'lfi'll~ 

tll'111~mnl:t1 c.Jf'I . ~1.liitl~n~ ~fl1UtJi 

U~~ tJl"'~I'lL;jm.J~'jJmru ~rjl",~tJ~l 

.. 

http:4''''W)~\JMtJl�.Jn
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'il1"l11U~mm:t1 em. ~r. vi'1l~n~ ~~nu'Uvl 

U~~ 'U1'1~I'ltiCV'IJ~ t.i'l).J;:i 

75 CEB D 1 2005 UYltnVl'!l'1l'lLL'U1')l1 L1U1'Uj;) :;n'1l'U~'Uvi'1l-r!lr.im 1'ULj;) rL"l'U~L'n:; 

Yl'1l~Yl'1lf~l'Uti'tl~~u'In'ln'nltiil.. 
'il1"l11U~mm:t1 tift ~W. ~'1l~n~ ~'nIU'Uvl 

U~j;) 'U1'1mm 'fl'41~'U(;] 

~1'1l1~'III~VlUIPiIi'l~f 

ihInYi 

'il1"l11U~mm:t1 eJPI. L1l1. ~'l'l~L'Il ~VlfiL"l1ClJ-nu 

U~j;) 'U1'1l.h:;'IIlJYi1 ~~I\ith:;Li'l1'ij 

n~'1LVlYi).J""'UM 

. .. 
~Vlml"ll'll~1V)1:tDUru.yjj;) 

LL~:;'lVlilVlI'1ihJ)IYi'IJ'tl,m'lI'lLI')1'1l'llI'l Pueraria mirifica 

mr~Ll')n:;\iL:n'ltIhnru1'1lL 'lIYlf'n L'l'U'1lUfIl1(;)uH~'tl'llYlLL'1l'n:n 

i'l1'111~'111L'YH"L'Uti'l[jihInYi 

l'ULL1J~'1tl~n 


'1l1"llrU~mm:t1 rPi. L1lr. ~-ntl L:n(;);'lPlI~(;lf 


U~(;l 'U1'1~I'l~Vlfi~j;) PI~-r'llHl'n 


eJ'nm~Ltl~U'ULLtl~'1m1Hl1~'U~'1lL~"'~'1i'1:;i'I).Jrllfu'1l'U 
 ~VlUIP11~j;)1Vl1:tDuru4i(;l 

~1'!l1';)'111LVlI')L'UL'nU;'lInYi 

'il1"l11U~mn1:t1 11"1. (;)1. Ut!Vl'U1 I')'lIL~U 

U~(;l t!1'1tlf'll'lU ViUI~'1 

mru~m~n~'U~~lJ~IEi'1lU~'U1'l r.i'l",-r~t.h'Utl1:;LVlPllVltJ 

~'U;;?!'IJ r.i,n,.r~\l1'U 

4'~n1~V1rr.:J[ju nj'ru~n~1 ru 'ti1i)~~nr:a1J'\J ~-l"'t)Cil~UVllJ1 ;"lJ)I~. . 
'1l1"l11U~mn1:t1 1P1 . (;)1. Ut!Vlt!II')'IIL~U 

U~(;l 'U1'1~I'l'llIl1lIn rlru~'D. .. 
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81 

83 CEB 0 22 2010 

" " ""' 4 0 ....... • O. ......... 

r:;UUUL'lf'lrlJUI nrcuf'ln'l:t1 ~lJUlmm~1 "I~\.l'l~l.lIl.l 

Jl1Fl L\.l{j'1l''1l~Ur:;L'Ylf'll'Yl~ 

!l1"11r6~llin'l:tl rf'l. ~r. Ul.l'Yll.l1 fl'DL~il 

iJ~f;'\ l.l1~l..JC\!~'1l Fl:;L'IIl.l'Ylf'lll~ 

'lI't)~-Kf;'\1fl:;LYil.l~'~:;LYil.lUnLL~:;-K1il1L~'t)ElFl~Il.l1l.lu1L'lruth 

~ft~1u1u4"~\6~\hl.l ur:;L'Ylf'\l'YlEl 

!l1"11r6~llin'l:tl '1l. ~r. l.lYt~~ nlill.l:; 

iJ~1il l.l1~f'lil tU'll~:;'lru., 

'lI'1l~L(;j'L~'tm Manouria impressa (Gunther. 1882) 

'1l1"11r6~mm;1 rf'\. ~r. nlfir firl'lUl'l 

iJ~Iill.lI~uf'DC\!IYtr 1l.li~ 

U"I4"~~ij ~~ (;j 't)Fl 'lllJ\.l~ In\.l~ IEl'YlI~:n'lJl1YtLL~:;nor 

LU~~l.lLLU~~LL'Yll.l~1U'lJ'ULLYt~~nlil'iluY;'Du1L'lCU'DI~~~f'l1 

n'DI-~i~ 4"~'I-11~'D~l..J1 

'1l1"11r6~mn'l:tl U'I . ~r. UU'Yll.l1 I'l'DL~il 

iJ~1il l.l1..:J~I'liJlilm ~lJ'YlfYt6 

1'Ylmf'll~f;'\rl?)'I:t~UClJ;;V1 

~1'11"1'Yl~lf'1'~f;'\f 

=ihmYt 

~'lmYt 

1'Ylmf'\I~j;Jrril'l:t~uru;;1il 

~1"1'l1'1'Ylmf'lli'\lilf 

~'lmYt 

I 



(;l""i",:j~ 5 "i"!J~'£lLFI"i,:jm"i~l~;'U'V1'UltlL~'U'£leJ~,:j"'UlJh,:jtl"i~L'V1P1 tJ,:j'Utl"i~).J1tu 2548-2553• 

\UJ1!JL1l'll 

L?lt.!'i.HJ1l~TU 

CEB_P _ 1_2005 

~ 'il m 'i'l.! '3::"11 W~ 'iloX'J-D'ilUI L?lt.! 'il/?l tl1 t.!.vll'lh ~L'J ~11.t.! m'iu'i::"1I).J. . 
~'il~It.!'I.!'i::"1I~: 15'" International Congress of Comparative Endocrinology• 
~'iloX'J-D'ilU1L?I'U'il: Subchronic Effects of Mucana macrocarpa on the 

;'il'il1"11'i!!.vl,nm:!lI/~'iluilJl 

5'Pl . M . n~LLn') -r~'UL~1-'-ln'"l 

u.~. ~nf'll Pl1r.iuY1f~i'-l 

I ",in?llJl'i
" 

I:'5Y1tJIPlI~II15'~b'DUOJ;;1I1 

~1'jJi:'5'l1I:'5Y1tJ1Pli~lI1fn')mYi 

U'i:: LI1 'VI m 'ilh L?I t.! 'il 

Oral presentation 

Tilapia Testis 

~'il1ltl1'U.vl : OJ Lij'tl~lJ'tlfltli'U ).J~f~LL).Jflfli~L-nj;J tl~:;LY1Plfl\1fj'tlL).J1m 

CEB_P_2_2005 

·lh~L'J1l11.'Um'it.l~'1I: 22-28 Yi~b'mp!).J 2005 

~'il~1'UU~"1I~: 13
1h 

Flora ofThaiiand Meeting· 
~'iloX'Ji'ilU1L?I'U'il: Leaf Anatomy of Poaceae subtribes Ischaeminae and 

_% ~ 4 

1'1. M . 'Yl')l"In~ 1.JC\JLn~ 

U.lI. mOJI lti11L~'-l 

:'5Y1tJ1 1'1 ifl j;J1~b'DUOJ;; til 

?l1'ln:'5'l1I~YlEJII'II?l!llfn'lmYi 

poster presentation 

Rottboelliinae in Thailand 

;'illltl1t.!yj; OJ L~'tl~ Dublin tl~:;LY11'1 Ireland 

'J/·HL'J1l11.'Um'itl~,).J: 11-15 n1nDip!'-l 2005 

CEB_P_3_2005 ;'il~It.!tJ'i::"1IlJ; XVII International Botanical Congress• 
~'i.loX')-D'ilU1Lll'U'i.l; Molecular Systematics of the Genus Goniothalamus 

~I'I . ~~, ~'tl~n~ ~~loJt.!'I1 

t.!.?l . lJ~'I~~OJ UlPi"JUYl~ 

~Y1tJ1PlI~m~b'DUOJ;;j;J 

- ­ ....~1'jJl,)'lI1,)YlEJ1Pll?l!ll~'lI'IniYi 

poster presentation 

Hook. f. & Thomson 

~ ~ ~".I ~ 
'lI'i.l'i'ltl1t.!'VI: OJ L'-l'tl~ L'ItJUt.!i u~:;LY1Pl 't)'tlflLj;J~tJ 

'J/';I~L'J·in1.t.!m'i'l.!'3::'lJ; ,17-23 mnDII'1'-l 2005 

CEB_P _ 4_2007 ;'V~l'UtJ~"l!lJ: World Conference of Bryology 2007• 
~'i.loX';I-D'VUIL'i'I\J'V : Liverworts diversity at the summit of Khao Nan, Khao 

t.!.~ . LYltJ~wnlnf ~'lJfn~ 

~I'I . ~~ . ~'tl~n~ ~~loJU'I1 

:'5YlEJ1P\1~ j;]~).JW1,rOJ;;lJ1 

~ 1'jJ1~'lI1Yi ~nb'Plll'llnf 

Oral presentation 

Nan National Park, Nakhon Si Thammatat Province, Thailand 

~'i.l'i'ltl1t.!Y!: OJ LNLL~'-l Crystal Crown, Pelaling Jaya, tl5':;LYlPl'-lILrlL~EJ 

'ih.m'ln1.\Jm'iU'i::~~: 23-27 nm£lll'1'-l 2007 

W 
-..J 
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(;l'1~'1~'Yl 6 '&II'iu~'1t1'l!il~~~1'IJ'Yl'1~'d'l!1m~'Yl L(;l L'&II'lJil L'lJu~:: L'Yl PI LL~:: (;l1~u'i:: L'Y1 PI (;l~ LLlJ'lu~'Uu~::~ltu 2548-2553 (lJ'Iil)• 

\l1~~'\.l'i:tl.'U'i::~'IJ 
o .... ..,j

(il11Pi'IJ'Vl) 
~'V m'itln"li'-l'~'V-X'Ji'VU1 L~'U'V'~ rn'UVI'''Ii'J.:J L 'Jil1 "I.'U m'itl'i::"li '-I. . ;'V'V1"11'i!l~mm~1' 

;'V\lij;) 
~;n~II1'i

OJ 
tl'i::LI'l'Vlm'iU1L~U'V 

'i::~'IJ"li1;] ~'V.:JIUtl'i::~).J : The Science Forum 2006 (m1tl1::').J~'lllm1 f'1f.:J~ 14) 

(1) ~'V-X'Ji'VUI~~'U'V: Effect of Genistein on gonadal development in Japanese Quail 

Coturnix japonica embryo 

~'V'lHl1uVl: ru ~.,.q1,/\~m'nr).J'\.n~YltJ1~t1 nt~\YlYi'11.h::\YIP\lY1t1 

"ll'J.:JL'Jil1"1.um'itl'i::"lI'-I : 16-17 i1U11'1).J 2549• 

I ~PI. 1111. 'tl1'l11OJ ~lI1tn~t1 
u,tJ~Y1fiYi,/\ ~'UYlr~~t1 

~Yltn f'l111 WI 1).J\1., UOJon 111 

1'l"'iI'~II1'l~Y1tn 

Oral presentation 

(2) ~'V.:JIUtl'i::"li'-l: nI~tJr::'II).J~'111n1~ 1Y1t11Pl1~lI1fLL,/\::LYlf'1tut'/\ELL\i~1.h::LVlPllVIti I'lf-lYl 30. . 
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Rottboelliinae in Thailand 

~'el'i'lm'Uv!: ru L~'1l~ Dublin tJ)':;LVlf'l Ireland 

'll~~b'Jil11'Un1itJ~~)J: 11-15 nm!J1f'llJ 2005 

...., .r ... 
PI. ~)'. W)f'In~ 1..JClJLnl?) 

'U.I'I. mru1 '1.[fI),L~lJ 

".)YlU1P11~[fI),~h5uru-n[fl 

~1'l11~'ll1~YlEJ1f'11~[fI~')n1Y1 

..,...,. 
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" 
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(25) 

~'el.sl'Utl'i::'lI~: XVII International Botanical Congress • 
.c4 .... .... • 
'lI'elVl'l'lJ'el'U1L'6'I'U'el: Molecular Systematics of the Genus Goniothalamus Hook. f. & 

eJl'l . Iil~. ~'1l~n~ ~~I1.J'L.!~ 

'U . ~. ).JihmlJ 'L.!ll'1~'L.!Yl@l 

1Yltl1l'll~ ~~~1:tD1Jru-i1 ~ 

- ­ .....~1~1':1~1':1YltJ1P11~~~~':Inl~ 

poster presentation 

Thomson 
...j .aI...... 1 ... 
'lI'el'6'lm'U'Yl: ru ~lJ'1l~ L':ItJ'U'Ul u~::LYlPI '1l'1l~LI1l1t1 

"lI'l.sL1~ni.'Un1'itl'i::~~ : 17-23 nmD'I'»).J 2005 

(26) ~'fl.sl'Utl'i::'lI~: 10
th 

Biological Sciences Graduate Congress • 
~'fl,r1i'fl'l11L'6'I'U'fl: Purification of Alpha-glucosidase in Apis florea 

~PI . Iil~. ~'L.!YlfL~C\J ~'L.!YlfL'~' 

'L.! . ~. f2J1l1~tI eJV).:)~n1~tJ 

1Yltl1l'll~ ~ ~lJVI11Jru-i1~ 

~1~11~ILYlPI L'L.!L~Ei;':I1l1,(; 

poster presentation 

~'el1'lm'U~: Department of Biological Science National University of Singapore 

"lI'l.sL1'll1i.'Un1'itl'i::1~: 30 ~~PI~mtJ'L.!-2 fi'L.!':Ill"1).J 2005 

(27) ;1'fl.sl'Utl'i::1~ : 10'" Biological Sciences Graduate Congress 

~'fl~'l.u'flUlbll'U'el: Purification of Alpha-glucosidase in Apis cerana 

~PI. @I~. ~'L.!YlfL~C\J ~'L.!YlfL~' 
~ 

'L.!.~. ~1~1 ~~1~' 

1YltJ1P11~~~).J\n1Jruoi1~ 

~1~11~ILYl!,)L'L.!L'1lU;':I1l1,(; 

poster presentation 

~'el'6'lm'U~ : Department of Biological Science National University of Singapore 

'li'l.sL1'll1i.'Un1'itl'i::1~: 30 ,(;~PI~mtl'L.!-2 fi'U':Ill'1).J 2005 

(28) ;1'el.sl'Utl'i::'ll~: 12'" Biological Science Graduate Congress • 
~'el~'l.u'elU1Lll'U'el : Sexual dimorphism in the elongated tortoise Indotestudo 

~PI. Iil~. nlfj~ fi~PJtJvl 

'L.!I.1ln~tJ1 Pl1tJ~::YltJ 

1YlUlPll~L1l1V)1:tD1Jruoi1 L1l 

~1~11YltJ1 Pll~ ~ f-D"l1l1~ 

poster presentation 

elongate 

;1'elllm'U~: Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

-d'l.llL1'll1i.'Un1'itl'i::'ll~: 17-19 fi'L.!':Il!,)).J 2007. 
J>, 
(J'I 
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~~UtJltJl"J!l~ 

(29) 

~'el~ltJtl~'iUJ: 12" Biological Science Graduate Congress . 
~'el,r';l.n'el111L'i'ltJ'el: Reproductive cycle of the Rainbow Water Snake Enhydris 

11'1. j;11. n1li1 fi1PlU~ 

\JltJ~r;U'fjl'1l;' 'fj-l';~~1ClJ 

';jYlmPlI~~1~m-Jru.n~ 

~1'l11~m';jYlm 

poster presentation 

enhydris, Prachinburi Province, Thailand 

~'el'i'lCl1tJ~: Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

'll'HL';l'inLtJn1'itl'i::"J!~: 17-19 fitJ,)IP\~ 2007· 
(30) ~'il~ltJtl'i::'l!~ : 12'h Biological Science Graduate Congress ~PI. j;11. (;}'fl~n~ ~"'loJ\Jl'1 ';jYlmPlI~~1~1ol1Uru.n~ poster presentation 

~'el,r1.ntll1'H'i'ltJ'el : Palynology of the family Apocynaceae in Thailand \J.f'!. 1oll1tJn1C1J~,r ~Ylfil ~1'l11~~')';jYltJ1 

~tl'i'lrntJYI : Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

'll1~L1i11LtJ n1'itl'i::"J!~: 17-19 fi\J,)lP\~ 2007· 
(31) ~'el~ltJtl'i::"J!~: 12th Biological Science Graduate Congress • 

~'el,r';l.n'el111L'i'ltJ'il : Pollen deposit in Bangkok clay from Ong Kharak District, 

~PI . j;11. llitl~n~ ~"'loJtJ~ 

\J . ~ . U1JJV11 ~\J5,)-lp\' 

';jYltJlP11Ml:~muru-n~ 

~1'l11';j'I~\J~Pllf'!V1f 

poster presentation 

Nakhon Nayok Province, and their implication on Paleophytogeography 

~'el'i'lCl1tJvl : Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

'll';l~L1i11i.tJn1'itl'i::"J!~: 17-19 fitJ,)IP\~ 2007· 
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(32) 

~'tl.:lI'U,j~"lI)J : 12'" Biological SCience Graduate Congress · 
~'tl,r':l.n'ilUI~'lI'U'il : Liverwort diversity at the Summit of Khao Nan, Khao Nan 

em . 111~ . ~'1l~n~ ~~1,r1..l'" 

tU't LY;~-l~n(;lf ~'IJfn~ 

~'Vl~I~')~(;l~~~IUru~(;l 

~,)'lI1~'lI1Yl~n~~I~(;lf 

poster presentation 

National Park, Nakhon Si Thammarat Province 

~'il?lm'Uvl: Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

(33) 

'll';l.:l~':I~IL'UnI'i,j'i:::"Jf)J : 17·19 fi1..l'l11"1~ 2007· 
~'il.:lI'UtJ'i:::"lI)J: 12'" Biological Science Graduate Congress · 
~'il,r':l.n'ilUlb?l'U'il: Home range of the Black Giant Tortoise Manouria emys phayrei 

r~ . I11r. rilfi~ fi~p)tJtil 

1..I')~tJf'llryIYl~ ~1..I'r~ 

~'Vl~I~I~m~muru~(;l 

~,)'IJI~(;l'l~Y1t.n 

poster presentation 

(Blyth, 1853) at Kaeng Krachan National Park, Western Thailand 

~'tl?lm'Uvl: Institute of Biological Sciences, Fac!Jlty of Science, University of 

Malaya 

(34) 

'll':l.:lb1i11"L\Jn1'itJ~"lI)J : 17·19 fi1..l'lIPl2J 2007• 
~'tl.:ll\JtJ~"lI)J: 12'" Biological Science Graduate Congress · 
~'tl,r':l.n'il\!Jb?l'U'tl : Diversity and abundance of frogs at different elevations of Nam 

)'~ . 1111. rilfi~ fi1p)tJtil 

\J1~f'll(;l LtJ'lI~::'lru'll 

~'VlmPl1~(;l),2J"'luru4i(;l 

~1'IJ1~m~'Vlm 

poster presentation 

I 

San Noi Stream, Phu Luang Wildlife Sanctuary 

~'tl?lm'U~ : Institute of Biological Sciences, Faculty of Science, University of 

Malaya 

'Il':l.:lb1i1')"L'Un1'itJ~"Jf)J: 17·19 fi1..l'lIPl~ 2007· 
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;t'il'!l1"11'i~YhRn~11 

~'iltj~1Jl 
~~n1l111'i.. U'i:::bIlYln1'i'l1, b'll~'il 

'i:::~'ll~I~I'l!I~ 

(35) 

~'il.:jI~tl'i:::'l!~ : 121h Biological Science Graduate Congress · 
~'il,r'Ji'il'l11b'i'l~'il : Species diversity and distribution of spiny eels 

1P1. lilT. r11fi1 ~1f')tl(;) 
_ICJII ....... .[ 

\.1.'.'1 . l'l1'1'l1.J 'lJ~ml'lIiJ'lnlil.. 
~Y1tJlP11l'l [;1 T~\,nuru.n[;1 

l'l1~1~'JII~m~Y1tJl 

poster presentation 

(Synbranchiformes: Mastacembelidae) in Chao Phraya Basin, Thailand 

~'tl?lm~V:: Institute of Biological Sciences. Faculty of Science. University of 

Malaya 

·.h~L'J'i'l11~n1'itl'i:::'lf~: 17-19 fi~':IIi'\~ 2007· 
(36) ~'il.:jI~tl'i:::'l!~ : 12'h Biological Science Graduate Congress · 

;'tl,r'Ji'il'l11L'i'I~'il: Oranochlorine pesticide residues in freshwater mussels and 

'fl . lilT. 1.J'f'jIil'1'l n[;11.J:: 

1.J.l'l . ~nj"::J111.JC1J~'fI 

~Y1tJl PlIl'l [;1T~\.nUru.n [;1 

l'l~l'lI'lJI~'DI~Y1EJ1P11Mlf 

poster presentation 

their surrounding sediment in a cannal of Rangsit agricultural area. Pathum Thani ~~LL'Jfil~'fl~ 

Province. Thailand 

;'il'''Hl1~';::: Institute of Biological Sciences. Faculty of Science. University of 

Malaya 

·Jb.m'i'l1'l~n1'itl'i:::'l!~: 17-19 fi1.J':IIJ'1~ 2007· 
(37) ;'il.:n~tl'i:::'lf~ : 141h Biological Science Graduate Congress • TPI . lilT. U1.JYl1.J1 J'I'DLl'lil 

;'il,r1i'il'l11L?l~'il: Relationships between population dynamics of blue swimming 11.JltJ~PI'1'l L1'1l-lUT::L~'fl-lf'\'lJ 

~Y1tJ1P11l'l[;1T~~IUru.n[;1 

l'l1~1~'DI~m~Y1rn 

Oral presentation 

crab and seagrass bed in Khung krabaen Bay. Chanthaburi Province 

;'il'i'lm~Yl: Faculty of Science. Chulalongkorn University 

·lb.:jL1'i'l11~n1'itl'i:::'l!~: 10-12 fi~':IIi'\~ 2009• 
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~'!l'!l1~1'i~~mm!f11 
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(38) ~'!l.:lI'U,j'i:::"lI~ : 141h Biolog ical Science Graduate Congress · ~PI . i1l~. rhj~ fi~~L1~ 

~'!l,r1'li''!lUILlI'IJ'!l: Preliminary report on influences of check dam on amphibian I 'lJltJf'll(;J hJ'lltJ::'Jru'll 

1YltJIPlI!,\ (;J1~1j'~,jru-n til 

~1~11YltJlP11!,\(;J~'Jnl~ 

Oral presentation 

assemblage along distance gradient from the stream edge in the dec iduous forest 

in Nan Province, Thailand 

~'!l~m'IJV: : Faculty of Science, Chulalongkorn University 

·lh.:lL';l'lllb'IJn1'i,j'i:::"lI~ : 10-12 fl'IJ'JIP1lJ 2009· 
(39) ~'!l.:lI'U,j'i::"lI~: 141h Biological Science Graduate Congress · ~PI. i1l~ . ~'1l~n~ ~'/'lI'11'U'" 

~'!l,r';l'li''!lUILlI'U'!l : Diversity of mosses in Khew Mae Pan and Ang Ka Areas, Doi I 'U.'i'l. LtJgm 'U::Yi 

1YltJIPlI!'\ (;J ~lJ\n,jru-n(;) 

'i'l1~11'll1~'U~PlIMlf 

Oral presentation 

:nthanon National Park, Chaing Mai Province 

~'!l?lfll'UYl: Faculty of Science, Chulalongkorn University 

'iI';l.:lL';l ',nb'IJn1'i1.h:::"lI~ :· 10-12 fl'IJ,)IP1).J 2009 

(40) ~'!l.:lI'IJtli:::"lI~: 141h Biological Science Graduate Congress • 
~'!l,r';l.n'tnjIL~'U'!l: Morphological variation of garden fence lizard, 

~PI . i1l~ . rilfi~ fil'~L1~ 1YltJIPI'l!'\ (;) l').J'vn,jru-nll1 

Ca/ales I 'U. ~. '1l1m~l'l'ru L1l'::n'1l1Jn1~ I ~1~I~m1Yltn 
poster presentat ion 

versicolor (Daudin, 1802) between Northern and Southern Thailand 

~'!l?lm'UYl: Faculty of Science, Chulalongkorn University 

'iI';l.:lL';l'lllb'lJn1'itl'i:::"lI~: 1 0-12 fl'IJ,)IP1lJ 2009· 
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(41 ) :A'£l.:l1'IJtl'i::"l!'-J : 14th Biological Science Graduate Congress · ~I"I. 11l~. nl!)1 fi~l')tM 

~'£l,r'J.n'£l"j'b~'IJ'£l : Diet of the invasive red-eared slider turtle (Trachemys scripta I 'lJ1E.1iE.l~J11 ~'lJYlnJ~::~-lpj 
1YlE.i11'11Ml 1l-J'vIl,j'ClJ'n III 

~1'lJ1~'ll1~11l'l~YlE.ll 

poster presentation 

eJegants) at Pathum Thani Province, Thailand 

~'£l~m'IJ~: Faculty of Science, Chulalongkorn University 

-d'J.:lL'J'tl11.'lJn1'itl'i::"l!'-J : 10-12 fi'IJ'l11'll-J 2009· 
(42) ~'£l.:l1'IJtl'i::"l!'-J: 14th Biological Science Graduate Congress • 

~'£l,r'J.n'£l"j1b'll'IJ'£l: Species diversity, distribution and habitat of the webspinners 

11"1. '"11m Li1m.h::fJ1 

'lJ1E.1~ihttf.. ~~th::L~11j~ .. 
1Ylll11"11~ [;)1~'=t5,j'C\.l-n1ll 

~1'lJ11'll1~YlE.l11'l1~I1lM'lJ11~ 

poster presentation 

(Insecta: Embiidina) family oligotomidae in Thailand 

:A'£l~tl1'U~: Faculty of Science, Chuialongkorn University 

-d'J.:lb'J'tl1"l 'Un1'itl'i::"l!'-J : 1 0-12 fi'IJ'lI~l-J 2009· 
(43) :A'£l.:l1'IJtl'i::"l!'-J : 14th Biological Science Graduate Congress · 11"1. 11l~. ~1l~[;)11 i'll'l1~6 

~'£l,r'J.n'!l"j'L~'IJ'!l: The effect of exogenous ABA related to Pro accumulation and I 'IJ.~. ~'h'l11"11nC1JLC1J'lru'll6 
1YlE.l11'11~[;)1~'=t5,j'C\.l~1Il 

- ­ ...~1'lJ1'l'llI'lYlE.llI"11~[;)1'll'lnl~ 

poster presentation 

the role of Osp5CS1 and OsP5CR on salt stress in rice (Oryza sativa L.) 

~'£l?lm'IJ~: Faculty of Science, Chulalongkorn University 

'll'J.:lb'J'tl11. 'lJn1'itl'i::"l!'-J: ·1 0-12 fi'U'lI~l-J 2009· 
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(44) ~'il,n'Wtl"i~'l!)J: 14'" Biological Science Graduate Congress 5'1"1. (;15'. ~Jl~~n -r'll'lI~tJ poster presentation 73 VI tJll'1 II'l iJI5'p)l;'~uru-n~. - - . ­~'il,r';l.n'iloJ1L~~'tl: Relationship betvveen abscisic acid and calmodulin gene I 'U.I'l. ~'lJ~lmnr LLI'l~~I~ 1'l1~1'l'llI'l."tJ1P11I'liJI5''ll'lJlI''y'j 

expression under salt stress in rice Oryza sativa L. 

~'tl~'lTUvl: Faculty of Science, Chulalongkorn University 

·lh·H';l~Ii.'UnI'itl"i~'l!)J: 10-12 B'W'lIP1)J 2009. 
(45) ~'il.:ll'Utl~'l!)J: 14

10 
Biological Science Graduate Congress 5'1"1. (;15'. 1.ml;'1 ~ruru::"y'jtTl'1,r I 73."mPllMm,J'I.!I11ru-n~ poster presentation . 

~'il,r';l.n'iloJl~?l'U'il: Decolorization of pulp mill wastewater using a thermotolerant I 'U.I'l. ~,r)J"y'j5' 5'::Ul L"'I'1L'UL'I'l~:ihl11"y'j 

white rot fungus Pycnoporus sanguineus 


~'tl?lm'Wvl: Faculty of Science, Chulalongkorn University 


'li';l.:l~';l~Ii.'Wm"itl'i~'l!)J: 10-12 fi'U'lII'1)J 2009
. 
(46) ~'tl.:ll'Wtl"i~-q)J: Commission on Higher Education Congress III University Staff 11'1. "l"5-m L~m.h::FJ1 73"'tJ11'111'l~1P)l;'~uru-n~ I poster presentation 

Development Consortium (CHE-USDC Congress III) 'UltJY1~l;'! 'r:lmJ:::L1'l1~ 1'l1~1~'llI~."tJ1P111'l~~'lJll"y'j 

~'il,r';l.n'il'\.h~?l'W'il: Species diversity, distribution and habitat of the webspinners 

(Insecta: Embiidina) in Thailand 

"" .aI I' ~ A • .I .. "_I
"ll'el?ltl1U'YI: ru LNLL5')J'HJVn fln'Yl llm'U~ lltl'U~ CYul 
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6 . 	 91l.l,)l.lt?i,)'ClEh--l~1--l;S--l (reference collection) i''hlh.)~.nn~l.l LLfl~fl1Vl~11Ol~iJ91l.l,)l.l 
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~U~U~'Il'tlolnUUI Hoplobalrachus rugulosus 	 'i'l1'111~V1'l1l'lill 
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tlYlmnil ~l'lml'll~lflrlJlIlt1ru-n1i\ 

4 	 lh~liI1.uLi1'tlL~'tl ll'Cl::Yil'Jlfi'i'lfl1Yi1.unuul Hoplobalrachus rugulosus Ulm~1il9Ul'lf lMl'iJ~l'lt 

(Wiegmann, 1834) 'Z\1'111~1fl'l';)l'ltJ1 
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6 	 r\'l1lJLLtI~tTUVI'N~U~m'~lJ'lJ'1l-lunFJ-l Pavo mulicus Linnaeus, 1766 1u 

rnAL1;I\1'1lLL~:;rnl'l1il:;t)'Ur;) n'lJ'1l·n.ir::LVIi'll VIti tv) tI L).Jtl'lm 'liVlLVI~l~miL{)ULe 

7 	 f'I'l1lJW~1n1;l'n1El'lJ't)-lLYlfuLLfl:;yh1n~L;:;EmYlfuu1muL'lJ1\!u,\1;I'\i 

tl'VltJ1ULL\.i-l'D1~L'n\!'IJ r.I-l1;l<)'V\'lJI'lU'Irfi1UJr1'D 

8 	 r\'l1lJLtJ'lJlt1l""'lJn11H').J'J'lJnm:ntl-l~'l Micronecta grisea U'Vl'IJn11L1 
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10 	 n1~UVl'lhl't)'im').J1filh1'11tl-ln~')EJL~i'!~f\ Dendrobium SW. 1;1~ 
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itJ'Gm u:::Vi : fI'l1)J\Hnn~"n[J'II'tl.nJ'il~tnulJ1Lru~'lLL~th\..m~:::lJ1LrHu'[h.m1 flYliJ1U• 

ILL,"~'lI1~(;l'[)[JflUYlUU119~Wr(;lLii[J~1~J.i. (DIVERSITY OF MOSSES IN KHEW 

MAE PAN AND ANGKA AREAS, 001 INTHANON NATIONAL 


PARK, CHIANG MAl PROVINCE) t).~mm:n~"w1uYn.lfi: ~fH'1 . vi'tl~n~ 


~~1U'Ul1, 274 mh. 


n11~11'l'"l fI'l'UJ~~1 n~~1t111t)~)J'tl~ tnUflYliJ1ULL,"~'lI1~~'iltl:a'UY1u'Ul1 4"~wr(;l Lii tI~1~J.i• 
~1n~u~tfi''lLLYlU 2 m';~ l~LLf; lJ1L'lruri'lLL~t11'ULL~:::lJ1L'lrul:i1~n1 1~V)1LUUn111:::l-t'i1~L~t)U 
mn{)1f'1)J YU'l. 2550 O~L~'iltm'm!J1f1)J ~.f'I. 2551 ~~~1)J11tl1'llJ1'l)Jtfi''lt)Eh~1~~~~u 810 

'UI1EJl~'lJ 91LLumtJ'U)J'il~ri' 101 "lIll~ 1u 59 ~n~ 27 'l~~ )J'il~ih~~~'V'ilJ91U'lU'llU~)J1n~t'I(;l. . 
f1tl Sematophyllaceae 'V'ilJ 16 "lIUIi'I )J'ilt'l~(N~~'V'ilJ91U'lu'llil~1t)~~~)J1flt) Fissidentacea 

LLft::: Meteoriaceae 'V'ilJ'l~pf~::: 10 '1lUVI )J'il~~'V'ilJri'lu1~njd:Ju)J'ilt'l~~ilm'1m:::~1[J~U~'ilrj I
lUL'lJVlflUl~9U ri')u~m~'ilLilu)J'ilt'lri'~;U~'l1tJ1UYl~t1Lt)LiiEJ LLfldi 2 "lIilVl~iln11m:::~1t1vi''llfln 

)Jtlt'lri"~tl~1uuq)iintJ~'il)J'il~ri"~L~m~'iln11~ClJ"uf'll'El~ ICUN LL~:::~lJlt..!~u~~nl=!1i1 1 

'IIUIfl ~'il Distichophyllum carinatum Dixon & W. E. Nicholson u'[m~1n~ 6~'V'ilJ~1i1 
)Jtlt'lri" 16 "lIUIi'I Ltlu)J'[1~~~1J.iLfltJiI'11m1ut}1'V'ilJ1U1.h:::LYlf'\1Y1tJ)J1ri'tl'U l~LLri Clastobryopsis 

brevinervis M. Fleisch., Clastobryopsis planula (Mitt.) M. Fleisch. vaL planula, 

Clastobryopsis planula var. delicata (M. Fleisch.) B. C. Tan & Y. Jia, Clastobryopsis 

robusla (Broth.) M. Fleisch., Didymodon maschalogena (Renauld & Car-dot) 

Broth., Dislichophyllum carinatum Dixon & W. E. Nicholson, Distichophyllum 

collenchymatosum Cardot., Distichophyllum maibarae Besch., Distichophyllum 

wanianum B. C. Tan & P.]. Lin, Fissidens ObSCUTUS Mitt., Glossade1phus pros/Talus 

(Dozy & Molk.) M. Flesich., Meteorium subpolytrichum (Besch.) Broth., 

Oligotriclium aligerum/obtusatum Mitt., Rhizomnium striatulum (Mitt.) T. J. Kop., 

LLfl!; Warburgiella bistrumosa (Mull. Hal.) M. Fleisch. ~1~flJlJ'il~~'IIU~ Warburgiella 

bistrumosa Ju ti19:::iln11n'l:::~1U"ufin11~n'h~LI'ltlil11t1~TUH U~:::,[)199:::hi1'1iYi'll, 

L'ilYil:;~U'll'rN~fttltl'UMi nl'i'tlLtI I 
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The investigation of diversity of mosses in Doi Inthanon National 

Park, Chiang Mai province, was carried out in two representative areas, 
namely Khew Mae Pan and Ang Ka, during July2007-July 2008. In total, 
810 specimens of mosses were collected, comprising of 101 species in 59 
genera 27 families. The moss families with the highest species was 

Sematophyllaceae (16 species), followed by Fissidentaceae and 
Meteoriaceae (10 species). Most taxa found belong to Indoch.ines flora 
elements while the rest are of common Asian flora with two are worldwide 
distributed. One species enlisted in the ICUN red list was also found, 
namely Distichophyllum carinaturn Dixon & W. E. Nicholson. It had been 
found that as many as 16 species of mosses were new records to Thailand, 

namely Clastobryopsis brevinervis M. Fleisch.,Clastobryopsis planula (Mitt.) M. 
Fleisch. var. planula, Clastobryopsis planula var. delicata (M. Fleisch.) B. C. 

Tan & Y. Jia, Clastobryopsis robusta (Broth.) M. Fleisch., Didymodon 
maschaiogena (Renauld & Car-dot) Broth., Distichophylfum carinatum Dixon 
& W. E. Nicholson, Distichophyllum collenchymatosum Cardot., 
Distichophyllum maibarae Besch., Distichophyllum wanianum B. C. Tan & P. J. 
Lin, Fissidells obscurus MitL, Clossadclphus prostratus (Dozy & MoIk.) M. 

Flesich., Meteorium subpolytrichum (Besch.) Broth., Oligotrichum obtusatum 
Mitt., OIigotrichum semilamellatum (Hook. F.) Mitt, Rhizomnium striatulum 
(Mitt.) T. J. Kop., and Warburgiella bistrumosa (Mull. Hal.) M. Fleisch. In 

addition, it is suggested that Warburgiella bistrumosa may have wilder 

geographic distribution, and may no longer be an endemic to the 
Philippines. 
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...:::...:::::. tr ~ d lICLo' _CLo'..:::u:::. d~ " " 
~'Vlfi'V'4'1'11 ')'IPI,)rI1P1 : n1~L~'eln~n'l~'1LL~:;')!l"lm'·lI,)IWll1)'1t:.l'llJlJ Apis florea 

" LL~:;C4'1~1iJ Apis andreniformis LiJr.r'lVlt)'I?ln1C1J"liJ'Y1 (NEST SITE SELECTION 

AND DEVELOPMENT TIME OF RED DWARF HONEY BEE Apis fforea AND 

BLACK DWARF HONEY BEE Apis andreniformis IN KANCHANABURI 

PROVINCE) 1) . ~mn'l111'Vlmi1'V'4iJfiw~-'n : ~-rl,)rJPl1~1'l~1"l1~tJ ~~.~1fl'lu 
~ . 

L~rJ,),)1ru'l!tJ. 1). ~mn'l111'Vlmi1'V'4'Wfii,)1J : Pl1~1'l~1"l1~tJ ~~. ru-t)'~U ')'1 Mm-. 
102 Vlti1. 

nlr14""tlPlf-ldiJ1I1lQur::t'l-lAL~'OPim:llll~4""tlnl1f'\h-lf-l1J'tHn~~l-J Apis flarea LLI'l::n-llhu Apis andrenifarmis 

lu4""-lw)"V)nll1!"Iul..i"1 '[V)milnl1Pim:lI~-l uviL~'OUYHll:lmPll-J 2550 - Ll-Jl:IltlW 2551 Yiu'h1U'l':)tJu ~lLU~tJL~Uthu 
~uun~I-l~-l1ii~t'lh-lf-li'1'O 1.23 ± 0.55 'Dl-J. (n=51) lud~~l-Jll~:: 0.89 ± 0.31 'Dl-J. (n=9) lun-lihu '[v1U~~1ii~f'\h~f-llu 

n~~l-JiJ1JulV)l\'H\in'hlun-liilu tJ£h-liJUtl~I~11! (p=0035) ~lr::v1U1Jtl~~-luV"lU-lf-ln-l~l-J i'1tl 3.91 ± 1.85 (n=57) ;)IU 

lu'l~tJu LL~:: 4.42 ± 1.5 (n= 105 ) v11U 1u'l,:)Uft-l 'l'i'lur::v1U'IItl~~-luV)u~f~~-liiIUYiU~1 iJrh 5.1 ± 0 .87 v1IU (n= 10) 

lu'l~tJu LL~:: 3.81 ± 1.6 v'iIU (n= 11) 1u'l~ LLft-l '[V"ltI~-lUv)U-lv1-1nftl'llun-liiluiJPI'lll-J LLlIlnr;il-lriutl[h-lihrU~I~'1! 
1::"'~I~'l~tJU LLfil::'l ~ LLft-l (p=0.035) 1u'II ru::~ 1::v1U~-IUv)U~lun~~l-J1~iJPI'lIl-J LLlIlnvil~riUtl{h~iJuU~I~ry (p=0.074) 

luvY-lt'l'tl~'l~ 

lu'lC(lu~-l 1::U::l'l1-lLU~U5::"'~I-lf~riuLL",ft~JI1un-l~l-J f1tl 48 .24 ± 41.79 l-J. (n=105) ~~~un'htl{h~iJ 
uu~1~ryriulu1::U::l'l1~1::"'~I~f-lU~::LLlAft-lJ'1ud-liilU~~ih::u::l'l1~LU~U 81.81 ± 65.45 l-J . (n= 11) (p=0.019) nil 

'1LPln::1Xan1=lru::~L~U'lii't)-l~U1 ~'1l ~u~tlnPl!,!lJYI1~YjlJ Lilwhur:luumn-l LLI'l::PI'lllJfj~'lltl-lliiu1ii~f'\11~f~ lun-lvY~f'\tJ-l 
'Di1v)YiU~11~ LLIIl nr;il~ riU"!lU'-li.JUtl~'~11!l'l1-1t'l n~ (p>0.05) lwvY~t'ltl~ 'lC(l nlJ~m:n~U'tll",udti-l;~ld~~lJ ui'l::n~ihuiJ 
PI'lllJ-D"!lUvlU riU'll"!l ~U"l,t[jlWnl11'l \'1-1 f-lu 1-lU1::nl1 ~ -1"1 ::~-Iwi'llihnV) I1'lTLui-l UU-I u'li -I1luriu 1U~U~~ijVl f\'l til n 10 111'l11-l 

f~'O!.h~'-ilnV"l 

CII _.l' .!' .J' t; 1 .., .., crI.J..s.... .. 
"IlnnI1I'\n1:l11::u::nl1L"I1L1!'Il'tl-lW~lmLLfil::W-llJ1U U'HW)V)nll1!"IUl../1 'u'l-lLi11tJUlJUII'IlJ 2552 LV"ltJU 

n1O!)ll'1lJ 2552 lV"luPinl:ll~-lur;ir::tI::1'1i "'U"!lU u~::v1nuv1 1J'tl-lnH1U n-lUl~Yiryl u~::n~~'l~YiU~11::U::hi lAU'OU Ufil:: 
.... ",.l' .l~d ._ ... o...,.l' 
V"lnLLv)'ll'O~tN-lIU'Iltl-ltNlJlJ)'J1::tI::L'l~lLl'l1nU 3.02 ± 0.57, 4.07 ± 0.64 LLI'l::9 .57 ± 0.5'lu (n=100) (;l1l.J~1v)U LLi'I::tN . . . 
ihuiJr::u::nf'l1Lvilriu 2.82 ± 0.38 . 3 .9 ± 0.3 ILfil::7 .27 ± 0.831U (n= 100) Vl1l.Jftlv1U ~llAfUW-lUl~Yi'1!IW~j:jl.JiJ1::U:: 

1,j ",UtlU Ufil::v1nuvl lvilnu 3.06 ± 0.76, 5 ± 0 .67 Ui'I::7 .19 ± 0.59 1U (n=32) 11I1lJlhv1U LL~::~~ihULvilriu 2.85 ± 

0.54. 4 .61 ± 0 .5 Ufl:: 7.38 ± 0.51U (n=21) Vl11J~'v1U ri'lU1::tI::nl1l~111!~-l LLvir::tI::1,j lAUtlU ufil::v1n Uvl'll'iHn~~l.JLLfil:: 
.l'" .... .... ... 
tNl.J1U lJFI1Lvnnu 2.99 ± 0.39 ,6 .72 ± 0.45 LLfil::12 .73 ± 103 'lU (n=100) ILfl::2 .99 ± 0.5. 6.63 ± 0.49 LLfil::12.13 ± 

1I ... ".l'''' 
0.971U (n= 100) 11l1lJftlv1U Ui'l::YiU~ l t.1filr'llJr::tI::nlrL"I1'1!'Il'tl~w~!lT-lur;i1::U::;1'li"lUn~v1nLlv1'11'O-3W-3-31ULL~::t.I-l!lT'l~ 'IlMW~ 

~lJ lJlnn'iln~ ii,U li11UnI r~n1:l1P1f~rld:l1.JnU-311.Jflf~ LL m'luur:: lYlPl1v1tl 

, 
~ 4:$ ~~." <OS "" 

f1'H1,)'l!1_~_-nnrrL ...... _. ~1rJlJ1)'l!1)'W~I'l .. ...... " . . .. . , . . . , . ........ . .............................. ,....... . 
. . 
~ d q_ ~ Q Q r_

~1'lJ11"l11 fi~J]~.t)L .... . ~1rJlJ1)'l!1) 1). Ylu1n'l11'lYl rJ1'W'V'4'WfiVl~ n ......................... . . . .. ... . 
. . 
4 d 4<;iA f.!: Q Q .-. 

Un11faln'l11 2~52._._ ...... . ~1rJlJ1)'l!1) 1) .'VlU~m:!n,)'VlrJ1'W'V'4'Wfi~,)1J ..... ... ....... ...... ...... , ... . .. 


http:LLfil::12.13
http:ILfl::2.99
http:LLfil::12.73
http:LLI'l::9.57


t-I t-I 4972524323 : MAJOR ZOOLOGY 

KEYWORDS: NEST SITE SELLECTION / Apis florea / Apis andreniformis / 

DEVELOPMENT TIME / HONEY BEE 

SITTHIPONG WONGVILAS : NEST SITE SELECTION AND DEVELOPMENT TIME 

OF RED DWARF HONEY BEE Apis florea AND BLACK DWARF HONEY BEE 

Apis andreniformis IN KANCHANABURI PROVINCE. THESIS ADVISOR: ASST. 

PROF. SUREERAT DEOWANISH, D. Agr. THESIS CO-ADVISOR: PROF. SIRIWAT 

WONGSIRI, Ph. D. 102 pp. 

The research aims to investigate the nestinQ factors of the red dwarf hcneyhees. Apis florea and the 

black dwarf honeybees, Apis andreniformis in Kanchanaburi province from May 2007 to April 2008. In rainy 

season, the mean of diameter of nesting branch were 1.23 ± 0.55 cm (n=51) and 0.89 ± 0.31 cm (n=9) in A. florea 

and A. andreniformis respectively which was significantly differences (p=0.035) between both species. The 

degree of nest shelter of A. florea was 3.91 ± 1.85 in rainy season and 442 :t I.) (n=105) in dry season. The 

degree of nest shelter of A. andreniformis was 5.1 ± 0.87 (n= 10) in rainy season and 3.81 ± 1.6 (n= 11) in dry 

season. The comparison of degree olnest shelter in rainy and dry season showed the significantly different in A. 

andreniformis (p=0.035) whereas in A. florea was not significantly different (p=0.074). 

In dry season, the mean of distance from nest to water sources from A (Jorea (48.24 ± 41.79 m, 

n=105) was significant shorter than A andreniformis (8181 :t 65 .45 m, n=11) (p=0019) . The related 

characteristics. canopy area, diameter of host tree and the height of the host tree, were not significant difference 

between rainy and dry season in both bees species (p>0.05) . The results indicate that A (Jorea and A 

andreniformis have some overlap of nesting factors. These reftect that the competition of both species possibly 

occur when the resources of nesting are fimited. 

The development time of two dwarf honeybees. A florea and A andreniformis were studied in 

Kanchanaburi province during March 2008 to July 200B. A florea and A andreniformis were used 10 observed 

development time of egg. larval and pupal stages of worker, Queen and drone. The egg, larval and pupal slages 

of worker were 3.02:t 057, 4.07 ± 0.64 and 9.57 ± 0.5 day (n= 100). re speclively In A (Jorea and 2.B2 :t 038, 3.9 

± 0.3 and 7.27 ± 0.83 day (n=100). respectively in A andreniformis. Queen developmental stages of egg , lava 

and pupa of A florea were 3.06 ± 0.76, 5 ± 0.67 and 7.19 ± 0.59 day (n=32), respectively and in 

A andreniformis were 2.85 ± 0.54 , 4.61 ± 0.5 and 7.38 ± 0.5 days (n=21), respectively . The development time of 

egg, laval and pupal stage of A florea and A andreniformis drones were 2.99:t 0 .39,672 ± 0.45 and 1273 ± 

1.03 day (100) and 2.99 ± 0.5, 6.63 ± 0.49 and 12.13 ± 0.97 days (n=100), respectively. The lotal development 

period from egg 10 adult of worker, queen. and drone of A {(area were longer than A andreniformis. The 

development time of A andreniformis from this study is the first report in Thailand . 
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JIRAWAT DUNKEAW: SEASONAL DISTRIBUTION AND POPUlATION STRUCTURE OF 

GREEN PEAFOWL PAVO MUTICUS lINNAEUS, 1766 IN PA MIANG SUBDISTRICT, 001 

SAKET DISTRICT, CHIANG MAl PROVINCE. THESIS ADVISOR: ASSOC.PROF. WINA 

MECKVICHAI, THESIS CO-ADVISOR: ASSOC. PROF. PUTSATEE PARIYANONTH, 126 pp. 

Seasonal dlstrlbutlon of green peafowl (Pave mutlcus Unnaeus. 1766) In Pha Miang Sub District, 

Dol Sa Ket District, Chiang Mal Province was studied during October 2007 to September 2008.The 

distribution in this study was separated into dry and wet season, Dry season was started from November to 

April and rainy season was began during May to October. In dry season was the same period of breeding 

season of green peafowl, male peafowl will establish their territory on \he hill or open field near the forest. 

Almost all of their breeding territories are located in wildlife breeding center and boundary area. Male 

peafowl often display by fan their trains and shacking \heir ocelli in order to attractive female in their territory. 

After copulated, female lay and incubate llieir eggs alone in the forest behind wildlife breeding center. In 

March. eggs become hatching. When becoming rainy season, all female are leading her chicks to feed in 

agricultural area where foods are abundance. The distributions of feeding area of peahens are correlated 

with age of their chick and the distance from the fores\. 

Population structure of green peafowl consists of male peafowl, female peafowl, subadult male and 

female and juvenile. From this studied in a whole year round, they contained 3 populations changing period; 

first period, subadult peafowl grow up and become to adult. 3 years for male and 2 years for female. Second 

period, green peafowl have lheir brooding lead to population increase accord to new born chick. In this 

study. it is found that the percentage of adult in December that got peak population which has a highest at 

62%. Third period. when the chick that have 6 months old or 24 weeks old juveniles are grown up to be 

subadult, at this age sex can be distinguished. In this study. total populations of green peafowl are found 

119 individuals. The ratio of male peafowl per female peafowl per subadult in breeding season is 1:4:1 and 

ratio of male peafowl per female peafowl per juvenile in non breeding season Is 1:2:4. So In next year. the 

population of green peafowl will Increase at 40%. 

The vocalizations of green peafowl were studied from November 2008 to May 2009 in Huai Hong 

Khrai Royal Development Study Centre. There are 6 different types of calling consist of 2 self alert calls and 4 

breeding calls. The highest number of calling frequency in breeding season is "Kra Tong Hong" which was 

called in the morning 20 minute after sunrise and 20 minute after sunset. 
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PATCHARA DANAISA W AT: SPECIES DIVERSITY OF AMPHIBIAN IN KHAO 

SIP HA CHAN PROPOSED NATIONAL PARK, CHANTHABURI PROVINCE. 

TIIESIS ADVISOR: ASST. PROF. WICHASE KHONSUE, Ph.D., TIIESIS 

CO-ADVISOR: ASST. PROF. ATR-oNG PRADATSUNDARASAN, Ph.D., 156 pp. 

The ClDTent study of amphibian diversity in Khao Sip Ha Chan Proposed National 

Park, Chanthaburi Province aimed to examine diversity of amphibian fauna, construct pictorial 

key, identify habitat preference and study relationship between the occurrence ,of amphibian 

falIDa and climatic factors. In this study, species diversity and habitat infonnation was 

obtained by visual encounter survey during January - December 2008. Species of amphibians 

were identified based on morphological characters. Climatic factors, such as air temperature, 

relative humidity and total rainfall were collected from the Dearest meteorological station 

(station code 4800(7) in each month. 

The result of this study revealed 2 orders, 7 families, 18 genus and 34 species of 

amphibian in 14 microhabitats of the study area with a diversity index (Sharman-Weiner Index) 

of 3.565. Among the amphibians found in this study, Bufo macrons and Rana laipehensis are 

new records for eastern part of Thailand It is also possible that a new morphotype of 

caccilian (Iclhyophis sp.) in juveniie and adult stage is presented in the area. 

The relationship between climatic factors and occurrence of amphibian as determined 

by Pearson and Spearman's correlation test showed that the nwnber of individual was 

negatively correlated with rainfall (p = 0.037). However, the nwnber of amphibian species 

showed no correlation with any climatic factors. The nwnber of tadpole species in lowland 

was positively correlated with rainfall (p = 0.041), while the nwnber of tadpole species in the 

stream was positively correlated with temperature (p = 0.033). 
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CHANTHABURI PROVINCE. THESIS ADVISOR: ASSOC. PROF. NANTANA 

GAJASENI. Ph.D., THESIS CO-ADVISOR: ASSOC. PROF. NITTHARATANA 

PAPHAVASIT, 133 pp. 

Relationships between population dynamics of blue swimming crab. Portunus pelaglcus (Llnnaeus. 1758). and 

physical factors of seagrass bed. Khung Krabaen Bay. Chanthaburi Province was determined by the study of population 

dynamics at blue swimming crab in planktonic stage. post - settlement and adult in two different seagrass beds. ' 

Enha/us acoraides and Halodule pinlfo/ia from April 2008 to March 2009. Different densities of planktonic stage. 

post - settlement and adult were recorded during daytime and nighttime. High densities of planktonic stage were found in 

dry season. These planktonic stages were found highest in E. acoraides seagrass beds. In respective ranking were the 

densities in H. plnlfolia seagrass beds and bare ground. Results From the distribution and density of crab population in two 

peaks at spawning season during December 2008 - January 2009 and April 2009 - May 2009, showed the different 

densities of crab population in planktonic stage during day and night sampling and the two spawning periods. 

The estimation on the success at planktonic development to settlement was higher in Ih'e E. acoroides seagrass beds than 

H. plnifolia seagrass beds and bare ground. Juvenile blue swimming crab preferred the H. pinifolia beds while the adult 

crab preferred the bare ground. Carapace width of crabs in seagrass beds were smaller than crabs in bare ground. 

The sex ratio of male to fem,ale was 1 : 0.5. The relationships between carapace width and weight were W =O.0963CW-826< 

and W =0.1005CW""· in male and female crabs. respectively. The data on crab' population dynamics have been 

calculated by the FiSAT program based on carapace width and frequency distribution. The growth parameter of male crab 

were L.o == 12.23 cm.; K == 0.56 per year wtJile the growth parameler of the female crab were Loo = 11.23 cm.; K =1.10 per 

year while total mortality of male and female crabs were indicated by 1.43 and 0,83 per year. respectively The probability 

of capture (L",,,,) was 1.46 cm. The recruitment period occurred all year but with two peaks . The first peak was during June 

to August 2008 and the second peak was during December 2008 to February 2009, The physical factors of seagrass bed 

that Influenced \he distribution and density of planktonic stage are transparency. temperature and salinity. This study 

revealed the Importance 01 seagrass beds in Khung Krabaen Bay. Chanthaburi Province in the recruitment of blue 

swimming crab populations as nursery ground for planktonic and post - settlement stages. 
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White rot fungi were collected from natural habitats of 13 provinces in Thailand. Pure 

mycelia were from 35 fungal samples isolated which were successfully identified. All 

strains were assessed for laccase production and the highest laccase activity was 

obtained from Pycnoporus sanguineus CM 1. This strain was further optimized for laccase 

production conditions. It was found that the highest laccase activity was obtained from 

2.0% of glucose as carbon source (0.67±0.125 Ufml), 0.25% of peptone as nitrogen 

source (0.752±0.01 Ufml), 0.25% of yeast extract as nutrient supplement (0 .85±0.04 U/ml) 

and 0.6 mM copper sulphate (CU2S04) as inducer (1.60±0.06 Ufml). Laccase was then I 
partially purified using ammonium sulphate preCipitation. At 80% of (NH')2S0., the laccase 

activity increased 3.95 folds. The enzyme was used to decolorized wastewater from paper 

and pulp industry. By using 20% of free fungal cells, the color, BOD and COD of 

wastewater reduced by 76%, 13% and 16%, respectively at 21 hours of incubation. USing 

immobilized Pycnoporus sanguineus CM1 cell to decolorize wastewater, the immobilized 

cell could be used 2 cycles. During the first cycles, they reduced color of wastewater up to 

74% while its BOD and COD reduced by 44.2% and 5% respectively after 24 hours. 

During the second cycles, they reduced color of wastewater up to 73% while its BOD 

reduced by 33% but COD did not reduce. By using immobilized laccase (100 Ufml) to 

decolorized wastewater, the immobilized laccase could be used 6 cycles. The color of 

wastewater was reduced during 74% for the first cycles and by 13.2% during the last 

cycles. Its BOD was reduced by 50% during the first cycles and 46% during the last 

cycles while its COD was reduced by 5% in the first cycles and it was not reduced after I 
that. 
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The main objectives of this study were to examine bird species diversity in 5 different 

types which were forest, reservoir, grassland, agricultural field and residential area as well as to 

investigate biological and physical factors that many affect bird species in those habitats. 

Species diversity of birds in Phu Khao Tong area Kang Khoi District, Saraburi Province were 

monthly assessed by point count method from January 2008 to December 2008. 

The total number of bird species in the study area is 103 species. The number of bird 

species for a grassland, an agricultural field, a residential area, a reservoir, and a forest around 

Phu Khao Tong area were 73, 64, 55, 46, and 38 species respectively, and Shonnon-Weiner 

diversity index were 3.39, 3.37, 3.14, 3.06, and 3.01 respectively. The most similar in bird 

species between two habitat types was that between the agricultural field and the residential area 

with a Sorensen's similarity index {S} of 0.78 while bird species in the forest and /he residential 

are was least similar with the similarity index of 0.47. Moreover, a biological factor that showed 

correlations with the bird diversity and bird abundance was human disturbance (Pearson 

correlation = -0.725 (p = 0.00) and 0.528 (p = 0.01) respectively) while aI/ physical factors 

investigated in this study did not correlate with bird diversity (p ~ 0.05). 

Since in this study the grassland contained the highest bird diversity, the habitat type 

found between mountains should be preserved for bird corridor, however, those located near 

main road may be used for the constructions of infrastructure. At the present time forests in Phu 

Khao Tong area were on the process of restoration, so disturbance by human on these forests 

should be minimized. 
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THAPANA CHOICHAROEN: MORPHOLOGICAL CHANGES 
RELATED TO THE GROWTH OF RED JUNGLEFOWLS, Gallus gallus 
spadiceus, IN CAPTIVITY AT HUAI KHA KHAENG WILDLiFE 
BREEDING STATION. THESIS ADVISOR: ASSOC.PROF. WINA 
MECKVICHAI, 101 pp. 

Morphological changes related to the growth of the Red Junglefowl, Gallus 
gallus spadiceus, were studied using 19 descriptive and 13 morphometrical 
characteristics on a captive bred population during their first year of development. 
The results showed that the descriptive characteristics can be used for age 
classification, especially at the first (0 - 7 days old) and second (2 - 20 weeks old) 
growth periods, whilst the morphomelrical characteristics were valid for age 
estimation in all three growth periods over the first year of life, but were more 
accurate in the second and the third (6 - 12 months old) periods. During the first 
growth period, the morphological characteristics changed rapidly. At the first 
molting the natal plumages changed to juvenile plumage during the second growth 
pcriodand the sexes could be differentiated by the color paltem of the feathers and 
the comb_ The second molting occurred when the chicks were twenty weeks old, 
when their juvenile plumage changed LO thal or the prenuptial plumage_ [n the third 
growth period, chicks began their third molting, changing from the prenuptial 
plumage to that of the nuptial plumage, and at this stage males become more 
colorful with a brighter color and more glossy plumage feathers at the neck, wing 
covert, back and tail. In addition, the male's red fleshy comb becomes enlarged in 
size, whilst in females, most of the plumage changed into a yellowish brown with 
mOllled brown color, except for the neck ·feathers that have a dark-brown or black 
strip. 

The 13 morphometrical characteristics were all significantly different 
(p<0_05) between age cohorts in both males and females, and were found to be 
positively correlated to the growth by nonlinear regression. This method can 
predict the age cohort in Red Junglefowls with 95 - 98% accuracy. Analysis of the 
tarsal growth rate revealed three distinct growth periods over the year. In first 
period (1 - 10 weeks old) the tarsal growth rate increased rapidly, but it nuctuated 
in the second period (11 - 24 weeks old), and became stable in the last period (24 ­
40 weeks old). 
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PATCHARA DANAISAWAT: SPECIES DIVERSITY OF AMPHlBIAN IN KHAO 

SIP HA CHAN PROPOSED NATIONAL PARK, CHANTHABURI PROVINCE. 

THESIS ADVISOR: ASST. PROF. WICHASE KHONSUE, Ph.D., TIiESIS 

CO-ADVISOR: ASST. PROF. ATR-ONG PRADATSUNDARASAN, Ph.D., 156 pp. 

The current study of amphibian diversity in Khao Sip Ha Chan Proposed National 

Park, Chanthaburi Province aimed to examine diversity of amphibian fauna, construct pictorial 

key, identify habitat preference and study ·relationship between the occurrence of amphibian 

fauna and climatic factors. In this study, species diversity and habitat information was 

obtained by visual encounter survey during January - December 2008. Species of amphibians 

were identified based on morphological characters. Climatic factors, such as air temperature, 

relative humidity and total rainfall were collected from the nearest meteorological station 

(station code 480007) in each month. 

The result of this study revealed 2 orders, 7 families, 18 genus and 34 species of 

amphibian in 14 microhabitats of the study area with a diversity index (Sharman-Weiner Index) 

of 3.565. Among the amphibians found in this study, Bufo macrotis and Rana /aipehensis arc 

new records for eastern part of Thailand. It is also possible that a new morphotype of 

caecilian (lcthyophis sp.) in juvenile and adult stage is presented in the area. 

The relationship between climatic factors and occurrence of amphibian as determined 

by Pearson and Speannan's correlation test showed that the number of individual was 

negatively correlated with rainfall (p = 0.037). However, the number of amphibian species 

showed no correlation with any climatic factors. TIle number of tadpole species in lowland 

was positively correlated with rainfall (p = 0.041), while the number of tadpole species in the 

stream was positively correlated with temperature (p =0.033). 
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This research aims to characterize the relationships of salt responses to salt stress via abscisic 

acid (ABA) accumulation and the expression of salt-responsive calmodulin gene (OsCaml-/) in rice 

(Oryza saliva L.). Two pairs of rice cultivars/lines, which are different in salt-tolerant ability were 

used in these studies. Leung Pra Tew (LPTl23) and Khao Dok Mali lOS (KDMLlOS) rice cultivars 
are considered salt-sensitive ones while their isogenic lines, LPT 123-TC 171 and FLS30-IL. are salt 

tolerant. In order to determine the level of ABA accumulation due to salt stress, monoclonal antibody 

(MAb) against (+)-ADA was produced. Two types of(±)-ABA-BSA conjugate. one with free carboxyl 

and the other with free carbonyl terminal, were used as the antigens in the antibody production. 

Hybridoma lines were then selected for specificity against (+)-ABA which is the natural form of ABA 

in plants. There were 2 clones producing MAb against the carboxyl terminal and 9 clones producing 

MAb recognizing the carbonyl end. The clone with the highest sensitivity of MAb for (+)-ABA 

detection was chosen to develop the competitive enzyme-linked immunosorbent assay (ELISA) method 

for ABA measurement With this MAb. the endogenous ABA in the range of 0.024-0.756 pmol/ml 

could be detected. The ABA accumulation in rice leaves was clearly detected after 6-9 days after salt 

stress. The highest level of ABA content after salt stress in LPT123 and LPT123-TC 171 was similar. 

The highest ABA was accumulated after 9 days of salt stress. On the other hand, FL530-IL rice 

showed the significant higher level of ABA accumulation than KDMLlOS. These results suggest that 
the level of ABA accumulation may not the only factor that contributes to salt resistant ability in rice. 

OsCarnl-1 expression was studied in KDMLlOS and FL530-IL to investigate if it plays any roles in 
salt resistance. The faster and the higher response in OsCarnl-1 expression after salt stress were found 

in FL530-IL rice. A twenty-four-time higher level of OsCam I-I transcript was detectcd ill the FL530­

LL rice leaves after 30 minutes of salt stress, while only about seven times higher of the OsCaml-J 

transcript at the non-stress level was found in salt stress treated KDMLI OS cultivar at the same period 

of time. The transgenic KDMLlOS rice lines with over-expression of OsCaml-l was found to up­

regulate the gene involving the ADA biosynthesis. 9-cis-epoxycarotenoid dehydrogenase (NCED) and 

ABA aldehyde oxidase (AAO) gencs. resulting in the higher level of ABA content in the transgenic 

lines, when compared to the wild type and the control transgenic lines without the over-expression 

construct. In addition, the over-expressing OsCaml-l transgenic plants were more tolerant to salt 

stress than the control plants as they exhibited better ability in maintaining shoot and root dry weights 

during salt stress. ABA actions on OsCaml-l promoter activity were investigated using the transgenic 

KDMLl05 rice containing ~-glucuronidase gene regulated by OsCaml-/ promoter. It was found that 

OsCaml-l promoter was activated by salt stress and exogenous ABA application. The ABA inhibitor, 

abamine SG, was found to inhibit OsCarnl-1 expression, These suggest that OsCaml-1 expression 

was controlled by ABA during salt stress and at the same time ABA also played a role in OsCaml-1 

gene expression. These indicate that ABA is required for OsCaml-1 cxpression and OsCarnl-1 

signaling has an important role in the ABA biosynthesis. These two signal molecules regulate 
bidirectionally under salt stress response. The cellular level of both OsCarn 1- 1 gene expression and 
ADA accumulation contribute to salt resistance in rice. 
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~'il-'U"UJ~na• 
~~n~I1l'i 1YlUlI'l1~1;J1l.J'I-I1Uru'Vll;J.. 
~'il,r1.u'il~VlS'l\l'Yi'U6 (rnHl1V1~) 

f'I'lll.JLLl.J1~UYl1-l~ru~l'U'1J'iI-l~~rhf'l Caloles versicolor (Daudin, 1802) l'Ulh::LYlI'ILvIEJ.. 
~'il,r1.u'il1V1rn\l'Yi'U6 (rnHl~.m'lH) 

Morphological variation of garden fence lizard Caloles versicolor (Daudin, 1802) in Thailand 

- 6'''' ... tV "'... ... ....l.l'" tl ~ • -I ~ oJ ...G .dI •

(YilJYi~'ltl'ilnM1(;l')Lftn Elm'l'UtlnM1111'lLL1nYl'1J'UI1I'U 1::LElf'lLLft::f'llYlLuU'll'ilL~Yn::'UtlVl'lEJ'iI) 

'il1~1'i~vlmnH1~Vltn\l'Yi'U6 1tl~1'I1~Vln"1j11tJ "'1. n1fi1 ih~tlj;J 

'il1 .... 1'i~vlmnHl~VI~n\l'Yi'U6i1l.J 'iI1"1jl1tJ Vl1. fi~itJ ~1l.Jtl1::L~1~'Nf'I.. 

~~rhf'l Caloles versicolor (Daudin, 1802) LtI'U~~ri1'11\jVl~iln11n1::'nElnt)1~lJ1n Yiu1v)~~lu 
.. , "1tl .. ~... ~ ~ , ~ ..1..1.. ~' 1"

L'ilL'IItJ LVI "1j'UCl~"'lU~l.jYl1'il'U"1j'U LVltll.JnYiU L'UmL'lruYlYllJf'I'Utnntltlr,j Auffenberg Uft:: Rehman (1993) Vl 

YiU~l~~ril'DUVl~iJ1'l'l1l.JLLVI n~1~Yl1~iruti1'U~YlUlluLLllift ::~'U~lItl~tl1::L Yll'ltl1 n~mu ti'vl n1i).~mu LLft::.. 
~'UL~EJ l'il1"lln114"Vl/'hu'Un~~ril'DUVln 1~utln'iltlmilu 2 'II\j~Eitltl i'itl C. v. farooqi LLft:: C. v. versicolor 

u'iln"nnniJmJftYl1~~ruti1'U";jYlUl LLft:::D'l1YlUl1::~ULlJLftnft (Zug el al., 2006) lltl~ C. versicolor ~Yiul'U 
v ... • 

tl1::LVlI'lYiJ.h l'i11"llYiU'IIi).",1'l-ll.i 2 species ~'iI C. hlunwini LLft:: C. irawadi ~'lU1.'Utl1::LV1P\1Yltl YiU~1~~ri1f'l 
iln11m::"lltJ'iltiLii'ilu"t'l~-ltl1::LYlI'I (Taylor, 1963) LL~tlEh~hnVl1l.Jn11~m:t1Vl1~~rutil'U~VlUl'IJ'iI-l C. 

v .. 

versicolor l'Utl1::LYlI'l1Yltliiu'iltll.J1n YiUL~EJ~iJ'ill;!ftr.lj1n11tl~1'Un1~11'lr.ljLLft::"1j1nn11~m:t1~m:tru::Vl1~ 

~ruJ1'U;'jYltJ11ulIi'l'ilti1~Yl1~Jl1I'lL'I-I{j'il LLft::Jl11'l1!1f'1Jtl~tl1::LVlI'l1Vltl LVltl Auffenberg LLft:: Rehman luiJ 1993 

LLIliIli'l'ilEh~~~mniir.i1U'lUU'iltJl.J1n1l.i~llJl1mj1lJ1~~tlt.Jft1~ 


L~mnu 

1. L~'iI~m:t1f'1'l1l.JLLtl1trUVl1~~ru~lu r.lj1ninMru::~1v)r.lj1nn11-r~'1JU1'" (Mensural characters) .. 
n11'IJULnflVl (Meristic characters) LLft::pJUUU'1J'iI~ft'lVlft1EJ (Stripe patterns) lU~~ri1f'l 

2. L~'iI~nM1f'1'lllJLlVln~1-l1::'I-I~1~LYil'llulli'lL~lJ-rtllli'l~ LLft::IIi'lU~lJ-rtllli'lLiJtl lU~~ri1f'l 
v 

16nl'iAnHl 

1) n1nriulli'l'iltil~ 

1.1 LnulIi'ltltil~~~rilf'llUJl1"'L'I-I{jtl uft::Jl1f'11~'1Jtl~tl1::LVlI'l1Yltl LVlmnUJl1f'1ft:: 60 1Ii'l ;~LLllift:: 
Jl1f'1LLtlmnULUU 3 n~l.Jtl1::'D1m n~lJtl1::'lI1m'ft:: 20 1Ii'l (dj'UIIi'lL,)ilJ-rtllli'l~ 10 1Ii'l Uft::IIi'lU~l.J-rtJI;l'lLiJEJ 10 

1Ii'l) 

1.21'WLLllift::IIi'l LnuiJ'ill.JftLMnlHhEJ111Yi i~~l'\.nrn LLft::l'ilm1rutl~1V1LVltlH Thiopental
v • 

Sodium (Close el al., 1997) LL~'lLri1Jfm:t11u LLtlftntl<l'ilr 70% 1Ii'l'ilEh.:l~~'I-Il.JVlr.lj::Lllulu~YhlJlru'Vl~mu 
jmlJ'!l1~";jYlEJ1LL"'.:l,,'ri1~NnmrlJ'I-I11YlEJ1itl 
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"nn;r'tllJ~ll'tl-3 PCA LL~"'-3htLt1tJ:htlr:;'111nHj'tlUL\JI11f'1Lt.liltl l~LLri LLtiri'tl-3~'tlU L:nU-3Lt.lti LL~:;l.hU 

ltiiif'l,)1lJLL(;lnl1i1-3r1u LYln:;nnY'l PCA l""LL~",~;rtllJ~lltl-3LLl1i~ :;iil')LUUr:;'lI1nn!U LL~')wuri1ur:;'111mltiLLun 

iltlmtlun~lJ ~~~~tH1Ltl1.JUr:;'I!1nn~EJ')r11.J 

"'1nc.Jtln11~nM'1 "'Ut)ltJ1::11n11~ilf'l(Y'l-JUV1n ~1"nlJ 1l1~ L~t)~lJ14l1n ~ILL\I1ti~vhfhJ~'l'tlril~ 

~-3tl~LUL~Ut~~Ln~L~U-3r1U i'i'tl LLtiritl-3~tlU L~Ut~~ 2079323mN L:nU-3Lt.lti L~Ut-3~ 2084247mN LL~:; tilU 

L~Ur-3~ 2078573mN LtlU~IL'I-l(;l'l11Lii 'ilru'l-lJlih~'-3 3 lj'tL')ruiif'i1Ln~Li'iU-3r1U f)tl LLlJri'il-3~tlU 26.18 ·C. . ." 
L;EJ-3L'I-lti 26.21 ·C LL~:;ti1U 26.45 ·C n1r~~ru'l-lJJmtiLL(;lnl1i1-3nU 'I11LW.l-Hj~~Liiti(;lnn1rL"llClJL~U'[(;l 

LL(;lnvll-3r1U Lw":;n1iirl,)1lJLL(;lnvl1-3'IJ'tl-3~ru'l-lJJii "l:;f'I-3~~l1i'iltiU1nn1n"llClJL~U'[(;l'IJ'il-3~-3ril'l1U(;ln '[l1lEJ 

Radder (2006) 1~~m~nWU~lur:;'111m~-3ri1'11U(;l~ Iii'lLUilJ-)EJ"l1nur:;L'YlI'I~U ij'IJU1(;lLiinn-l1iil,)LUilJ-)EJ"lln 

~UL~EJ Lwn:;ur:;LVll'l'iuii~ ru"'lJii L~~U~, n-lILuu,-:; L'Ylf'I ~uL;iU (~ru'l-llJl1L~~EJ'Ilt)-3'iuu~ :;~UL~mtlu 23 

il-31'11L'D~L:nEJ~ LLfI:; 29 'tl-31'11L'!IflL:nEJ~ (;lllJ~'c;iu) 

4.1.2 Fl11lJu.j;lmh~'VI1~Kru:,i1U1'V1g1"lJ'il~ C. versicolor Il1eluIl1F11Bt... 
"I1n;r'illJ~'lJt)-3 PCA LLi'I"'-3LiiLt1U~1U1:;'lI1nrEiiltJLUJl1f'1L!X l~LLri ~~'lJfl1 r:;U'tl-3 LL~:; m:;~ hiii 

rl,)llJUUlnl1i1-3r1U LWl1:;nnY'l PCA 1~LL~"'-3ii'tllJ~'lJtl-3LLvi~:;Iii'lLUUr:;·lI1nn1'1.J LL~'lWU-l1ur:;'lI1mltiLLtJn
~ 

'll'tlndJun~lJ ~-3'i'1~~ILUuUr:;'lI1nn~EJ'lr11.J 

n1r~wuri1ijf'l'lllJLL(;ln~h.J'IJ'tl~'1lru"'JliJLf\ nUtltJ til"l:;ltlU~~ l~'1l.J m"lln :aVlfiW~'IJ'tl-3~ lJ'Y1:;L~ LLfI:;. ~ 

4.2) An",*'F11'lJLLj;ln~'~'a'::wh~L'rU" (Sexual dimorphism) 

4.2.1 Mensural character 

"I1n~~n1r~mnWU~I'IJUII1l SVL L~~EJ 'lJ1.Jll1l~,) 'lJU'I1l~,Iii') LL~:;~n~ru:;~U1 '[t11EJf'I,)UL"'~ Lulii')~ 

"I:;ii'IJ'1.J1l1lL'I-l~n-l1Luc;i')UjEJ i-3ur:;'I! lmLUJl1f'1Lt.lilil UfI:; LUJl1R 11;, 

f'I'l1lJLL(;lnvi1-3'-:;\.l~I-3LWI'I 'IJ'1l~'lJ1.Jl(;l~') UfI:;~,Iii') 'IJ'il-3 C . versicolor LRuiintJ~IUn1r~n~lJ1Ll~,) 

'[l1lEJ Ji et al. 2002; Radder et al. 2001; Radder 2006; Zug et al. 2006 ~-3LUnlr~n~f'lf-3n;h'liuL~mnu 
'IlUl"''IJ'1l~~,)L ulii')lI"l:; L \.l nin~1 Iii') Lii EJ LLl1illUll1l ~, Iii')L ulii'l Lii tJ"l:; 1 \.l ni n-ll1ulii') cJ ~-3wui-31lUllrlL 'I-lilt) LL~:;

v ... ... 'II 

Jl1P11!X lltl-3u'-:;LVll'll'YltJ 

'lJ1.Jll1llltl-3~'l~L\.l~n~11ulii'l~ LLMI-31iiLt11.Jn.Ji'YnlJ~IlJ1Hl1un1r~UL\.l~tll~~ntjl LL~:;m'tln1~ 

ur:;~UPI,)1l.J~ILl"11un1nL'li-3'1luL~'tlil'1l':lfiu'il1ru1Lll(;l LL~:;mt)m~ '.)nLft'tln'["'UIii'lLiitJlJ1nn'h (Cooper & Vitt 

1989; Hews 1996; Radder et al. 2001; Vitt & Cooper 1985). 

'lJU1~'!Itl-3~1P)'l~ tJl'lntj,1UIii,)LiitJ ~:;L~l.J P1,)llJ~ IlJ lHI1Un! rmr,~11.J,)U1'lil~lJ1 n ntjllii')~iillUl'" 

'II'tl~~,j;J'lL~n (Vitt & Congdon 1978; Arak 1988; Shine 1992; Olsson et al. 2002) . 

. 'lJ1.J,l1lf'l')1lJ\.lU1'11'tl-3",,-31 uj;J'l~-3ij'll1.Jlj;]1'I-lnin~111.JIii'lLiitJ L~tl-3"11n~'[PlU""-31ii'l1l"l:;dlw~ILL\.lti~ 
v w ~ 

lltl~ hemipenis ~-3~f'l1ii 1ulii'l0rl1.J\.lI-3"l:;'I-luln~11ulii'lliil'.J ;-3~'tll1lrl~tl-lnUnEJ-31U'lJtl-3 Radder et al. 

http:LL~:;l.hU
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(2001) LLrR n1r~m:t1"tl~ Radder el a/. (2001) ti~1~1v)n~1')n~f'l,)1mLJ;]nvh~'tJtl~f'l,)1~m,)'lJtl~t-I1~ ur;i"1n 

n1r~mn'I.'Utlr::LYII~111E1YllJf'l'),)JLLIll n~h~"tl~f'l'),~tI1,)t-I1~ t(;l u ~') cJ"'1~"::tI1')n~1'I.'Ulil') L;:iU LLrRYlUL'Urn::'I.'U 
~ 

tlr::'!I,nunl'l'l.~ t'ltl~l'I~tl~nUn1r~m:t1'tJtl~ Ji el a/. (2002) ;~1~~m:tl~ Lijtl~1"''U1'U 1I1~''I'a'U'\.~'IJtl~ 

1.Jr::LlIp\~'U n1r~"'1~ii"'U1(;l~m')n~1'I.'UIil')~ Ji el a/. (2002) nU~1'U11,,::dJ'Un1r-d,)Elfm:t1t'll.JV!~'IJtl~ 

i1~n1U'!Iru::LI'I~tl'U~ (Ji el al. 2002). Moreover, this result also showed larger VentW in males 

which may be related to TailTh size because VentW located on base of tail and available 

to hemipenis of males. 

'Utlnlnn~ ti~Ylu-l11il,)cJii,::tI1~l'l~ii'tJ'UI~£mn11'I.'Ulil')LiiEl ;~,,::,j')m~~ f'l,)1l.Jt'l1~1nl 'I.'Umr 
" 

{Jtl~n'Utl1ru1L"IIlVi~;'U (Olsson et ai, 2002) LL~::ti~YlU-l1 n1rmf'lNt'lr1~'IJ1~LL~~LLr~ eY~dj'UIil'l'll'lm~~ 
pl'l1~t'l1mrCl'l.'Un1m'li~'1i'Ur::"'11~1il,)~~,)Eln\.l~n~,)EI 

1'I,)1~"'~n'Ufi'IJtl~ SVL nu~n1:tru::~'U "l::LLM\~tltlnl.J1'1.'Ur1.JLLUU"tl~ linear regression lY'In::nlr 
" 

L~~'lJtN'IJ'UI~;i') ,,::dj'U"'VI~')'UtVlElIJlNnU~n1:tru::~'U1 Um1'U HeadW LL~:: SN. 

4.2.2 Meristic character 
, , 

f'l,)1~LLlIlnr;i1~r::"'11~LYlP\'lJ'a~~m:tru:: meristic U'UYilJ~tl'U';;,~iitlEl LiimYiuunu mensural n(;jnViU 

tl~U1~~n1:tru::~Li1'U sexual dimorphism 1~LLri 

tl::1r LL~t'lIl.J'ClYiUf'I,)I~LLj;\nph~1tiiL'Uf'l')'U'tJ'a~ HeadSTr and GuS on northern population and 

CanthR, and HeadSLn on southern population. tVlUYiU-lIIil')~,,::;:i41'U,)'ULn~11n.J1nn11~Yiu'I.\.IIil') 

Li1E1i~ 2 tlr::'!Ilnr nlr~YiULn~ VI l.J1 nn-l1'I.'UI;l')~tl1" LiJ'ULYin::Iil')~ii'lJ'U1V1'I."'cVntJllil,)L;:iU LLr;ihi'VInULLu-nVl 

, .J.." ' ... 1 t .. 1')1n1r'VIl.JLmi(;ll.JlnmllJu':: EI'lI'Utl:: , 
~ ~ ~ ~ 

'U'an"'nileY~YilJf'l,)Il.JLLlIlnl1h~'!Itl~41'U,)'ULn~VI 4FingLm 'IJtl~n~rh'lliJ~il 1'I,)Il.JLLlilnr;i1~ilul":: 

"'l.Jn'UtfnUI'I,)Il.Jt'lIl.JI'Cl'I.'Un1'Ln1::t!VI~LLIIlnl1i1~n'U ~~41'U,)'ULnft (;l 4 FingLm ~mn n111 'Ulil') ~U1,,::;:i 

4FingLm lJ,nntJ11il,)L;:iEl (Glossip & Losos 1997) 

" 
'Utln"1nil ti~YiUf'l,)1l.JLLlilnvi1'l'lJtl~Ln~c;)u1L,)ruYi'a~ (VentS) '::",11'lLYiPl 1'W1l1f'lLt-IU'il f'l,)1l.J 

LLJ;]nrR1~'lJtl~Lnftc;)u1L,)ruYi'a'l 

L-D'Un'U 

4.2.3 Stripe pattern 

f'l,)Il.JLLlIln~'~'::ll-lI~LYiP\'tJtl~ Coloration 'I.'U C. versicolor 'I.'U'Ih~ breeding season ,rnViu111il')~ 

,,::i1~LLVI~~f'ltlt'lVlntJI1'U;i')L;:iEl ~~ Holliday and Adler n~l,)tJ1LYi'tl the bright red head of the male for it is 

a conspicuous social cue used to signal other merbers of its species 

LLr;in1'~n1:t1l'1f~~'\.~YlU11ti'li1~n1:tru::~'U~n~LLVlnvi1'l '\.~LLri DorsSt, ForearSt and NucSpot ;'l 

YiU~'l1\'l1'l L'lil\ltlLL~::1\'l1'l'I.~ 1'1,)1l.J LU;1 nrR1~~ Lii~;'U'I.'U~'lril'!1iJ(;l~'U~LI'IUYiU tVl uvY')'\.tlt'lIl.J1'Cl~1"'n",~ lEI 

t'l'Lt-IV) L'II'U rR1'l'llU(;l, rR1'l habitat, reproductive strategies d:J'Uvl'U (Vercken et al. 2007; Stuart-fox and 

Ord, 2004; LeSes and Marshall, 2000) 



vi 

Vercken et al. 2007 1~mhlCi~1'U~~rh Lacerta vivipara 11ii Color variation L\itl.u.n"l1m~'il 

reproductive strategy l'Uvi'lL~U ~'l'U coloration l'U Ctenophorus omatus ~tJYltJ1Y1l~tlLiJ'U signaling and 

male choice (LeBes and Marshall, 2000). 

LL~tlth~hrivmJ f'I'l1lJ~~Ln(;l~'UU'U DorsSt, ForearSt and NucSpot 1::"'11~1ii'l~LLfI::Iii'lLijEJ "l1n 
v 

YI1~1111'1 L".iltlLLtl::1l11'1'l.ff C. versicolor U1"l::LU'UL'/n1::fl'l1lJtr'UYI1~~'U~n11lJ~ Ln(;l~'U1 'Uuj;jfl ::Iii'l~ 1--1 n'U 

4.3) An\f,Fl11lJLtl1l n vh~ll,e1.'ULVi ~H;js'U)'U T.:'VI';i1-3111 fl L'VIU'f) ntJl11fl1.vi 
4.3.1 Mensural character 

"l1nn11~m:t1fl'l1lJLLlnn~1--1n'UYl1~lJi11'\1f1lJlf ,.tl~~m:tru:: mensural l'Uvi'l~LLfI::Iii'lLiiu 1::".t)1~ 

111F1L".iltlnU111f'1~,.tl--11.b::LYll'\lY1U VitJt)1 "'U1fl,.tl~il'l 1::m~"'LLfI::"'1--1 l'Uth::'lI1m'jJtl--1Iii'l~Y11~1l11'11~ "I:: 
v 

ii,.'U1Vll".qjnt)1tl1::'lI1n1'!Jtl--1I1i'l~Y11~1111'1mil'il 

Yamasaki et al. (2001) 1~~m:t1I'1'l1lJLL~n~1~'jJtl~~~mfl'U ~~LtI'Utflil1L~'ilEJl'lfl1'U'lIij~mt1-l 1fltl 

~ '.1"- ..r , ..r..l _ , ,.. , ,,~ ..4 

i'ln1:t11'1'l1lJLL(;1n(;11--1'jJ'il~u1::'111m'V1Ln(;l'!l'U L'U'Yi'UYi 2 tJ1L'lru L"'C1J1 I'Itl 1::"''l'~Y11~Vl1'UliI::'l'U'il'iln'jJtl~'il'ULfltl 

Y11~1~'jJtl--1;;j'ULL~::Y11~L".iltl'!ltl-lL'V1t1 ntJvml~,.tl~'Yi~1 uf'l::Y11~Hi'jJtl--11'V1t1 LLft'l'YitJt)1'jJ'U1Vl'jJtl~r;i'l~vmhl'jJtl--1 

L'V1t1 ii"'U1(;l,.tl~il'l LLtl::1::m--1~1".qjn11LLfI::m'ln~11'Un~lJtl1::'lI1mYl1~L".iltl "l1mJfln11~m:t1'!l'il--1 

Yamasaki et al. ~~~tl Vll'lfttl~n'UntJ 1 'Utl1::'lI1n1'!Jtl--1 ~.:Hhf'l ;--1'jJ'U1Vl'jJtl--1tl1::'111 n1r;i'l~'V11~111f"l1~~"l::ii'tl'U1Vl
v 

1".Cljnt)1vi'l0'UYI1~1111'1L".iltl 

f"l'l1lJ LLVln~1~'tItl--1r;i'l~1::11~111f"lmiltlLLfI::1l1 f'I'l.ff'lltl~ C. versicolor ~'ilVll'l~tl~ ntJn11Pt n1:t1'1l'il--1 
v 

Radder (2006) ;~'YitJtj1~~ru"'JJii~1't1'U1fllii'lLt1ilJiEJ"l::L~nn11 r;i'lL6ilJiEJ~tl~1'U1lru"'JJii~~nt)1 L'Yin::n11 

L;h~1::EJ:: mature Ln"l::L~lJLtln1~1'Un11L~lJ41'U'l'Utl1::'111ml'Umnn11 

LL~ eJf'l~Ln(;l~'UL"'~1~,r(;lLLrJ~ntJ1lJLI1lfl'lltl-l Adolph LLfI::Porter (1996) ;--11v)n~1'lt)1n~lJ~--1ri1~'il1tJ 
Lvhnu r;i'l~'YitJ1'U~'qru"'JJii ~'n11'jJ'U1(;lr;i'l~L'1~'h~~~tJ~'Utfl~"l::ii"'U1(;l1".qjnt)1r;i'l~'il~1'U'qruwJii~~ 
L\itl~"l1mr'UL"l1C1JL~tJ1Iwjhn11 l111~n11L;r1~'li'l-ln1n"l1C\!~'U~-n1~'lEJ 

'Utln"l1 n~f"l'l1lJ LLIn n ~1~'jJ'il--1'jJU1(;lil'l~ LnVl~'U .,::14~ eJ fI ~'il1'l'l1lJ f'l1lJl 101 'Un11r.ltJ L ".~tl 'jJ'U15i il'lYl 

1".Cljnt)1citllJ~llJ11t1r.ltJL".~tl~ii'jJ'U1 (;l1". t1Jn111~ ;--1"l::14~ eJ~~tl'jJ'U1Vl'jJtl--1h,1nlU1~ii'jJ'U1fll". qj;'U~'ltI 
(Karn et al. 2005) LL~::f"l'l1lJLLliInvi1--1~Liil1l;'Uti~'YitJ\'UIii'lLiim'li'UL~EJ'ln'U eJf'l'lltl--1f'1'lllJLLlnnvil--1"'il~'Il'U1",il'l 

LLtl::1::m-l"'~ ti~ijtl1::1EJ'II~LrltlLnfln1m'li~,r'U1::"'11~vi'l~ (Olsson et al. 2002) v ~v 1(;1ur;i'l~~lm,jn11LLfI:: 

eJfln11Ptm:t1'Yitl"l::~"" M~11 r;i'ltlci1~Y11--11~Ul"l::Liifln11LL;~n'Un'U~~n11Y11-lL".iltl "l'Uyh llliV)eJf'l"l1nn11On ~U. v v 

Pi(;lL~'iln"l'ULv)Iii'l~~'jJ'U1(;11m\l1~ 

4.3.2 Meristic character 
"­

f"l'l1lJLLliInvh~'jJtl~~n1:tru:: meristic ~t'l1m1m~'Ul~i5iL"l'Umi'ltl'U~n'Mru:: mensural Utln"l1nU 

f"l'l1lJLLliI n~1--1,.tl~Ln~fl1'U C. versicolor ~'il(;1fl~tl~n'UntJ~n'Mru::'YmlJiiI'\1~ lJlfritlu;r,.~i.i'ilEJ L'li'UL~ mntJ 

n11~n1:t1'jJ'il-l Thorpe LL~:: Baez (1993) ~mh'l(i-l11f"l'l1lJLLtl1tru'jJtl~LLliif'l::~n'Mcu::'jJtl~Ln~fll'U Gal/alia 

. .... " ..... ....., .......... "'" , ... " .... ." 

stehlint lJf"l'lllJ~tl(;lfl~tl~n'UUtltl ntJ~ n'Mcu::Y1,)~lllJ1'\1t'l c;J1 L'Yi n:;'l1tJ1~fIn'MCU::L'YilJ'jJUlIl')lJ 1:: (;ltJ1'I'l1lJt'l~'U1 

.. v 

Y1::LfI LLj;jtJ1--1~n'Mru::"l:;LtI'Ul'UYl1--1I'lNnU;;1lJ 

http:L".iltlLLtl::1l11'1'l.ff
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~')UhU,j,)LijtJijLY;tJ~ 4 ~m:tru:;"nn 8 ~nl:tru:;~LL"nl1h~nu 1'\')'))JlL"n(;h~~m;hlUnU~~ 2 L'YlI'\~'il SnS ;~ 

'YlU~,)"I:;ij'hu,)uLn~!1l'l'1')~ml'\lUi )J')nn~') u6iu~hj'l'11,)tJf\,)L~II)LLUi!1l LLlJ~,)LLliifl::~m:tru::u~hj'l'1ntJLLl1il1l 

• ....... .... ... , .... .4 • ~ ... 


,,')~nu \-I:i''ilL'Yln::flnl:tru::Yn~'YlU~n:1)J''')~nu LU'il~"')n(;J,)~'lIU!1lnu 

LLlJ~1 Zug et al (2006) l.wh~Liiu~')l1.hLtJun"l14'!1lLrtJ~!R,)~'il~Ln~VltJrL,)ru,r') 1'1.1 Caloles 
~.. • !"I .. ..I':,,,,, ~. ..JU U 4 

versicolor LVl)J )J1'\,)1)JU(;JnI111~nu Ufl::L1.JUflnl:tru:;\-IU~Yl'll L\-IL\lUCl~I'l,)"l)JLL"nvn~~'il~ Clotes 2 'lIU(;)'I'1'YlU 

lmj l~LUi C. hlunwini LLfl:: C. irawadi LL9in11f1nl:t"l C. versicolor 1ulh::L'I'1l'\l'1'1tJl'\f~d u~hj'YltJrl')'))J 
LL(;Jnvh~~'il~Ln~(;)~n1:tru::d1:;\-I~1~L\-Iu'ilntJ1P1 ~~fIi'lIJLLfl::!R'lLijtJ ~~JufIi,)'ilth~"'I"lmh::LYlf'll'1'1tJhju1":;1'll.. 
~~ 2 "UI1l1U'Yl).h 

hi'YlU"',)"l)JLL"n6i"l~~'il~Ln~VlurL')ru~hPi'l (VentS) ;~vh~ntJ G. slehlini ~'YlUrl,)"l)JLL"n(;h~'tJ'il~ 

Ln~11l VentS tl1ltJl'I'l1)Ju"nI1i1~e-K)J~ufinu Habitate type (Thorpe LLfl:: Baez, 1993) LLvi""ln~n1:tru::'tJM 
Microhabitate1:;\I~1~mrlL\-IU'ilntJml'llUi 'WLL"n9i1~nu Pi~JU~~ijPl,)1)JLtluhl1~~ VentS hiLL(;Jn(ih~nu 

1'I'l"l)JLL"n (ih~'tJ'tl-l~"lU,)ULn~ flU'lL'lru1::tJ1~R U~Y'ltJ~1~"l"u,)ULn~Vl'tJ'il-l 4 T oeLm iiPI'l,),)LL" nl;h~ 

1::\I~1-lL\lu'ilnull11 ~~lU!R,)~LLfl:;!R'lLiitJ LLvi'YlUI'I,)1)JLL(;Jn"h~'tJ'tl~Ln~fl 4FingLm L~'Yl1:;1u!R,)LijtJ rl'l1)J 

LL(;Jnlii,)~'tJ'il-l~,)U,)ULn~fl~ue111":;f'!'ilfll'l~'il~nu Habitat type ~,rU'il~L'llunu ;~f'!'ilfll'\~'tl~nulu G. stehlini 

L'IluL~tJ')nU~,)tJ (Thorpe LLfl:: Baez. 1993) 

" ~~,rULL~,) Both habitat type and altitude have been suggested as the cause of 

morphological variations (Thorpe & Baez 1993). Additionally. climate is thought to influence both the 

number and the size of scales (Soule & Kerfoot 1972). In dry environments. many small scales are 

preferred because the higher surface area of large scales in wilt increase the desiccation potential. 

4.2 .3 Stripe pattern 

1'I'l1mLVlnl1h~'tJ'il~inl:tru::~dJU Stripe pattern n"l:;'YluL~'Yl1::1u~,)~1::\I~1~mI'lL\lu'tlntJmI'l1Uf 
LLl1ihj'YltJrl,)1)JLL(;Jnvi')~lufIi,)LiitJ "''l1)JLL''n~h~~Lnf\;ulu!R')~d 'YlULYitJ~~1tJu1L'lru,r'l (Thrp) LLfl::~1tJtJU 

~1!R'l (Trb) 

LLlJ~11'1,)1)JU(;Jn9iWlJ'il~fl1tJ f'!1lJ1:i'miifll~"I')n\-l~1tJf'!1L~(;) hirj1,,:;dJU Habitat type \l1'il Climate 

LLl1i'tlth~hn lJl1)Jn11~m:nl'\f~d C. versicolor u~hjt'l'))J11m::1.Jf'!1L\-Iff!1~ul1ifl 
Stuart-Fox LL~:; Ord (2004) l~m=i1')o~ 1'\,)1)JLL(JJnl1h~'tJ'tl-l colorlation LLfl:; ornamentation rj1 ,rn 

1~fut)'I'1fi'Yl~"1n sexual selection LL~:; natural selection tVltJij~n1:tru:;'tJ'il~ habitat type dJU!R')vi11~Liifl 

rl,)1).JLL(;JnI1i1~'tJ'tl~ colorlalion LL~:: ornamentation ~u~11umcU~~~rh'Cl~lu close habitat ,rn"l::";1~!R'l1~ 
L~U L~'ilf'!')).mClij efficient commumication ;~,rmiiuif\lufIi'l~ ~ffiU1~"'f~'Ylurj"l lu open habital ~!R,)'W 
1'\'l1L~U L~'iliJ'il~nU!R,)"I1nlJft1 ";1t,rn!R,)1:;~rj1-l!R'lcjLL~:;!R'lLiitJhjLLVln(;h~nu)J')mrn

~ .. 
The climate may influence the balance between selection for signaling coloration for 

sexual/territorial purposes and natural selection for crypsis (Thorpe & Brown 1989a). 
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In summary, although, these populations are not strongly differentiated, there are 

differences between the two (northern and southern) regions within Thailand. Thus, detailed studies 

on population genetics should be conducted in the future. 

'lI~t!l"ilUv1fl1191-;i1~::1~~u 

ojJ!ll.J~~1~~::dlw~'W~i1'Wlwm1l'im:n L~!l4'~~1LL'Wnt'lrn'W::mVi"lltl~ Galotes versicolor'1.'Wth::L'Vlf'l 
v .. 

... .. 
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'VIin~IPI'i :)'VImPl,'i'llilhnnuru'l'llil 

;'fl,r1i'fl1'V1mUv.UH (mH,l'V1tJ) 

rI')'lJ'i'l1lJ,~[)~,um~~u~U~'ll'tl-lLl;hLLnlJLLIM Trachemys scripta elegans (Wied. 1839) 'lW'tlLtU-l 

ru 4'-l1,,6I11UVjlJli1i:! u~::lVlPll'V1tJ 

;'fl,r1i'fl1'V1mUv.'UH (mH,i'.:InC]H) 

Reproductive capability of red-eared slider turtles Trachemys scripta elegans (Wied­

Neuwied. 1839) in captivity at Pathum Thani Province. Thailand 

'il'~''i!lV\'IinH,1'V1@nUv.uH )'tl-lPl1'i'l1il11"1,1U 1111. ihli1 fi1~U!il 

'il'~''i!l;1mnH,1'V1tJ,UV.UH'h)J tn"l'1U 1111 . ,)1C1JC\!1 tl1C1J')'~tJ 

iitll;j~'lltl-lLlihLLnlJLLI1I~ Trachemys scripta elegans (Schoepf!. 1792) l'U~un'LuI1l1uu),::L'VIPI 

{1\1f~'tlLlJ1n'r::u11 u;h'l!UI1l~dJULlih~,<i 111'111..11 i1ln~ l~L~tlLlil L~lJ~ii f)'l,lJm'ln1::l1Itl-l\l~~U1::lJ,ru 12-30 ... . 

u;hLLnlJLLi1l-l'i'l')JI1[)Ufu~,)~'il~-lLL'lPliitllJl\1l.iH(LUUtlth-l(,) yj,t~'i'lllJ1)'[)tl~1tli1lLL~::~U~U!ft~u 

1::UUUL'lPlLl'l-lfi'l~l\1~ltJU1::LJl'VI L'lIU U'il f)~'tl~ Ll~::LLl.i~' LUU~U "Iuritlt~Lnl1leH'lm::'VIU~tl1::UUUL'lPitu 

LL\I~'l~'Iil'lJ)JIlumtl'l-l~'ll~ ~-:J~ViU1'tI-:J'U1'L~'LLnlJLLi1l~yj,l~tililnm1'il~1tli1l'll'tNL~,tlbu (Emys 

orbicularis) ~i1l~-:JL~'tl'l"l,{)L~ILLnlJLLi1l-l1uLLr1~LLEi~LL'Il'l,ruluno1'l-11tn'l-l'1 LL~::m1H'~u~(1) Utln"l,n~l~ii 

l1tJ-lIUn1r~nn'U'II'tl-lL~'LLnlJ LLi1l~1ULL'l-Ifi-:J~'li 11lJ'II1~'lltl-lU1::L'VI PI ~1~11~LLr1 ur:: L'VI PI ~ f~LPI 'i'I (2) tl1::l'VI PI 

lr1iw)u(3) U:i'::L'VIPlLf)~lJLiJd·) U1::L'VIP!'tl'il'i'lLlil1L~d5) LLfl::U1::L'VIPI~lilL~U<6) dJU~'U (ihm'l-lIPl~L!;hLLnlJLLi1l'l~-l[)n. . 
4'i1l1i1Lth'!L~,~iil1tJ-l'U11dJU'IIUI1l~'U~i?h~~u~~nl1UlJln~~11I1'Uil"l"luu(1) 

U1::L'VIPil'VIti Lf) tI dJ'U'l-I~'ll'UU1:: L 'VI PI~i1n11ii.1 L-ih L~lLLnlJLLi1l-l"llnu 1::L'VIP! qj~'UL~'tl dJ'U~liI1L~ tI-lm 

~'lLL~tJ Vi .PI. 251 7 "'l'Um::i'lil"l"lUUf)1111 r)'U'l,ii U1::'Dlm'whLLnlJ lLi1l-ltlEitnPi"tilL'VI'U~ Llih~'UL;jtl-l'lltl-ll'V1t1LtJ'U. . 


li:i'rlJ'II1~mtJ"U!ln tlI"Iyj11iI'i'l n1'Wll1Vi'll'il-l L~ '~'UL;jtl-l'i1LtJ'U'I.i,)-lt 'U'tlU,f)lil
I8

) ~'ltlmIil ~~1unf)') llJ 'l-I~1 nWfl1U 

'VI''1~,)Jl1Vi (2551) ~'1~r.mrul1i1L~ILLnlJLLi1l'lQ n4"i1l!l~1'U'VI:: LUtl'U'IIUi1l~'U~~lil1~1'1 ~'U~rI')n'lMr)'U f)')UrjlJ 

LL~ ::nl4'i1l'll tl~U1::L'VI Pll'V1 tI (9) LL,J11 tJ-:JhJ ii11tI '11uvm:)'11 1 n '1L~ tI'l r)U f)'l,lJ'i'lllJl1[) ~1'Um1~u~'Ufl'UU1::L'VI PI 

1'VII:",) lil1l-J 
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1fin1'iAn~f1 

n1'i~lP\itl~'6'I mu;:l'YIIP\'6I'fl~L~'6I:;1'6'11P\~n. 
1umr~m~1P1f~~11iil-n~u~~mt(;lmrnJ f~~(;lU1~'lruPiftil~ 7 ii1UlilllUil~~~i1 ~~W)lPItlY)lJfi111 ~n@l 

J)i1P1,~(;lf~ 0690000 mE 1553900 mN uft:;~~r,nnr:;~u~'Yl:;~ft 17 LlJl11r ~mVl~u1"'tJ~'lltld:lu~u1'lu 
~ . 
~",l1tJ'ltluYlntJ (sandy clay loam) 1(;)tJu1~'lru~~n~h'l~uu~U~~LlIi,u, Malayemys macrocephala (Gray. 

1859) ~~LUUL~h~1~IPI~uLi1i1~'IIi1~1YltJH1um1i\u~u~LLft:;'l,~1,j 
~1'~UiI~~tJ~<hu'lu 2 Uil 'IIU1IP1U'ilft:; 4.5 x 4.0 (;l1n~~lJm :a,:mvift:;UiI"l:;ii~V\?hu~U~lIi1~~' 

~Lft:;~udJU 1: 1 1uu1~'lru~u~~mj(;lrm1lJ~1~mh'lH;h~~u U'ilnr.nn~1~L(;l1tJlJnri'il~Vlft,~~n lIU1i?1 lOx 

15 x 20 ftnlJ1P1n~lJm. ~~lJ~ULLft:;YlntJ '1i(;ln~'lU 1: 1 ~Lft:;PI'l1lJ~U 30 ~tltlfL:nU(;] L~i1 H:d:lu1'~@lYln(10J , 

~1",fun11~n1;-,LilltJULVI tJUI'1'l ,lJ~,L1"l1umn,n1 UUtl L~tJ~nu1u1'~ ~Yln vi'illtl 

m'i~mf1F1'J,~'6'I,m'ir;l~1um'i~1J~'Ufi. 
L(;l1m.Jlvi1UnlJLL"'~LVlPl~LLft:;LVlPlLiitJ 1'm"l1'\!~u~ (ttl~ 2) tlth~ft:; 12 J;]'l1'l).J~~"'lJ'" 24 J;]'l "l,n 

YhflJLVl':;L~tJ~ 1u~~lI1'@ln'll1!1 "l1nJuvi1n,mU~Lvi1~~"').JIP\i1i1nLtJu 2 'l!lPIm1YllP\fttl~ tlth~ft:;Lvi'1 nu 

1IP1mUULvi,LVll'lcJ 6 J;]'l LLft:;Lvi1LVlPlL)JtJ 6 J;]'l r'llJ 12 J;]'l vi'll 1 'II@lm1YllPlfttl~ ~~~m1LLti~Lvi1tlilnLtJU 2 'l!1PI 
~ , , 

n11YllP\ft'll~L~tlPl'l,lJ~:;(i)'ln 1 umnrlu-u'ill;! ft LLft:;hiLtJumr1u n'lU~WrYlIP\~ tl~ 

i!1Lvi'''l1n'l!(;)m1Yl(;)fttl~~ 1 LLft:; 21tlL~tJ~1utitl~ 1 LLft:;titl~ 2 ~1IIi~tJlJH£;l1lJih~u tlPltJ1IU1@llltl~ 

LVlPl~~L~:;~YiPl~iitJ'lJtl~~~ 2 'l!Vl hiLL(;lnvi1~nU ((;l111~~ 1) 1i?1mvi11uti'il~ 1 ":;H:~,,,,f1J~n1;-1m1Yln(;l1lJ 
M1Yijm).J'II1~ LL~:;UiI~ 2 "l:;H~1"'fu~n1;-1mrYlnl,jti?1tJH1'~~Ylnllitlltl 

I 
'"!11ftUW 

f <4utm 1 (n = 6) Uij~ 2 (n= 6) p value 

11 ~ 

RlllJf\lHfl'~('\o~lH\-I ('\Iu.) 21.0", 1.9 21.4 '" 0.9 0.1 

AlnJUnfl1;:AO~liih ('lfl!) 233 ., 2.5 22.4 = 1.1 0.1 

liHHYnt11 (01 itfl1l!) l.5 ~ 0.3 1.660.1 0.5 

)I 

IftAH 
u 

Ui)~ 1 (n =b) UDih(u=6) p value 
.y v 

Alllff)lHf)';:~ij-~lilN (qr)J.) 155:, O.S 16.1 * 1.4 0.4 

Al1lfIJnfl'l:~()~Hft-1 ('"If)J) 17.9 * 1.6 18.6,", 1.6 0.4 

~Uil1f)R'l (OTilO1l1) 0.6: 0.2 0.7 ~0.1 0.4 

"l1nJuvi,n,nJU~n;;'ill;l~I'1'l,1,J~1l,J')m~'Um~~u~u~'jJ'il~Lvi1LdilJLl~~ fi'il 'll'l~L'lft1tk~LLJ1liim~ 

~~tJ'lYi,n~"lUn~'ll~1-ti PI'l1lJ~ n'lJiI~f~ r.i1U'lU'lJtl~1'/imtJ 1 uf~ 'lJU1i?1'11'il~t,iLLlIift :;yjil~ '1l(;j n~~ft:;~::tJ:;mn1u 

n11Yln'lJ'il~1,j1uf~ LLft:;1u1'~~~n fl'lu~ltlnun,~ ,ru~n-U'ill;!fl U"l~tJYl1~n1tJm'l'l ~'il pH ~ru~1Jii LL~:; 

1'1'l1lJ;U'llil~~u1uf~ Llrl:;1u-J'll(;)Yln (;lft'il1Pl1:;tJ:;~'lft1~vi1m~~n1;-1 1 tJ 
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. nt~~mem;;eUfl11)J~1~~~"\.'Unt~Vfn"\.'Uti'VL~e-'l nu"\.'U1'6't!PlVfn. 
L~'ill'i1n1T~m~n€(;lnn1TYlndJ'UIii'l'1JtNLr;ilLLnlJLL~~ l"lu~11lJr~~i1fi1 pH whriu 7 Ylru"'JJiiLll~EJ 

28.4 ± 2.1 'il~PllL'D~L:nrJ'i1 rl'l1lJ~lJLll~rJ 62.8 ± 20.8 % i1€(;lnn1TYlmulJlii'lLll~EJ 13.5 % LL'CI::T::rJ::L'l~I1lJ 

n1rYlmuW;i'lLll~EJ ~'il 97-)lJ L~rJ1'll~YlnllJr~"''llJhH\l''::Lu1L~rJ ;JL~ml LL~::i11J1~"''llJ~'i11lJ1T(l~~lJ1LUlJ 

t;i'l1c;\'"h~ LLr;ihj'i'lllJ1T(l~ ~~lJ~'UlJlmEJlJ'il nr~1c;\' Vil1~1ii'l'1'i'illJ(;llrJmEJhr~ ~~i1L~ rJ~r~ L~EJ'l~~m(;i1
• v 

'i11lJlr(lYln LL'CI::'il'ilnlJ1mrJlJ'ilnr~1c1\' "''llJ'il(;lnn1TYlmulJlii'lllJ-)MlYln~i1rh pH Ll'hriu 7 t)ru"'1JiiLll~EJ 

28.7 ± 1.4 'il~Pl1L'D~L:nrJ'i'l rl'lllJ~lJ\'U~rJ 30.0 ± 0.0 % il'il(i1nn1TYlndJw;i',)Lll~rJ 92.1 % LL'CI::r:;rJ::L'l~11lJ 
mrYlnLll~mUlJ 57-)lJ (In1n.J~ 4) 

!Pll~~Yl4 LUrrJULViEJu pH f'I'lllJ~lJ ~llJ'llJ1'llllJr~ LL~:;€m1n1TYlmUlJI'l'l'iJ'il.JLr;ilLLnlJLL(1).Jr::",~wq~~Yln 
L'iNli11lJfi1rlJ'II1~ LL~::LlJ-)'i1"lYln 

'l!Vlf) l'Jll91ilW pH 
... 

fIlUI'lIU 
.. .... 

~ilIll~ 31 OWl lil11'ill'lri'hI~1l (-/0) 

\~fl!O-lmmnn.l'lll~ (n = 37) 7.0 ± 0.3 62.8 :: 20.8 28.4±2.1 13.5 

fll1hr)l'f~\~n (n = 43) 7.0 ± 0.0 30.0 ::l: 0.0 28.7 ± 1.4 92.1 

U'iln"ln~'1JlJl~~'il~1'll;Jf'\')llJnt)1~Lll~rJ 2.3 ± 0.1 L'DlJ~LlJ(i1T f'I'lllJEJ1'lLll~EJ 3.5 ± 0.2 L'DU~LlJVl1 
LL~::~I"'UnLll~rJ 1 0.7 ± 1.0 nflJ LL'CI:;;:jLU'ilTL.:olJ~~1~UmLrnLn~'lJ'il~~mr;iIr;i'il~I~un1'1i~YlnL'il~(;lllJ 
firrlJ'II1~ LL'CI::llJ-)~"lYln Ll'hnu 83.2 % LL'CI:: 69.9 % (;l1lJkW1U ((;lln.J~ 5) 

'l!(,lj) nmHlu.'l lillllrl)"hi (iI1)1) 
y 
- V I ..:.. 

(0;')1)U nllll1~ill~llU'JfI!il"t 
~ v ~: v · ~ t

% 11 1l III ftU"l' ilIil'.il!U l1tUil 'U 

f1 i)hHi 'i nJ'lfl~ (n = 37) 9.5,: 0,6 7. 9=0.' 83.2 

\'1ollr)'lY'i!f1o (n=43) 1U =~ . l 7. 9 :: l.S 69.9 

... .. 
'6't~tI ~'iI~\'iI::1~I~ru 

"lnii'illJ'CIlii~n'ii 1'l~..:J'i'l ~u1c1\'-jl '1JlJl~'1J'il~ Lr;il~Ln~ L~EJ..:J nu Lr;ilLLnlJLL~..:Jl lJ1.h::Ll'lPl1l'lui1'1i'l..:J~1i,) 
~U~lJf~Ul'l'U,,)lJn~")LlJ~lJrilLU~ ()..:J 3 L~'fllJ ;J'lJlJ1M'l,,)lJnt)")..:J 1')'lllJU1,) LL~:::~")",un'1J'il..:Jhjln~L~u..:JriullJ 

~lJril Llj~ LLr;i~,,)lJ'l\J1'llr;i'flr..:J LL'CI:: L U'fl TL-nu~~1\.1Unl'l'lLLm Ln ~'1J'fl..:J~ n Lr;il~Yln L'il..:Jli11lJfirnJ'II1~Mn~11lJ~lJ 
v v 

ril LU(1) lJ'il n., ")n~'il(i1 n mTYl n L U lJI'l,)'lJ 'fl..:J1'li Lr;i 1 Un lJ LL~~L lJ firrlJ 'D")~ i1 fil~ ln~1'il(;ln n'1rYlmUUr;l'l'1J1H~lJ 

ri'1LU~ LL~:::l-if1::U:::L'lf\")1lJm1~mUlJr;i''llJ1n n~1LlJ~lJrhil~ ;..:J~'1m(;J'il'1"llJ'1"'1n~(l1Ym'lfl~'tllJ'1J'il..:JUr::L'Vl1'I 

1'VlEJLL(i1 nr;il~"ln~lJri") Lil~ L~uil 'Qru~1JiJ LL~ ::f'I'lI"'~lJLll~ u~~~n~11u~lJrilLlj(1)Vi")1m'll~Yln L lJfinlJ'II1~ij 
rl'lllJ~lJ~..:J n~1 ci..:J~~ li1€lilnn'1rYl n~ '1 ~~~mr~mncl\'1lJnI r~U'\~'lJf'1J'il~Lr;i1LLl1"'LL~~lUtlU1 rllil~lJl')'lrL~lJ 

~1lJ'llJI'l')mh~Lr;ilLLn}.JLL~~~L-nlJnlr~mn LL'CI::Vi")n")r~mnL lJU 1L'lru~lJ1 rii'liJ L~'il~":::lriiii'fllJ'iI L~EJ') numr 

~1Jl~\.l!f'1J'il~ Lr;i'1LLnlm~~llJuT:::L'VlPl1l'lEJ~~ "'mru~..:J;u LL~::Hur::n'fluur:::n'fluLlJnlT~~n11~'il..:J'Dlj~~lJfir;il~.. . 

~lJ~~nnlJ!lrh..:Jiju1::~'Vlfif11l'i1 lJur::LVlPl1l'liJr;i'il1u 
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'VI-Kn~I1l'i ~l1mPlIk'l(;lfa.J'VIIUCUl1(;l.. 
~'f),r1.u'ti1'V1@I1UYi'U6 (/m~n1'VItJ) 

nI7~nHI'a'ln7a.J~fil'U'IltH Hoya siamica 'DU(;lL;~''a''ll'Wtl7::Ll1P1111t1 

;1'f),r1-D'f)1'V1!I1UYi'U6 (1l1~li.m'l~) 

Taxonomic study of the Hoya siamica complex in Thailand 

'fl1"11'i,g;h.Fin~11'V1eIUYi'U6 fl1"l17U ~7. mU(;l "'~'aEj
~ 

Hoya siamica Craib dJ'Wyhl~~'ElI~tlr,hLL'lJn'El~l'W')~~ Asclepidaceae L~'il~"llni'iI'l'lIa.Jutl1CT'W 

(variation) 'IlM~nHru::111~-A'CU~I'W~l1t11~~ vY~LI'lNk'l~I~~Hl'Wn1r~u~'Wfi (reproductive structure) LLt'1:: u ~ , 

tI'lNk'lh-3~hn-n'Wnlr~u~'Wf (vegetative structure) L'Ii'W ~tljl~'IJ'il~lu ~n'l:tru::'IJ'il~m::u~r'ilU (corona) ~ 

~'Eln LLt'1::'iI'WI~'IJ'tl~~')'W[;j,~ 1 dJ'W~'W 'W'tln"lln~~'1JYrtJltI~n'l:tcu~~~L~a.Ju~l).jl'lffiul'lfla.J~n'l:tru::'iI'il~ Hoya 

siamica ~Ylul'WiJ"I"Iuu 'hYhl~i'ik'lcnu::m~'Eluma.J~filu (taxonomic status) ~hji~L"lU v'hl~Ln~I'l,)Ia.J, , 

L:n~;'tlU Hoya siamica complex ~nvY~u~l).jihlt1~IU~k'la.J1JYruLMtI')nun1rm::"lIt1~'Wfi'll'El-3~'lI'DUClld~" . 
I'lr'tlUI'I~a.J~u~l'Wl.h::Ll1Ptl'YltJ ~~,r'WtI'lNnlr~4'tI~~~).j~LU'W~ m:tl~n'l:tcu::m~-A'ru~I'W111EJ1 n1tJ1tnl'l Lrru• '.u '\I 

k'lCl1U::'YlI~'a'lma.J~fil'W~i~L"lULLt'1::I'I~'ElUl'lfla.JI'I,)llJ'VI~lnW,ntl'IJ'El'" Hoya siamica 'lIU(;lL:n~''aul'Wtlr::Ll1f'1 

111U r,)a.JvY-34'~n;'pYl!n'Wlur::ji)u'!!u~ (Key to species) LLt'1::L;;iu'WI'iI1JY7t11U'VIU')tI'il'lnra.J1fil'W7::I1lU'lIUCII 

'IJ'El~ Hoya siamica 'lIU~L:n~''El'Wlutl7::Ll1f'1111tJ 

1fin1'iAn~1 

1. ~n'l:tIL'iln~lr111..,Ytqnm'lmlJ1fiIULLt'1::~n'l:tlii'EllJftL~'El~~UL~tI')nu Hoya siamica 

2. ~'1,)"lLL~::r'lUna.J~')tlUI"'~lJ!fhnWlIf\i\'WllJ 

t~ mnu~,)'Elul..,~'Wfihn~1'I1tlUf'l ~ lJ~'W~nlrm::"lltJ~'Wfil. 'W1.Ir:: Ll1f'1111u;~ i'i 1'l'),lJk'l ~"l1 n 
" , \I 

t; "J" " 
1::ji)1J\j'11::L~ a.Jlnn11 1,000 La.J(;t7~ultll~LLtiYtuViu1L')ru,j'(;ln~')tltI1~ 4'~wrClltl7::"l'lUM'Ii'Wfi JJ'VI~,)~ 

4'~W)t1ILflEJ t1I'Eltlf!Ll1YtLL~::~tlUtl'Wl1'U'Wl14'..,wr~Li1tJ..,l'V1).j L'illl'V1C\l4''''W)t1IUMf'11fi7nJ1I'lI LCllmi1utnYt 

11l,)'ilEiI"'LL~::~'W~tl~1'WMIYlfi7ra.J'!!I~ 1,)a.JvY~"ICllu'Wlin;;tllJfWh-31 ~YtUl'WMIYtfirra.J'lII~ t~uLLU-3~,)'ilth~ 
~ufi1~~LnUlJlLL[;jt'1::v1'W'il'ElmtJu 2 ~,)'W tCllu?l,)'WLLm,j'a.JIYiI~')tlEiI~~ufi1~fn'l:tIk'l111YttCIIUn1rYiI~,)'ilEi,~, , 

I 

I 
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Yi~n~f'!1t'!t1lr rHl.I::~Vl[J1f'!1t'!t1lr ,li1~~mrulJ\n~Vl[J1~tJ 

3. ~n~1~nMru::Vl1~tfruj1U~Vl[J1 

t~ t1~ nM1~~tr1 Nt'! r1~~LfI.'Un11i1u~ufi lL'1'!::tr1 Nt'! h~~hj1-n'Un11~U~Ufi ~~LUL:n~f) CWl1Yi. .. 

Yir'fllJvY~inhJLmtJULVltJunU~'l'tlEh~~u!ftMnM1M1YivY~~'l'tlEh~LL~~U~::'I-I1'tl~'l'tlEi'N~!l~~ij 

'tl~1uYi~fi.nru-n~·I!LL~::'I-I1'tl'l-l'tlYi11ru1,j'(;j1~1LUlh::LVlPl1VlEJ L'IIU Yi~fi.nru"'~'n Pl1t'!t1ln"l1nJ n~u ~'lt1l::~U~ 

111f1~'n1Yi~nMf'l1t'!t1lr flru::':lVlEJ1f'!1t'!t1lr ,li1~~mrulJ'I-I1':lVlEJ1~EJ (BCU) 'I-I'tlYirrru1,j' mlJ'qVlEJ1Uut.i~'n1~ 

tft1l11..hLL~::~U~~'lI (BKF) dJU~U 
.. ­~ 5. Pln~1~nMru::Vl1~n1mJl1r1 

t~tJLW'1l'tl~ Ruzin Lutl f).f'!. 1999 

5.1 ~nMru::Vl1~n1t1'l111r1'IJ'tl~',h~ULL~::LU 

~~L~'fln~'l'tlEi1~~1~uLL~::Lu~t'!lJ\!rruLL~::L"IrClJLI)ilJ~lJ1~~Li'Ju:iuL'~n 1 LL'liLu~1EJ1 
rnM1M1Yi (Forma line Acetic acid Alcohol: FAA) LL~'linlJ1~~1fI1lJ1111"1~~'IJ'l1~ ~1tlLr1~~1lJtMtt1llJ LL~'l 

r.i~ L~rtJlJLilwt'!1f'l;Cl1'lru~::inlJ1~ n~1111tJHfn~tl~,~mrPlULLuuHLLt'I~ UU~nIl1Yi LiiiJumrEJ1tlLL~:; 

LmtJULViEJu~nMru::Vl1~n1tJ':l111r1'!1'tl~~'l!lEi1~~Ufi1.,j'... , 

5.2 ~n~ru::Vl1~n1tJ':l111f1'!1'tl~L\j!ll[j'tlih (Epidermal characters) 

~~L~'fln~'l!lEi1~LU~MJ\!1ruLl~::L"I1C1JLIii).J~lJ1~V)dJu:i'WL~n 1 LL'liLu KOH 10% 

"I1mJuu1hJtl'Uuu water bath l..h::lJ1ru 30 U1Vl ~1~lff'l!lEi1~~'ltl~1niu HYinuLL\'l::L'1im~t1\'l!ln~'lLu. ~ 

'tl'tl nlJ1ii'tl).J ~'ltl~ safranin 0 4'~ Lt1lrtllJ Ltlut'!1~ (1)Cl1'lnL~ ::U1).J 1~ n~1111 t11tii' n~!l~' ~VlrU'\ULLUUH bbt'!~ 

~nM1~m:tru::'!I'tl~1.hnL1..J r.11u'l'U1..hnl1..J L'lI~lfL~'tll~'tlCj'l~U1 LL~::uuVin1l1Yi 

"Iln~u~(;j1~ 1 vY'l1..h::LVlf'!1VlEJ t~muu1tJ~~nMru::'lJtl~ corpusculum, translator LL~::p.H1~'!J'tl~n~).JLrn: 
(pollinia) vY~LuL~~flCUJ11YilL~::LuL~~mlJ1ru t~EJr.i~vilt'!1~(1)(mm~::ul1tJ~m:n111EJLiiln~'tl~"I~VlrrPlULL1..J1..J. . 
HLL1'l~ LL~::uuVin111Yi 

7. r.i~41LlUn~'l'tlEh~~u!ft,j''tl'tlmtiu Form 

.... ../1" .., " , !:"I. ~ ... " U1'IJ'fllJ~Vl ~"Iln~~nlU'\n~l ~U'!J'tl 1--6 lJl ~"11 ~Un1rr.i~"I1ll\m~'l'tlEi1~~U~ ~lJtl!lndJu Form 

(Morphological form) 

8. ~n~l-ii!llJ~L~~t).JL~flf'l 

~~L~'tln~'l'tlEi1~L1..J~t'!).J\!rruLL~::L"I1tl.JL~lJ~).J1t'!n~~L~'t.IL'tl t~t1~~L~!ln"llnlff'l'tlEil~~u!ftif 1~ 

flffi1..Jr1~).J~U~n1m1::"I1EJ~ufiu~:: Form ~4'~1ril"l1n-ii'tl 7 tVlilH'lI~t'!n~~L~UL'tlthr"lnJ Qiagen DNeasy 
" "" 

Plant Mini kit ~nM1f1'l1lJ'I-I~1n'l-lf'l1EJ'IJ'tl~fI~'tltrYi~1t'1(;l~L~Ul'tl ril'ltlL'YlflUr1 Polymerase chain reaction 

(PCR) Lbf'l:: restriction fragment length polymorphism (RFLP) m"Plfi'lJ'tl~ Tsumura LLf'l::flru::( 1996) t~tJ 

http:t~EJr.i~vilt'!1~(1)(mm~::ul1tJ~m:n111EJLiiln~'tl~"I~VlrrPlULL1..J1


III 

'l.-ntVlHl-lYlT (primer) ~~,,)Lvn::nUPI~YlL1'Yi~,,)~;~L~UL'ilYlEh:nJ'ilti 51'YirLl-lYlT (Grivet et al., 2001) LL~:: 


LYlul·!!)rPi~r.i,,)L'Yi,,):: (restriction enzyme) 'ilE.h~U'ilfJ 5 LYlul'l1,J 


9. ~L"'n::.x;;tl).J~ M1.ItJ~mr~mn 4'~li,,)HFjfi")uLL~::LiiEJw'i,,)l.mfJ")m-nl,)EJYluml-l::jfnu'l.ur::~u'lIij~ 
v '" , 

'ilJiunEJLL~::~~tJ~mr~m:nr')).J~~4'~li")?;l.F3fi")u'l.ur::PiU<JIij(;l (Key to species) LL~::L;EJur'hmrfJ")EJl-Iu,)EJ 


'il'4nrl-l1fi")ur::~U<JIij~~Flr'ilUrH~l-l"'')'')).Jl-I~'')n'''~'')tI'lJYl~ Hoya siamica 'l.uur:;L'Yll'll'Ylti 


1O. LiiEJuruL~).J1'YlfJ")ij'YitJfi 4'(;lVi")r;l,)'ilEh.:J~u€tMm:n~1n'Yi

~ . 

U")r;l') 'il Eh~~u fi1.,j fm:t")M)")'Yi LL~ ::fll~ ~m') )'~~"').J (;l ~'l.nun") rPt m:n l-l ")4'~ LflU1t)''l.u. 
. ~~fiJiru·tH;'lI 1'11f111111"111El n~u et,)IiI::~U~ fl1f'1111'YiCjm:tf'l1Mlf f'lru::1'Yltl1I'11~(;1f "pi1~~mru 

).J",,1'YlfJ")~fJ 

~an1'iAm~1 

"I1nn11~m:t1ftm:tru:;'Yl1~trrul")u';j'r'1t1,,)~-l ~~ tI'lNt'lh-l~'l.nun1 r~ u~u~ (reproductive 


structure) LL~::tr\N"'11-l~hj'l.ii1um1~u~u~ (vegetative structure)'IJ'il-l Hoya siamica Craib ~~ij"',)1).J 


LLUnJU (variation) 'IJ'il-.:J~m:tru::'r'11~trrul1U1'YlfJ")~~-.:JmmrU'YiUt)1f11mH1LLti~tltlmtlu Form [;1")).J~m:tru:; 


'Yl")~trrufi"1u';j'YlfJ")1'YlfJ")1~ 5 Form t~tlH'ftm:tru::'lJYl~ leave shape. venation. corona shape, pollinium
.. 
LL~:; corpusculum shape t@lEJ"").J'nl4'~li'rmfi,u'l.u),:;';U"JIij~l~~~~ 

~ 

Key to Forms of the Hoya Siamica Craib in Thailand 

1A. Lateral vein obscure, corpusculum shape broadly ovate ...... .. .. ..... .. .. . ... Form I 


1B. Lateral vein conspicuous, groove, corpusculum shape arrow head 

2A. Corona shape ovate, outer angle obtuse 

3A. Leaves shape oblong .. ..... .... .... .. ... .... .... .. .. .. ........ .... .. ... Form II 


3B. Leaves shape lanceolate or oblanceolate .... .. .. .. .............. .. .. Form III 


2B. Corona shape elliptic-obovate, outer angle acute 

4A. Leaves shape lanceolate ..... ........ .. . .. ........ .. ....... .. .. .. .. .. ..... Form IV 


4B. Leaves shape elliptic .. .. .... .. .......... .. .... .. .. .. .. ...... .. .... ... .. .. .. Form V 


I 

mailto:t@lEJ"").J'nl4'~li'rmfi,u'l.u),:;';U"JIij~l


IV 

Form I 

Leaves succulently and thickly coriaceous, glabrous, elliptic-narrowly lanceolate, apex 

narrowly acute, base cuneate, midrib groove on the upper surface, lateral vein obscure; petiole 

slender, 1.44-2.93 cm long. Umbel 4-9 flowered, peduncle 2.40-3.00 cm long; pedicel glabrous, 

18.86-23.5 mm long. Sepal broadly ovate,O.97-1 .59 mm long, 0.77-1.32 mm wide. Corolla light pink, 

5.19-8.27 mm diam., inner surface puberulent except the angle of corolla lobe, outer surface 

glabrous with dark violet spots on pink, Corona obovate, 1.62-2.86 mm long, 1.51-2.48 mm wide, 

outer angle broadly acute and white, inner angle acuminate and violet. Pollinium broadly oblong­

obovate, 0.63-0.70 mm long, 0.21-0.39 mm wide; translator stout 0.11-0.15 mm long; corpusculum 

broadly ovate, 0.44-0.55 mm long, 0.28-0.39 mm wide, Fruit not seen. Specimens examined: Huai 

Yang Waterfall National Park, Prachuapkhirikhan Province, D. Tungmunnithum 66, 67, 68, 69 and 70; 

Khao Yai, Kanchanaburi Province, C. F. van Beusekom and C. Phengkhlai 199 (BKF) 

Form II 

Leaves coriaceous, glabrous, oblong, apex and base acute, venation; midrib groove on the 

upper surface, lateral vein conspicuous; petiole stout 1.00-2.03 cm long. Umbel 7-13 flowered , 

peduncle 5.00-7.30 em long; pedicel glabrous, 20.68-22.22 mm long. Sepal ovate to narrowly ovate 

1.43-1.87 mm long, 1.08-1.53 mm wide. Corolla white, 8.28-9.380 mm diam., inner surface 

puberulent except the angle of corolla lobe, outer surface glabrous with white, Corona ovate, 2.30­

3.28 mm long, 1.42-2.46 mm wide, outer angle obtuse and white, inner angle acute and white or light 

red. Pollinium narrowly oblong-obovate, 0.42-0.75 mm long, 0.21-0.25 mm wide; Iranslator 0.9-1.1 

mm long; corpusculum arrow head, 0.31-0.45 mm long, 1.0-1.7 mm wide. Fruit not seen. Specimens 

examined: Khao Yai, Nakhon Ratchasima Province: D. Tungmunnithum 2, 3 and 7, B. Hansen, G. 

Seidenfaden and T. Smitinand 11366 (BKF); Phu Luang, Loei Province: D. T ungmunnithum 1 0, 11 and 

18, C. Chermsirivathana, 877 (BK), O. Thaithong 997 (BCU) 

Form III 

Leaves coriaceous, glabrous, oblanceolate, apex and base acute, venation; midrib groove 

on the upper surface, lateral vein conspicuous; petiole stout 1.00-2.00 cm long. Umbel 7-11 
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flowered, peduncle 3.40-7.30 cm long; pedicel glabrous, 13.44-24.00 mm long. Sepal ovate 1.05­

2.40 mm long, 0.89-1.57 mm wide. Corolla white, 6.08-7.73 mm diam., inner surface puberulent 

except the angle of corolla lobe, outer surface glabrous with white, pink spots on white, pink spots 

on light pink, Corona broadly ovate, 1.86-3.04 mm long, 1.52-2.64 mm wide, ouler angle obtuse and 

white, inner angle acute and red. Pollinium narrowly oblong-obovate, 0.64-0.75 mm long, 0.20-0.23 

mm wide; translator 0.6-0.7 mm long; corpusculum narrowly arrow head, 0.31-0.40 mm long, 1.3-1 .5 

mm wide. Fruit not seen. Specimens examined: Phu Luang, Loei Province: D. Tungmunnithum 12 

and 19; Doi Chiengdao, Chiang Mai Province: A. F. G. Kerr 5610 (BK). 

Form IV 

Leaves coriaceous, glabrous, narrowly lanceolate, apex and base acute, venation; midrib 

groove on the upper surface, lateral vein conspicuous; petiole stout 1.10-1.94 cm long. Umbel 8-14 

flowered, peduncle 2.00-5.50 cm long; pedicel glabrous, 16.24-20.46 mm long. Sepal ovate 1.20­

2.12 mm long, 0.66-1 .32 mm wide. Corolla green, 7.18-8.90 mm diam. , inner surface puberulent 

except the angle of corolla lobe, outer surface glabrous with light green, Corona elliptic-obovate 

1.65-2.40 mm long, 1.32-2.24 mm wide, outer angle acute and white, inner angle acute-acuminate 

and light violet. Pollinium oblong-obovale, 0.42-0.75 mm long, 0.21-0.22 mm wide; translator 0.90­

1.10 mm long; corpusculum narrowly arrow head, 0.31 -0.45 mm long, 1.00-1.20 mm wide. Fruit not 

seen. Specimens examined: Kio Mae Pan, Chiang Mai Province: D. Tungmunnithum 46,47and 48 

Form V 

Leaves coriaceous, glabrous, elliptic, apex and base acute, venation; midrib groove on the 

upper surface, lateral vein conspicuous; petiole stout 1.00-1 .22 cm long. Umbel 7-12 flowered, 

peduncle 1.20-5.30 cm long; pedicel glabrous, 14.02-25.24 mm long. Sepal ovate 1.10-2.10 mm 

long, 0.76-1.57 mm wide. Corolla white pearl, 6.29-9.54 mm diam., inner surface puberulent except 

the angle of corolla lobe, outer surface glabrous with pink spots on white, Corona elliptic-obovate 

1.08-3.33 mm long, 1.42-2.52 mm wide, outer angle acute and white, inner angle acute and pink. 

Pollinium narrowly oblong-obovate, 0.24-0.74 mm long, 0.10-0.26 mm wide; translator 0.70-1. 1 0 mm 

long; corpusculum narrowly arrow head, 0.32-0.44 mm long, 1.40-1 .55 mm wide. Fruits a follicle, 

pod-like, brown spots on green, straight glabrous and numerous seeds. Specimens examined: Kio 
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Mae Pan, Chiang Mai Province: D. Tungmunnithum 41, 42, 43, 44, 45, 49, 50, 51,55,85, 86, 87, 88 

and 89; Doi Sutep, Chiang Mai Province: T. Shimizu and M. Hutoh 10561 ( BKF), A F. G. Kerr 724 

(holo K), J.F. Maxwell 1159 (BKF), D. Tungmunnithum 90, 91 and 92 

\.Ira:L!I"lIUvI fill @I'.h~::'t~r'I..J 
1 vilL~Vln'I..J'Utl'I..J L'tJ f11'tJtl-.1'l1U~~i~L"IULLfl::1tKI'il'1..Jl'Wlt1>tl.btl'fl'4m'lJ~filur::~'I..J'IIUVI~f'lfl'fl'I..JI"H'llJ 
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,..an'tl~~ ~VI£J1P11~(MlJ"'1UCU.n~.. 
~'el~1i'el1'mnUYi'\.ui (1l1~1''V\tI) 

L~Cl&";jVlEJ1'!Jtl-JV;'ll'll1EJ L~'U1 'Uu ~:; LVI PllVlEJ 

~'el~1i'el1'V1t11UYi'Ufi (1l1~1-5.:lnt'J~) 

Palynology of Mangrove Flora in Thailand 

'ell~I'i~Ylmn~11'V1t11UYiYfi 

'il1"11'i~Ylmn~11'V\EI1UYiYfii12-J 

L~Cl&";jVlEJ1 (Palynology) ~tl m~~m:nL~Cl& (pollen) t'lUtlf (spore) "'ffi;'lt)~q~u 1 ~t'l1lJ1m~m:t1 

~'lEJ1fiVl1-JL),(U~VlEJ1 ~'llJC1,m11tl~:;EJn~u 1 ~L~EJ'liit)-J (Hyde and Williams, 1944) ~m:tCU:;~CUfi1U'!Jtl-J
~, .. 

L~Cl&;Jtl~:;LEJ'll'U1un1rr,hLLunn~lJV;'11 LUlmL~UI-J1\1L~UCl-Jf'I'l1lJ~lJ~'Ufil'Ur:;V)U'l-Jf'f (families) L~h (tribes) t'I~~ 

(genera) ",1tlLL~LLj;jLur:;v)u'llUUI (species) (Erdtman, 1952) ;-JUtlnr.nn"l:;d'Jutlr:;LEJ'lIu1u-J1'UVl1-J 

'il'4m'lJ";jfi1U (taxonomy) LL~'l rr-Jt'l1lJ1rmhluur:;tjn~1-nu-J1uvn-3~1U~U 1 L'liU n1r~m:t1LrCl&1utl1n1'" 
d 4_ .. .o::t ,tJ'

(aeropalynology) n1rl'ln~1'111n~ n"'1urr'YHrCl& (geopalynology) n1rPl m:t1Lrn: ~ 'UU1CH 

(melissopalynology) LL~::n1r~n~1LrCl&~L~EJ')L~t1--1V11-3n1mYiVl6 (medical palynology) dJU~U (Erdtman, 

1952,1969) 

U1'111m~ulutlr::LVlPllV1EJYiul~(1l1lJu1L'lCU'll1EJ~--1V1::L~ tl1mLli~1~1f'1~tl~ LL~:;u1L'lCUrt1ULn1:: ~-J 
d~h,!~'U~~;J~1V1:;L~Yi'llJCl-J'll'il-J111f'1(;1:;t)Ut1'iln(;1'ilU~1-J 111f'ln~1-J(;1'il'U~1-3 111f'l1~~-Jti1'l1VlmL~:;111f'l1r1iir-J'iiu 

~mru (~UVI -an1:tmr'h LL~:;f'lCU:;, 2535) YiuV;'lI'lI1ma'U1uur::LVlf'\lV1EJ~d'JuW~uu~::1~vilJ 35 'l-J~ 53 t'ln~. . 
L~tl-J ~ 'lEJU1'111EJ U"l'U;J M1YiVl1-JUL'lI'l";jVlEJ1LL~:;Vl'll~;J~n1:tCU::L~Yi1:: "i--1LtJ'Ur::UUUL'lPl",n-J~ 

L"'lJl::~lJLun1rHLrCl&1V1tJ1f1mntlr:;<WtLL~::~t)(ij.JU1n1r ~'lEJn1~~m:t1LL~::1Lf'ln::lfLnlj (Pollen analysis) 

"I1n(;1::ntl'U~'U LL~n1~~m:t1--11UVl1-J~r1itl--11-n~~;Jf'I'l1lJ~f'l'l1lJ'n1'U1C1J1'U--11'U~1U~CU!1'U1V1EJ1LrCl& ",1'ilf'l'lr~ 
vl'ltl ci1-J L1 cuVl'lltl"l"lUULL~:: ~1'UiitllJ~Vl1-J ~1U~ru fiIU~VlEJ1 L~CUV;'lIi1"1 "IUUlJ1 n L VlEJ -lYi 'il LLr;i n1r~n1:t1~CU ~1U 

.,. , ...,.... 4J 'U, '" 

(Rhizophoraceae) '!Jtl-llV1EJ 7 t'I~~ LL~:: 14 'lIUUl (~ii(;11.JC\JLt'l1lJq'IJ, 2530; Yi'l-lLYlC\J mfmf. 2535) ~-JLU'U 

n11~ n~1 LrcuV; 'II 'lI1EJ L~ULYlEJ-lU1-l'llUUI L Yi1t!'U V)-Jt!Un1~f1n1:t1I'1f-l~~-J LtJumrr'lur'llJiim,J~~1'ULrCU~VlEJ1 
v ~ ~ 

'IJ'il-lVl'l/ 'lI1EJ L~ 'U1uur:;LVI I'llVI EJ ;-lLUU'fl-l~rl'l1lJ r~Ufi1U~"I:;Luutlr::LtJ'lIUr;i 'il f'l1t'1 VI rLL'lJU-l~Ur;i tllu. .. 
oJ~mJ'i!:'tI.:l~. 

L~tl~n1:t1~n~cu:;~cu=i1'U'!J'ML1cuLL~:;t'ltl'ilrY;'lI'l/1m~u~Yiu1'Utlr::LVlPllV1EJ.. ~ 

I 
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ii 

1fin1'i~mn 

1. ~n1:t1L'Eln~'1rL~EJ'lnUL1n:LL~:::Yl'll'llIEHfI'U1utl1:::lYU'llV1EJ 

~ m~IL1n:LL~ :::'llU",Yl'll'll1 EJ L~U~ViU1uti1:::LVI PllVlEJ"l1 nt.l U-1~ 'aUfI::: l 'El n~11n11';){EJ vi1-11 Llfl :::UllJ 1 

Iil r'l"l ~ flU nlnLVi 'i n 1:::"l1 EJ~'il-1Y1 '11 LL fI::: LLt.l fl-l~~IlJlrem Ul~uti1:::LVI PllVI EJ"l1 nt.l U-l~'aYi 11Ct1YiCjn1:t'l11 ~ LLl-i-1 

l.h:::LVll'IhlEJ 

2. ~1 r'l "l LLfI::: Lnu 1'lUr'llJ (;j''l'il EiI-1 L 1n:Y1'lI'IIltJ Lfl U"l1 n (;j''lfltil-1~Utf1Mm~1 t'lI11Vi~LI;U1-)'1U 

~~fiJ1Ct1")Y1'ilvi''lUr::LVll'I LLfl :::(;j''l'aEiI-1~ ",1UUI'111EHflULLt.lfl-1 vi 1-1 1 

2.1 LnUT'lUT'llJ (;j''lfl EiI-1 L1Ct1"lln(;j''lfl EiI-1~ufibj'fn1:tl~ I11Vi~tHY1'11'lllm~U~U;uH1U 
~ . 

~~fiJ1Ct1't1w'l11uur:::LVH'\1vlEJ I?l1lJ1fi~'a-1 Erdtman (1960) LLfI::: Fregri LL~::: Iversen (1964) 

2.2 LnULrn:':nn(;j''l'aEiI-1~'"ltUlIf1~UllJ1unrru~(;j''l'aEiI-lLLii-1~ C\jt.lIEJ hjij"'flnt.lTfl-auL1n: 

1ii~m~1 t.lTfl(;j''l'aEiI.:J ~nLliu1-lLu~~fiJ1Ct1't1W'I1l11tJ'U'amh:::lVlI'I t"'mnU(I11lJ1il~'a-1 Erdtman (1960) LLfl::: 

FCEgri Ufl::: Iversen (1964) LLfl:::r:::tj'llU"'~tl-l(;j''lfltil-1Y1'11t'''tJH'ltPlfiIU''llnt.lU-l~tlVir1Ct1YiCJm:t'l11~vil-1 1 

L'II'U t.lu-1~'aViacuViCjn1:t'l11~ul-i-1ur:::LVlI'I1VltJ . 

2. 3 lrn:~'il-1w'II~1-n~n1:t1"l:::~n1:tI"lln(;j''ltlEiI-1~diu1UI11fi\~UllJLLfl :::/lIT'a (;j''ltltil-1~'U1fl,J 

fm:tIMl1Yi 9,U'l'U'I1UrrlflEi,-lU'a EJ 80 'llU", LLvifl:::'llU", LiiUtlEh-lUfltJ~llJ(;j''l'il EiI-1L~tlCiJfi\'lllJLLti 1t1r'lU 

(variation) ~tI-lL1CU~tl1"lLn"'~U 
v 

3 .1 LI111tJlJ(;j''lflEil-lL1cutl'lElt.i1unr:::U'lUn1r acetolysis (Erdtman. 1960) 'lln,JULiiufm:t1
v 

LJCljl-lLu~'l"'L~n~'lEJ silicone oil 

3.2 Ul(;j''l'ilEiI-1bJcu~~.hum:::U'lUn1r acetolysis lJl{vn11~1~r;)cn'ln~tl~n1:tI~CU~lU
v d 

1V1EJ1~fl-lLrCljt"'tJn~'il-l'1~Vlrrl'l-JuuuH'LL~-1 (Light Microscope: LM) t"'l'.I~lU'lU'lJfl-lL1n:~H~n1:tlhj~,nt)1 

20 Lrrul'i'il(;j''lfl EiI-l 1'l'I'lJUI '" LrCULL~:::u'UYi nl11ViL1CU ~ lflr;)cn'lr~fl-l L1CU{l'Iu;u1-l1.U~~fiJ1ru",Y1'1l 1'1. n~u ~ " " "... . 
'l1il:::~'U~ Jl1f11'llIViCjnl:tl'llf1l11f f'lru:::1V1EJ1""~l11f '1'rilfl-1nrrulJt.ll1V1m~EJ 

3 .3 ~ n1:tl~rujl'U1V1 1'.1 I'll 'a-1 Lrn:~ ~1'Um:::U'lUnI1 acetolysis ~'ll'.ln~fl-1'1flVlnPll1 

~L~nl11f'aULLUU~'a-1nn'" (Scanning Electron Microscope: SEM) LLfl:::uuYinI11ViLrn:1ul.!lJlJfl-1l'il-11 

4. {l'Il11 A1UTWltJ~m:tru:::~CU ~lU'll'a-1 L1CULLfl:::t'l ~'-11mfi'U~'LLun'llU"'~'a-1L1ru t.lT'tlfULLUUL1CU 
.d \.I" 'U'U " 

(pollen type) 'lltl-1Yl'll'llltJLflU1uur:::LVI",lVltJ 

5. "'lUf'llJ-ii'alJfl~,t.lfufli1unmJ~LLfl:::MUeJfI L~'a{"'l111ULfilJ1VlEJ1UViU€v • v 



iii 

1. ~m~n~~n~1n~mnU~rCl&ll~::~'I! 

'l!1t1 L~U1ulh::~VlPllVIti 

~'11'111m~'U'"I1n(;]'l~£i1-l~'U~Mmn 

t'\mV'/~Lriult)L'U~~fj.nru"~"lI,*'l 

ur::~VlPI L~~::(;]'l'il£i1-lt'\11i1 U1.h"ll1mflU 

LL~-n'-l(;j1-l1 

t1~t~"iIU~F\I!1l'h~::1~~\J 


4 Qo ~4 

- 'I!'il')YltJ1P11t'1V1rV'/'II'1!1m~U1J1'1 

1K'l;jmrtlm~n LU~t1Ul~Ufl'l 

~1'il~1t1~ti'ltlYl1'1'il~nr).J1fjlU 
..... . 
'1'1(;1'il'lYllnlr(;1r'l'lt'l'il1J~L~:: 

LUll'll111Cln~'il'l 
V 

'll'il'l~'II'111tl~~u;jhjflrul1n'llU(;1 

~~~'il~~1~'ltlU1'1t'1(;1'11nU1'1!1t1 

~~UYl!1l~LYlU 

- n1r~1r'l'lUl"l11t1'1!1m~U llJ 

4 ~~ 4 ~ 
V'/uV'/'lI'IIlm~'UYl(;1'1Nmr ~7'ilV'/'1 

'l!U(;1,rullJ'iltln(;1'iln 

... 
- '1iU(;1tlumn(;11tJ).J(;]'ltl£il'1 ~7n: 

, ..... 
~num::1J'lUmrVll'1~"'~ ).J 

1J1'1 fI f'l~lc;1(;]'l'il£il'1 ~rn:ii'iltl 
mn ~ffillJV'/ULfltl ~'I~'il'l;j 

- lc;1ntl:n~1YltJ1P11~(;1fli'l!'alm~uVi 

V'/u1uur::~Vll'llV1t1 r'l~~-l;;'ill;!~~'ll(;1 

mmr::'11t1~U~ Lb~::'li'l-l~'l~nVili'll~~(;j 

~::'lIul1itl'iln(;1'iln 

- l;{-ii'ill;!~mr~m:t1~rul1u~rn:~'11 

'lI1m~u1uur::~VlPI1V1t1U1-ln~~ ~'liu 

li'll'l-lf'f Rhizophoraceae 

fnHlt'\mV'/Lu~~fj.nru"'li'll 

).J\n1YltJ1~tlt'\-l'll~IU~1uYlf (PSU) 

- ~1r'l'mfl::~riU(;]'l'il£il-lli'll"ll1m~'U 

'11mJ1'l11m~'ULu~u~4'-lWr(;1(;1r1(;1 
~~Vlrunn1r M'll~1 ~VI~'I ~L~::t'\(;1~

• • v 

- ~(;11t1).J(;]'l'il£i1-l~rCl&c.i1um::U'lUn1r 

Vl1'1~~~ '11mruinlu~m:nc.i1un~'il'l 

'l~Ylru\~~~n(;1rtlu~~~::nfi'il'l 

'~Yln'I'I~LLUuHL~M 

LUUj1'U-iitll;!fl ~11'iC\! c;11'ULr~7jYltl1'lllH~"lI'I!It1LflU 1 uur::LVI I'llVltl~t'\ 1).J 1rm111t11,'h~~-l1um r 

1Lfln::\hr~ (pollen analysis) '11n(;1::ntl'U~1'il1'(;1'l(;jl'1 1 ~Lf1U'llnU1'111m~uLu\J1L'lru(;j1~ 111tl-lUr::LYlf'l 

1m] Luuur::Ltl'l!t1(;j'il1'l1t'\lilf~L'llU-l~U 

I 
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Vi1-lLliC\) mfnM. 2535. inlj-ru::lIa-lL:i'ClJ'1l'il-lYl'lllu'Nl!bTIn-lnl-l (Rhizophoraceae) lu'l.J:i'::L'Vlf'l1'Vltl. ntl~IU 

n1:i'14't1 J11Pl1'111,h1'Vltn Plru::1'VltllI'11~j;]f lJ'j,\11'Vltl1itl~-l"!l'CllUPl1u'Vlf. 

~U'Vl t1nlj-:i'LUl1. n'ilfPl'ilu L'1l~ LL).miL1~~, ~ul"1 'j,\::'lIUU...1 LL'Cl:;~lJ'IIlt1 Vi1U'II~L"ll . 2535. ~ufibj''tll'J!lm'ClU.. . 
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'UltJYjVlfilJ'U ~tl·.mltJ L~"IItI'i!:r.i1~~ 5172391723 

~VlmPlI~~rlJ\nuru-n~ ~1"1111~1 ~~n~Pll~~f 

:A'fl,.r~';'fl1'VlInijyi'Ufi (1l1'1'*1LvIS) 

n1),VlUWl'U'll'tmlJ~fil'ULYlf'Uf\~~ Diplazium SW.(WOODSIACEAE) L'Utlr::LVlf'lLVltJ 

~'fl,.r~';'fl1'Y1lnU'rl'UH (1l1'1'*1-a.:mq'l'*) 

Taxonomic revision of fern genus Dipfazium Sw. (Woodsiaceae) in Thailand 

'fl1"'11'itlyj,Rn'l'*11"!J1U'V'f'UH f'll~j;ln~I),cl' ~)'.Vl~~n~ '4C\!Ln~ 

'fl1"l1'itlY\mn'l'*11'Y11'.11U'V'f'Ufi~~)./ 

LYlf'Ut'I~ft Diplazium Sw. 4'~'ll~L'U'l~pf Woodsiaceae LtI'ULYlf'U~~fthm.iij~I'U'l'Ut'lm:nm.nn 

th:;~J1ru 400 'IIil~~'ltftn (Lellinger. 1985) t~m'h'UL'\-1C\l~::n),:;"IltJ~'U!ft'UL'iI~~tl'U (Kramer and Kato. 

1990) LtI'ULYlf'U~ij'il'UI~ L'\-1C\lC1~tll'Unft1~i1!ii'u (rhizome) ~~'il1"1~~j;lN"i~tli'hJf'Hn'UhJnlJ~'U ;:hnii~ 

(scale) ~J'~I~"I'UC1~~,ij'il'lllJirtJlJ'\-1ffiuEin;VI'U II1'ULlJ (stipe) i1~n~ru::LtI'Ui'll~~~LtI'U~n~ru:;~Lf'I~ Ld'll 

~~liI1lJ1J'l1~~:;L~'UL~'tlL~'tl~h~tJ~LiJ'Ultl~'lr.! (U shape) LL~'ULlJ (lamina) ~'l'UL'\-1c\JLiJ'ULlJtlr:;ntllJLLlJlJ'iI'U 
'UnlJW!lU~lliJ'ULlJL~ tJ'l i1 n ~ lJ't)\Jt'ltltlf (sorus) LiJ'U~tltn'l LrtJ~~'l~llJ LL'U'l L~'ULlJti'lltJij L~'ll f'lftlJ n~ lJtllJ'i'ltl'ilf'" , . 
tlnf'lf'llJ (Shieh, Devol and Kuo, 1944) L'Utl~:;LVlPl1'V1tJiinm1'U~TI'llJLYlf'U~~ft Dipfazium ~''U'l'U 29 

.. J' ~ .1 
"l!'UC;)'iI'Um::"IltJVI'l'VJnJ)1f'1't1'tl~u~::L'I'If'I (Boonkerd and Pollawatn, 2000; Tagawa and Iwatsuki, 1988) lJ1~ 

'lIWC;)L'Ii'U Diplazium esculentum (Retz.) Sw. 'i'l1lJ1rClUILUel'll'Umu1'lJ1f'1L!if ( Boonkerd, 1996) 

mr4'~~'LL'UnV11~'ll'tmlJ1fil'U'tI'll~ LYlfu~f1~ Diplazium ~'liIL!iftJ') nLLft ::Ei~f'I~iitlClJUI (Kramer 

and Kato, 1990) Lii'tl~"IlnLYlf'UMft Diplazium ijl'l'l1lJLLtJrcr'U'I'I1~~ru:i1'U';)'VIm~~ tJr::n'llUnwtJ';)fil'U~
• .u \I ti 

L-Du;Jn1fYiU Diplazium L~~L~lJiln'lln~L~HJr1EJ~ltA1t)\-rlu Diplazium montanum v.A.v.Ros., O. 

incomptum Tagawa (Tagawa and Iwalsuki, 1988), D. doederleinii (Luerss.) Makino, D. okinawaense 

Tagawa (Mitsuta, 1985) LLft:: D. procumbens Holttum (Boonkerd, et al. 2004) ~~L'U Flora of Thailand 

~'UrJ~hi1!ifLL111'IJL~lJL~lJLihltJ ~~~'Ulmfil\J (key) ~i1'tl~l'UtI~,,!uu~~Ei~hj'i'llJ\jHU :an~-:JrJ~hji1m~~n~1 
'VIuWl\Jtl'tmlJ':jfi1'U'iltl~LYlf'Uf\~~ Diplazium ~l'Utl~::LVlp\1'V1tJmritl'U ~~~'U';i'tll;!ft~iintJ~1\JHritl'UUUI~'U 
tl1~ Ln(;') f'I'l1lJ ~ (;')~ft1 c;) 1!if ~~ii f'I'l'lJ~' LiJ'U~!iftN ~ n~1VlU'Vl'l'ULYl f'U'i'l nft~L~lJ L~lJL~tlL'"LnM'lllJCln !ii'tl~

• v 

L~tl~n~1'VIlJ'VI'l'U'll'UmlJ~fi1uLYlfuM~ Diplazium Sw. (WOODSIACEAE). . 
lutlr::L'VIf'lLVltJ 

http:LtI'ULYlf'U~~fthm.iij~I'U'l'Ut'lm:nm.nn
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ii 

~ .,,,,, .ocJ..... ~I d 

1.l'In~1f1'Ufl11"11'!lJJ,"~nI!l1n\J~n'i'Ul/tn," Diplazium
q • 

1.1.~m:nLtln~1l' ~1n LL~:;l''ltJl''lJJ-l1U~4'tJ~h-l1~L~tl'liitl-lnUL~fu~rJ~ Diplazium 

1.2.~m:n~Uf'\tj1iitllJ~'lltl-lL~fu~rJ~ Diplazium LLvi~:;'IIuVl~'Viulutll':::LYH'Ihm 

2 .An~1~1'elfhuvH'Ul/tIl'" Diplazium ~1n,;;vhJl)tu";Y;'l!1fi1.:t"} 

~mt1LilltJuLVitlu~hf)th-l Diplazium "1n~i1jjJlru'Yl~'lIvi1'11L'liU ~~jjJlru'Yl~'IIf'\1~1iIl'1"l1l'Un~U 

?l'llil:::-~ufi (BCU). ~~fiJlru"fl~'IInNL'Vl'Vi (BK). lltlvmrullJ ml-Jtl'VlmULLl-i-l'l!1~t{liI'lU1LL~:;~ufi~'lI (BKF).
~. , .. .. 

'tJ'VlmPl1?llilf l-J"'1~'Vlm~tI?l'l'll~1Uf'irn'Vlf ~'VlmL'!lIil"'1Pll..,C\l (PSU). ~~jjJlru"fl~"D~'lU'ViC]mtf'\1?llilf?ll-JL~"l 

'Vil':;U1'1L~1mii~ (QSBG). ~~fiJlru"fl~"Dluvi1-ltll':::L'Vl1'I L'liU tll':;L'Vlf'llJ1L~L;mL~:;~-l1'lltlf 

Diplazium 

3.1.LliulJi'ltlti1-lL~fu?lrJ~ Diplazium ';nmL..,fi-lfinl-J'l!1~lutll':;L'Vl1'l1'Vltltlti1'1Utltl 30 "DUPl 'IIU/i\~:; 5 

vl'ltlti1'1 LL~:;ihlJ1~htluvi'ltlti1'1LLii'l1il1lJ~fin1l"'Dtl'l'Vl:)~n~ ~Ck!Lii/i\LL~:;l'Iru::: ('Vl:)~n~. 2530) 

3.2. ~mfi~m:t ru:;'Vl1'1t{ru~1U't)'Vlm LL~:;IiIl''l''l?ltlU~tl'tJ'Vlm f'\1Ml f'lltl'l L Yl fu~Lf)U vl'ltl ti1'1lJ1ltil tll-o .. I~mjj1U (key) 'Virtll-Ji'l'l1/i\Il1'ViLL~:;L;;tlUtJl'l'mtJ~nl:tru:::l/i\tI~:;Li)tlPl 
3 . 3.invl'l'flEi1'1LYlfu~LlimJ1LilltJULVitlunUvl'ltlti1'1~ij'lu~~fiJlru"fl~'lI 

3.4 .~n'l:t1~n1:tru:::'!ltl.:J~tltlf Diplazium LL~~:::'IIU/i\ 


3.5.~n'l:t1~mtru:;n1t1't)Il1M1~liIf'!ltl'l?hulu (stipe) Diplazium LLl'i~:::'lI\JPl 


3.6.~n'l:t1~m:tru:;'!ltl.:JLn~Pl (scale) 


3.7 .~nWl~m:tru:;'lItl'l~'llu 

tJ,"n1'iAn~1 

1~Li1Uvi'ltl ti 1'1 LYl fu~ rJ ~ Diplazium 'lUL'!l1il1111'1 iii :::-)'Utltl m ~tI'IL"'il'fl~'il'VlEJ1ULLl-i'l'l! 1~1J m:;~'1 

4''1..,-)'tilL~tJ "'hn1l'liIn.,~t\u\n~tl't)'VlmI'l1t\liImu'hlV)vl'ltlti1'1LYlfu~rJ~ Diplazium L~)JL~)Jiin 3 "DUtil ~tl 

- Diplazium mettenianum (Miq.) C. Chr. 

- D. donianum (Melt.) 

- D. silvaticum (Bory) Sw. 

LL~:;Lriuvl'ltlti1'11uL'!l1il1l1P\hl~'il'VlmuLLl-i'l"D1~L'!l1UU 4''1..,-)'tilUf'll'f'\1'fil'l'l-Jl'1'l1 ~1n11'1iIl''l''l?ltlUm 

~tl't)'Vl£J1f'11?llilmu~11~l'1'ltlti1'1LYlfu~rJ~ Diplazium L~l-JL~l-Jiin 6 'IIUtil ~tl 

- Diplazium subintegrum Holt!. 

- D. crenatoserratum (BI.) Moore 

- D. tomentosum BI. I 

I 

I 
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- D. bantamense BI. 


- O. cordifolium BI. 


- D. sorzogonense (Presl) Presl 


u1tiT'l'ilci1'1~1~~'1tuJ~)J')~ m:nn1£J1111~f'l1'i\(;lf1JTL'lCUrh1JL1Jt~£JH'L~itl'l microtome tiTln lih1lti1'1 


t'I~ LL~:;u1JVinI11Yi Yi1m.J~-l~m:n~m:tCU:;'lJtl-lLn~'" (scale) LL~:;~m:t1~m:tCU:;'lJtl-ltj'lL1J 

t1~L!I'ilUvl Fl1""h~::l~i1J 
1. Ln"'R'l1).JQntiitl'li''''L'"1lJu~:;t'I·nnHlLLm'IJil'\l\.n1'l'l1).J~~).JLf'11tl~1'11LlJLVlflJt'I~~;1 

1",.,.../,""'.. ~ ... ::1<' '.1 1../ ..
2. In':JWtlVl"'l:; ~'D ~lJn11I'1m:n'il~mmfi1lJYi'D'IJtl-lL111lJt'I~~ Diplazium Sw. LlJu1:;LVlf'l Vl£JVlt'l).J\lrcu 

., ... 
L'BmI1~'B1~'e)" 

Vl'1~n~ 1.J()JLnVl. ).JlJVlmlJ~ 1'U1JliJ. ~VlfiYirrCU 1111flllu. Lm'l~mmr ).Jruf(;lu. tl1J'IllJ't'l1VliJVl'il-l LL~:;1J1!) 

~~'l£J "'~1iJ'II1Vl£J. 2530. mnn1JfmntiT'ltlci1'1Yi11cu1l4. nNLVlYi).J",11JfII1: 'ilrCU'il).JT1JVlfn1rwm{ 
~ .. 
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\IIi'n-e(;l'i mtyty1lJlI1Uru-fi~ 

~'fl,r1';'fl~hllnil'n'U6' (lI1"n\'VIS) 

R'l1lJW~1n'DiI~'ilYl'l1.~l~Yl'U~'U1'U4''lwr~U1'U 

~'fl,r1';il~'VIS1il'n'U6' (1I1'1!f1~.:m 'l'l!f) 

Species diversity of terrestrial earthworms in Nan province 

il1'"11'itHhRn'l!f11'V11~l1il'n'U6' f'l1~V111"l11U ~r . ~lJ~n~ ilty"'1 

'fl1"1'i~;tmn'l!f11'V1fJ1il'Yi 'U fii1lJ m"l1rU ~r . eiYl'l'M~ru lh::~1mn 

1~l~tl'U~udJ'Uilil1'~R ftUR ~1'U"'1n'UYl ~Vl1lJih~'Ull~:;'D Yl'U1.'111.UVIIlJ"D 'il n"'~U'iI'il'llil~ ;)Wl~n'Ull~:; 

EitlfJ~~1fJlf'I1:rII1n~'Uyihl'lVlC11'U~'U1~t.lnjtl'Ul~n~'lYlEi1u~mYi~"~'U't'l1fJ1'U~'U~1lJ1rmh1.uHl.h:;LfJ'D'U1~.. .. ,. .. 

tl~ It'llJtl~'lllllJ1::Urin1ru't'l'l n n'ilYl n 1.UlI1t11l111'!ltl'lYi'D n 1 n "l1tyl~ULlil'IIYl'lYi"D l~'il'lU'U~ l iht.l ftlJ1"l1 n n1r 

li1'l1'Ul~tl'lfi1'l'!lYl'l1.~li;itl'U~'UYJn'il Ei1'l~'lt'lYl ~ R~Yl'ln'U1.UVl1lJUYIU1Y1l1ib~1.~li;i'il'U~ 'U~1'U'l'UlJlI1 f'l1~1~ij'l 
~'U~'lLftnli1ur::LfJ'D'U1~nUlJ'lftlJl!1trltlth'lU1::li1ul'i1mlA' 1.~ l~tl'UYlEi1'ltll'UnYlu'Ut;h1nn"lnnlJ1un1 r 

~1NirlIilUft:;t.lft "l1nn1::u,)'Un1rn'UYl1"'1r11tl'l1.~li;i'il'U~'U~'lli11~;\'UlPl1tYl1l111 '"1Yl~'UYl1fJ1'VI q~Ul~ Yl'U~'U 

n'Udh1.U"l::cmEimJt'li'l1mLi'I:;Cl miuci1fJYltlmJ1li'j'UlJ~ (cast) ;'lij fi11ilt11l-11 r~~'D ~ 'il'ln1r1'UmlJ1rumn LLi'I:;
" " " .. 

Yl~h~U~ft::ft1fJ~11.~~~'lCi'il~11.~li;i'il'U~'UdJ'U~Vl1'~'Ii,)fJ l~lJR,)1lJTllillJ ~lJ\lrorllri~ 'U"l1 n n1rci1fJl;ji'l~liJ'U~fJ 
~'UYl1fJ~'1 ijR,)1lJ lu'Uur:::LfJ'II1I1'i 'ilYi'll 

1.~li;i'ilu~'UlU'U~VI-n~ijm:::~n~'U"'~'1 (Invertebrate) 4'1il'il~lw Phylum Annelida, Class Oligochaeta 

il"l"lU'U1.~l~Yl'U~u~n4'Iil'il'ilmiJ'U~Yl'l-5'Uv1U l~L\ri Moniligastridae U~::: Haplotaxidae LlilfJl~Lfi'il'U~'U1'U').:I~ 

Lumbricidae Ui'I::: Megascolecidae lU'U,)'l~~ijn1mr:::"l1fJnO)1'1 (peregrine) ~m:nn1'U/N~ Lumbricidae 

i1n1mr:;"l1fJtl~u1l'lruYl";)U'illlJ1n1l",iltl Qhu lJ1"l'Um:::~'ll'ill:jjfJIilYl'Wl",il'illl~:::'Nf4' Megescolecidae tJ'U ;j 

~'W(hil~tl~u1l')ruJJijmrllYll:nfJVl:::1''UYlYlm~fJ'I1~lli'l:::tltlt'llliln~fJ (Reynold and Cook, 1993) L~fJ~Qft 

Pheretima lUu~Qi'l1"'n.l~i1Mn:nnlJ1nCi'l 700 'llillil ;.:Il~i14'~llti'l1"'~'il'ilmtl'W Archipheretima, 

Pithermara, Ephemitra, Metapheretima, Planapheretima, Amynlhas, Metaphire , llfl:: Pheretima (Sims 

and Easton, 1972) 

ur::lYlf'l1.Y1fJi1n1r11fJ'l1'Ul~l~YlU~URf.:lum.,r'l"'lJ~ 24 t'ltI:U (Gates,1939) ;'l.,r'l"'lJ~Ylrj1'Ut'lQft 
Pheretima ~YllJ1i111fJ'l1'UmrA'uYiuUL~tl'U~'U1\Jur:::LYlPlYi~11-n\J"'U'l~Yl 'Burmese Earthworms' ;'li1 

11fJ.:I1'U~t1:jjGl~l~Yl'U~'Whth::l't'lPl1.Y1tJtj1n~1'U'l\J 27 t'lU;ri" (Gates, 1972) "'~'l"l1ntJ'U'l1'U~n1t1fl'l1lJ 

"'i'l1n"'i'l1tJ'iI~N1.~LiiiYl'U~'U1'Uur::L'VlPllY1w1"'QIil'D:;~ni'l'ld'j'Wl'li'l1 70 t1"l'Un1::~'l Blakemore (2006) 1.~1')ur'llJ 

lLft:::4'lilli1U'Vil11fJ;tll~\i;it1'U~'U~Yiu1'Uur:::l't'lPl1.'Vl£J;'1YiU.,r'l~'U 29 'IIi1~ LM?! f)ft~Yiul'i'tl'U;;1'lnh-l ~tl 

Amynthas llfl::: Metaphire llft:::"Ilil~~Yiu1.@I~'l1.u (common species) n~tl Metaphire peguana ;'llu'U"Ilillil~ 

U1"l:;li1n1r~n1t1rl,)1lJ lLurcr'UYl1'l~'Ufinn'lJ lii'tl'l"l1n~n1tru:::~ru tj'1'Uii ~,)1lJer'Ut.I')'Ulil1lJ~ 'Ill'J1il ~'illJ ;'l'il1"l
• U 

mailto:llft:::"Ilil~~Yiu1.@I~'l1.u
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,f'l'JI~LUU cryptic species 'tHl~L~tlu~u~jjaUtll~ULL6Inl1h-1riu LL~::jj~n~ru::j;h~riULWEl~tlth~L~m ~tl 

1::El::1::W:h~"litl~LtlI!lLViI'l~IIiI~riUtlth~LiiuU'ifi tl:i'1nn~11~L~tlU~ui~t'ltl~n~~~LUUf'lU~::t'li];hfriu (Chang 

and Chen, 2005) ~~,ru LL~"'~~1f'l'JI~LL6In(;h~~nutlEJ,tl~1~L~tlU~U~'il1~Eltl~flU~::~u~riu tll"lLn"'~I';nn 
n11nmLElnriulPlEln:r::1J'JUn11 vicariance :a~djum'::1J'Jun1:i'Lnflt'ltJ:nll"'li~LUUCJ~~Ir"nn~-lnPl'!J'JI~YlI~J)iJ

~ ~ 

tl:r::LYlI'I L"IIU 1lL'!J1 Uli~1 nuu Yi1L,x~~jj~Vl1lit'llm:i'[)~u~utfriul~vitl'ltlv • 

tl £h~hn6l1~ "l1 mJ l1!"'ILUn114' Pl91U un1~Lfl tlU~U~U-lii f'I'JI~~Ut'lU'lli ~1"l::LuULUL~'il~~ 'il~'il ~ 

~n~ru::~ruJ'1\J:)YlElI~L;-u~'llil'l1'ilUI'lf!~ ~'Jtltil-lLrh m~lruUtlmL~::'lli~ ~\lmr ~nkl1J"l'1JuihIEl~IU 
UL~tlu~u~,h;rIJJI"llnllil-l1h::LYlI'I (alien species) Lilmtl::tlu~'JEJliIL,x~~LnM'JI~~Ut'lU~lnt1~~u 

LLft:;~c.humnLtlunI1~11'J"lLUUI-l~U~Ll'h,ru U-ljj~u~iin"'ftIEJLLti~~lbt'lUL"lLL~::U~'lliLI'IEJjjn1f~lf'J"l 
'l~~tlu~umri'flU 

1. L~tl~n~f'l'JI~"'ftln"llUfI'!Jtl~1~L~tlU~ULu4'~wr"'tiIU 

2. L~tl~n~lnlnLtl1crUYlI~~U~m'mlltl~'l~~tlU~U Metaphire peguana Lu4'~wr",tiIU I 
1fin1'iAm~1 

1) n1f~n'M11l1f'lt'lUl~ I 
n11~lf'J"l"llu",1~L~'tlU~uu1L'Jru~u~4'~wr"'tilU lflllliln1flnUj;hilth~'l~L~tlU~ULLUU visual 

encounter survey lflEJL~'iln~U~~'J'tltil~L,xFlf'ilUI'lf!~,*'Ji~~u~4'~wrfltilU i~~U~th~u~u thuli~f-llh 

CJt'I~CJ~"'LU ~"W~Ln~611 ~U~'l!~'l!"W tflEJLL~ft::LLti~"l:;Lnu1~L~tlU~U6I1~~Ull1~EJtitl1l1~LLri '!J'fl"W1mu'liiCJ. . 


t'llfft:;~IElyjtlf~I~"WL"'ltl"ll~ (yjtlf~I~"W 5% ~:;flIEJ1U~1 20 ~Vlf) n6\fI-31tll"W~utlf::lJlru 3-5 ulYi L~tl 

l1EJn'l~L~tlUl,x;U~I"l1n~U "lln,rULn1J~'Jtltil-31~L~tlU~u'l-)1un~Vi~lt'1~n",1tl"lJ'J"'Viftl'Z1~n 1JUVin'ZlCl1U~~ . . 
Ln1J~'Jtl£h-3 1JUVi n~ri", LLfl::iitl lJft ~U~'ilrJtll~El ~'Jtl£h~'l~L~tlU~U"l::~ nLli1Jfn~ILLfl::MM1Vi1uyjtlflJl~U 

L;r~iiu 5% LU"WL'lfll 24 i'Jl~-3 "'~-3"llmrU~'lLi)ufn~I'l-)1u 95% L'ilYiflLLtlM'tltl'il~L~tl~n~l~n~ru:;Yll'l 
~ru~I"wJ11EJUtlnLL~::~n~ru::Yll'ln1l1:)J11f'l (Stephenson, 1923; Gate, 1972; Sims and Easton, 1972) .. 
LL~:;'l~L~tlU'JIU6\ Metaphire peguana Lriufn~1-)1"W1 U L6I:i'L"lUL\.I~'JL~tluI1tl~n~IYll~~lU~U~m'flJ 

2) n1f~Lf'ln::",1u,xtl~tlD1J~n1f 

'l~L~tlU~U~Lliu1JI'l~"lln't'ln~U~~n~I"l::~n4'6\r.iILLUnYll'l'illtm~~!lIU LflEl~n~vT-3~m:tru:;'r11~ 
~rul91UJ)IElUtlnLLfI::~n~ru:;n1El~J11f'l l~LLri f'l'J1JJlI1'J~ltli'J 91U'JUtl~'il'l ~n~ru:;thn (prostomium).. 
~m:tru:;LL~:;!iilLL",ti'l'tl-3'!1UL~tlEJ (setae) ciiILL",ti-3'!1tl-3'litl-3rut'lLtlf~ (spermathecal pore) I1ilLL",ti-lLLft:: 

~n'Mru::'tl-31f'l~LYlft~~ (clitellum) fiiILL",u~LL~::~n~ru::'tl'l"litl~LU6\LViI'lr7 (male pore) LLft::1tl'lLUflLY'lI'ILilEl 
v 

(female pore) vilLL",ti~LL~:;~n'Mru::'Iltl-3 genital markings (l'hi:i) fiilLL"'ti'lLLft::~n~ru::'Iltl'l'l-3f1J'ZILtlf~ 

(spermatheca) 91U'JuPi'!J'M seminal vesicles ~ILL",ti'l'!Jtl~ pseudohearts n11iil 1liii copulatory pouch 
v 



iii 

1~Liiitl'W~hJ'lIUVl Metaphire peguana "::'.1 nihlJl'i)Lflrl::'1.flth~'WL~tl~mtlfl'lllJLLtl~cr'WYll-l~'W~mnJ 

L"'Unlr~m:n allozyme iA''lEJ% starch gel electrophoresis ~llJ';)fi'lJ£J-l Clayton and Tretiak (1972), Boyer 

et a!. (1963), Ridgway et a!. (1970) LL~:; Murphy et al. (1996) L",u~n"'Ltl'W1'D,.rr,nmUtlL~'tll'W~'l'W~'lVlU-l 

urL'lru"''l'W'I..hnVl1tl1""~LYl~a lJ 

~~nl'i~nHl 

'filmnriur;l'ltlcil-l1~L~tl'W~lJl'W~'W~r.i-lWr"'UllJ~-lLL~~tl'1.JIil~ll'llJ 2552 - n'WrJ1u'W 2553 LVlEJ'fil 

nlrLllUr;l'l'tlcil-l1u~u~ tl.Li1tl-l tUi)tJ-l~1 tl.LL,j"rlJ tl.titHn~tl £J.L~~lJ'I'i~:;dl£J1fl £J.lj-l',-l tl ..,ht)-l~1 tl .MH 

LLfl'l tl.L;U-ln~l-l "'nn'r~mtlamtru::Yll-l~rulll.!'i)YlEJ1LL~:;n1tJ~1l1""L~tl'film~r.iVl~ILLUnYlu1~Liiitl'W~'W 

~-l~U 10 'lIU",l'W 2 'l-ll'f ~tl'l-ll'f Glossoscolecidae (Pontosco/ex corethrurus) LLfl:;'l-lff Megascolecidae 

(Amynthas a/exandri, A. /ongicauliculatus, Melaphire peguana, M. poslhuma, M. houl/eli, M. 

anomala, Amynlhas sp.1, Amynlhas sp.2, Amynthas sp.3, Metaphire sp.1. Matephire sp.2, 

Metaphire sp.3) ~'V1fu1~Liii'au M. peguana ;-lLiJu1~Liii'a'1.J~,,::inlJ1vil allozyme ~'W u')ur;l'l'ar.h,l't~·-ll'1.J 
r.i-l\lt)"'Ul'WLLfl::~u~ln~Lfi\EJ-lL~'flLmtJuLViEJul'l'lllJcr'WLLtlrYlI-l~'1.J~mrlJ'II£J-lth:;'lIlm1~Liiitl'WL"'EJ'filnlnn1J 
r;l'l£Jcil-l1t)lu1'WLI'l~L"IUmfl'l ~i1~ruVIJJij -196 tl-lf'll LL~::"'nn1~ preliminary YtU11Ltl'W1'll,.r~LVllJ1::~lJ1iA'LLri 

Asparate aminotransepherase (AAT). Malic enzyme (ME). Peptidase (Ieucyl glycyl glycine) (LGG). 

Hydroxybuthyric acid dehydrogenase (HBDH). Peptidase-glycyl-L-Iuecine (GL). Peptidase LEU-ALA 

(LA), Glucose phosphate isomerase (GPI). Isocitrate dehydrogenase (IDH), Phosphoglucomutase 

(PGM) LL~:; Malate dehydrogenase (MDH) 

YlU1~Liii'il'W~-l~'W 2 'l-lff 3 ~rJft ~YlrlU'DU"'LLa'l 7 'llU", ~'a Amynthas alexandri, A. 

/ongicauliculatus, Metaphire peguana. M. posthuma. M. houl/eti. M. anomala, Pontoscolex 

\I~lnVlfllEJ~-ln11~U~~U1 ~-l~L~tl-l"'miJ'W~u~~i'i~'Wtl1~mitlEJ (microhabitat) I'itlU;;I-l\l~lnVl~IU i'ii-l 

n'8'W~l.!'lJ'Wl"'UtltJlVIC\! ii'lJtl'W1~~'lJ'Wl'"1 \IClj ij~u~n1J LL~::ijPl'W1~t1nl'l~lJ\I'W1LLti'W LL~::Ylu(hm~Liiitl'W~'W 
.o::.i '1" ':-.,J .dI -4.J " ~ ,.:'"
YlYlU \"'l'lllJYl'WYl'~lJ'lI'W Pi'8 Pontosco/ex corethrurus LL~:: M. posthuma VI~tlYl'llI'lUI'WLwml 'lJr:! 

th::LrJ'lIuVlfll(i\-lI~::\~r'U 

1~-umJfl~u~I'WL~mnU'f)UnnP)filU'Il'f)-l1~L~'f)u~lJllJ4',rwrf;1l11u~-l"l::LtIUlJ'i'::lU'D'U1'UnI'i'
v ~ • 

,)1-lLL~'Ul.jhJ'i'::lu'lI'U1lJ~1'ULn~(;1m'i''i'lJLLft::~1'U~'U1 t;i'f)1tJ 

., .. 
tiln~I'iill-lil-l 

f'llJ~n~ Ut1JlIl. Henrik Enghoff LL'Cl:; Samuel James. 2550. 1~L~tl'WLL'Cl:;~-lntl . r.ifl~lJYlL"'EJtI'lNnl1 BRT. 
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~tn~lJl~ mC\!C\!I~'l:I5UCU-Yl1il 

~'iI,r1i'il1'Vl!J1ih"\Jfi (m'tI11'Vl!l) 

ill'lPl7j'V1EJ11h~'I!lnr"ll'il-l Indotestudo e/ongata, Blyth ~thun'iln {-l,,6~'lIm.!Llnu 

Population ecology of the elongated tortoise Indotestudo e/ongata, Blyth at Ban 

Kok, Khon Kaen provine 

'fl1~I~~vhRnHI1'Vl!n,h'jlJfi r'1l'H'II21li1n~lrU ~r. r11fir fi11'!Ur;l 

'tl1~1~~Vlmn'tn1'Vl!nu'WlJfi'h)J m~11u V'l1 . 'lfC\!C\!1 '1lfC\!'lI~[J 

L';!IL'l-I~'1l~ (Indotestudo elongata) dJu~r;j')~U~U~211lJ11C)tiul~uLn'1lu'VJni'l'lU'IJ'1l~u1:;l'VH'lhl[J 
[J n L.)unt~ L VIti LL~:;4'~WrV'l~'1l~-ih~L~ [J~ u~'UUi141U'lU~V'lU'1lEJ~~LL~:;~ n4'!111~'1l ~1\Jn~ aJ~ 1i1'l1nft~ ClJ~U~ 
L;i'1l~~ln(lmn~\J~tlIL~'1l1'MJ\J~'1lci'1l1~Elll'1l~lJU'l:tU C)mh~'1lHdJlJ'1l1'l-111 LL~:;LY1'1ln11RI LLviii'1lci21(l1U~ 

,.. 'II 'U' " " 

\-I;i~~~ihr;iIL\-I~'1l~'1l1~[J'1l~dju~IU'lUlJ1n ~'1l~\-I~ihun'1ln lu4'~wrV'l'll'1lULLriu 'l.U'1l~~~U~~Lf\mtlutll1~ 
~,:ntJU'1l1'l-111"'~n'll'1l~L11iIL\-I~'1l~ LL,;! Lrl'1lU1:;lJlru 20 tlri'1lU lJ'I1'1:tEJ1~L-iiI)'J1tnnlJ~u~tlIL~Tl21 ¥1~~Tl~'1l1~[J 
vil'l.~Lr;i1i1r.lIU'lU~V'l~'1L;i'1l'l~ln~'1l~'1l1~[J~nv'i1~IEJ '1lcil'lhnmlJ~lnl'l'lI).JL~'1lL~[J')nu&JU11Yi'-lP:tLL~::~Ci 

;~Ii1'lJ'1l'l1'l\J1U\-IlJihuvi11~211aJ1miJ'1l~nUnlr21ru~ufi'lJ'1l'lLr;ilL'l-I~'1l'l~lnn11~11~ur:::~u",;i~ u~~uunI1 
'U . 'U &I " " 

'1l~i'laJnU1:::W)I'l r1unu Lr;i 1'lJ'1l'l~;iLtJuLiTl'l~"h21U 1 ~ r;i'1l n11vi'1l'l L ~tI'l 1Il'l,Ju m1~m:t1uL'lPl~Vlmu1::'Illm 
LL~ :;:ih~VItnn11~U~U f'IJ'1l'lLr;i I'll U~~~'lLtJuLi'1l'l~i1 r1'l1lJ r.l1 LtJU'1l rh~ lJ 1 n L ~'1l\-lILLU'lVII'llUnlrtl'l1fmf~u~ 

rl9l'l,jr.:?I.:J~ 

1. L~'1l~n'l:t1'lJU1V'lLL~:::LflN21h'lU1:::'111m'IJ'1l'lLr;iIL'l-1~'1l~ tili1nnl1L~1ClJL~Ullil f'I'l1)JLLlilnr;il'l 

1:;'l-I~1'1 Lti PI n l1L U~[JULLU~'I.ru :h'l~m:tcu:::'lJ'1l'lLlih L 'l-I~tN ~'I LL,;!-J[J Llii n1tl~Un'lr;i,}LJii lJ-JU =4'l1V1tn n11~u~ufi. 

2. L~Tl L21U'1l LL U:;LLU'lYl1~ '\.un11'1l'l1fn';~U~uii1 L 'l-I~'1l~LL~:;'lI'1LLtJun114'V'ln1rm1vi'1l'lL~[J')~'l-I~ihu 

n'1ln IJiIU~21'lU'l-Il.i'1lU tiILJl'1l,rC\!~lm 4'~Wlln'lJ'1lULLriu 

1fin1~~nHI 

~u~~m~l fi'il ~VI~ul'\.Jn'iln ~llJrl21'lU'l-Il.i'1lU iiILJ1'1l,rru~lm 4''I'l-I-JV'l'lJ'1lULLriU ~'I:h';!I'1l1~EJ
~ ~ . 

L,;!1 ~~C1n~lJmj'lHL~'1l'l.~,rnviTl'lL~tI'lL-ii1lJ1Llihl~21:;V'l'lmL~:;1-ifLtJUt'l'lUt'llfiI1ru:::tl1:::~,,,,lJ"hu n1r~n'l:tl
• v 

~ctH1:;[J:;L'l~1 2 tJ lV'lmr'\u-ii'1ll;!~'VJn'l-l;i'lL~'1lU LL~::~n'l:tlL'Util:;lUIl1I'lt'lUllJ ~fin11~n'l:tILV'l[Jn114'ULLft'J 

I 



ii 

,j'Ci'il£J LL~::1UnI1r.lDLwiILLwi~::P1~-Jhj~'il-Jviln/1~~DU,h ri'ilU f\ 1lJ11C1r.lD Lwi ,~ui~~,'\,\un LL~ ::1'~'lJUI~1~L~U 

LYi11::LI;hL~'il-JLL~::ti~ ,ru~::'\,\~..x'l LL'llU LL~:;'ll1 L-ihm:;~'il-JviI11A~IE.Jvi'ilnl1P1mn ,rUIil'ilUnl1~mnwil-J 1 iJ 

t~£JnI1ti~mlJLwil~~~1..x~LL~:;UuYin~,'\,\un l'I'll)m')l-J 1'I'lllJ£J1'l LL~::I'I'lllJ~-J Ylm~'ilu 
~ . 

dJU1::£J:;L'l~1 2 tJ L~'ilvilm1UU~mf\~"IlULLwi~:;rI~-J~::,j'll'il£Jn~1J?hmlJ'IIl~
~ 

" m::~'il-J'III-J n,r~I'1'lllJ£J1'l'll'il-J'\.-n~ LL~::";jLl'ln::'\,\1~£Jm1H~()~ t-test 

3. 	 n/1~m:nnln,j~£JULL,j~-Jt,jjl~~m~ru::'lJ'tHLwil~ln1'£JL~n~Ut)~r;l'lLliilJi£J (Ontogeny) 

t~£Jn/1i~t,jjl~ i~Lnft~ ~-Jm::~'il-JDULL~:;m:;~'il-J'III~ ~IU'lU'lJ'il-JLwil~H~mn1ULLIIi~:; 

'il1t!HLYif'\~:: 10 r;l') ~~'ll'il-Jf'iIL~~£J'll'il~LLIii~:;~n'ctru:;~:: Qnviln1HID£JD LVi£JDluLliiILLIii~:;n~lJ t~tml1H 

NOVA LYin:: LlIUnl11 LI'I n:;\.Hi'ill;!~YlI-J~ ()~~ L'\,\lJ1::?llJ~I'\,\ fUnl1Yl MI'ilUI'I'lllJLLliln Iii WlJ'il-J Pi 1 L ~~ £J'lJ'il-J 

;r'ill;l~~-JLLIii 2 'll~~u1,j 

'\,\lJ1£JL'\,\(;j: nlnLum:;£J::'lJ'il-JLliilr.nm::u::imliin (hiLL~~-J~n'ctru:;YlI-JLYiP\) t)-Jr::£J:;r;l'lL~lJiE.J (LYiPl~ 

LL~:;LYif'HiJ£J) ,!U 'l~E.JH'lJ1..n~il~nlWLL~:;~n'ctru::nlrLL~M'il'ilnYlI~LYip\,rU~~'il-J (secondary sexual 

characteristics) dJULnru'l'1 

4. 	 n/1~n'ctlth:;'i!lmJ (~-J"I:;1,)lJ~-l'tlUIIilLL~::LYiPl) 

vh'l~£Jmruu~I'tJ')u,jJ:;'Il1m'lJ,[NL~hL'\,\~'il-l~-J'\,\lJ~~iJ'il~lu'\,\~iiIU1,)lJ~-llu~')uLliil LL~:; 

L~UU1..x~~~L~£JHftJlnn1 magic permanent LI,hLLIii~:;r;l'l~:;Qn,j'lJIUuVimYip\ '!lIt! ~,'\,\un 1'I'lllJn-ll-J 

rI'lllJtJ1'l LL~:;I'I'lllJ~-l t~lJHL,)'ilfLUtll'll~,jL,j'ilf LL'1I::LI'I1'!l-l-B'-l 

d ~ 	Q, 4 .... r 
5. n1rp\n'ctI'1l,)'lYltnm1~UYiU~ 

t~ tin Ir~-l Lnlil LL~:;uuVi nYi ~~m1lJ mr~D'r1U~~-l ri'!lULL~ ::'\,\~-ln11&l~ lJ 1il1,)~~'ilU~ lU')U 

hjlii'!lf-lr'llJ~-li~'lJUI~LL~::-B'-l~,'\,\un1,j LL~ :;~-l Ln [;]n11,jr:;?lUrI,)llJ~' L~~1'Un/1Yinl,j~uLu'Ur;l'l r;l,)'il£h~~l-n 
lunI1~n'ctI,j1::lJlru 10-15 f-l LL'1I::P1m~Iti'[;]nnl1'ilr.i1'il~'1I'il-l~mr;hluLLIii~::?lmu~ ~'il m£Jtu'\,\liiiIULL~::. 
 ~ 	 ~ 

6. 	 n11P1n'ctI'1lU~'1I~N'ilI'\.-n1 LL~::tl~r.lE.J~iJ~~wi'iln11'il~ffi~LL~::n11L~1'1!'tI'tl-lLliiIL'\,\~tl-l 

n11P1n'ctI'i!U~'tI'il-l'l)fW) 1 LL~::tl~r.l£J~i1&l'ClIii'flnI1tl~1tl~LL~::n/n"l1C\!'tI'!l-lLPhL'\,\~'il-l L'liU ~ 

'III ,j1~[;] LL~d1I'1wil-l1 ~-ln1:rP1m~ldviI1t1\l~£Jn11~-lLn[;]LL'Cl:;uuVin~'Cl:r'llJ~-JLnUr;l'ltltil-l1J1-l'i!u~~hiYlnu 
L~'!llJI1Ll'ln:;'\,\1u1A'il-lYl~fttl-l1Id'Ju'Ilu~1 '\,\u 
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iv 

~ihnmi'lLiiu~U1U \11~cJulilnu~n~~) ?I'lU~~\1U1'l"l:;hjV'nJ 1umr4"lJ~~~~~Uf LLfl:;YilJ~l L~h~~LLll1 
mu 6 11 ~)J~1)J1rfl~~)J~u€l~. 	 . 
kl'Umrn'll'1i "lnmr~~LnIilYilJ~l L~hi1ml''l1~hi)J1n'li'l~L~'1lUIil'il1P1lJ h.l"lU~~i1u1P1)J ~huluL~'1lu 


~U111ni1ih~l.h:;tlnu L ii'1l ~"I')nYilJl~"I')nl1il\1l.i~YilJlJU~'U~U~~Lll.i lvilhi1~n'illJ) 


- ml'~m:n~lu'lul'1i[;J'1lf~ 


YilJ~lLLl1L~h 1 vi'l ~1)J1rfll1i1~ 1- 9 llJ(;j~f~ 


• 	 ?I'lU1:;U::L'l'il11uml'~nl'1i£i~r1l''im'1l~'iln1l'~n'M1 

n11~n'M1tililnmffith'1l~'U'1l~'ilm[;J1L\1~1l~ lu 2 ~U~ Pi'1l mU1U~'lUL[;J1 LL'iI:;fl'lulU'\.Il1ii1ud'Ju 
a " 	 " 

l':;U:;L'l'il1 3 L~llU 

~'iI"I1nml'~n'M1YilJ'h L~'1lL'lfl')th'UhJ ~m(;j1~L11~l\1l1~lU'lU 100 vl'l~tl~~umulu~'lUL1l11 i1~lU'lU 
fl~M LLfl::hjYilJ~mfltJL~llPll'lJ 3 L~'1lU ?I'luflmj;h~tlrillumulu~'l'U\1l1thuriL'liuL~U'ln'Ui'i'1l Lrl'1lPlrlJ 3 

~ 	 v 

L~'1lU ri\11111YilJ~mflU 

7 . An'I!J')in'I!Jtu:::'el1'V1,)'i"lI'il~LIIi'U'VI~'il~ 

~ fl mL~ n'M111,)'VI1ru'1l~L(;j1 L'\.Ift'1l~ 

YilJ~lL1l11L\1~'il'lLUU~1il1~n'U'il1\11l'1~\1fl1n\1'i11U~~~'lIern'llU~1l11~1L'liU ~n1.!~ ~1~~ ernPl:;ih ernn1V1 

erntl~~ ern1l)J d]ur1lu ~'l~'IIL'V1rhi1tJ1~'IIij~LtJU~'lI~'lUPlf'l tJ1~'lIU(;lLUU~'II~~UL'il~!Il1)Jfil'l')J'lI1~ ?I'lU~fllaJ~ 

L1l11L\1~'1l~null1111muu~'illaJ~n L'liU 'lI)J'fi )J:;"i'l~ 'ilnu'il cJf~ fln~')~~ fln!il::'UtJ lllil~t~ LL!il~n'll lL!il~lY1u lIUU 
• '-I " 'U 'U 	 , 

l-!::lYl'1l~ )J:;'U1lJlYli'l lUUr1lU u'iln"lln;1£i~YitJ~1'V1rY1'V11'1l-l'll~'lII;h~1 rifl1~1l'f1iiu1~ (l''1lml'';jLPln:;\ol~l LUU~'lI 

'lIUV11~) 1''llJ~~liiV1L~n1 LLfl::~'ilnlaJ~i'l~lilntJ~lJU~U l''llJ~~YitJ1111'U~1~nmnU l~L~'1lU LL~:; '111n~1il1~l\h 
Ln'ilU L'liU '\.It: ntJ Llfl:;Yi'lm[;J1~'lEJnUl'i)~~1il1mL~'lll'il::~~n~umiJu lUUr1lU ~~~U1~U'ilm'\.lil'1l"lln;1~YilJl'liU 

i1'lmiltJ')~'lI1'lU1U'l1~Wl.ilnu )Jfl~1il1 ll~::~1\11niJ~ lUUr1lU lun1l'~n'M1i1£i-Jll1L~r"l~)JtJnuLii'1l-J"I1n
v 	 v 

,j''tIl;!~£i-lll1lJ1nYi'1l Llf'!:;11n111 ri'1l£JYitJ Lvi1'U ru:;~iium\1')r1UM11YiII'l ~ ~'1llJtln~ 

~1'lml'~mn ~Iill' LLfl:;tll'~1il ~i1~~vi'1lml''1lur'1l~'II'1l-ll1l11l\1fi'1l-l
• 	 u 

~llLUn'llU~) )J~mri1;1"1::L,j'ltlJVi1hun~LL~:;iiu Lvi1l~n~'1i'1lUlL'il Ll~:;~l1ulu~~'" 
?I'lutll'~!il : "I1nml'~-lLn!illl1YitJliitJ \11'i)\111"'tJuvl'lLliil LLviYilJYimfiluLvi1LUU~lU'l'U)J1n"lln'll"l"l1l':; (£i~ 

1111~~llL'Un'llij~) 

t.J~n1l'~n'M1hrl~i1t.Jfl'l111ilLvi1mE! : 1 uml'~mt1;1111~1)J1l'm::1.!tl'PI~'I111ilL1l11mU1~ Lti'1l~"I1n111fl1lJ11'f1 

'111 n1ni1iu~ Iill' \1r'i)iii l''l''l L; PI L;1'1l L~'i)1~ lii'1l~"I1nV11~\1l1ii1'Uhi'ilUCU11il LL~::l~'1lYitJlvi1~lJlLfl:;1il1EJ'lI1'lU1U
'U 	 '\I , .... 

• 1 ... .. 
~~ut:J~U.~~1'l,)'iN 

n1l'~m:t'l11'VlJU1 n') m 11L"I1ry L~tJL!il1l'1l-llvi1L\1~'1l-li~LLvi1'tIL~ n"lut(;lL~ lJ-lU n 1 1L"11 ryL~lJLlil 'UU1Vl 



v 

~ 

ll[;ln(Jh-ln'U'tl£h~iium"~C\I (p < 0 .05) l1-l'\.nJ~ 32 ~m:tru:: 

n11i'im:ntrlN~h-lVlI-l,!/'UIv\ll~:;'tl1EJ'1l'tl-ltl1:;'Dlnn'jU~11'U'tl'Ulfl"'tl1:;'IIln1Ll1hl"'~'fl-l1')'J1~:;i1 

l~ULI/ll-J1Vl~LlVl'UlU'U-rE.ll~1C\1~'U~i1r.\I'U,)'UU'flU LVin:;~:;~'U1'U!!'Ulrl[;l1m~1C\1~'U~'!I!!-ltl1:;'111mn~:;iir.\I'U,)'U 
U!!U ~-l~'Utl1:;'lI1m~-liilL'U'JLUl-J~~~-l 

~1l1fun11i'in1:tlih1VlmnI1~U~'Uf'!l'tl-lL~ll"'fitl-3~UI'Untln ~tW~1 ~~~'UlU'U~~~i1n11r.iU 

~CJ~l-J~'U~n'Ul-J1n~~~ ~'J'Ul'U~~ffi'U~:;U'tlU~~~vY-l~Lii'tl-l~lnii'tl1n1P1f'tl'Ul-.nn Ll~n1~Viuli\'Uul-l1'U 
U1-lf'l f-llVi11:;M11ViJJl1'tl1n1f'1~ i1 n11Ltl~U'Ulltl~-l ii ~'U'" n"'~-l ~ IiJ Yi11\Xii m n1P1~'ULU'U~U1U llll-J1:;lLrin11 

r.J~l-J~'Ufi Ll~:;lI~-l~lntJ'U~:;L1l-JVlU'tlU'l1-l1'liL'U'h'IL~'tl'U[;I~II')l.J ~-lL~tl'Unl-Jm~'Ufi 1'li~:;L1l.JYlu'flu~mu'U~'l, " , 

LLf\:;ViuLi\'Ul~l-JlnL'U'li'J-ll~tl'U ij~'UIU'U ~-l ~-l""fll.J (vY-l~ViU~11'li'!Jtl-llI?iILlI~tl-l9:;tl!!nhjVi1!!l.Jn'U) L'U 1 f-l 

'tl1~ii1'1il~~-lLL~ 1- 9 Yltl-l ~1/l11n11tl~1tl~,!/tl-l\jm~ILlI~tl-l~UI'UntlnVi\l~Ii1UtlUl-Jln Lli'tl-l91nL'U~'U~ 
'\.I~ul'Untlnih.J~ LU'Ur.\I'U'l'Ul-J1n;-lLiI'Uf;'[;I~~~I~C\I~Il1fu~ml1h~L~-lLn~1mjLLfI:;titl'ULLtl Ll~:;L'U~nmru 

",11-l~1~ViUl~IL~n~~f\ni~HLli'fl-l91n'tl19i1n1m1:;91Ultllnf\n~I'1~L~l-JLLfI:;lIflu'lI'fl'U1'U~m 1~-lllI1~ViU 

LL~~nmrulll1-l~'tl19Lu'Ultll~nPitlI/lIUlIl-J@\ vY-l~Lli'fl-l'nmrl'tl[;l1'J9L:nflr.\I'U'J'U'l.h:;'I!lnn~ILlIfi'tl-lvY-llll.J111 

J11UL'UlI~UI'ULL~:;mu1ut'I'JuL(Jh Ln9:;ViurjIL~lli\n~iim£l1-7 Uiiu'tlmnn 

t'l'JU1:;U:;L 'Jf\ 11 Un11~n 1 'liri-lvltl-l1tl CJf\ n11i'in1:tl 

~lnnI1i'im:tlim:tru:;mllI1~l~IL"'~tl-lnul~ ~1l-J11Clt'lttll~~1 L~IL'\.1~'tl-lLu'U~[;I1~n'U~lu Llfl:; 

nul~vY-l~'IILLf\:;~1/l1 L'liU CJf\W~n L~~ ~'lI«nt'l'Juflf'J~'111'JuIUtl~n 1'11~'11 lI1tlcrnllrYl~lnl11;'Uf1I1l-Jfi11WD1~ 
l~\~'tlu 'I!ln~[;I1~LtiILtJ'tlU LLfI:;'tl1'\.111~U1~'I!1')UIU1\XL'Ii'U ii1'J mllln}J~ nl.JvY-ll;1f1~[;If lUUvl'U ~-l,1'UL~1 
L'\.I~'tl-l~-liii-)[;I'tl~i'Jl.JnU'I!I'Jul'U~ ~'JUL1fl~YiIL\Xl(;i1m(Jhjt'lll.Jlm~t1..nvl lVin:;n11~m:tl~hj~Il.JlmYi1 
n11til[;11'J~t'I'tlUlvl LL~91nf'l'J1l.JL91C\!'!J'il-l~-lfll.J fl'Jll.Jtl1:;l.J1Vl ii r.JflYiIL\XLI?iI[;11m.J1n~~ ~ 

tl~1~'iltivllin(il11"::\~~\J 

CJ fI,!/ 'tl-l n11i'i m:tI~L~'tlH dJUI'),)Il.J~"U~IU~tln11~n1:tlih'Jf'l1Y1mu1:;'1nmfl :;;'J':lVlUln11 
~ .. 
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~1'1111~1 1~Ul~I~~fD~nl~ 

~'el,r1i'el1V1l'J1U"'U fi (1l1'1'11\ VIti) 

tl~nn.PlfilU'IItl-.lLLl,JfI-.l~ULULunll'1~:;1''U~n'lltl-.l\h:;L~f'll~U 

~'el,r1i'el1V1!nU"'U fi (ll1'Hl~·m 'l'H) 

Taxonomy of webspinners (Insecta: Embiidina) in western Thailand 

'ell'<i11'itlvlmn'Hl1V1tnU'nufi rt)'l~II'l(;]f1'11rEl '11m L~mJr:;FJr 

'ell'<i11'itlvlmm~n1V1l'J1U,..'Ufi~1~ ~'li'lMl~lI1n'llrEl ~H)'NLL'D ~~fiL'I1C1Jiu 

'ill'11rEl Vl1. uru;;n1 tll1El'1f11J~L']jtlf 

LLlJfI'l~ulu (webspinners) 4'~tlQlut1u~u Embioptera ~1'il Embiidina ij~lJ1;nnr:;'11utlQvT~LfIn 

i'lLUL'II~r'il'ULLfI:;L'b~M-.l~t)u\h:;l,Jlru 2,000 ']jUVI L'Uur:;L~~l~u LLlJfI-.l~ULmr-.liin1r~n~lnUUtlt'.JlJln ;'l 
d'JULLl,JfI'l~t.ill'lul'11uL-;!t)'l'lltN~q~m'nJ~I'l~'lf')l,J UL'l~1~Ul ~n~ru:;Ul-.lUr:;n1r~I'l~rujlU1~mLLUU 

Lunru LLfI:::h1~Ulm'l11'!ij.lUlnl1 ;..:!lA'tlut)n11~n~114'UL~lJL~l,JLUUr::LMhu~t)lu n11Mn~I'1:: 

filLu'Unl11u~u~ml'l~::1''U~n'll'il'lur::LYlf'llYltl~l'Irt)ul'I~l,Ji1'l 5 4''lW)'VI ([inn n1C1J'Iu1Jr n'B1J1 L~']jr1J1 LLfI:: 

ur::'1'luM'Ilufi) ;'lur:;ntlulUr;l'Jtll'l'Jll,J~flln~fllU'lJtl'l111h'i (-an1JnunnJ lIi1f'11I'lflfur:;LM1Yltl, 2545) , . 
LLl,JfI'l~ULml1fttltlrilr;l1ull11l'i~flluu1::U1Yl (Ross. 2000) ~..:!t!u nlrMn~llul'lf..:!~"l::L~"''lllJ~UL'I1uL~'il-.l. 
'IItl'l "''lllJ~fll n~fllU'II'il..:!'lIUVILLfI:;l ru jlU1Yl U1'IJtl'lLL1JfI'l~ULULum'" ~::1'u~n'lJ'il..:!U1::LYlI'IlYltl ;'lU1L'l ru~tl-.l 

hi iHitllJfllJl rltlU L~ tJ"I :;U11U ltl~m:tru::nltlUtl n LVltlfl::L tlU V'I LLfI::1~iitllJflyn..:!:a'l1YlmU1..:!ur:;n1nLfI::. . 

n11M n~IYll..:!1'l11n11~tllu LLfI :;Lliufn~Iff'ltlril-.l~ll71~m;ILL'i\''JL'U~~fiJiru'l1 

ii'ill;!fI~1t'l"llnn11Mn~lf'1f'l~ "I::LtJUU1:;Ltl'lI\rL~1J~U;;'ill;!flYll'l1'111nl11J'f)'lLLlJfI,,:!~ULtllu~u~m'" 
Vl::1'Ul11n utln"llnii'illJfln11~,n"lLVlEl RoSSyn'lmI'lL~ljtl LLfI::m",~::1'Utl'iln LLfI::"lln;;'ill,JfI~ijlff'l'ilril-.l1u. . 
~~tiJiru,)LLl,JfI-.lLuu1::LYlf'llYlEl ~'l"l:;Ltl'Uu1:;Lu'llui..:!1'Un11ijlff'l'flth-.lt11-.l~-.l'IJtNur:;L~~lYlElL~lJ;ULLfI::L~lJ 
ii'illJ fI Yll..:! r;lIUtl~n1lJ1filULL fI:; 1'I'l1lJ~ fll n~fl1 tlYl1..:!;i'lfl1Yi1Jtl..:!ur:: L Yll'll YlEl LLfI:;'f) 1'1 iiU1:; Ltl']j u1un11 

ur::£JmlL~'il n11Mn~v\'1u~L~U'l;;tl..:!l1itllu 

1. L~tl~m:t1f1'lllJ~fl1n~fllU~1'l'llUVl LLfI:;unU1El~n~ru:;m'l~rullU'IJ'il'lLLl,JfI-.l,JuLuLum'" 

l11:;1'ullln1Jtl..:!Ur::LYlf'llYlEl 

2. L~tl~h..:!fiElLLuul~LI'ILYl~~ (Dichotomous Key) LLfI:;zmfilUREl (Pictorial Key) LU1:;~u 'l..:!j( 

Mfl, LLfI:; 'lIUVI 'lJtl..:!LLlJfI..:!,JuLulun1I'1Vl::1'uliln'IJ'il..:!lYlu 



1Bm';lAmn 
.l' ,J. ~ 

1. ~UYrvnm1l'1mfl 

~u~yi1n1r~mfl"1::Lnuj;J,)tlrh-lLUTl1f'l[;l::t)Ulnn'IJtl-lth::wlI'\1vlEJ ; ,uh::ntlultl~')u 5 {-l.611l i'itl 

[;l,n mCY"luti1 11'Dt[1 L~'Drtjr LL~:: tlr::"I'lufiihTufi 
" . 

nuYi'!Jtl-lJ)1rl[;1::t)u[;ln"IJtl-ltlr::Ll'lf'lll'lui1"IJUlf1 53.675 [;1,n-liiL~LlJlJ1rl'l1-l~IULlIiltl~l1lnUl'lI-l~'U 

LtX"IJtl-lTl1f'HlIiltl l'l1-lLtX~11lnu l'l1-l~'UUU'IJ"fl-l1l1f'lLtX l'l1-l~'Uvt::-rUtl'1l n~tiInUl'l1-l ~'UVl::t)U(j\ n"IJ'1l-lTl1f'l 

mll-l us:: ~IUl'lI-l[;1::-rUlnn~r;\nUl'lI-l~'UI1I::t)Utl'1ln'IJtl-l~J.h ~u~l.hlml1lm~''llvtlr::ntlultl~,)EJ th~tJ~u 

~tJLL~-l ~tJL"IJ1 LUClJ"Imrru LL~:: Llii-l1-l 

a ..... 4 .... 

2 . m1LntJu~::tJUYln'IJtllJ~ 
~ 

LULLIii~::{-lll-r11l 'lI~-l"llnLLti-l'M11~tllLL~::[;lr,)"I~tltJt'lTl1Y1~U~LL~')nYi1mmti.:]~u~ci"flEJ"IJtl-lLLIii~:: 

tlr::Ull'llhtltlmtiu 3 ~'lU ttilEJLULLIii'll::~,)U"I::n'l1UtilL~UYl1-lmr~,r'l"l 1 L~U r::u::l'l1':] 1 iit~LlJ[;lr (LLIii~:: 

L~U~11,)"I"I::ii1::EJ::~11,)"I[;l~'1lI1lL~Ul'lI-l~-ll'l1-l~IU;r,mL~::'IJ,)ltl1::lJ'ru~1U'll:: 2 LlJVlr ) LLliift::L~U~11'l"l"l:: 
lilmrL~U.nLVlU[;lNVlllJLL\\~-ltl1~Ur.itlU~m'1lnl~~"I::LtlU~tlQtl1,(u"IJtl-lmJ~':]~ULU ;--l~-lLn[;l"llnLLlI~.:]~ij 

lJtlt'l~l~Lf'lU~ Ltl~tlnl,J LL~:: LtJl,JLL~-l ;':]LtlUtll111r'!ltl-lLLlJ~-l~ULU~'1l~LUtJ1L'lru~~tJ L'liU Ltl~tln'll'i}-ltXuW 

(~lJni'i1tlEJUVln) 1tlEJU[;lnVlllJntlU~U LL~::[;11lJLf'lM"I!lnLtJl,Ju~-l ~Wcil-l~~tJ"l::LntJ~'luijtl LL~::~tlnmr'li'lEJ 

Iiil-l1 tlr::ntltJ~'lU Lfl~tl-l~tilLLlJfI-l'!lUlI1lL~n ;ilJlIUtJ ljnu ~'l LLfI::Cl111l l-lr'1l'IJ'l11l ~~lt'1~n liln11UU~n 

1tlLLUtJ'lJtl-l1-l ~'IItHLEJll-llJ ~mfru::LLl-l~-ltll~EJl'lI-l\jL'lf'l UU~nf'l'lllJfu~lJ~l'lfi tlrullilii illlJ1ru~lcJU LL~:: 
~ • v 

"I::lilnl1uitJ~'lf)cil-lLu'li'l-lL'lftltl2552 - 2554 LI1lEJf'l1tlUrl~lJLU~-l~IIJLL~-lLL~::cJU ~1l-l1tJLLlJfI-l~ULEJ~'i}~LU 
1::EJ::1'1i lIrtlj;J'ltltlU"l::UlntJlJ1 L~EJ-lLL~:;~I1l(;l1lJtJ~ IiitlltllU~tl.:]tl~~m1 ru "l~I~':]n1rulJlIl~l'lEJ1~U 

3. m1~Lf'I11::lf~'ltlcil-lLL~::nl1L~mtu~tl-lV~~mr 
3.1 nlrL~EJ-lLU~'1l-ltl~~m1 
n ~ lJ1'Ii"I :;LI'iun~UlJl~;<'1llJntJti'D '1l1l-l11 j;J'ltitlU"I::L~mLun~ '1lWI~ It'! ~n LL~::t ~tlll111~ij 1i11lJ 

'M11~fi11lJ'lIl~ lIr'1l L(;1tJn11v1::~n(;]LI1lUL-iftucrnn1(;1l1rtl tlmLlJ~-lt'lltJ lJ1H'Ltluml-llr'll'1l--lLLlJfI--l~ULtJ Vi, 

n l1LntJ t U~'1l rullIlij~ i1PI'lllJLtiULL~ ::1lJ L-lIlJ1n ~tl LL~:: fm:!1t ~;:ifl'lllJ f Utl ci Lt'llJ '1l j;J'ltl cil-l"IJ tl-l m 1LnUlJ 1 . "~ 

L~m "I::Uln~UlJ1t~lJ1nYi'1lL~'1lH'L~f'I~~1'l11Un1fl\j"l~U'lIUVl 
3 .2 m1LnU1n~1LLfI::mrVilt'11f1ij;J'ltlci1-l 

j;J'lLtii lJt)EJ~(;l1rJLL~'l"l::lilm1LntJfnMl11~LLtl~ ntltltl~ 70 % LLfI::~,j;J'l'1lci''1tJ'-l~'lUlJ1Vi1ftIt'1 i 

(;l1lJ~iln11'1ltl-l Ross (2000) 

3.3 n114'til41LLUn'llU(;1LLft::m14'I1lPilu11EJ1tJntJ~:;Liiul1l 

[;11'l"lt'l'1lU'D\jI1l'IJ'1l-lLLlJft,:]~U1EJJ)1EJltX'1ftl'l11f'1Ut'lLvtf)lL"fl tu Stermi DV4 L"'EJ~n~l~n~ru::~1~CY 

'II'1l-lLLliifl::'l-lj{ ~l1ft LL~::'D\j(;11'llJ~-lliln11t)(;1~I1l~'luj;J'ltlcil-l~h-l1 ~H'~1LLun l~LLri f)t)U'l::LYif'l~ (male 

genitalia) lVLLtJU'IItl-ltln papillae 'IJ'1l-l~'U'Illl-l~-l l'llJvT-ltJ1L'lru~lJil-l 1~i1 ~-l~,)u1X'l tln LL~::Yftl-l LL~:: 
4'",li'~'m'1EJ1U~n~ru::LI1l EJ ~ ::Lii EJI1l'll'1l-l LLIii'l-l PI t'l11~ LL~::'lIUI1l ~1'1llJ LLt'lI1l-l ~tl'lll1ll-lrtl~tlciIEJVr::n'1lwh 



III 

3.4 ml'll~pJLLfl::mHh£1Jl1Vi 

ml'll61rJ"I::'lI~1.U~'lU~LUU«n1j'ru::~~h~'C\!~1.-nUn1nu£1n'llil~Jl1£11.~n~tl~'~Ylnl'lu~ L(;l tl1t tl 

L@l£1"1 ::il'1 ~'l £1~Ut'ltlLLfl::(;l1~P)'l£1th nm~l\!fu'll~!U ~ l\!fUn1r 'h £1 Jl1Vi"l::L~ t) nl11'ltl Eil'1~LnU1~)Jl ci 1£1 

«m:tru::~~1~ClJllil'11 ~11U1l£11.~n~tl'l'flYlnI'lUt'lL(;l1l1hlL"Jiunu 
3.5 mr1LM1::tfLLfl::LLUM'lI)J\!)J,£1it))Jfl.. 

\!«'l"llmilm1~n1j"LL~'l "I::;:jn1r\!uc;w~t'I CUMZ LL~::\!~,mfl1l1~?lUr::<ill11'llltl'lLLr;ifl:;~'ltlEi1" L~'6r1'l,)J 

~:;Vl'ln1.Un1 r4'~nljlui '[))j 'i'I 111'l '[) Ei ,'1111'1 mh'l4'e;) LnUl-rtufj fj finru'VILL)J fI "11 tl'lfj fj fi nru'VI~CllU fi r1)J'II, ~ 

1'Vl£J1 LLti'l"llilfl'lnmr)J\!'1Y1£J1~£1 (CUMNH) L~tlHLiJU~'ltlcil'1t11";"YI''1tll.!m)J1fil\,!{;i'61t1. . 
3.6 n11t'1rl"~U 

Yilnl1t'lh~fiULLUule;)LrI tmr~fiULLfI::1mfill.!i')u ~'lLLr;ir::c;iu 'l'll'f Mfl LL'i'I::'llU(;) LLfI::LL~ M.. . 
Jl1Vitl1::ntlu~n1j'ru:;th~t1.J 

4. n1nLf'lrl:;tf~flLLfI::n1rtlfiulmJ'i'I 

n11~n1j'lY1l,,~rujll.!';)YI£1l "I::'l.-iiLtln?l1111tl'l Ross (1970 LL'i'I:: 2007) LLfI:; Szumik (1996 LLa:; 

2008) ~"r::c;iU'l"I'f t'ln'i'l LLfI::'llU(;) ~'ltlcil"U1'1'llU(;)"I::Yiln11~"hJIJl r'l"lt'ltlut(;)tI~L=Ji m'll1CUL~tlYi,mr[jurJu
• .. w 

(L(;)m~Vil::'Oile;)1.\!l.i1 ~ViU) LLfI::tt(;)\!~nhJ(;lI)JnD'lltl" ICZN (1999) 

YilUOJ;n£1; tl'llU(;)'lltl'lLL)Jfl" ill.! '£1~ViU LL)J fl '1ilulEJ~lp)"I::vi, ntnnu l.)~fj fj fi nru'VlLL)J fl ""lItl" 

fjfjfinru'l'l~ (l1Ufir1)J'IIlmYl£J1 LLti'l,,!lilfl'lnrru)J\!I';)YI£J1~tJ (CUM NH) 

t.J~n1'i~nHl 

1.Un1r~n1j"rlf"~ViuLL~fl"ill.!1.tJ~LLVijnr::"I,tJtlci1.umf'l(;l::t)u(;ln'lJ1l-31Y1tJ;:j 4 'l'lff 7 t'lnfl 7 'IIUe;) 1 0 .. . 
lULLUU~rujlU LLfI::ll.it'll)Jlrm::l.J?lflfll~ 1 'IIUe;) l~\Lfi 'l'lff Embiidae ViU 1 ~flfl ~1l 1. Odembia ViU 2 

'llU'" ~tl Odembia sp. l LLfI:: O. sp.2 'lo3R Notoligotomidae ViU 1 'iYflil ~v 1. Ptilocerembia l'iU 4 'lIlj" 

fiv Ptilocerembia sp. 1. P. sp. 2. P. sp. 3 LLfl:: P. Sp.1-3fl Oligotomidae fill 4 ?lfl'i'l ~tl ?lflfl Aposthonia 

Viii 4 'OU'" Pitl Aposthonia borneensis, A. ceylonica, A. sp.1 LLfl:: A. sp.2 ?lflfl Eosembia ViU 3 'llUe;) ~1l 

Eosembia auripiceta, E. sp. LLa:: E. sp. 2~f)fl Lobosembia ViU 1 'llU(;) ~tl Lobosembia mandibulata 

LLfI:; t'lflfl Olig%ma ViU 3 'llUe;) ~tl Oligotoma humbertana. O. nigra LLfI::O. saundersii liil:: 1"R 
Teratembiidae ViU 1 Mlfl ~-36"1l.it'll)Jlrm::l.J?lflfllp)'l.u'llru:;~ LVi£1Vitmff Oligotomidae 16ii'l111f'l 

(;l ::<)UPl n LLfI::ViUU\!~"1l1~£1~ i1 PI 'l1)J\!flln\!flltJi1~,,~d'Juu, (;l fI 'il e;)"Il.!?I'll.!~fll,J1111" 1 

~'ltlcil"'lltl"LL)Jfl"ilul£1Ul'1'llUVi6-3hj?ll)J'W';)U"I~£1lrXi"e;) L"IU Liitl,,"I,nrJ'ILilu~'lti1lu ~"~'il",j')J ' . 

L~£1"1.u~tl"u{j~n11I1ltllu ~'lL~ )J<)mVif'l ~U1"'llUIll~Mn1j',rJ"ll.i?lI)J1rCl';)u"I~EJ;tllrXL'liUL~mnu Liitl'l"l,n 

Ltln?l,r~)JtlrJll.iL~tJ"Vitl (;]'iN~ur)l.!Ltln?l,n~)JL~)J ~"rJ,,~tl"rI'Iffi~'i'lmr~n1j',lIltllu 

http:L(;)m~Vil::'Oile;)1.\!l.i1
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t1~1!1"l1,Jv\fl1'wh~::1~~tJ 

1 . mr~ n1't1V11~~1'W'Cl~nnP5fi1'W'lJtl~ LL2-J~'N~'WLEJL'WUr::LVlPl1V1EJ~::hWU'iitllJ~r1EJ~::LilEJ "'V11~ P11'W 

~ruj1'W~VlEJ1LtI'W\lftn'lltl~m11.~1l"l,-rEJ'II1l~'Il'Cl~LL2-J~-3~'WLEJL'Wl.h::LVlPl1V1EJ 

2 . n11~nrlf~~"I::1f1fitlLLUl.J1"'LrlL.",r~fiuLL~::p..Flfi1'Wfiu ~~LLlJir::~1.J 'l.:lff ~fl~ LL~::'lIU(;l ~~12-J11Cl 
1.-nL'Wmrr.l",r.i1LL'WmL~:::)u"lilEJLL2-J ~.:l~'WL'W"l 1 n1l1 PI ~::t)'W[;ln'll'Cl.:lUr:: LVI Pl1V1EJ1~ 
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~'f),r1i'f)';h'ltnUYfUfi (1l1'H"Yl~) 

r1'lIl-!'\.Itnn'\.l~IEJ'jJ!l-3'11U~LL~::UL'lPl1'Vlmlh::'111nl'1J'1l-l~-lntlm::~UYir::~uYlf 'l-3~ Zephroniidae 1u 

r.r-l'\.lt)~t.hu 

~'f),r1i'f)1Yl~'UYfUfi (1l1'H'-el~n'l'H) 

Species diversity and population ecology of giant pill millipedes, Family Zephroniidae in Nan 

Province 

'f)'"t,'i !lVlmn'H'1Yl~'U'V'lU fi r'1l~Pll~~n"l'r6 ~r. r'hfir ih~u~ 

m"l''isYVlmn'H'1'Y1mU'V'lufi';1~ Pll~~n"llnr ~r . ~l-!P1n~ ilC\)'\.Il 

il"\"luun1r~ n1:tl ";)r.rtl~ L~EJ'l;r !l-lnu ~-lntlm::~uYir:::t)UYlf ~unn!)vi''lt~ niir.i'lu'lulJ'1lmnn 

L!l n~1r~U n nil 'll 'lU1'\.I c\J LtJ U n 1 r Pi n1:n 'Vll-l ~lUtl~n rl-!1 fi lU ;-l LtJ ui!ll;lt'l~U"'U~~,rlC\)~~ ~~ 1'\.11U 

n1r~m:tl'Vll-l~IU~U1vitlhJ Wesener (2009) 9'LLUn~-lntlm::~UYir::~u'VlftltlmtJu 4 'l.:t~ \~LLri 
Sphaerotheriidae, Zephronidae, Procyliosomatidae LL~::: Arthrosphaeridaeth'\.lnitUL'IJ~~~'lJJi1P11Mlf 

LLUULtliSEJU(;l'1l~ (oriental region) iin1rm::,,\IEJ'lJ!l-l~-ln!l Family Zephroniidae "i'nn11~m:t''jJ!l-l Enghoff 

(2005) Yiu~lil~-ln!lluur::L'VlPl\'VlEJ~-l'\.ll-!~ 123 'IIU~ LLvi~-li1i1n11nEJ-llU~.:tn!ln1::~UYi1::~U'Vlft1LYiEJ-l'llU~ 
L~EJ'liii'il Zephronia siamensis UULn1::~i-l 4'-lw)~'II~u1 LL~::4'-3'\.1tj~r.rU'Vlu1LVh~u n'rLnui'ill-!~~-lmh'l~.:l. . . 
Lriu'll'lU'\.I~.:l'!J'il-l111r1~:::1'U'iltln"llmJ1::L'VlPll'VlEJLVh,ru 

UYlU1Yl1lJr:;UUUL'lPl~~ lrlC\!'!J'1l-l~-l n'1lfi'lu1'1.-1 C\J i'i 'ilLtJu~~1nU"lllnflUYl16 (detritivore) LLvi 

nlr~ mI1UL'l Pl1'VlEJ1 Ln!luy! n r;')lu'!J'1l-l~-lntl m::t'!uYi r:::auYlf..ru~,rJ-l'!J'~ LLI'I~U l111,xhi ~ ll-J1r rlYlnu 

l.h:: LmnJ 1Yl1:t '\.Ir'1l'lI-lLLCJunl1'ilUrm:t1r;')«uV1'J'lVl yil1il~.:l n'ilUl-l'llU"''il1''l~ ru~utfhJri'ilu~"l::ilmrfiin1:t1 , "... . 
nEJft:;L~EJ~ mrfiim:tll'1f-l~"l::·Ii'lEJlunlnJrUUt.:ln11~m:tlYll~r;')IU'il~nrl-!1filu'!J!l.:l~~ntlnr::t'!uYir::t1u'Vlf 

'l~1'f Zephorniidae 1uur::LYlPll'VlEJ U!ln,,\ln~m1~m:t1UL'lPl";)'VlEJ1Ur::'111m'll!l.:l~.:ln!lnr:::~um::~u'VlfU1-l 
'IIu~l111il'lr;')ii'1ll-!~~u~nU'Vl1-l r;')'U:!h";)'Vltl1LL~ :;UL'lPl1'Vltn L~'fJl-iiLriui'1l).J~~U~IU1umr:=Jr.rtI~~n'f)m:;~uYir::

" '" U d • 

r.r-l'\.l1'~tlIU 

2. L~tl~n'!:tl'1lUl~l.h::'111m mmr:;,,\IEJ 'II'l-lL'lftl1umrl11i'i"lnnl-! !l1'\.111 UL'lPlnlr~lJ~U~ mr 

L"l1C\!L~lJl~ LL ~ :;1'I'lll-!LL~nvil-lr::~I-lLY-H'\ 'Il'il~~~n!lnr:::t'!uYir::~uYl f~th1'\.I~tlIU ~, L11tl L~ EJ~ ~1 r.r~'\.I1'~tllU 

" 
1. nlr~n'!:tll'1'lIl-J'\.I~ln'\.l~IEJ'!Jtl-l'llU~LL~::~cnU111YiYl'-3'fJ'4ml-!:=JfilU'll!l-ln-lntlnr::~UYir::~uYlf 

http:Yiu~lil~-ln!lluur::L'VlPl\'VlEJ~-l'\.ll
http:ilC\)'\.Il
http:r.r-l'\.lt)~t.hu


ii 

n'1 r~1 L U'U-11'U1 'Ul11f1 ~'U1lJ n 1r~ n'\j1f1,}1lJ~fl1n~~nEJ'1J1l-1'DU(1) LLfl::~ e11 'UJ)1Yi'r'l1-1~'4n rlJ:) fi1'U 1 'U 

4'-1Wl(1)U1'U ~1 n1rLf)Ur;l,}~ih-1~-1n~ nr:: ~'UYi'1::~'U'VlfL'U'Ii ,}-1 ~ ~ ~'UL(1) EJ n1nrlUr;l,}'8 £i1-1 L(1) £J (j] N (Direct 

observation) 

n'\r~ILU'U-11'U1'UiI~-1tlnmin1r ~1n1rr::U'DljL'l~1nmrLmEJULViEJur;l,}'8Ei1-1~-1n~nr::?l'UYir::~'U'YlfOJ, , 

" " ~1n4'-1Wl(1)U1'UJ1Ur;l'}~£i1-1n-1n'8 Zephronia siamensis ~1mnt::~i-1 u~::mrmrEJ1£J~n'\jru::'1JMii-1n'8 

nr::~'UYir::~'UYlfL'Utlr::L'YlPlYi~1 L1£JL'l'U1lJ nlJYi'll1 ~-1 PIttlf LL~::lJ1LfH:n£J ~1~funtr:)LfI n::\.I~cn'UJ)1YiYm, ~ 

~'4nrlJ:)fi1'U'!J'8-1~-1ii'8~::vi1ntrLm£JULVi£Jur;l,}'tl£i1-1~lmUU~ln~~finru"firnJ'II1~~'VlEJ11'UPiI-1tl'1::L'Ylf'\nU 
r;l,}'tl£i1-1YiulUlJI 

2. m'1~n'\j1ljL,}PI:)YlEJ1tlr::'lI1m'IJ'tl-1~-1n'Bn'1::~'UYi'1::~'U'Vlf 

~ m:nUL,}PI~Yl £Jltlr::'D 1 m'1J'iI-1 ~-1n'il n r::~'UYir::~'U'Yl f ~ 1Lljunt'1111iJ1U~'U~'~1~-1nrnr 
)lJ~I~'YltJ1~EJ vilU~1~fiu1u ti1lJ)'tlL1m~1 4"-1Wlf1lU1'U·;-1~~'U~lhtl'UU1CJ~L'lLU l@i'LLri U1L~-1f-1 LL~::U1CJ~lJ 

CJ~L'l1u 

2. 1 ntr~ n'\j1'!J'U1(1)tl'1::'D1nHL~::nt'1nr::~1EJ ~::vi1ntnnUr;l,}'tl£i1-1 LL'lEJ~lJr;l,}'iI£i1-1LMB'LLtl~-1 

~m~EJlJ'll'U1(1) 2X2 UJ1n-1LlJ(j]r r.'i1'U,)'U 20 LLtl~-1 m£J1'ULLtl~-1"l::,)1-1LLtlfl-1'1J'U1f11 30X30X30 mn-1 

L'lI'U~LlJ(j]r1'Ul-jlJYl1-1~1'U(j]::1"'U(j]nLutHt~L~'tl~n'\j1n11nr:"l1tJ"II'tl-1~-1n'ilm'::~'UYi'1::~'U'YlfLULLu,)~-1Y)m~'tl'U 
LtI'UL,}ft1 1 ;:] U'Ulinr.'i1'U'}'Ur;l,)'IJ'tl-1~-1n'tlnr::~'UYir:::a'UYlfLL~::iJ~4'iJ'Yl1-1n1iJfI1Yi l~LLri llruWJi1 f\,}1lJ~'U 
~lJ~'Ylfi f'1,}1lJ~'U~'U fI,)1lJf'ULPI'!:t'll1ntul,J' dJ'U~'U 

2.2 n~n'1'1lJt'U'1'tlu1"'U'IJ'tl-1~-1n'tl~ ::vi1m'1~m:t1t'Ug~t.l'U ii~nm.)1'i1-111J'tl-1~-1n'iln'1::~'UYir::~'UYl~:: 
QnuuVinYln 1 30 'U1Vi (j]~'ilf1I~-11'U vi1n1'1u'UVim::iJ::Yl1-1~1n'L'lL1lJl;1'Ui1-1'f1I~'U~L'l~1~funtnf\~'tl'U~t'U 

2.3 'tl1~1'1'IJ'tl-1~-1n'tlnr::'l!'UYi'1::~'U'Vlf~::~-1Ln(j]tu~u~~n'!:t1 LL'ltJ~,}'U'll'il-1Y;'DLLft::LPI'\j'!l1ntul,J'~~-1n'tl 
ri1~-1n'U~::QmnULL~::LmtJULYiEJUnur;l,)'tl£i1-1Y;'lI\-i~'ilfI1YirhEJL~'ilr::'4'nljL'l1fi'illtl 

2.4 r::~~1-1n1'1~n'\j1t'UfI1f'1?l'U1lJ mnYiuljL,}PI:)'VlEJ1nt'1~u~'U~1fi1-11 "l::vl1m'1u'UVin L-dU g~n1'1 

~u~'Uf Yig~nrrlJmn~mYi1n~ ltlLLUUm'1~U~'U~ ~'U~,}1-1hjLLft::r.'i1'U')'Ul'li 
2. 5 nt'1~m:tlf'1,)1lJLL(j] nIfi1-1'Vl1-1~ru tj1'U1'VlEJ1'1::~~I-1 LYiPl"IJ'B-1~-1n~ "I::vi1 nt'11(1)LLfl::LmEJUL YiEJun'U.. 

eJ~m~~mn 

1 . n1'1~n'\j1 f'1 ,}1lJ~~1 n~~1EJ'll'tl-1'l1ljL'l LL~::?l C11'UfI1Yi'Vl1-1'B'4mlJ1fi1'U'IJ'iI-1 ~-1n'il n '1::~ 'UYir::~'UYlfL'U 

4'-1.I1(1)U1U 

"I1nn11LmEJULYiEJU~n'!:tru::~ru fj"1'U1'YlEJ1'll'tl-1~-1n'tl m::?l'UYir::ti'U'Ylf t 'Uu1vi 1U~1~~U1U nu.. . 
Zephronia siamensis Hirst. 1907 UULn1::~i-1 YiU~1 ~n'!:tru::J)1EJu'iln L'lfU ~ 41U')'UiU'1J'tl-1~uu'U1lJClthn 

~1-1 r.'i1u'}ul'ilJfUf\,)1lJ~~n~~u')(1) '1tlh-1'll'tl-1'tl1"m::~u~'UfilULYiPlcJLL~::LYiPlLijtJ Lf'1N?l~Wlltl-1tlft'8-1~1Ut'U , ",. ." 
"1ft"1 LLUlnvi'Nn'U LLIfi~-1~~'8-1vi1n1HmEJULYitJunU~-1n'tl~nft Zephronia 'IIljVl~'U1'U~Yifinru"firrlJ11~:)'YlEJ1, 

L'U1fi1-1tlr::L 'YlPlIR'tlltl 
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ntnfhJvl,)'il[h'l1~~'1n'ilm:;~uVi1:;~U'Vlf dJU~,)u,)U 28 ,,!~~,)1')~lu~U~1.hL~'1f-3 l.h~H'llJ~~~ltJ 
LL~:;lh~tJLL~'11U~u~4''1\1-)~tbu i-3~lU ii1Ul'ilU1\-1~U !i1Ul'il~'1-!i1'1 t1,)Ul'ilL'U~),JVi:i':;LntJ1~ ii1Ul'il1i'ilLn~'il 

LL~:;!i1Ul'ilU1U\-l~'N ~'):i',)~hjVitJ~'1n'ilm:;~UVi:i':;;SU'Vlf t~tJ~n1iru:;'Vl1'1~ruli,)u~'Vlm~:;Yhnt:i'~ n1i111i'il11.1 
, d 

2. nt:i'~n1i1Um'l~Ylmll:i':;'lI')m'll'il-3~'1n'ilm:;~UVi:i':;flU'Vlf 
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Diversity of Merozoite Surface Protein-1 , 2, 3, 4 and 5 (msp-1, 2, 3,4 and 5) Genes Among 

Plasmodium falciparum Collected from Border Areas of Thailand 

'il1~1~fi~mn~11'VltnuYiufi ~'ll1tJ1'11'/1IilTI"1TrJ (;)T. vwnu lI1ClJtjVlfiU1nT 

'el1~1~fi~mn~11'Vle1UYiufi-i1lJ (1\T. LUI1rj;1U nlClJ"U'lflIT 

Malaria remains as one of the major global health problems. There are approximately 2-3 

millions death from malaria infection each year. The transmission of the disease occurs in tropical 

regions including Thailand. Although the malaria eradication program launched by Thai government, 

successfully eradicate this disease in the central part of Thailand, people lived near the border 

regions of Thai-Myanmar, Thai-Laos, Thai-Cambodia and Thai-Malaysia are still under the influence 

of malaria disease. Four species of human malaria, Plasmodium falciparum, P. vivax, P. ovale and P. 

malariae, are found in Thailand, with a newly identified species in human, P. knowlesi. However, the 

widely spread species of human malaria are. P. falciparum and P. vivax. 

The use of antimalaria drug is the most popular approach to prevent and control the malaria 

infection because of their effectiveness and low-cos!. Additional strategies for malaria prevention are 

increasing after the drug resistant parasite emerged worldwide. Malaria vaccine has been 

considered as a hope for malaria eradication strategy. Unfortunately, there is no effective vaccine 

available. The major problem of the malaria vaccine development is the diversity of target genes and 

proteins of the parasites in different parts of the world . Thailand is, now, known as a low transmission 

area, but many reports indicate that there is high variation of vaccine candidate protein sequences 

among parasites in this country, especially those proteins on the surface of merozoite stage. The 

merozoite surface protein (MSP)-1, 2, 3, 4 and 5 are the most investigated vaccine candidate 

proteins of P. falciparum. Although many research works had determined the polymorphism status of 

these proteins, the data cannot be related. Moreover, the parasite collection in previous studies are 

collected only from the North-western 12 region of Thailand, Tak province, thus it may not be the 

good representative of polymorphism status of each proteins in Thailand. In this study, the leading 

vaccine candidate proteins of P. falciparum, merozo:te surface protein (MSP) 1, 2, 3, 4 and 5, are 

studied to reveal the diversity of their nucleotide and amino acid sequences. The parasite isolates in 
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our studies are collected from 5 border areas of Thailand, where high incident of infected cases are 

reported each year. 

1~HpJ'i!:1II.:j~ 

1. To reveal the partial gene sequence of merozoite surface protein (msp) - 1, 2, 3,4 and 5 

genes of P. falciparum collected from Thailand 

2. To study the diversity of msp-1, 2, 3, 4 and 5 genes of P. falciparum collected from 

Thailand 

1fin1'iAm~1 

1. Plasmodium falcipaum genomic DNA preparation 

In this study, the parasite genomic DNA was extracted by phenol-chloroform method as 

described by Snounou (Snounou et al., 1993). Firstly, two hundred microlitre (~I) of blood contained 

cultured parasites was mixed with 500 III of 0.05% saponin and incubated at room temperature for 10 

min or until the solution was transparent. The mixture was centrifuged at 13,000 rpm for 10 min. The 

supematant was removed and the parasite pellet was washed twice with 1,000 III of cold 1X 

Phosphate buffer saline (PBS). The pellet was lysed with 200 III of the Proteinase K solution 

(Proteinase K, 0 .5mg/ml) overnight at 37 "G. After incubation, the volume was adjusted to 500 III by 

autociaved distilled water. The sample was, then , extracted with the phenol chloroform extraction 

procedure. The Tris -EDTA (TE) saturated phenol, 500 JlI , was added and mixed by vortex for 1 min. 

After centrifugation at 13,000 rpm for 10 min, the upper layer was transferred to a new tube and 

combined with 500 JlI of phenol/chloroform/isoamyl alcohol. The aqueous phase was separated by 

centrifuged at 13,000 rpm for 10 min. Sodium acetate (3 M, pH 5.2) 50 ~I and 1,000 ~I of cold 

absolute ethanol was mixed with the upper layer in a new tube for DNA precipitation. Solution was 

kept in -20"C overnight. DNA pellet were obtained by centrifugation at 13,000 rpm for 10 min and 

washed with 70% ethanol. The pellet was air dried for 20-30 min . Finally, 100 III of TE buffer was 

added to dissolve DNA. The DNA stocked solution was preseNed in -20°C until used. 

2. Primer deSign 

P. falciparum 307 strain chromosome sequences, from Genbank databases, were used for 

primer design. The sequence numbers included NC000910 (m sp -2, 4 and 5 genes). NC004314 

(msp-1 gene) and NC004330 (msp-3 gene) which were located on the P. falciparum chromosome 2, 

9 and 10 respec,lively. Melting temperature (Tm) of each primer was predicted by a simplified Tm 

equation. 

3. Gene amplification 

The Polymerase chain reaction (PCR) was used to amplify the 5 interested genes. In 

addition, the msp-3, 4 and 5 genes were amplified by the nested-PCR method. The method of PCR 
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was described by Mullis (Mullis, 1990). For PCR and nested-PCR, the total volume for 1 reaction was 

20111. The genomic DNA templates were diluted with distilled water into 1:10 dilution, then, they were 

incubated at 60°C for 10 min prior to use. In this study. 1 111 of 1:10 dilution DNA template was added 

into the PCR mixture. The thermocycler in this study was the GeneAmp PCR system 9700 machine, 

Applied Biosystems. 

4. DNA sequencing 

After the studied gene. from each isolate. was amplified in 3-5 reaction tubes, then, they 

were pooled into a 1.5 ml microfuge tube.. All samples, at least 50 J I, were purified prior to direct 

sequencing. Both strands of all amplified products were sequenced. Sequencing reactions were 

performed in a MJ Research PTC-225 Peltier Thermal Cycler using a ABI PRISM BigDyeTM 

Terminator Cycle Sequencing Kits with AmpliTaq DNA polymerase (FS enzyme) (Applied 

Biosystems). following the protocols supplied by the manufacturer. Single-pass sequencing was 

performed on each template using our designed primer. The fluorescent-labeled fragments were 

purified from the unincorporated terminators with an ethanol precipitation protocol. The samples were 

resuspended in distilled water and subjected to electrophoresis in an ABI 3730xl sequencer, Applied 

Biosystems (Macrogen Inc., Korea). 

5. Sequence alignment 

The sequences from both strands of a PCR product were aligned with BioEdit program. The 

input file format of this program was sequence.ab1 file which obtained from Macrogen Inc., Korea. 

The sequence of each isolate was deduced from the matched sequences of both strands. Later, all 

sequences were compared and analyzed for the diversity. 

6. Phylogenetic tree analysis 

The PHYLiPS program version 3.2 (Felsenstein, 1989), free license, was used as a 

phylogeny analysis tool. This program was run on Mac Book, Mac OS X version 6.9. The input file 

format of this analysis program was PHYLiPS file format (sequence .phy) . 

tJ~n1'i~m:f1 

1.. After the block 17 fragment was amplified, all amplified products were checked by 

agarose gel electrophoresis with TBE buffer. Compared with DNA size marker, all amplified products 

were seen as a Single band at 300 bp in size, similar to the calculated size from designed primers. 

No size variation was detected (Figure 1). 
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Figure 4.1 A photograph of an agarose gel electrophoresis showed some amplified products 

from malaria parasite samples. The gel electrophoresis condition was 1.5% (WN) agarose in 

1XTBE buffer processing under 80 voltages for 30 mins. After staining with ethidium bromide, 

the products were detected by UV transilluminator (UVP Bioimaging systems, AutoChemi 

system). The amplified product size was compared with 100 bp DNA standard ladder marker 

(BioExcellence, Thailand). 

2. Diversity of msp-117 among Plasmodium fa/ciparum population in Thailand 

All 217 nucleotides of the block 17 from 61 samples were sequenced and further analyzed. 

A sequence from 2 samples indicated a multiple infection and was excluded from data analysis. 

Another 1 sample cannot be collected its genomic DNA. These block 17 fragments from Thailand is 

highly conserved. They showed 5 point mutation positions: CANGAA at 4858, AANACA at 5000, 

AAC/AGC at 5027, GGNAGA at 5029 and cn /Tn at 5074 (Figure 2). All of the mutations occurred 

at the first (3/5) or second (2/5) positions of each codon (Table 1). These point mutations caused 

non-synonymous mutation at all 5 positions; EtQ at position 1644, KIT at 1691, N/S at 1700, G/R at 

1701 and UF at 1716 where they can be located on the first (1 amino acid change) and second (4 

amino acid changes) EGF-like domain. Neither insertions nor deletions were detected in this gene. 
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Figure 4.2 Five genotypes of the block 17 are aligned and compared with allele A (top line). 

Conserved sequences of other alleles are represented as dot below allele A sequence. Point 

mutations in other alleles are replaced with alternative nucleotide letters. 

The data of genetic structure among P. falciparum population is the necessary information 

to develop fighting strategies to control the disease, for example, vaccine development, drug 

treatment. In this study. the genetic diversity of the msp-117 gene from Thailand was studied . The 

results showed that nearly all P. falciparum isolated collected during 2002 - 2009 may contain only 

one genotype of the msp-117 (monogenotype infection). These may reflect the reduction of malaria 

infec tion in the past ten years by the effective drug treatment and other malaria control program. 

Although early studies of msp-l gene showed that the gene in P. falciparum may arrived 

from the recombination of two allelic types. K1 and MAD20 (Tanabe el al., 1987), later studies on the 

block 2 of this gene revealed 4 distinct allelic groups; K1, MAD20, R033 and MR (Tanabe et al .. 

1987. Ferreira el al., 1998, Takala el al.. 2002 and Happi el al., 2004). On the other hand, our results 

and others suggested that the block 17 can be typed into 10 alleles worldwide (Sakihama el al., 

1999, Sakihama et al., 2006. Sakihama el al., 2007, Kaneko et al,. 1997, Ferreira et al., 2003, Vijay 

Kumar el al., 2005. Lalitha el al., 1999 and Qari el al., 1998) but only 5 alleles have been reported in 

Thailand (Sakihama el al., 1999 and Sakihama et al., 2006). Similarly, the msp·117 from GenBank 

showed that K 1, MAD20 and R033 isolates which have unique block 2 alleles, have Q/KNG/L, 

EfTSRlL and Q/KNG/L alleles, respectively, in their block 17. In our study, five alleles in their MSP-119 

sequences were found as previously reported in Tak province. Most of the malaria population in Tak 

showed the E/KNG/L as the dominant alleles, 54 .17% (n=72),and also EffSRfL (19.44%), Q/KNG/L 

(18 .06%), Q/KNG/F (5.56%) and EfTSG/L (2 .78%) [14]. However, another study of the same block of 

msp-l gene, in Tak province, revealed only 4 alleles (no EffSG/L allele) while the E/KNG/L still 

remained the majority allele of MSP-119 (Sakihama et al., 2007), From these reports and our finding 

indica ted that E/KNG/L allele may be the most dominant allele of MSP-119 in Thailand. Although, the 
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E/KNG/L allele was marked as a dominant allele in Thailand, the difference of allele distribution in 

different areas and also in each year can be clearly seen. Our analysis of MSP-119 allele distribution 

in each area with the 2 test indicated that the distribution pattern of all population were different. The 

uniqueness distribution pattern of each population should be actually collected from many distinct 

areas. One studied area dataset, which large sample size, was not good representative information 

of the population in large scale area such 42 as country and continent. The fluctuation of allele 

distribution should also be frequently determined. 

1. This research is the data base for study Merozoite Surface Protein-1, 2, 3, 4 and 5 (msp-1, 

2, 3, 4 and 5) Plasmodium falciparum in Thailand 

2. The data base for product and development the vaccine available that the major problem 

of the malaria . 
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,"in'£ll9l'i ~YlmPll'i'l(;116)'It~uru;i(;1 

~'tl,r1.a'tl~Y1I'.11U'Yi\.lfi (m'Hl1Y1e) 

PI'lIl.J LLl'! n t;i 1-3Y11-3~rutjlU~Ylm LLti :;f'I'lIl.JVltilnVitilEJYlI-3~Ufi n1nJ~'fl-3nUUl Hoplobatrachus
U • 

rugulosus (Wiegmann, 1835) "llmLVlfi-3tn~EJfirrl.J'II1~1ulJr:;LYlPllYlEJ 

~'tl,r1.u'tl~Y1e,ih'jufi (m'Hli'.:Joq'H) 

Morphological differences and genetic diversity of rice field frogs Hoplobatrachus rugulosus 

(Wiegmann. 1835) from natural habitats in Thailand 

'2l1"lI'is;lmmn1Y1mU'YiUft r'fl-3P11'i'll'!nr.mu ~'i'l~ mmu'Uvl 

'2l1"lI'itl~mO'H'1Y1!nu'Wufii1» tJ'Ii'lEJPll~(;1n"l11rr ~1. PllU(;1 t1U~~'Uln1 
~ 

nuul HopJobatrachus rugulosus (Wiegmann. 1835) Ltl'U~(;11'i'l:;Lliu~''i'l::Lliuunlu'l-3p\ 
Ranidae anti. Hoplobatrachus 4'(illrfl'hiJu~l'11~uLij'fl-3'!J'fl-3lJ1:;LYlPllYlEJ ~'i'lI)Jl1(l'Y'lul~uu1L'lru~nU~)J. 

llJLtlutnVlI1LiJU~'U'lUl.J,n vhl,xlJr::'111nmUU11ufi11l.J'II')~ii~,u'lUti(ilti-3'flth-31'l"'L1'l utlnr,nnnl1fi,nu 

U11ufir1l.J'II'~ ~LUU'i'lILVI(;j~lriC\!~~11i1lJr::'lI1mnU'Ultii1lti-3'flth-31'l(ilLhL~'l nl1'tlntn~U~finl.J'lIl~~liJu 
LLVI~-3~tlEitll~mJ'fl-l nUUlL~'fl~lnlnn'ltl'11mr)JnLiJU:;i n'i'lILVll'!Vll1-l~~11illJ r:: '11 1mnUU1(Frost etal.. 

~ . 
2006) lufin)J'1Il~ti~ti-l Utln"lln~luil"l~Uu nlnlJ~EJULLlJti-l~~11i1YlruVllJij'!J'll-lLtin~~tlU;U rl'lllr.nuu 

'i'lIL\I(;j~lriC\!~n'fl£h-lVll1-l~vil1,xlJ1:;'IIlnrnUU1'Cl(i)'Cl-l'flEil-lr'l(i)l~'l)Jl~-l~nrfl'lEJ 

nuul1uil"l"luu4";\LiJu~l'11LPlmtiii"l:;in'1l\l'ilVll1-l ~ii nln'Y'lI::L~EJ-l)JlliJUl'l'Cl1Ul'Ul.nnn~1 20 t1lu. ... 

n11IYn ::L~EJ-l ritl LLl.i~u~~~1)J1L'Y'Il:: L~EJ-l~ 'lU1VI C1j"l:;LiJ'Unu~iinor4'u)J1"l1nfi 11)J'1Il~ (Pariyanon t hand 

Daorerk, 1995) lJ1:;'1Ilm~ LUUritlLLl.i~uflU~ L'Y'II:: L~m~'lUl\1nJii n1rCJ~)J'flciLLvih.l~U~L~mnu vh1,xiinl1. , ~ ~ 

CJ'i'llllLUUL~tl~:n~ ~'fl1"l~11,xA'llll\l'Clln'l-1'Cl'EJYll-l~U~m1)JlulJr::'IIln7ti (il'Cl-l nUii'llUl~L~ n'Cl-l Ll'1-n1 LL'Cl::'Cl(il 

f'I'lI)JlihUVI1UL1A 
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LLl'1n~I-l"llmJr:;'1Ilmnuul,*'lllJ U'1ln"llmruno1~n'ltlrfllUA'lI)J\I'Clln\l'Cl,)EJY11'l~u~nrrl.J'!J'fl-lnUulv1'-llu 
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l.Jl n ~11iln ') r~mnA'llll \I'ClIn\l'Cl1 EJVll-l~Uq n m·J'll 'fl-llJ 1:;'111n muu1~ 'Y'I U 1 ulJ r:: LVl PllVl(J~ -l LUU~-l~ 

til~u1"l ~-llUnlr~n'ltl~I)J,)1()Hf'I'lI)J~Vll-l:n'ltmf'lnf'lH'i\l'CllEJ':J'ii L'liu LVlf'lUf'I inter-simple sequence 
~ . 

repeats (ISSRs) (Guicking LLti:;f'lru:: 2005), random amplified polymorphism DNA (RAPD). 

minisatellite (Bradley LL'Cl:;f'lru:; 2000) \I1'flnomJ1EJULYiEJtJ'Rlc;\uL\J~~tl-l~u1ull.JtIilPltluL~ru (Vieites lLf'I:: 

f'lru:: 2006) LUUIii'U nlr~nltlL(ilEJ1fin11vil-l1L'I-1~I~'i'l1l.J11n~Il.J1'1-111'1'l1)J\I'Cllm"'CllEJVlI-3~uqnl1mJ'1l-l 

~-lii~l'11rfl 

c;\-l,!'U n 1 '1 ~ n 'It 1 A f..J ~~-ll.i -l ~ n'ltl ~n'ltru:; Vll..J ~ru tilU':JVl Ul cK'l tJ LVl f'I Uf'I Morphological. .. 

Discrimination ;..J L iJUL Vlf'lUI'I~UEJl.J1i1unl1~ n'ltl~n'\1ru:;Y11-l~ru jl'U':JVl ElI'!J tl-l~l'11'i'l:: LYlU~''i'l::lYl'Uun 

http:r'fl-3P11'i'll'!nr.mu
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"'fl1U'I!U~ (Matsui, 1984; Vukov et a/., 2006) llfl::";1n11~m:n~,)1)J"'fl1n"'fl1tJ'Vl1':1'I1'U~m1lJ'Iltl-llh::'111n1 

nU'U1L-ufi1nl'll1~~'YiUI1I1lJll"'fi-lj;j1-l1L'Utl1::L'YIl'lh1EJ cK')m'YIPluI'IVl1-l;ht)JLfl~fllcKlLrl LViflUI'I inter-simple 

sequence repeats Ufl:: n11LtI1tJlJLVitJtl~1~1JLtl~'Il'il-lti'Ulul)JtIilPitlULt1l1EJ tt1lu~fln11~n'M1~lMtl"l:: 

~1lJ11[lU11t1L;lh::tU'I'U1 'Un 11tl~fmfl'\,)llJ"'flln"'fllt1'Vl1-lli'U~nnlJ'Iltl-lnU'U1L'Ufi11)J'1I1~ 1'))JvT-lLU'U 

iftllJflL'Un11uftlU~-lli'UinU'U1L-ull",fi-ll"1::L~tI-l 1~tlU1::tU'lI1r~tlm 1L'Yil::L~U-lntl'Ul'1ltl~U1::LVI f'I ~'illUL'U 

tl'U1 1'1 111 

1. 	 L~tl"'II'1,)I)J"'fl1n'"flltJVll~~n'Mru::~rujl'U1V1U1'1ltl-lntlU1'l1n LLWi'i-ltl1~tJfi 11)J'lI1~L'U 

lh::L'YIl'llV1EJ 

2. 	 L~tlml'l,)I)J"'fl1n"'f11t1V11-l~U~n11)J'Iltl-lntl'U1"11nLL"'fi-ltl1~EJfi1nJ'II1~1'UU1::L'YIf'lLVIU 

1fin1~Anti1 

D11~n'l:t1LUl'\f-l~ UU-ltltlnL1J'U 2 fhu lcKLLri 

1) m1~n'M1~n'Mru::Vl1-liruj1'U~VlU1'1ltl-lntlu1~m~ul'Uu"'~~fi11)J'lI1~ 

(1 .1) ";lm1Lntlfi,)tlti1-lnUU1~mA'EJt'UU"'~~fin)J'II1~"Ilnu1L')ru(;jl~1L-utl1::LVlf'I tt1lU1fl Visual Encounter 

Survey (Heyer et al., 1994) uf1:;Lntlfi'ltlth~ntlUlt'UL,)fl1nfl1-l~U ;~'IltltlL'Illilm1Lntl~')tltil-lntlUl 

ih~~-l<t1n'lltltlL'IIl1Imm1:;'lIt1'1l'il~iIil1t1::Ll1U~1t1 ::ll1'Uunt UU1::L Vlf'll VlUtt1lu~fi'll'il~ Inger, 1999 dj'U 

~')ri1"'Ut1It1[l1U~L'Um1Lntl~,)'il£h-l ;-lLLU-lLUU 4 ~,)'U lcKllrl 

(1. 1.1) Northeastern montane region ";1nl1Lntl~')tlci1-.3'l1n4'-l"'~t1Il.h'U (NAN) LLfl::1il1n (TAK) 

(1.1.2.) Thai-Lao dry plateau ";1n1nntl~,)'ilci1-.3"l1n4'-.3"''lt1l'il1il1fi1il (UON) ~nf1UM (SKN) 

l-lnt1l1"'11 (MOH) 'fltlf111'l1filU (UBR) LLfl::UI'l1n'll~)J1 2 umi.:J lcKLlrl -a11I1'illiitl~ (NKR) llfl:: 
~ 

ti11I1tl~-lU1L~tJ') (WNK) 

(1.1 .3) Southeastern Asian lowlands ";1n'mnml'ltlU1-.3'l1n4'-.3",-Jt1I'IIfl1l1 (CBR) t11::Ldi'l 

(SKW) 4'U'YI1I1 (CTR) 1il11t11 (TRAO) UMUltJn (NKN) flY1111 (LOP) LLfl::LY1'l11111 (PCB) 

(1.1.4) Tenasserim and Malay peninsula ";1nlnntl~,)tlth~"l1n4'~"'-Jt1I')JY11 (CHP) ~-l.:J1 

(PNA) LLft:;t'I~llfl1 (SKL) 

(1.2) ";lm1~t1I~n'Mru::VI1~~rufj1'U1'Y1EJ1vT-l~l.! 21 ~n'Mru:; lcKLLrl 1'I,)1)JtJ1,)~1vi'') (snout-vent length; SVL), .. 
1'I'l1)JU1'l'll'il-l,r'l (head length; HL), 1'I'l1)JEJ1'l"l1nUfl1UU1nCi~lLUt1l<tl;!n (snout-nostril length; S-NL), 

1'I'l1lJEJ1,)'l1nlLtlt1l'llJnCi~1II1 (nostril-eyelid length; N-EL), 1'I'lllJEJ1'lU1n (snout length; SL), PI'l1)JEJ1'l1il1 

(eye length; EL), 1'I'lllJU1'l"l1nIll1Ci-lu~l.!i1m;! (tympanum-eye length; T -EL), L~'U~1'U~'U6nfl1-.3LLcJl.!tlt1l'lj 

(tympanum diameter; TO), PI'l1)Jnt)1-l'll'il-.3,r'l (head width; HW), 1:;EJ:;\h~r:;wj1-lnilt1l"llJn (internarial
w w 

distance; INO), 1:;u:;\h-l1::Wl1-l1il1 (interorbital distance; 100), 1'\'l1)JEJ1'l'll1",ih (forelimb length; FLL), 
~ 	 ~ , 

PI'l1lJEJ1'l~-lur;iii'ilCi-liftlf'ltln (lower arm length; LAL), 1'I'l1)JtJ1'l'll'il-.lU'liitlVi 3 (third finger length; TFL), .. , 

PI'lllJtI1'l'lltl-lU'liitlVi 1 (first finger length; FFL), f'I'l1)JU1'l'lltl-liitl (hand length; HAL), PI'l1)Jnt)1~'Iltl-.l'll1 

",ih (forearm width; FAW), 1'l'l1lJtI1'l'lltl-l'll1"'~-.3 (hindlimb length; HLL), f')'l1lJEJ1'l'll'M"'U1LLif~ (tibia 

I 
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" 
 , 
length; TL), R'l1~tJ1'l"fl·m;1 (foot length; FL) LLfl::I'l'l1~tJ1'l'IJ'il'lU'lLY11Vi 4 (fourth toe length; FTL) 

" r.nmr\JU1lJ1:)Ll'ln:;~"'1 means of multivariate methods include principal component analysis (PCA), 

canonical variate analysis (CVA) and discriminant analysis (DA) 

2) n1r~mnYl1'l~1\J;hhIL~I")~'lJtl':InU\J1~tl1~tlhLL"'i'i'lfirW'D1~ LLU'llilL1J\J 2 t'I'l\J lilLLn 

(2.1) n1ti'tmj'11'l'l1lJ'VI~1n\-l~1£J'Vl1'l~\J~m1~"'il'lnU\J1~'lm'VlPlUf') ISSR iji\J!'I'il\J~'le 

" , " 


(2.1.1) ~ntil~Lii\JLfl"l1mU'ilb~'ilt'i'l\J~U ",1flU'lbY11'l1'il.mUlJ1 

(2.1.2) V1tilt'lflU\-l1 ISSR l'1'irL~'ilf~L"'lJ1::~lJ:a'l ISSR 1'1'ifLlJflf~L"'~1:;~lJ ~'il lii ISSR 

profiles ~i"w'l\J i'i polymorphism LL~:;hjiJFI'l1lJLLtlnJn\J'lJtl'l ISSR profiles 

(2 .1.3) LliU1,)U1,)lJ;rfll;!~'lJ'il'ln11iiLL'N::hjihLmJ'lJ'il-l PCR product "l1n~'l'ilEi1-l~-l"'lJ~~Lil~ 
"l1nm1i.-n'l'i1LlJtlfj;j''lL~mn\J 

(2.1.4) :)LFll1::~l'l'l1lJ"'~1n"'~1tl'lJfl'lti\JLL~::rh genetic distance il'ltlLtlmnrlJ POPGENE 

version 1.32 t'l'J\Jn11'Vl~t'lflUl'l'J1~~lJ~\Jfir::wj1-l genetic distance nu geographic 

distance :)Ll'll1::~ il'ltlLtlmmlJ Arlequin version 3.10 Lrl'il'Vl~M1U1::~uumh~'C1J 

(2:2) m1~m:t11'l'l1lJ"'~1nW,n£J'Vl1'l~\J~mmll'il'lnU\J1~'l£Jih~ULU~'lJfl-ltj\J 12S rRNA, 16S rRNA 

LL~:;tj\J cytochrome-b (cyt-b) hllJL(;lPl'il\JL"i1tl~L-B\JL'il iii\J(;l'tl\J~'le 
(2.2.1) t'ltiV'\~Lii\JL'il"l1m~tlL~tlt'l'l\J~U ",1'il~'lLY11'lJtl'lnU\J1 

(2.2.2) y'hn1n~lJ~1\J'J\J~L-B\JL'ilu1L'Jrutj\J cytochrome-b (cyt-b) ~'Jtll'1'ifLlJ'ilf L14841 (5'­

CTC CCA GCC CCA TCC MC ATC TCA GCA TGA TGA MC HC G-3') LL'C\::l'1'ifLlJ'ilf 

C83-H (5'-GGC AM TAG GM GTA TCA HC TG-3') (Kosuch el al., 2001) U\J 12S 

rRNA ~'Jtll'l'ifLlJ'tlf FS01 (5'-MC GCT MG ATG MC CCT AM MG HC T-3') LL~:;l'1'if 

LlJtlf R16 (5'-ATA GTG GGG TAT CTA ATC CCA GH TGT TTT-3') (Sumida el al., 1998) 

LL~::tj\J 16S rRNA ~'ltllYlfUJtlf F51 (5'-CCC GCC TGT HA CCA AM ACA T-3') LL~::lYif 

Ll-lT.lf R51 (5'-GGT CTG MC TCA GAT CAC GTA-3') (Sumida el al., 2002) 

(2.2 .3) 1Ll'ln::\.f"'1~1v)ULUt'l'lJtl'l~1tl~hi)\JL'tl~1~ LL~::y'i1 n1nmtlU LVi £JU~ 1 ~U L Ut'l'll flol 

~')tlEi1olLL~~::j;j''lL~£Jl-ntlmmlJ Clustal X (Thompson el al., 1997) 

(2 .2.4) U1;rT.ll-l~~1~hJri1\J'lru"'1 Genetic distance Ll~:;';)LPln:;~Lrl'tl~11'l phylogenetic. 
tree 'lJ'tloltlr:;'111mnU\J1~'l'iul\Jtl1:;LVll'll'VltlLl1I£JHLtlrLLn rlJ PAU P' version 4 .Ob 1 0 

(Swofford, 2002) LvItJH;r'tll;J~~1v)ULU~'lJfl'ltj\J cyt-b, 12S rRNA lL~::UlJ 16S rRNA 'lItl ·mu 

Hoplobalrachus tigerinus (HT) Ll~:: Fejervarya limnocharis (FL) LU\J outgroup 

tlan1'iAmn 

"1nn1n~).J<i1\J'l\J'lJ'tlolfj\J cytochrome-b (Cyt-b) tj\J 12S rRNA LL~::[j\J 16S rRNA v1'l£Jl'1'ifLl-l'ilf 

L 14841, C83-H ,FS01 ,R16 , F51 LL'C\:; R51 (;j1).J~1~ul\Jtlr:;'D1m(;l1lJfir1lJ'D1~~'l~\J 18 n~lJlh::'111nr 
" " 'l'iU~1vl'l 3 [j'\.liH1\J'l\J~1~UbU~bYi1nu 1,375-1,376 LUt'l Lb'C\::Lii'ilU1L~'l'i1:;~1~ULU~'lJ'tl'l['j\J Cyt -b ;'li'i 

'tI\J1~ 564 LU~lJ1Lm£J1ILVi£Jul'l'l1lJLLlilnIii1'l~'ltlLtlmn1).J Clustal X 'l'iU~1~1V)ULUt'l'lJtl-lti\J Cyt-b iiv1"'l"'lJ~ 

http:Ll-lT.lf


iv 

23 p.hLUU (haplotypes) "I1n~'n'\'l'Ut;\'l'ilth~~y'hnl)'~m:t1vT~'1.\l.J~ 74 r;1'l'VEh.:J LL~:;Lij'ilUl~l~~'"l.:J~ ')tj 

phylogenetic tree ~'luhJnLnrlJ PAUP' version 4.0b10 ViU~1t'l'"l~1H)LLt.i.:J'\.h:;'l!lnrl~dJ'U 2 n~~ 

n~lJLL1mJr::n'ilU~'ltJr;T'l'ilEh~nU'U1UTL'lru Southeastern Asian lowlands U1~t'l'l'U (4'~",-r~'lIfl'l.i'f 

'U~r'U1un flVi'l.j"1 LLfl::LVi'llni'7l r;T'l'il[h~nU'U1"'llnUTL'lru Tenasserim and Malay peninsula U1~t'l'l'U 

(4'~",-r~~-l~1LLfl::M'llfl1) LLfl:;t;\'l'ilth~nU'U1"11n~~",-r~lJl1n 

n~)J~t'l'il~ tlr:;n'ilU~'lEJr;T'l'ilEh~nU'U1UTL'lru Thai-lao dry plateau (4'~",-r"'~~1tl1ill.!n"'1mr 

t'lnfl'U~1 'Ul'I1n'llt;)J1 LLfl::~Ufln'llfi1il) 1Ji'l'ilth~nU'U1UTL'lru Southeastern Asian lowlands U1-lt'l'l'U 

(4'~",-r~M:;LLll'l ~'U'Vlu'i LLft::l/ln~) LLfl::IJi'l'ilt.h~nU'U1"11n4'~\1-r"")JVi1 LLfl::4',m-r~\'h'U (1tl~ 1). . ~ 

L~uvT~~'il-ln~)J LLtln n'U'il'ilnlJ1'ilEh~i~L"I'U ;-lti'UtT'Ul~"I1n"h bootstrap ~tl nn!)'il~l 'U 

phylogenetiC tree ~-1nrh~~ 

t'l'l'U~1r;TULU~'ll'il~ti'U 12S rRNA LLfl:; 16S rRNA tl~1'U),:;"'~'"l~tii1Lil'Un1),~~1~~1U phylogenetiC 

tree 

~1"'funI)'~nl1'"lf'l'lI).J"'flln"'fl1EJ'Vl1.:j~'U~nr1)J'lltl.:jn'l.J'U1~'ltJL'Vlf'lili'l ISSR 1~'li1n11"'11VifUJ'ilf 

LLfl:;MI'l::"Il'il~ PCR ~Lm.n::t1)Jl'Un11L~)J~''U'l'U~M'UL'il ~UYl"t'ltlulVifLlJtlf USC 'I!~~ 8 LYi'il'li11w.~LL"'l.J 

~L~'UL'il~i"'L"I'U LLfl:;'l.J'ilnfl'lI)JLLl/lmh~1::"'~1~n~lJ'l.h::'1n1111\' "'l1nn11'Vl"'t'I'ilulVifLlJtlfvT~i'U 60 LLUU 

(USC 801-USC 860) ~~ru"'1Jij annealing 54 tl-lPl1L'DflL;Ut'I Viu~1iilVifLl.JtlfvT~"'l.Jrn 9 LL'l.JU l~LLri USC 

807 , USC 825, USC 826, USC 827. USC 829, USC 835, USC 840, USC 841 Ufl:: USC 856 Vi~1).J11O 

LLt'l "'~ ~ L~'ULtl~iVl L"I'U LLfl::Utl n~'lIl.JLLV1 n(;h-11::"'~1.:jn~l.Jtl1::·J!1nrl~ L~tl'li1 n1n ~l.J~1'U'l'U~ Lfl'UL'il c.i 1'U 

tlnmm PCR ~tlru"'fli1r;T-ln'Ci1'l ;~1'U'!Iru::~1~'li1n1),L~l.J41'U'l'U~Lii'ULtl~'lEJ1VifLl.J'ilfvT~ 9 LL'l.JUL'iEJUr'ilEJ<.J • ~ 

LL~'l LLfl::n1~.:jtl~'l'U,T'Ul/ltl'U1LMI::,x~fln1r'Vl"'fltl-l 
~h'Un11~ n111~n'!;"ru::'VlI~~ru 'il'U1VltJ1'lltl~ nU'U1ri1~.:j'ilril'U,Twn tl'Unl11 Lfl n::,x~~nIrVl'" ~ tl-l... ~ 

tl~1~'liU~ fl1Vl11"1::l;ru 
1. Vl11Uf'l'l1l.J~l.J~'UfiVl1~~'U~n),1l.J'Iltl~1.h::'111nm'l.J'U1"1'"lmL",'Ci~'il1~EJfi1"l.J'III~u'h'lrut;i'"l~1'l'U 

tl,,::L'Vlf'llVlEJ L~'iln1r'il'4fn';tl1::'I1nmu'U11'ULLwi'i~tl1~ufimJ'II1~ 

2 . 1~;rtllJfl~'Uj1'Uth"'fuH'l'Un,rufutlt.:j~'Ufnu'U'1'ULL"''Ci-1LVi':;L~EJ-1 

I 
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~m:tru:;\'\lJu~'IJ'1l~th.lYiUhllj~j;l'1lu\'\'Utl~vi'ill'l,)1lJ~ri'itJ~"1nl'l,)1lJUt)lJ\'U'h1 Oryza saliva L. 

Characterization of the novel salt stress responsive gene in rice Oryza saliva L. 

'el1~1'i!l~mm=111'V1E11U'W'U5 	 r'1l~""1'Mln''nnr ~r. PJfl~(;1n i'1l,)1'ClrJ 

Professor Dr. Hongya Gu 

qPl1~j;lnr.ru'rJ ~r . firYi-3'; U')\I'1I1 

Abscisic acid (ABA) is plant stress hormone that essential for salt stress adaptation. 

including stomatal closure. stress-responsive gene expression and metabolic changes. Exposure to 

desiccation. salt stress and low temperature are generally accompanied by an increase in 

endogenous ABA levels prior to the activation of a number of water- and salt- stress-induced genes 

(Chandler and Robertson. 1994). the products of which are thought to be involved in protection of the 

cell or in recovery from the stress-mediated physiological insult. Indeed. during vegetative growth 

ABA is an important signal for triggering plant responses to adverse environmental conditions (Leung 

and Giraudat. 1998; Nambara and Marion-Poll, 2005). and ABA coordinates many of these stress 

responses such as immediate stomatal closure. osmolyte accumulation and induction of synthesis of 

stress-related proteins such as late embryogenesis abundant and heat shock proteins. reactive 

oxygen scavengers, etc . However whilst many abiotic-stress-inducible genes are controlled by ABA, 

some are not. which indicates that both ABA-dependent and ABA-independent regulatory systems 

are involved in stress-responsive gene expression (Bray et aI., 2000; Zhu. 2002). 

In our research, the rice nuc/eo/in1 (OsNUC1) was found to be the salt inducible gene which 

it was found to be higher expressed in salt-stress condition, especially in salt-resistant line The 

OsNUC1 has a potential involvement of the salt stress signaling . In this experiment, the functi:m of 

OsNUC1 on salt resistant was identified in correlation with ABA signaling if it acts via ABA-dependent 

or ABA-independent pathways. The exogenous ABA application was used as the strate~IY to 

determine the function of this gene in ABA signaling. In previous reports. the applicati(.n of 

exogenous ABA to both whole plants and in tissue culture facilitated the adaptation to subsequent 

increased salinity in several phylogenetically diverse plants. Thus, ABA treatment prior t) an 

increased salinity insult was reported to improve the growth of the common bean (Phaslwlus 

vulgaris) (Khadri et aI. , 2007). to reduce leaf abscission and increased salt tolerance In citrus plants 

(Gomez Cardenas et aI. , 2003), and to induce salt adaptation in jojoba shoots grown in vilro (Mill et 

al. . 2001). 



II 

The OsNUC1 gene expression under normal and salt-stress conditions was examined by 

real time RT-PCR technique. The OsNUC1 gene was significantly induced by exogenous ABA 

application under both conditions. We also found that ABA induced OsNUC1 gene expression in the 

salt-resistance rather than salt-susceptible line . To elucidate the action of OsNUC1 in salt-stress 

signaling which it acts via ABA-dependent or ABA-independent pathway, the ABA biosynthesis 

inhibitor, abamine SG, was added into the nutrient solution and than evaluated the change in 

OsNUC1 transcript level. This result performed the OsNUC1 responses to salt stress by action via 

ABA-independent pathway to enhance salt-resistant ability. 

To determine if the OsNUC1 gene action via ABA dependent or ABA independent pathway 

using exogenous ABA and anti-ABA substance application. 

1. Plant materials and growing conditions 

The Thai indica rice (Oryza sativa L.) cultivar Leung Pra Tew 123 (LPT123) was obtained 

from the Agriculture Department, Ministry of Agriculture and Cooperation, Thailand, and was used in 

comparison wilh the salinity-tolerant line, LPT123-TC171 (Vajrabhaya and Vajrabhaya, 1991; Thikart 

et aI., 2005), were grown in modified WP nutrient solution (Vajrabhaya and Vajrabhaya, 1991) in the 

greenhouse with natural light (93-99 IJmol photon .m-2.s-1) and a relative humidity of between 74% 

and 81%. Germinated seeds were transferred to modified WP nutrient solution for 1 week in a 

greenhouse under natural light. The nutrient solution was changed once a week during the 

experimental period. Rice seedlings were grown in WP no. 2 nutrient solution (Vajrabhaya and 

Vajrabhaya, 1991) for fourteen days before being subjected to the salt-stress condition provided by 

the addition of 0.5 % (w/v) NaCI. After tissue collection, it was immediately frozen in liquid nitrogen 

and kept at -80
a
C until RNA extraction was periormed. 

Exogenous ABA and AbamineSG treatment 

To test if ABA is required for OsNUC1 gene expression, two parallel experiments were 

periormed. In the first, the 100 !-1M cis-, trans-ABA (Sigma) solution was sprayed on the two-week­

old, normal-grown seedlings everyday for nine days. then OsNUC1 gene expression was quantified 

by real-time PCR after 0, 3, 6 and 9 days after treatment. In the second parallel experiment. 50 \-1M 

abamine SG, which is a potent ABA inhibitor via inhibition of NCED in the ABA synthesis pathway 

(Kitahata et aI., 2006), was add into the nutrient solution (systemic) to a final concentration of 50 \-1M , 

and OsNUC1 gene expression was assayed as transcript levels by two stage quantitative real time 

RT-PCR at 0, 1 and 2 days after treatment. Longer experimental periods than two days led to severe 
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damage of seedlings and so were not assayed. Abamine SG was provided by Prof. Dr. Tadao Asami 

(RIKEN, 2-1 Hirosawa, Wako, Saitama 3S1-0198, Japan). 

2. Expression profile 

RNA extraction 

Leaf blade tissues were used for RNA extraction in which the standard hot-phenol method 

(Udomchalothorn et aI., 2009). 

Real-time polymerase chain reaction 

The first strand cDNA was synthesized with 1-3 fl9 of purified total RNA (pre-treated with 

DNasel) using oligo(dT)lS primers and cDNA was synthesized with Sensicript Reverse Transcriptase 

(QIAGEN) . The primer sequences for OsNUCl are as followed: S'-ATGGATCTGACCTCGGTGGA-3' 

(sense) and S'GTCnCCTCCTCTCTCAGTG-3' (antisense). To normalize gene expression, a parallel 

amplification of OsACTlN (accession ~umber: AK101613), the housekeeping control gene, was 

performeQ using OsACTlN specific primers; forward primer: S'-AGCTATCGTCCACAGGAA-3' and 

reverse primer: S'-ACCGGAGCT AA TCAGAGT -3'. Real-time PCR technique was used for 

quantitatively determine the expression profile of the OsNUC1. The quantitative real-time PCR was 

conducted on the Opticon2 Continuous Fluorescence Detector System (MJ research, USA). Each 

reaction contained 10 111 of 2x SYBR Green Master Mix Reagent (Toyobo), 1 fll of cDNA samples, 

and 200 nM gene-specific primers in a finat volume of 20 Jll. The thermal cycle used was as follows: 

94°C for 20min, than 40 cycles of 94°C for 20s, 53°C for 20s and 72 °c for 20s, then a final 

extension at 72 °c was done for 10 min. 

tJan1~An".'l 

The potential involvement of ABA in OsNUCl gene expression was investigated by following 

the expression levels of OsNUCl gene transcripts after exogenous application of 100 flM ABA, an 

inhibitor of ABA biosynthesis (Kitahata et aI., 2006), as described in the methods section. On dayl 

and day2 after treatment, the exogenous ABA application clearly induced significant levels of 

OsNUC1 transcript expression in two week-old seedlings of both the salt-sensitive and salt-tolerant 

lines grown under normal conditions with slightly numerically but not statistically significantly higher 

transcript levels seen in the salt-resistant line (Figure 1). However, both these indica rice lines 

OsNUC1 transcript levels at three days after ABA treatment had returned to near basal levels and 

showed only weakly elevated transcript levels compared to the controls. Thus, the salt-tolerant line 

had an apparent higher at the level of OsNUC1 transcript expression levels than the salt-sensitive 

one. 
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Figure1. Exogenous ABA induced gene expression of OsNUC1 in rice seedlings, LPT123 (A) and its 

isogenic line, LPT123-TC171 (B), under normal condition. 
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Figure2. Exogenous ABA induced gene expression of OsNUC1 in rice seedlings, LPT123 (A) and its 

isogenic line, LPT123-TC171 (B). under salt stress condition. 
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Salt-stress also induced OsNUCS1 transcript expression in both rice lines, but the 

magnitude and kinetics markedly differed from that observed by exogenous ABA application. The 


exogenous ABA induces the earlier response of OsNUC1 gene expression under salt stress (Figure 


2). While the abamine SG didn't affect on the OsNUC1 gene expression under normal condition 


(Figure 3). The OsNUC1 transcript level in abamineSG treatment was similar to that of the control 


treatment, so the abamine SG also didn't affect on the OsNUC1 expression under salt stress 


condition (Figure 4). Therefore, the OsNUC1 function to salt stress via ABA-independent pathway. 
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Figure3. Effect of abamine SG on OsNUC1 gene expression on day1 (A) and day2 (B) after treatment 


under normal condition. 
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Figure4. Effect of abamine SG on OsNUC1 gene expression on dayl (A) and day2 (B) after treatment 

under salt stress condition . 

To confirm that the application of abamine SG causes the reduction in ABA content and also 


inhibits other ABA responsive genes, the ABA content in leaves and the gene expression of 
 I
OsCIPK15 and OsCYP707A5, which were previously reported to be induced by ABA, were 


evaluated. Application of abamine SG caused approximately 10-12 fold reduction in ABA content 
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FigureS. ABA content (nmole/gDW) in the LPT123 and LPT123-TC171 

in leaf tissues after 2 days of treatment (Figure 5). ABA content measurement had to be determined 

within a short period of the experiment, because rice seedlings with salt stress together with abamine 

SG application would not survive in the longer period. 

~~t.I~an1':J~n"'1 

The OsNUC1 gene was induced by the exogenous ABA application under normal and salt 

stress condition. However, the exogenous ABA is not requirement of this gene function. We provide 

data consistent with the notion that OsNUC1 transcript induction is involved in ABA-independent, as 

topical ABA application induces OsNUC1 transcript expression under both normal and salt stress 

conditions, whilst application of the ABA biosynthetic inhibitor abamine SG doesn't inhibited OsNUC1 

transcript expression levels. The OsNUC1 gene responses to salt stress by action via ABA-

independent pathway to enhance salt-resistanl ability. 

This experiment will clarify the effects of salt-resistant gene on salt stress such as the 

searching or selective breeding for new plant cultivars with the desired stress tolerant characters, 

and the investigation of stress tolerant plants as model systems to evaluate stress tolerant 

mechanisms. 
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I L'a"llU1!:"h;'l 5173805423 

Vlan~"'~ 1YltJIf'\1t\{;\~{;)'l:t5uru-i1U1 tll"111~"ill ~Vlf'ltwLflU1')rnYi 

~'fl~'l,j''fl~hUI1U'ViWfi (1l11nlY1s) 

~m~ru::~l-JU~~~fl::n11~~~I1l-ltltlnlltl,i11'lf.U.JUL~WWIR~~tlflYhnflLI'l:n~I1l'l'l'llilCi\~ I, II LLfl:: Illlwt1-lhltJ 
~ 

Apis cerana indica 

~'fl,r'l,j''fl~Y1tnijYf'Ufi (m~n-a.:lnq'H) 

Characterization and Expression of recombinant a-glucosidase I, II and III in the Thai honeybee I 
Apis cerana indica 

.. .d_r;! .Clio, ..:-. .. 

'fll~l'itlYlu 'in'Hl'lYl'CI1'UYf'U fi 

'fll"11'igvtmmn~Y1'C11uYf'Ufii'l3J Professor Dr. Atsuo Kimura 

'fll"11'igvtmm~n~Y1'C11UYf'U fii'l3J 

(, ' 

t1-l~1l-J11Cl~T1'1J,t;-l (Honey) Ufr.nnLtlWL'Dlf a - Glucosidase (HBGase) ~-l~thm),wl'Dlf'DUCi\ exo­

type carbohydrolase Ll1ltln11LU~tlW Inversion lIfl-lJ'U11flLl-JLflflfll~'1i~ilt:l~lwJ'~,)l'W (Nectar) L(;\tI~1'W14'tI 
~t.llWl-J1YiU"hlwt;~tlLnJ A. meJlifera YiU HBGase mi 3 isoform L~LLri HBGase I. HBGase II L~fl:: HBGase, . ~ 

III ~-llw~~l1ifl:: isoform ilf'l,)ll-J~LUlnl1il'1nW~-llwftlc;iuil,)f'l~Lt:lLYl~ ftlc;iun1I1ltl::iHw n11Lihvhtl5iBmnu 

substrate ~~fl:: localization Ll1ltl HBGasel .11 LLfl:: III ;:jftlc;iuil,)f'l~LtllVl~~tl 1,986 bp (ORF ~tl 1,767 bp) 

1,9 10 bp (ORF ~tl 1,743 bp) ~~~:: 1,915 bp (1,704 bp) Ulll-Jftlc;iu 

lW~lW'l4'tI~t.llWl-Jl1~iJn1~~n'l:tILtl'Wl'Dlf HBGase I, II, Ll~:: III lwt;~~'W1ftlhtl A. melJifera ~-llw, . 
Native enzyme Llfl:: recombinant enzymes ~~viu~hjiin11~n'l:tl recombinant enzymes l'Wt;~lYltILfltl tlm1wl~ 
iln11~n'l:t1 Native enzyme lwt;'lLYi1~ A. cerana~~fl:: t;'l~).I A. florae LL~,) c;i~'!'WL'W'I1W14'tI~~wl"l~,,::Pin'l:tl 

1 ,. .t..i ~ -
LtlW 'Dl-J HBGase I, II, LLfl:: III 'Iltl'lrecombinant clones ",mNLYi1'l A. cerana indica 'D'ILUWNLf'\'i''I:t,Jn''lItl'l 

lYlti Llfl::ijtll-JL~tI-lnwlw'flUl~1~m1l-Jn1j'l~tI'lt;'1 Ll1ltll'W'Il'W14'tI~":;~1 full length cDNA 'Iltl'l HBGase I, II LLfl:: 

III L~tl\'ilnl1 clone Lih~ pPICZaA lL~,)~n11 expression lItl'lu'Wl'Wl'Dfl~U'l'l1R Pichia pas/oris LL~,)Yhn11 

Characterization u'W~1~"'nn11 recombinant clones rnt:lltl ~'lf'lll1l"hlt:lwl'Dlf~~l~"'nj-f'ltll-JULL'W'Wvl'lltl'lt1'l 

lll,,::~,1tllii1.'W!lUl~1~m1l-Jf.l1Vl'1LLfl::t:l11l'l'l1~n11l-Jn1m~l1InflLf')'I'll~~nrjl a - Glucosidase ~l~"'m~UflY\~~tI, , ~ 

1. Pin'l:tl full length cDNA 'lItl'l a - Glucosidase I, II LLfl:: III ",nt1'11Vltl A cerana indica 

2. 1Lf'l11::~m1u.'I'lIMt:ltlnll!l'lu'W LLfl::vhm1 Purify 5-f'lt:ll-JUU.'W'Wvllltl'l a - Glucosidase I, II U.fl:: III L'W1::c;iu 

lXfl'ltl5illin1S' (in vitro) I 
3. vhm1 Characterize 5-fltllJULL'W'Wvlllfl'l a - Glucosidase I, II LLfl:: III 

I 
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3.1 Honey bee source 

Lnur;i,)tlEh-l~-lLYiN A. cerana r.nnYhf}.J~-l1\J4'-l'wr~~}.JY11~-lfl'j1}.J LLft::1l1Ur;i,)'Elci1-l~-lH~. 
3.2 RNA extraction LLft:: cONA synthesis 


" 

u1tj-lr.nnii'tN 3.1 ).m11ntru~~htl liquid nitrogen ~')t1 mortar LL~,)Yhn1'j~nVl RNA ~')t11fi 

Phenol/Chloroform LL~'}U1}.J111l'j,}"lM)U RNA ~~nVll~~')u 1.2% (w/v) formaldehyde LLft:: agarose gel 

" 
electrophoresis ~,}unt'jtftl}.J~ ethidium bromide LL~')i'ltl-l~~,)U UV spectrophotometers '-I~"]"l1mr\J"l::Yi1 

n1'j~n~ mRNA ~')U oligotex mRNA mini kit (Qiagen) 

3.3 Primer design Uft:: RT-PCR to obtain full length cONA 

tl'ElnLLUU Primer ~1ii1\Jn1n~}.J41\J,)\JU\J~fl\J1"l LVlUm'ltltlnLLUU primer ~1.,]f)-l"l1ni'l\J HBGase I, II 

LLft:: III "l1n~"]~\J~~~\J A. mel/ifera L(;luHlthLLn'l}.J primer 3 LL~,)l11 cONA L~u~fi RT-PCR L~t11if RT-PCR 

system kit (Protnega) 1\JLL~ft:: reaction (25 f-ll) tI'l::n'f)ult1~')u 200 ng RNA template, lxAMVlTfl reaction 

buffer, 0.2 11M 'IItl-l dNTP, 0.4 11M 'IItN Forward primer LLft:: reverse primer, 1 mM 'lI'tl.,] MgSO., 0.1 U'lI'tl.,] 

AMV reverse transcriptase LLft:: 0.1 U Tfl DNA polymerase '-I~"]"l1n~\Jl11 RT-PCR L!1lUH' condition ~.,]~ 1 

cycle 'll'tl.,] 4SoC 45 \J1Vi Uft:: 94°C 2 \J1Vi mlJ~,)u 30 cycles "ll'fl"] 94°C 30 ~\J1Vi , 42°C 30 1 '\.nVi LL'R:: 6SoC 2 

\J1Yi Uft::i\J~~Vl1U 1 cycle 'lI'tl-l 6SoC 7 \J1Vi V1~"]"l1nl11 RT-PCR L~NLL~,}U1hJ run agarose gel 

electrophoresis L~'tl~&,Jft'll'tl"] PCR products ~1~ V1~"]"l1nl~ band PCR product lL~')i'l"]~Lfln ::,xih~uD,}fI~L'tl 

1vHi)~"hJn"]1u~~'\.n1Yltl1f'11~l1lfLL'R::LYlflL\JL'RU LLt,i"]'ll1~VIl,htl Bioservice unit (BSU) 

3.4 Expression recombinant 

L~'tll~ full length 'II'tl.,]U\J HBGI, II LLfl:: III lL~,)l11nt'l Clone l'ih~ pPICZUA LL~,) vary % MeOH ~H' 
lunt'l induced enzymes L(;)Ul11 starter (clone ~i1 HBGase III) l~t1-l1\JtnVl1'll~t1"]L;'El 10 ml BMGY (1% 

yeast extract, 2% peptone, 100 mM potassium phosphate, pH 6.0, 1.34% YNB, 4xl0·
50

% biotin, 1% 

glycerol or 0.5% methanol) l11n1'l shaking ~ 30°C 200 rpm LU\JL')ft1 24 .ff'')LlJ''] V1~"]"l1n~'WU1lJ1 inoculate 

ft-ll'W 10 ml fresh BMGY 41\J'}'W 10 flask (sample 5 flask, control 5 flask L(;)t1H' GSl15/pPICZllacz LlJ'W 

" ' 
positive control) L(;)ulilfl'}1lJlii}.Jii'W 100 III starter/ 1 ml BMGY V1~.,]""nn-J\J shaking Vi 30°C 200 rpm 

"l\Jm::vi'.,] 00
600 

i1rh 2-6 LL~,}u11t1 centrifuge ~ 3,000 rpm lU'WL,)fl1 5 'W1Vi ~tlruVl1Ji3ii'tl"]l~'tlLnU cell pellet 

V1~"]"l1n~'WLI1l~U}.J BMMY nil MeOH UYl\J glycerol) ~fI'}1lJLiilJii'W 0%, 1 %, 2.5%, 5% Ufl:: 1 0% LL~,)U1 cell 

pellet ~1!ii'''l1n BMGY ii1.,]tX'W}.J11~1'W BMMY LL~'}l11m'll~t1.,]~'tllt1Lu\JL')ft1 200 -B',}LlJ"] (shaking ~ 30°C 200 

rpm) 1'WLLvlfl::1'Wdluvl'}'tlci1-l flask fl:: 1 mILL~,)u11t1,J\Jl~mltlni'l,}\J pellet LLfl:: supematant (media) ~ 10,000 

rpm 4°C LU'WL,)'R1 5 \J1Vi l~'tlU11t11Vlrh Enzyme activity ~tllt1 
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3.5 ~fin11 Assay Enzymes activity 

lirlfi p-nitrophenol Method (Nishimoto. 2007) L~ulU~ftfl~Vl~fttl-11.h~ntlu~hu~1n~u tfhnru 0.05 

mi. 5mM p-nitrophenyl U- glucoside (PNPG) (Sigma) l1hnru 0.05 ml Llft~ O.lM Sodium acetate buffer 

(pH 5.5) l1hnru 0.1 ml ~ft-1r.nmrU,h~fttl~Vl~fttl-1 (mixture) hJti).J~t:)ru~1Ji1 37°C LUUl')ft1 2-3 U1)1 

~ft-1"1mrUU1 Enzyme lu~')u media llft~ pellet l.I11rilU~ftflff1Vlff1fttl~ (mixture) 0.05 ml LL~')tl~~~ru~1Ji1 
37°C LUUL'lft110 u1Vi u~')~tJ~u~mU1~hu 0.5 ml 1 M Sodium carbonate ~~H~t:)ru~1Jn~tl-1 5 u1Vi Ll~'l 
u11U1~ 00400 nm Lyjtl~fi1~~n~uLl~~~mft'f)-1 L~ULlliuULViuunu Blank (0.5 ml J1n~u LLfl~ 0.5 ml 1 M 

sodium carbonate) LLft:: control (0.2 ml J1n~u 0.5 ml 1M sodium carbonate LLft~ 0.05 ml 5mM PNPG) 

~1~fu pellet ,1uri'f)U"l~W11UL~~lu mixture 1~vi1n11 break cell ritlUL~U1if Breaking buffer (50 mM sodium 

" 
phosphate pH 7.4. 1mM PMSF of other protease inhibitor. 1 mM EDTA. 5% glycerol) ~~~"l1nUU1ff1 

m~1ruhh~UL~EJlirlfi E1
%lcm ~ A280 nm (Nishimoto et al.. 2001) 

~fin11~1U'lru Activity 

Enzyme activity (U/ml) = Real A400 x 0.037 ~mol x 1rr x lIE x enzyme dilution L~U~ 

Real A400 = 00 Sample - 00 Blank, T = incubation time (10 min), E = enzyme solution (0.05 ml) 400 400 

3.6 Purified Enzyme ~')u His-trap affinity column 

U1~,)U pellet ~1~"l1n Large scale (1.2 liter BMMY) ~1.,hmT Break cell LLft'lU1~'JU supernatant ~1vi1n1T 
'" ..; cr 0:" .tI &-' I

concentrated protein ~'JU Vivaspin 20 (GE Healthcare) VlI'1'l1).JL1'J 8,000 rpm 4 C "'\.JnT~Vl-1mftfll1l'ltlU1-1 

m~1111T 10 ml Lyj'f)W1~1Lih HisTrap affinity columms 'lJU1~ 1 ml (GE Healthcare) lvi~u).J binding buffer (20 

mM sodium phosphate, 0.5 M Nacl, 20-40 mM imidazole, pH 7.4) LLft~ elution buffer (20 mM sodium 

phosphate , 0.5 M Nacl, 500 mM imidazole, pH 7.4) ~~-1"1n,1u~1-1 column ~'Ju~1niuLVlu1if syringe 

UT~~1ru 3-5 ml LL~'l equilibrate column ~'lu binding buffer tl£i1-1UtlU 5 ml L~ft~til'ltlti1-1'lJ'f)-lL11ft-lhJ m~ 
. " 

~'Ju binding buffer LVitl~1~ column tlth~UtlEJ 10-15 ml iUlIltlU~(;lVi1EJfitl elute protein til'lEJ elution buffer 5 . 

ml Li1U fraction ft~ 2 ml ~1U'JU 15 fraction LL~')vi1mT Assay enzyme 

4.1:n~m'if1nH1 

4.1 full length cDNA 'lJ'il~ HBGase I LL~:: \I 

~1~fun1Tvi1 full length cDNA 'lJtl~ HBGase I Llft~" L(;)u1if primer ~'fltlmLUU).J1"l1n HBGase I 

LLft:: " "1n~~~u~tJhu A. mellifera ltilCJfttil~mn~~ 1 ~'1CJfttil'lnft1'lltilL~EJ~ partial eDNA U1'1ri'lU'lJfl'lUU HBG 

I LLft:; " Lvh,1u l~EJ6'1~tl'lvi1mT Amplify UUU5-L'Jrutil-1nft1'lliiflLtJ 

fi Primer.. F1R1 F2R2 F3R3 F4R4 

HBGase I I I I -
HBGase" - I I I 

111111-1)1 1 LL~(;)'1 patial eDNA 'lJtl'l HBGase IlLft~ IIl(;)U1ifLVlf'lilf'l RT-PCR 



iv 

4.2 Expression Recombinant Pichia pastoris "lI~-3ii'U HBGase III 

1,.lft-l"'lln~lIilYi1n1j' amplify ~hJ~-l~liJ (full length) t~u1i1 FW primer ~i:iu1l'mJ restriction site 'lJtl-l 

EcoRI Ll~::: 1i1 RW primer ~i1U1L,)ru restriction site 'lJtl-l Kpnl LLft')viln1j' Electroporation L;h~ P. pastoris 

LL~,) induced Iil'JU 1% Methanol i"11..J':h Enzyme l'U~')u pellet i1 activity ~-ln'l1 supernatant (media) ~-lilfil 

activity utltll.nn1 ~-l~ttl11il'l1 Enzyme ~'l'Ulm1!tl~lw pellet LL~:::f'h Specific activity 'lJ'fl-l pellet ~'l~~~lw'h'l 

day 7 (144h) 1,.lft-l"'lln induced Iil')u 1%MeOH ~-l1Iilvirln1mij-m.j purified t~Uvil Large scale (1.2 liter 

BMMY) LLft'lviln1j'induced lil')tI 1%MeOH dJ'UL,)~'l 7 1'U (144h) 1,.lft'l"'llm!'Ullilviln1j' Assay Enzyme 

activity ~~(;)-l(1]1n'lYi 2 
~ ~ ~ 

1'1111-3'Y1 2 e.J"W1~ induced HBGase III ~'UI 1%MeOH ~'U 1.2 Liter BMMY 

Source Enzyme Activity (U/ml) Protein (mg/ml) Specific activity (U/mg) 

Pellet 0.09 45.3 0.002 

Media 0.005 55.5 0.00009 

"'llnl11'lj'l-lYi 2 l'iU'hfi1 Enzyme Activity 'lJ'fl-l HBGase III "'lln Apis cerana l'U~')'U pellet llilrh 

0.09 U/ml ~-llnftLAu'lnu HBGase III r.nn A. mellifera ~-lilfil 0.12 U/ml (Nishimoto et al. , 2007) 

4.3 Purified Enzyme ;'UJ His-trap affinity column 

1,.lft-l"'lln~l~'l'U Pellet ~J1viln1j' Purified lil')tI His-trap affinity column LLft') llil~~(;)'lltl~ 1 

40.00 0.020 

35.00 0 .018 

~ 30.00 
0.016 ~ 
0.014 2­~ 25.00 0 .012 

20.00 0 .010 
~ -Protein . 

~ 15.00 0.008 ~ -+-Activity : 

8 10.00 
0.006 

~0 .004 
5.00 0 .002 
0 .00 0.000 

1 3 5 7 9 11 13 15 

fraction number 

ttl~ 1 mlyjLL~~ 'l fl')l}.J~}.J~'Ulfj':::wh'l Enzyme activity LL~:::ill~lrultlj'~'U"nnn1j' purified 

Fraction 1-5 = sample, fraction 6-12= wash (binding buffer), frac tion 13-15 = elution buffer 

"'llnltJ~ 1 Ll~ ~-l'll HBGase III il activity ~'l1u~,)'U'lJtl-l unbound ~'l~~M)Vlflfttl-lnuill}.Jlruhh~'U~i1 

lw fraction ~ 1-5 ~-l~lL1,.l~~ HBGase III hj~l}.Jl ~mnl:::nu column llilt!'U'fl1"'lLn'fl'l}.J1r.nnfl'"l1}.JLu'Ui,)'lltl'l 

LtJj'~'UhiL1,.l}.Jl:::~}.J lnm"'llnl'Unl j' design primer t!'U11il design l'U~')'U polyhistidine tag Lih1tI1'U~')'U primer 

lil')tI LL~:::l'U Vector (pPICZUA) 0wlil polyhistidine tag tl~ri'fl'ULLft') 
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A B 
M 1 2 3 

ltl~ 2 LLMl~ SDS-PAGE 'Ilt:l~ HBGase11l mv. A: Lane 1-3 LL~(;l~lt.lLLuuLtl5'~\J"l'1n supernatant 

(media) Lane 4-6 LLMl~ltlLLuuLtl5'~\J"l'1n pellet r1fl'WLih column LLft:::mv. B: LL~Vl~!tlLL1Juttl5'~\J ~l~"l'1nn'15' 

poll 5'(m'lJt:l~ fr;ction ~ 1-5 tJhnru 1 0 ~g. 25 ~g LLft::: 50 ~g 1'W Lane 1. 2 llft::: 3 Vl'1lJii'1~u 

. , 

Li1t:lin enzyme fraction Vi 1-5 l.J'1 pool j")l.JnULl~'lU'1lJ'1 concentrated protein ~'lil Vivaspin 20 (GE 

Healthcare) l,xl'\.lftt:l enzyme tl5':::lJ'1ru 3 ml ll~'lU'1).n run SDS-PAGE nl~~~,t.I~ 2B Ll~Vl~l,xLih.Arj'1'\.1ft~"l'1n 

U'1l.J'1 purified Ll~'l band protein ~:::t:l'1(i)~\J '\.Ift~"l1mr\JU1 Enzyme l-J1vh n '15''\.1'1 Optimum conditions for 

enzyme activity vit:lltl 

4.4 Optimum condition for enzyme activity 

4.4.1 pH activity (Nishimoto et al .. 2001) 

~fin'15''\.1''1 pH activity L~lJUi\JlVltln'1nVl1t1l.J Briton-Robinson buffer pH 3.0-7.5 (40mM acetic acid. 

40 mM phosphoric acid. 40 mM boric acid) lL'~'ltlfu pH ml.JUit:l~n'11~'lti 1 M NaOH '\.Ift~"nmr'WU'1 enzyme 

~'lt:lth~ltl Assay ~ buffer pH vi'1~1LL~'l~ri'1 Enzyme activity Vi'1~'1 3 f'lf~L~Tnnl'hl'u~u 

4.4.2 pH stability (Wongchawalit et al., 2006) 

i)fin'15''\.1''1 pH stability vi'1LVlilU'1 enzyme l.J'1 diluted ~htl Briton-Robinson buffer pH 3.0-7 .5 Llft'l 

U'11tltil.J~ 4°C dlUl'lft'1 24 i'ltl.J~ll~'lU'1l.J'1 Assay enzyme activity vi'1~'1 3 I'1f~l~tl'\.l1ri'1L'tl~il 
4.4.3 thermal stability (Nishimoto et al .. 2007) I 
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vhtmJnl1 dilute enzyme r;1'ltl 0.1M sodium acetate buffer (5.5) ~ij 0.05% Triton X-100 U~'lUlhJ 
oth.J~~CU~.1Ji1l1il-l1 ( 25-70 C) LlhJL'l~1 15 l.nVi LL~'lUI mixture ttJ chill on ice LL~'lUlhJ pre-incubated ~ 

3tC lh:;mcu 2-3 1J1Vi LL~'lUlhJ Assay enzyme activity Vh~1 3 Af-lL~f)~lrill'U~t1 

pH activity 

3 3.5 4 4.5 5 5.5 6 6.5 7 7.5 

pH 

_ 0.014 

.E 0.012 
::::> 
; 0.010 

:~ 0.008... 
o 
~ 0.006 
Q) 

E 0.004 
>. 
~ 0.002 

UJ 0.000 

ttJ~ 3 ll~V'I-lrh pH activity 'lJ'1l-l HBGase III ~1r;1"nnn11 Assay enzyme ~ Buffer pH !?l1-l1rll.l 

pH stability 

-
- 0.02 
E 

:::> 0.015 
>.... 

0.01:~... 
0 
~ 0.005 
Q) 

E 
>. 0N 
C 
w 

-0.005 

pH 

ttJ~ 4 U~V'I-l pH stability 'lJ!l-l HBGase111 ~~-.1"llmjlJvl'lti buffer ~ pH I1il-l1lth.Jl'l~1 24 .a-'ltlJ-l ll~'l 

UllJl Assay enzyme activity 
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Thermal stability 

0.02 
~ 

E 
2- 0.015 
~ 
>
;J 0.01(J 

1\1 

CD 

E 
N 
>. 0.005 
c: 
W 

o 
25 30 35 40 45 50 55 60 65 70 


tl.l~ 5"LLM)~ Thermal stability '1JfN HBGaselill-lft~~lntil-J enzyme ~'Qru\.lJ;]ljliil~1 d~h.!l,)~l 15 i.nY'1 

rit)\,njll-Jl Assay enzyme activity 

...a .¥~ 'I .¥ .., ~d.'1 
IPIl'il~'YI 4 LL~IM Properties "Il'tl~ Native LL~:: Recombinant HBGase11l "Il'tl~t:.I~L~HL"YIg LL~::t:.I~~'U~cy~'U 

Enzyme properties 

A. cerana A. mellifera (Nishimoto et ai, 2007) 

native (HBGase) 

(Chanchao et al., 2008) 

Recombinant 

(HBGase III) 

native 

(HBGase III) 

Recombinant 

(HBGase III) 

optimum pH 5.0 5.0 5.5 5.7 

pH stability - 4.5-7 .5 5.0-10.0 5.0-10.3 

Thermal stability - <50°C <40°C <40°C 

Optimum temperature 50°C - - -

5. ~'itlt:.l'a n1'i"YIIPI~'tl~ LL'a::1LfI'il::~t:.I'a n1'i"YIIPl'a'tl~• 
~lnn1j'Vl"'~fl~ Expression 'lJfl~Ltll.ll'11~ a-glucosidase III (HBGaselll) ~ln1F1fll-JijL'W'Wvl'IJfl~~~tl'iN 

lVlu Apis cerana indica l'iU"h~ll-Jlm express enzyme activity l~~~~"'L~fl induced ~')U 1%MeOH l1J'W 
y , 

L,)~1144 i')tl-J~1'W'fl1\.1ln~tJ~L=Kfl BMMY l-lft~~ln~l~vh Large scale l'iUtjlLiil.lh~ij Activity 0.09 U/ml ~~t.J~ 

n1'l'VlUlftfl~lnftLii\u~nu Activity 'IIfl~1F1fll-JULl.Il.Ivl'lltN~~~l.I(~~'W Apis melfifera (Nishimoto et aI., 2007) ~~ij 
Fil 0.12 U/ml Lijfl'ljll-Jl~lLLl.In Characterization IJil~1l'iutjl1f\fll-JUL'Wl.Iv1'11fl~ HBGaselil ij pH Activity ~~~'" 

, , 
d 4 '" .:.I •

Vl 5.0 'II~l1INnU native enzyme a-glucosidase ~ln Apis cerana indica (Chanchao et al., 2008) LLrl:::l-JFI1 

pH stability j':::W)l~'lh~ pH 4.5-7.5 l.Ifln~lmrl.lfl~~1l-J1H) Assay enzyme ~'1lrul-lJ;]il~lntjl 50°C ;'ILUl.l'Ufl~ 

http:Lijfl'ljll-Jl~lLLl.In
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'iltl,i~Fltl)JULlJUl1"1n ~-ltYiN1vm~ enzyme ~1lJ1:i'(1Y1U~tl'q ruVlJJij~-l11~~nrh1FltllJULUUl1~1~"1 n~-ltm-l~~u 
~-l Assay enzyme 1~~tlCl.lVII1ij~1nr)1 40°C ~-l1il111-l~ 4. .. 

Future experiment 

;;1 substrate specificity 'lltl-l HBGase11i :S-J,,:::H' substrate ~1-l1 ~'fl maltose, maltotriose 

maltoteraose, isomaltose, sucrose, PNPG, LL~::: soluble starch LL~'lU1lJ1V11rh kinetic 'lltl-l enzyme 

Chanchao, C., Pilalam, S., and Sangvanich, P. 2008. Purification and characterization of a-glucosidase 

in Apis cerana indica. Insect Science 15: 217-224. 

Nishimoto, M., Kubota, M., Tsuji , M., Mori, H., Kimura, A, Matsui, H., and Chiba, S. 2001 . Purification and 

Substrate specificity of honeybee, Apis mellifera L., a-glucosidase III. Bioscience, 

Biotechnology and Biochemistry 65: 1610-1616. 

Nishimoto, M., Mori, H., Moteki, T., Takamura, Y., Iwai, G., Miyaguchi, Y., Okuyama, M., Wongchawalil, J., 

Surarit, R, Svasti, J., Kimura, A, and Chiba, S. 2007. Molecular cloning of cDNAs and genes for 

three a-glucosidase from european honeybee, Apis mellifera L., and heterologous production 

of recombinant enzymes in Pichia pastoris. Bioscience, Biotechnology,and Biochemistry 

71: 1703-1716. 

Wongchawalil, J, Yamamoto, T., Nakai, H., Kim, Y.M., Sato, N., Nishimoto, M., Okuyama, M., Mori, H, 

Saji,O., Chanchao, C, Wongsiri, S., Surarit, R., Svasti, J., Chiba, S., and Kimura , A. 2006. 

Purification and characterization of a-glucosidase I from Japanese honeybee (Apis cerana 

japonica) and molecular cloning of its cDNA. Bioscience, Biotechnology and Biochemistry 

70: 2889-2898. 
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'VI';n~"'i ~VlEJ1""'Ml1lJ'\.IltJru'V1V1.. 
~'el,r1i'el1'VlrI1UVn.ll5 (1l1'H1\'Vlg) 

UL'lf'li)VltnnlrnUm'\.lI~'1I~tfVl1'~::L~U~'~::L~UtJnlu~u~Lnl:t~m~::thtml-l'l!l~ 4'~'\.I-l~UIU 
;1'el,r1i'el1'VlgIUYft,1I1 (1l1'H1~.3n'1'H) 

Feeding ecology of amphibians in agricultural area and natural forest. Nan Province 

"', .. _ ... d

'el1~I'itlf:'.~n'H11'Vlg.,1lV'lufi t.J'Il'lEJPl1~~1191n.J !fir. 'll'llfl:j f\l..I"l!'5 
'U :.J.... 

'el1~I'itl;:ttlin'H,,1'Vlt!l.,1lV'lu fii1)'! '51911U ~1. i'll'l1~ 1fi1~'5n~. 

tf1i11'~::LYtU~,~::L~utJn4'VI/h~ f'I'lllJt\ 11'1t\jlu1::t1t1ilL'l f'I LtlUiJ~4'El~ 11'1ClJlu"b~L'li '11 1'\.11nL~:; 
nr::t1')umr,hElVl'1l VI LLft :;'\.Il.lUL1tJUYifl~~IU~ri'1lliiLn~ 1'I')llJ~ lJV)ftlUT.:t1t1Ul,)f'I~U1 Utln'lln~tfV11'~:;LYiu~, 
~:;LYiUtl nU~~IlJ1rCl1-n dJuj;j''lu~~ -lflmmJ~tJuLLUfmJtl~MIYiLL,) flfltllJ L~tl~'11nlu'l!')~r:;tJ::j;j'')'1itlU~tl~ 
tfVl1'~::LVru~,~::LYiutln'l::~tl~'1I'~Eltl~1u~, L~tlLlil LtiilJ')El~tl~ii 1'I'lllJ~u'li')tJlun1u'hN11111 ,11 
~II1YiLL'lflfl'1llJLLii~Llfl~'!JIf1~' tfVl1'~:;LYtU~'~:;LYiutln'l:;hjt'lllJI1Cl~t1~ufi L'11'Ul~tJLVI lLft:;~'N~l1Itlcilrii', 	 .~ 

",~,rur.iIU,)ULLft :;fI,)llJ'\.Iftln'\.lftltJ~~N'IIilfl~L~l-I;U'VI1tlft~fI'I,.tl'lil/l1'~:;LYt~,~:;LYiUtln~~t'lllJlrC1H L uuj;j'') 

U'l~ -lfI mnu~ElULLUft'l'!Jtl'lMIYiLL,)flfltllJlrii' U'1ln"tln 1 -nLuUj;j',)~-l'lLlfl,) 'il;Vf~::L~U~,~::L~utln El~iitlVltJ1Vl 

1umrl'l'ltlfllJ. LLlJft'l LLft:: nULLlJfI-l LUUtll'V11r'VIflnvil1iiftlY'lr.iIU,)ULLlJfI'l~ LUU~V1"r~-n Luunlr'li,)Elftflnlrl-n 

~ IrLI'I ii f'I,)tJI'llJ LLlJfI-ll U~U~vilnlnnl:tl1lrvi 11 ~hi ~ -l ~ ft m:;Vl t1j;j'1l ~'l LL,) c;'i ~tllJ!luLn c;'i"t 1 n mr1-n~1nf'l i1 

fI,)t11'! lJlLlJfI'lft'll~ ;~ ~ftm r~n'MI'1lUfltll'V11r'IJ'1I'ltf11I1'~:;L~U~,t'1::LYiutln~IlJ l1Cl ~"t:;Ul'ii'1ll;! fIhJU1:;tj n Vl1U 

mrf'l'ltll'!lJLLlJfI'l~l1Il~'llLflEll-ntfVl1'~:;LYtU~I~:;L~utJnlrii' 
~ ~ lUlJ1n11~ n'M1Vll'l~lUUl,)P1ilVlElln1rnUtll'\.111 LLfI::'IlUfltll'V11 r'IJ '1l~ t\'1111'~::L~U~,~:;L~utln1 U 

th::LVlf'l'lVlElEl-liiu'1lEl r;)'l,rumr~n'M1UL'lPli)VlElIn1rnUtll'V111 LLft::'lIUc;'itll'V11r'!J'1I'l~I1I1'~:;L~U~'~::L~Utln~'l 
L uuii'1llJfI ~~ 11'1CU .,. ~''V1ftlO1rUI~V11'~:;LYiU~I~:;LYtuu n lJ11-i L tluj;j'') f'l,)U f'l lJ LLlJfI 'I ~VI 

'U
rVlllJ'VIfln1')i)fi 1u u 	 , 

1. 	 l~tlf\n'MI'1!UIi\'1l1'V11r~tl-ltfVl1'~::LYtU~I~::L~utJn1ucium~El 2 LLUU lrii'LLri ~U~Ln'MVir LLft::th 

fmlJ'IIl~ lu~u~thii,)El'VIfl,)'l t1"h')ru~u~Lf'lNnl1th~lJ-nUU1UVl1W)U ~IUflL1'11-l ~'LJ'ltlLij'1l'l 

4''l'VI-lfl"hu 

2. 	 L~'1ILmtltJLYitlUf'l'lllJ'VIftln'\.lfllEl'IJtl~'IIilfl'1l1'V11rlucium~m,r~ 2 LLUtJ 

3. 	 L~tl~n'MIf'l,)llJt\'lJ~ufi1:;wjl'l'llUfI~V11'~::LYtU~I~:;LYiuumLfI::'I!ilc;'itll"mluciUtll~El 2 LLUU 
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1finl'iAn'Yl 

1) n1'iAn'YlIl1F1~tJll1 

1.1 n11'i\11'l"'lIU"'~r;1'1~::Liiu~'~::LiiutJntJ1L'lrutll1lJ'lIUihUVllLL'lU r;i'tJfl~tH tllU1tlLi1tl-3 

4'-3\o11''''U1U 

1.1.1 y'hn11~11'l"~j;1'1~::Liiu~'~::LiiutJn~f'ltP1B Visual Encounter Survey (VES) LLtJtJ 

Randomized Walking Design n11'i\11'l"lr;i,mril'lr;)ILUUn111"WL'l'i'llmn~~"W L'l'i'l1 19:00­

" " .J
24:00 U. L"'Uyj'n11~'1'l"L~tlU'i'l:: 1 "'1-3 LU"WL'l'i'l1 12 L6ltlU L"'tJyj'n11~'1'l"llUt'lJ11Yf~UYl 2 

"l.... I J' ..J .J' ..J "'" ~. 0 _ r.oQ, ~ 
th::U1Vl L"'LLn l'IUVl Ln1:tVlnL'i'l ::l'IUYltl'fi11lJ'lI'(;1 "IlnUUYlln11"11LL "Wn'll"w"'~(;1'l~::LVlUUl 

t'l::L~UtJnVl'lJm1~'LLUn'lJtl-3 Taylor (1962) Ll'i'l:: Chan-ard (2003) Ll'i'l::yj'n1nj"W~n~n1:tru:: 

Vl,~~ruj'U1VltJl1Jtl-l~Ii1r)~::Liiu~'~::LiiutJn~~11'l"l\'ltJii\-l~ 

'lJU''''~I1iT'l'''mJ'i'lItJ1.hni1-3tJ1L'lruZLtI'''Vl'l11 (snout-vent length : SVL) 

"''l111 nh~'lJ'1l-3thn LI/\ tJ1'"'''I' n).J milnnlm~\1u\.I~~ i1~ ).J1I'I11n111mci\IU(;1NihlJ 

(mouth width) 

"''lllJtJ1'l'IJtl~l.hn L"'tJ1'''' ''nmJ'i'lItJ1Jlni1~l.JlJ'!nn111m (mouth length) 

" 
Ul\o1Un1iT'l (body weight) 

Ll'If'I (Cht'lIlJ11Cl~,,'n sexual secondary character \ci\) 

1.1.2 LlitJ1iT'ltlr.h~'1l'\o1')'~tl~lum::Ll'Il::tl'\o1'1'l1tl~~Vlr)~::Lii"W~'~::LiiutJn~~I),'l"\'ItJ 
~'ltJ1fi Reversed Stomach (Hirai and Matsui, 2001) LLa'l1m:tl~ml'l1iT'l'1lth~tllm~l'ItJlu 

m::L',n::~'ltJ urlLrl'1lfrltlflJl~U 10 % L~'1}1.j.l1l..l~ILLun'llU"',[)1\o1111U~tl~l..lDtJ~m)'I1i'1l1l..l 

1.2 n11~11'l"l'llU"'LLlJ'i'l~u1L'lrutll'lJ'lI"Wthu~'1l~ r;i,tJfl~tl~ tllL1ltlLJJ'1l-l 4'~wr",\lIU 

y'hn11~1),'l"l'llU"'LLlJ'i'l~1"WtJ1L'lruL~tJ'lntJ~'I1'n11~1),'l"l~Vl1t'l::LVlU~,t'l::lii"Wun LVl.tJH"1B 

r;i~l1itlll..l~ 

1.2.1 'I11n1nnu1iT'lmi1~LLlJfl~lU'iJ1n1f'1 ci\'ltJ1BH~"1-34'u (sweeping method) ~)'::r;iu 

"''lllJt'l~l..l1::lJ1ru 0-50 'lIlJ . (Hirai and Matsui, 1999) LV1tJ!iT'lmh~~~\oIlJ@l~LnulV),,::ullJ1Lnu
~ 

1n1:tlMll'1r;i'l'1lrh~~l'IuluLLtl'i'lntl1]tl~ 95 % 

1.2.2 'I11n1nnu1iT'l'1lrh~~1;j'1\olUl~"W IK'ltJn1r'll~ntJr;imLutJW'llJhu (pitfall trap) 'l@ltJUl 

()'ltJl'Ifllt'l~n~ii'IJU1"'L-A'uc.hUf'lurJn'i'll~ 60 il'i'l~LlJ(;11 ~-3 40 il'i'l~LlJ(;11 ~~~"Wl~l..lln{)'lmt'llJtl
v v 

ntJij'l~"W n"wCl'lul~ detergent tlt'llJ~'~"''lllJL';;lJiiu 1 0% L~'1lhi1~LLlJfl~~(;1n'i'l~\l..lt'lllJl1Cl 

;UlJ11IK 'nn~"W'I11n11LntJ1n1:t1Mll'1lff'l'1lth~LL1H'l~~l'ItJ1ulLtlflntltltl~ 95 % 

1.2.3 'I11n1nnULLlJ'i'l~IK'ltJnur;inLL~~ (light trap) L"'tJL1lJ'll~ntJr;im'lfll 19:00-24:00 U. 

"I,n~uyj,m)'LnU1n1:t,t'lJ11l'1lff'l'1l[h~LLlJ'i'l~~l'IuluLLtl'i'lntl1]tl~ 95 % 


2) m'iAn'Yl1'U~'!l.:ltlD~nl'i 


. , . .2.1 n114'LLunnrilJLLlJfl~Yi~,),'l"ll'lU viln1141LLunnrilJ'lJtl~u.lJ'i'l~ r::r;iu;guvlu (order) LL'i'l::1::r;itJ 

'l~~ (family) 1'llJ~~'I1in1)'1'@l'llUl"'fl'lllJn11~ LL'i'l::fl'lllJm'l'IJtl.JLLlJ'i'l~LL~'i'l::n~lJ L~'1lUllJlt'lh~~lJn1rL:n.J 


L~U'1J'1l.J'lJU1"'LLlJ'i'l~LLI1i'i'l::n~lJ~~11'l"l'IU 


http:lllJtJ1'l'IJtl~l.hn
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2.2 n11r.i'LLUn'llUfltl, .. m~~lJlunr.;L~I:;lltl-l~(;1t)~:;L~U~'?l:;Ll~UlJn LflEJr.ilLLun'llUVltl1'\.m~~lJ 

1\,1 1:;liilJ-B-u (class) ~1\lflJ~(;1t)·ll1tJ~'il-l~hl1-DLL).Ifl-l EJm1\,11uf)~lJLL).Jfl-l":;';l1m1r.ilLLunlu 1:;liilJiuliilJ LLfl:; 

r:;liilJ'l-l PI r.nntTuYi"ml11Vl1U1Vll"l'll).1 n11-lLLfl :;R'lllJEJI'l'lltl.:J L \l~'ilLLl'ifl:; ~'l~~lJLfl EJhi1'l).J\lU'lVl LLfl:; cerci 

l.umru~tl1\l11LilULLlJfl-l LL~:;C1n£i'ilEJ1tJlJ").:J?hu,,:;YilmnilU1EJ'!lU1Vl'lJtl.:Jtll\llr ",n?l).lmn;,m\U"Iltl.:J
v 

Matsui, 2000a; Hirai and Matsui, 2000b) 

2.3 mihRn:;th'lI.:J~~~ YilmnLl'ln:;,rYI1.:J?lt1~lU~lul'il.:J11'i'El1tJ~ 
2.3.1 ~IU'lCUI'l'lI).1~ lVl~'lur.ilU,)U~,)LLfl:;lVl~')uill).lI(;11m~tlLLI'i~:;n~lJ~'VtlJ1.u 

m:;L'Vtl:;tll\l11 LLfl:;LmtllJLViEJlJR'lllJ~1tl.:JL\l~'il'llUVll'il-.11 ~'VtlJ1.um:;L'Vtl:;'ill\l11.:;wh-.1 

~(;1t)~:;L~U~I~:;L~UlJmLl'ifl:;'lIUVl 

2.3.2 R'lllJ~lJ~ufi1::\l~I.:Jftm:tcu::Ym1fcu~IU~Yltll"1l'il-.1~(;11?l::L~U~'~::L~UlJnLLvifl:; 
..:lIt. ..........J ... ...J 


'lIUV) nlJ'IIUt1l1tl~L\ltl'il LL'i'\:;'!lUlt1l1'il-lL\ltltlYl'VtlJ 

2.3.3 R,)I)JllJ~ufi"ll'iWJlUVl'1l1\llr~~lJlum:;L'Vt':;"Il'il.:J~1ilt)?l:;L~U~'?l:;LViulJn nlJ"1IUVl 

"Il'il.:JLL)Jfl~~'VtlJ1.u~u~~Yilm1~mn 

2.3.4 fllU'lCUt.ll simple similarity index L~'il~nlnnVl dietary overlap 1:;\l~1.:J~(;11 
~ , ~ 

~:;LViuUl~:;L~UlJmLl'ifl:;'lIUflL~'El\l1R'lllJllJ~\,Ifi"ll'1l.:J'il1\ol11Yl'VtlJlun1:;L'Vtl:;'IJ'1l.:J~1il1~:;Ll1U 
~ 

in~:;LViulJmLl'ifl:;'lIUfI 

2.3.5 1'l'l1lJ~lJ~ufi.:;\l~I.:JilllJl(;1.lJln~VlLLfl:;m).Jl(;ln'J'ilEJ~~fI'lJtl.:J'illt.111nlJ'lJU1Vl~'~'l. . 

eJ~nl'i~n"I!J,,) 

"")nf)")1~n1t")lUJl'R~U'lJ'VtlJ~(;l1~:;Ll1U~,t'l:;L~UlJn~.:J\ol)J(fI 1 0 'lIUVl (Buto me/anostictus, 

Polypedates leucomystax, Fejervarya limnocharis, Hoplobratachus rugu/osus, Occidozyga marlesii, 

O. lima, Microhyala berdmorei, M butleri, M fissipes , M heymonsl) lu~u~Ln1tm LLfl:; 17 'lIUfI (B . 

me/anosticthus, P. leucomystax, F. limnocharis, H. rugulosus, O. martesii, O. lima, Rana nigroviltata, 

R. livida, Limnonectes macrognathus, L. pileatus, L. kuhlii, L. hascheana, Xenophrys major, 

Leptobrachium smithii, Lepto/alax pe/odytoides, M. fissipes and M. heymonsl) l.u~u~\J") "lln 

n").~n1tl'VtlJ~1 O. manes;; LilU'lIUVl~~lJJJ1n1u~u~Ln1t(;l1 LLfl:; L. Macrognathus dju'lIUVl~'VtlJ)Jln~~(fI 

1U~U~1l1 LLfl :;"llnn n11t) LR11:;,rtl1\l11 ~lJ~ltl1\ol1.?l')U1\ol oJtl £ilunri)J LLlJfl~LLfl :;U)J.:JlJl.JLiluklU1.t.loJ 
.. \l" , .. 

t.Jftm1~fl1~tl.:Jt1DlJ~fl11 LLft:;fl1nLRn:;,r;rtl)JftYll-l~,,)Ut'lO~~lJ~II'1'lIl.Jt.lfllnWi'\It1"1l'IN~(i]1 

t'I:;Ll1U~'~:;L ViulJn 1 U~U~Ln1t(;lnL~:;~u~1l1hiiiR'lllJLL(;l n l'il.:JnUlJ") nunLLft:;ii fi lR'l1lJF1~lt1f'1~~'IItl.:Jl1i11 

~:;L~U~,t'1:;LliulJnlu~u~Ln1t1il1LL'i'\:;~U~1.hLYi1nlJ 0.519 

I 

I 

http:fllU'lCUt.ll
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MtleJau.a::~<naru. 
tJ~,,\1nn1:i'~m:nYlu~1ij1~::LVi'hl~1~:;LVi'hlun~~l-I~VI 19 'IIUI1l YlU~(;J1~::LVi'hl~1~::LVi'hlun 8 'IIUVlL'hI 

~-l~'tl~~'hI~ LL~::YlU~11'h1~'tl~~'hI~~m:nfl'l1~l-I~1nl-l~1£J'iJ'tl~~(;J1~::LVi'hl~1~:;LVi'hlunhjij~,)1~LL(;Jn~1~n'hl 
~'il 0.972 LLfl:: 0.957 L'hI~'hI~Ln1:t(;J1LL~::~'hI~U1 r,nnn1:i'~n1:t1'tl1l-mL'hIm::LYl1::'il1l-11mU'tl1'\.11:i'~,)'hIhm.i 

'iJ'tl~~(;J1?l:;LVi'hl~1~::LVi'hlun'ilEi1'h1n~~~1ij1'IJ1ii'il (arthropoda) LVlm~Yn::L'hI'fi'hlli1uu~~~ (insect) ~Yiuh 
v • 

~VI~,)'hIr'il£J~:: 87 .82 LL~:: 87 .02 L'hI~'hI~Ln1:t(;J:i'LL~::~'hI~tl1 LVI£JYlU~1n~~L~'hImJL'hI'fi'hl~U Hymenoptera 

.. . ..I tl ";..1, J' .J J' ..Itl .. . ..I,,, .. ~ . 
LL~::~Fl'1I'1,)1~(l'iJ'tl~n1:i' nn!l'IJ'il~L'\.1£J'tlYlYiU L'hIYl'hlYlLn1:tlijm~:;Yi'hlYl 1~f'l1fl,)1~(l Ln~LPW~n'hl YiU'l1?l'tl-l 

~'hI~ijfi1rl,)1~~tlnn!l'IJ'tl~LL~~~n~~~VI;jrhfl,)1~~-l~ 31.31 LL~:; 21.14 

"nnn1:i'~n1:t1L'hIf'lf~~1~1m":h1.,xLnYlnU~1'tl1l-111~,)'hILl-IcY'iJ'tl~~(;J1~:;LVi'hl~1~::LVi'hlumh'hlLl-IcY 
'il~L'hIn~~~1ij')1~)Jijm:;~n~Ul-Ift~ (invertebrate) hti'ulllu arthropoda dJ'hI~'i'l'hlLl-IcY LL~::/;nnii'tl)J~1i1~n~1'l 

":h\,xLnYlnU(1~UYlU1Y1'IJ'tl~~1111~::LVi'hl~1~::LVi'hlunL'hIfi11)J'II1~~t'l1)J1:i'(lH'dJ'hI1K'lfl'lUfl~LL)J~~~l11l~'11lv1 

tl~L£I'ilU.;lA1j;)11~::1~u 

1. VI nu Pl'll).J~).J~U if~:;'\.dl-:1'1lil~tr(W)~:::L~U~l~:; LYiuun LL~ :;'Ilil~'tl1Y11~lu 
, 

(iU'tl1~ULULLUU j;]1-:1 1 


2 . VI ~1UUVl U1Y1"/J'tl-:l~1'I1~:;LViU~1~:;L~uunj;]'tl~1'11'tl1'\111~il~j;]l-:11 

3. 1""~).J nl ~Vi1U1U'lIU 1 ~ 'lI'tl-:l Ll).J ~-:I ~ dJU'tll '\111 n'tl-:l ~:; LYiu~1 fl:; LYiuu n'll'tl-:l 
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~'il"IJtI"i:::-;j,)~1 5172597723 

~in?lj;l'a.. ';)YltnPl')t'llJlrUM')tJCU'YlIil ?l')'zn1'li') YlqmtPl')t'llilf 

~'il,r1i'il~hlln,h'ltlfi (1l"l'l!t')1'V1t1) 

YI qm~PI ')t'llJlf~lJu,)lJ'lI'iWll ')')1YltJl1Ylfi1.lJU,)lJ~lJ1lJlJvli~fl :;'11')')1YltJ l-!t'l~ lJ1.lJU1lJ~Y{1Mru~WJlJ,) 12 

1ii1Uflt'lMlJ t11U1'1'lt'lMtJ 4'.J·W)~lJnfi,)1t'l. . 

=i1'il,r1.n'il1'V1t1')U~lJ fi (1l"l'l!t1~.:s n '1 'H) 

Ethnobotany of Thai Buddhists in Ban Leenanont and Thai Muslims in Ban Chulabhorn 

Patana 12. tambon Sukirin, Sukirin district, Narathiwat province. 

'il')~')'1!lv\mn'l!t,)1'V1t1')u~tlfi ~"Ii')tJPl1t'llJlnr.l1nr lJlui'1'l~n~ ihnulJl'1 

Ylqm~PI')t'llilf~lJl'h1,J (Ethnobotany) luntJn.J n1r~mnn')r1iftlr:;LtJ'IIU'lltl'l~'l!v\~fun1r~UYltlfl 

nlJlJ1~Lj;jLllncu i.J~d'JlJtl1"m \f'iitl~~.n.ilJ tJ1fm~1hfi\ ~'1'l~tl1"'tJ Ii1fl'1'l~"llJ~1.-ihtllJ~(lJ~n~ru LLfl:;fi\')1).J 

L;'t)iitlj;j1.J1 r')).Jn~,;)fin1r~1LLlJmLtJtJ~lJthlJ lJlfl'1'llil"llJ,TlJlil'1'llJn1Hvihl).J ~~fl:;~Yl1~n1rH~'I!~tl 

~1lJ,;)4'tJ~1lJYlqm~PI')t'llJlf~lJullJ1.lJtlr::LYlf'llYltJfh~~lMul'l,)1).Jt'llJ1."l"l1mni')tJ~llJj;j1.J1 vi11iH1 

n1r~n~1~1lJYlqm~Pl1'i'llilffllJU1lJ1.lJi-Ifl1tJ 1 ~lJ~'lItl~tlr:::LYlPI1YltJ i~Yl1~Jl1f'1Li-Iu't) Jl1f'1lJl :;t)lJtl'1ln Jl1f'1 

lJl::t)tllJln J11f'1lJl:;t)lJ't)'ilm~tJ.Jmu't) LLfl:;J11f'11!1f LYm:;'-'~n1r~4'tJ"l:;u')ltl21n1rtlr:;rmIil1;LLfl:;n1rtlHfn~-nlJfi
", "l'. 

~'11 ~Yl'1'ln1 r 1iftlr:;ttJ'I!U'1'lth~tI~tjlJ 

U1lJ~lJ1lJlJvl ~~'t)~1.lJi-I~~ 6 
" . 

~MlJ 4'~i-It)lJllJnfi,)lt'l t'l'il~i-I~UllJilij'tl1CU1~'lIlJlL~'1'l).J~'1'lnlJ LLfl:;ijt'lJl1Y1LL,)lil~'1'l).Ji-I~U1lJf'I~1tJf'I~.JnlJ rtlu 1 

i-I~U1lJ~tllJU1t'l~,)lJL~l.i~'l!1~ f.1tl "u1Mn~" '111')U1lJ~'il1"'tJtl~1.lJU1lJ~lJ1lJlJv1fhlJ1.m\l;.j1JihhLlJ1~~h.J'1'l~~ 

4'~Mt)~lJMPl1fi)'r).Jn'll i~i-I).J"'UtJ[i't)f'l1t'llJ1l1Ylfi 2l,)lJ'II1,)U1lJ~'1l1"'tJtl~1lJU1lJ'Y{1Mru~WJlJ1 12 1.tJ'1'l~lJl 
~tllJ'i'll.n;nYirrl'l f'ltl).Jihut'lvl).Jfl1tJ1 ~,)lJ1.i-I CljutJntl Pl1'i'llJ1~t'l fl1).J '111,)U1lJ1.lJi~t'l'1'l~i-I~U1lJtlr:;n'ilutl1;iYl 

~Yl't) Mn~1Y1 qn~f'l1t'llJl f~lJU1lJ'lI'i:W1l1'l1YltJl1Ylfi~tl,) '"tJ'il~1.lJU1lJ~lJ1lJlJl'1~Lf'I:;'111'l1YltJl-!t'l~ ).J~tl1 ~tJ 
'il~1.tJU1lJ~Y{1Mnr~lilJlJ1 12 1ii1tJf'I?!mlJ -a1U1'il~Mu 4'~i-It)"'lJnfini'l 

'15m'iAn'H,) 
• • .t../~ ~ ~ 

1. t'l1r')"l r'ltJr')).JL'ilnt'l1r ~~fl:;mi-llJlJlYilJYlrlm~1'l"ltJ 

1.1 r')tJr')).J ~n~1L't)nt'l1rih~tJ');J'il.JntJn1r~mf1Yl1~Yiqmff'l1t'lli1f~lJthlJ i~1.tlUr::LYlf'l 
• .r:i "",.l" ~.c.i.c;

~~f'I:: lJl1.JUr::: LYlf'l ~Yi'il L{hmlJ,)Vl1~1 lJn1rPl n~11.lJYllJYlYln1i-1lJlJl 

http:1lJ,;)4'tJ~1lJYlqm~PI')t'llJlf~lJullJ1.lJtlr::LYlf'llYltJfh~~lMul'l,)1).Jt'llJ1."l"l1mni')tJ~llJj;j1.J1
http:L;'t)iitlj;j1.J1
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" 	 . . . 
1.2 rh\'I'W@!vt'WVi~mn th'W~'Wl'W'Wi l-ll.lVi 6 Ilft:;Ul'W'I'r11mru~iij.J'W1 12 l-ll.lVi 13 [;I1Ufi.. 	 . 

~M'W tilU'ltl~~'W ~'ll-l1'@!'Wnfi'n~ ~17,)"lILft:;7,)U1,)lJ'iitll;Jft~Jl1~ll,)@!~'illJ~I'l1 ~LXtJ')-iitl'lnu~'W~~m~1 

2. Lnu 7'llJ 7'llJ ~'l'il rJl'l~'W~~ LL ft :;-iitll;J fI n171'~'W~vt'll1'W:n~ [;I1.l 7:;~ 11''W~'l1'W~1 'Wl1.l fi77lJ LLft:; 

'WllJfi11m,)lJ~'l%n l~ijlV;'lIlJ11, LL'W,)I'l'JllJ ~@!l-lrtll'l'lllJ L :;'il~i1 !?ltlvt'll'llU",tl-'W1 'II'i)'l'llI'Jth'W 1 'Wth'W~ 'Wl'W'Wi 
>­

LLft:;U1U'1'r11mru~iij.J'W1 12 ~'lU~finl~~'lU 

2.1 	 ~'lLn[;l ~lJJl11:tru'Dl'Jth'W l-llJ'tlEJ1 ~ul1um~1.l7:;ntlUmnnlJ ~Ul'DWIl'W ~i1f'\'JllJ1 
\I 	 v • " 

L~mnu m 71,1.l~:;LtI'lIu~'W~vt'l11'W1 lJ'D'W'tlcil'lU'tltl 2 fl'W1 'Wllf'ift:; ~tl '11~tlf'\ 'lllJ LL u'W'i)u'llii mr1,vt'D ~'l n~h'J 
1ut1.lILuUI~E.I'lnU 

2. 2 ~17'J"lllft:;lnunm'JlJ ~')tlcil'l~'W!f\~ ~'JlJ nUFl'WU1'Vll.:J~)j 1'l'lllJlLMtI'J nu mrH 

1.lr:;LU'lIUWUBvt'll1'WurL'lCum.h'hu ~'l'WFlf'l1'Wurl'Jruul'W 1'W~'J'WLLft:;th1n~l-ll.lul'k1L~'tl'Wft:; 1 l'\f.:J 'Wl'W 12.. 	 . 
l~tl'W l~tl~Vly'h~'ltlrJl'l~'Wft~Ll~'l~Il-lfunI7~I'lti.:J LVlm~'ilmnU~'J'i)rJl'lvt'l1~)j~.:J1u "''tlmLft:;/l-l1'i)~ft1U~'l 

I~U'Jn'W;'lnf'\'JllJEJ1'l1.lr:;mru 1 y.J[;I ~IU'J'W 3-5 ~.:J~')'i)rJl'l!?ltlvt'lll-lii'l'llU@!~Il-lfUl~vilJl-l1'illlJU'Wtil'W 11ft:; . ' 	 . 

100 'lIU", 

3. ~LPln:;l1ii'i)l;Jft~'W~Yh1'Wi1'il.:J1.lD~mr 

3.1 ~n1:tl-A'n1:tru:;'Vll'l~ru ~1'W~'Vlm'!l'il"'~'J'ilEil'l~'Wfivt'll~lnUlJl'tlEil..,ft:;liiu", L~'tl1-b1.'Wnlr[;l7'J'Il-ll~tl
~ . 


~'VlU11'11~[;If'lJ'il'l~'W~vt'll 

3.2 [;Ir'l'll-lI:;'tl~'Vlml'll~[;IfiJtl..,~'W~vt'l1L@!uHl'iln~l7'Vll.:J~~n1:t'il'4mlJ~fil'W r'Jl.J~.:Jm'J'Il-ll~tl~tl.:J ~'tl 
>­

vtUlij 'i).:JJl11:tl1 'Vl tI Llft :;Jl11:tlU11 

fn1:tlln'WYiYifi.nru"~h Pll~[;Irl'11nrn~'W ~'J[;I:;~u~ Jl1fl~'111~~n1:tI'lI~[;If flru:;';)'Vlml'll~[;If '1'r11ft'lnrru 

Uln';)'VlUl~U lLft:;~l-l'il~rrrul~ ml.Jlhl~ L~'il~n1:tlmnL1.lr'lJ'tl'lvt'lllLliift:;'lIU"'/~l')ft/'J'l~ 

3 .3 	 4'",y'hrilU17mu-A'n1:tru:;~'Wfivt'llIL!?l'i'l:;'lIU"'~lnU)"JU1'llJl.Jl -A'n1:tru:;m71'1.l7:;LtI'lIU~'WBvt'llLLlii'i'l:;. 	 . 
'lIU@! 1'Wm7 H lU'W'ilIl-llr ~~'Wlrl)' n1rritl~h.., n1rv'ilLfli'il..,i'i'ilLf'\itJ'l1-n'W""f'liJtl'WLLfI:;n1ru7:;ntlUtl1:;~ 

LLft:;1-b1.'W'Vll'lYifinm.JLLft:; l'l'Jll.JL; 'i) 7'llJ~"'LL 'W'J PI'l1l.J ~ @! r\'l1l.J L; tl~'lI1'l'Jl'W~tll~tltl ~1'W~'lMWl! lJ'lI'Wii liitlvt'll 

llft:;~ n1:tll~lJ L~lJLME.I'lnumr1'1.lr:;LtI'IIU~'W~vt'l1'11mtln~11!?l1'l 1 L'liU 'j,\ti..,~tl'll'tl.:JLflN mr'Vlf~EJ1mvt'll1'W 

lJ~Jl1f'\LtlL:;tI[;I:;1''Wtltlm~u..,\i;l (Plant Resources of South-East Asia; PROSEA) 

4. ~LPln:;lfiitll.Jft 'ilil1.lnu M1.lCJftn17~4'mLft:;liirJ'Wr1.ll'c\l.J~'VltnU~'Wfi.. 	 . 

1. 	 ~lr'J'I r'Jm'lmtln~lr LlfI:;rill-l'W"'~'W~~m:n~~u Fiu Ul'W~'Wl'W'WiLl'i'l:;Ul'W'1'r11mru~~'W1 

12 I1ilUft~m'W tilU'l'il~~ru 4''l'\.l1'''''Wnfi'n~ 

2 . 	 Inur'JlJr'llJ~'J'ilEil'l~'Wfib4LLft:;;i'i)lJftnlr1'M'WBvt'll <i1\J')\J 190 tIl')mh~. . . 
.. .. 

~~1.1 eJau.~::1"1'ir;u 

rJ'llii''tl'lrtl~'i'l'llnn17~n1:t1 ~'lrJ..,hj~llJlrC1~~1.l~ft1~ 

http:L~lJLME.I'lnumr1'1.lr
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~'il,"1i'il1Y1tnU'nU6 (m'H1L'Vla) 
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Ethnobotany of Hmong in Ban Pangchang. Tambon Pong. Amphoe Santisuk. Changwal Nan 
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1fim'iAnHI 

1. ~lf'l"l MUMlJLtlni'l11 U~::ril"".Ifl~'U~~nl:l1 
~ ..J.,J ~ 	 ......f,... "".9t.I'.... 	 ,

1.1 	 1'lUMlJ P'Im:nLtJni'l1n'lLntJ'l'IJtl·mUn11P'1m11Vl1~Yi~m1P11t'1Vln'l'UU1'U LYitlLu'ULL'U'lVlI~ L'U 

m1~nl:l1L'U~'U~~ri1"''Ufl 
1.2 nl"''U~~'U~~m:t1 m.iti1'U'Il1'lii~'lJ1'l "'~~ 12 til'UU1~-DI~ ~IU~Yi~'; -a1LJ)tl~'U~i'l'U 4''lW1~ 

~ ~ 

" , 	
, 

tl1'U LLt'I::1'lUf'llJ-iitllJ~i'lmYiLL'l~~tllJL,h~ 1 YiLntJ'l-iitl~nu~mi~mn 

2. 	 Lnu~'l'1lth~~'U~~'lILL~::-iitl2;!~m1H'Y;''U'1l~'lI1'lii~L'U~Ci~''U1::''I1''U i~L'U~1'UlUfi11lJLL~::'U1lJfi11)J 
i)fi nlrul~'lIl.J1L-n LLt'I::t'l'l'U'Utl~~'lI~inlJ1BU1::~u,U 1'l)Ji~u'U'l Ft'l1lJ ~11\",1tlFt'l1lJL~tl~iil1itlY;'I!"lIitfl 

tT'U 1 ~l1\uif.1fim1~~£J~'lL'lJU ~tl 
2.1. 	 ~lJm':mr"'lJtltJ1 eJihLun11u1::ntlu~iim1lJ eJu1"'~th'U FtuLrhLLri tlt.h.l\J'iJ£J 2 FI'U L'Un1f 

~ 	 " " 

n11H'u1::~U'llU tflu41LL'Untltlmil'U Hd:/'Utl1"'1f i'l"!'U1Yi1 LFti'iJ~~~lilJ mnhl"iitl~~tl 

LFtitl~t1l.'Ul'\f'lL1'fl'U ",1tlHt'UVl1'l~fim1lJLL~::I'\'lllJL~tl 1'llJi.u::1.Jn~t'l'l'U'IItl~~'lILL~::i'UVltlU 
~fimfLVl~tJlJL~tlUllJlH'1..h::ttJ'IIu hU1L'lru~'U~~m11~tl'U~:: 1 rlf~ Lti'UL'lt'l1 12 L~tl'U ;~ 
1'11f1~1UI"1::1'lUf'llJ~'l'1lEh~~'U~n'll1~U1::lJ1ru 100 'lIUI1I 

~~fiJlrueyf~'lI PI.n~'U ?!'lVl::~'U~ mrl~'l!1YiC]n11p\1~Vlf Ftru::1VlU1P11~Vlf ,.,.q1~'lmru 

lJ"'11Vl£J1~tJ 

L~tlL-DLiI'U~'ltlti1~ih'l~-l 

3. 1Lrln::,r-ii'fllJ~~'Ufin'llL'U~tl~unu1imf
~, :..J 

I 	 "" I ... 

=Btl ~VlmPl1~Vlf f'llJi~(;ln'l"'I:ntlYi'tl~U~::;tl~'UL~tl~'Iltl~n'DLLvi~::'lIUW'l 1 nLtl ni'llfvil-l 1 L'li'U 

Flora of Thailand, Flora of China, Malay Peninsula LL~:: Flora of Malesiana Lti'ULX'U 

3.2 	 4'm;Il'ilunmEJ~m:tru::~'U~n'l! LLvi~::'IIul1\~flui~L'lJU LL~::nl1HU1::tEJ'lIU"l 1 nn'lllLlJi~ ::'lIUfl 

L'll'U m1L-DLiI'Um'\.l11 t'llJ'U1Ylf Lf'litl-lU-llilJ m1viILPi'itl~ijtlLFtitl~L-n'Ul'\f'lLffi'U ",1tlL-rt'UVll~. , 

~fim1lJLL~::1'\'l1lJL~'iJ 1'llJ~-lLL'U'l1'\'l1lJ~11\ Ft'l1lJL:;t)~'I!I'lii..JiilJi'1ln'll LL~::LmuuLYiEJ'I..J-iitllJ~ 
LMU'lnUm1H'u1::~EJ'lIU~'U~n'l!"llmtlnt'l11IJil~ 1 L'li'U ",,r-l~'1l'Utl..JtrlNn1fVlfYiEJ1m~'lI1'U 

JJijmrlLt)L;ulil::1''Utltlm~u'lt~ (Plant Resources of South-East Asia; PROSEA) LL~:: 

Lt)nt'l11~LMtJ'lnUm1~n111Yl~m1P11~l1lf~'Uti1'UL'Uu1L'lruln~L~U-l 
4. tlihJnu MUCJ~n11~ n111LL~::Lilu'U1U L~lJ1Vl£J1UYl'Ufi. ~ 
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~~n1'i~n"'1 

r;t1'i1~~ 1 e.J~n1'i{;j1~ihm1'iAn"'1 

2. Ulm''lm''l).Jr;i'l~rh~~u~~'II1~,r~..nJfl 150 "').J1m~'11 LL~::1'lU~l-J 
if~l;j~~L~tI')if~~nUtJ1::LYirutJ~Ufin).Jhn1r~1LUU:a1(;l'IJtWIl1'l,J-l 

3. li1n1n::l.J;Yl1VltJ1f'11~(;lf'llYl-1~"JI~'D1'l,J-11~ijn1rl-iitJ~::ttl'llu1u3 . 1Lrln::lf;r'il).J~~u€~'111u
~ . 

:a1Vltl~::~1tJul~~-l"').J~ 50 'nUfI 48 Ml~ 29 'l-1~t(;)miJu~'lI(;)Yln 47 

'lIUfI 45 ~~~ 26 'H~ LL~::LYlfu 3 'U'" 3 "'~~ 3 'l-lf{ (~-1lil1n-l~ 2) 

~~-1t1!l,mn1r 

4. 'iliitJntJ ~ltJc.J~n1r~m~1LL~::L;tJU 

pJL~).J1VlU1UYiU€ 

Family Species 

Vi'lfIPl'fln 47 "l!U'" 

1. Amaranthaceae 1. Achyranlhes aspera Linn. 

Amaranthaceae 2. Amaranlhus spinosus Linn. 

2. Anacardiaceae 3. Spondias lakonensis Pierre 

3. Annonaceae 4. Goniolhalamus laolicus (Finet & Gagnep.) Ban. 

4. Apocynaceae 5. Amalocalyx microlobus Pierre ex Spire 

Apocynaceae 6. Tabemaemonlana bovina Lour. 

5. Averrhoaceae 7. Averrhoa carambola L. 

6. Bignoniaceae 8. Fernandoa adenophyl/a (Wall. ex G. Don) Steenis 

7. Cucurbitaceae 9. Coccinia grandis (L.) Voigt 

Cucurbitaceae 10. Momordica charantia L. 

Cucurbitaceae 11 . Gynoslemma pentaphyllum (Thunb.) Makino 

Cucurbitaceae 12. Cucurbita moschala Duchesne 
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8. Euphorbiaceae 13. Phyllanthus emblica linn. 

Euphorbiaceae 14. Excoecaria cochinchinensis lour. 

Euphorbiaceae 15. Mallotus barbatus Mull.Arg . 

Euphorbiaceae 16. Homonoia riparia lour. 

Euphorbiaceae 17. Jatropha curcas L. 

Euphorbiaceae 18. Jatropha gossypiifolia l. 

9. Fabaceae (Caesalpinioideae) 19. Cassia fistula L. 

Fabaceae (Caesalpinioideae) 20. Tamarindus indica L. 

Fabaceae (Caesalpinioideae) 21. Caesalpinia hymenocarpa (Prain) Hattink 

Fabaceae (Mimosoideae) 22. Mimosa pudica L. 

Fabaceae (Mimosoideae) 23. Albizia odoratissima (l. f.) Benth. 

Fabaceae (Mimosoideae) 24 .. Acacia concinna (Willd) DC. 

Fabaceae (Papilionoideae) 25. Pterocarpus macrocarpus Kurz 

10.lridaceae 26. Eleutherine palmifolia (l) Merr. 

11. Marantaceae 27. Phrynium pubinerve Blume 

Marantaceae 28. Stachyphrynium placentarium (lour.) Clausager & Borchs. 

12. Menispermaceae 29. Tinospora crispa (L.) Hook.!. & Thoms. 

13. Moraceae 30 . Broussonetia papyrifera (l.) Vent 

14. Myrtaceae 31. Psidium guajava L. 

15. Orchidaceae 32. Dendrobium fimbria tum Hook. 

16. Passifloraceae 33. Passiflora foetida L. 

Passifloraceae 34. Passiflora laurifolia l. 

17. Plantaginaceae 35. Plantago major L. 

18. Portulacaceae 36. Talium triangulare (Jacq.) Wilid. 

19. Rosaceae 37. Rubus alceifo/ius L. 

20. Rubiaceae 38. Gardenia sootepensis Hutch. 

21. Saururaceae 39. Houttuynia cordata Thunb. 

22. Taccaceae 40. Tacca chantrieri Andre 

23. Tiliaceae 41. Microcos paniculata L. 

24. Ulmaceae 42. Trema orienta/is (L.) Blume. 

25. Zingiberaceae 43. Etlingera metriocheilos (Griff.) R.M. Sm . 

Zingiberaceae 44 . Amomum maximum Roxburgh 

Zingiberaceae 45. Kaempferia parviflora Wall. ex Bak. 

Zingiberaceae 46. Alpinia zurumbet (Persoon) B. L. Burtt & R. M. Smith 

Zingiberaceae 47. Kaempferia galanga L. var. galanga 



v 
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27. Athyriaceae 48. Dip/azium escu/enlum (Retz.) Sw. 

28. Maratliaceae 49. Angiopteris evecta G. (foest) . Hoffm. 

29. Ophioglossaceae 50. Ophiog/ossum petio/atum Hook. 

?trur.JiI ~iI:;1~'l"iru. 
r.J~n1r~m:n"lui1,n1"l"luu Yilyh ~'lt1th~~uflii~'Il"l'lii-ljjn"lrl'hh::1tJ'JIu~Wl9mlllJ1Hlr::u~tl. , ,., 

'l-lf'l ~l\.1fumrHtlr::ltJ'JIU"llnli'JI~-l 50 '1u~d Yiurh Hdju (n) li'Dt11l11r 22 'JIU@! ('D) li'Dfl~u1Yi1 30 'JIU@l 

(f'l) li'll~Hli1~t1~tl"l~mL~::Lf'lit1'1H 2 'IIUV1 (-l) li'll~111.u~fim'rlJf'l'l1lJL:i'ilt;il'111 '1UIiI LL~:: ("l) li'llH 

t1r::ltJ'Ilu1u 14 'IlUc;l tlEh~hnlJl"llJ Ei''Ijjvi'lt1ti1-lli'll41U'lUll~~~Ei''Ihi1~l'lr'l''l\.11;'il1YltJ11'1121lilf Ut;i1@ltJ1'llJ 

LL~'lf'lI~~1,h~::jjli'llhjiitltJ n~1 100 'IIUIil~'111'lii-llU\.1~ihutl"l-l11~19nU1lJlH1.h::1tJ'IIU ;-l Ei'-lCit1~1 
"''ilU;h~~1L;jt1LVitJurlu41U'lU'llU@!Yi'll~'Dl'lii'l~~-lrnnnlu~u~~ULL~::'II''l'lL'il"lLth~u 11u9-lWl@!l,hu ~'I 

211 LlIl'ltl"l~L~t1-llJ1 ''nnlltiihutll'1i'1'1 jj~lUYl fYitJ 1 n rfi rrlJ'Ill~ ~ "ltlUU1"l:: L t1ur.J ~ lJ 1"l"l n n "lrLL~'lCl1-lUl1ii. ~ ~ 

L~ lJL~tl~ln1rLmtlJlrL;'IL~E!'l ~~li11lXjj f'l'lllJ\.1~1 nll~ltJ'IJ'il-lli'll iitl E! ~milLII (;j lIn'l~ tl '111'l ii-lLlIri lCL~-l t'htl 

~U~IUlJ1~'Irnnnlu~u~ii1Utll-l11-l1~'hjU1U ~'I14'nYi'll~"l::U"llJlHtlr::ltJ'l!uiitltJ 
.. v 

'I.l"i::1tf'ilUv1Fllli1'h'l:;1~~u 

1. LYit1Lil\Jmr~-l L2I1lJ n11tlufn';LL~:: Lr.J ElLLYiinijururul~uii1U'lltl-l'l!1'lii-lLutlr:: L Yl f'llYlE! , v ., .. 

2. LYitlLtlutlr::ttJ'l!uvitln11~m~nv)lUf'l'l"llJlI~ln\.1~ltl'IJt1-l~ufYi'LL~::LiluLLU'lYll-l1unl1'il~fn'; 

~uq~'IIj;jt11u 

.. .. 
L'eln?t1"i'ell.:1'il-:l 

1f'l111J1 rflufi. 2539. Yi ~n~f'l1fl 1J11~uiilU'lltl'l'll1'lL'lJ11W'llI')L\.1{l'il'ilt1.:1tlr::LYl f'llYltJ . nl1ur::1lJ1'lI1nl1Yll'l 

Yiqm;tl'll21lJ1f Lit).:) YlfYiE!1nrYi'll'Otl-lL;'lL'lJlihn6tJ. 'il-lrrnlr2l'lUYiqm:lI'lIMI1 ~1t!nUltlnfJlJUIil1 : 

2-8. 

L~lJ 21i1~uui. 2544 . ~t1Yimu1iiLL~'ltlr::LYll'llYlE! ~UULLrn'llL~lJL~lJ . u1';YlUr::'l!1'l!U r.ilrl@! . nt'lLYlYi'1 . 
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",-an~(;l'i 1VlIJ'H'II~l1Ir6!1:tDuru.y]lil 

~'il,r1i'e)1'V1S1U'W'U fi (1111;11'VIs) 

n1r1.h:;L~'UmhJ1.h:;"lI1nr ll'Cl:;rUllUUn1nl'l~'tl'UEhEJ'U'tl.:J1.l1:;"lI1nnWI Portunus pelagicus 
• v v 

(Linnaeus. 1758) L~'tln1r~C/ln11~~.:J£j'U nrru~n1:t1 ru TiI'l~.:Jnr:;lU'U ~.:J'I!I1'C/l~'UV\1.i1 
~'il,r1i'il1'V1S1U'W'Ufi (1111;1i'~ml1;) 

Assessment of stock and movement pattern of blue swimming crab Portunus pelagicus 

(Linnaeus, 1758) for sustainable management: Case study in Kung Krabaen Bay, Chanthaburi 

Province 

'il1~I'iiivh.lin1;11'V1mU'W'Ufi 1'tl.:Jl'!I~lilrl"l1rU 611. U'UVl'U1 l'I"lIL'i'lU 

'il1'n'iiiY1llin1;11 'VI tI1 u'W 'U fi';1 ~ r'tl.:Jf'lIMlrl"l1rU rum'1lilU UI11'l~Vlt 

~lJ1 Portunus pelagic us (Linnaeus, 1758) lU'UVl1VitJ1nr~lili~'~i1l'1'lllJth;iC1.)~.:JtJi'tln11u1tnPl 
I11IJL'U1.l1::lVll'l LL'Cl::L~'tlnlr"".:J'tl'tln ~.:Jluil'Ol'1u'U1~'LnPl:jn~~n1rru"llnn11vh1.lr:;lJ.:JlJ1mn'Unl~.:Jt-l~lil Ll'Cl:: 

Lu'U ru:: l;imn'Un iln1runrm;I'ClIEJII'l!lfi.:J~'tlti'tl1A"EJ ll'Cl:;ll'l!lfi.:J'tl'UU1fl~'lTi'tl'U'U'tl.:J1.l lJl l61U~1n-O'tllJ 'Cl 'i'l C1 ~'Il'tl.:J 
.. .. v .. v v 

mlJUr::l.J.:JL'Utl Vi.l'! . 2533 ilVl1YiEJ1m~lJl~4'u1~ 40,000 ~'UtJi'tlillltJiL'UtI Vi.l'! . 2550 Vl1YimnnJlJl'Cl61'Cl.:J 

l 'I!I~'tllriEJ.:J 20,000 ~'UtJi'tltJ lvh,r'U tC/lUTiI'l~.:J nr:; LU'U~.:J LU'U'I!I\l.:JL'ULl'\!Ifi.:J'tl'4U1f1~lJl1'EJTi'tl'U~~1 ~C1.)'U'tl.:J 

ur::LVl ",,r'Un1.lr::'i'lU nu:'J nC)~ n·)1ru~.:Jnfi1'l L-rl'UL~ EJ'ln'U iln~.:JU.:JLnC/ll'l'lllJiI?lLLtJ.:JL'Un1rH'Vl1Vim m~ih;1 
r::W)WIII'JU r::lJ.:J fI'ilUUUU~U lL'Cl::"lI1'J1.lr::lJ.:J'1l'l'U'Oll.JU LVi n::utJi'Cl :;ellUtJil.:J ~ I?'I~ liln el,EJ,r'Uyh n1 r1.l 1:;lJ.:J~

v 

m mn'Unl ~'l c.J~ lil 'U'il n'Oll n;1 'il.:J An 1 rUT'I!I1 r1.ln l'Ir'il.:J""'l'UVl'tl.:J~'Unhjil'UlIJU1 EJL'Umrum'lIilC1.)'I!Ill'1'JllJiI?'ILLtJ.:J 

;1 ""'l'UL'Umr~n1:tIVl1.:J~1'U1Vl\J11'11'i'llilr,r'Un)'jn1r~m:nL~mnUn1r1.lr:;Lij'U'i'l~'iln'll1l.:Jur::'lI1m ll'lN'i'lh.:J 

'D'tl.:JUr:;;lm r1.lLLuUnWilYiIJViLl'I~'tl'UEhW'i'il'U-oI.:JU'ilEJ Lrtll.:J"llmU'Un11~m:tI~HVl'U'i'l.:J LLfI::mntJi'tln11lnU. . . 
t-l'Cl n1r~n1:t1 Ll?'ltlL~ViI:;'il til.:J~.:J n1rti I?'I Ll'I111.:J'-IlJl IJ~ ~ ~1l.:J L~U.:JtJillmr~ Ll'I1'il.:J'-IlJltJ'I!I~1?'I LLfI::Lf'l1'il.:J'I!IlJItJ11.1 

il t-lfliI?'I 'U'J 1.:J m rv'i 1 N~h'i'll!l.:J ~'JU ~.:J 'ii,L'lXil.:J1 'UVlI.:J ~1'U;1U!l tJ lJ 1 n ~.:J ,r'U~ .:Jill'l'l IlJr.i IlUU'il £i1.:J~.:J~"I:; A''U'-I1. 
LL'Cl::LLm'UilC1.)'I!I1l'1'JllJ-llI?'ILLtJ.:J~lnl?'l~U ll?'ltJL-irlfimrVl1.:J:'JVlmI'l1'i'llilr L ~'ilYi~'OlU lLfI:;'i'l h.:Jf'I'lllJ L;),1"I~Qn ,x'il.:J 

r:;'I!I~I.:J cJil""'lu1~""'l'UL~tJ. 
rl1I"1.lr.;'lI~~. 

1. 1.l1::Lijun~lJUr::"lI1nr1.llJl il~4'EJVlI.:JtlL'll'!-;')VltJ1 LL'Cl::~n1:tru::Vl1.:J~.:Jl'Il.J-Lf'l11:t~n"l~ilt-lflm::."u. . ~ 

http:J'I!I1'C/l~'UV\1.i1


ii 

111f1'i'lU1lJ L~E.JHi~llU\l~lLLUU~ulV) 'tIU1~11I1 1.7 em. <llU'JU 45 ~n 15 ~Cl1\j ;-3')1-.:1101 24 

-D'lLlJ-31uti1'JA'-3m::;Luu LL~::;1l'lU"IlJU~1'!JU1~11I110 em. 14 ~'ntt Pl'lllJE.J1'lU(;j~::;?lcn\j 200, ~ 

~ ~ 

LlJ(;11 Lff-3LL~L~llU(;)~lrllJ 2551 ()-3L~llUlTuE.J1E.JU 2552 r,nmrU";nn1r~Lf'lr1::;'; 

- Pl'lllJ-KlJ~u€r::;"dl-3rl'lllJn11-3m::;~'il-3LL~::;~1'1nrn'!J1l-3Ul::;'lI1mu~1 - tY~r1ri'JULYH" 
v 

3 i)Lf'\11::;'If-iilllJ~"I1nn1rLnuLff'l'ilril-3 LL~::;~lLLUn'IlU~'!J'il-3-K(;11~1'Y1~lltllv) 
4. n11Yl~'i'l'iluur::;~Y1fim'Y1Lrl~-3'1UnE.J (llrilur::;'\,I11-3n1rYl~~'il-3). 


~ 

5. n1ri)LPlll::;,;;rlllJ~l1~'\,IlJ~ LL~::;L~E.JUi)Y1E.J1U'Y1U€ 

eJam'iArnll 

1. 'Y1U11trm~!(u::'tI'il~~UYI::L~lUUTL'lruti1'l~~m::Luu djur;i~~ UTL'Jru 1 ,000LlJl'l1"11n'l11E.J~~ i1 

tfhnruYlnm~~U~-3~~Lvhri'u 89.64% LL~::;UTL'Jru 500 LlJ(;11"11n'll1E.J~~i1uhnruYillE.Jr'il..:J~~lJ1 Lvilri'u 
v • 

'!I1E.J~-3~ 500 LL~:: 1 ,000 Ll.Jl'l1~ln'!l1t1~~ mmhr;iu U~::;,nl.J1ru~UL'-l\jE.J'l (clay) i1n11m'::~lEJilll.J1ruluLL[;j 

~::;U1L'l ruL'liuL~E.J'Jnuilll.J1ruYlr1mLiJ-3 L~E.J~tunfi'1l '1l~ r)"u r ::; n'1lu?l'lul'-lcV'tI'1l~L~ll~U1UU1L'lruti1'l~::;ij 
Y1nmtJull.Jr)"ur::nllU'-ltrn L~tI~::;'ViU11Y1nE.J~::;ijl.J1nU1L'mJn~1-3'ih'l (1,000 LlJl'lr ';;nn'll1U~-3) tlr::;lJ1ru 

89.64% LL~::ri'1lE.J1 ~V1~~l.J1~U()-3rl~'1l~~-3~1~ij,nl.J1ruYlr1mvhnu 61.43% t~E.J,nlJ1ruYlr1EJ1Mu:SYlfiYi~ 
lJ1"llnYlnE.J~lJ1nUPl~U~l.JJ11t1U'1ln LL~::;r,nnn11~mj1'!J'il.Jn'il-3~~Y111'!1'i'll'lf (2536) 'Y1U11UTL'JrumPl 

l'l::-rU'1l'1ln'lJ'1l-3tlr::;LYlPllY1tJ(;1::n'tlU~U~'lLtJU'Vi'ln sandy clay ~-3ij'Vlr1mtJU'il-3r)"tl1::;n'1lU'-ltrn ~-3~n~~'Vi1L-ii1 

lJ1UTL'Jruti1'J~-3m::Luulu'li'J-3lJr~l.J(;1::;-rUl'ln'iJ'il.J'Vlnmu'li'J--lL~'1lUVi~'!jml'll.J-nUE.J1t1U (llr::~lY1 LL~::l'Iru::, 

2526) ~'luri1f1'lllJLtJumVl~1'l 'Y1U11~U1L'Jru 500 Ll.Jl'l1 LL~:; 1 ,000 LlJ(;\1'nn'!l1t1~'l ;1ri1f1'J1lJLilum(il~1-3 

~'l~~~ ri1L~~E.J~'111E.J~.:Ii1fh 7.56±0.77 ~r::EJ:: 500 LlJU11~ l n'lllE.J~.:I ij""l 8 .28±0.28 LL~::~ 1,000 LlJ(;11"11n 

'!I1E.J~~ iJ""l 8.48±0.09 r;i~LL'i'l~'llu~tl~ 1 

http:8.48�0.09
http:8.28�0.28
http:LL~::ri'1lE.J1
http:3L~llUlTuE.J1E.JU
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Size of crab (mm) 

- Male (Net) - Female (Net) Male (Trap) - Female (Trap) 

vT-lLL(;jL~'ilU~~1P1lJ 2551 O-lL~t)'UnUr.ntJu 2552 L~tJLl'i'i'il-lii'ilth:;lJ~ 2 'IIU~ L'l~1 24 -B''lLlJ-lLl'hnu YiU'i1 

vi'l'ilci1-lth:;'111nn.hJ1~\~;hfilJ1CU~LLli1n(;j1~nU L~mHh~Lnul~L7ltJ~'ilutlLLuu~ul~,r\,l YiUU,J1mlJ1CU
\II \I \I \I 

'iltl1-llJln (LVitJ1Jn1J'Ii'lWlft1 LL~:;~1U'lU'l.l'1l-lLI'l1'il.:]ii'ilur::lJ':]~L'vhnu) LU'l.lCU:;~n15'Lnuvi'l'ilci1,:]U5'::'111nr~,Jl 

LL7ltJL-ii''il'l\,l,rU Yi1J'il1~vi'l'iltll':]Ur::'111nrU,Jll.Jlnn'il 'iltll~hnIi11lJL~mmtJULVitJun1J'il'lu"l.JU,Jl~4'ul~L7ltJ
v v 

'111'lU1\,1 Yi1J'i1iillil.JlcutitltJn'ill.Jln LL(;jndJultl(;l1l.JLLU'lLtilJL~tJ'ln1J'II1'lihU L~tJYiUI'l'l1l.J~l.J~Utf[il1).m15' 

ntJ~l\,1'1.1'il':]~UIi1Ul ~U[il1~:U(;lLL~:;I'lCU:; (2545) ~Yi1J~1U5':;'111n5'~,Jl'1.1U1~1"cl!u'iln'til'l.,::iimlJ1CUL~l.J;U 
L~m11n15'Ln1Jvi'l'il cil.:]"h-1tl'iln""n'llluti.:]ltl~--1LL(;j 3-10 nL~LlJlil5' 
3. "1nnl5'~mjl'11U~LL~:;llilJ1CU~1i11~IYl~'ilul~ lL7ltJ'il'ilmnuvi'l'ilth~"I1nn15'VilU5'::lJ--1'/l'lU"lJ~,Jl LL~::~'1lU 

ULL1Ju~ul~ ~':]LL(;jL~'ilW;lft1I'llJ 2551 O':]L~'il\,lnUt.J1tJ\,I 2552 Yl1J~IL\,In15'Viltl5'::lJ~LL7ltJH~tl1JtlLLUU~ul~
v. v 

,rU Yi1J~1il1~lLi11"lJltJ f'1'il ~,J1 Portunus pelagicus 3.94% LL~::th:;n'ilu\tl~'lU~1il1~IYl~eul~~~\.llJL7l 40 

'IIUL7l Lu 24 Pl5''tl1JPl1'l ~-3lf11'i1-3~ 1 i'I'l\,lnl5'VilU5':;lJ':]LL7ltJHtl'lu"lJ~,J1Yi1J~,J1Li11\nnU 29.59% LL~:; 

u5'::n'ilulu~'ltJ~1i11~IYlft'tlul~~-1"l.JV\ 36 'IIUL7l ~':]"lJ~ 32 Pl5''ilUI'l1'l ~-31i11'i1-3~ 2 ~-1~l~Viln15'';)Ll'l5'l::,x 
'il~r)tl5':;n'ilU'I.I'il~~li1f~IYi~'iltJl~~~ln"L\.ILLIii~::L~'ilU Lt1luHl'il Species occurrence index (SocJ YiU~11u 

m5'Vilur:;lJ':]~,Jl~'ltJfttlU,ru ijtl--1r)lh::n'tl1J'IJ'il':]~1i11~I'11Ut1l~\.l1r.nn (Rare species) 0.:] 60.5% ~li1f~l~hj 
fitlUYiULt1lui'lh.J Uncommon species) 10.07% LLft:;~1i11~1~Yl1Jl~~ltJi'llu 29.43% i'I'lU~1i11~1~Yiul~ 
*'lltll'i'tlu'I':]l.J1n,ru\l-iYiU (Very common species) i'I'lUn15'VilU5':;lJ~tl'lU"lJ~,J1,rU Yiu'ilii'il~Rtl5':;ntlU 
'I.I'il':]~liIf~l'11Ut1l~"ltnn (Rare species) 59.73% ~li1f~l~ll-il'ieuYiuL",ui'lltl Uncommon species) 

http:ijtl--1r)lh::n'tl1J'IJ'il':]~1i11~I'11Ut1l~\.l1r.nn
http:u5'::n'ilulu~'ltJ~1i11~IYlft'tlul~~-1"l.JV


vi 

10.68% ~l'i'l:;~V11~1~'fjU1MCI)Ui'lltJ 29.59% ?l'lU~Lij1~1~'fjul~i'lltJritlu-ih~~1mruhj'fjU (Very common 

species) ~'liunu 

n11~mt1':u~f~;1'fju11~'fjPl~Ll'i'l:;L'(if'lUjEJi1~'l1~~~nufi1:;wjl~r1'l1~n/hm7:;CI)tl~ LL'i'l:;~l'\.1..rn'lltl~ 
tJlJ1 ~~;1 L'fjPttl: W = 0.00006CW0327 ('\'tJ~ 1) L'fjI'\LiitJ: W= 0.00007CW 9916 t1V1n?l'lUl'fjPl1:;'\.I11~L'fjl'\tI
~ v, v 

~L'i'l:;L'fjPlLi1EJilrh 1: 1.13 'IlU1(1)'Il'fl~~lJ1i1'1l\J1C1)L~~~UL~tlLnU(;hathnh~"Iln'llltJ~~tltlnltJ 3--15 

iit'i'lLlJ(;!1 ~lJl~Lnul~"Iln'i'ltltli1'llu1(1)L~~tJritlu;h~L~n ri'lU~lJl~Lnul~"Ilntl'l'U~uii'll\J1(1)hm.J n11 

m:;"I1EJ'Iltl~tJ1:;'I!1nrtJlJ1"11nn1nntl~'l'fltil~'fj1J11tJlJ11uu1L'lruU'tlmh'l \UU1L'lruL~U'ltJ:;mT-3 'fjU~'l1lJ
~ v 

'\.IU1LLUU'lI'1l-3tJ7:;'I!1mtJtJllJlnnt)11uu1L'lruTil'l ;-3LtlULL'\.I~~tlUU1'i'ltJlJl~th~·ru~-3lLj;j'1l;i(;! Llt9iln'lWnn 
'II ..' '\I 

tJ7::t~"lIUVlfl1C1)·h~:;1~.r'U 

Lih1"1t'1["l1ummI'll-tl-3YlT'fjmm'lluCI);1 LL'i'l:;t'llmnllhii'tl);!'i'l~~n~I'lltJ'l1~LLr.JuL~'tlmr~CI)m'iH 
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'VI~n~(;)1 1V1ml'll~I1I~~MDuru.yj11l 

~ 'fl ~'li'fl~huI1U'YflJ6' (ll1'l:n\omJ) 

n1~tJrI",tJft'f)tIh!lnf~'f)'f)n 1 'llCi1r.qlnn1~1if~~ULLUU[;h~11u~::UUUL'l I'ITlJJI n1ru~nM1 ~)JJ1U1U 

4'~'\.I1",U1U mf'lL""iltl'lltl-ltJ~::LVIi'llVIti 

~'fl,r'li'fl~'VI!.I1u'Yfufi (ll1'l:il~.mq'l:i) 

Nitrous oxide emission from different land use in riparian ecosystem: a case study of in Nan river 

basin, Nan province, Northern Thailand . 
.. .c:.I_r:!: Q .oDtI. .. 

'll1~11t1'V11J1n'l:il'l'VItlIU'YfU fi 

'fll~11!1i1llin'l:i1~'VI1:nU'Yfu6i'l~ Prof. Dr. Gareth Edwards-Jones 

" fh'lllul1lf~tl'f)nl'11r;)r.qlnihm~lJ'lItl-llJ11MU CJntJf'I~tJfttltl'f)tln~iUUnU1n1I'1~~LUU~"'~'lU~'f)UrI:: . 7.9 

m::U'lUn1~ Biological denitrification LLrI:: nitrification ~::UUUL'lI'lTlJJlmr.HU\JLL"'-lUrl",tJfl'f)ur'hnh.!l1If~ 

tl'f)nl'llr;)~~lriC1l cX'ltlmCf)cm 3 tJ~::mj' fi'f) 1) U"l4'uVl1-l~mYiLL'l"'~tllJ~Ll~lJl::~)Jl1itlntnn(;lm::U'lUn1j' 

denitrification LLrI:: nitrification 1 Uj'::UlJUL'lI'lTlJJI ~ri'f)1,xLn"'~mYi~iJ'bJiJ'fl1m 1'I~\')UiiJlvi'llJ""mn LLrl::iJ 

f'l')llJ;U~-l LLrI::iJntj'~(;lVil:SUVI~U1[;l~lJ1Y1lJ(llJ \'I-lCJrl,xih.lYI~U~I~l'I1futlU (Organic Carbon) 1~1'1iu"l4'tI'hri", 
1U'J::UUUL'lI'lT)JJI 2) mj'LtJ~tlULLtJrl-lntj'1if~~u "lln~-lfl"J'rl'll~urXuLuumj'u~n~'IlL;-lL~m LLrI::iJn1j'1if 

UtILf'liJ ~-lI'l1(;l~liJ Inorganic nitrogen ~::~)Jtlt.i1u~u1utIhnru~-l Url:: 3) m~'ll::~1-lLLft::mj'1""rl'IJtl-lJI1rX~u. ~ ~ 

~::Cilu~u "llnlntlUlJU~lJJI "l::dJUL~lJllilJlru Organic Carbon Uf'I:: Inorganic nitrogen 1U~::UUUL'l1'l1lJJI 
).nnri-l~U u"l4'tI~-lnfll'lL,ju!iT'ld-lm::u'lun1'J denitrification LLrl:: nitrification LLft::a\JLLtJ~l1itltiln~In1'J 
tJft",tJ~tlunl'lllu~f~'f)tlnI'll r;)li)'lU 

LUUj'::UlJUL'l1'l1lJJI 1u~U~rilJJ1~1 4'-l'\.l1(;lUlU mj'1if~~U~lhu1mtiLuu~U~n1j'LnMI1Ij'tJrlnifl'ltVi'". ~ ~ 

n1j'~nM1 flf-lll L~'f)1nj")"11",ililJlrun1~tJrl(;ltJ~'f)Unl'lllU[;lf~'f)tln 1 'l!r;) LLrl::Pi nMInft1nLLft::M1Vi LL'l "'~'f)lJ~LUU 

~IL""[;ln1~tJft",tJritltlnl'l!lu[;lf~'f)'f)n'l'llr;)tltln\'liuunmmPl"l1n~u1u1::UlJUL'lI'lTlJJI. .. 

1. L~tlIn1'l"l1V1nl1tJft~tJfimJnl'D1u(I]f~tl'1ln'l'llr;) "llnm~1if~~u~h~'llU~ lU~::UUUL'l1'l1)JJI 
2. L~tl~nMlnft1nmrurl(;ltJritltlnl'lllu[;lf~tltln1'l!r;) "I1nn1::U'lUm~ denitrification 

3. L~tl~m'ti1f'l')llJ~lJ~u€i1"l4'tlYI1-l~mYiLL'l(;l~tllJ~iJCJftlJitlmruft(;lufitltJn1'lllul1If~'f)tln1'llr;) 

http:4'-l'\.l1


ii 

o .Ii .J~ 
1. n1m1'w\.J(;\YiUYll'ln~l 

~u~~n~lrh\."UCiI'"Iln n11Hf~~U 3 1.h:::LI1Yl 't~LLfi ~U~tJ'imiil'lLYiCil. lhtJftn'"l1l-J'"I1 (Samaneav v' 

"'" ... ,..r..,J ~ ........ ..
saman) u.ft:::Y"lUYlt.J~l-J1:::~'l1-3 YiUYltJfjn'IJ1'lLYiCilU.fl:::ll1tJ~n'"l1l-J'1 IMUll11-3Yl 1 

Treatment Lowland area (Riparian) Upland area 

C1 Samanea saman Samanea saman 

T1 Samanea saman Corn field 

C2 Corn field Corn field 

" ~l-J1m,..,Ul:, Treatment ft::: 3 ;1 

2. n11U11'l'"l1Ci1t1l11ntJft(;\tJftfltdh'!l'tu"f~fltln't'll£if (Nitrous oxide emission rate) 


1iI Closed chamber method ~lU'lU 5 'llCil uifl Treatment 1'll-J 45 'IlCil l~flLnU~'lflth-lfl1mPl Yln1 


0.10.20. Uft::: 30 U1Yi Yi1n111lfln:::\.fml-J1[I.Jn1'11LUUlTi'ltlfln1'llc;l cX'lEllfl1fl-l Gas Chromatography tll11n 

tJft(;\tJfttlfJn1'111UVlf~tlflnI'll c;l fi1U'l[I.J'"I1 nn11t1UlnltJ~fJUutJft-l (Slope) 'Iffl'lml-J1run1'1l1 UUlTM)'fl n 1 'Il c;luifll'lfl1 

(dG/dt) Lv)fJ1ifi'll-Jn1n~Ul11N 

3. m1~m:nm1t.Jftlmi1'1l1uUlfi'ltlflnl'11c;l~LnVl'"llnm:::'lJ')Um1 Denitrificaiton 

lnU~'l'flti1'l Undisturbed Soil Core 1n~ 1 Chamber in~'lflti1-l~u1~m:::UfN Polyethylene 'IfU1t11 1 

ft(;]1 ~t1I'fl1n1P11um:::,Jtl-lflfln lLf'!::: Flush ~'lfJ N2 L~fli'l¥l-l~m'l:::hji1fl1mPl 6U~-ln'"lm1l-J"lJ'i)'l Denitrifier 1u 

n1:::U'lUn1mJ~fJU Np dju N2 ~'ltlm1L~l-J C H ml-J1Ul110% 'lIfl-l headspace tJfUfI'lll-JV)UU11mmPl2 2 

mfJ1um:::u'fl-l1~LVhnuunmn1P1tJn~~ 1 ATM ~'ltln11lifL;il-JL'"I1:::ehu Injection plug Lnmi'lflti1-lfl1n1P1 

J11fJ1um:::Ufl-lYln11.2.4. LLft::: 6 -a-'lLl-J-31Ll'ln:::\.fmmrun1'111ulnTi'lflfln1'11c;l ~'lmfl~'l Gas Chromatography 

fl(;]ntJftCiltJfttlm'l1'1l1ul11T~fltln1'1lc;l ~lU'lru'"lln Idea gas law LLft:::fll1111LtJ~f.JULLtJft-3 (Slope) 'IIfl'lml-J1rur11-n1u 

IJlTi'lfltlnl'11c;luiflL'lft1 (dG/dt) Lt1IfJlifi'll-Jn1n~Ul11N 



iii 

4. rn11ih(;ltlfLlft~1fim5'~m:nifr.l~t1V11'l~mYlU')(;\amJ fIi'lIFl15'1'lli 2 

(;l15'1'l~ 2 rn5'1ijL(;ltlfLLft~ilfin15'io1m:niJ~~lIV11'l~mYlLL')(;\fttl~ 
....

Parameters 'lfin1'i 

Nitrification rate 1~tiUlnn11L~~ N03· ru114Vi 0, 3, 7,14,21,28 ~,)1I~~n11L~14UlN 

Soil Texture Hydrometer method 

Soil pH LI;i1t1~ ~11fl~fl1U~14 114til/l5'1~,)14 ~14 1~,)14 llit) U1nft14 2 ~,)14 1tnFh Soil 

reaction ~,)1I pH meter 

Inorganic Nitrogen N0 • ~n!fl~1j'fl~fl1t1~14~'lU 0.5 M ~S04 LtJ~t114 NOl · LlJ14 N0
2

· ~'lll VCl
l 

1C;)~1
3

Absorbance ~Ln~"t1ntJDn11111~W)1'l Acidic Griess reaction nu N02· 

Inorganic Nitrogen NH4 + ~ntn~1j'fl~ft1t1~14~')t1 0.5 M ~S04 

1tnFh Absorbance ~Lii~"I1ntJDn1111 Berthelot reaction 

Microbial biomass C ~ntn~1j'ft~ft1t1~14YitJmlJLlft~'h.hlJ CHCl l ~'lU 0.5 M ~S04 ~14 1tnm~1ru 
-

Total C ttntlilii Dry combustion ~'llllFi~f)'l TOC analyzer t!fltJ Microbial 

biomass C I'1114'lru'lli"t1n ~ftIli1'l'IJf)'l Total C ~14~tJm~LLf'l~hh~~')tJ CHCl l 

Organic Carbon (Solid phase) Dry oxidation 

Dissolved Organic Carbon (DOC) t'lntn~11f'l~f'l1tJ~U~,)U 0.5 M ~S041tnili~1ru DOC t!fltJ:jfi Dry combustion 

~')mFi~tl'l TOC analyzer 
-

Gravimetric soil moisture content ttntltlU~U ~ 105-110 °C 14114 24 i'lt~'l 
" " " 

Soil water content 

Soil water content = (\hmrn~uritl14t}U - U1\nrn~U"'ft'ltlU) I u1",l!n~U"'ft'l 

tlU 

3"'" ..
Gravimetric soil core moisture content ttntitlU soil core '11141(;\ 350cm !flU VI 

105°C 14114 72 -D')tlJ'l 

Db =~1"'l!n~U"'ft'lf)U I m~lUlj'~U 
Water Filled Pore Space 

Soil bulk density (Db) 

WFPS =(%HP 1S ) • 100, Total porosity; St =1 - (Db lOp)t

(% WFPS) Soil particle density; Dp=2.65 g cm-
3 

%H 0 ~tl The percentage of volumetric soil water content 
2

"I1nM11 . Volumetric water content =Soil water content x Bulk density 
~ 
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eJ~m'iAmn 
d' ..,,~

1. 'rt'UVll'ln'M1 

l'Ij'tlW')~UJ fl:;~"~18 .64809°N llfl:; flt)~~"llil 100.75989°E n~ fl:;~"l1il18.54459°N llfl::fl'fl~~"l(;)
• \I ... .. \I'" 

1 00.76294°E lftlJU~1~1"ht.! t31L11'ilL~lJ 'H'I1 4''ll!t)'IilU1'U ~n'!;ru:;~'ULilw~h.lUl:;nt)t.!lll-i~1~U()lJ (Alluvial soil) 

llufl~~m:nn')l!uVll~mj~lillllJ~1u1u "l:;;h~'~'1.uJIil 3 ~1 lUll~fl:;~1Uj':;nt)u~htJ 3 n1j'1if~~u 1~llri l.hUfln 
~ . 

2. m'iLtJifl'ULLtJ~.:Jn1'iLiYi~'Uu~::n1'iL'II~n'i'i~ 


YlUn1j'1if~~UUj':;l[)Yllnb'(;)1nn),J l"llU ii1'ltViIil t'I'lut.m1~ IJIflt)lilih~1U1U tlillJl~Yl1:;tjh'ltYlIil i'I'lU 


n1j'U'Cjn"l1l-l~1 (Samanea saman) llfl:;L~lJ~l'lf~lUU~\JI~'1~1f'lcy~t'll1~j'1tJ1~~'II1'liht.!llfl:;4'~l!t)IilU1U ~'llJ~1 

11ml'lf~(;)n~1- 1lJLtlt.!~~'fl~m1'lJfNUlfl11il fln~~~fH1iImnlt.!n1rufln"1),J,,1LLfl:;L~tJ~l'lf~n/:h 3 n ~'l":;Lnu.. . 

u'Cjn ,2 I'lf~~tln I'If'lll1n j':;l!~1'lL~'fIUVi~'!;ml'l),J C1'l nmD11'1l-l llfl:;f)f'l~i'ltl'l "lfl11'll-l viffi Vi~I'\~n111U ()~ 
l-ln111'1),J 'I-l1t) '1wl1~t.!fi 'iJ'fl~Ylrin lnb'Ul1ml~~lJ I'If,m1n 6f'llJ~Ulj' 46-0-0 'I-lftn"1n~t.!titlU;r1'ltYllil'ltln 
U1:;l-l1ru 7 t)t.! 1Utl(;\11 312.5 mflnfl-l/lllnL(;\f RVllUt.! 143.75 Kg N IlllnL(;\f l~tH'i~n1j'l"l1CYl~ut~'lItl~~Ullfl:; 

lu I'lf~~i'ltl'l']h~l'lfl1j':;l!~1'lri'flt.!tltlnlil'flnLLfl:;~Vllln Lnb'(;\1mlifutJ Mlj' 15-15-15 lUtl(;\l1 156.25 mflnfl-l/llln I. . 

l(;)f l!1tl RvlLU'I.I 23.43 Kg N I It'lnllJlf 1'l),J1iI~lJ~'fl 1 ~~n1flLVi1:;u~n 167 23.43 Kg N I LlInL[;lf 1'll-lmm[U 

n1j'l-if~lJ 334 Kg N IlllnL(;\f In 

liitl~u1u~'I.I~1..huflnLUULiitl~'1.1 Loam lLfl:; lU~'I.I~;r1'lt'Yilil liitl~t.!Ltlt.! ~'1.1 Silt loam tlUl~tl'l),J1"1n
v 

I 
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[;l1n'lYl 3 The aerial photo of treatments to study N20 emission across riparian zone. 

Zone Reforestation Corn field Reforestation and corn field 
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3. Nitrous oxide emission rate 

~~n1r~n,\;,1Yi1Jtj1 L~hl'u.nUEmnJ ~tlj;lnn1nl~~ufitlEJluj;lft\tltlnl"D;LU~tlM'M11urt)1Jil ~ 35.77 v , 

·2 .,
IJgNpNm h 

L~tl~"1rru1(;l1lJn1r~ULLUr(;l1lJ'II,)-3'l'J (Seasonal variation) Yi1Jt)1'l'J~uiiI"i1LU~EJ"1m~tlUtl(;ln 

n1nJ~VlufitlEJ Nitrous oxide lJ1nntj1'l~U~-3 (a = 0.05) LrltlW"'1,.ru1n-3m,.H~;)u (Land use variation) 

Yi1Jtj11.U'l~tlU ~u~1.hu~niiI"i1LU~EJ"1m~hIUtl"nn1nlflflutitlEJ Nitrous oxide lJ1nnt)1 ~u~u~nih')tYiL'l 
(a. = 0.05) LL~:;1.U'l~LL~-3 ~u~1.hufJniiI"i1LU~EJnm~tlUtl(;lnn1"Ufl(;lutiflEJ Nitrous oxide 1~u(;\nvi1-3"l1n 
" . 
VluYiu~nil1')tYiL'l (a = 0.05) 

v 

(;l1n-3~ 4 1"i1LU~[jnElL~'1lutl"'nn1ru~~u'i'itlEJ Nitrous oxide (lJg Np N m·
2 

h") 

May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr 

09 09 09 09 09 09 09 09 10 10 10 10 

Reforest 

Max - 103.14 79.71 74.88 143.23 126.61 114.87 60.11 50.99 59.14 77.75 44.15 56.26 

Min 6.57 18.28 14.07 10.14 3.49 5.04 9.62 6.91 13.61 10.07 11.70 4.63 

Mean 39.48 41 .93 46 .70 45.63 57.43 48.36 26.18 27.49 38.09 32.43 26.57 23.64 

SD 26.87 17.38 15.77 33.69 31.25 32.18 13.37 11.74 14.94 16.59 11.27 13.08 

Corn 

Max 52.15 58.19 65.36 67.82 64.49 63.18 24.66 66.68 63.95 56.19 40.44 46.93 

Min 1.87 1.28 14 .07 10.14 3.49 7.74 2.62 4 .80 12.13 10.13 3.62 2.42 

Mean 26.23 26 .36 28.13 32.49 35.77 29.70 13.85 23.97 30.53 23.69 16.80 19.34 

SD 14 .72 11 .92 12.71 15.53 16.46 14.55 5.77 16.91 15.24 13.71 8.69 13.49 

~~ 2 Monthly average nitrous oxide fluxes 

May·09 Jun·09 JuI·09 Aug·09 Sep·09 0cI·09 Noy·09 [)ee-09 Jan·10 Feb· 10 M...·10 Apr· 10 
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\nn~"'17ru10-1 t1fiVilli'llJ"tl-1n17~tJLLlhj;\1W!h.lq~LLa:::n171.;r~~tJ ~iivitltij;]nn1nJlIi1lu'titlEJltJ 

j;]j~tltlnl'!1C;) Viu'h 'l(;.)tJtJua:::~tJ~thu~n ii:afiVillvitltij;]nn1nJflflu'titlEJltJlJlffi'tltlnl'!1C;) mnn~1 'l~tJtJ 
~.J,,~ ".:'....: "~..J,, ....... .J


LLlI:::VitJ'VlU\jn'll1'hVii1l, qc;,)LL~NLLlI:::ViU'Vl1.hu\jn, LLlI::: 'l~LLlI-1LLlI:::VitJ'VlU\jn'll1'lLVii1l 1Jl1lJ1I1CilU fI-1ZU'Vl 3 

LtrlEJ 

pJ~ 3 Estimated marginal means of nitrous oxide emission 

Estimated Marginal Means of N20 

Season 

-Wei Season 
-1Jy Season 

en 
c 
III 

QI 


=:!: 60. 

Cij 


- "51.. c 

III 50. 
=:!: 

Reforest Corn 

Landuse 

4. Denitrification 

tij;]nn1nU~EJtJ Nitrate dJU Nitrous oxide L"'EJii,..nn'lJ'~tJ'Vlrti1tJ~tJ ltJq~tJtJiirh~03nrhq~LL~03 

(a = 0.05) LLlI::: Denitrification 'tlfiU1tJn17~tJLLU7'l1tl-1 Nitrous oxide flux ltJ~f'I'Vl1-1u'ln (R = 0.31) 

ZU~ 4 Monthly average denitrification rate 

May-09 Jun~9 Jul-09 Aug-09 Sep-09 Ocl-09 Nov-09 Oec-09 Jiln-10 Feb-10 Mar-tO ~r-10 
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5. Nitrification 

t1li1nmmJ~ErU Ammonium d:lu Nitrate ~-lMlL~'tlU j;1fl1"'~ LLfl:: ~1Ml1.uL~m.! ~-lVl1"'~ LVlEJ
'U ,~ , 

nr::U'JUn1r Nitrification 'tlflmEJn11CJuLLlJr'tl-l Nitrous oxide flux l.U);I'IYl1-lU'ln Hfu'tlEJ~1n (R =0.034) 

.J 
pJYl 5 Monthly average nitrification rate 

_ 0.050 


1:. 0.045 


~ 0 .040 

Z 0.035 

<3 0.030 · 


Z 0 .025 


2.'" 0.020 

.2 O.01~ 

~ 0.010


B0.005 

Z 0.000 

May-O!t Jtln-O' Aug-Ot 0<'·09 bec-4' Feb-10 


6. Soil pH 

Soil pH i'iri1LuumVlL~nU'tl£J LLfl::mnl.l~£JULLlJfl-lri1 pH j;11~'I!'l-l~~LLfl::n1rH~~u 'Wij"''l1~ 

LLj;1nvi1-lnU'tlti1-li'iUU~1rrC\!Yl1-l~[iC) (a = 0.05) 

pJ~ 6 Monthly average pH I 
8.0 

7.0 

6.0 

5.0 l: 
Q. 

4.0
"0 
(/) 3.0 

2.0 

1.0 

0.0 

May· 	 Jun- Jul· Aug- Sep- Oct- Nov- Dec- Jan- Feb- Mar- Apr­
09 09 09 09 09 09 09 09 10 10 10 10 
 I 

7. Ammonium 


lli~1C\UL'tl~L~Lllu~ 1.uL~'tlui1~U1£Jui'iuhnru~-l~~ LLvi hjYtU"''l1~LL(;]n(;h-l1::VI~1-l'1~~ULLfl::LL~-l 
 I 
(a =0.05) 
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pJ~ 8 Monthly average ammonium 

12 .0 

'0.. 
~ 10.0 ..., 
Dt 8 .0 
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~ 
~ 1 .0 
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~ 4-'1 
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~j 2 .0 
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8. Nitrate 

tfhJ1ruluLj;]1'VllUL~~uij'lU1[Jui1tfilJ1ru~~"'l!?l LllJi hiYll.JfI'l1lJLLj;]nIJi1~nU1::,...rj1~~IiJ~ULL~::lL~~ 

(a = 0.05) 

~~ 9 Monthly average Nitrate 
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9. Dissolved Organic Carbon 

tfimruluL(i\1'VllUL~~u~~""1f'1lJihJhJ1ru~~~!?I Yll.JfI'l1)Jllj;]nI1h~'IJ~~tfi)J1ru DOC mh~i1 
v • 

ll.l~ 10 Monthly average dissolved organic carbon 
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10. Microbial Biomass C 

t1hnru :n'l~'lrl I'nfutlu '1Jtl-.t'1~UYl1t11~u i1l'il~'l'\.uc]c:lclum~::rlinrl'lLtlU~I~U'\.UC]~lL~'l Lintl 

t1"14"tI~~r.Jrln1~UM!ltl'l'1Jtl'l MBC ~tl nl11C1nrlU '111nYi'llluLLUrl'lurlniil'lLYiin LintlYiUI'I'lI~LLVInliil'l'!l'il'l 
~ 

ill~lru MBC tlEil'l)j,rtl~IA'C1JYll'l~i)i1 (a = 0.05) 1::·W:il'lC]~eJULLrl::LL~-.l 

~U~ 11 Monthly averages dissolved organic carbon 
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11. Water Filled Pore Space 

ill~lru~I'\.U'litl'l~I-.l'!l'll'l~U ijl'il~'l'\.UC]~c.JULLrl::rlinrl'lLtlU~I~U'\.UC]~LL~'l Linr.Jt1"14"tI~iir.J~n1~U 
M!ltl-.t"IJtl-.l MBC Rtl t1hnru~leJu LfltlViUPt'lI)JLLVInliil-.t'!ltl-.t WFPS 1::'\.I~I-.lC]~eJULLrl::LL~-.l LLrl::n11H~~u 
tlth'li1,rtl~IA'C1JYlI-.l~i1i) (a = 0 .05) 

~~ 12 Monthly averages water filled pore space 
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12. m~I"-1'lftc.J'U~::~U,J 3 -r'Uri'el'Un1'i-rCilm~I"-1 Nitrous oxide flux 

C]li,)clU'\.UL~tlU Vi .Pt. - n .tI. )jeJuVin LLIii'\.uC]Ii,)LL~-.l hj)jc.Jul1Im~tI illlJlru eJU)jI'l'lllJ~lJ~u€Iii'il 
_ ..t 

WFPS LL~:: n11Lnin'!lU'IItl-.ln1::U'lUnI7 Denitrification WI'I:: Nitrous oxide flux 

lU~ 13 Monthly rain fall accumulation 3 days before measured Np flux 
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13. F1'l1~~'UK~.wVl!j ru vf'UY\An'H1 

tfhn CU"''l1~;'Ud'~~Vlir1'U~'U~~m~1ij"''l1lJd'lJ~'UfiflU ~~ n1~ LL~:;tI'hnCU~1cJ'U 
.J

lUVI 14 Monthly average relative humidity of study area 
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14. Soil Temperature ru vf'UY\An'H1 

~ru\11Jij'lltl'l~'U'IICU:;'l~n11U~(iltlfitltJl'U~f~tltln1'11~ Viur)11'U~'U~1.JfJ nil1'lLVi iii ij~CU'1Ji"l~'UL~~I'J 
t'l'lnr)1tJ1tl~n Ll'In:;r)1inl!tcu:;n1rH~~'U~LiJ'U~'IIL:n'lL~m ll.iii~'1un"'~nJ~'U
" " , 

nJ~ 15 Monthty average soil temperature of study area 
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15. Air Temperature tu yf'U;\~n'H1 

~CUVlJ)ijmn1f'1'ncu:;uiuii~~~luj;)f'i\tltlo1'11~ V.U'l1 ii1'I'lllJcJ'ULLtI ~~:;Vl'lI-l~u~iil'lLVi ~LL~ :;~U~l.h. . .. 

ltl~ 16 Monthly average air temperature of study area 

LLLU'l'V11-ln1~'t)Lf'ln:;Vl1'L'V1f'1ilI'l01~ Multivariate data analysis ~'ltlLtlnLm'~ Canocal for 

Windows 4.5 ~'ltlO1~,hVlUlilliT'lLLtI~[;j1~ l~LLli Nitrous oxide flux LL~:; Denitrificaiton LL~:;IiT'lLLtI~;aM:; 23 

IiT'lLLtI~ l~mi ~~O1~, 011H~~u, Nitrification, Soil pH, Inorganic nitrogen, DOC, Microbial biomass C, 

f'I'l1lJ~U~ULliltl~I"nrO, Water Filled Pore Space, ~CUVlJJij~U CU ~u~~n'Wl, 'rlCU]Jij'illnll'1 CU ~u~~mn, 
A' ., r .l'."j4 oCIi. ~ ... '" 

f'I'lI~'ilU~~Vi'V1fi CU ViU'V1l'1n~l, 'ilCUVlJ)~'il1nlf'1 , m~ICU'UleJ'U'i\:;tUJ 1, 3 LL~:; 5 'l'U, ~~tI'Cl:;'JJtl-l Sand, Silt, . " 
Clay V\-ltJ~01~~n~1(;\tllt1~ 

16.1 r.nnn1~~Lf'ln:;~p)'ltl Detrended Canonical Correspondence Analysis ViU'l1 Lengths of 

gradient iirhUtltl (0.017) ti-l~'l1 ~n~cu::iitl2;l~jj continuous gradient llJntll-l1in LL~::iiFilhjmnn11 
4.0 l'i-lJ'u 'i\~n1nt\'uj;)N ~-lLVl~1::'i\lJ ~"l::H'tlfitJ1U f'I'l1~cJ'ULLtl1'JJtl-li1"l4'U'V11-lM1ViLL'llil~tl~ ~IU'lU 23 

IiT'lLLtlr ~iitJ'Clvi'il Nitrous oxide flux u.~:: Denitrificaiton rate 

16.2 "llnn1~~LI'I11:;~P)'JEJ Principal Component Analysis ;-lLtluL'Vlf'lilI'lL~'il'[)fiUlUf')'lI~~~~ufi 

'Il'il-llii'lLLtI~1un1~~n~Lliltlhjii011rilV1Ulil'lIIiT'lLLtI~1lilLtluliT'lLLtl1~M::LL'Cl::IiT'lLLtl1[;]1~ ViUrj1 liT'lutlr 1) 

f'I'l1~~u~~~'V1fiLLfI::m~ICU~11u~'U 2) ~~01'Cl 3) 011H~~u 4) % Sand [;]1~~1l'iU LUlU LLnUVl~n'JJ,[)-l PCA 

'ilfiU1Un1rcJuLLtl1'JJ1HIiT'lutl~~m:11 ftltlfl:: 100 
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pJ~ 17 dependent-environment biplot diagram from the peA 
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16.3 Lrltly'hn111'1Vl~tlUUtl~1~C1J1'l1'1~O~ L~tltlfiult1~'lllJcr\JLL'I.h 'lltl'l Nitrous oxide flux Wn:: 

Denitrificaiton rate nUU"l~tll'll'1~fl1Y1LL'lV'l~tllJ ~'lml'll'lil~ Redundancy analysis (RA) LL~:;l'lV'l~tlUY1l'1 

~O~~'ltl Monte Carto permutation test YlU'll lii'lLLth ~1\J'l\J 23 lii'lLLth H'~)fiUlt1I'l'lllJcr\JLLth Nitrous 

oxide flux LLa:: Denilrificaiton rate 1~rtltl~:: 32.1 tlcil'1)jUtl~l..rC1Jl'll..:J~O~ (P <O.0020) 

!t1~ 18 Dependent- environment biplot diagram from the RA 
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16.4 ~Yfa'llt'l,m'lTH~~uvit'lfl'l1lJ~ULL1.h 'Ilt'l-3 Nitrous oxide flux LLa:: Denitrificaiton rate YfU11 

LLnU'\.I~nt'lt'l-3LLnULLm t'lfi1J1iH'I'l1lJ~ULLth'lif r'iltlfl:: 9,6 LLfl:: 90.4 eJfln1~VI(;)M1U Monte Carlo 

permutation test i1umh~'ruVl1-3'i'ln~ (P<0.0020) t(;)mhtJani1LLU'ltUlJ Nitrous oxide flux LLfl:: 
~ . 

Denitrificaiton rate ~~n11 ii1'ltYfi?l 

tll~ 19 relalions between land use and nitrous oxide flux and denitrificaiton rate 
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15.5 ~Yffl'll'il~~c;,]ma~'ilFl'l1lJcrULLtJ~ 'II'il~ Nitrous oxide flux LLfl:: Denitrificaiton rate YfU11LLnu 

'\.I~nt'l'iHL.nULLm 'ilfiU1tl~'l1lJcruLLtJ~1(i) rmlfl:: 1 O.LLa:: 89.2 eJflm~VI~M1U Monte Carlo permutation 

test i1Utl~1~C\JVl1~t'ln~ (P<0.0020) t(;)tl~~~UijLLU'ltUlJ Nitrous oxide flux LLfl:: Denitrificaiton rate ~~ 

nt)1~~LL~~ 

!t1~ 20 relations between seasons and nitrous oxide flux and denitrificaiton rate 
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15.6 MVia'!ltl-3~~n1aLLa::n11H~~h.lI;itlf\'l1lJtrUu.th 'IItl-3 Nitrous oxide flux LLfl:: Denitrificaiton 

..,j .. w t1~"''''rate VilJ'l1LLnu'Vl 1 LL'n:: 4 tlfilJ1t1f\'l1lJ~ULL 1L~ 1tltlfl:: 20.4 .LLfl:: 79.6 ~fln1rM\t'l'tllJ Monte Carlo 

permutation test ;hrtl~1~~'Vl1-3~C1~ (P<0.0020) t~t1~~tJULLfl::thtl~njjuu'ltiilJ Nitrous oxide flux LLfl:: 

Den itrifica iton rate ~-3n11nfILLft-3LLfl ::~U~t1fln;J1'l t Vi ~ 
~ -I", " 

!1.l~ 20 relations belween seasons and land use and nitrous oxide flux and denitrificaiton rate 
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,"in~(;\'i i)VltJ1f'\I~Vl~~1:tnUru~lI1 ftl,n1'l11 ilVlmf'll~Vl~:;'ll11fj 

;1'iltr'1i'il1'mnU'VnJ6 (m'H11Vl!l) 

tJ~'IItHeJl£.l'!l::~tl~'lIW~)J~U~tlnl1')J'i)JLL'a::nlrm::~I£.l~'l"tl~~Vl1~::~YiU~'~::~Yiuun~L~:: 
~Vl1L~'il£.lf'l~IU1UU1~'lrutlltJ6(;)lUlu4'-l1l1'~"hu l.11::~Vlf'\lVlEJ 
;1 'il,r1i'il1Vl~nil'Yf'IJ6 (rn'HI-a~n 'l'H) 

Effects of check dam on species assemblage and distribution of amphibian and reptile in a 

deciduous forest in Nan Province, Thailand 

'il1~1'i!i;\'.Rn'H11Vl!llil'Vi'IJ6 tll~lr6 l/11. UYl(;)~ nVlU:: 

'il1~I'ie;lmn'H11Vlnlil'Vi'IJfi';'111 ~;'l£.lPlI~1I111"1116 "1. ilL'll!)! flU:atl 

UC1J1IInI14'fInI1V\fn£.l1m~'C)tl~l~ PI'lI)J~1A'(lJ ~-l ~~f;ilUtl~ lJI )J1"1u~-lih '1UU n ,,.'"11-leJ lEJ'II::f'l 'il 

PI'lI)J-D, lJ~u~ilun1r4'~nl1v\Tfj t.J 1n"~'1ULLlJUllti-l~-lihLw U'ltUlJ~11Mu f'I'lllJ""U1"IlJl n;un~11Utl ~ _ Vl 

~titl-l"llnluiI"I"Iuu 1I1\'ijllu'lu.nur.iIU'lu)Jlni-lluri'lU'IItl-lI11Pl1~~~~::~tln'Dudhmijci'lui'llJ1unl ~fl11-l ~IU, ~ 

lJln;U n1r""h3eJlt.J~~lfilri''lf'l1l'l1u~u~~ull~u~-l~::;,)t.J'D::f'ltltlVlnn1,.ll1~'IItl-l~' ·lh£.ll~~luu~,)~UPl-l 
t1tilu~hfml~tn'lulu;U ~~f'l::t11"1·Ii'l£.l1~~uu·h'lru~u~~(;)urtluijPl'lI)J'Ii,Aul.J1n;u LL~~ltJf'l'll'il-lnl"i'l11-l 

~ , 

rJl£.l~ ii vitlil"l4'ElVlI-l nlElI1TYl"l ::U1In!)RtlU;JI-li~ ~"IU tI til-lhi)VlllJ-lluil4'mMmnUeJ f'l'lltl-l tll£.l'll::f'l t11'\ 'lllJ 

'ljlJfu~iilRtl~-lii~VlrT-liir.iIU'lUU'iltJ 1(;)m\ml::tltil-l~-leJf'l~Lnl/1;UnU~Vl1unluu'h'lru~",,11~~IEJlrU 

Lti'il-l"lln;rtll;!f'l'~hunl1'1!)J'i)J (Assemblage) U.f'l::~t1L~UUn1rm::"I1El (Distribution pattern) 'litH 

~VlW'ilLtlu;rtll;!~~u31u~~IA'C1J~ll1fun1,.~n1:tl~IUilL'lf'li)v\ElI LLf'l::~dtlii"ll,.rulLmr.JULViEllJ~ll1'l1un~lJ 
~j;j1i:inr::"n~ull~-l~tI1~r.Jtltiuuun ~Vl1f1::LYiu~'f1::LYiuumLf'l::~Vl1L~tltJf\'inUn'il'lILtlun'l'ilJ~j;j1~iil'\'lllJv w , 

1'lvitln1nU~ElULLUf'l-l'lltl-laU~'il~'il1~EllJln nlr'lJ'i).JLL~::~uLLuunlm~::"I1El'IJ'il-l~Vll1Un~lJ~9-lQnlJl).Jl1-n 
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ur::ntllJnu,lil ~-l n mJlJlIli)Vl £.l1~t.J ih~-l il, LilUtl'\ N nl,.", 11-l rJ lulU~U~tlltl"41mh'il-l 

,lilf'l-lmrulJlIlilVlElI~tJ ru U1L'lru~IL11'ilL1tJ-li'l1 4'-lll1'~lll1U n1r~n1:tl~9~~'HUU~"I::~n"\jltJ~'IJ'fNrJltJ 

'II::~ 'tl1'l'lllJ'Ij lJ:auliitl nWI! lJ'ilJ LL~ ::n1mr::~It.JI1i'l'IJ'tl-l~1i11~::LYiu~,'" ::LViuunLLTl::~!i11L~'il tJ I'IftlU1u~u~ 
~·m~,'l 
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16n1'i;:tmf1 

.,j~ .. J'.,j~
1. t'lCl1UYll'lnl11lla::n1n~tlnvnJYll'lnl11 

flrnu~~m:n~~'6~lu~u~tl1tl~fn';''6~''~1~~nHlhn.n1YlEJ1fitJ ~lJ'\.l11YltJ1fitJl~futl~mil~l1h 
HU1::LtJ'IIU ru U1l'lruti1lfl'6l~tJ~fl1 {~Wr~U1U ~~ijL~tl~L~mh::lJ1ru 300 LtlnLLt;1f (th::lJ1ru 2,000 H ) 

LL~::~u~tlnflf\lJ~'ltJtl1c.J~~1u L~tl~·nn"llru::~Gmi1n11~m:ni1 tJ1EJ'II::atlfl'l1lJ'lilJ~U~flr1~Lt'\r"lLL~'l~'lU. . 
1,"cY~~'6~1U~1fi11fl1tJ A tl1::n'6Unuflrufimtru::'!Jtl-1~1fi1U\1tJi1ijfin11'ru::L,"lJ1::~1,"fun1ntJu~tl~'il1~tJ 
'II 'il~~~1fl::L~U~1t'l::l~UUn ll~::~t;11LttltJflfl1U~~JU ~~ l~ tl n~1fi11fl1tJi1LiJU~'lllYllJ'IJ'il~~U~ ~ n11'1~~ tJ 1tJ 

r.nnJul~'iln~1fi11;;in 1 l~u;,nilu~hi1rilu~hi1~flr1~tJ1tJ l~'il-1'l1n~1fi11fl1EJ B ijfin11'ru::~1fi11f1~1tJJTu 
.~1fi11t'l1tJ A ~n~~U~cff~tltihhh~"l1n~1fi11fl1tJ A lJ1nUn ~-ll~tm~1fi11 B LtJU~'lLlYlU'IJ'il~~U~~n11'1~.. 

2. n11~lJ~'l'ilEh~~1il1t'l::LYiU~1fl::lYiuUnu.f\::~1il1LttltJfI~1U. 
m1Anl11n1~fin11qlJ~'ltlEh~L~tJn11~11'l'l~1il11/11lJl~UYl1~~11'l"lCl1'l1 ;~Ll1j~'il'ilnLtJUL~UYl1~ 

~11'l'l1il1lJLLU'l~1fi1n~'il~11'l"l~U~'il~m~tJU1L'lru~1fi11 LL~::L~UYl1~~11'l'lUUUnL~tl~11'l"l~U~'il~'il1~tJ 

uuun 

2.1 L~UYl1~~11'l"lt;11lJU.'W'l~1fi11 

L~'WYl1~~11'l'lt;11lJLLU'l~1fi11ij~1U'lU~~~'W 20 L~UYl1~ LLti~LtluL~'Wm~~1~'l"l1Uihfi1~ A LL~:: B 

~1fi1r~:: 10 L~UYl1~ L~UYl1~~1~'l"lmlJLLU'l~1fi1~ lU~1fi11fl1tJ A Li)J~-1LLvitJ1tJ1thut)~tJ1miI111tl,"1'6n~ 

"l~~1::~U~1~~M)'II'il~tJ1EJJU ~'lU1u~1fi1rt'l1EJ B L~UYl1~~1~'l"lmlJLLU'l~1fi1rLi)J~~lLvi"l~~fl1~~1"l::flr1~, v , , 

• ..,. ... ,''' t.I D 

t;11lJUU'lf\1fi11"l::lJ fI'l1lJ n'l1~L Yl1nU fI'l1lJ m1~'II'il~~1fi11 

2.2 L~Uvn~~11'l"lUUUn 

L~UYl1~~11'l"lUUU n"l::'l1~ ~'l'!J'U1wluL~um~~11'l"lt;11lJLLU'lft1fi11 L~ m~UYl1-1~11'l"l(;11lJ LL'U'l 

ft1fi11 1 L~UYl1~ ih~uvn~~11'l'lUUUn~1U'lU 4 L~UYl1~ 'l1~~'l'llU1U LL~::,.h~'l1n~1fi11'il'ilnltlLiJu1::£J:: 5 

10 25 LL~:: 50 llJIJI11il1lJ~1~U L~UYl1~~11'l'lu'WumLl'ifl::L~UYl1~ijfl'l1lJnt)1~ 2 LlJ(;l1 ua::iifl'l1lJtJ1'lLvi1nu 

1::tJ::m::{~1::'\.l~1~" 111 (~lJ ~ULla::'1 ~~flyhtJ'!Jtl-l L~UYl1~~11'l"lmlJLLU'l~1fi1rJU1 ~-1J'Wnl1An11'11Uflhi1~~ 
ijL~UYl1~~11'l'lUUUn~1U'l'W~~iu 80 L~UYl1~ LfltJtl~1U~1fi11 A LL~:: B ~1fi11~:: 40 L~UYl~ 

~11'l'l~t;11t'\::LYiU~1fl::lYiuumLf\::~1il1Lt'iltJflfl1'UluY)m~\JYl1~~11'l"lY)m~'6U L~'ilUf\:: 2 flf~ ~~ 
dJun11~1r'l"l1uL'lfl1nf\1~-r'W Uf\::mn3~'U ,i'l-lL'l~1~:: 1 flf~ uuYin'll1l~LLfI::~1U'lU~t;11fl::L~'W~1fl::LYi'Wun 

" ,
LL~::~li11'L~'ilEJflf\1UViViU'!Jru::~11'l'l 

3. n1rLl)U;r'il1.lf\i1"1{tJYl1~n1WnVi 

'II'il;rtll;j~mlJ1ru~1tJU1'l)Jnm~tlU"I1nflCl1U-r~mlJ1ru~1tJutit;1L'Wmi ru ~";1n11 'ilU(;l.lwciu1u 

'il. L~tJ~fl1 LLf\::'ilru,"llijtl1n1f'\L~~tJnm~'ilU"l1nflCl1u'6t;111EJlJ1YltJ1 ru tl. Lijtl~ 'l . U1'W 
, t.I " 
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4. n1ih~n:;~t./~n11fl.m:t1 

n£J~lU~,)1~n1')\nJ1~f~~H';rtl~~,r.:m~iLiitlU ~lJ . £J . 2552 O~ ~~tlU it~. 2553 i.Un11~Ll'ln::~r.Jft.. 
n1r~n'li1 LVI u-!Jtll;!~i.u~'l'U'!ltl~I'l'l1~'I-lft1n'llU@l1Jtl~-KlJl1~Yl1J ua::~'ll~ f')-A"1 £JI'I~~ ri'U'!ltl~tl~'"'U r::ml1J'!l'il~ 
~ % ....I ..,. , .!( •

'D'U@lrilJl'lVlYl1J '1::,)Ll'\n:;'I-lm~g~n1a LL~::n~lJLri'W~11,)'1 

4.1 	mruti~~~n1ft 

H';rtl~v am~lCU~l~'Wr')~ (11 ft ~h~lJl r) LLft::tl• CU'l-lJ1iltl1 n1f'1 Ltl~U( tl~1'\1L"II ~ L:n u~) i.Uu.l'i~ ::~;;tlULil'W.. 

Ln CU-n L61 £J~ t'h L~ tlU 1", i1 fi1mlJ 1CU~lcJ'W~ ~n'ht'ltl~Lvi111tl~ ,hSltU'I-lJ1iltl1n1f'\"'WLiitluti'W'I :;.;\'",",xL~tl 'Wtiu 
v 	 ~ v 

Lil'U~~cJu 

4.2 ~,)1~"'ft1n-lIn", 

U1::Lilufi11'\'l1~"'~ln'l!U61"u~~r;i~::n~ ~~~'WV11~~11,)'1L61 £J 1;-i'll\lI'l'll~'I-l~l n'lln@l'!ltl~ Simpson 

(Simpson's index of diversity) (Krebs, 1999) ·nnti'W~~HnEt.J1JLYlt.J1Jr:;wh~~u~~i1chm~~:;'WilcJ1U 
4.3 l'\,)l~~-A"lUI'\~~riU'!ltl~tl~l'Iur::ntl1J'IItl"'"IIn~ 

':)Ll'\n:;~f'I,)l~ 1'I-A"1 w"~~ri'W'!l'il~'il~,",ur:: n'il1J'lJtl~'lIlj@l-KlJl1~Yl1J1'WLLIIi a:: L~'WVll~~lr')'1L@l£J1-ifnlr 

1Ll'\n::~bttJ1J Cluster analysis with Euclidean distance measurements LlnU"itumnnJ PC-ORO verso 

4.25 (McCune and Mefford 1999) 

t./'anliAn'H1 

1. n1mti"'~{;,)n1~ 

Ldtl~'11rCU1'11n"'~mncu-nmmti~~~n1aVi1J~1 glf,)cJU'l::G~~"'LLIliLfltlU L~ . U . "IUO~ Lfltl'W n.£J. 

25521'W'lJcu::~~~U~"'''I::~~~~LLI1iLfltlU UU'I . 2552 '1'WO'" ii . ~. 2553 (lU~ 1) 
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2. ~~rf~:;ll1U~I~:;lYiuun 

2.1 l'l'lIl.J\-Ifnn'llU(;) 

<nnf'il~'lIi:1I'1'lllJ~flln'llU(;)'Il'!l~ Simpson (mn~~ 1) llMl~1ihiiut)1 t~EJ1u'lIiJ'h.lf'i1l'l'11l.J~flln 

'lIU(;)'Il'!l~~u~~;j ~IElllfl:;hj;jc.hEJ;jfil1n~l~EJ~riu1uVJn1 n~lJl~UYl1~~11'l"'l Ufl:; 1 u'l ~ll~~f'i11'1'l1l.J\-Iflln 

'llU"''Il'!l~~u~~;j~IElllfl:;11j;j~IEJ;:ifil1n~l~El~riu1uVJn1 n~lJl~UYl1~~17'l'U,uriu ElnLt)'u ~n~l.Jl~u't'm 
~17'l"'l~lil~"'IlmhfiI7 25 llJ617 Yl1Jt)lfill'1'l1l.J~fl1n'llU~'Il'!l~~u~~;j~1EJ (0.74) ;:if'i1l.J,nnt)l~u~~1l.i;j~IEl 

(0.26) 

(;\1'i1~fl1 ll~",~f'i1~'Ili:1I'1'lIl.J\-Irnn'l!U(;)'IlM Simpson lmEJUlYitJ1J7:;~t)I~~u~~;j~IElLlfl:;ll.i;j~ltJ 
OJ' .aI.aI"_1 OJ' .aI~ '''_1
'WU'Vl'Vlll!:-l19 'WU'Vl'Vl ~1I11!:-119 

CJ~~U 

mill~iu~hi'l~. 
fllfi17 

5 llJl/17"'11mhfil1 

10 Ll.J(;l7"'11mhfiI7 

25 LlI(;l7"'11mhfiI7 

50 llJtJl7~1mhfil7 

0.80 

0.73 

0.67 

0.74 

0.76 

0.81 

0.83 

0.83 

0.77 

0.76 

CJ(;\U;~.. 
n~lI~iu~hi'l~ 

fllfi17 

5 LW!l7"'11mhfiI7 

1 0 ll.J(;l7"'11mhfiI7 

25 ll.J(;lNlnfi1fiI7 

50 ll.J(;l7"'11mhfiI7 

0.78 

0.80 

0.69 

0.74 

0.71 

0.81 

0.79 

0.6 

0.26 

0.68 

2.2 P\'lIl.JP\~I£H'lft~ 

"Ilnn17:=jLp\n:;lIn17~"'mil.J'!l~fltl7:;n'!lU'll'!l~'lIUVl~(;lrf~:;ll1U~1~:;Ll1u1Jn1uLL~~:;n'Cil.Jl~U~17'l"'l'U. . 
'l~~U7:;~t)I~~u~~i'i~lmLfl:;1l.ii'i~1tmut)1 ~1l.J11mlU~n~lJL~Uth1'l"'l'!l'!lmiJu 2 n~l.J n~lJ~ 1 

tJj':;n'!lU~'ltJ n'Cil.Jl~u't'n~~Ij''l<lUUun.,.T~'Il'!l~~u~~i'i~I£lllfl:;ll.iil~ltJ Ll~:;nfil.Jl~uYl1~~17'l"'l(;lllJLlU'l~1. . 
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Information Remaining (%) 
100 75 50 25 o 

Ast 

A5m -
A10m 

A25m }­
A50m 

85m 

810m t~ 
825m 

850m 

8st 

~t1v1 2 U'MI-.lmf)LI'\ n:;~mr4'(;} n~lJtl-.lrhh:;ntlU'~tl-.l'llu"d'vl'r~:;LliU~1~:;Lli'Uun1'Uqt1,l e.J'Uj:;Wj1-.l~1fi1n1~ 
e.J1t1LLfl:;hiilchtJ 1 'UVinmilJ L~'U~11'l"l, , 

rut cu:;~1'Uqt1,lLL~-.l ~1lJ1jmLu-.ln~lJL~'Uth1'l~tltlmtlu 2 n~lJ LLfliltl-.l~t1j:;ntJu'IJtl-.ln~ lJ L~'UVI1-.l 

~1j')"Ivi1-.lfl'U Pitl n~lJ~ 11.h:;ntJu~'ltJ L~'UVl1-.l~1j')"Iu\Juni-.llllJ~ ~-.l1'U~'U~~il~1t1LLfl:;hHj~1t1 n~lJ~ 2 

.1 ".l' 0 .::. ..,j".1 1·...1uj:;ntJU(;}'lti Lri'UVl1-.l~1j')"I j;]1lJ LL'U'lfl1 fi1jVl-.lVllJ ~ 1tJLL~:; lJlJ ~1tJ 

Information Remaining (%) 
100 75 50 25 o 

L.. 

Ast 

Sst 

A5m 

A50m 

810m 

A25m 

850m 

A10m 

825m 

I 

~t1v1 3 LL~ ~-.l m j'/) LPI n:;,rmr4'~mimNp)tl1:;ntJU'IItJ-.l'll~d'vt1~:;Lli'U~1t'l:;L Yi'Uun 1 'Un6\LL~-.l1:;wh~·,hm~
" 1 -I'U 

il ~1tJLLft:;hiil e.J1tJ1'UVlnn-alJ L~'U~ 11'l~ , , 

"l1 n n 11'/)LPI n:;,rn114'(;} n~ lJtl~~tl1:;ntlU'lltl-.l'DUVld'~-l~:;LVi'U~1~ :; LVi \JU n 1 \Jq ~ e.J'U1:;1l~1-.l~'U~~ij 
e.J1t1LL'n:;hiii~1tJYfU~1 tl-.l~tl1:;n'ClU'IJ'Cl-.l'l!U~d'V1-l~:;LYi'U~1\'l:;LYi'Uu n 1 'Un~ lJ \~'UVl1-.l~11'l"l1'U~1fi11~i1~1 tI 

LLV1nr;j1-.l"l1nn~lJLt\''UVl1-.l~11'l''l1'U~1fi11~hjile.J1tJ u'n:;6-.lut;jnvi1-.lr.nnn~).JLt\''UVl1~~1j')''Iu'Uun;\J1~n~'lti 

Lu'll cu:;~1'Uq I1JII~~YlU~1tN ~tl1:;ntlU'IItl-.l'l!u~d'V11\'l:;LYi'U~1\'l:; \li'Uu n 1 'Un ~).J L~'UVl1-.l~11'l"1'U~1fi11i-.l~ il 
e.J1t1LL'n:;'bW e.J1tJil f'l'l1l-J1nfllfitJ-.l fl'U ll'n:;Lt\''UVl1-.lci1j')''I1'U~1fi1ri-.l\'l tl~~nLLV1nfl1-3"11nmilJlt\''UVl1-.l~11'l"lU'U, 

http:LLfliltl-.l~t1j:;ntJu'IJtl-.ln
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3. ~1I11L~tltJf'l1l1t.t 
3.1 f'I'lll-1'H1l1n'llU~ 

"llnl'i1~'lI11Ji'l'lll-1'H1l1n'llU~'Iltl-l Simpson u'(q~.:jh'\iit.t~1 It.t~ '0 ~t.tf'l'lIl-J'H1l1mIU~'Iltl.:j 

~1Il1L~'iltJf'l1l1t.tlt.tn~l-JL~t.t'Vl1-l~lr'l"l(ijll.JLLt.t'lalfilr~)j~I[Jiif\IUtl[Jn~I'11tl.:j~hjii~ltJ It.t'llru:;~l'ill'1'lll.J, 

'H1l1n'llU~ 'Il'il-l n ~ l-J L~t.t"Vm~1 r'l"lUt.tU n~-l'H l-I ~1t.t~t.t~~ii ~1[J)j,hl-ll nn~11t.t~t.t~~lJiii ~,t1 ~'lt.t1'U{] ~LL~.:j 
YlU~IJi'1'lll-1'H1l1n'llU~'Iltl.:jn~l-JL~t.t"Vm~lr'l"l1l11l-Jut.t'lalfil1iil'il1n~L~tI-lnt.t1:;wh.:j?lM~t.t~ It.t'llru:;~'''' 
f'I'lll-1'H1l1n'll uf\'Iltl-ln~ l-JL~t.t"Vm~lr'l"lut.tun~.:j'Hl-I ~1t.t~t.t~~ii~ lt1ii,hmnn~11t.t~t.t~~lJi)j ~1t1 
1I11'M.:I;\2 LLMH"'I~'lI\lfl'l1l-J'H1l1n'llUf\'Il'il.:j Simpson LilltJUL~tlU1::'H~I.:j~t.t~~n~lmL~:;lJiii~"\EJ 

~t.t~;\n~l~ ~t.t~~~n~lg 

1l1filr 

5 L).j(ijr"lln~'fi,r 

1 0 L).jll1r"lln~'fi'1 

25 L).jIl1Nln~'fil1 

50 Ll-III11"llnfllfi'W 

0.47 

0.73 

0.64 

0.66 

0.45 

0.66 

0.47 

0.33 

0.14 

0.23 

'lCPmi-ll.. 
n~l-JLit.t-.hi1t;j. 

fllfilr 

5 LlJlI1:i'''lln~hfm 

1 0 LlJIIl1"1,n~'filr 

25 LlJII1Nlnfllfil1 

50 LlJlIl1"llnalfilr 

0.66 

0.69 

0.73 

0.68 

0.48 

0.69 

0.42 

0.39 

0.25 

0.33 

3.2 Ji'I'lllJJi'I~ltJJi'I~-l 

"l1 n n 11~ Lfl n:;tfn 1 r4"~ n~ lJ tl.:j flth:; n'ilUlItl.:j'll U~'Il tl-l~1I11L~ 'il [J f'l1l1t.tYlU~1 l'U gVJ ~t.t t'\ llJlHI 

LLtl-lnrilJL~t.tYn-l~lr'l"l'fl'flmtl\,! 2 nrilJ t~tlnrilJ~ 1 t.l1:;n'ilU~'l[JnrilJL~t.t"Vm~Ir'l"l1l11lJLLt.t'lfllfilr~-l~ii, " , 

~lmL1l:;lJiii~ltJ LL1l:;n~lJL~t.t"Vm~h1'l"lUt.tun'lltl.:j~t.t~~ij~1[J~tlEhh-l"llnftlfilr 5 10 LL1l:; 25 LlJlI1r, . 
It.t'llru:;~mhl~ 2 t.lr:;ntlU~'ltJ mh.JL~t.tYn-l~lr'l"lUt.tun~-l'HlJf\'IItl.:j~t.l~~lJiii~ltJ LLf\:;L~t.tYm~,r'l"lUt.tun, , 

http:r'l"lUt.tU
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i'hu1u~I1JLL~-3~11J1HILLti-3n~1JL~uvn-3~,)1,)"I'fl'flmtiu 2 n~1J n~1J~ 1 th:;ntlU~')t1n~1JL~UYl1-3 
~11'l"lt;l1iJLLU,)~,)fi,)1~-3~i1~1mL'I'l:;1l-iil~1t1 LL~:;n~1JL~UYl1~~,)1,)"IUUUmJ~H~u~~i1~htJ~~'\.I1JVl1u'IJClJ:;~ 

n~1J~ 2 th:;n'flu~')t1 n~1JL«UYl1-3~11,)"Iuuun~-3'\.11JVl'l1'fl-3~u~~111i1~')t1 
Infonna!ion Remaining (%) 

100 75 50 25 oL______~______~______L_____~_______L_______L______~____~ 

Ast 

A5m 

A10m L 
A25m r 
A50m 

8st 

85m 

850m 

810m 

825m 

ltlY15 LL'i\Vl-3n1f)LM1:;limNVln~1J~N"'th:;n'flu'lJtl-3'l!ijt'l~1'l1i~'fltJf)~1U1U~I1JLL~'11:;'\.I~1'1~1fi11~ii~1t1 
LLfl:;111ilchtJluYJnn~lJL~U~11,)"I 

I 



viii 

EJ~~'il~i'1lt.J~"l1nn1i~nlt1 ~~EJ~hj~1lJ1j'(l~~tlt.J~lrK 

tlr.;LtI"lIUYlfil119111"l::1~fu 

1. ;;'1llJ~ n'liLtl~ EJ'WLLtl~~-k~~iTUn1EJI1TYm~:;:n'lmYi~d~h.lt.J~l.J')"l1 nmj'~h~ thEJ'D :;fltH'l '11 lJ'Ii lJ 
y • 
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Wn1'iAm~1 

1. Am~1'tl1CU1~"II{;l;:\'tl~'tl1A!I'lI'tl ..U6hLA'tltl (M. impressa) 

1.1 '4'1 tnU;:\Am~1 

~m:n'llU1V'1'llll-3L'IlVltllA'El 'lltl-3LvilL~tlEl (M. impressa) ru L'llVlfm:n~ufitfln1'thJJ'\.l~/N r,U~El 

1.21fin1'i~''i1~ 

v11 n1r~,r')'lt~El1fl nlrL~U'\.l1 t~ tJ~, r')'lLuu1L')ru~Ln~ LL'\.l ri-3~' U1L')ru~L~1'\.n~I~ Lfl tJ'Y'IULLf\:; 

U1L')ru~I'lI"'~I"l:;djULL'\.lri'l'Ell'\.llr 
1.3 ~hltl~"'{;lI)J. 
L(;i,)L~'ElEl (M. impressa) ~'Y'IULu-ii'EI 1.2 "l:;Vi,)n1r~"'~'1(;],)~'1tfC\!C\!,ru1VlQl~~~,u-nl'1'll'El'lm:;(It'il'l 

tVl ElL-if nI,)~i'i fI ru~ mr~nu~, ~ V'I'tl ci1~u,ULL f\:;~,)Elvi'tlnlmn:;tltl n~,)Eli'iV'l LL~:;hidJUtlt.llnrlEl ~'tl-A'~1, ~ 

1.4 nl'i~{;l@lI).J 

~''tlIn1P1LLfi:;(;]')futfC\!rulru''l:;Lilu(;],)utlnt;i'LLml-3'il'tNLvi'LLvirl:;IIi',)~v1,nlr~(lt1Vlq v11n1r~~In').J 

t1El'-3Utlm~tlUfi:; 3 I'lf'l tV'lElL~)JtiV1In').J"l')nu1L')ru~'Y'IULUflf'l~I",!'" LULLvirl:;flf'l~'Y'IU "l:;v11n1nJuliniu 

Ufi::L,)rl,)~'Y'IU ~'LL"nl-3'1lll'lLvi,)LLvif\:;(;],)"l::"mJulin~,)El GPS Lur::uu UTM 
w 

~LI'ln:;,r'llU,(It'lltl'lL'IlV1Yl1A'tJ'Il'tl'lLvilL~t1tJ (M. impressa) uvirl::(;],) ~,)El Minimum Convex Polygon 

mel hod LLrl:;U . .J1ElULYiElU I'l')').J LLIII n vi ,-3'1ltl'l'tll ru,)L 'il V1~mJtl ') ~tJ r:;l-l~''1 L'Y'I PI ~LLrl::L'Y'I PI Li:iEl r')).J~-3f'1,),)).J 

LL!ilnvi,)-3r::l-l~,)'1CJ~cJULLrl:;CJ~LL~'1 t{;ltJH'~C)~ Man-Whitney U-test 

2. ~m~'ln~n'i'i)Jn''i!ii''i.:l:a1 (IILb~~Yi '1 ~n'i'i)JlU'ilIl1Yi fi'i'i)J'iI'l~'lJ'tl.:lb£Yilb~'tltl (M. impressa) 

~mtln"lmr).J'IJ'tl'lLIii,)Lt)tltJ (M. impressa) ru L'llV1fm~')~ulf~Vl11.h1J"'rl,)'1 t"'tJv1,)n1r~,r,)"lLLrl:; 

Ll1U'ii'tll,!rl'll'tl'lLvi ,)L~'iltJt"'El1fl n.n~'I.I"',)t~ tlL-n- t:.C\!C\!')u';)Yl Q n1:1'~1:1',)"l "l:;n r::v111UL,)rllnrl'l'l1'u L1).Jtf'l LnVl 

'Y'I'ltinn).J~')r..tn~'tl'l~tl'lYll'11nrl uulinm'Y'l LLrl:;uulin;;'ill,!rl~'1~ 

n"lnrn.ILLrl:;'Y'I'l~n:r:r).J~v11 L'Ii'l.l 'il'ilmnnu l-lrlu"li'ilU 'Y'ICJ~n:rr).Jn1ril'il'lnU(;],)LLf\::n1r~u~ufi 

Lilu~u 

'lhH'lfi'~v1,n"lmr).J 
.. 4 

r:;tJ::L')filYll-l.nU 

LmtJULYitJUf'l'l').JLLl1\nlii,)-3'lltl'ln"lm'rlJr:;l-l~I.:jL'Y'IPlt(;)tJH~C1ti Mann-Whitney u Ie51 LLfl:; 

LmtJULVitJuPI,)'lJLLl1\nvil'1"!llNn"\nnlJ:r:;"'~I.:jCJc:J cJULLf\:;'lc:JLL~.:j r:;l-l~'l-3L 'Y'I PI ~LLfl:;L'Y'IPi Li'itJLuu.virl::CJc:J t~1tJLif 

~C1~ Wilcoxon method pairs test 

3. ~m~'ltr~4'tI'4'IIl1Yi U,1 iii;'tl )Ji1)JCi.:l'tl'l,"'liV:ijf.l~!Pl'tln~ni'ilJn1'i !1\'l'i..3;M (II'lI'tl.:l L~'l 

Vi. n,)fuuVin-n'tllJfl L~tJ')nut.J r::u)Y\ufi::«nt!ru:;'lI'tl.:j~'i)£j1l1~tJ tl cu\lnij PI,)'llJ~Ut:.).J~Yl If I'l,),)lJ~'1
'\I " • V \I 

'Iltl'l~U~ A'VllLUjjrnJ'II1~ ~'II'ilIl-llr lumru~hil'l,)~J1r,,"ilLL'I.In'llUV'l'll'tl.:j~'111~ 'tll"l"i.dju~'il'li'in.rLl1U 

'il'tln).J')r.i'LLunLUif'il'lt.JBU~n1r 

http:filYll-l.nU
mailto:nl'i~{;l@lI).J
http:nlrL~U'\.l1
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Lm£JWVi£JUPl,)I~ml11n1ii1-l'qrulIJJ)1 "',)llJ~'U~"J'WYlfi "',)llJ~-l'1l'il-l~'U~ Vii1 ~~ (;jtln"lnnWIJ'il-l 

LI1hi~'il£J (M. impressa) 1m£JH~i)~ F-Iesl ~1'l,)llJL~'il,r'U 95 % 

nl'ir;i'HU'U01'i1.'U~'tI,:jtJ!l~nl'i 

- 1 LI"I n:;\hL~:;LmtJuL YltJu-litl ~~ "''lllJLLI11 n~1-l'1l'il-l L'l~ll 'Unl f~1 L u'Un"l nnlJLL~~:;ii"ln fflJ m~:; 

Vi ~~n 1flJ~LLt'Im-l1'ULL~~:;n"l n f1lJ r:;W)I-l L~lLL~~ :;1Il'lLL~ :;f:;W)I-lLVi PI r'llJvT-l L mtJuL YltJu "''lllJ LLI11 n IJil-l'1ltl-l 

n"lnf1lJ1:;W)I-l~~~'ULL'il:;~~LL~-l LL'il:::"''lllJllJ~'Ufinui1''l4'£J~-lLL,}fl~tllJ 

- ';ILLun'!UIi'I'1ltl-l~'lI'il1111f 

tJ~n1'if:lmjl 
... l:. .... ..1 ~ ... 

nl'i(;l (;I 1iI,:j1'I';)"6't.:Jl'ICU CUI tu,;)'Vl!;J 
~ ~ . 

" " " .J~1i)1Il-l'ifClJClJlru~Yl£jltJn~'l~-l~'U 14 1Il'l LtJ'UIIl'lL~lJ1'mViPlq 511l'lIli'lL~lJ1'mViPlLij£J 611l'ln~:;IIi'lYlET-l 

hiL~lJ1'tJ 3 Ill') 

"lI'Ul(;l'll'tl~L'III'I'ill~t'J 

1u~ 'l'U'Iltl-l'IJ 'Ull11 '1l 'il-l L'IJ iii tll~tJ'IJ 'il-l L~1L~ tl til!'Utl til'U5':::W)1-ln15'~ LI'l f 1:;~LL~:;Lnu-Htl lJ.'i'l LY1lJ L~ lJ 1'U 
~ 

~c:!LL~-l tJ1:;ntluriu1uuw~(1\hl~I)J15'()v11m5'4'u~ 11m1'U5':;uu UTM ~,:ntJu'i'i'l'U',hl'iClJ1'Um11L"'n::;~;;tl ~'i'l 

1~ ~-l~tl-li1nlrn~ultJLi)u-li'illJ'il111l.l L~'illm~l'il~Clm;ltl-l)J1n~~m LLr;;"llnm1M nl:tlL~'il-lvl'UViu~ILr;;IL~tltJlIi'l
~ ., 


Vi 'lim '1.11'i 

"llnm1~li)l111lJ~llJl1mnU~'iltll111fvT-l~u 15 lI1'ltlEh-l1mmiJuL~mvT-llllJm ~llJl1Cl~ILLUm~mn-l 

1:;viu~f")~1~ 4 t'lf")'ill~LLri Boletus (L'iim~-l) Amanita (L~m5':;1-ln) Russula (L~mll'l. L~m~ll1)J1n. L~m(h'U) 
Aauricularia (Li\mllll'U). . 
i m" ru:::~U'tI'1~mL'i'I~;)"I n'i'i)J nl'ilPil'i",:n1 iii 

"llnm5'~lf'l"l~1)J11Cl~ILL\Jn~m:tru:;~'U'il1l'1ml'Il-lLr;;IL~h)tJl~ 4 ~n1:tru:;1~nri th~UL'lJl th~UL'IJ'1 

LL"'5':; thlcJLL'il:;1'U~lfil1~'Ul 
"lIn mfM nl:tl L~'il-lvi''UViU~11'U'li'l-l~~cJ'ULr;; lL~'il m~'il n~"l:::tl~l'UU1L'l ruth~UL'lJl~-lLtJ'Uu1L'l ru~ i1 

LLlIti-ltl11111~tlL~Ii'I;'Utl~vi''}ltJ 1'U~'l'U'IJ'il-lVi~~nnlJViU~ILr;;I~'l'U111'1i"l::;iiVi~~nmJ nlf1n'litl'UII1'lLli)tJlLlIa-l 

'li'tl'UIIi'l'!Jtl-lL~'1~Yiul~LLri 1vl1ullJ' ml-lllJ'LLlI-l 'IJ'tI'UllJ' 1'ULVi'i'l-l~'U 1vi'nnllJ' 1M'il'U~u LL'il:;~lfil5'~'Ul Lli'ltJ 

f:;£J:;L'l'Cllmr'litl'UIIl'ltl1"lLYi£J-lllll-l1''U lIrtlU1-l"'f-l!l1"l"l:;'Ul'ULiJ'UL~tlU 'U'tIn"lln~ti-lYlUVi~~m1lJnl5'~u~'Uf 
3 "'f-l1'U'li'l-lLiiitl'UYl~1:tml'llJLL'Cl:;)1()'Ul£J'U 
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'IiI~n!(;l'i ~VlEJ11'1')~[;Ir(j)'ltDuru-nV1 

~'el,r'l';'el~hunilvn.lfi (1n'l:nLYltJ) 

tl~4'EI~iitl~IJi'tlfl1'))J'IiI~')n'lil~,)ElYlI-3;')J)')yjLL~:;n1mJ~EllmUfl-3LLYllJ~1\J1)J'l!lJLLyj~-3n[;l'tllJY;'l! 

'U)-L')ru'l!,)EI~-3f'ih,)'l!')-i1i-3 4'-3Wr~'II~l.i1 

~'elm';'i11Y1tJ')il'YflJ6 (lnl:l1il~nc\,y) 

Factors affecting biodiversity and succession in phytoplankton communities in the coastal 

area of Si Racha-Sichang, Chonburi province 

'il1~I'ie~mnl:ll~YltJ1il'YflJ6 r'tl~f'llMln~1ru ~r.,rlJYllJl fI'IILt'lU 

'il1t;jI'ie~mnl:ll~YI~nilVf\J6-i'l)J m~f'llt'l[;ln~11U ~1.'tl~1lnmnr L~EI)Jt'l)J\lrru 

fI,)l)Jth';C1JVlI-3~llJLf'l1'1tjn~~mtJ\JLL'lila'n'i'tl~L~tJ')Yll~D11)J'II,)~ n1rU1::lN LL~:;n1r~lJ1i~Yll~VI:;L~ 

"I1ntJi1LL'lilti~~~~'Il'1l~LnI:;~i~;~'tl~'U1L')ruti1')1VlEI [;ItllJllJ ~~r.i1 n~ n11'1i1~lJL'1E1lJ~'tl~~ltl'tln~VI:;Lfl 
1l1E1lJtln 

~1~11lJ~).J~I)J1tl~'U1L') rud ~~l111~Lnp\n11t'l:;t'l)J'Iltl-lt'llr~lJVl1uLLfl :;)J')~ t'llrllJ~ILL~::[;I:; n'1l'lJ~lJ U1:;ntl'U 

n'Un1r~~lJ1LLfl:;n1nU~EllJLLtl~-ln1rHur:;LEI'lIU~~lJ'UlJLn1::~i~ nI1t'l~I-lYhCh)~')ftn n,)1'tlyjElyjiilE1~lJ 

'iI'a~tl1::'111nn;rl).J11lJLn1:;~i-l n1E1'l1EJ1E1t;i',)~tl~n1r~lJ~-lVlI~VI:;L~ LL~:;n1r~~lJln1rvi'a~L~tJ') l111ilLn~ 

tlC1Jw,vitlt'l1l1yjLL')~~'tl)J~'tl-lLn1:;~i-lLL~:;'U1L')rulm\'LPiEl~ L'lllJ ilC\!'lill~lnn11~~'IlEJ:;lJ~cJtlEJ n1r~~~IL~EJ 
nln:;'U1E1~I'.nn~'tl~Lflitl~1lJL1fl nlnJft'tlEl~~~I,rlJLl'li'tl~~~riVl:;L~ ilru'lillellJfl:;'tl'tl~~lnnlr'lJlJChmLi1~,r\J,. ~. 

~It.l:;W,l~LLfl:;,hlJ~lJ ~~L 'lilfi Idl~~-l tlfl n 1:;VI'Ul111 ~Ln ~ fI,)l).J L~'al')LYlr)J~tl~1:;'U'UUL') f'I'lI ') EJ ~-lLL~:;1') ru1l1yj~1 
VI:;L~ L'lilJ n1nn~t.l5'1n!Jn11ru~,)VI:;L~Lt.l~ EJlJ~ ;-lLillJL'IiI(;jnl1ru~LLt'l~-l1~L~lJCi-lI'l,)I).JllJt'll.J(j)flU~'tl-lI'l,)Il.J 

~-3JlJnl1f\m:tll'1,)I).J'IiI~ln'lil~1E1Yl1~;11l1yjLLfl:;nlnu~EJlJLLtlfl-l LLVI\J~~'tl-lLLyjfl-l nl'l 'tluYi'll ~-lLillJ 

~-lr.i1djlJ~~:;l111~Liii19Ci~ tJ~ n1:;VI'U~lnn9 nm.)~'tl-l ).Jl1'1tU~'tlr:;'U'UuL,)I'I'JI1E1 ~-lYll-lVl:;Lfl L~'tl9:;1~-U1'tl~1'1 

1'I,)1)Ji~1~u1,u1:;LEI'IIlJ1lJnl14'~nl1YlfyjEJ1mVl1-lD11l.J'JI1~ (;Ifl'tll1l~lJn11~lJ~Mlyjl'l,)I).JL~'tl).JLVl1l.J'Ilfl-l 

YlmEJ1mYl,)-lYl:;L~llJ'U1L1Cu~~mh')vi'tllu 

.., tI ..
';}(;l'l r.:~~fl 

2. 1 L~tlf\n'ltll'1,) 1 l.J'IiIflln'lil~1E1Yl1-l;'l1l1mL~:;n1mj~EJ\JuUfl-lLLYllJ~1lJ' l.J'IIlJLLyjfl-l n(;ltllJYi'll'U)-L ')ru 

'lI1EJ~-l",1n'lll-iH-l 4'~'IiI-)VI'IIfll.J1 

2.2 L~tl f\n'ltll'\'lIl.J~).J~lJfi1:;wh~LLyj~-lntn'alJY;'l!LL~:;il~4'ElVlI~~-lLL')~ ~'a).J 

2.3 L~'af\n'lt11'\11).J~).J~\JfiLL'U'UtlflLflLflyjlf1r:;'IiI~I~LLyjfl~nV1'alJY;'JI 

http:4'~'IiI-)VI'IIfll.J1
http:4'-3Wr~'II~l.i1


ii 

1fin1'i~mn 

1. 	 fl'l1lJl-I~1nl-l~n[m~:;fl'l1lJl-IU1~~tiU'tl~,mYl~-.lnVl~Uf;' 

1.1 	 ~U~~n1j'1~~~:;~:;EJ:;L'l~1llJn11Lnulii'l~£.h'l 
1~l'hn11Lnulii'l~Ei1-.lLLYl~'1nVleuli'Du1L'lru'll1EJ~'1I'\~n'll1-~i-.l ~-.ll-l-)(;)'lI~l.j~ ~1U'lU 11 

t'HnU 1.u~~'ilUl'!~1f'llJ 2551 ~~~UfiU'l1I'\lJ 2551 ~~euiju1fllJ 2552 ~~~:;L~'ilUYl~1j'mfllJ 2552 

1.2 	%n11LnUIii'l~Ei1-.l 

vi1n1nnulii'l~ti1'1t(;)EJHm:;u~mtiu~1 Van oern 20 ftVl), L(;)mnulii'lm.h-.l~cnU~:; 2-3 

)':;!iiufl'l1lJ~n (;u~tjnUf'l'l1lJftn'tl~'1~1) L(;)EJ~tj'l~11.h-:;lJ1ru 0.5 LlJm n~1'1~11.h-:;lJ1ru 2-2.5 ~lJ(;1)' LL~:; 

~YiM~1tlr::lJ1ru 10-15 LlJril1 Ll1)mL~~:;)'::!iiUI'\'l1lJ~n":;Lnulii'l~Ei1'1 2 ~1 LL~:;i:!11tlm~'1~'ltl~':Jnr'1l'l 
LLVi~'1nl?l'iluYl'll'llU1~Vl1 20 llJflreu ~L~:;i:nltlfm:t1'i'lmVi~'l£.Jvl~flJ1~U 1 % L~tlmlJ1Vlr 

1.3 	 n1),~1~LUmL~::I'11U'lrul'\'l1lJl-IU1LLtiU'tl~'1~~YlMnril~ufl'll 

~1~~Unlii'l~ti1'1LLtf~'1nVl~ufl'll1ur:;!iiu~f)~ ~~~ ::I'11U'lrurl'l1lJ l-IU1 LLtiU'll~'1L~Vi~ 'I n 1?I'1l uYl'D 

tPiEllrU41U'lUL~Yl~NnVleufl,LPI£.JH Sedgewick Rafter slide m£.J1.~n~tl'l'1'Cl'Vlrrf'lU 

1.4 	 ~hi1,,~tl'Vl1-.l~-l~~'l~~tllJ 

1.u~~Pi'Cl::",cnu ":;-)M'l1lJftn n1n"'1mhu'lltl'l~~"''1 ~rul-lJ1ii fl'l1lJ~~lJ n1),~:;'Cl1£J'tl'il-.l
• 	 v 

tltln:n~"u1.u~1 1'\'l1lJ~1Iumfl-~1'1 LL'Cl:;":;~nulii'ltlti1'1~1~~~lmLf'l11:;"'l-I1I'h LltllJLUlU£J lU1Vlf'Vl lu~l?Ir'Vl 
vl'ilt'lIvll?l LL~:;:n~LnVl t~ulm'i'lltlI'\L[il1LWLI1l~llJ'Vl~ 

1.5 	1'\'l1lJ~lJliufl1::wh'lLLYl~'1nVltlufl·lILI~:;i1"~£.J'Vl1'1~'1LL'l~~'1llJ 

ire lJ 'Cl1'\'l1lJl-I~ 1 nl-l'Cl1UYl1'1:n'lmVi LL'Cl:; f1'l1lJl-IU1~LtiU'll'il'l LL Yl ~ 'I n l?I'iluYl'D ,,:;i:n1tll-l1 
v 

2. 	 n1)'~tl~ £.JUl~tl~'1ll'VlU~'II'il'l LL Yl'Cl'l nl?ltlufl'D 

2.1 	 ~u~~n1j'1ll~:;),:;£.J:;l'linlun1nnulii'ltlEi1-l 

,,:;1~vi1n1nnulii'ltl Ei1-l~LYl~'1 n l?I'ilufl'D1. u'li'l'l~lIJlJ r~ l.J I?I :;-)U'il'il n ~ ~ tl-.l~ l-Iue 1.UL~'ilU 

l'!~1fll.J 2553 - L~tlUlJnnl'\lJ 2554 ~L'Cl::1.u'Ii'l'l~fiJlJr~lJVl:;-)Ul?lm~£.J-l1.~ 1.Ul~'ilUVi~'\jmf'llJ 2554 - 1~'1lU 

~'1l-111'\ lJ 2554 L~tJ":;Lfiulii'leEi1-l1.UU1'l'l ru~1.n~nu L~l-Ifi'lnl'DU'I..lUln1:;~i-.llL 'Cl::l11 uu1' l'l cu~,rn Ln ~. 
tlnn!ln1HU~1'Vl:;~'Clltl~£.JU~ ~1U'lU 1 ?lrnu t~U":;Lf)'I..l~tl~1"''Cl:;l-I;1'1f1f'l tlnL-)u1.umcU~Lil(;) 
tlnn!ln1rru~1'Vl:;lfluJ~UU~,,:;uiulii'leEi1'1'1'ln-)u 

2.2 %n1nnulii'leti1'1 n1r~1~lum~~::ri1U'lruf'l'l1lJl-IU1L~tiU'll'1l-lLLYlfl-lnl?l'1lufl'll I'hi1"~tJ'Vl1-l 

~-lll'l~~mJ ~LfI:;fl'l1lJ~lJliufi)':;wj1-lLLYi'Cl-.lnVltlufl'llLL~:;i1"~tJ'Vl1-l~-lL~'l(;)~tllJ ,,::lrii~1LUUn1~Ll-lii'tlu1uiitl 1 

3. 	 1'\'l1lJ~lJ~ufiLI'I..l'l..l'iiflL'ClLfltf1ih::whmYl~'1ncneufl'D 

,,::lvlvi1n1r'Vlflfle-lI~£.J-lLIVi'Cl-lnl?l'tlufl'D1.U~'tl-ltl~~n1r L~'tl ~ m:t1~-l ~ ~'ll'1l-l'i'l1r'tl1l-11 rLL'Cl:: 

f'l'l1lJ~lJliUfllluu'iifl ~~L~Yl1ih::wj1-lLlVi'Cl-lncntlufl'D ~ij ~~vitln11Ltl~ tlULLtl~-l LL YlU~1.1.11 lJ'II U'tl e-.l LIYi~-ln 
VleuYl'll ~-l,,::vi1n11~mnL~u 

" 3.1 	 ILtlmL'Cl:;LYl1:;L~[J-.lLLYi~'1nVl'tlufl'D 

http:tlnn!ln1HU~1'Vl:;~'Clltl~�.JU
http:tPiEllrU41U'lUL~Yl~NnVleufl,LPI�.JH
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..., _ 11 oJ ... ~".:"I ~ ~ • ~. • ~.I 
'IIUL'I L"'ULU'l::'IIUL'I ftl-l LLfl::L'V't,\::LflEHL'V'ttlLil1tJlJ L'lLuUW}L'tl~,\llruYl'\n'l""'flfltl-l~tl LU 

3.2 Y1L'1 fltl~I'I'l'\lJ~'\lJ,\1ClLUm1LL1i-liu'Iltl~U'V'tfl-ln~tlU~' 
• .d... 4 ..... ~.J 

"I::vnn'IfYl '" f'ltl~L'V'ttlll'ltlliln n11~ L'I'D lJt\'I1fl'\1l'lf~~ ~L'I'11tl-l LL'V'tfl~ n (;1tlU'V't'll LL'U'U'II"'''' L'" EJ '1 

L'" lIYlflf'ltl-lL~EJ-l~f'lEJ1"'L(;1fYl vltli'l L vl~ LLt'l :::n~ Lnl1l~i'i l'l'l'llJ L ilJ-nUj;h~ r1U 
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Relationships behveen the population dynamics of the 
blue-swimming crab and seagrass beds in Khung 
Krabaen Bay, Chantaburi province -
Kusol R(ulIlgprataungsuk *. Nantana Gajascni 
and ,'Vittharatana Paphavasit 
Chllla/()ngh()1'n Univef'si/I', Bangkok, Thodand 
*I: -/11(1i/. f!.L'OSCSW'1I1U({/!W! II J(/ i I. COlli , --

Seagrass beds in coastal ecosystems play an important role as 
nursery grounds and habitat for marine animals, particularly the blue­
swimmi ng crab (Porlunus pelagicusJ which is an economic species in 
this country. Currently, the crab population is decreasing rapidly due to 
many factors particularly the degradation of seagrass beds, Khung 
Krabaen Bay was selected as a study site because two species of 
seagrasses, namely Enhalils acoroides and Halodu/e pini/;]/ia, grow 
there. 'I'his bay historically has had a high blue-swimming crab tishery 
production and provides economic returns to the local nsherrncn. 
There['ore, this study aims to explore relationships l'or further setling lip 
a slIstainable management plan. Samples were collected monthly 
betwccll April 200S and March 2009. A total of 42 collapsiblc crab traps 
(mcsh si7c equal to 1 and 2 ern) wcre used to collect crabs in both the 
daytime and the night-time in 4 patches of E. ac()}'oides, 2 patches of 
H. pin i/o lio , and I area without scagrass cover as a control station. 
Crabs \ve['e sexed and \veighcd and carapace widths \vere measured. 
Therca fter, they were separatcd into 2 development stages as j uveni k 
and maturc . The sex ratio of males to females was I :0 .50. Carapace 
width r~nged from 10-130 mm, The relationships between carapace 
\vidth and weight \,,:ere Wlll~ k ~ 0.000 1 CW:.'~ :.'(l~ and Wr,: ll1ak c-:: 

O.0002C\\, ·~7:<5 '). i\1orcover, the juvenile crah had a correlation with 
fI. pini/()/i(f in the daytime at P <: 0.05 . In conclusion, this bay is facing 

a declining blue-s\vimllling crab population. 

f'~' Abstracts: Research and Thesis 2009 

8 ",
~.' . 1] BRT Annual Conference. October 12-14. 2009 . Chiang Mal 



-


•o Q.,.I ~ 

~1~1JVl 2 

I 



;. , '. I {.~ 



Assessnlent of stock and movement patterns for 
sustainable nlanagement of the blue swimming crab, 
Portunu,\' pe/agicus (Linnaeus, 1758): A case study ---in 
Kung Krabaen bay, Chantaburi province, Thailand 

Chutapll Kunsook*, Nantalla Gaiaselli and Nitharat Paphavasithi 
Chllia/ol1gkhrn Universi(l'. Bangkok. Thailand 
*E-m{/l~ .: ~; ~/(I()p()9((_1}holm({i/' com 

The blue swimming crab. Portul1l1S p(!/agiclIs (Linnaeus, 175X). 
an important economic species for domestic consumption and export , is 
now in crisis due to a combination of fishing pressure and coastal 
nursery habitat destruction. Data from the Fishery Depal1mcnt showed 
that, between 2000 and 2007, total crab production was reduced from 
40,000 to 20,000 tonne/year. Kung Krabacn Bay, one of tbe important 
bl Lie swimming crab habitats that acts as a nursery ground area, is now 
facing this crisis. Unfortunately, the local govemment has no pol icy to 
solve this crisis. In ten11S of scientific study, there has been little 
research conducted on stock structure and movement patterns of the 
crab. Therefore. there is a need to explore conflict resolution by using 
the scienti fie method to allow better understanding among stakeholders . 
This study aims at: i) assessing stock of this crab~ ii) studying mo vement 
patterns and spawning habitat using a marking tcchn ique: and iii) 
ana Iysi ng current management of the crab fishery in 'order to propose an 
appropriate sustainable management strategy for the bay . Field study 
and laboratory experiments will be designed and conducted based on: 

i) biological and ecological study including stock assessment. 
reproductive biology, natural diet, population structure, abundance and 
distribution, especially movement patterns. Laboratory experiments \vill 
be set up to study tagging effectiveness. Then crabs will be tagged. 
released and recaptured at the study site. Socio-economic data relating 
to the crab fishery wlll be collected. 

ii) A 'vvorkshop will be conducted \'lith stakeholders for 
exploring the collective action for appropriate sustainable Illana gcmcnt 
of the crab in the bav . 
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Genetic diversity of the rice field frog, Hopiobatrachus 
rugulosus (Wiengmann, 1835), in natural habitats--in 
Thailand by mitochondrial DNA (12S rRNA and 
cytochrome-b sequences) 

Anusorn Pansook*, I¥ichase Khonslle, Sanit Piyupatanakorn 
and Putsatee Pariyanonth 
Chulalongkorn University. Bangkok, Thailand 
*£-mail: amphihianchu!a~l?J.(/h()o . com 

The rice Field frog (Hoplobatrachus rugu/osus) belongs to the 
family Ranidae~ genus Hoplobatrachus. It can be found from East Asia 
to throughout the Thai-Malay peninsula. Recently, the popUlation of this 
frog in -its natural habitat has been found to be decreasing because of 
habitat destruction , pollution, pesticide usage, hunting and cl imate 
change. To study the genetic diversity, we sampled rice field frogs from 
4 regions in Thai land: I) the Northeastern montane region (Nan and Tak 
provinces), 2) the Thai-Lao dry plateau (Sakhon Nakhon, Udon Thani, 
Mukdahan, Nakhon Ratchasima and Ubon Ratchathani provinces), 3) 
the Southeast Asian lowlands (Chonburi, Sa-Kaew, Chanthabllri, Trad, 
Nakhon Nayok and Phetchaburi provinces) and 4) Tenasserim and the 
Malay peninsula (Chumphon, Phang-nga and Songkhla provinces). 
DNA was extracted from each sample. Segments of mitochondr'ial 12S 
rRNA and cytochromc-b genes were amplified and the nucleotide 
sequences of these genes were analyzed. Comparisons of the 12S r'RNA 
and cytochrome-b sequenccs i.ndicates that the rice fi e ld frog population 
in Thailand can be grouped into two major clades: 1) those from the 
Southeast Asian lowlands, Tenasserim-Malay peninSUla and the 
Northeasten1 montane region (Tak province), and 2) those from the 
Thai-Lao dry plateau, Southeast Asian lowlands (Trad, Sa-Kaew and 
Chathaburi Provinces), Tenasserim-Malay peninSUla (Chumphon 
province) and Northeastern montane region (Nan province) . 
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Vertical distribution and diets of the Median-striped 
bullfrog, Kaloula Inediolineata (Smith, 1917)~ in ~m 
N gao district, Tak province 

Kal1 Nitiroj* and Wic/1ase Khol1sue 
Chu/a/ongkortl University. Bangkok. Thailalld. *E-Illoil. niliru.Lk@!yo/wo.co/ll 

The vertical distribution and diet composition of the Median­
striped bullfrog, Ka/ou/a mediolineata (Smith, 1917), were studied in 
Sam Ngao district, Tak province, Thailand, ti'om July 2006 to June 
2007. The results show that the average depth of frog burrows in the dry 
months (December 2006 to March 2007, average =: 56.60 mm, N = 75) 
was significantly deeper than wet months (July to November, 2005 
April to June, 2006, average = 31.59 mm, N = 140). Significantly 
negative con-elations were observed when comparing the vertical 
distribution to the following physical factors: soil surface moisture (R = 

-0.298; p = 0.000), relative humidity (R = -0.249; p = 0.000) and air 
temperature (R = -0.213~ P = 0.002). 

Moreover, diet composition was analyzed. The results show that 
only empty stomachs were observed during the dry months, whereas I 
during the wet months, empty stomachs were observed in 42 .9% of 
specimens. The main food items were ants (Order Hymenoptera, Family I 
Formicidae), tennites (Order Isoptera) and beetles (Order Coleoptera). 
The stomach contents were similar in both female and male frogs 
(Simple Similarity Index between 0.91-0.99). Furthetmore, a relationship 
between diet and prey availability was observed (tau = 0.469, p = 0.046). 
In conclusion, the results suggest that the Median-striped Bullfrog is a 
generalist predator which is active in the wet months, and that ants, 
termites and beetles are the main food-sources of the frog. I 
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Effects of atrazine on the early developnlent and gonad 
development of the rice field frog, Hoplobatracl.1.J.ls 
rugulosus (wiegmann, 1834) 

Kritsada Kalawutpoonphan* and Orawall Satayalai 
Chll/a/ongkom Universi~~'. Bangkok. Thailand, E-mail.kbubio(ci)hotmail.com 

Agrochemical and chemical contamination of the environment 
are considered to be disastrous causes of amphibian declines. Atrazine is 
generally applied in the rainy season. when amphibians are 
congregating; therefore, frogs either in agricultural fields or adjacent 
wetlands could be exposed to atrazine. This study was designed to 
determine the effects of atrazine on the embryonic and larval 
development of the ['ice field frog, Hoplobatrachus rugulosus 
(Wiegmann, 1~34), a common frog species in Thailand. The first part 
was to determine the normal embryonic and larval developmental of 
H. rugulosus to find out the time period of each developmental stage for 
the following cxperiments. The second part was to dctermine the effects 
of atrazine on early development of H. f1Jgulosus. The early embryos at 
the mid-blastula stage were treated with ecologically relevant nominal 
concentrations, i. e., 0.00 I, 0.0 I, 0.1, la, 100, and 1,000 ppb, using the 
FETAX protocol. The resu Its showed that the nominal concentrations of 
atrazine Llsed in this experiment did not cause significant statistical 
effects (p<O.05) on mortality rate, snout-vent length and developmental 
abnormalities, evcn though certain abnormalities, i.e.. tail flexure and 
abdominal edema, were found in all treatment groups (except 0.01 ppb). 
The last part was to determine the effects of atrazine on gonad 
development and later developmental stages. The early embryos were 
trcated with nominal concentrations of atrazine, i.e., 0.00 I, 0.01, 0.1, 10, 
25, 100, and 1,000 ppb, respectively. The embryos were treated with 
atrazine until the animal completed metamorphosis. The results showed 
that nominal concentrations of atrazine did not cause any effects on 
metamorphosis and gonad development of H. rugulosus (p<0.05). In 
conclusion, it is suggested that pure atrazine at ecologically relevant 
concentrations was not capable of causing direct effects on H. ruguloslls 
development under laboratory conditions. 
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Seasonal activity of amphibians in Naill San Noi streanl, 
Phuluang wildlife Sanctuary 

Ratchata Phoc/Ulravanich" ~ Harold K. Vo/'ii 
and Kumtlzo/'n ri'irakhupt' 
I Chulalollgkorn Universily , Bangkok, Thailand 
) 

. Field Museum olA'a/ural His to r.V. Chicago, Illinois. U.SA. 
*E-lJ1ail: rphochayavanich(Jjjyahoo.com 

Seasonal activity of amphibians in Nam San Noi stream, 
Phuluang Wildlife Sanctuary, was studied from May 2006 to May 2007. 
Night visual encounter surveys were conducted on three 100 m stream 
transects at each of three elevations, 800, 950, and 1250 m. Each stream 
transect was surveyed once a month . Species and numbers of 
amphibians found in each survey were recorded. A total of 22 species 
was found during the survey period. The species diversity in the \vet 
season was higher than in the dry season at all three elevations. The 
similarity index indicated that species composition between seasons at 
1250 m were similar, whereas at 800 and 950 m they differed . The total 
abund"nce of all species and abundances of the 6 most common species I 
had significant differences between the wet and dry seasons. The 
abundances of Odorrana aureola and Odorrana chloronota were high 
during the wet season while the numbers of Limnonectes gyldenstolpei. 
Hylarana nigrovittata, Aquixalus bisacculus, and Microhyla herdmorei 
and total abundance of all species peaked in the dry season. The highest 
abundances of the most common species were found to be associated 
with breeding activity. Canonical Correspondence Analysis (CC A) 

indicated that the year-round abundances of most amphibians at 
different elevations were associated with stream size, water temperature, 
and substrate temperature whereas the variations in amphibian 
abundance between seasons at each elevation were associated with 
relative humidity, water temperature, air temperature, substrate I 
temperature, and stream width. 
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A recent survey of the big-headed turtle, Platysterllon 
megacepha[uln, Gray 1831 in Thailand 

Krllewan Pipatsawasdikul" ~ Harold Knight Voril 

and Kllmthorn Thirakhup/ 

I Chulalongkorn University, Bangkok, Thailand 

2Field Museum o/Nawral History, Chicagu, illinois, US.A. 

*E-mail: kwanwongkom(rAvahoo.com 

Platysternon megacephalum Gray, l831 was recently surveyed in 
Thailand from December 2006 to April 2009. The study confinns the 
occurrence of P. megacephalum in ten river basins in northern, 
northeastern, central and w"'\tern Thailand. Among these, many new 
localities with elevations ,etween 430-1,350 m asl were reported. 
P. megac-ephalum was mostly found in small :!lowing mountain streams in 
dry dipterocarp forest and montane rain forest. Its populations face serious 
threats from habitat loss, human consumption and commercial harvest of 
turtles . This species urgently needs a proper conservation action. 
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BDV-OR 07 
Relationships between population dynamics of blue swimming crab and seagrass 
bed in Khung Krabaen Bay, Chanthaburi Province 

Raungprataungsul{, K:, Gajaseni, N. I
, Paphavasit, N. I 

I D.:partment of Biology. Facult) of Science. Chulalongkorn University. Bangkok I (3)0. Thailand 
E-mail: geosesa.-ma@hotmail.com 

Seagrass bed in a coastal ecosystem plays an important role as a nursery ground 
and a habitat of marine animal s particularly the blue swimming crab (Porlunus 
pelagic us) as an economic species of the country. Nowadays, this crab popUlation is 
decreasing rapidly due to many factors particularly the degradation of seagrass .bed. 
Khung Krabaen Bay was selected as a study site because two species of seagrasses, 
namely Enhalus acoroides and Halodule pinifolia, have grown there. This bay 
historically has a high blue-swimming crab fishery production and provides economic 
vall,!e to the local fishermen . Therefore, this study aims to explore relationships for 
further setting up the sustainable management plan. Samples were collected monthly 
between April 2008 and March 2009. Total of 42 collapsible crab traps (mesh size equal 
to I and 2 cm) were used to collect crab in both daytime and nighttime in 4 patches of £. 
acoroides,2 patches of H. pinifolia, and I area without seagrass cover as control station. 
Crabs were also identified sex and measured carapace width and weight. Thereafter, they 
were separated into 2 development stages as juvenile and mature. The sex ratio of male 
to female was I :0.50. It also found that the carapace width ranged from 10-130 mm. The 
relationships between carapace width and weight were W",ale = 0.000 I CW18164 and 
Wk",ale 0.0002CW178S9. Moreover, the juvenile crab has a correlation with H pini!olia 
on daytime at P < 0.05 . In conclusion, this bay is facing a declining of blue-swimming 
crab population . 
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BOY-OR 33 
Preliminary report on influences of check dam on amphibian assemblage along 
distance gradient from the stream edges in the deciduous forest in Nan province, 
Thailand 

Ratchata Phochayavanichl.Z, Wichase KhonsueZ, Noppadon Kitana 2•• 

'Biological Science Ph.D. Program. Faculty of Science. Chulalongkorn University. Phyathai Road. 
Bangkok 10330. Thailand. E-mail: voice_of_anura@hotmail.com 

2Department of Biology. Faculty of Science. Chliialongkorn Univers ity. Phyathai Road. Bangkok 
10330. Thailancl. ·Corresponding author: noppadon.k0)chlila.ac .th 

Recently, numerous check dams constructed across stream have been built in 
Thailand to extend the hydroperiod and allow more moisture to be dissipated from the 
stream to the adjacent area. Many environmental factors are known to be changed after 
the construction, especially soil moisture content along edges of the stream. However, 
the~e are few reports on the vertebrate assemblage and distribution near the check dam . 
Among terrestrial vertebrate, amphibian is regarded as the most sensitive animal to 
moisture changes. Therefore, in this study. we aim to compare amphibian assemblage 
patterns along the distance grad ient from the stream edges between the check dam and 
non-check dam areas. Eleven check dams or planned check dam construction sites were 
selected fi'om two ephemeral streams in a deciduous forest at the Chulalongkorn 
University Forest and Research Station, Nan Province. Stream transects located between 
the check dams or the planned construction sites and four strip-transects located parallel 
to each stream transect with the perpendicular distance from the stream transect of 5, 10, 
25, and 50 m were used for visual encounter surveys during May to October 2009. The 
amphibian assemblage patterns including the species diversity and composition will be 
presented. Pair-wise comparison in each transect groups along the distance gradient 
from the stream edges will be performed to examine check dam -related difference in 
amphibian assemblage. The overall effect of the check dam on amphibian assemblage 
pattern will be discussed. 
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BDV-OR 24 
Diversity of Mosses in Khew Mae Pan and Ang Ka Areas, Doi Inthanon National 
Parl<-, Chaing Mai Province 

Nathi, Y.', Seelanan, T.' 
I Department of Botany. Faculty of Science. Chulalongkorn University. Bangkok 10330. 

Thailand E-mail: Nathi.yosita@gmail.com 

The investigation of diversity of mosses in Doi Inthanon National Park, Chiang 
Mai province, was carried out in two representative areas, namely Khew Mae Pan and 
Ang Ka, during July 2007-July 2008. In total, 810 specimens of mosses were collected, 
comprising of 101 species in 59 genera 27 families . The moss families with the highest 
species was Sematophyllaceae (16 species), followed by Fissidentaceae and 
Meteoriaceae (l0 ·species) . Most taxa found belong to Indochines flora elements while 
the rest are of common Asian flora with two are worldwide distributed . One species 
enli~ted in the ICUN red list was also found, namely Disliehophyllum earina/um Dixon 
& W. E. Nicholson. It had been found that as many as 16 species of mosses were new 
records to Thailand, namely Clastobryopsis brevinervis M. Fleisch.,Clastobryopsis 
planula (Mitt.) M. Fleisch. var. planula, Claslobryopsis planula var. delicata (M. 
Fleisch.) B. C. Tan & Y. Jia, Claslobryopsis robusla (Broth.) M. Fleisch., Didymodon 
masehalogena (Renauld & Car-dot) Broth., Disliehophyllum carina/um Dixon & W. E. 
Nicholson, Distichophyllum collenchymalosum Cardot., Dis/iehophy/lum maibarae 
Besch., Disliehophyllum wanianum B. C. Tan & P. J. Lin, Fissidens obscurus Mitt., 
Clossadelphus prostrulus (Dozy & Molk.) M. Flesich., Meteorium slIbpoly/riehum 
(Besch.) Broth., Oligotriehum obtusalum Mitt., Oligotriehum semi/amellatum (Hook. F.) 
Min, Rhi:omnium Slria/ulum (Mitt.) T. J. Kop., and Warburgiel!a hislrumosa (Mull. 
HaL) M. fleisch. In addition, it is suggested that Warburgiella bis/rumosa may have 
wilder geographic distribution, and may no longer be an endemic to the Philippines. 
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BOY-PO 06 
Morphological variation of garden fence lizard, Caloles versicolor (Daudin, 1802) 
between Northern and Southern Thailand 

Prakobkarn, A:', Zug G. R. Z, Ngamprasertwong, T:, and Thirakhupt, K. 1 

I Department of Biology. Faculty of Science. Chulalongkorn University. Bangkok 10330. Thailand 
E-mail: ·arpa_ljan@lhotmail.com 

2Department of Vertebra Ie Zoology. National Museum of Natural History. Smithsonian In stitution. 
Washington. DC 20560. USA 

The garden fence lizard, Caloles versicolor is widely distributed throughout 
Thailand . It was reported that the garden fence lizard had variations in mensural 
character. scalation and color pattern among populations. Therefore, the mensural and 
scalation traits of 120 adult garden fence lizards. collected from northern (n=60, i.e. 
Chiang Mai . Nan and Mea Hong Son Provinces) and southern Thailand (n=60, i.e. 
So~~khla. Ranong and Krabi Provinces), were analyzed using t-test and Principal 
Component Analysis (PCA). All mensural characters were transformed using Snout 
Vent Length (SVL) as divisor. Significant differences (t-tests, p<O.05) in 20 of 43 
morphological characters were found between females from northern and southern 
Thailand and significant differences in 19 of 43 morphological characters were found 
between males. These characters were selected for principal component comparisons. 
However, PCA of males and females using the selected morphological characters 
showed no distinct separation between northern and southern populations. 
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BDV-PO 02 
Diet of the invasive red-eared slider turtle (Trachemys scripta e/egans) at Pathum 
Thani Province, Thailand 

Intaraprapong, C, Aranyavalai, V. and Thirakhupt, K. 
Deparlmenl of Biology. Faculty of Science. Chulalol1gkorn University. B,lIlgkok 10330. Thai land 

E-mail: the_petakcr@hotmail.comandkumthorn.t@chula.ac.th 

The red-eared slider turtle (Trachemys scripta elegans) is a popular pet. As a 
result. it is often released into natural or man-made aquatic habitats. At present, it 
establishes in many parts of the world and is considered an invasive species in many 
countries. [n Thailand, it has been considered as an invasive animal since 2008 by the 
Office of Environmental Policy and Planning. To date. its dietary information in 
Thailand is less known. Therefore, it is necessary to study its diets for proper 
management in the future. It was found that the red-eared slider turtle can consume a 
variety of aquatic plants and animals. Adult turtles consume at least 17 species from a 
total of 3 I aquatic plant species found in the study area. Some of the preferable species 
are yellow velvetleaf (Limnocharis /lava), clover fern (Marsilea crenala) and water 
spinach (Ipomoea aquatica) Besides, this species consumes both aquatic invertebrates 
e.g heteropteran water bug (Oiplonychus rusticus). water scorpion (Ranatra sp.) and 
Lanchester's freshwater prawn (Macrobrachium lanchesteri) and vertebrates e.g. 
croaking gourami (Trichopsis villatus) and snakehead murrell (Channa striata). The 
result indicates that the red-eared slider turtle (Trachemy,1 scripta elegans) is a highly 
competitive animal. 
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BDV-PO 05 
Species diversity, distribution and habitat of the webspinners (Insecta: Embiidina) 
family oligotomidae in Thailand 

I Poolprasert, P., 2Sitthicharoenchai, 0., 2Butcher, B.A. and 2Lel{prayoon, C. 
iBiological Science Program. Faculty of Science, Chulalongkorn University. Bangkok, Thailand 

E-mail: g4761008@ hotmail.com 
2Department uf Biulugy. Faculty of Science. Chulalungkorn University. Bangkok. Thailand 

The species diversity, distribution and habitat of the webspinners in family 
Oligotomidae had been studied covering 20 provinces throughout Thailand . A total of 
150 collected specimens were identified by morphological characteristics into 5 species 
and 2 morphospecies Apos/honia ceyionica, OiigolOma humher/ianu and (), saundersii 
are new records in Thailand found in this study . Olig%mu humber/iano was found only 
a locality at Prachuap Khiri Khan Province. The most common species which distributed 
over_IO provinces was Eosembia auripic/a. Of all studied localities, the highest numbers 
of species (Aphos/honia borneensis, A. ceylonica, Eosembia auripec/a and Olig%mo 
saundersii) of Oligotomidae were collected from Chiang Mai Province. Besides the 
common habitat of web spinners in tree bark, some were found on the rocks covered with 
mosses and lichens, and soils and leaves litter. This research is the first extensive study 
on species diversity of webspinners in Thailand. The results indicated the high diversity 
of this kind of insect throughout the country. Further studies on systematics and ecology 
need to be investigated. 
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PHS-PO 06 
The effect of exogenous ABA related to Pro accumulation and the role orOsP5CSI 
and OsP5CR on salt stress in rice (Oryza sativa L.) 

Siriporn Sripinyowanichl.Z, Teerapong Buabucha2.J, Hongya Gu~", and Supachitra 
Chadchawan2 

'Biological Sciences Program. Faculty of Science. Chululongkorn University . Bangkok 10330. 
Thailand E-mail: wanich_s@hotmail.com 

2Environmenl and Plant Physiology Research Unit. Department of Botany. Faculty of Science. 
Chulalongkorn University. Bangkok, 10330, Thailand 

JDepartment of Biochemistry. Faculty of Science. Chulalongkorn University. Bangkok, 10330, 
Thailand 

4National Laboratory for Protein Engineering and Plant Genetic Engineering. Peking-Yale Joint 
Research Center for PlantMolecular Genelics and AgroBiotechnology. College of Life 
Sciences. Peking University. Beijing 100871. People's Republic of China 

'National Plant Gene Research Center (Be~iing). Beijing 10010 I. People 's Republic of China 

Abscisic acid (ABA) applied exogenously at 100 JlM prior to and during the 
salt stress period induced salt tolerance in both the salt-susceptible (LPTI23) and the 
genetically related salt-resistant (LPT 123TC 171) rice lines. triggered proline (Pro) 
accumulation earlier than that by salt-stress alone, supporting a role for Pro as an 
osmoprotectant. In both rice lines. salt stress induced OsP5CS! gene expression, 
suggesting that proline accumulation occurs via OsP5CS! gene expression during salt 
stress. Under salt stress. topical ABA application induced OsP5CS! gene expression 
only in the salt-resistant line, which suggested the mode of ABA perception and/or 
signal transduction may play an important role in salt tolerance in rice, but up-regulated 
OsP5CR gene expression in both rice lines, suggesting that the increased proline 
accumulation and salt resistance induced by topical ABA application may result from the 
up-regulation ofOsP5CR and not, directly at least, from OsP5CS!. 
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PHS-PO 07 
Relationship between abscisic acid and calmodulin gene expression under salt 
stress in rice Oryza saliva L. 

Saeng-ngam, S.I·l,Warintra, 1'.2, Buaboocha, T. 2.
3

, and Chadchawan, S.J 
I Biological Science Program. Faculty of Science. Chulalongkorn University. Bangkok 10330. 

Thailand 
2Department of Biochemistry. Faculty of Science. Chulalongkorn University. Bangkok 10330. 

Thailand 
lEnvironment and Plant Physiology Research Unit. Department of Botany. Faculty of Science. 

Chulalongkorn University. Bangkok 10330. Thailand 10330. Thailand 
E-mail: Sukhumaporns@yahoo.com 

Involvement of the salt-inducible calmodulin gene, OsCam I-I, in the abscisic 
acid (ABA) biosynthesis during salt stress was studied in 'Khoa Ook Mali 105' 
(KOMLI05) rice (Oryza sativa L. cv. Khoa Dok Mali 105). The isogenic salt-resistant 
line of the KOMLI05 rice, FL530-IL, was found to accumulate three times higher level 
of ABA content in leaf tissues after salt stress treatment than the KOML I 05 rice. A 
twenty-four-time higher level of the OsCam I-I transcript was detected in the FL530-1 L 
rice leaf after 30 minutes of salt stress, while only about seven times of the OsCaml-1 
transcript at the non-stress level was found in the KOM L I 05 cu Itivar at the same period 
of time, when it was subjected to salt stress. The transgenic rice lines with the over­
expression of Os Cam I-I was found to up-regulate the genes involving in the ABA 
biosynthesis, ABA aldehyde oxidase (AAO) gene, resulting a higher level of ABA 
content in the transgenic lines, when compared to the wild type and the control 
transgenic lines without the over-expression construct. In addition, the over-expressing 
OsCam I-I transgenic plants were more tolerant to salt stress than the control plants as 
they exhibited better ability in maintaining the shoot and the root dry weights during salt 
stress. These data indicate that the OsCaml-1 signaling has an important role in the 
ABA biosynthesis, and the level of both OsCaml-1 gene expression and the ABA 
accumulation contribute to salt resistance in rice . 
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BT-PO 18 
Decolorization of pulp mill wastewater using a thermotolerant white rot fungus 
Pycnoporus sanguineus 

Thikhumporn Rayal.Z, Sehanat Prasongsuk2
, Aniwat Chalermpong2

, Pongtharin 
Lotrakuf, Hunsa Punnapayak2 

I Biotechnology Program, Faculty of Science, Chulalongkorn University, Bangkok 10330, 
Thailand. E-mail: paIlLOOOI@hotmail.com 

2Plant Biomass Utilization Research Unit, Department of Botany, Faculty of Science, 
Chulalongkorn University. Bangkok 10330. Thailand. 

A white rot fungus, Pycnoporus sanguine us. previously isolated from its 
habitat in Chiang Mai province, Thailand was found to be a thermotolerant strain. This 
fungus could produce laccase with significant activity up to 1.65 U/ml. In this 
investigation, P. sanguineus was assessed for its ability to decolourize pulp mill 
wastewater. The cell pellets of the fungus obtained from Potato Dextrose Broth were 
filtrated through Whatman No.1 paper and then 109 (wet weight) of the cell pellets were 
aseptically transferred into 50 ml of wastewater medium supplemented with I % (w/v) 
glucose and 0.12 % (w/v) NH4C1 in 125 ml flask . The culture was incubated for 24 hours 
at room temperature under shaking condition (150 rpm).Treated pulp mill wastewater 
was sampled every 3 hours for color detection. It was found that P. sanguineus was 
capable of decolourizing pulp mill wastewater with the highest percent decolourization 
at 76 % within 21 hours. Moreover, P. sanguine us could also reduce Chemical Oxygen 
Demand (COD) of pulp mill wastewater down to 13.6 %. 
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Species diver~ily, distribution and habit~lt of the webspinners (Embiidina: 

Oligotomidae) in Thailand 

Pisil Poolprascrll, Duangkhac Silthicharoenchai', Bunlika B. Arcckul ' , and ChllriYll 
Lckpruyoon 1-' 

I Deporfmc/tl (~l Biology, FccLllty q/Science, CllIt/(/lol1gkonl Uni versi ty, BWIf!,kok. 
Thailand 10330 

IntnllJuctiun: Till: wL:bspinners an: a relatively small insect Older. comprist:d of some .100 known spl;~ic~. 
whose members mainly occur in the tropical and subtropical regions. They arc interesting hecause of their 
uni 4uc fe;,turc:; II1cluding neoteny in females and silk spinning expressed hy all individuals_ Th~y have 
uniqudy L:lllarg~d foretarsi with silk glands which arc used to spin silk galleries within which the inswslivc 
grl:gariollsly. To dale. vl:ry few species h<lvl: been <.:olleclcd from Thailand. bUI wilh its hiodiversity hot SpOI 
status. including the evolutionarily related Orthoplera and PlccOplLTa, it is plausible that a rich fauna exists. 
Objectives: 
To study tile species diversity of webspinncrs in Th:liland 
To piau for future in systematic studies or webspinncrs in Thailand 
Methods: The specimens were collecled from variolls provinces in Thailand. Adult specimens were 
preserved illthe vial with 95% ethyl alcohol whilst the nymphal stages were brought back anu rcafl:d in the 
laboratory until they developed into adults . The male adull forms arc required for species iLit.:llIiric;)tion. 
Resulto;: To this t!nd we surveyed and recorded webspinncrs in the Oligotolllidae family from Mfcrcilt 
localities in Tt1<liland and revealed a total of l{ species and 6 ll1orphospecics (A{J(JSlh(llLill lmrllfni.l, 11. 

ceY/lIIliu(, A. sp t, A. sp2. A. sp:\, /Julb(Jsl!mhi(( l/rai/wu/iul. Eosembill (I((ri{,ice/((. t'. sp I. E. sp2, F. sp1. 
Lo/JtI.I'em/Ji(( //landi/mIa/a, Olig%ma humber/jona, O. Iligra, anll 0. soundersii). 

Dist"Ussion and Conclusion: All collcct~d specimens were identified by morphological characteristics into X 
species and () rnorphospecies. Oli[!,olOfHa Illunbertill/l.{/, 0. nigra. and 0. soundersii arc Ill;W rccord~ ill 
Thailand round in this study. Olig%/T/a humher/iallo was found only :I[ a localrty in Prachuap Khiri Khan 
Province. The mo~t common species which is distributed over 10 province:; was E. ((uripicHI. Of JIl sludi~u 
loealitit;s. the Chiang Mai Province is wl1l:re highest nllmlx~rs of specIes (A . burt/eel/sis. /1. (eV/(llIicl/, L. 
(/uril'l'e/CI and O. ,l"(IlIndl'rsii) wen~ collected , Besides the eomlllon habitat 01 wchspinllcrs III Iree bark. some 
were found on the rocks coven:d With mosses. lichens. and soils . This research is lhe first extenSIYI: stllJy un 
species diversity 01' wehspinners in Thailand, The results indicated the high diversity of this kind or inseci 
throughout the country. Further studies 011 systematics and ecology need to he investigated. 
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MORPHOMETRIC AND GENETIC VARIATION IN PUERARIA 

MIRIFICA CULTIVARS ACROSS THAILAND 


TRIN SUWANVlJITRI, JIRATTIKARN KAEWMUANGMOON 1
, WICHAI 


CHERDSHEWASART2 AND CHANPEN CHANCHA0 2* 


I Program 0/Biotechnology and } Department 0/Biology. Faculty o/Science. 
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Abstract 

Pueraria mirifica is a leguminous herbal plant whose tuberous roots are used in estrogen 
replacement. Leaves were collected for 39 locations across Thailand with seed pods and flowers 
also collected when available from a subset of 14 and II of these locations respectively . 
Morphometric analysis revealed a low level of variation between cuitivars. Linear regression 
analysis suggested that leaves trended to decrease in size from the West to the East whilst pods 
trended to increase in size from the South to the North and also the West to the East. Genetic 
analysis was conducted by direct sequencing of one nuclear (rONA ITS region) and one chloroplast 
(IrnLF) region, and also by random genome analysis by RAPD-PCR using five primers. All 
chloroplast sequences obtained revealed a low level of variation between isolates although the 
rONA ITS sequences displayed a divergence of up to 25.2 %. All of93 bands generated by the five 
RAPD primers were polymorphic. The average genetic distance varied from 0 to 42. N.I based 
phylogenies derived from ITS and RAPD data revealed poor resolution . In summary. both analyses 
indicate low variation amongst cultivars. 

Introduction 

Pueraria miriflca Airy Shaw et. Suvatabandhu or White Kwao Krua is a tropical 
perennial herbal plant of the family Fabaceae (Suvatti, 1978). The root or tuber extract of 
P. miriflca contains a relatively large amount of several phytoestrogen constituents, that 
is chemicals whose structure and effect are similar to the female sex hormone, estrogen. 
It is closely related to P. lobata Willd (Kudzu), the native species in southern Japan and 
southeastern China (Smitasiri & Wungjai, 1986). 

P. miriflca is distributed in deciduous or dry forest areas and in mountainous forests 
with sandy soils at roughly 80-800 meters above the sea level. Interestingly, 
morphometric diversity exists within and between these different Thai cultivars. For 
example, cultivars from Kanchanaburi possess darker blue flowers than those from 
Chiang Mai (Cherdshewasart et al., 2007). However, whether this morphometric 
polymorphism underlies a true genetic biodiversity between cultivars or merely reflect 
environmental plasticity effects remains unknown, it is important, in the selection of 
optimal cultivars and best cultivation regimes to yield optimal levels of phytoestrogens as 
medical dietary supplements. 

Morphometric variation has been widely used in determining potential plant 
diversity. For example, at the visible level in the sea grass Halodule wrightii (Creed, 
1997) and at the microlevel using SEM on epiphytic orchid seeds (Swarmy et al.. 2004). 

Genetic variation has been widely used in determining plant diversity including the 
selection of plant varieties for cultivation. Typically the genetic loci for the desired trait(s) 
are unknown and thus such approaches require random sampling across the whole genome. 
Given the cost and time of developing and characterizing a set of comprehensive 
polymorphic microsatellite (SSR) markers, it is common to employ the more random, 
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dominant, AFLP or RAPD based approaches and with somewhat related ISSR approach. 
For example, RAPD have been used in the identification of South African soybean (Glycine 
max (L.) Merrill) for commercial seed production and crop certi fication (Cherdshewasart el 
aI., 2007), with just 14 primers being able to distinguish all 37 cultivars. 

In order to determine the genetic diversity in plants, conserved regions of chloroplast 
DNA ribulose-bisphosphate carboxylase (large subunit) (rbcL), chloroplast DNA transfer 
RNA-Leucine and phenylalanine (trnL-F), nuclear ribosomal DNA internal transcribed 
spacer (ITS) and mitochondrial DNA can be used (Ellison el al., 2006). However, despite 
the clear use of morphometric and genetic analysis in many cultivated plants, to the best 
of our knowledge, no morphometric or genetic analysis within the genus Pueraria, let 
alone the species P. miriflca, has been evaluated despite the potential economic 
importance of P. miriflca as a source of natural phytoestrogens. 

There are many cultivars of P. miriflca distributed throughout Thailand, and that 
they apparently differ in their morphology, studies were carried out to characterize the 
degree of morphological and genetic variation between and, especially within cultivars. 
For morphological analysis, leaf, seed pod and flower morphometrics were analyzed by 
cluster and linear regression analyses. For genetic analysis, sequence analysis of the 
nuclear ribosomal DNA internal transcribed spacer (ITS) and cPCR-RAPD analysis with 
five primers were used to characterize the genetic variation and to perform phylogenetic 
analyses by the neighbor-joining method. 

Materials and methods 

Sampling collection: Pueraria miriflca (39 cultivars for leaves, 14 cultivars for pods and 
II cultivars for flowers) were collected from 5 parts of Thailand (i.e., the North, the 
Northeast, the Center, the West and the South) (Fig. I and Table I). P. lobata (Kudzu) was 
collected from Japan. Cultivar names were ascribed from the locality they were collected 
from and a sequential number of more than one cultivar (location) within that locality. 

Morphometric analysis: Mature leaves (50 leaves/cultivar), plus old brown seed pods 
(10 pods/cultivar) and blooming flowers (10 tlowers/cultivar) where available were 
collected. Not all the cultivars were in flower or had old seed pods at the time of 
collection (Table I). Leaf morphology was measured at nine parameters; the petiole 
length (PL) and diameter (PD), rachis length (RL), petiolet length (PLL), terminal leaflet 
length (TLL) and breadth (TLB), stipule length (SPL), angle of first leaf border (A 'B)" 
and the number of pairs of primary veins (NPY). Seed pods were assayed as pod length 
(PodL) and width (PodW) and the number of seeds per pod (SNP). Flowers were assayed 
as pedicel length (PdcL), petal width (PetW) and length (PetL), stamen length (StmL), 
pistil length (PisL), ovary diameter (OvrD) and calyx length (ClxL). In all cases, numeric 
data were recorded and used for further statistical analysis. 

Morphometric data analysis: The morphometric parameters analyzed were largely 
similar to other researches (Creed. 1997). However, in order to reduce the morphometric 
characters or parameters, the data from all the parameters were first analyzed by Principal 
Component Analysis (PCA) on the raw data of each morphometric character from all the 
sampled cultivars (Factor; SPSS program for Windows). Factor loading scores were 
obtained from the output and used to select characters, based upon an Eigen value that 
was higher than 1.0, to provide a parsimonious reduction in the number of parameters. 
The selected parameters were then used for between-groups linkage cluster analysis to 
calculate the relationship between groups and to classify clusters. 
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Table l. The plant organs collected and analyzed for each cultivar of P. mirifica 

in Thailand (Nos. 1-39) and P. [obata (Japan; No. 40), and those samples for 


which the chloroplast trnL-F (trnL-F) and rONA ITS region (ITS) were 

sequenced or RAPO-PCR was performed (RAPO). The " symbol 


re~resents a collected and anal~zed sam~le. 


No. Cultivar Leaf Pod Flower trnL-F ITS RAPO 
I CMl ~ ~ ~ ~ =J 
2 CM2 ~ 
3 CM3 " " ~ " " " 4 CM4 " " " " " "5 CR " " " 6 LPang " " " " " 7 MHS ~ ~ ~ 
8 LPoon ~ ~ ~ " 9 Nan ~ " 10 PY " " " II PI " " " " 12 P2 " ~ " "13 P3 " " ~ "14 UTRD ~ " 15 KPP " ~ ~ ~ " 16 LBR " " " " 17 NKSW " 18 PBoon ~ " " " 19 PSNL " "20 SRI ~ " " " 21 SR2 " ~ " " 22 SKHTl " " " "23 SKHT2 " " " " 24 UTTN " " " " 25 KCI " " " y " " 26 KC2 " " ~ ~ " "27 KC3 " " " " 28 PCHBR " " y " " " 29 PJKRK " " " ~ " y 

30 RBI ~ ~ ~ ~ " 31 RB2 ~ " ~ ~ "32 RB3 ~ Y ~ " 33 RB4 " "34 Tak " " " "35 CHYP " " " " 36 NKRSM ~ ~ " "37 SKNK ~ ~ "38 CHPn ~ Y Y " 39 SRTN " " " " 40 P. lobata Y Y " " " Total 40 15 II 32 34 34 

I 
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Fig. I. Map of Thailand showing tht: Provinces, with those from where P. mirijica sampJt:s were 
collected from being shown by numbers and sample code. 

DNA extraction: DNA extraction was performed by using a DNeasy plant mini kit 
(Qiagen) and Nucleospin® DNA plant kit (Machinery-Nagel) as per the manufacturer's 
protocol. Eluted DNA was stored at _20De. 

Primer conditions: Primers for PC R amplification of the nuclear rDNA ITS region and 
the intergenic spacer of transfer RNA-Leucine-Phenylal anine region (trnL-F region) in 
the chloroplast DNA were as reported by (White e( 01., (1990) . Each PCR mixture 
contained Ix PCR master mix (Fermentas Life Science), 2 ~IM of each forward and 
reverse primer, 100 ng genomic DNA and d-H20 to reach a total volume of 20 Ill. PC R 
amplification conditions were as follows: 94°C for 2 min 30 sec and 40-45 cycles of 
94°C for I min ., 55-60°C for I min and 72°C for 3 min ., with a final extens ion at 72°C 
for 10 min. PCR products were resolved by 0.8-1.0% (w/v) agarose TBE gel 
electrophoresis. 

RAPD PCR was performed as above except each reaction contained 20 ng of 
genomic DNA and one of the primers from OPA-07, OPA-12, OPD-02, OPD-16 and 
OPE-Ol (Taberlet et 01., 1991), in a tota l volume of 10 ~ll and was cycled for 94°C for 2 
min., 30 sec., followed by 45 cycles of 94°C for 1 min. , 36°C for 1.5 min ., and 72°C for 3 
min ., and resolved through 2 % (w/v) agarose TB E gels. 

Sequencing: PCR products were purified using a QIAquick pe R purification kit 
(Qiagen) and sent to the Bioservice Unit (BSU), National Science and Technology 
Development Agency (NSTDA), Thail and, for direct DNA sequencing. 

http:Ch:Jr.'pt.on
http:Ra~o;n}Ql.jn
http:PbrtllX;.an
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RAPD amplicon analysis: For the RAPD analysis for each of the five primers used the 
amplicons attained from each sample were analyzed by scoring the presence (I) or 
absence (0) of each clear band, defined as reproducible and easily and reliably 
discriminated from other bands. These were recorded and subsequently used for 
phylogenetic analysis. 

Phylogenetic analysis: All sequences obtained were aligned using the multiple sequence 
alignment program Clustal W (http://www.ebi .ac.uk/clustalw). and further analyzed by 
neighbor-joining (NJ) using the Phylogenetic Analysis Using Parsimony (PAUP*4 .0b I 0) 
program (Swofford , 2000). The genetic distance calculations were based on the K2P 
distance (for sequencing) and Nei-Li distances (for RAPD) and were performed before 
generating the phy logeny. Bootstrapping with 1000 repl icates was conducted in order to 
indicate the robustness of the phylogenetic trees, with values as % displayed above each 
node if> 50%. P. lobata (Kudzu) was used as the out-group in order to determine the 
intra-specific relationships within P. miriflca cultivars. 

Results and Discussion 

Pueraria miriflca were more widely distributed in the Northern, Central and Western 
Thailand than in other parts of Thailand, because the habitat is most suitable for this 
species (deciduous or dry forested mountainous areas) mainly located in these three 
regions. In contrast, P. miriflca was rarely found in the East and the South which are 
mainly composed of evergreen forests. In this study, 39 cultivars were collected from 
within 27 provinces of Thailand (Fig. I and Table I). Leaves were found throughout the 
year (Cherdshewasart et al., 2007), but P. miriflca are usually distinguished by their 
distinctive flowers which are not always evident. If the flowers were not available, 
tuberous roots were obtained and cut to investigate the species. The distribution of P. 
miri{Lca found in this survey (Fig. 1) concurs with that in a previous report 
(Cherdshewasart et al., 2007). 

Morphometric factor analysis of leaf, pod and flower morphometry: Factor analysis 
using the data of selectable morphometric parameters and scatter plots of two factor 
scores generated by Principal Component Analysis (PCA) revealed that there was no 
grouping structure within P. miriflca in Thailand. However, considering flower 
morphometry, the KC I cultivar from Thongphaphum district in Kanchanaburi province 
was clearly separated from the rest as an outlier but this was not mirrored in the other 
characters analyzed from this cultivar. 

Three dendrograms were constructed using the Between-groups linkage method of 
Cluster analysis on Squared Euclidian distance. The factor score values from Factor 
analysis were used for leaf and flower morphometrics whilst the standardized data were 
used for pod morphometry. All three dendrograms revealed that all the P. mirifica 
cultivars could be clustered differently. For leaf morphometrics (Fig. 2), the 39 cultivars 
of P. mirifica were classified into 5 groups comprised of one large (24 cultivars) and four 
small (5 , 4,5 and 1 cultivar) groups. The sole cultivar of the last group, Uthai Thani, may 
reflect the small leaf size due to the local climate which was a rather high humidity 
location in contrast to the other sites where P. mirifica was found in its more typical low 
humidity habitats. 
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Fig. 2. Leaf morphometric dendrogram created by the Between-groups linkage method of Cluster 
analys is. P. miriflca is class itied by the province of collection and sequential number (See Fig. I) . 

Characterization of P. mirifica in Thailand: An apparent clinal pattern of 
morphological characterization of P. miriflca cultivars in Thailand was revealed when the 
factor scores for leaf or flower morphometries and the standardized data of pod 
morphometry were plotted against latitude and longitude. 
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Considering first leaf morphometrics, there were statistically signi ficant correlations 
between both factors I (PO, TLB, PL, RL, TLL, PLL and A"B parameters) and 2 (NPV 
and SPL parameters) with both latitude and longitude (Fig. 3). Thus a clinal pattern of 
leaf characterization for P. mirifica in Thailand is suggested with the inference that P. 
miriflca leaf characters (PO, TLB, PL, RL, TLL, PLL and A"B parameters) tend to 
increase in size from the South to the North of Thailand (R = 0.229). This may reflect the 
colder weather and reduced light availabil ity in the forested mountainous terrain in the 
North which is more suitable for the growth of P. miriflca. On the other hand, the other 
two P. miriflca leaf characters (NPV and SPL parameters) decreased in size from the 
South to the North (R = -0.097), although these do not statistically correspond to the 
above seven parameters. Moreover, the trend of all nine parameters was to decrease in 
size from the West to the East of Thailand (R = -0.175 and -0 . 169, respectively), which is 
also in keeping with the change in topology (the decrease in altitude and mountainous 
terrain) and associated light availability and temperature. Again, the dry weather and 
deciduous forest of the West may be more suitable for the growth of P. miriflca resulting 
in larger stems and leaves. 

Seed pod morphometrics was analyzed from a smaller sample size (at 14 P. miriflca 
cultivars compared to 39 for leaves) and lacked samples from the more easterly points 
(samples 35-37), but still revealed a statistically significant correlation in the Z score of 
PodL (p'S0.05), with significant correlations to latitude and ·Iongitude (R = 0 .209 and ­
0.096, respectively). P. miriflca pods (PodL) tend to increase in length from the South to 
the North, and decrease in length from the West to the East of Thailand, again as with 
leaves, in agreement with the change in topology (altitude and mountainous terrain) . It is 
conceivable that the dry, cold climate and deciduous, mountainous forests of the North 
and the West might lead to a higher metabolic storage in the seeds of pods and to a larger 
size of seeds and length of pods. However, unlike the PodL Z score, there were no 
significant correlations for both latitude and longitude (p~0.05) for PodW and SNP. 
Thus, the pod shape and size of P. miriflca in Thailand are either not significantly 
different or the three pod parameters used in this study do not reveal the morphometric 
variation. 

Finally, flower morphometric analysis was restricted to only II cultivars and lacked 
all bar one (sample 35) of the likely informative easterly to north easterly locations as 
well as having only Chiang Mai to represent the north. Thus, although the analysis 
revealed no statistically significant correlations between latitude for factors I (PetL, 
StmL, PisL, ClxL, PetW and OvrO parameters) and 2 (PdcL), nor for longitude for factor 
2 (p~0 .05), it is less clear if this is due to the reduced resolution following the limited 
sampling or from an actual trend. Only factor I was significantly correlated to longitude 
(R = -0.468). Scatter plots of factor scores (1 and 2) against latitude and longitude 
suggested that the size of factor I (PetL, StmL, PisL, ClxL, PetW and OvrO) of the 
flower tended to decrease from the West to the East of Thailand, and coincided with the 
flower morphometric dendrogram. The eleven cuJtivars could be classified into three 
clusters, although, remarkably, the Kanchanaburi I cultivar (Thongphaphum district) 
could be separated from the others having distinctively larger sized flowers . Other than 
that, P. miriflca cultivars have a low apparent morphometric variation. 
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Genetic variation: All desired amplicons from the PCR amplification of the ITS and 
trnL-F gene fragments of P. miriflca from 33 collected sites in Thailand, and P lobalo 
from Japan as an out-group, were purified and directly sequenced . For each cu Itivar the 
sequences were completely trimmed aligned and the consensus was kept yielding 687 and 
731 bp for the ITS and trnL-F regions, respectively. Pairwise and multiple sequences 
alignment comparisons for the IrnL-F regions were highly similar (93-\ 00% across all 39 
P. mirifica samples and 93-98% between the P. mirifca samples and P. lobata) with a 
low sequence divergence (0-5.4% across all 39 P. miri{lca samples and 1.0-4.7% between 
the P. miriflca samples and P. {obata), as expected given the highly conserved nature 
(slow mutation rate) of this chloroplast gene. However, given the inability to discriminate 
between P. lobata and P. miriflca samples the trnL-F sequences cannot be used to 
support the identification of all P. miriflca samples as likely to be valid, since it clearly 
does not discriminate between related species. With respect to the ITS sequences of each 
cultivar of P. mirifica, a fair degree of polymorphism was observed with similarity 
percentage (72-100%) and sequence divergence (0-25.2%) values within the range 
typically seen within a species but suggestive of a fair degree of cultivar dependent 
genetic variation. However, very oddly and almost inexplicably, no discrimination 
between P. lobata and P. mirifica was noted, questioning how far diverged these two 
species really are ITS sequence variation is typically representative of only one locus 
(due to concerted evolution across tandem repeats and loci), and often does not show 
equal mutation rates across isolates (patterns that are not in accord with the molecular 
clock). Therefore to sample a larger representation of the genome we used PCR-RAPD 
analysis with five random primers (Cherdshewasart el al., 2007). The five selected 
primers all successfully amplified P. mirifica DNA and revealed polymorphic banding 
patterns between some P. mirifica cultivars as well as the out-group (P. lobata), allowing 
discrimination of individual cultivars (Fig. 4). 

In total 93 easily distinguished RAPD bands were reliably amplified and resolved by 
the 5 primers under these conditions. Of these, none were monomorphic across all 33 P 
mirifica cultivars. A representative example of amplicons derived from some P. miriflca 
samples with one primer is shown in Fig. 4, whilst a summary for each primer is 
displayed in Table 2. Interestingly, as can clearly be seen in the summary table, all 
primers amplified only polymorphic bands meaning not a single amplicon was conserved 
across all the 39 cultivars. 

Phylogenetic analysis: The sequences of PCR products (ITS) and RAPD patterns of P. 
mirifica from the 33 different Thai P. mirifica cultivars assayed (Table \) and from the 
one isolate of P. lobata from Japan (as the out-group) were used for phylogenetic 
analysis. 

Considering the ITS sequence derived NJ tree, although there are many minor groups 
of with minor bootstrap support, there is no clear resolution except for one group 
comprised of two apparent sister clades (Fig. 5). The former group is comprised of 
cultivars of Lamphun and Phrae 3 (Wang Chin di strict), firmly paired and grouped 
together with Phrae 2 (Song district), Ratchaburi 2 and Kamphaeng phet whilst the sister 
clade to this, comprised of Kanchanaburi 2 (Sai Yok district) and Chum phon cultivars 
also has good support (9\ %). However, of unclear reason and some cconcern, the out­
group (P. lobata) failed to out-group but instead was resolved within the P. mirifica 
samples and especially cultivar Phrae \. 
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M 1 3" 5 6 7 8 9 10 11 12 13 14 15 16 

1.5kb 

1.0 Icb 

0,51cb 

Fig. 4. RAPD patterns amplified by OPA-12 primer and resolved on 2.0 % (w/v) agarose gel. Lane M; 
100 bp ladder as DNA marker. Lanes 1-15; the resolved OPA-12 RAPD amplicons from 15 different 
cultivars of P mirifica in Thailand. Lane 16; the RAPD product of P. lobara as an out-group. 

Table 2. Total number of distinctive (reliably scored) and reproducible RAPO 

bands scored for the five RAPO primers using P. mirifica genomic DNA 


as template. Polymorphic bands are scored from across the 33 

cultivars of P. mirifica in Thailand. 


RAPD primer 
Number of 
total band 

Number of 
polymorphic band 

Amplicon size 
range (bp) 

OPA-07 21 21 (100 %) 250-1500 
OPA-12 20 20(100%) 250-1500 

OPD-02 17 17 (100 %) 250-1300 

OPD-16 20 20(100%) 250-1500 
OPE-OI 15 15 (100 %) 250-1300 

Total 93 93 (100 %) 250-1500 

As expected for a highly conserved gene within a species, phylogenies based upon 
the trnLF gene fragments revealed no significant discrimination, including between the 
P. mirifca samples and the out-group P. lobata (not shown). 

For the RAPD derived data the genetic distances (pairwise distances between taxa 
based on Nei-Li distance in PAUP program), which were further used in NJ phylogenetic 
construction, varied from 0 to 0.4381 (Mean = 0.1861), suggesting that the 5 primers 
used in this study could provide moderate information on the genetic variation of P. 
miriflca cultivars. This is not inconsistent with data from the related species, P. montana, 
where RAPD analysis revealed a high degree of genetic variation [17]. The NJ derived 
phylograrn from the RAPD data (Fig. 6) was separated into many inconsistent branches 
with some weakly supported branches. As with the ITS based phylogeny, again no 
consistent geographical pattern was evident and cultivars from the same Province often 
varied from each other as much as those from other Provinces. Again of concern was the 
lack of separate resolution of the out-group (P. lobata) from the P. miriflca cultivars, 
although this time it grouped close to the P. miriflca Sukhothai I and 2 cultivars and not 
Phrae I . Although the RAPD results presented only moderate genetic differentiation and 
revealed no clear phylogenetic pattern, they were potentially efficient enough for genetic 
classi fication among cu Itivars. 
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Conclusions 

Although P. miri{tca cultivars have a low overall morphometric variation (Fig. 2), 
potential clinal patterns were still observed by linear regression analysis (Fig. 3) with 
latitude and longitude changes having an apparent influence on the leaf, seed pod and 
flower morphologies of this species. In addition, the low level of genetic variation 
amongst cultivars of P. mirifica was supported by sequence analysis of the rONA ITS 
region and by RAPD analysis. Although some cultivars clearly differed from the others, 
such as Kanchanaburi 2, no clear geographical or isolation by distance was observed . 

Morphometric and genetic analyses revealed different patterns, as also did genetic 
analysis derived from the ITS sequence data and the RAPD derived data . Since RAPDs 
can amplify genomic DNA randomly and assay any genetic variation more apparently, 
the five primer sets uti I ized could detect high levels of variation in P. miri/ica. 
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A BSTRACT: Red kwao krua , BUlea superba Roxb. , is a herbal leguminous plant endemic in Thailand whose tuberous roots 

are used for male rejuvenation and the prevention of erectile dysfunction. Different populations from different provinces vary 

in their bioactivities, r<lising the need to evaluate the causes prior to optim<ll population selection and growth. Morphometric 

analysis of le<lves collected from 34 populations from 24 provinces throughout Thailand using nine p<lrameters for f<lctor 

and cluster analyses were correlated with latitude and longitude revealing a elinal pal/ern. From the North to the South, 

leaf length increased in size in factor I but decreased in size in factor 2. Genetic analysis on the same samples, using DNA 

sequence analysis from the chloroplast rheL, IrnLF-cd, and IrnLF-cf regions and maximum parsimony and neighbour­

joining phylogenetic analysis, revealed essentially no genetic variation in the rbeL region, as expected. However, some 

between -population genetic variation was reve<lled by IrnLF-cd and IrnLF-cf sequences, suggesting potentially considerable 

gcnetie polymorphism. This was supported by preliminary RAPD analyses using tive primcrs which imJieated high genctic 

variation within and between populations . 

KEYWORDS: elinal pattern , phylogeny, red kwao krua, chloroplast 

INTRODUCTION 

Butea superba Roxb. (Leguminosae: Papilionoideae 
(Faboideae)) is a large twining wood endemic in many 
parts of Thailand and is locally known as red kwao 
krua. Its tuberous roots have long been used in 
traditional medicine for male rejuvenation and the pre­
vention of erectile dysfunction I. Morphometric and 
genetic analyses are almost always used to determine 
the differences between popu lations. They can be 
used to evaluate both fixed genetic and environmental 
plasticity effects upon traits. Previous morphometric 
studies have successfully used several plant organs 
s..Jch as leaf, seed, fruit, and flower. For example, 
Moreno-Sanchez used three parameters of leaf shape 
to compare plants in the genus Archaeopteris 2 

. 

Geographic distance combined with habitat local­
ity and terrain imposes both restricted gene tlow and 
different biotic and abiotic selection prl!ssures. This 
often leads to both fixed and population level genetic 
variation of organisms. The variation may further af­
fect the bioactivity, characteristics . and classification 
of the organisms. Thus the evaluation of the genetic 
diversity is the first stage in understanding the dif­
ferent biotypes or characteristics within a population. 
To this end, many molecular techniques have been 

applied, ranging from those which do not require any 
specific sequence information (random screening of 
dominant markers), such as the somewhat unreliable 
rapid amplificd polymmphic UNA (RAPD) analy­
sis , the mure informative amplified fragment length 
polymorphism analysis, and PCR restriction fragment 
length polymorphism (PCR-RFLP) analysis, through 
to the analysis of homologous DNA sequences using 
conserved region primers and PCR amplification. or 
codominant markers based upon known loci such as 
microsatellites, insertion sequences, and SNPs. 

RAPD analysis has revealed a high level of ge­
netic polymorphism both within and between five tax­
onomic groups of Styiosanthes guianensis which co­
incided with the pattern of morphological-agronomic 
characteristics such as seed protein pattern and pollen 
stainability 3. In addition, variation in the DNA se­
quence of genes and intergenic regions of the chloro­
plast and mitochondria genome are widely used. For 
example, the large subunit of rihulose 1, 5 bisphn­
sphate carboxylase/oxygenase (rbcL), is the most 
widely used gene fragment sequence in plant phy­
logenetic construction. Its conserved nature means 
it was chosen to generate a large molecular dataset 
of angiosperms and has been used in a large-scale 
analysis of green plants (asterias)~. In addition, the 
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chloroplast DNA transfer RNA-Leucine and pheny­ Table 1 
Locations and codes of the B. superba collection 
lalanine region (trnLF) is also widely used in studying 
molecular phylogenetic relationships 5 

According to a large-scale survey on the di stri­
bution and diversity of kwao krua since 1998, B, su­

perba was found to be widely distributed in deciduous 
forests in all but the southern provinces of Thailand, 
and is found in the same mountainous habitats as 
Pneraria mir(fica (white kwao krua)6, Morphometric 

and genetic variation of kwao krua in Thailand has 
never been studied and remains unreported in the case 
of B. superba. We therefore aimed to determine the 
variation among and between B. superba populations 
in Thailand. 

MATERIALS AND METHODS 

Sample collection 

From February 2005 to October 2006 leaves were 
collected from B. superba from 34 locations (in 24 
provinces) in bamboo, dry evergreen , and mixed de­
ciduous forests in mountainous regions in the north­
ern , central, northeastern, eastern, and western Thai ­

land, but not in the southern part (Table I), in agree­
ment with its previously reported distribution/) Pop­
ulations were coded from the name of the province 
followed by a sequential number according to the 

locality within that province. Twcnty-hvc mature 

leaves (about 2 m from the shoots) per population 
were picked for morphometry, and younger leaves 
were sampled for DNA extraction. In addition, leaves 
were also collected from B, monosperma , P mirijicn, 
and P [obara for DNA extraction to use as outgroups 
in phylogenetic analyses. 

Morphometric parameters 

Nine selected parameters were evaluated: petiole 
length (PL) and diameter (PD), rachis length (RL), 

pctiolct length (PLL), terminal lealiet length and 

breadth (TLB) , stipule length (SPL) , the angle 01 hrst 
leaf border (AB), and the number of pairs of primary 
veins (NPV). All lengths were measured with a 
vernier calliper. 

Statistical analysis 

Principal component analysis (PCA) was hrst used on 
the raw data of each morphumetric character from all 
the sampled popu lations (Factor; SPSS program for 
windows). Factor loading scores were obtained from 

tile output and used to select characters, based upon 
an eigenvalue that was higher than 1,0, to provide a 

parsimonious reduction in the number of parameters. 
The selected parameters were then used for linkage 

sites, 

Code Province Latitude Longitude 

CT Chantaburi 12.82 102. 17 
CB Chonburi 13 .3 101.31 
RATI Ratchaburi I 13,59 99 ,53 
RAT2 Ratchaburi 2 13.59 99,53 
RAT3 Ratchaburi 3 13 .59 99,53 
RAT4 Ratchabllri 4 13 ,59 99,53 
CC Chachoengsao 1362 101,42 
PB Prachenburi 14 .08 101.66 
KCI Kanchanabllri I 14 ,63 99 ,09 
KC2 Kanchanaburi 2 14.51 99,24 
KC3 Kanchanabllri 3 14,44 99,49 
SR Saraburi 14,7 100.88 
BR Buriram 14 .83 103,01 
LB Lopbllri 14,94 100.77 
NAK Nakhon Ratchasima 15.01 102. 17 
NSI N<lkhon Sawan I 15.7 100.09 
NS2 Nakhon Sawan 2 15.7 100,09 
NS3 Nakhon Sawan 3 15,7 10009 
CHY Chaiyaphum 15.75 101.96 
PC Phetchaboon 16.26 101.08 
KK Khon Kaen 16.52 102.1 
TK Tak 16.6 98.84 
PSI Phirsanulok I 16.9 10048 
PS2 Phitsunulok 2 16.9 100,48 
PS3 Phitsanulok J 16.9 100,48 
NB Nongbllalamphll 17.25 102.25 

SU Sllkhothui 17 .26 99.66 
SK Sakhonnakorn 17 .34 103.83 
LY Loei 17,4 101,49 
UTT Uttaradit 17.67 100.51 
LPI Lampang I 18.33 99.51 
LP2 Lampang 2 18.33 99.51 
CRI Chiangrai I 19.92 99.93 
CR2 Chiangrai 2 19.92 99,93 

clus ter analysis between-groups (SPSS for windows 

14.0) to investigate the relationshi p among popula­

tions. Finally, correlation was used to explore clinal 
patterns in the characteristics of B. superba leaves in 
Thailand. 

DNA extraction 

Genomic DNA was extracted from fresh young leaves 
using a DNeasy plant mini kit (Qiagen) or a Nucle­
oSpin plant mini kit (Macherey-Nagel) according to 
the manufacturer's instructions . The extracted DNA 

was kept at - ·20 °C before use. 

Primer design 

For PCR, primers of rbcL were designed using the 
primer 3.0 program from the published sequence of 
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the rbcL gene from Glycine max (GenBank acces­
sion no. Z95552), with forward and reverse (329­
348 and 649-630 bp, respectively. of reference se­
quence) primers being 5'-AGGTTCTGTTACTAA­
CATGT-3' and 5'-GGTCTCTCCAACGCATAAAT­
3'. respectively. Fur amplificatiun ur a rragment of 
the non-coding intergenic spacer trnL-F region of 
chloroplast DNA. the forward trnL 5' exon primeLc 
(B49317) and reverse lrnF primeLf (A502702) from 
Taberlet et al were used. This was repeated using the 
IrnL 3' ex on reverse primeLd 7 

. 

For RAPD analysis. 5 primers (OPA-07, 5'­
GAAACGGGTG-3'; OPA-12. 5'-TCGGCGATAG­
3'; OPA-19. 5'-CAAACGTCGG-3'; OPC-15, 5'­
GACGGATCAG-3'; OPD-2. 5'-GGACCCAACC-3') 
were selected based on their ability to discern poly­
morphic bands in another leguminous plantH• All 
r~imers were synthesized by BioService Unit of 
the National Science and Technology Development 
Agency. Bangkok. 

PCR conditions 

For amplification of chloroplast loci, PCR reactions 
were carried out in I x PCR master mix solution 
(Intron Biotechnology), with 2 f.lM each of forward 
and reverse primer and 200 ng genomic DNA. PCR 
cunLlitiuns rur all amplificatiuns were as rulluws: 
94°C for 2.5 min, 35 cycles of 94°C for I min, 59°C 
for I min. 72 nc for 3 min. and a tinal extension step 
at 72 °c for 10 min. After agarose electrophoresis, 
PCR amplicons of the expected sizes (300, 283, and 
473 bp for rbcL. IrnLF-cd, and lrnLF-cf primers, 
respectively). were excised from the gel and purihed 
using QIAquick PCR purification kit (Qiagen) as per 
the manuracturer's instructiuns. The purified PCR 
amplicons were then direct sequenced commercially 
by the BioService Unit or the Research Centre, Ra­
mathibodi Hospital, Bangkok. 

For RAPD analysis, PCR was performed as de­
scribed above except for using 4 f.lM of one of the 
RAPD primers and cycle conditions were 94°C for 
2.5 min, 45 cycles of 94°C for I min, 36°C for 
1.5 min. 72 vc fur 3 min, am.! a final extensiun step 
at 72 °c for \0 min. 

Phylogenetic analysis 

All obtained DNA sequences were aligned using 
Clustal X. Phylogenetic analyses were performed by 
using neighbour-joining (NJ) and maximum parsi­
mony (MP) 8. In order to investigate the support for 
nodes estimated in a parsimony tree, bootstrap analy­
sis with 1000 replicates were undertaken by UPGMA 
(PAUP*4.0b I 0). 
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RAPD data analysis 

Duplication of each reaction was performed and, after 
TBE-agarose electrophoresis, only bands that were 
reliably and accurately discriminated (i.e .. showed a 
reproducible pattern) were scored as present or absent 
between samples on the same gel. For comparisons 
between gels, banding patterns were compared to 
markers and shared samples. The deduced Hr values 
were used to confirm band identities. In all cases 
scoreable bands were 0.1-1.5 kb in size. Neighbour­
joining cluster analysis was performed to demonstrate 
the relationships among populations by considering 
the Nei-Li genetic distance (PAUP*4.0b I 0). 

RESULTS AND DISCUSSION 

Factor analysis 

From the PCA factor analyses and factor loadings, 
7 of the characters (PD, NPV, SPL, PL, RL, TLB, 
and AB) attained a factor loading greater than 0 .6 
and were selected for further analysis. The factor 
analysis divided these 7 parameters into three groups. 
The Ist factor group (PD, NPV, RL, and TLB), 2nd 
factor group (mainly SPL and PLL), and the 3rd factor 
(mainly AB) accounted for 34.2%, 17.2%, and 11.5% 
of the total variation, respectively. Interactive graphs 
were based on factors I, 2, and 3. An example of PCA 
using factor I and 2 for the distribution of B. superba 
populations is shown in Fig. I. 

Cluster analysis 

A dendrogram, constructed by a hierarchical cluster 
analysis of the squared Euclidean distances between 
values of factor scores , revealed no clear separation 
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of B. superba into distinct groups (Fig. 2). The 
dendrogram could broadly be divided into groups with 
the firsttwu subdivided intu rour and three subgruups, 
respectively (Fig. 2). However, the support for such 
i., equivocal since the factor analysis was provided 
by the PCA analysis. The 7 informative parameters 
of leaf length are not informative enough to separate 
the populations into groups, perhaps because only leaf 
parameters were used. More parameters derived from 
other developmentally independent organs such as 
seed, flower, and rruit lUber, and internudal distances 
parameters will be further examined to address this 
possibility. Alternatively, it may be possible that biotic 
and abiotic variations due to geography and season 
across these regiuns are not significantly different and 
so the morphology of the plants is not significantly 
affected. 

elinal patterns in the characteristic of B. superba 
in Thailand 

To explore clinal patterns in the characteristics of 
B. superba, factor scores were plotted against latitude 
and longitude. A clear linear regression of geographic 
trends in morphometric characteristics of B. superba 
was revealed. Gradual transitions of characters from 
the South to the North and the West to the East 
were found (Fig. 3, Table 2). A distinct and highly 
signihcant slope (P ~ 0.05) was observed in latitude 
and longitude. In conclusion, from the North to the 
South, leaf length increases in size in factor I (PO, 
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Fig. 3 Geographic trends in morphometric characters of 

B. superba in Thailand. Latitude (A) and longitude (8) 

plotted against factor score I as derived from PCA. 

Table 2 Correlation of geographic trends in morphometric 

characters of B. superba in Thailand . 

Factor Latitude Longitude 

R value P value R value P value 

0.21' 0.00' 0.02 0.6 
2 -0.24' 0.00' 0.06 0.12 
3 0.68 0.07 0.05 0.22 

, Currelaliun is significant at the 0.0 I level (2-lailed). 

NPY, RL, and TLB) but decreases in size in factor 2 
(SPL and Pll). 

Genetic analysis 

The expected PCR products amplified by rbel, trnlF­
cd, and lrnlF-cf primers at 247 bp, 229 bp, and 
410 bp, respectively, were obtained along with ampli­
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Table 3 Summary ot the amplified genes and their charoc­
teristics. 

Characteristics rbeL region IrnlF-cd ImlF-cf 

No. of samples analysed 32 (35) 29 (3 I) 25 (27) 
Length range (bp) 247 229 410 
AT content (%) 58.6 67.5 63.9 
No. tmnsversions I 54 295 
No. transitions 7 42 266 
l';o. indels 0 62 102 

Numbers in parentheses represent d<lla including the 
outgroups which are one sample each of B. monosperma 
(only by rbeL), P miri/iea, and P lobata. 

cons from B. monosperma, P mirijica, and P tabala as 
outgroups, and DNA sequences of all PCR products 
were obtained by direct sequencing. Multiple align­
ments of the sequences were performed by Clustal 
X where comparisons revealed nucleotide variation 
in the form of single base pair substitution. The 
similarities in pairwise comparisons across samples 
of rbeL , IrnLF-cd, and trnLF-cf sequences aligned by 
elustal W ranged from 74-100%; 50-100%, and 45­
100%, respectively (Table 3). 

Phylogenetic analysis 

Partial rbeL, trnLF-cd , and IrnLF-cf sequences of 
B. superba plus the outgroups B. mOl1osperma and 
P. mirijira and P. tabala were analysed to gain insight 
into the intergenetic and intragenetic relationships. 
The phylogenetic relationsh ips were inferred by using 
the neighbour-joining (NJ) and maximum parsimony 
methods. Similar results were obtained from both 
methods (congruency of trees was tested by treemap; 
data not shown) so only the NJ phylogenetic trees are 
r;·esented (Figs. 4-6). 

Phylogenetic trees of rbcL from 32 popula­
tions of B. superba and three species of out­
group (B. monasperma, P mirijica, and P tobala) 
failed to resolve populations and even to separate 
B. manosperma , a different species within the same 
genus (Fig. 4) as expected and supporting the highly 
conserved (slow evolving) nature of thi s chloroplast 
coding gene. 

The phylogenetic tree derived from IrnLF-cd se­
quences from 29 B. superba populations and the two 
Pueraria outgroup species (Fig. 5) separated B. su­
perba populations into two major groups composed 
of all but two samples (group I) and the SK plus CC 
samples (group lI). Group I comprised of three minor 
groups (lA, IB , and IC) The fA minor group had 
highly similar sequences with low genetic distance. 
The IB and IC minor groups have higher genetic 
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Fig, 4 A rooted phylogenetic tree of rbel sequence inferred 
by the NJ method. No bootstrap values were above 50% 

for all branches. B. monosperma (8M), P mirijiea, and 
P lobata are the outgroups. 

Ivariation. According to the IB minor group, the SU 
and KC I populations formed a well separated clade 
(86% bootstrap support). In addition, minor splits 
were seen within the IC division but these had poor I 
bootstrap support. 

The phylogenetic tree derived from the larger 
IrnLF-cf fragment, which encompasses all of the 
IrnLF-cd fragment, derived, however, from only 25 
B. superha populations and the two outgroups (Fig. 6) 
also separated B. superba populations into two groups. tThis time the second group only contained the SK 
population with none of the CC isolate rooted in the 
large I A group. Additiunally, the first gruup was 
only split into two minor groups, not three, despite 
the extra sequence length and number of informative 
characters. The failure to reform the clade I C may 
perhaps be due to the lack of samples LB and LY Ifrom this analysis along with sample KC I (from clade 
IB). The two phylogenies are largely similar, as is 
expected given they are not only from the same gene 
but that trnLF-cf fragment contains all of the IrnLF-cf 
sequence. The four minor changes (samples PS3 and 
LP I shifting from clade I A to IB; samples SR and 
NS I moving from the collapsed clade Ie to IA) may 
be partly due to the missing samples, as mentioned 
above. However, the dramati c movement of sample 
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Fig. 5 A rooted phylogenetic tree of IrnLF-cd sequence 

inferred by the NJ method. Bootstrap values are shown 

on the branches when they exceeded 50%. P. miri/ica and 

p. lobata are the outgroups for tree rooting. 

CC from the distinct clade 2 (trnLF-cd) to clade IA 
(trnLF-cf) is intriguing and perhaps suggests either 
recombination or chloroplast heterosis. Given that we 
direct sequenced the DNA and saw no evidence of 
multiple templates, to evoke some form of multiple 
sequence (heterosis) with two different copies of the 
IrnLF region would require each copy to be defective 
at either the d or f primer site, which is possible, but 
unlikely. 

Given the relatively conserved nature of the ImLF 
region, the data suggests that B. superba populations 
have potentially a relatively high level of genetic 
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variation. 

RAPO analysis 

Preliminary RAPD analysis using 5 primers was used 
to evaluate if significant genetic diversity exists be­
tween B. superba populations as inferred from the 
results of DNA sequencing. Twenty three populations 
of B. superba were used. All 5 selected RAPD 
primers successfully amplificd DNA from all tested 
B. superba populations producing reliably scoreable 
amplicons with the 5 primers · which, interestingly, 
were all polymorphic across the 23 samples. Poly­
morphic bands amplified by each primer were II, 10, 
10, 10, and 7, respectively. No monomorphic bands 
were present suggesting a surprisingly high degree 
of genetic diversity. The results after scoring the 
48 dominant markers were then analysed by using 
the neighbour-joining cluster to demonstrate the rela­
tionship among popUlations, using the Nei-Li genetic 
distance (PAUP*4.0)~. The derived phylogenetic tree 
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(Fig. 7) revealed two major separated groups (I and 

II) . Group I (clade l) contained 19 populations of 

B. superba, had a 57% bootstrap value, and could be 

subdivided, albeit with only weak bootstrap support, 

into subclades IA, I B (TK and SR), and I C (NAK, 

LY, and SV). This is congruent with the IrnLF 

derived phylogenies. In contrast, there are 4 excepting 

samples . The first une is LB (clade I C in IrnLF to I A 

iR RAPD). The second one is the PBfPS3 pair whieh 

is still coresolved but moved from clade IB (trnLF) 
to IA (RAPD). The third one is the odd grouping of 

TK and SR in this RAPD based phylogeny. The last 

one is the unresol ved KC I sample. However, the KC I 
sample does not belong to either Group I or II. Group 

II (Clade II) contains four populations of B. superba 
(KK, CR2, CT, and CHY) with a 65% bootstrap value 

which are all rather oddly from within the I A clade of 

the IrnLF phylogeny. It must be noted that this RAPD 

analysis not only lacks seven populations, but is also 

unrooted. This may account for some of the observed 

differences . Aside from these umesol ved issues, it 

is obvious that group I has a relatively high genetic 
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Fig. 7 A neighbour-joining tree of RAPD derived data 

using the Nei-Li genetic distance among 24 popUlations of 

P superbo . 
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variatIOn but this is not the case for those samples 

in group II. Also. with only five RAPD primers this 

preliminary study revealed nodes of closely related 

populations from the same province, in contrast to the 

chloroplast IrnLF based sequence data. For example, 

the node of RATI, RAT2, and RAT3 is close to the 

node of NS2 and NS3 . 

These preliminary results should be useful in 

assessing the potential for genetic analysis for conser­

vation strategies and correlating genetic relationships 

between geographic populations and bioactivity traits 

among Thai B. superba populations that may help 

to select the best population(s) of B. superba for 

pharmaceutical applications in the future. 
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Ratchata Phochayavanich, Harold K. Voris, Wichase Khonsue, Somying Thunhikorn, and Kumthorn 
Thirakhupt (2010) Comparison of stream frog assemblages at three elevations in an evergreen forest, north­
central Thailand . Zoological Studies 49(5) : 632-639. A study of stream-dwelling frog assemblages was 
conducted at 800, 950, and 1250 m in elevation on the Nam San Noi stream, Phuluang Wildlife Sanctuary, 
north-central Thailand. Three transects, each 100 m long which ran along the stream, were designated at each 
elevation. Visual encounter surveys were conducted within each transect at night from June 2006 to May 2007. 
The Shannon-Wiener index of species diversity indicated that the diversity was highest at the lowest elevation 
and lowest at the highest elevation, while Morishita's similarity index indicated that species compositions at 800 
and 950 m were very similar to each other, but both of them differed from that at the highest elevation (1250 m) . 
Over all 3 elevations, 4 of the most common species (with abundances exceeding 1 %) were least abundant 
at the highest elevation, while 2 species, Limnonectes kuhlii and Odorrana aureola, were most abundant at 
the highest elevation . The abundance of Lim. gyldenstolpei fluctuated among the 3 elevations. These results 
indicated that the frog compositions significantly differed between 2 elevation groups, that is between (a) the 
group consisting of 800 and 950 m and (b) that at 1250 m, and also that frog diversity tended to be highest at 
the lowest elevation . http://zoolstud .sinica.edu.tw/Journals/49.5/632.pdf 

Key words: Frog diversity, Species composition, Steam transects , Elevational differences. 

Terrestrial environments are exposed to 
both temporal and spatial changes, often rapid, in 
local environmental gradients. Exploring patterns 
of species richness and biodiversity across these 
gradients is a key and central component of 
understanding the ecology and biogeography of 
each habitat and geographical domain. For this, 
elevational gradients in mountainous regions 
can show particularly large gradient changes in a 
relatively small area. Documenting the elevational 
patterns in species richness, and by comparative 
analysis with other such patterns, identifying the 

factors that govern them are essential matters 
for conservation management of any species 
or habitat in mountainous regions (Pimm and 
Brown 2004) . However, patterns of species 
richness along elevational gradients considerably 
vary across the world, while the processes that 
govern them seem to be equally varied (Rahbek 
1995 2005), preventing simple transfer of known 
data to conceptually similar habitats elsewhere . 
Nevertheless , the persistence of residential 
species in a specific area suggests that there are 
suitable available habitats for those species in that 
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area. Thus, data on resident species assemblages 
in any given habitat can be used to determine 
the suitability of that habitat for those species by 

. comparison to similar habitats in other locations. 
Among terrestrial vertebrates, amphibians 

are regarded as a major group of animals that 
are sensitive to environmental change (Hopkins 
2007). Amphibians are ectothermic animals that 
rely on environmental sources for heat gain . 
P.3 a result, their options for activity are more 
limited than those of endothermic tetrapods , 
which maintain an elevated body temperature by 
means of metabolic heat production . Globally, 
temperature appears to be the main limiting 
factor in the diversity and distribution patterns of 
the herpetofauna (Zug et al. 2001, Huang and 
Tu 2008) . However, on a local scale, there are 
several other factors that can additionally influence 
amphibian assemblages. The species richness 
of amphibians can be influenced by season 
(amphibian: Allmon 1991, Phochayavanich 2007), 
precipitation (herpetofauna : Owen 1989, frog : 
Woinarski et al. 1999), soil texture (herpetofauna: 
Woinarski et al. 1999), the existence of burned 
areas (herpetofauna: Giaretta et al. 1999), and 
litter volumes and moisture levels (frog: Allmon 
1991) . Moreover, amphibian compositions 
can be influenced by differences in land use 
cover (amphibian : Phochayavanich et al. 2008; 
herpetofauna: Vonesh 2001 , Barrett and Guyer 
2008). Many environmental factors change along 
elevation gradients (e.g., plant communities, water 
pH and temperature, ultraviolet-light exposure 
levels and canopy cover, relative humidity, litter 
type and cover, and air temperature) . Relative 
abundances and species compositions of 
amphibian species that rely on these factors are 
thus predicted to change along such a gradient. 
Therefore, the objective of this work was to study 
and compare the composition of amphibian 
communities at 3 different elevations on Nam San 
Noi (NSN) stream in Phuluang Wildlife Sanctuary, 
Thailand . 

MATERIALS AND METHODS 

Study area 

Phuluang Wildlife Sanctuary is located in 
Loei Province , Thailand, at 1r3'-1 r24'N and 
101 °16'-101 °21'E. The average annual rainfall 
from 1954 to 2000 was 1229.1 mm, and most of 
the rain occurs from Apr. to Oct. The sanctuary is 

covered by a mixture of dry deciduous dipterocarp 
forest, mixed deciduous forest, dry evergreen 
forest, montane evergreen forest, coniferous forest, 
and tropical grassland . This study was conducted 
on NSN stream which is the main stream within 
the northern part of the sanctuary (Fig . 1). The 
stream was divided into 3 sections which were 
located at 800, 950, and 1250 m in elevation, and 
all were in the tropical evergreen forest. Intervals 
between sections were approximately 1.5-2 km . 
The principal forest types in this sanctuary are 
tropical dry evergreen forests at 500-900 m and 
tropical montane evergreen forests at 900-1400 m 
(Forest Research Center 2002) . However, the 
forest type at 700-900 m can be defined as a sub­
community of tropical dry evergreen forest or an 
ecotonal community composed of both forest types 
including some oak tree and other plant species 
similar to the tropical montane evergreen forest. 
Therefore, the plant communities at the 800 and 
950 m sites were more similar to each other than 
either was to the 1250 m site. 

Stream characteristics 

The stream width, depth, and rate of water 
flow were measured at each transect and on 
each visit. The Kruskal-Wallis test was used to 
determine differences in stream characteristics 
among the 3 elevations . The average annual 
stream characteristics were grouped among 
transects by a cluster analysis (with Euclidean 
distance measurements using PC-ORO verso 4.25 
software; McCune and Mefford 1999). Elevations 
at which stream characteristics were similar were 
grouped together by the cluster analysis. 

Study of frog assemblages 

The amphibian species compositions were 
determined by visual encounter surveys on 100 
m transects at 800, 950, and 1250 m on the NSN 
stream. Nine nights of surveys per month were 
conducted from June 2006 to May 2007 inclusively 
on three 100 m stream transects (with intervening 
distances of 250 m) at each of 3 elevations 
(800, 950, and 1250 m). The night surveys were 
conducted by 3 workers for 30 min per transect at 
19:00-22 :00. Gradients between the three 100 m 
transects at each of the 3 elevations (800, 950 and 
1250 m) were modest in comparison to the overall 
gradients between the elevations of 800, 950, and 
1250 m. The species and numbers of individuals 
were recorded to calculate the species diversity, 
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Fig. 1. Map of the study area at the Nam San Noi stream in the Phuluang Wildlife Sanctuary, showing the transect locations at 800 m 
asl, 950 m asl and 1250 m asl. 
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species similarity, and species abundance at each 
elevation . The species diversity was determined 
by the Shannon-Wiener index of species diversity 
and similarity was determined by Morishita 's 
similarity index (Krebs 1999). 

RESULTS 

Stream characteristics 

The average annual stream width, depth, and 
rate of water flow significantly differed among the 
3 elevations, and all 3 parameters were highest at 
the lowest elevation (Table 1). 

The cluster analysis (with Euclidean distance 
measurement using PC-ORD vers. 4.25 software) 
of environmental factors (stream width, depth, 
and rate of water flow) on the transects at the 3 

different elevations on NSN stream indicated that 
transects were divided into 2 groups, accounting 
for 75% of the information (Fig. 2). The 1st group 
was comprised of the stream transects at 800 and 
950 m, while the 2nd group was composed of the 3 
transects at 1250 m. Thus, stream characteristics 
of the 800 and 950 m transects were more similar 
to each other than either was to the stream 
transects at 1250 m. It is noteworthy that this 
result was in full agreement with the vegetation 
similarities between the 2 lower transects 
compared to the upper one. 

Species diversity 

In total, 22 species of amphibians were found 
at NSN stream, Phuluang Wildlife Sanctuary 
between June 2006 and May 2007. They belong 
to 2 orders, Caudata and Anura, and 6 families : 

Information Remaining (%) 

100 75 50 25 o , , 

B1 

B3 

B2 

C1 

C2 

C3 

01 

03 

02 

B1 - B3 = 1st, 2nd, 3rd stream transects at 800 m asl 
C1 - C3 = 1st, 2nd, 3rd stream transects at 950 m asl 
01 -03 = 1st, 2nd, 3rd stream transects at 1250 m asl 

Fig . 2. Similarity of environmental factors among transects at 3 different elevations at the Nam San Noi stream, Phuluang Wildlife 
Sanctuary, from June 2006 to May 2007, analyzed by cluster analysis with Euclidean distance measurement using PC-ORO version 4.25 
software. 1-3 represent the 1 st, 2nd, and 3rd stream transects at elevation sites (B) 800, (C) 950 and (0) 1250 m as\, respectively. 

Table 1. Stream characteristics (mean ± S.E.) at 3 elevations on Nam San Noi stream from June 2006 to 
May 2007. Stream width, depth, and flow rate significantly differed among elevations, by the Kruskal-Wallis 
test, p :::; 0.05 

Elevation 800 m 950 m 1250 m 

Stream width (m) 9.22 ± 0.70 6.45 ± 0.45 2.55 ± 0.30 

Stream depth (m) 0.91 ± 0.08 0.39 ± 0.03 0.27 ± 0.03 

Rate of stream flow (m/s) 0.81 ± 0.11 0.49 ± 0.06 0.21 ± 0.05 
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the Dicroglossidae, Megophryidae, Microhylidae, 
Ranidae, Rhacophoridae, and Salamandridae . 
Hylarana nigrovittata had the highest abundance 
(44.0%), followed by Limnonectes kuhlii (24 .4%), 
Odorrana chloronota (15.4%), Leptolalax 
pelodytoides (7.4%), Limnonectes gyldenstolpei 
(3 .3%), Microhyla berdmorei (1.8%), and Odorrana 
aureola (1.8%) (Fig. 3). The Shannon-Wiener 
index of species diversity for all observations was 
a modest 1.61 reflecting a substantial amount of 
unevenness among the species abundances. Nine 
species represented > 1% of the total abundance 
and were considered common species for the 
purposes of figure 4. The percentage abundance 
of each of the other 13 other species was < 1%, 
and these are not shown in figure 4 . Figure 4 
illustrates that at each elevation, only 1-3 species 
dominated with 10% or more of the composition . 

Species compositions and abundances at 
different elevations 

(a) 800 m: Seventeen species of amphibians 
were found at this elevation with 7 species having 
> 1% relative abundances (Table 2) . Hylarana 
nigrovittata (Hn) had the highest abundance 
(50.1 %), followed by O. chloronota (Oc) (19.6%), 
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>
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Fig. 3. Proportion of each of the 7 common species at all 
3 elevations of Nam San Noi stream, Phuluang Wildlife 
Sanctuary, from June 2006 to May 2007. The remaining 15 
species, whose individual proportions are less than 0.01 each, 
are shown pooled together on the lower right side. Numbers 
above each bar show the exact relative proportion. 

Lep . pelodytoides (Lp) (12 .3%), Lim . kuhlii 
(Lk) (7.9%), Lim. gyldenstolpei (Lg) (4 .3%), M. 
berdmorei (Mb) (1 .9%), and P leucomystax (PI) 
(1 .2%) (Fig. 4) . The percentage abundances for 
each of the other 10 species were < 1 %. The 
Shannon-Wiener index of species diversity was 
the highest of the 3 sites, at 1.54. 

(b) 950 m: Fifteen species of amphibians 
were found at this elevation with 7 species with 
> 1% relative abundance level (Table 2). Hylarana 
nigrovittata had the highest abundance (56.3%), 
followed by O. chloronota (19 .0%) , Lim. kuhlii 
(10.4%), Lep. pelodytoides (7 .1%), M. berdmorei 
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Fig. 4. Percentage abundance of each of the 9 common (in at 
least one of the 3 elevations) species at each elevation at Nam 
San Noi stream, Phuluang Wildlife Sanctuary, from June 2006 
to May 2007. Species abbreviations are : Hylarana nigrovitta/a 
(Hn), Limnonectes kuhlii (Lk), Odorrana chlorono/a (Oc) , 
Lep/olalax pelodytoides (Lp), Limnonectes gyldenstolpei (Lg) , 
Microhyla berdmorei (Mb), Odorrana aureola (Oa), Hylarana 
cubitalis (Hc) and Polypedates leucomystax (PI). 
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(2.6%), H . cubitalis (Hc) (1.6%) , and Lim . 
gyldenstolpei (1.4%), (Fig . 4) . The percentage 
abundances of the other 8 species were each < 1 %. 
The Shannon-Wiener index of species diversity 

. was 1.38. 
(c) 1250 m: Ten species of amphibians were 

found at this elevation (Table 2). Limnonectes 
kuhlii had the highest abundance (8236%), 
followed by O. aureola (Oa) (7.88%), Lim . 
gyldenstolpei (5.65%), and H. nigrovittata (2.05%) 
(Fig. 4). The percentage abundances of the 
remaining 6 species were each < 1% . The 
Shannon-Wiener index of species diversity (0.71) 
was the lowest at this elevation. 

Combining the data from the 3 elevations, 22 
species were found, of which 7 had a total relative 
abundance of > 1 %. Four of the 7 species with 
a total abundance of > 1% showed their lowest 
abundance at the highest elevation (1,250 m). 
Limnonectes kuhlii and O. aureola were the 2 
exceptions, with their maximum abundances being 
found at the highest elevation. The abundances 
of Lim. gyldenstolpei fluctuated among these 

elevations, and Xenophrys major was only found 
at 950 m. 

Similarities of amphibian species compositions 
among elevations 

Values of Morishita's similarity index between 
800 and 950, 950 and 1250, and 800 and 1250 m 
were 0.99, 0.20, and 0.16, respectively. Thus, the 
species compositions at 800 and 950 m were very 
similar to each other, but both of them differed from 
the species composition at 1250 m. 

DISCUSSION 

Species diversity and abundance of amphibians 
at different elevations 

Overall, across all 3 surveyed elevations, 
H. nigrovittata had the highest abundance in 
this stream. However, comparing the relative 
abundance of each species among the 3 

Table 2. Number of observed and the percentage abundance of each of the 22 species of amphibians 
found on transects at 3 elevations on Nam San Noi stream from June 2006 to May 2007 

800m 950 m 1250 m Total 
Family Species 

No. (%) No. (%) No. (%) No. (%) 

Salamandridae Tylototrlton verrucosus 1 (017) 1 (0.04) 

Megophryidae Leptobrachium smithi 6 (0 .63) 6 (0.21) 

Leptolalax pelodytoides 118 (1234) 91 (7.08) 1 (0.17) 210(7.43) 

Xenophrys major 9 (0 .70) 9 (0 .32) 

Dicroglossidae Limnonectes gyldenstolpei 41 (4.29) 18 (1.40) 33 (5 .65) 92 (3 .26) 

Limnonectes kuhlii 75 (7.85) 133 (10.35) 481 (82 .36) 689 (24.39) 

Limnonectes limborgi 1 (0 .08) 1 (0.04) 

Ranidae Hylarana cubitalis 6 (0.63) 21 (1 .63) 27 (0.96) 

Hylarana nigrovitlata 479 (50.10) 723 (56.26) 12 (2.05) 1214 (42.97) 

Hylarana taipehensis 1 (0.10) 1 (0 .08) 2 (0.07) 

Odorrana aureola 4 (0.31) 46 (7 .88) 50 (1.77) 

Odorrana ch/oronota 187 (19.56) 244 (18 .99) 3 (0 .51) 434 (15.36) 

Rhacophoridae Aquixa/us bisaccu/us 5 (052) 3 (0 .23) 8 (028) 

Chiromantis vitlatus 3 (0.31) 3 (0.11) 

Phi/autus parvulus 2 (0 .16) 2 (0.07) 

Polypedates leucomystax 11 (115) 1 (0.08) 5 (086) 17 (0.6) 

Rhacophorus feae 1 (0.10) 1 (004) 

Microhylidae Kalophrynus interlineatus 1 (0.10) 1 (0 .17) 2 (0.07) 

Kaloula pulchra 2 (021) 2 (0.07) 

Microhyla berdmorei 18 (1.88) 33 (2.57) 1 (0 .17) 52 (1.84) 

Microhyla fissipes 1 (0.10) 1 (0.04) 

Micryletla inornata 1 (0.10) 1 (0 .08) 2 (0.07) 

2825 

Total number of species 17 15 10 22 
Total number of individuals 956 1285 584 
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elevations, only H. nigrovittata had the highest 
abundances at the low elevations (800 and 
950 m), while Lim. kuh/ii was the most abundant 
frog at the highest elevation (1250 m). This result 
is very similar to a previous study in the Lam Ta 
Kong stream at Khao Yai National Park, Nakhon 
Ratchasima Province, where H. nigrovittata also 
had the highest overall abundance and was the 
most abundant frog at low elevations (400-900 m), 
while Lim. kuhlii was the most abundant frog at 
elevations of> 1000 m (Kongjaroen 2007). 

In this study, the species diversity of amphi­
bians was higher at the lower elevations. Parris 
and McCarthy (1999) reported that the upstream 
catchment volume was a significant explanatory 
variable for the species richness of frog 
assemblages in forest streams in southeastern 
Queensland, Australia. It was correlated with 
stream width, stream substrate, permanence of the 
water, and rates of water flow. Stream-breeding 
frogs require a stream that is large enough to 
retain water for a sufficient length of time for their 
tadpoles to develop to metamorphosis . Thus , 
large streams usually provide suitable breeding 
habitats for a greater range of frog species than 
small streams, because larger streams typically 
contain water for longer periods of time and allow 
for a greater diversity of microhabitats and food 
items to support more niche-differentiated (non­
competing) amphibian species. Thus, it can be 
speculated that the low species diversity at 1250 m 
observed in this study site was at least in part due 
to having the lowest stream width, permanence of 
water, and rates of water flow. 

Similarity of amphibian communities among 
elevations 

The similarity index indicates that the 
species composition of amphibians at the 2 lowest 
elevations (800 and 950 m) were very similar to 
each other, but both differed from the composition 
at the highest elevation (1250 m). Some previous 
studies (Inger and Voris 1993, Parris and McCarthy 
1999) reported that the compositions of frog 
assemblages on forest streams were correlated 
with the stream size and gradient. It was observed 
in this study that the stream width and gradient at 
800 and 950 m in elevation were similar, whereas 
both of them differed from the 1250 m site in these 
parameters. Thus, these physical factors may at 
least in part explain why the species compositions 
at 800 and 950 m were very similar, whereas both 
of them differed from the composition at 1250 m. 

However, differences in other biotic and abiotic 
factors such as the vegetation and microhabitats 
may also more dramatically differ between the 
1250 m site and the 2 lower sites which were more 
closely related in terms of forest cover type. 

Conservation considerations 

Generally speaking, in Thailand , high­
elevation areas are less disturbed than low­
elevation areas which are more likely to be 
strongly impacted by human activities such as 
agriculture. The results of this study conducted 
entirely within a sanctuary indicated that lower 
sections of the stream (800-950 m) tended to have 
higher species diversities than the higher sections 
(1250 m). Thus, these results suggest that there 
is much to be gained by protecting low-elevation 
sites from human impacts. In addition, the results 
demonstrated that several species were restricted 
to only 1 elevation . This observation suggests that 
protection of some forest at all elevations will help 
ensure that all elements of the overall amphibian 
species diversity will be conserved . 
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SPECIES DIVERSITY AND ABUNDANCE OF AMPHIBIANS IN STREAM 


FLOW ACROSS FOREST AND AGRICULTURAL HABITATS AT PHU 


LUANG WILDLIFE SANCTUARY, LOEI PROVINCE 


Ratchata Phochayavanich
Jl* Kumthorn ThirakhuptJi Harold K. Voris 2} 

ABSTRACT 

Species diversity and abundance frogs in the Num San Noi stream, Phu Luang Wildlife 
Sanctuary was studied by visual encounter surveys from May 2006 to May 2007. Six 100 m 
stream transects, 3 in forest and 3 in agricultural areas were surveyed once per month. The first 

nd
agricultural stream transect (AST) located close to the edge of the forest was followed by the 2
and 3'd transects with the distance of 250 m intervals far from the forest. All forest stream 
transects (FST) were located far from the forest edge more than 2 km. All transects were located 
at 750-800 m asl. The Shannon-Wienner's diversity index indicated that the diversity in 
agricultural stream was higher than the forest stream. The Simplified Morishita's similarity index 
indicated that the species composition of the 1Sf AST, closest to the forest edge, was the most 
similar to the FSTs, 75-87 %, whereas the species c0mposition of the other 2 ASTs (far from the 
forest edge) were less similar to FSTs, 49-53 %. In the ASTs, abundances of each of 5 forest 
species were significantly lower whereas 6 urban species were significantly higher when 

compared with the FSTs (p ::;: 0.05). It can be concluded that the species composition and the 
survival of 5 forcst species were influenced by the stream bank changing from forest to the 
agricultural area. Therefore, in order to ensure the forest stream amphibian persistence, the stream 
bank in the protected area should be maintained to be natural. 

v , 

1J't1f1~I'Jf) 

fll';j ~fl'Y1fll1lJ'I1 ~ 1fl'b''W \ill!~:'; m1lJ'l[fl'l1lJ'U C) ~ftrl1b1':'; l'yhnI1b1'~ !Yl'W'U m:.; 'I111~~ 1li 1'J ~ 'l '11 ~~l'Wlf'W~ 
lh!!~:.;lf,A!fl'Yrl'J m 'jlJ~'U!m)j ~111'1VJlb1'1'WUC)(J ~ ~C)vl'Wlf'W~'UD~I'Url~fl'Yl~'Wi

,~ 
ftrl11hfl'l1~1~ .ij~'I1i\ilIM

~ 

~~U~!~C)'W~t)'Yfl1fllJ 2549 Q~ ~t)'YmfllJ 2550 l\ilVl1~!~'Wrll'i111\9l1lJ!!'Wl~l1i1'J m1lJV1l!~'W~:'; 100 IlJ\9l'j 

~l'Wl'W 61~'W !WflllJ'Wl'Wlf'W~lh 3 !~'W u~:.;lf'W~!fl'Y\9l':lm'jlJ 3 !~'W ~~'YJfll~'Wrll''i1\l'Uc)~~l1i1'j~l'l1~~l'Wlh 
\l:'; C)~1'il~u1m c)V~c)'J:';'I111~1h)'Ulf'W~lfl'Y\9l':l m ':IlJ hiuc)Vfl11 2 nh!lJ\9l) 'Uru:.;~!~'Wrll'j 111\9l1lJU'W l~lli 1'j~ 
111 ~~l'W~'W~lfl'Y\9l'l m) lJ!~'Wl! ':I fl'I'hfll':l 11~'U!nru~'W~!fl'Y\9l';j m ':IlJ~~\iln'UlJl u~:'; 11~!~'Wrll':l lu0fl 2 !~'W 
t1\il'ltllf1Vl1'W ':I:'; V:.; 'J :';'I111.:J!~'W 'ffl'i1111h :';lJlru 250 !lJ\9l 'J \9lllJU'W l~ 11i 1'J vi 1 fll'J 'ff1'J 111mflb1''W1lJ!~ c)'W~:'; 1 fI f~ 
],f1VH1~ rm 'ff1'J luI.! 'U'U'V'I'U!11'W1'111 f1V\9l'J.:J l'Wnnlflnl.:Jfl'W vi 1fll) ,j'WYifl'll'WfI!!~:'; ~l'W1'Wl'1l~~'U 11 1flfll'J ftmll 

~'Uft\9l1b1':,;!'Vl'WJ1b1':';IYl'W'Um,f~~\.\ 24 'b''Wfllf1m~'W'ff1'Jll1\9l1lJ!l'W1~lli1'J~111~~1'WlJl~'U 17 'b'tlfl 'Uru:';~!~'W 
lL fllfl~hn1h)l'lt1l flW:::llltJlfllffl'l{ QWl1'l~f)HlflJlllll'll'Jlftl'J tilllJl1! f)~ ~Jl'lVi"1 I0330; .e-mail voice_of,anura@hotmail.com 
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ri1n'il~llJut.IJ"1'1il':i~111mhw~ll~(flll~ 'i fl'l'ilJVl1J 21 'lIU~ ~ 1~hi1~J1lJl1 Cl1fll1mV'lJf)~ Shannon-Wiener 

(H ')'lJf).:Ikffll'Vmril':iJ'il1J ~ntll ~l'ti l'i~ 111Clvjllf~ll~!nlll'l'i fl'l 'ilJ (H' = 229) lJ1flfli11J~nill ~l'ti 1'i 'll~ll~th 
, I Q.I .::s <jJ ~ 1 'jJ ~ I "'",1 <V " 

(H c 1.54) !l1;'\ ::; m~'lIllflJ1lJ~1;'\lV~1;'\.:IU1J1J Simplified Morishita llft~~ ml1llJlf)~fl1J'i ::; nf)1J'Uf)~ftl'l'J 

ft::; IYlllJlft::; I Ylll'U n~Vl1J1J ~ IJilllffll ri1';j 'J'ilU ';j n'IJf).:I~ll~lfllll'l';j m ';j lJ (!ffll ril'i 'J'il~~ fln1JtJ1) lJf111lJflll1Ufl ~~ 
n'U'lJf)':l!ffllri1';jJ'il1ll~ll~tJ1lJ1fl~'lfl (75-87%) 'lJill ::; ~lffllri1';jJ'ilill~ll~!f)1I'il';jf)';j';jlJtifl 2 Iff'W n'u!ffll 

ri1) J'iJ illtJ1lJm llJfl ~'Vfl ~ .:Int.!'uf) Vnil (49-53%) UCl::; l~ f)!tl~ V'UlYi V1J~JllJ'lln'lllJ'lJB ':lL1~\')ft :aYlllJlff:;IYlll 
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Ifllll'l';j m ';jlJ '1'1 ~Bllmi.:l'lllJ'lIll) U1;'\ ::; lll~ll~tJ lVl1J ri''il1ft :: tYlllt.11ft:; IYlll1Jfl 5 'lIUf1lJflJllJ'llfl'lllJJ:J; ~flil 1ll~ll ~ 
Ifllll'l ';j f)';j ';j lJf) V1.:1 iJ lJUri1 rltl:! (p ::; 0 .05) ~.:Itlfl~d1ll'lfU fI~ffllJ1H1Vl1J 1ri'm Vl1:: i lltJ 1 'iJ1flNM1'i i'imllUftf1.:j 

1'I1!~ll i1 fll'i Itl~ VllU tlCl.:jf)l'i H'tln: lV'll"r~ll~r11ll.uHftl'til';j 'illnll III l!tlll~ll~lfllll'l'i f)';j 'i lJ fl';j) lJ ri ~ NCl~ f) 

f) ~fi'tl ';j::; fl f)1J 'IJ f) ~ 'lfU fI ri'~ 1 ff:; IYlmJ\ft::: tYlll 1J n1J1 t Jill rll'ti 1) II 1;'\:; ri.:j N1;'\~ f)flJllJ f) Q';j f) f1'IJ f) ·H1'il1 ft:: l'YillJ1 
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'lJf)~ri'1'l1tJln~lJ~~f)1tl 
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q,J q q <'>9 
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{1'.fll1 ~ tJ lfllft'IJtJ.:) 1J:lfl U~~ fll'J I VlJJ~'W 'lJtJ':)'b'iJ ~Vl' 'W TI~ 1;J ~'W !~'W vr'W 1~ vlI'J ~ I'Vlftl 'VWtI m ~lJl1, ... . 
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~tJliitJ':) fIdlJJvrtl':)fll'J ~'W'Ylyhn'WIIJ:l~'YltJ~tJlftV~ ;J!VlJJ~'Wli'W fl'W fll'J !tJ~v'WmJ J:l':)~'W'Ylli'J 'J JJ'b'l~ 
'jI " I II" I , 

JJlI~ 'W ~'W 'Yl 'Yl JJ 'W El crvr tJ.:) fll'J ~.:) I~JJ~'W \PIlJJJJl il.:) 11'W 11 W '111 fll 'J J:l ~ J:l.:) 'U tJ':) i1 'W 'Yl tJ Vtil ftV nl ~ 'W ~ fl 
• u ... 

m''l1~'I1cl':)~fId'J 111'f111JJ-fflflW ~':)fll'J 11I~V'W1I1IJ:l.:)fi'W~m;mffm)lfl~'W~li 'J 'J JJ'b'l~ml.IJmf'W~~ 
• u ... 

y " • , I 

JJlJEl6{1'~1~~'W VtJJJ ri ;J NJ:lfl'J ~'VIlJ~ tJ E~ lilJ ~lJ 'Yl~~ fl~1 1tJ V1;J '11 ~fllfiv.:) IlJIfi' III9i ~ lli 1) VII 'I1J:lHllJ. 
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1U~ V'W 1111 J:l .:)V;ll 'Yl {1'tJ':) ~1,:) ~ l'Ii 1'J 'ill f1~lJ 'Ylli 'J) JJ'b'l~ lJll.IJ 'W ~ lJ 'Yll flEl ~ 'J fl'j 'J JJ 'il::; ri.:) NJ:l tJ V1':) h ~ tJ 

'b'iJ~ 1IJ:l~ ~ 1'W 1'W E~ l{1'::;lll'W Jl{1'~lll'W lJfl~ tJlftVtlVlJ~ I1Ul ~ lli 1'J J'W ~.:j tJ 1'ill~'W ri1'Wi1vl 'W fll'J 
• v r " ,.. V jI 

~~ ~'W11llflV1fllJfll'J ~~ fll'J fll'J 1,*1..l 'J ~ lV'b''l-JVi'W'Ylfi'1'W ~1;J ~ lli 1'J ~ tJ 111 il;JU'l-l 1'W fll 'J ftflEl11'I i'~iJ iJ 
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'JI 'j/ 'V , 'j/ 

f)1'J ftnldll 'Wflf~tJ ll'i'tfle:Jnihlhn1'W l!eltJ (fll~Yl 1) I'tJ'W m ruftmd 1 ~ 1'111'[1'1'Wl!e:J1Jtll'W ~1 
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• 'jJ r V • 
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2.1 11m 1~'" 'fl 1 1'lJ 11 r;nfl'lfU ~1~ tJ I ~fl1l'hil 'fl':J1'lJ11 (llf)11 r;ntJ'U tJ 'I Shannon-Wiener 

(Krebs, 1999) cJt'lf11'W1W111f)b'1''lJfll)I'1'1~tJ'tJif 
s 


H' = L (p)(ln p) 

i = 1 


~ ,6!:J I <V .c:i 


UJtJ H 'fltJ m~'lf'W'fll1'lJl1mfll1mv'UtJ.:) Shannon-Weiner 


" 
2.2 11'fl) 1~'" 'fl 11'lJ'fl ft1V'fl~ 'I'll tJ '1'lfU ~ LY~ 1b'1'~ IVl'Wll1b'1'~IVl'W 1J fll ~ tJ 1~fl 11'1'lfil 'fll1'lJ 

91 CI .l! 0 '" • 1- I d'
'flmV'flMU1J1J Simplified Morishita (Krebs, (999) 9f'lm'U1W111flb'1''lJfll)~':)~tJ lJ'U 

CH = 2Lxilik 

[(LX\/Wj )+( LXik/Wk)]NPk 

~ ~ (11 .:::i fj/ Cl 


l'lJtJ C 'fItJ ~'If'U'fll1'lJ'flmU'fl(\'1U1J1J Simplified Morishita
H 

X;i' X;k fltJ ~l'Ul'Wl'i'l'UtJ'I'lfU~ i l'Ufl~'lJ1'i'1m.j1'l~ j 1l(\~f)~'lJl'i'ltJV1'1~ k 

~1'lJ~l\P11J 

Ni = Lxij fltJ ~ltn'U1'i'1)1'lJl'Wfl~'lJl'i'ltJti1'l~ j 

Nk = Lxik fltJ ~l'Wl'Wl'i'ln'lJl'Ufl~'lJl'i'lmjH~ k 

" 
2.3 11m 1~'"'fll1'lJ'lffl'lf'lJ'UtJ':)LY~1b'1'~IVl'Wthb'1'~I'Y1'W1Jfl 1~Uf11'W1W 111fl 


'fll1'lJ'lffl'lf'lJ = ~l'Wl'Ul'i'lt'Wll~(\~'lfU~~'Vi1J/lOO 1'lJ~)

• q 

~ 0' 1 Qlo'~: ~ I ~ 
II (\~11'fl) 1~11 'fIl1'lJ ll~ flm 'I'll tJ ':)'fll1'lJ'lffl'lf'lJ'UtJ '1b'1'~ 1 b'1'~ I'Vl'W 'W 1ff~ 1'Vl 'W 1J flU\9l (\~'If'W ~ II(\~

q q 

" . 191• • a ""CI 1 1 i 91 •
'fll1'lJU\9lflm':)'UtJ'I'fll1'lJ'ltfl'ltml'lJ'j~1111'lfftJ':)'Vi'W'Vlf!'flfl1 ~v 'If Mann-Whitney U-Test ~tJ 'If'fll 

ml'lJ'lffl'lf'lJl~'W ~l'Wl'Wl'il~'Vi1Jt'WU~(l~l~mYl'j l'il (~1'W1'Wl'illl 00 !'lJ~)
q q 

1. fl1 UJ'tHIl fl 'lfU VI 

111flfllHhn'il'Vi1JLY\9l1b'1'~lVl'Wtf1b'1'~lVl'U1Jfl~'111'lJ~ 24 'lfU~ (~1)1':)~ I) fmltJ~tJ1J1Y1V1J 
" , , 

~l'Ul'U'lfU~U(\~I'1'lfil ml'lJl1mfll1mtJ)~l1il':) 2 ~'WY1I,r f,l(j 1tJI'UVlf!''Vl1'11~ Vlf1'U ~tJ i'U ~1'Iil)Y1111 (\ 
,.. • 'J/ 'J/ I 

rl1'U~'WYilflfl~) m) m1'1fftJ':)fl 1lJ fll'JJlflfli 1 i 'W tJ 1 1~ V'Vi'\.JLY~1b'1'~ 1Vl 'Wtl1ff~tVl 'U '\.J fl'\.J~ IlW ft l'Ii1) Y1 



2 1 

~ ~ ,v , v v 

'lrHHhutll'Yl.:j~hI 17 'lIiJ~ lW~'W'U'U~nru~1'Ii 1'j.y] ~h1(lNlh1~hI.y]1f1fd~'j m JlJ'V1.:j~hI 21 'lIiJ~l~lJ 

fll'U 1UlfiW1'llf1m1lJ11mfl11mfJ'UeJ.:jbY~1~~IV1'UJ/1~~IV1'U'Ufl'U~nru tll1jl'j ~ 111 (l~ lhl~'U~lhI~ 1.54 

" .

o<::;i '..:::I 0 <V Q..I { A II Q I C/o , <U Q 

~11 1-3'11 1 Uty~:JR 111"1 iUJ~111111~1'1Hl·HmTt'I:;I'I1'W\.j HY:;I'I'l'\.nJflIl~1;1::'lIl1~ U1;1::R1Vl'llllR11lJ'l1 a 1 f)'l11;11£J'IHl:J 
• .... ". I 

_I~ q ' 0 qUi ' ~ .::t ....1 .<!'II.::::I
Shannon-Wiener IlJ1£JlJl'I'l£JlJ1 ::'111 1.:J1;11ti 11'111'l11;1~ 111'Vi1l'l1lJ1 111;1:: 'Vi1l'l1 1f)1IVl 1 f)11lJ 

~1Iil~,.u,,1u~"h lillil~'U~U~ml!mm~ll 
(lilU1U~1/100 Illm: X±SE) (\ilU1U~)/ IOO Illm : X±SE) 

,.. 
Hft"~fl~ 10 (Family Megophryidae) 

d 
il~f1'j1U<llUlIHl::; (Leplohruc;hi"m .l'milhi) O.IS±O.09 O.03±O.03 

g1fll1Ultli1~lJ (Leplolll l llx pelmil ·/IJ id".I') * 3.03±O.S9 0.4I±O. 13 

4 ,... c:: 
il Hl~ lUlflU'Cl il (XenIJ/, I" :,,,' porvlI) o O.03±003 

Htlmmfl (Family Bufonidae) 

o O. IO±O.OS 

l~tlfllJ (Family Dicrogloss id ae) 

r1U'r1lHH (Feiervllryo IilllnlJc/rari.l') * o O.S6±O 14 

6 nUH Hlll (LiIllJ1(mec;le.l' !!yltfel1.1'w /pei) I.OS±O.33 1.69±O.53 

flU'r'hU'\J1~lJ (LimnIJnec;/e.l' k"lrlii) * 1.92±O.39 O. 13 ±O.07 

flU fll (Limnonecte.l' IimhlJrKi) o O.OS±O.034 

9 I~UflU:::1I1 (Ou;idlJ='Xo limll) o O.OS±0.04 

Htll;jtJ~ (F"mily Ranidae) 

10 Liiufl}J?i1 (H,1orrrno c"hilUli.l'l O. I5±009 O.26±O. IS 

II L1i(Jj>jriil~ (H.'"/(lrww l1i),:r(J l'illnlll)" 12.28± 1.79 3.39±O.84 

12 l'iiu~d.1l1''i'll (HyloJ'/ullI/oipeher1.' i.l') * O.03±0.03 2.39±O.78 

13 fllJ'l1:dmr (Odormno c;/.' c;hIlJmnOltl) * 4.80±O.54 2.36±O.S8 

)~Ihh~ (Family Rhllchophoridae) 

14 ·tll~ <1 WL<10~ U'loil'lllo.l' hi.,occ"/II.IV 0.1 J±0.07 o 

15 lh~~lfhh~ (eiliroll/tIIllis \'il/a/Hs ) O.08±O.06 0.03±0.03 

16 111,,11111 (P""pedll/es /e ll(;CJ JCl) ·.I' /(lr)* O.28±O. IO O.9S±O.2 1 

17 U1""tlUVII't'l'U1IY] (Rlll/cup/wm,I·.!"ae) 003±O.03 o 
11'''' I

'HftMill~ (Family Microhylidae) 

18 5~~lJ (Kalophrrntll' inierlint:lllml O.03±O.03 o 

19 
.9 I v 
OHlllU 111 U:"/""/Ilpu/chm) O.OS±O.04 0.IS±O.07 

20 
.. ' 
illlLlJ III I n (Micro/" 'III herclJClu,ei) O.46±O.17 O.S 4±0.31 

2 1 g111lU\<1!l: (Micmlrl"/II hlllieri) o 0.18±O. 18 

22 
J ." 'II , 
{)1 1111"1 (Micmhda Il.l'sip!!s ) * 0.03±O.03 0.54±O.18 

23 611i"1?i l (Mic;m/" '/II l ,e"JClomi) , o 0.36±O.28 

24 gn!iil~" (Micr),/el/a inomllw) 
, . 

• , q ~ .... ...,.. """ • 

;) lUl\j~ )Jl'll'HfllI~HltI;) lUl'UVI)'U"~<YVI m::I't'1'U'Ul 

O.03±O.03 O.03±0.03 

24.S I±2. 11 14 .2 11.2. 16 

4 

2.29.1l1ilfl JllJ'r111 lOtHlltl 'lJi'n Shan non-Wiene r 1.54 
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IV d V.:9 d iii 'jJ d I fino I 
Yl'lfl.JfI11lJfI"1t1f1".:J!1'U'U Simplified Morishita (mnrYl 2) U'ffYl.:J !11!'I1'Ul1 tJ.:JfllJ'j~fH)'U'UtJ.:J 

v. " I 

'lftJ ~ i11'l1'ff~l'Vll.J\htl~lV! 'U 'Uf)VI'W'U i l.J1 ~l.J rln 11l'Y1.:J 3 I~l.J 'U ~ 11 ru ~ 1'1i 1'j Vll '11" ~ 1l.J 11lli f111lJ 

". . 
rll'n'll'Y1.:J 3 1~l.J'U~nru~l'ImVli'l1"~1l.J1f)l:JI'l'jm'jlJlifl11lJfI~1t!f1~.:Jf)l.JfitJl.J'Ii'1.:J.wtJtI (51-71 %) tlJtJ 

v • " • 

~ lln ru 1f111lJfI ~1t1f1 ~ .:J'UtJ.:J tJ.:Jf1'tJ 'j ~ f)tJ'U'U tJ .:J'lftJ ~ i11'l1'ff~ I'Vll.J\.J 1'ff~ 1V!l.J 'Uf)VI'W'U'j ~'111H 2 Vi'U VI 
'jJ I V • 

'W'Ul1 tJ,:jf1'tJ'j ~ f)tJ'U'lftJ ~ i11'l1 'ff~ IV!'U'l.J 1'ff~ IV! 'U 'U f)'UtJ.:JI ~'U rl1'j 11l'U~nru ~ 1'Ii 1'j VI h1 "~l'UVi'UVI 

.. " 
'U~nru ft1'1i 1'j VI! '11" ~1'U lhmf)VI 'ff~ (74-87 %) H"~tJ.:Jf1'tJ'j ~f)tJ'U'lftJ~ i1l'll'ff~IV!l.Jl'h'ff~IV!'U 'Uf)'UtJ.:J. 

1 ,.. I I 

I~'U rl1'j 11l'U~nru ~1'Ii 1'j VI!'I1"~l'UVi'U Vilf)l:JI'l'j m 'j lJl~l.JVi 2 u,,~ 3 lifl'nlJfI~1t1f1 ~~f)'UtJ.:Jf1'tJ 'j ~ f)tJU 

GiftJ ~ i1l'll'ff~lil'U 'iJ 
" 
l'ff~lil'U Uf)'U'tl.:JI~'U rl1'J 11l'U~nru ~l'li 1'J Vi! 

. 
'11"~ 1l.J lh.wtJtI (49-53 %) 1~ tI'ffllJl'Hl 

1~t!l.J Phenogram (fl1'W~ 2) U'ff~.:Jfl11lJfI~1t1f1~.:Jl~1~t!i~m'jf11l.JlruH'UU Euclidean Distance 

Measurement 
• '" v' 

vm l.:JYi 2 UtlYHfllUJflall'Jflil.:!'116-36-3"th::m)u'IIf).:J'lrUY'm::rflm-dltl::lfl'WUf)'J:: .. dw111mYi'hHu.in.!-n'WYiih . . 
~.c:::t l~tI'V.::l V ~ 

11~::'Vi'W'YIIf)llVl'Hl'j 'jlJ IVlI'J l'lrfllVl'lr'Wfll1lJfl"1I'Jfl~.:JIIUU Simplified Morish ita 

FI F2 FJ AI A2 AJ 

1'1 

F2 0.97 

FJ 0.94 0 .98 

Al 0.87 0.80 0.74 

A2 0.51 0.52 0.49 0.71 

AJ 0.50 0.53 0.50 0.63 0.57 

", •• )I • •• 

HlJlfJl1H'l FI-F3: Itlll l'1Hlll~ 1\l111l~1I~"hl1l1!V1 I - Ithl~ 3; A I-AJ: nYl!Ym1:hn'ilhl~ll~lmjmm)lJlft\l~ I • rchl~ 3 

Information Remaining (%) 
100 75 50 25 

, . . 
A3 


A2 

A1 -----,1 
r--------------, 

F1 ------'I 

F3, 
r---------------------~ 

F2' 

~. ". 
1'tHlr-im-nuYiihlll!'t::-n'WYilflllVl1 f)'J'jlJ lVll'Ji1¥ fll'jr) 1'W 11l.!!lUU Euclidean Distance Meansurement 
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3. f11UJ'}ff)'}f'JJ
Q Q 

. 11" . 
!JJ mtJ~ V'U tVi VlJfll'fl1llJ'lif)'lim llJ'llf) ~J:l19l1LY:::!Yl'W'ih ty::;!'vh.J'Um :::11':11 ~ 2 .w'W Vi 'W'U ";h, , 

J:l19l1LY:::!'Yl'Wli1LY:::!'Yl'W 'Uf)'U~nw ~ 1'fi 1'j ~1'I1(1~1'W":hil'fll1lJ'lif)'lim llJ LY ,:m11'U~nw ~l'Iil'j ~ I'll (I
" " 

iJ • " JI 

~l'WVI'WVi!f)ElI9l'j m 'jlWV1.:JlJl1tHhflty (p < 0.05) ~hn1.:J~1f111lJ'ltf)'ltlJ'llf) .:JJ:l19l1LY:::!'Vl'Wl'hLY:::!Yl'W 
" . , 

'Um!I'l(l:::'liiJ~~l'Wl'W 11 'll'iJ~ lJ~11119lf)1'l1~n'W'j:::'I111.:J 2 .w'WVimJl.:JlJl1mhflty (p:::; 0.05) (19l1'jl.:JYi 

I) 1~tI'W'U11'fll1lJ'll'f)'lilJ'llf).:JJ:l19l1LY:::!Yl'WJ1LY:::!'Vl'W'Uf) 5 'liiJ~ lli1'wl g.:Jmlv'I1l1.:J1JlJ f)'UlhV'lll1JlJ 
q ~ q q 

!:uV~ ~ f).:J f)'U'll'::: ~ f)'W !l (I::: tJ 1~ J:Il VI (If)::: 'U ~nw ~Tn 1'j ~ I'll (I ~1'W 1J llJfl 1LY .:J f) 11 'U ~nw ~ Tfi 1'j ~ 1 '111:'1 
" " , " 

rh'WVI'W Vi!f1ElI9l 'j m 'j lJ II (I::: f111lJ'll'f)'ll'lJ'll f).:J J:l19l1LY:::!Yl 'W'\.J lLY:::! Yl 'W 'U f) 6 'll'iJ ~ lli1'unfll.:Jfl f),j' 1'W f)'U, , 

'I1'W 'fJ;j !~V~ 11'l''I11'W tJ 1~,j'1'14 g nl1!1'l' 1 11(1::: g ;j.ul;j~ 1 'U~nill ~l'Iil'j ~ 1 '11 (lvh'Wlf'W~!f1ElI'l 'j m 'j lJlJ 
I iI 'jI jJ 

fl1~ ;jf)11'U ~nw ti 1'fi l'j Vi I'll (I ~1'W 1J 1 i'l;jU J:l1'l1LY::: !'¥l'WtJ lLY::: !Yl'W 'U f)'U l.:J'll'iJ ~ TIl'j 1 'il'W 'Um i"n::: 1'W 

If'W ~1~~'W ~'11 ~ .:J!'Vl 1J'W 1 ~ VI ~'W J:l19l1LY::: !Yl'W Jl LY:::rVl'W 'Uf)'ll'iJ~ ~'Wum 'W 1::: 1'W ti 1'Ii n ~1'11 (I~1'W 

"" " 
H1:'1 f)1 'j ftf)Ell1 'U 'fl f;jlJ 'W'U 11 'Vl.:J ~1'.n'W 'll'oU ~u,,::: fi 1~'ll'U fll1lJ '11 J:Il f)'I1 J:Il v111'H" 1 tJ 'l 'W 

" 
II'U TV11 ;j!~ Vln'U 1 ~ V~ l'U 1'i.J 'liiJ~ l!"::: fll1lJ'I1 J:Il f)'I1 J:Il V'll tl;j ~19l1LY:::! Yl'i.J tJ 1 LY:::! Yl'W 'U f)'U~! lW ti 1 

'fi 1'j ~ I'll M-l1'W If'i.J ~ !f1ElI9l 'j m 'j lJ lJfllLY .:JWil'U~!1 ill tin 1'j ~1'111:'1 f,h'i.J 111 ~.:J f)1'j ftf)El11 'i.J fl f;ju"
" 

ItJ~ V'U IVi V'U 'fll1lJ '11" 1 f)'I1" 1 V'll 'fJ;j J:l\911 LY:::! Yl 'i.J JlI!'::: 1 Yl 'W 'U f) ~ en ft'"Vf) eJ 'l 'i.J ~ 'i.J ~ f) eJenft'"tI~ UI'1 f)1'l1;j
" " 

, " 
n'i.J'Uf);j tleJ~'ll'lLJ (2544) Vif)VltJ1'i.J!!,..{;j'li1~tJl.:JiY~1 .ij ':l'l11~LY'j:::Ufi'1 'W'U11J:l1'11f)~lJUiJ'fl1llJ, , 

VI • ," v 

'11 " 1 f) '11 " 1 v'l 'iJ VI 'W Yi til ~ 'U I! ~.:J lJ 1f) f) 11 '1 'W vi .:J '11 uJ1 9J.:J VI' .:J '11 uJ1 U I tl~;j 'i.J 'ill f) f) 1 'j 'U f) 'j f) til 
q u q u ~ q 

jJ , 11 • 

LY::: !Yl'W tJ 1LY~:aYl'W 'U f)Yi Vlft'"tlm;U~nW!I'1Wlflf)VI'li';i :::'I111.:J":h~ut!ft.:J !! ,,::: yj'W Yi!'W 1::: 11" f) 'U ~ 11W 
" " 

., • I '.I ' '1 jJKatavi National Park, Vl1.:J19l:::1'i.J1'lf)'lleJ.:Ju';i:::IYlI'1 Tanzania 'W'Ul1f)1'j!'Yn:::lJ"f)LY.:JH1:'1 'I1fll1lJ 
" 

Q QJ6 ~ o " ~ .::1, QJ IClo ~ 

'11 mf)'li'W ~ 'll eJ;j LYl'll LY:::!VI 'i.J 'U 1LY:::! VI'i.J 'U f)VI VlflVtJ ~'U 'j nw 1 flWlf1 f)'W 'll''' ~".:J !!,,::: B is hop el al. 
I ." I 

( 1999) lli1'ftf)El1'fll UJ'I11:'11 f)'I11:'11 V'll tJ;j f)'U Vi e:l1f1tJeJ V'U ~n ill ti 1'Ii 1'j Yi I'll M·il 'i.J.w'W Vi 1f)El \91 'j m 'j lJ 
, , "

OJ 

ltJ~ V'U1Yivun'U ti 1'fi 1'j Vi I'll f1 ~1'W 1J Tfi 'j 'j lJ'll'l~Vi ~lJ'lh Holland 11 'j:::!VI fl Canada 'W'U l1fll1lJ, 
• I 'j/ I , 

'111:'11 f) '11 " 1 V'll tJ ;j f) 'U Vi tJ 1f1tJ eJ d'U ~11 Wti 1 'Ii 1'j Vi I'll (I vi 1'W .w 'W Vi 1f) El I9l 'j fn 'j lJ iJ fl' H'h f) 11 fl11lJ 
OJ 
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o Q...I Q...I d " 
tn l'Y! (9)'''' 1fl W~ '1 'W 

q u 

it I 	 • 'j/ • 

I) .w'W ViLJ ~nUl 'CYtl 'l~1 'l'Utl'lL ~'W 'Vll ,HY1'J 1 'Ill'lllJ U 'W 1~1'1i 1'J Vi i'l1 fl ~1'W.w'W ViLfl'hll'l 'J f1'j 'J lJ 

\)fl! tJ ~V'WU tJfl'l Lt1'W ~'W ~ i 'J' ~ '1 ri1'W I m1ll t1'W i i ~111 'Vi~ 1 I'l V'11 ~ '1 t]fJLnLJL~ V1~'lI'l'J 'lnLJt]fJu~'l 
" • 'j/ " • 	 jI 

Vi'W Vi 'CYtl'l~1 '1 ~1'1i 1'J il 'Il~ tlfllll ~ ~ hi'l fl1'J LU~ 1 ri 'l~J tl 'lVi'W ViI 'W f10, ~m) '1 'Il ~'I'h I rfrl'1'l 1''CY~L VI'W t'h~ 

• 'JI 'j/ • 	 iI 

'CY~ LVI'W LJ fl Vi tllr1V tl VLJ ~nUl t!'W 'CYW l iYvt'h l tI 'W tJ~lJlUl lJlfl Li7 tl-1 'il1fl rl'1'l l''CY~ LVI'W U1'CY~ LVI'U LJ flil 
'" '" u 

, " 	 " 
~'mt!'l-viulCUlJ~l'Wif{f]lJlfl (Duellman & Trueb, 1994) rl'\9l'J'CY~!VI'WU1'CY~lVl~!LJfl~-1~1L'U'U\9i'tl-1 

it 	 v'j}.. 	 . 

f fl'hl1'CYlJ~ i:'lU 11 'W 'J' 1-1 fll V 1 ~ Vrl'1'l1'CY~1VI'W U1'CY~ !VI'W LJ fltll 'Il lfl ~ tl'W Vi 'il1flLJ ~ nUl.w'W ViI tI~ 1 ~-1 i:'l-1 
q 

&"" 	 " 
I tJ riLJ ~nUl ~1 'li1'J "If -1lJ fl11lJ6Jf'W Ui:'l~ tJ~lJlUlUllJlflfl11 Vll I rf~1'1i 1'J LJ ~nUl il lJ 1 tlfll 'CY'Vi LJ rl'1'l1 

~ 

Q: ~ ~ d Q.I 	 ~ -: ~ ~ iii iI & .d -: ~ .J 31I 	 Q.J I 0 

'CY~ L'Vl 'W 'W 1 'CY~ 1'Vl 'W LJ fl'b''U ~ 'Vl tllf1'Vtl VLJ 'J nUl 'U 1'U -1! LJ 'W '11 i:'l fl !~ lJl fl'U 'W L'b''W tl-1 'U 1LI'l1 tl-1 'U 1-1m 
'" " , " 

tJ 1~ U'1'U Ui:'l~ fIl-1 fl flU'1'U 'Yl11 rf! ~'U 'Vll-1 th n'ill 'U Vi'U ViL fl'hl I'l 'J fl'j 'J lJil lJ 1 tlfll'CY'Vi LJ ~1'W 1'W 'b'iJ ~ 

• v • 11 

2) I~'W 'Vl 1-1 tY1'J 1 'il 1'l1lJU'W 1 ~1'1i 1'J Vi I'll i:'l ~1'W.w'W Vi!fl'hll'l 'J fl'j 'J lJ~ -1 mil fl ~u 'U 1'J tl VI'l tl 
'" 

'J ~ 'I111-1Vi'W Vi 1] 1U i:'l~Vi'W Vi Ifl'hll'l 'J f1'j 'J lJ ~ -1 'Yl11,r ffl'l1 'CY~ IYl 'W~! 1'CY~ LYl'W LJ flVi tllr1Vtl VI 'W 1] 1'CY1lJl 'J tl 
'" 

'j/. V I 	 11 r 

, " , 

fl'j ~ 'ill V~1'Utl '1 tl tl fllJl V-1 IA''W 'Vl 1-1 tY1'J 1 'il 1'l1lJ U'W Jr!ll'li 1'J Vi I'll Mh'W.w'W ViLfl'hl I'l 'J fl'j 'J lJ I~~ 1V 

, " 
I 'U 'UUl~Vi L~'U'Vl1-1tY1'J 1'ill'lllJ U 'U 1~11i1'J I'U 1] 1~ -1 tlv'Ii 1-1 'ill flU 'U 1'J tlVI'l tltJ 'J ~ lJlUl 2 nl i:'lllJl'l'J 'Yl1 

'" " , 
I,rL ~'Ul~ 1-1 tYl'J 1 'ill'l -1 fl ~ 11 hi If{hi v-m m ~ 'VlLJ 'il1flfll'J fl'j ~ 'il1V~1'Utl-1rl'\9l'J'CY~!Yl'U U1'CY~ !Yl'W LJfl-vi 

'V 1 	 • 'j/ v 

tllr1Vtl ~I 'U Vi'U Vi !fl'hll'l 'J fl'j 'J lJ vm-vi!n~~'U 1 'U ~fl'hl Ul~ il!~ Vfl11Hi:'lfl'j ~'VlLJ 'il1flU 'U 1'J tl VI'l tl (edge 

& Q V J, 	'I v .J '" , '" &Q

effect) "If-1tJfll'l!li:'llHflfl'j~'VlLJ'U'il~'CY-1Hi:'l !'I1LJ'JnUll'~'W'Vl!1'U1'JtlVl'ltllJfl11lJ'I1fl1fl'l1i:'llV'CY-1'U'U 
'" 

(Odum, 2005) ~ -1! ~'U 'Vll-1 tY1'J 1 'il'Utl-1~ 1 'Ii 1'J I 'U ~'W ~Lfl'hl I'l 'J m 'J lJ'Utl-1 fll'J ftfl'hl1flf-1li i -1tlVI mi' 
'" 

, " 
11'W 1'J tl VI'ltllJ1fl ~ -1 'Yl 1111'fll'J tY1 'J 1'il'ViLJf11fl11lJ'I1 i:'llfl'l1 i:'lltl'CY -1fl11Vifl1'J 'il ~L t1'U I'l-1t!'U fll'J tJ'U rJ'W 

~ 

, v 	 "I 

Hi:'l f1'j ~ 'VlLJ'Utl-1 fll'J! tJ~ tI'U U tJ i:'l-1Vi'W Vi 'CYtl-1 ~1-1 ~ l'Ii 1'J I'l tl fl11lJ '11 i:'llfl'l1 i:'lltl'U tl-1 rl'1'l 1'flrilJil tll 'il 'Il ~ 
q 

'1/ r 	 I " 

'J1~! 'il 'U ~'U tl1JJ ftflEl1! VilJ!~lJ 1~ tlfll 'J !~tl fl ftflEl1iJ~!1Ul ~ 11i 1 'J -vi ~ -1 tl V'11' 1-1 'ill flU 'U 1'J tl VI'l'tl 
'" 

y <S 

2. f111lJfI'iHtlrHl'l 

'CY1!'11 I'l 
q 

-vi 
, 
tl-1A tJ 'J ~ fl tlLJ 'U tl-1 'b'iJ ~ rl'1'l l''CY~! VI'U U 

" 
1 'CY~! VI'U LJ flLJ~!1Ul ~1 'Ii 1 'j I'W ihiJfl11lJ 

fl ti'1t1fl ~ -1 n'U lJlfl tll'il! tI 'U! 'Vi 'j 1~ 'CYill'Vi ~~! ~tl Vtllr1VlJ 'CY ill 'Vi i UUI'l fll'l 1-1 n'U lJlflt!fl fll'j tY1'J 1'il 
'U 

1'l1lJU'U 1~ 1 'Ii 1'J 1'W 1] 1~n~ LJ rl'1'l l''CY~ IYl'W U 
" 
1'CY~!VI'U 11 flfl ri lJVi! 

, tI 'W fl ri lJ rl' .:JfllJ If] V1n'U UI'l fll'l 1-1 'Il1fl 
q q 

• 'JI ., 	 'j/ iI 

I~'U 'Vl1-1 tY1 'j 1 'Il 'U tl-1 ~l'Ii 1'J Vi I'll fl ~	1'U Vi'U -vi IflEl I'l 'J m ':i lJ eli -1 il fl11lJfl ~1 tlfl ~ -1 n'U f1 tl 'U 'li'1-1 UfW 11-1 il 
" . 

tll'ilL tI 'Ul'Vi'J l~L ~'U 'Vll-1 tY1':i 1 'Ill 'U Vi'U ViLfl'hl I'l ':i f1'j 'j lJlJfl11lJ UI'l fll'l 1-1n'U 1'U ~1'U 'j ~ tI~ 'Ii 1-1 'il1flU 'U 1 
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.:d .& Q.I QJ' 4' I Q.I III Q.I 0" ~ : 
'Yl ~ 1V;) 1'W tl..:j f111lJ 1;1lJ 'V'fW 'Ii ~ ~ 'I111..:j Landscape structure f) Uf)l ~ m ~ ~ 1V1Vl1'll C);J 1;11Vl11;1~!'Yl 'W 'W 1 

'ff~IYl'W'Uf) ~;Jri1'Wmf)ftnElll'W Wood frogs !!(j~ Spotted salamanders 'Wu11l.1lVllrf;)1;1C);Jf)rilJ. 
" ., jI " v 'j/. 

rll1m~hJlfI~c)'WYlc)tJf)mVn~'WYlYltlf)r11"lV l'lil-J v1;J'I1rul v1nlru11~tJ;)l.11Vl1oW'WYlI1J~ 1ri;)
'U q lJ '1 U 

.:l 

nlJtl;)tl'W'W (Windmiller , 1996; Gibbs, 1998; deMaynadier & Hunter, 1999; Rothermel & 

Semlitsch, 2002; Regosin et al., 2003; Marsh et al., 2004 VNfPlW Cushman, 2006) f)UffnEll 

" " 1'Wfl'f;J ii '01 ~ I~hi N(jm ~'Vl 'U 'illf)fl11lJ 1;1 1m ~ tll 'W f)l ~ m ~ 'illvi11Pl;J f) ri 11 ~;J ri;J Vl "I111 ~l.J 'Vll;J 
'J/ , I V • 

~1~ 1 'il'll tJ;J '111i 1~ 1l.J oW'W Yll f)'l:J1Vl ~ m ~ lJl ~l.J Yl I lJ l.1lVll1;1~ IYl'W tJ 11;1~ IYll.J 'U f) f)rilJYltJ1 ftVtJ ti'll.J 
• 'U 

v , •I. 

oWl.J Vlih m ~ 'ill V1911c) tJ f)lJ ll~'1l.J tJ~mru Vll f) ci'1~ V;Jtl'U '1 'W 1bm f)Vl 1;1~ rutJ;j ~ 1mtll.JI ~l.J 'Vl1;j. 
• 'j/. V if 

~1~ 1 'ilVl~ ~ tlUoW'W Vlih ~1m'11 IVl.ii~;j r111l1'tJ;j fl tJ ~ ~ f) tJ'U'lltJ ;j'11'l1 ~ l.1lVll1;1~ IYl 'W 'I111;1~ IYl l.J 'U f) 1l.J I ~'W 
" '" ~1 ~ 1 'il ii lJfl11lJfI ci'1 VfI ~ ;jrl'UCH fltJ ~ ~ f) Cl 'U'llCl ;j'lfi1 ~ l.1lVll1;1~ IYl'W 'I111;1~ IYl l.J 'U n 1 'W ihm f)Yl1;1~. !!"~ 

d;J N,,111Cl ;j r1i.l ~ ~ f) Cl 'U 'll tJ ;j 'If 11 ~ rl'1Vl11;1 ~ 1Yl l.J J11;1 ~ IYl 'W 'U f) 1 'W I~ l.J ill ;j 'ff 1 ~ 111 ii"!! IVl f) <;}' 1;j 'ill f) 

tJ;j r1iJ ~ ~ f) Cl 'U 'll Cl;J 'If 17~ rl'IVll'ff ~ 1V1'W J11;1 ~ IV1'W 'U f) 1 'W I ~ 'W 'Vll;j 'ff 1 ~ 1'il 'll Cl;j ti 11i 1 ~ 1l.J vi'l.J ~ 
!n'l:JIVl~ m ~ lJI ~'W ~'W~ ;j~.J tltJ'I11;j 'il1f){J lCl Clf) 1iJ 

'U 

3. fl1UJ'lI'n'll'lJ 
q • 

v :v v , • 

'ill f) f)l ';j fff)'l:J 1 '1 'W fl-r;jii l.1lVll1;1~ IYll.J tJ 11;1~ IYll.J 'U f)'Il'11 ~ Vl'W'U I~ 'W 1~ 'U ~ I1ru ti1li 1 ~ Vi i'l1 (j 
V I , • 11 I 

rll'\.JoW'W Yllf)'l:J IVl ~ m ';j lJ II (j ~ 'Il'tJ ~Vi'W'U 'fI11lJ'Il'f)'Il'lJ'U~n ru tilli 1~ Yl i '11 "~1l.J oWl.J Yllf1'l:J<;) ';j m ~ lJ1;1;j. . .. 
n1l'1'W{J1ClVHihTV'ff1rlty l~llf) f1l~flf)'\J'l'W f)'U'I1'WtJ;j iJl~'\J'l'W g;jJ111'i'1 11(j~g;J.u1;j~1 ri1'W 

v •• • 

'1 '11 ru II ci'11t1'W l.1<;} 11;1~ IYl'W tJ 11;1~ IYl'W 'U f)Yl'W U 1~l'i11iJ 1 'W '11 fllV (l 'W Vl 
r 

tJ VtJ lftV 1Pl;j f)l ~ fff)'l:J l'llCl;J
U 'OJ 

" ".
~1 mm~tl'W'Ul~l'i;j'1'W ih;)'Ullci';j iJ11~;ji;j 1I"~v1;j'l1ru1 'WtJf)'il1f)iiv;jiJwf)m~'U1;jri1'WYl

• U 

v , v. , 

'Il'11 ~ ii 111;1UJ1 ~ tl 'W 'U l~mJm ~ l'i;J '1 'WoW'W Vi Y1 tl m 'U f) 1'W 1'li'W.. 
" . 

l~l.JVilf)'l:JIVl~f)';j';jlJ l!(j~'1'WI'llIVl'l!lJ'Il''W 'I1rtJ l'llIVlIUCl;j (itytyl. 2546; Inger, 1966; Inger & 
, v , 'JI 'j/ 

Stu e bin g , 2005) '1 'W 'll ru ~ Vil.1IVll1;1 ~ Ii1 'W '1111;1 ~ IYl 'W 'U f) Vi '1 'W f) 1~ ff f) 'l:J 1'f1 i;j i1 'W 'U I~ 'W 1~ 'U ~11 ru til 
, • y , 

1i 1';j 1'W iJ 1 l! (j ~ 'Il' 11~ Vi 'W 'U fl11lJ 'Il' n 'Il' lJ 'U ~ I d ru ti lli 1 ';j '1lJ iJ 11;1 ;j f) 111 'W i\ l1i 1 ~ Y11 '11 (j ~ 1'W oW 'W Yl. . '" 

1f)'l:Jmm~lJClVl;jiJlTV'fflrlUJ l~llfl g;jf)';jlV'I1lT;jiJlJ f)'U'If~~Cl'W f)'U111V'IJ1{JlJ I~V'f1BCl;J g;jl]lJ
U Q q q 

Q 0" d.c:9 Q.lo' Q: Q 

iJ 1'f1 Cl'W 'Vl'W 'W 'Vl II (j ~ iJ 1'f1 fll V!(j Cl~ CJI;J ~ 1 n f)l~ f(f)'l:J 1'f111lJ'I1 (j If)'I1 (j lV'll Cl;j 1;11Vl11;1~1 'Yl'W 'W 11;1~ I'Yl'W 

9 .'1 "" 'jJ.'1 cl "' ''jJ , "" .J .'1
'Uf) ~'Wul'f1'U!!,,;j u11<;};j~.:J !!(j~'Yl;j'l1UJl 'lltJ;j VCl~'lflV (2544) 'W'U11 I'll V'fI ClCl;j 11"~Cl;julJ'W'U

• u • 

IQ'W 1~ '1 'W iJ 1;)'U!! ci'.:J I'Vi 1 J'W 'W Cl f) 'ill f)ii" V.:J iJ I tJ n 1;1 1':i i.J 1;j ri1 'W ~ 1I'W Yif)~'W ~ tJ VC) lftV'll Cl;j rl'lVll 
'" v 'JI " • 

'ff~ IYlm.h1;1~ IYl 'W 'U m'l1 ri lii 111 'f1 viJ n ~ l!"",1 'il ~ 'W 'U CllftVCl VlVlllJ (l 'W Y1 Cl VCllftV ViI tl 'W 'Ii ~ ';j lJ 'If 1;)
'" '" 

, 'jJ.'1 '" 0 'I.'I.J cl ;:- 'I .J.'I ~ 
1'Il''W f)U'I1dV'lll1,!lJll~'W'U'U'H1rum1i1~ ~'Wu1CJ1;jlJ'W1 11;1 C);j1JlJ (Kalophrynus pleurostigma) CJI;j 

cl d I Q d <jJC1 cv d 4 C:;.J' cv I ~ 9 ' I'll l.J tJ;j {J.lJ 'Il' 'W ~ 'Yll m'HfI tJ;j f11J 'Yl 'W 'U 'ill f) m ~ f( nEll 'l 'W m ;j 'W 'il ~ 'W i.J Cl 1f( V tJ V.., 1Vl1 W f('l:J 911 f) 'W 'Il' I'W {J 1 
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l'vhJ'W (Inger, 1966; Inger & Stuebing, 2005) l'YIl'l~~~'W~'l1'Wd'tJ1'\J~1I'Wl'V'l';j1~ t1\)')fJII1~~tJlJ 
, II • I 

'\Jl\l~f)'hl ill~ i 'W ~l'fi l';i Vi i "HH-l1'W ~'W Vi m'hllPl 'Hl'J ';j lJ m \) ill ~ '11 m~ 'fflJ (1Pl1';j 1\I Vi 3) ~'l1'W 

l:illmhn~U~Ifl\lmfl'j'jlJ 
(fllIUii[J±~huliirHllJUlJ Wl~91U) (flllUii[J±tiluliitmuUlJWl1:1 1U) 

20.99±0.40 23.50±O.43 

8S.17± 1.60 74 .92±1.89 

0.81 ±O.06 O.64±O.06 

* Mann- Whitney U-test, p ::;; 0.05 
, iI I I " " 

1) tJill'l1 11fiVi'ff \I l!(l~fl11lJ~'W l1~'h ~f)'hl ill~'ff fl1'V'l!I1~~mJii \)~ LY \I rm 'hf-cY~ 1'ff::!Yl'W 'W 1. " " v jJ iI I • 

'ff~ lYl 'W 'U f) 'fftlH~ fJ'W -I i ~~1fJ i1\1'11'U -cYlPll'ff:: lYl 'W 'W 1'ff~ IYl 'W 'U f)l111m'W 1 O1';j lJ 1i 'W 'ff111'V'l1l 1~~tJlJVi:u 
.. u 

, " 
tJ ill '11 11 111'l 1 fl11lJ ~ 'W 'ff \I I'll ~ tJ 'W 'ff 111 'V'lll 1 ~ ~ tJ lJ i 'W tJ 1~ 'U I 'IJ 1 ~ \I tJ 1 \) '\J ~ i lJ' 'ff llJ 1 1 tI tJ vi 'W 

q ~ ~ ~ 

91 ""'''191 
'fffl1'V'l1l1~(ltJlJ'U I~ 

'j/ V I Y I 

2) fl11lJ'ffllJl1 tI i 'W 011 LYtl \I N1'W 'lJtJ\llI 'ff \I '1 'U 'W 1 'W 1 i 'U ~l'Ii 11 'U~l1ill l1 i'l1 (l Nl'U~'U l1 

~ I Gl ... 1 d ~ 'J) Q.I jJ ~ d 
1f)'hl1Pl 1 m 1 lJ "~lJfl11lJ'IJ'UlJlf) I 'U il~H'U 'li \I m~" 1f)m1 'll'~ m \lU(l~ f) ~ l'lil~ '11 ~ll~ 'U mf) IlJtll! 'ff \I 

ritl ~Nl'Uif1 i~utJfJ~'\J~ i L1(l~ ~1Pl 1 101';; I\)~WI~'U llPl'IJtl~~'ll'~~lAlPlllJ11Pl \l il'i'J1 ~~~'ll'm ~lif'\J~
u , 

. y" III • 

~ ~ 'U tJ1 '111 ';; l1 rl1f1t\J 'IJ tJ ~ (l f) E tl ~ i1~ '11'U -cY\Pll 'ff~ ~ Yl 'LA 'W 1'ff~!Vl'U 'Uf) l1iJ f) ~:U (l f) EtJ~ tJ 1fffJ tl vi 'W ~'W Vi 
u <u cu 'U 


• V ." I V II • 


Vi:uiJ~ lJ 101 ~'ll''W 1Vi ~ 'U Vi 1\Pl \l i I'i''W 1'fflJ'U ';; ru~ \I tJ 1'\J 'il ~ ill 'ffllJ 1 1 \l~1 1 ~ IN1'W'W £1'U~'U Vii1\If)ri 11 i ~. .. . 
'U tJ f) \) 1 f)'fftl ~ 1111,)fJ~~ mll1 tll '\J 111 'Wl'V'l 1 ld111')tJ~'U 1'l1'W 01 11 'l1''ff 1 1 Ifl:U ill,)~ ffm.. ~'ll' 

i1.:J 1'l1'U i'W f) l';i Mf)'hll'IJ tl.:J Bishop et al., (1999) i ~ftf)'hll 01 1 I '\J ~ ty'IJ tl.:J i'ti 'IJ tl \I f) 'U ~ tJ 1 fttJtl ~'U~11 ill 
t " • I v 

~lli 1 1 Vi i'l1 mh'U ~'U Vi! f)'hl \91 1 f)'j 1 miJ~ tJ'IJIl1 tJ'Ufl'U ~lli 11 l1 i'l1 (l r-.i l'U 11 lli 1 ';j lJ'll'l~ '1 'U rilJ'W 1. 
• JI • I 

toads II (l ~ Green frogs i 'U ~ lli l';i l1 i'l1 (l N 1 'W ~'U l1 !f1'hlm f)'j ';j lJ:U I'll ,!.:J f) ';h i 'W ~ lli 1 1 Vi i'l1 (l N1 'U 
'jJ 'I I V • 

~'U l1 tJ l'Ii 1 ';; lJ'll'l~ l i1 tJ.:J '\J 1f) 'ffl ';; !fl:U 1 'U f)~ lJ Organoc hlorine l1'V'l 'U i 'W ~1li 1 1 i 'U ~ 'U l1 m'hllPl 1 m 1 lJ 
• " 'JI tI 

:ummfl'U 1'1 llJ 1\91 ';; j l'U fl11lJiJ (l tl~.ntJl'1 tJ il.:J :U:U1\91 hall r1\Iii Bishop !!(l~ flill~ 1~1 1tJ.:J 1'U 

l~lJl~lJl1 'UtJf)'\Jlf)'ffl'j!fliJi'Wf)~'lJ Organochlorine !!~1V\li1'ffl'jlfli1af)'I1(lltJf)~'lJ !'li'U 

IItJlJ 1lJ!iJ tJlI(l~vl tl 'ffvl tl f 'ff~ i'l1 (l (l \I LY~l1i 11 ~.:J! 11 'U 'ffll'Yl \91 '11 rtJ:U LY1 'U 'l11fJ 'l"r fl11lJ'I1 'U lU 'Ii 'U.. . 
, " , 

1I(l~fl11mhl~ '\J h.J 011 ~'\J'W'W £•'lJtJ.:J f)'U 2 'll'iJ~ i1.:Jf) ~11 'l 'U ~lli 1) l1 i'l1 (l N1'U ~'U l1 m'hl \91 1 f)'j 'j lJ:U 
• • v " 'JJ 

r11~ 1f)<;hi 'U ~lli1'j 1Pl1lJli 1 ';; lJ'll'l~ 1I1'11i1tJ.:J 'illf)01';; ftf)'hl11 'Ufl:i \liJ ill i ~l~'U~1 tl V1.:J'W 1'U~!1 ill ~1 
I V • • " 

li 1';; l1 i'l1 (l N l'U ~'U l11 f)'hl \91 ';; f)'j ';; lJ lJli1 m 1~ 11'111 'ff 1';; I fl:U~.:J ili 'ffllJ n tl V'U V'U ~H'Il11 fl~ ~'U" 1f) 
• jI 'JI. v 

'ffl'J!fl:U Vi tll ~li f) n iJ'U lil tl 'U '1 'W ~'W l1ii i ~ 

http:O.64�O.06
http:74.92�1.89
http:23.50�O.43
http:20.99�0.40
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'JI 'JJ 	 .)of , 

Nfl 'il1n f11'J ftmn1'W flof;ju U fl'\9I;j 111'111 'W 11f11 'J nJ ~ EJ'W II tl fl ;jyj'W Vlfl'tJ ;j'lll;j ~ 1li 1'J ri;j N rllPi tJ 

fl1UJl1i,'11f111i,'11EJ D;jfltl')~nD'U~tJ.:J'lfl1\91 !![1~fl11lJ'lfn'lflJ. . !!D''il~V.:J111fl'llJ1'J()V'WV'W11f11,) 
• 'JJ • 	 v 

ILl~EJ'W!!Ll [1.:Jyj'WYifl'D;j'llHihfi1'J ri.:J N[1111'fl11lJl1 mnl1 mEJ~tJ.:J ~\9I1fl'~IVi'W 'W 1fl'~ lVim In [1\91 [1.:J l~ 
'11]0 11]31 1310' .,;,J"" 31 0 "" "I 031"

tJl'J1.:J I'J nl9l1lJ 1\91 II fl'\9I;j ml1 'W 11IlJtJ'Yl'W 'Vlfl'tJ.:J~ l.:Jmli 1'J ItlmJ'W II Ll[1.:J I tl 'il~YI1111 D.:JflLl'J ~ nD'U~tJ;j 
j) I 11 	 v 

'lf11\91 ~\9I1fl'~IVi'W 'W 1fl'~IVi'W 'U f1! Ll~ l'J'Wll tl[1.:J 1 tl ~f1'Vl.:J V;j ri.:J N[11Pi tJ'fl11lJ mJ'J D\9I~ D;j~\9I1fl'~1l1'W 'W 1 
'" 

• t.I 	 tI • , 11 I 

Vl~tJ;jiilJlm f11'J ~h.j'Vl'" ~111'1(J~ 1li 1'J 1 'W-w'W Vi {i10'W.ofmH1111 [1 rl1'W -w'W Vi!f1El \91 ') m ') lJ 1t1 f1 t1'UlJlii 
• ." 	 v 

fl'tn'Yltll1flVlfl'lJ'U,) rul-wmBtltJl'W 1l'JlPitJf11'J ~1'J ;j;'Yl~tJ .:J~\9I1thnrilJuIPiD III'" 	 . 

Im.:Jf11')1.ijtr61~of'U'Vl'Wfl't1'llfl''W'W'il1n the John D. and Catherine T. MacArthur. . 
') ., " 31 .,g ') ., '" d 1 ,I

Foundation ! m .:Jf11'J 'Yl1ilJ'WltJ;j'flfl111J'J 11[1~flnEl 1'W 1l'J'UlEJf11'J 'il\9lf11Hl'J 'Ylmm 'lf1tn'Yl 'W lJ'J ~ l'Vlfl.. 
l'VlEJ ~;j'.i1lJ.ij\9li;jI\9l(J"~1t1f1;j1'Wf1V.:J'Vl'Wfl't!'Ufl''W'Wf11'J1.ijEJ U[1~fl'W6'W'Wli1fl1m'JlJU[1~

q q 	 fU III 

l'VIfll'W h~;1tn'YlUt1;j'lf1~ 'J'I1fl'lm;jf11'J BRT T 250002 1l"~I~'W.:J'lltl'J~1J1w'!!N'W~'W tl')~h1J 

2550 tn EJ l~!!H'W;j 1'W 1.ijEJ tJ 'W ofmrml~ f11 'J '1 ~tl'J ~ 1l'J'lftJfl11lJ'H" In'H i,'11 EJ'Vll ;j9hill'Yl IW ~ fl'W 6. 	 '" 

fl'fl1U1.ijEJ~\9l1tJ 1fl 'H [11.:J11J 'W tJv1.:Jt;jchl1of 'Ufl11lJ'lhl'Jll1 ~tJ~l'W;j l'Wtnflfl''W llJ ~tJ'UtJ'Uflw'V1'ill'J 6.. 	 . 
. 

, v 

tl'J ~ Vltl ~l.:Jllfl 1l[1~fl W,EJV\9I'lf1tJ 'lf1t1l~'W Vl 1~I11'fhl 'W ~'W11'W f11'J I~ tJ'Wlvnfl'l'J 'QU'UU 

v 	 ~, 

I ~ 	 c::), v If ~ 0 a.. v C:~ c:t 

tJtJ\9I'lf1EJ 'lflEJI.:J'W. 2544. f111lJ'Yii:llfl'lf'U~'\JtJ·H:rVl11:r~m'U'UHI~m'\.nH) Hi:l~I:rVl1ti:leltlfli:ll'U 'fl 

el'ntll'l-Wli -1'lf 1~hh -1 ilm ~ .I:r'a ~ !!tl·;!. 1'Vl tJ1t1 'Yl 'W ~tl~ T.U T.U llJ 11111w, cYi \9l. fl'l'IJ 11'JJ'11h 1'VI EJ1 
Q 	 U U 
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REPRODUCTIVE CYCLE OF THE RAINBOW WATER SNAKE 

ENHYDRIS ENHYDRIS, PRACHINBURI PROVINCE, THAILAND 

Chattraphas PongcharoenlL* Kumthorn ThirakhuptlL Harold K. Voris£[ 

ABSTRACT 

From March 2006 to April 2007, two hundred and fifty eight Enhydris enhydris 
females at Ban Borthong, Kabinburi District, Prachinburi Province, were collected from 
local fisherman's nets for the investigation of reproductive cycle. Thirty-nine gravid 
females were found during nine-month period, February to October, from which the 
number of gravid females was highest in April. The mean of snout to vent length (SVL) 
and mass of gravid females was 560.49 ± 5.85 mm and 141.15 ± 64.61 gram, respectively. 
Mean clutch size was 13.07 ± 5. 17 embryos, ranging from I to 27 embryos and mean 
clutch mass was 29.59 ± 17.29 gram, ranged from 4 to 88 gram. The full-term stage of 
embryo, stage 37, was found in May to June and September, suggesting that the rainbow 
water snake had 2 reproductive cycles per year. First reproductive cycle period started 
from October to June and second period started from May to September. 

INTRODUCTION 

The Oriental-Australian rear-fanged water snakes in the Family Homalopsidae are 

distributed worldwide. Approximately 38 species have been found from Pakistan's Indus 

River to northern Australia and the Micronesian Island of Palau (e.g. Taylor, 1965; Cox et al., 

1998; Murphy el al., 2002; Karns el aI., 2005). One species of these snakes, Enhydris 

enhydris (figure I), has wide distribution ranging from northeast India and Myanmar eastward 

to peninsular Southeast Asia, through Indonesia as far east as Sulawesi. It is piscivorous and 

highly aquatic life-style. By the way, a lot of cognizance were scattered reported in many 

literatures . Although spectacularly dense populations were reported by many authors (Murphy 

et at., 1999; Murphy &Voris, 2002), a highly uncontrolled fishery in many freshwater habitats 

could affect their populations (Stuart el at, 2000). Hence, the research on reproductive cycle 

of this snake could provide important information to understand its life-history patterns and to 

plan its conservation management program. This study the reproductive cycle of Enhydris 

enhydris at Kabinburi District, Prachinburi Province, Thailand 

Key words: Enhydris enhydris, gravid JemateJull-term stage ojembryo, reproductive cycle 
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Figure 1. Rainbow water snake, Enhydris enhydris, at Kabin Buri District, Prachinburi 
Province, Thailand. 

MATERIALS AND METHODS 

Field work was carried out at Kabinburi District, Prachinburi Province. Snakes were 

collected in each month from June 2006 to May 2007. Enhydris enhydris were collected from 

fisherman's gill nets which were placed at fresh water habitats. Live snakes were sexed, 

measured, weighed following Wangkulangkul (2005) and released at captured site. 

Sex: the sex of snakes was determined by injecting water at the base of the tail. In 

males the hemipenes would emerge from the vent opening, whi Ie for the females, hemipenes 

would not emerge. Snout vent length (SVL): the measurement was done with a measuring 

tape. It measured from the tip of snout along the body to the vent opening. Tail length (TL) : 

the measuring tape was used to measure from the vent opening to the tip of the tail. Weight: 

the snakes were placed in a plastic bag of known weight. Then, they were weighed by digital 

balance. The weight was recorded in grams . 

Dead female snakes were examined for ova and embryos. The collected eggs were 

counted, weighed and staged following Zehr (1962). The picture of the method used was 

exhibited in figure 2. 

Figure 2. Methodology of the study were shown in pictures. 
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RESULTS AND DISCUSSION 

Sexual dimorphism 

Both sexes of snakes differed significantly in morphology (p < 0.0l). Female specimens 

(n = 258) were 535.0 ± 8.31 mm in SVL, 11.51 ± 1.49 mm in TL and 141.15 ± 64.61 grams in 

weight whereas those of males (n = 351) were 470.5 ± 4.68 mm in SVL, 12.19 ± 1.10 mm in TL 

and 76.52 ± 19.61 grams, respectively (figure 3). Sex ratio of male: female was 1.47 : I which 

was significantly different (x2 = 12.21, P < 0.01, female n = 258, male n = 351). 

Figure 3. Picture shown sexual dimorphism of Enhydris enltydris at Kabin Buri District, 

Prachinburi Province, Thailand. Female snake was placed on the left and male snake 

was place on the right. 

Reproduction 


For Enhydris enhydris females. the distribution of body size was normal (Figure 4). 

Thirty-nine (15.16%) females, with oviducal eggs, had SVL ranging from 360 mm to 640 mm 

with the average of 560.49 ± 5.85 mm . The mean clutch size was 13.07 ± 5. 17 embryos 

(ranged from I to 27 embryos) and mean clutch mass was 29.59 ± 17.29 gram (ranged from 4 

to 88 gram). There were significant correlations between SVL and female mass (minus their 

ova; r = 0.871, p < 0.01) and between SVL and clutch mass (r = 0.118, p = 0.05), but no 

correlation occurred between SVL and clutch size (r = 0.104, P = 0.08). 

a 

I 

Snout -\len.t Length (mmjl 

Figure 4. Histogram showing the SVL distribution of female Enhydris enhydris at 
Kabinburi District, Prachinburi Province, Thailand. 
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Reproductive cycle 

According to figure 5, the females with follicles were found throughout the year, of 

which the peak were occurred in October (90% of collected snakes). Oviducal eggs and early 

period of embryos were recorded in 2 periods, from February to May and from July to 

September. The peak were occurred in April (80% of collected female snakes) and followed 

by August (38% of collected female snakes). Gravid female snakes containing the full-term 

stage of an embryo, stage 37, were found from May (5% of collected snakes) to June (16% of 

collected snakes) and September (I I % of collected snakes). Each reproductive condition of 

female snakes was shown in figure 6. 
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Figure 5. Graph shown proportion between number of female snakes in each condition 
with all collected female snakes by month at Kabin Buri District, Prachinburi Province, 
Thailand. 

foil ic les Full-term stage of embryos Oviducal eggs 

Figure 6: Figure shown reproductive condition of female snakes of Enhydris enhydris at 
BAn Borthong, Kabin Buri District, Prachinburi Province, Thailand 

Discussion 

The mean and range of body sizes of Enhydris enhydris gravid females at Kabinburi 

Province (SVL -'" 560.49 ± 5.85 mm, range = 360-640 mm) are consistent with a previous report 

(SVL = 568.0 ± I 1.5 mm, range = 436.0-698.0 mm) by Karns el at. (2005). However, the mean 

clutch size (13.07 ± 5.17 embryos) in this study was bigger than the previous studies (1 \.0 ± 1.0 

embryos) by other authors (Karns et at., 2005 and Murphy el aI , 2002). 
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In this study, two reproductive cycles of Enhydris enhydris at Kabinburi District 

were determined . The first period occurred during 8 months from October to June and the later 

period occurred during 4 months from May to September. The first period was considered to be 

the main reproductive cycle by a higher proportion of reproductive female snakes. The laler cycle 

had shorter interval than the former cycle (4 months and 8 months, respectively). This might be 

the effect of food availability in rainy season (June to October). 
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Abstract: In Thailand, green peafowl are distributed in the north and the west. This 
study is in Pha Miang subdistrict Doi Saket district Chiang Mai province. In dry 
season from December to May, this period female green peafowl are pairing with 
male green peafowl in area around wildlife breeding center. After breeding, female 
green peafowl go to the forest to lay egg and take care until hatch. Rainy season from 
June to November, female green peafowl have chick and lead them to feed in 
agricultural area. 

Introduction: At present, green peafowl number had been decrease rapidly by 
hunting and habitat destruction. The seasonal distribution is key data to know the 
dynamic popUlation and habitat utilizations in daily month in whole year observation 
to provide the basic data for making decision on green peafowl conservation in 
natural habitat. Normally green peafowl live in open field, riverine area and dry 
dipterocrap forest (Ponsena, 1988; Johnagard, \999). In breeding season, male 
peafowl used the open area as their territory to display attracted the female. 

Methodology: In this studies, the habitat used are classified into 4 area types which 
are agriculture area, reservoir area, human settlement area and wildlife breeding 
center area, all of habitats according to human disturbances. Seasons are classified 
into 2 season types, dry season from December to May and rainy season from June to 
November. The survey method are lise point count (Colin el al., 1992) in all 4 habitat 

types; 8 stations for agriculture area, 6 stations for reservoir area, 2 stations for 
wildlife breeding center area and 4 stations for human settlement area. Each station is 
observed with in 200 meter in radius. The observation starts at 6.00 am - 10.00 am in 
the morning and 3.00 pm - 6 pm in he evening. The number of green peafowl and 
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their habitat are recorded. The data analyze of green peafowl distribution in 4 habitat 
types is used Kruskal willis test and paired simple T-test to comparing between rainy 
season and dry season. 

Results and discussion: Seasonal distribution in dry season and rainy season is 
difference . Dry season, male green peafowl are pairing with the male. Male peafowl 
use the open area close to the forest or on the hill not far from the riverine area 
(Brickleand Cu, 1998; Brickle, 2002; Meakvichai el at., 2002). The suitable breeding 
areas of green peafowl are around wildlife breeding center. Most male green peafowl 
are creating their territory in this area. The distribution density of this area is 32 
individuals/km2 which are high than other areas. The distribution densities in other 
areas are 2 individuals/km2 in agriculture area, 4 individuals/km2 in reservoir area and 
1 individuals/km2 in human settlement area. In rainy season, green peafowl are 
distributed in agriculture area which have distribution density is 8 individuals/kro2

. 

Ripen fruits such as jackfruit, papaya, chili, and seeding as rice and soy bean are 
available in agricultural areas . The other areas density are 4 individuals/ km2 for 
reservoir area, 18 individuals/ km2 for wildlife breeding area and I individual! km2 for 
human settlement area. Wildlife breeding center area have a high density distribution 
in rainy season because this area are provide food for breeding captive that easy and 
high protein so induce green peafowl living close to wildlife breeding center come 
(Arratharakorn, 2001). When analyze the distribution in 4 habitat types by Kruskal 
willis is significant (P< 0.05, df = 3) but not significant in distribution in daily month 
in whole year observation (P>0.05 , df = 11). Between the season, the data analyze by 
paired sample T test is not significant (t = 0.108, p>0.05, df = 5). The population 
fluctuations in 4 habitat types are not significant due to in rainy season female green 
peafowl have chick and some adult peafowl has been gone to the forest. From 
previous study in this area (Thawonwan, 2005; Meakvichai, 2007), the total number 
of green peafowl are 61 individuals but in this study total number of green peafowl 
are 108 individual. Numbers of this population increase 47 individuals in 4 years . The 
new born chick in last 4 year are 10 individuals, in this study got new born chick are 
28 individuals. From the increase of populations let we know this area suitable for 
green peafowl. 

Conclusion: Green peafowl distributions depend on life period and food. In dry 
season as the same as breeding season of green peafowl, male green peafowl choose 
territory close to wildlife breeding center because this area suitable for breeding. In 
raining season, male peafowl separate itself to live alone and female green peafowl 
got chick and lead her chick to feed in agriculture area because have ripen fruits , 
seeding and farm plant and quite save for her chick. 
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ABSTRACT.- The species diversity of ants in three different land use types: a mixed deciduous forest, and a 
derived commercial teak plantation and a durian orchard, were studied to determine and compare the ant 
species diversity in these areas. Five sampling methods: handling capture over constant time, sugar-protein 
bait trap, pitfall trap, leaf litter sifting and soil sifting, were conducted each month from September 2007 to 
September 2008, inclusive: The species richness of ants in the area was 62 identified species and 67 morpho­
species, belonging to 49 genera in nine subfamilies. The Shannon-Wiener's species diversity index indicated 
that the diversity was the highest in the mixed deciduous forest (2.387), followed by the durian orchard 
(1.997) and lastly the teak plantation (1.463). The ~-diversity, using Sorensen's similarity coefficient to 
determine the similarity in community composition, was highest between the forest and the teak plantation 
at 65.5%, and then between the teak plantation and the durian orchard at 45.5%, and between the forest 
and the durian orchard at 39.7%, indicating that both ant species diversity and community composition 
were distinctly varied in these three sites which may relate to their different land use types. Therefore, the 
information from this preliminary study suggests that, subject to confirmation and further clarification, ant 
species diversity may be used to assist the conservation and management planning of agro-forestry 
ecosystem s. 

KEY WORDS: ant, community composition, species diversity, land lise type 

may function in an ecosystem as predators, 
INTRODUCTION 

prey, detritivores, mutua lists, herbi vores, or 
in combinations, and their functions are

Although the proportion of biomass 
usually related to the species and genera

represented by ground-dwelling ants in 
they belong to (Alonso, 2000; Schultz and

comparison with other soil microfauna (e .g. 
McGlynn, 2000). In addition, they create

termites and earthworms) in the tropics can 
mycorrhizal reservoirs, effect nutrient 

vary from relatively low (0.02 - 5%), to 
immobilization, water movement, nutrient

high (80%) (Holldobler and Wilson, 1990), 
cycling, soil movement and other physical

in terms of population density even when at 
and chemical changes to the soil profile

a low relative biomass ants make a far larger 
(e.g. reviewed in Folgarait, 1998; Lobry de

contribution ranging typically from 7 - 53% 
Bruyn, 1999, Philpott and Armbrecht,

(Lavelle and Pashanasi, 1989). Indeed, both 
2006).

arboreal and ground-dwelling ants play 
Ants are collectively classified in a

diverse and important ecological roles. They 
single family, the formicidae, in the order 
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Hymenoptera (Holldobler and Wilson, 
1990). Worldwide there are 23 subfamilies 
of ants comprised of 287 genera and 
approximately 12,000 described species, 
with a likely much larger number of species, 
yet to be described (Bolton et aI., 2006). 
Despite the fact that tropical forests are 
amongst the poorest surveyed areas, they 
sti II have the highest recorded spec ies 
diversity with, for example, some -2200 
species recorded in Asia (Holldobler and 
Wilson, 1990). Within Thailand, there are 
nine recorded subfamilies; Aenictinae, 
Cerapachyinae, Dolichoderinae, Dorylinae, 
Formicinae, Leptanillinae, Myrmicinae, 
Ponerinae and Pseudomyrmecinae (Wiwat­
witaya and Jaitrong, 200 I) . 

Ants have numerous advantages that 
make them suitable for biodiversity and 
environmental monitoring studies. Ants are 
eusocial organisms, characterized by 
cooperative brood care, overlapping genera­
tions of workers within the colony, and a 
highly developed caste system (Wilson, 
1971, cited in Agosti et al. 2000), which 
contribute towards the ants' numerical and 
biomass dominance, high diversity and their 
presence in almost every habitat throughout 
the world. Moreover, ants as indicators of 
ecological niches, especially soil systems, 
have other advantages, such as a fairly good 
existent taxonomic knowledge for ease of 
identification, their relative ease of 
collection, stationary nesting habits that 
allow them to be resampled overtime and 
their relative sensitivity to environmental 
changes (Alonso and Agosti , 2000; 
Andersen et aI., 2002). Thus, overall, as 
well as broadly common species, most 
habitats are likely to have specialized 
species, which occur in sufficient species 
diversity and abundance as to be able to 
serve as suitable terrestrial indicator species 
of habitat quality and changes. However, 

this assumption has not been tested and the 
suitable indicator species identified, for 
most habitats including the changing forest 
land usage of the tropics, such as in 
Southeast Asia and especially Thailand. 

Thong Pha Phum district, in the 
Kanchanaburi province, western Thailand, 
is located at the junction of three 
ecoregions; the Tenasserim-South Thailand 
semi-evergreen rain fore st, the Kayah-Karen 
montane rain forest and the Chao Phraya 
lowland moist deciduous forest (Beamish, 
2007). Therefore, with such a relatively high 
diversity of habitats and organisms includ­
ing flora, then likewise the biodiversity of 
ants including habitat-specific or specialist 
species, is expected to be high. Consistent 
with this notion is that Bourmas (2005) 
reported that 202 ant species, belonging to 
56 genera in nine subfamilies, were found 
from four forest types; namely a dry 
evergreen, lower mixed-deciduous, dry 
upper mixed-deciduous and disturbed 
mixed-deciduous forests, in the Golden 
Jubilee forest reserve in Thailand. Bes ides 
the forest reserve and national park, Thong 
Pha Phum district also has several other 
land use types which include the 
commercial plantings of teak, Tectona 
grandis (Lamiales: Verbeniceae), and 
rubber, Hevea brasiliensis Mull. Arg. 
(Malpighiales: Euphorbiaceae) trees, and 
agricultural areas, such as the cultivation of 
fruit orchards, rice and field crops. 
However, there is currently no in formation 
about the biodiversity of ants in these 
habitats which have been modified from the 
natural forest, yet such changes in the land­
use patterns have resulted in areas that 
significantly differ in vegetative cover, 
management and some environmental 
factors and so would be expected to have 
changed the ant community composition 
and abundances. 
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With the increasing loss of habitats and 
biodiversity around the world, there is an 
urgent need for biodiversity assessments to 
be carried out during the conservation 
planning process (Alonso, 2000), as well as 
factors influencing biodiversity variation, 
such as habitats and/or land use types . The 
aim of this preliminary study is to determine 
and compare ant species diversity and 
composition in three different types of land 
use within the same broad area; specifically 
a natural mixed deciduous forest, and the 
two thereof derived states, a teak plantation 
and an intensively agrochemical used 
agricultural area represented by a durian 
fruit orchard, to investigate the potential 
feasibility of using ants as indicator species 
in land usage changes of forest systems. 
Within this context, the rational of this 
preliminary study is that the basic 
knowledge of ant species diversity and 
composition in different land usage habitats 
will assist in evaluating and planning for 
biodiversity conservation management. 

MATERIALS AND METHODS 

Study sites.- The study sites were located 
within the Huai Khayeng sub-district, 
Thong Pha Phum district, Kanchanaburi 
province, in western Thailand bordering 
Myanmar. Three areas were selected based 
on differences in land usage types: (i) a 
natural habitat represented by a mixed 
deciduous forest, (ii) a largely monoculture 
based forestry plantation, represented here 
by a teak plantation, and (iii) an 
agrochemically intensive farm, represented 
here by an evergreen durian orchard (Fig. 
I). The mixed deciduous forest was located 
in the Golden Jubilee reserved forest, which 
covers a total area of 5,637. 12 hectares and 

consists of dry evergreen, mixed deciduous 
and dry dipterocarp forests (Bourmas, 
2005). The canopy of mixed deciduous 
forest was approximately 80 and 20 % in the 
wet and dry seasons, respectively. A 20 - 25 
years old teak (T. grandis) plantation is 
located in the Huai Khayeng Reserve Forest 
Restoration Project, where the teak trees 
were planted at 6 x 6 m intervals, and rattan 
palm (Calameae sp.) trees were planted 
between the teak rows in an eight hectare 
area in 2006. The canopy of teak plantation 
was approximately 60 and 10 % in the wet 
and dry seasons, respectively . Local cattle 
browsing and grazing on small bamboo and 
seedlings were occasionally found in this 
area. The durian orchard covers an area of 
20.8 hectares with the durian trees planted 
orderly in a 5 x 5 m interval and managed 
therefore, and the canopy cover was 
approximately 50% without leaf shedding 
throughout the year. Agrochemicals, 
including pyrethroid and organophosphate 
pesticides (Cypermethrin and Chlorpyrifos, 
respectively), the herbicide Glyphosate that 
can also affect some arthropods, and mixed 
ferti lizers for nitrogen, phosphorus and 
potassium, were applied all year round. 
Thus, ant species and composition can be 
differentially affected through either direct 
poisoning or indirectly affected through loss 
of prey species. The wet and dry season of 
this study were determined by the monthly 
total rain fall that was obtained from the 
meteorological station at Thong Pha Phum 
district, Kanchanaburi province. The months 
which had a total rain fall higher than 100 
mm were included as the rainy season 
(Whitmore, 1975), making the rainy season 
in this study periods from April to October 
and the dry season from November to 
March. 

http:5,637.12
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FtGURE I. The study site map in Huai Khayeng sub-district, Thong Pha Phum district. Kanchanaburi province 
of Thailand, depicting the three studied sites sampled in 2007 - 2008: Reserve forest (a mixed deciduous 
forest) . Teak plantation, and Agricultural area (an agrochemically intensive durian orchard) , 

Sampling methods.- In each of the three 
habitat types, a permanent plot of 15 x 50 m 
was selected as a sampling area. The 
surveys at each site were conducted every 
month from September 2007 to September 
2008, inclusive, Five easy, common and 
cheap sampling methods that are relatively 
non-time consuming to use, outlined below, 
were used to harvest ants in order to study 
the species diversity and abundance of ants 
in each habitat taking into account the 
potential shortfalls and biases each method 
alone would involve (e,g, Majer and 
Delabie, 1994; Folgarait et aI., 1997; Majer, 
1997; Folgarait 1998). This rational is based 
upon future applicability , as in farmers or 
park wardens need indicators (in this case 
ant species diversity and composition) of 
soil or environment quality/ sustainability 
that are not too technically demanding, 
cheap and quick to attain , but rei iable and 

widely applicable, For each method, 
sampling was conducted once a month 
every month during the 13 successive month 
time period . 

Handling capture with constant time.­
Each permanent plot (15 x 50 m) was 
divided into three strip quadrates (5 x 50 
m), and one person collected the ants for 30 
minutes at each quadrat. The ants in each 
habitat were collected in three alternating 
time periods, in the morning, late morning 
and afternoon. The ants were extensively 
searched for on the bare ground, in the leaf 
litter, under stones, in decaying logs and 
under and on shrubs and tree bases up to 1.5 
m height above ground. 

Sugar-protein baiting trap (applied from 
Bestelmeyer et aI., 2000).- Each permanent 
plot was divided into 30 smaller quadrates 
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FIGURE 2. The species richness of ants among sampling months from the three habitats outlined in the legend 
to Figure I . 

(5 x 5 m). Canned tuna fish was mixed with 
80% (w/v) sugar solution at a I : I (w/v) ratio 
and used as bait. Three grams of bait were 
placed directly on the center of a piece of 
cotton cloth (9 x 9 cm). The baited cloth 
was placed on each quadrat, and the ants on 
the cloth were harvested after 45 minutes . 

Pitfall trap (applied from Bestelmeyer et 
aI., 2000).- Each permanent plot was 
divided into 30 quadrates, similar to the 
baiting method detailed above, except that a 
hole was dug at the center of each quadrat. 
A plastic container (8 cm diameter x 12 cm 
height) was placed in each hole with the lip 
of the trap level with the soil surface . 
Petroleum gel was applied around the inner 
lip of trap and a 2% (v/v) (alkylbenzene 
sulfonate Sunlight®, Unilever Thai Holding 
Comp.) detergent solution was poured into 
the trap to a depth of about two cm. Samples 
were collected after 24 hours and taken to 

the laboratory for sorting. Note each trap 
was not placed directly on any ant nest. 

Leaf litter sifting.- Each permanent plot 
was divided into 30 (5 x 5 m) quadrates, as 
above, from which ten were randomly 
selected. The leaf litter was collected from 
within a I x I m quadrat positioned in the 
center of each selected 5 x 5 m quadrat. 
After collection , the leaf litter samples were 
sieved with a 0.8 x 0.8 cm mesh and the 
ants were collected using forceps . 

Soil sifting.- The soil was sampled in the 
same sampling quadrat as the leaf litter 
sample (above) in each site. In the center of 
the leaf litter sampling quadrat, the soil was 
collected in an area of 25 x 25 m to five cm 
depth from the soil surface. The soil 
samples were sieved with 0.8 x 0.8 cm mesh 
and the ants were collected using forceps. 
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Soil texture.- The soil texture was 
determined from three replicate soil samples 
selected randomly from each study site. The 
soil texture was determined by the 
Bouyoucos Hydrometer method (Depart­
ment of Soil Science, Faculty of 
Agriculture, Kasetsart University, 2006). 
The percentage of soil particles was 
calculated. 

Ant collection and identification.- For all 
sampling methods, upon collection the ants 
were preserved in 95% (v/v) ethyl alcohol 
and subsequentially taken back to the 
laboratory for class i fication to (morpho-) 
species level and counting the numbers of 
each (morpho-) species. Identification of 
ants to family, genus and species (nearly all 
cases), or morpho-species where this was 
not possible, was based on the keys by 
Bolton (1994), Holldobler and Wi Ison 
(1990), and Wiwatwitthaya and Jaitrong 
(200 I). 

The specimens were also compared with 
the reference collections at the Ant 
Museum, Faculty of Forestry, Kasetsart 
University, and the Museum of Zoology, 
Faculty of Science, Chulalongkorn 
University . Unidentified specimens were 
coded based on their reference collections, 
the sp. of AMK is the code of Ant Museum, 
Kasetsart University and the sp. ofCUMZ is 
the code of Chulalongkorn University 
Museum of Zoo logy . 

Data analysis.- The Shannon-Wiener's 
diversity index (Krebs, 1999), was used to 
calculate the diversity of ants collected from 
four of the collection methods, i.e. the 
sugar-protein baiting trap, pitfall trap, leaf 
litter sifting and soil sifting. Hand (visual 
encounter) based collection, with its 
inherent bias, was excluded from this the 
Shannon-Wiener's diversity index since it 

cannot be used to reliably support the 
relative abundance of each species. The 
formula of the Shannon- Wiener's diversity 
index used is presented below: 

5 

H · = L (pi)(lnpi) 

i=1 

Where, 	H' Species diversity index 
5 Number of species 

P, Proportion of the total 
sample belonging to /h 
species 

The Sorensen's similarity coefficient 
(Krebs, 1999) was used to measure the beta­
diversity or the similarity between two study 
sites as follows : 

s= 2a 
2a + b + c 

Where, S = Sorensen ' s similarity coefficient 
a = Number of species in site A and 

s itt! B 
b = Number of species in site B but 

not in site A 
c = Number of species in site A but 

not in site B 

The evenness index (Krebs, J 999) was 
calculated to determine the equal abundance 
of ants in each study site as follows : 

Evenness = H' 

H'MAX 

Where, H' = Observed index of 
species diversity 

H 'MAX = Maximum possible 
index of diversity 



TORCHOTE ET AL. - ANT SPECIES DIVERSITY AND COMMUNITY COMPOSITION 43 

TABLE I. The collecting methods, study sites, percentage occurrence, and some biology of each species in the 
legend to Figure I. (H = handling capture with constant time. B = sugar-protein baiting trap. P = pitfall trap. S 
=, soil sifting, L = leaf litter sifting, F = mix deciduous forest. T = teak plantation. 0 = durian orchard. * = % 
occurrence less than 40%, ** = % occurrence between 40-69%. *** = % occurrence more th an 70%. D = dl)' 
season, W = wet season.) 

Collecting Study sites % Some biology 
Subfamily/species 

Occurrence (Brown. 2000) H B P S L F T 0 

Aenictinae 
Aenic/lis camposi ./ -.W -,­ * Arm~ ants 
Aenic/us ceylonicus ./ -,W - ,W - ,- * 
Aeniclus den/alus ./ -,W -,W -,­ * 
Aeniclus laeviceps ./ , - ,W - ,- * 
Aeniclus nishimurai ./ -,W -,­ - ,W * 
Aenic/us s~.5 of AMK ./ -,W -,W -,­ * 
Cerapachyinae 
Cerapachys sp.3 of AMK ./ -,­ D,­ , * Army ants. predators 

of other ants 
Cerapachys sp.5 of AMK ./ -,W * 
Ceraeachys s~. 14 of AMK ./ ./ D,W -,­ , * 
Dolichoderinae 
Philidris sp.1 of AMK ./ ./ ./ ./ ./ D,W D,W ** Foragers 
Tapinoma indicum ./ - ,- - ,W * Generalized foragers 
Tapinoma melanocephalum ./ ./ ./ ./ ./ D,W D,W D,W *** 
Technomyrmex albipes ./ ./ ./ ./ ./ D,W -,W * Generalized foragers 
Technomyrme.x kraepe/ini ./ ./ ./ D.W - .W * 

~grou~) 
Dorylinae 
Dor)!Jus orien/alis ./ ./ ./ ./ D,W D,W D.W * Arm~ ants 
Formicinae 
Acropyga aculiventris ./ ./ D,W , * Tend coccids 
Anoplolepis gracilipes ./ ./ ./ ./ ./ D,W D,W , ** Foragers 
Campono/us (Myrmamblys) ./ ./ D.W * General ized foragers 

sp.1 of AMK 
Camponotus rlljlogaucus ./ ./ ./ ./ ./ -,­ D.W D,W ** 
Campono/us sp.7 of AMK­ ./ ./ ./ ./ ./ D,W D.W D,W ** 

group 
Oecophyl/a smaragdina ./ ./ ./ ./ ./ D,W D,W ** Predators, tend 

homo~terans 

Paralrechina opaca ./ D,­ , * General ized foragers 
Para/rechina sp.1 of AMK ./ ./ ./ ./ ./ D,W , * 
Paratrechina sp.4 of AMK ./ ./ ./ ./ ./ D,W D.W D,W *** 
Paralrechina sP,g of AMK ./ ./ -,W D,W D,W * 
Paralrechina sp.9 of AMK ./ ./ ./ ./ ./ D,W D,W ** 
Paralrechina sp. 1 0 of AMK ./ ./ ./ D.W D.W D.W 
Plagiolepis sp.1 of AMK ./ ./ ./ ./ D,W D.W * Generalized foragers 
Plagiolepis sp.2 of AMK ./ ./ ./ ./ ./ -,W D.W * 
Polyrhachis (Campomyrma) 

halidayi 
./ ./ ./ -,W -,W * Generalized foragers 

Polyrhachis (Cyrlomyrma) 
laevissima 

./ -,W D.W * 
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TABLE l. Continues. 

Collecting Study sites 0/0 Some biology Subfamily/species 
Occurrence (Brown, 2000) H B P S L F T 0 

PolyrhachiS (Myrma) 
ilIaudala 

./ D,W -, ­ * 

Polyrhachis (Myrma) 
proxima 

Polyrhachis (Myrmhopla) 
armala 

./ 

./ 

./ ./ ./ ./ D,W 

D,W 

D,W 

-,W 

** 

* 

Polyrhachis (Myrmhopla) 
jurcala 

Polyrhachis (Myrmhopla) 
hippomanes-group 

Polyrhachis (Myrmhopla) 
tibialis 

./ 

./ 

./ 

-,W 

-,W 

D,­

- ,W 

-,W 

* 

* 

* 

Polyrhachis (Myrmhopla) 
sp.S of AMK 

Pseudolasius s~.1 of AMK 
Leptanillinae 
Leptanil/a sp.1 of AMK 

./ 

./ 

./ 

./ ./ ./ 

./ 

./ 

./ 

D, ­

D,W 

- ,W 

, 

- ,W 

Cr~etic foragers 

Cryptic mass 
~redators 

Lee.lanilla se.2 of AMK ./ -,W -,-
Myrmicinae 
Calyptomyrmex sp.1 of AMK 
Cardiocondyla emeryi 
Cardiocondyla nuda 
Cardiocondyla wrollghtonii 
Carebara sp.1 of AMK 
Cataulacus sp. (queen) 
Crematogasler (Orthocrema) 

sp. 1 of AMK 
Crematogaster (Orlhocrema) 

sp.2 of AMK 
Cremalogaster sp.2 of AMK 
Cremalogaster sp.S of AMK 
Cremalogasler sp.9 of AMK 
Lophomyrmex lucidus 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

./ 

-,W 
-, ­

D,W 
-,W 
-,W 
-,W 

-,W 

-, ­
-,W 
D,W 

-,W 
- ,-
-,W 
D,W 
-,W 

D­
-,W 
-, W 
-,W 

-,W 
D,W 
D,­
D,W 

* 
* 
* 
** 
* 

* 

* 

* 
* 
* 
* 

General ized 
foragers 

General ized 
forage rs 

Meranoplus bie%r ./ ./ ./ ./ -,W D,W Seed harvesters 
and general 
foragers 

Monomorium floricola ./ ./ ./ D,W -,W * Generalized 
foragers, 
harvesters 

Monomorium lalinode ./ ./ ./ ./ D,W -,W D,W 
Monomorium pharaonis ./ ./ ./ ./ D,W * 
Monomorium sechellense ./ ./ ./ -,W -,W 
Monomorium sp.t of AMK ./ ./ ./ ./ ./ D,W D,W ** 

Myrmeeina sp.4 ofAMK ./ ./ ./ -,W -,W D,W * Predators of mites 

Myrmicaria brunnea ./ ./ -,W * 

Myrmicaria sp.t of CUMZ ./ ./ ./ , -,W , 
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TADL£ I. Continues. 

Collecting Study sites % Some biology 
Subfamily/species ----------,--------- ­

p F T 0 Occurrence (Brown. 2000) H B S L 

O/igomyrmex sp.1 of AMK 

Ofigomyrmex sp.1 I of AM K 

D,W 

-,W 

* 

* 

Cryptic foragers, 
termite thief ants I 

Oligomyrmex sp.1 of CUMZ D,W D,W D,W *** '\ 
Pheidole sp. 1 (eq 10 I)" D,W D,W D,W *** Many seed 

harvesters, many 
omnivorours 

Pheidole rinae laipoana D,W D,W D,W *** 
Pheidole sp.14 of AMK -, ­ D,W -, ­ * 
Pheidole sp.2 ofCUMZ -,W D,W 
Pheidole sp.3 ofCUMZ D.W -,W ** 
Pheidologelon affinis D.W D,W D,W *** Generalized. and 

mass foragers 
Pheidologelon diversus D,W D,W * 
Pheidologeton pygmaeus D,W -, ­ * 
Reeurvidris sp.3 of AMK D,W D,W * Generalized foragers 
Rhopalomaslix sp.2 of AMK - ,- -,W * 
Sofenopsis geminata -, ­ -,­ D,W * General ized foragers 
Strumigenys sp.6 of AMK -,W - ,- * Predators, especially 

of collembolans 
Sirumigenys sp.7 of AMK D,­ * 
Sirumigenys sp.4 of AMK D,W D,W ** 
Telramorium bicarinalum D,W -, ­ * Generali zed foragers 
Telramorium kheperra - ,W D,W D,W ** 
Telramorium pacijieum D,W -,W * 
Telramorium parvum -,W * 
Telramorium simillimum -.W D,W * 
Telramorium smilhi -,W * 
Telramorium sp.6 of AMK D,W D,W D,W ** 
Telramorium sp. 10 of AM K D,W * 
Vollenhovia sp.2 of AMK - .W * 
Vollenhovia sp.7 of AMK - ,W -,W * 
Ponerinac 
Amblyopone reciinala -,W -,W -, ­ * Predators 
Amblyopone sp.4 of AMK D,­ * 
Amblyopone sp.5 of AMK -,W -,W - ,- * 
Anochelus graeffei D,W -, ­ D,W ** Predators 
Anochelus sp.1 of AMI< D,W D,W D,­ * 
Cenlromyrmex leae D,W * Cryptic predators of 

termites 
Diacamma vagans D,W D,W ** Predators 

Pheidole sp. 2 (eq 141)' 
Pheidole noda (group) 
Pheidole plan/frons 
Pheidole rabo 

D,W 	 D,W ** 
D.W 	 D,W -,- ** 
D.W 	 D.W ** 

-,- D,W * 

Gnamp,ogenys bieolor D,W D,W * Predators and 
scavengers I 


I 


I 
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TABLE I. Continues. 

Collecting Study sites % Some biology 
Subfamily/species -------------------,--------------­F T 0 Occurrence (Brown, 2000) H B P S L 

Harpegnalhos venator -,W * Predators 
Hypoponera sp.3 of AMK -,W * Generalized foragers 
Hypoponera sp .5 of AMK D,W -,W D.W ** 
Hypoponera sp.7 of AMK D.W - .W * 
Leplogenys birmana - .W Pn:dators of isopods 

and mass foraging 
predators 

Leplogenys diminula D,W * 
Leplogenys sp.1 of AMK D.W 
Leplogenys sp.12 of AMK -.W D,W 
Leplogenys sp.14 of AMK -.W -.W 
Leplogenys sp.23 of AMK D.W D.W 
Leplogenys sp.5 of AMK - ,W * 
Leplogenys sp.20 of AMK -,W - ,W * 
Odontomachus rixosus D,W * Predators 
Odonloponera denliculala D,W D,W D,W *** Predators 
Pachycondyla amblyops -, ­ -, ­ -,W * Predators 
Pachycondyla aSlula-group D,W * 
Pachycondyla leeuwenhoeki D,W * 
Pachycondyla IUleipes D,W D,W D,W *** 
Pachycondyla rujipes D,W D,W -,W ** 
Pachycondyla sp.5 of AMK D,W -,W 
Pachycondyla sp.7 of AMK D,W * 
Platylhyrea paral/eta -,W * Predators, many on 

termites 
Ponera sp.7 of AMK D. - Predators of small 

arthropods 
Probolomyrmex sp.4 of AMK -.W * Predators 
Pseudomyrmecinae 
Telraponera ruJonigra D -

Telraponera al/aborans D,W * 

Telraponera allenuala __./-,--______./__________....:D:-',c..:.W.:..-_----"c..:.w-':-__-'--____.,--*__________________ 

Telraponera diflicilis./ D, - -, W 
a: eq-codes, codes of Katsuyuki Equchi for Pheidole spp. 

RESlJLTS 

Species diversity.- Across the three sites 
129 ant species and morphologically 
recognizable taxa from 49 genera were 
recorded which represents a reasonably 
good species richness. In summary, these 
ants belong to the nine subfamilies; 
Aenictinae, Cerapachyinae, Dolichoderinae, 

Dorylinae, Formicinae, Leptanillinae, 
Myrmicinae, Ponerinae and Pseudomyrme­
cinae. Some species, such as Pachycondyla 
luteipes, Pheidologeton afjinis and 
Odonloponera denlieulala, were found in all 
three land use types, whilst other species, 
such as Acropyga aculiventris, Polyrhachis 
(Myrma) illaudata, Odontomachus rixosus 
and Centromyrmexfeae, were found only in 
the forest. Whereas, some species, such as 
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TABLE 2. The species richness, the Shannon-Wiener's species diversity index. and the evenness index of ants 
from the three habitats outlined in the legend to Figure I. 

Study site Mix deciduous forest Teak plantation Durian orchard 
Species richness 100 77 46 
Species diversity index 2.387 1.463 1.997 
Evenness index 0.562 0.365 0.545 

Camponotus (Myrmamblys) sp.1 of AMK, 
Myrmicaria brunnea, and Cerapachys sp.5 
of AMK, were found only in the teak 
plantation and some species were found 
only in the orchard, such as Pheidole rabo, 
Solenopsis geminata and Hypoponera sp.3 
of AMK (Table I). 

With respect to the comparative ant 
communities between the three sites, the 
highest number of species was recorded in 
the mixed deciduous forest followed by the 
teak plantation and the lowest in the durian 
orchard. The Shannon-Wiener's species 
diversity index indicated that the year round 
diversity was the highest in the mixed 
deciduous forest, followed by the durian 
orchard and lastly the teak plantation . 
Moreover, the highest value of the evenness 
index of ants was in the mixed deciduous 
forest, followed closely by the durian 
orchard, whereas that for the teak plantation 
was markedly lower (Table 2). This 
indicates that a relatively equal abundance 
of each ant species was present in the mixed 
deciduous forest and the durian orchard 
whereas the teak plantation had an unequal 
abundance of some ant species. 

The species richness of ants between 
each sampling month in the forest and the 
teak plantation showed a similar trend, 
whereas a more constant richness was found 
in the durian orchard. The highest ant 
species richness was found in the reserve 
forest in all of the 13 sampled months, 
followed by the teak plantation and then the 
durian orchard, respectively. There was a 
difference in the number of ants species 
number between wet and dry seasons, where 

in the wet season (from April to October) 
ant species numbers were high in all three 
study sites and then lower in the dry season 
(from November to March). In the forest 
and the teak plantation, the highest ant 
diversity was in May 2008 whereas the J 
lowest in the forest was in January and 
March 2008, and in the teak plantation was 
in March 2008. The orchard was different in 
that the · highest ant species diversity 
numbers was in September and October 
2007 and the lowest in the period of January 
to April 2008 (Fig. 2). 

Species similarity.- The species similarity 
between the forest and the teak plantation, 
as evaluated by Sorensen's similarity 
coefficient, was the highest whi 1st that 
between the teak plantation and the durian 
orchard and between the forest and the 
durian orchard were intermediate and the 
lowest, respectively (Table 3). 

The soil texture.- The three types of 
percentage of soil texture were similar trend 
in the forest and the durian orchard whereas 
the teak plantation was distinctively 
different having less sand, and more silt and 
clay as a percentage composition (Table 4). 

TABLE 3. The Sorensen's similarity coefficient of 

ants from the three habitats outlined in the legend 

to Figure I. Remark: F= mixed deciduous forcst, 

T= teak plantation, and D·" durian orchard 


Sites F T D 
F 
T 0.655 I 
D 0.397 0.455 

I 
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TABLE 4. The percentages of soil texture from the three 
habitats outlined in the legend to Figure I. 

Soil texture (% ± SD)
Study sites 

Sand Silt Clay 
Mixed deciduous 

forest 
72.91±3.05 8.09±2.23 18.99±2 .69 

Teak plantation 4 7.53± 1.53 19.33±0.58 34.14± 1.00 
Durian orchard 76.98±2. 18 6.45±1.27 16.57±1.36 

DISCUSSION 

Both the species richness and the diversity 
indices of ants were highest in the mixed 
deciduous forest, whereas the ranked order 
(Forest > Teak > Durian and Forest > 
Durian > Teak for species richness and 
diversity, respectively) showed a slight 
difference between the teak plantation and 
the durian orchard. The relatively high ant 
species diversity in the mixed deciduous 
forest may be caused by the correspondingly 
high diversity in the plant community and as 
such would potentially reflect the 
differences in the canopy cover and leaf 
shedding. In this scenario, the leaf litter, soil 
moisture content, and leaf litter biomass in 
each study site would likely be affected by 
differences in each plant community, as 
reported by Bourmas (2005) and Hasin 
(2008). Additionally, in the dry season, the 
various plants in the mixed deciduous forest 
and the teak trees in the plantation shed their 
leaves, which did not occur to the same 
extent with the evergreen durian trees. 
However, in March 2008, there was a fire in 
the teak plantation which removed the leaf 
litter and consequentially the mixed 
deciduous forest had a higher leaf litter than 
the other sites, and was covered by the litter 
all year round. The leaf litter provides both 
food and nest sites to many ant species, so it 
might be expected that an addition of both 
resources wi II produce a stronger response 
from litter-nesting ants (Armbrecht et aI., 
2006). So, there were more leaf litter species 

in the forest than the teak plantation, such as 
Paratrechina sp.1 of AMK, Paratrechina 
sp.9 of AMI<., and Odontomachus rixosus. 
The distinct soil texture in the teak 
plantation may be another reason since the 
higher in clay proportion makes this area 
very hard in the dry season and more 
saturated in the wet season, making it un 
suitable for ground nesting species. The 
interpretation of the data across these three 
different habitats with respect to land usage, 
like with respect to soil types is somewhat 
restricted by the fact that the data is derived 
from only one site per habitat, and thus an 
inability to state inter-habitat variation is 
greater than intra-habitat or inter-site 
variations independent of land usage. 
Regardless, the higher species richness of 
ants in the natural deciduous forest than in 
the teak plantation was similar to the 
repolted trend for ant diversity at Sabah, 
Malaysia, which was higher in the primary 
and secondary forests than in the oil palm 
plantation (Yahya, 2000). Moreover, there 
were various microhabitats in the forest sites 
such as leaf litter, decaying logs and under 
stones or bark. In the forest site, many 
predatory ants were found including litter 
specialist predators, such as Leptogenys and 
Oligomyrmex, and litter general ist predators, 
such as Hypoponera and Anochetus. 

Although the durian orchard had the 
lowest species richness, it had a higher 
evenness index than in the teak plantation, 
and was at almost the same level as the 
natural forest (ranking for evenness is 
Forest-Durian> Teak), which is reflected in 
the higher species diversity index than in the 
teak plantation. Another possible reason is 
that most of the ants found in the durian 
orchard were genera that usually form large 
colonies contalnlOg large numbers of 
workers and can eas iIy be found all year 
round, such as Pheidologeton, Pheidole and 
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Solenopsis, reducing the risk of stochastic 
noise due to random missing of multiple but 
infrequent species at each site. In the durian 
orchard, the leaf litters were gathered 
around the tree , except after the harvesting 
period when the leaf litters were abandoned 
(June to August), so the moisture was 
maintained by the grass cover. The orchard 
was irrigated all year round, and especially 
in the dry season. These activities yield a 
higher moisture content in the orchard than 
in the teak plantation, leading to a relative 
abundance of soil arthropods, such as 
springtails, symphylans and diplurans, being 
found all year round, and thus in the 
presence of those predatory ant species that 
prey on them. Moreover, in the durian 
orchard, agrochemicals, such as pesticides 
and fertilizers , were applied all year round, 
so there were no arboreal ant species in this 
area except for Polyrhachis (Campomyrma) 
halidayi, which was found as only as one 
individual (reproductive caste) with no 
evidence of persistence (nest site or 
workers), whereas this species was persis­
tent in the reserve forest. 

The highest ant species richness was in 
the reserve forest in all 13 of the sampled 
months followed by the teak plantation and 
the orchard, respectively, supporting that the 
forest is a more suitable habitat than the teak 
plantation and the durian orchard, all year 
round. In the dry season, there were lower 
soil and litter moisture contents and a high 
temperature, conditions which are 
unsuitable for ants and their prey leading to 
a lower ant biodiversity and population 
levels and so a lower species number being 
recorded . In the wet season , there is more 
soil and litter moisture contents which are 
hence more suitable for many soil faunas 
that serve as ant prey. Thus, with an 
increase in the population size and potential 
biodiversity, a higher of predatory ants were 

found in this period . Legionary ants, also 
known as army ants (indicated in Table 1) 
were occasionally collected , and their action 
as mobile generalist predators in the litter 
layer can influence the composition of the tfauna. However, although they were rarely 
found, care in estimating their actual 
abundance and significance is required due 
to their nomadic life-style with quiet large 
ranges and movement rates relative to the 
small sampling area and time periods 
(Oelabie et aI., 2000). 

The similarity indices indicated that the 
species composition of ants between the 
natural forest and the teak plantation was 
higher than that between the forest and 
durian orchard. Compared with the primary 
land use as a natural forest, this result 
suggests that these two modified land 
usages reduce the ant diversity and that, 
despite the fire in the teak plantation during 
the sampling year, the durian orchard land 
can support a lower ant biodiversity than the 
teak plantation. This may be due to the fact 
that the tree canopy of the durian orchard 
was treated all year round by agrochemicals, 
including pyrethroid and organophosphate 
pesticides and the herbicide Glyphosate that 
can also affect some arthropods and other 
food sources such as weed nectar and seeds; 
and mixed fertilizers for nitrogen, 
phosphorus and potassium . These 
agrochem icals can differentially affect the 
ant species composition, through either 
direct poisoning or indirectly through loss of 
prey species, and so explain the different ant 
species composition in the durian orchard 
compared to that in the teak and natural 
mixed deciduous forests. Therefore, the 
canopy ants, even ant species commonly 
found in disturbed areas , such as 
Oecophylla smaragdina or other canopy 
ants such as Crematogaster, Tetraponera, 
and some Polyrhachis species were absent 

1 
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in the durian plantation. Moreover, some 
predatory ants that might be of benefit in the 
control of certain insect pests in this area, 
such as Odontoponera denticulata, were 
regulated by the agrochemica[ practices of 
the farmer. 

From this study, the difference in three 
sites, which may reflect the different land 
usages of these sites but that awaits more 
detailed studies to confirm, potentially 
influenced the ant community species 
diversity and composition, as somewhat 
intuitively expected but not to date 
ascertained for these habitats. Some species 
were found in all three land use types, whilst 
other species were more specialized being 
found only in specific microhabitats in the 
forest. rf an understanding of microhabitats 
used by specific ant species can be 
developed, along with the key trophic 
interactions, then the potential of using ants 
as terrestrial indicator species for detecting 
environmental changes can potentially be 
reliably and easily (low cost and time) 
performed compared to some other indicator 
species. 
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GENETIC VARIATION OF GREEN PEAFOWLS Pavo muticus Linnaeus, 1766 

IN NORTHERN AND WESTERN THAILAND BASED ON 

MICROSATELLITE DNA 

Pirach Thawonwan!L* Wina MeckvichaiJJ Pataradorn Pinyopich!L 

ABSTRACT 

Genetic variation of green peafowl (Pavo muticus, Linnaeus, 1766) between northern 

and western part of Thailand (northern population from Ping basin and western population from 

Huai Kha Khaeng basin) were analyzed by lIsing 8 microsatellite loci of 25 individual per site. 

Genomic DNA was extracted frOtT! feather tips and was amplified by polymerase chain reaction. 

Amplification with 8 microsatellite primers of HUJ002, LE1166, MCW034, MCW069, 

MCW080-, MCW068, MCW295 , anq MCW330, the results showed that the total allelic numbers 

per locus were 2, 2, 4. 2, 3. 2, 4 : arid 2, respectively. Mean number 01" alleles per locus of green 

peafowl from northern and western part of Thailand were 2.13 and 2.25. respectively. The mean 

of expected heterozygosity (HE) of green peafowl population were 0.40 and 0.42, respectively 

and it was not significantly different between populations. Green peafowl from northern part and 

western part were small and large population, respectively and had random mating because from 

Hardy-Weinberg assumption, green peafowl from northern part and western part at all loci no 

deviated from this assumption. Genetic differentiation within bOlh populations of green peafowl 

was higher than genetic differentiation between populations. The genetic di stance of green 

peafowl between northern and western populations were 0.1956. 

Key words: g rl!en peaf()wl, microsatellile DNA, genetic variation 

INTRODUCTION 

The historical range of green peafowl covers large area in Fast and South-east Asia, from India 

to Indo-China and Java. In most of its range, however, it is locally and patchily distributed , and it is 

probably extinct in some places, e.g., northeast India and Malaysia (Johnsgard, 1986). Though protected 

by law in a number of countries, e.g. Indonesia (Abdullah et al., 1978), Thailand, Malaysia (Johnsgard, 

1986) and Bunna (Collar and A.ndrew, 1988), the species has continued to decline, due to excessive 

hunting for its feathers , meat or chicks (for sale , or to be kept as pets). Because 0 f thi s , the species is 

nominated as vulnerable in the revised IUCN (International Union for the Conservation of Nature 

and Natural Resources. 200~). At present in Thailand , green peafowl have been reported in many 
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areas from northern and western, but about 1,500 birds are only confirmed in Huai Kha Khaeng 

Wildlife Sanctuary in the western part that is the highest population. In northern, it is found along 

Ping, lng, Yom and Nan basin such as Doi Phu Nang National Park, Mae Yom National Park and 

Wiang Loh Wildlife Sanctuary. Furthermore, green peafowl have been found at Huai Hong Krai 

Royal Development Study Center. There are about 56 birds (Meckvichai et aL, 2007). 

In wildlife conservation, genetic variation in population level is impol1ant information in 

a long run, because genetic variation is the essential quality for adaptation of animals to survival. 

Then, it is necessary to study genetic variation within and between two populations of green 

peafowl in Thailand from northern and western, by using microsatellite DNA technique. 

MATERIALS AND METHODS 

Twenty-five teathcr specimens of green 'peafowl (Pavo muticus) from the Natural History 

Museum of Chulalongkorn university that were collected from each area; northern part (Huai Hong 

Krai Royal Development Study Center, Chiang Mai province) and western part (Huai Kl1a Kl1aeng 

Wildlife Sanctuary, Uthai Thani province) were used. For outb'TOUP, twelve blood specimens of red 

jungle fowl (Gallus gallus spadiceus Bonnaterre, 1792) ti·om the Nalurdl History Museum of 

ChulalongkoIll University that were collected from Huai Kha Khaeng Wildlife Sanctuary, Uthai Thani 

province were used. Nuclear DNA was extracted from the feather tip and blood specimen using 

QIAamp' DNA Mini Kit (by dried blood spot protocol). Concentration of extracted DNA was 

measured and estimated by UV absorption of Spectrophotometer. Extracted DNA solution could 

absorb UV at wave length 260 om (OD r.J.2

Eight pairs of oligonucleotide primers were chosen from several publications HUJ002 

(Wutthivikaikan, 2003), LE1l66, MCW080, MCW098, MCW034, MCW069, MCW295 and 

MCW330 (Bao et al., 2006). The characteristics of all selected primer are shown in table I. 

The PCR reaction mixture was composed of each at 0.2 JlM, dNTP each at I mM, 1.5 mM 

MgCI2, 1.0 unit of Taq DNA polymerase per 25 Ill, 30-50 ng template of genomic DNA. The 

composition of enzyme storage buffer was 20 mM Tris-HCI (pH 7.4 at 25 C) , 0.1 mM EDT A, I mM 

DTT and 100 mM KCI. The temperature cycling was as following. Denaturing was 94 C for 3 

" ,. " 

minutes. Almealing was for 60 seconds at 53 C - 55 C. The extension was at 72 C for 90 seconds. The 

reaction was carried out for 35 cycles. The final extension was at 72 C for 10 minutes. PCR products 

were detected with 8% denaturing polyacrylamide gel that based on electrophoresis technique. Set of 
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lOObp+ 1.5 kb DNA ladder were used as standard size ON A marker. The gel was prepared for 

visualization of peR products by silver staining. Observed of peR products banding pattern were 

scored by eye. The data was analyzed in these topics: 

Allele Frequency 

Differences in microsatellite allele frequency between two varieties of green peafowl were 

assessed using Fisher's exact test in GENEPOP program (Taylor et aI., 1994). Allele frequency could 

be calculated by software GENEPOP (Raymond and Rousset, 1995) .The mean number of alleles per 

locus (A) was calculated to compare genetic variation between varieties by a one-way ANOV A 

(Taylor et aI., 1994). The effective number of alleles per locus (nc) was calculated. 

Heterozygosity 

When the variety was in Hardy-Wienbcrg equilibriulll. hetcrOl:ygosily could be calculated' 

from heterozygous allele frequencies at a giyen locus (Hoelzel, 1992). Expected from Hardy­

Wienberg assumption could be calculated and examined using the package GENEPOP, (Raymond 

and Rousset, 1995). Generally, mean of observed (Hot,) heterozygosity and expected from Hardy-

Wienberg assumption (Hc' r) of overall locus was calculated for comparison of genetic variation 

between varieties . Difference in H alls and Hcx!' were <lSsessed by a Wilcixon signed rank test (Taylor et 

aI., 1994). 

Hardy-Wienberg Equilibrium 

Genotype frequencies werc tested against Hat:dy-Wienbcrg cxpectation for each locus and all 

varieties. The probability of type I error was estimatcd using a Markov chain mcthod approximation to 

exact test (Gao and Thompson, 1992). This test was carried out using thc GENEPOP program 

" (Raymond and Roussct. 1995). i\ scquential Bonferroni eon'cction method was lIsed to adjust 

significance levels for multiple test (Lessios. 1992). 

Genotypic linkage disequilibrium test 

This parameter was tested by using program GENEPOP. it was used a Markov chain method 

following the algoritlun of Gao and Thomson (1992) . Significant level was adjusted by a Bonferroni 

method (Lessios, 1992). 

Differentiation between varieties test 

The statistically significant differences were tested usmg the exact test of genetic 

differentiation of GENEPOP. The probability of Type I error (P-value) was estimated using a Markov 

chain method (Raymond and Roussel, 1995). To diminish type [ en'Or, level of significant was further 

adjusted using the BonfelToni method. 
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Genetic distance analysis 

Genetic distance was calculated and computational estimated by usmg GENDIST 

(Felsenstein, 1993). 

RESULTS AND DISCUSSION 

The concentration of extracted DNA had ranged from 14.05 - 6[.70 ~lglmI.. The number of 

allele and allele frequency of green peafowl from northern, from western and red jungle fowl of 

each microsatellite loci are shown in Table 2. 

Numbers of microsatellite allele in each locus are high (2-4 alleles). Each locus of this 

study showed many different alleles and some rare alleles that have low allele frequency . Green 

peafowl from western at MCW034 locus have shown uniql,le allele that allele frequency is 0.014. 

Unique allele is specific region of each population. Generally, if the unique allele frequency is 

approximate 0.9, this allele is possible to be for identifying its own out from others (Lovette, 1998). 

However, unique alleles in this study have low alle~e frequency. 

Two varieties of green peafowl and red .ilmgle fowl were measured the mean number of 

alleles per locus (A) and compared by Wilcoxon sign rank test. The result showed no significant 

mean difference between varieties (P==O.317). It can be indicated that between populations of green 

peafowl from northern and western had nearly of allele number. The mean of effective number of 

alleles per locus (a) was caiculatcd .and compared by Wilcoxon sign rank test in each variety. The 

result showed no significant mean diff~rence between varieties (P=O.498). The mean of observed 

heterozygosity (H) and expected from Hardy-Wieoberg assumption (HI) of each population for all 

loci were calculated. The mean observed (Ho) and expected from Hardy-Wienberg (HE) 

heterozygosities showed no significant difference (P==0.180), that mean heterozygosity is no 

different in population level. Therefore, HE can be used to compare genetic diversity between 

populations , because it reduces estimation en'or of rare alleles . The result is shown in Table 3. 

The difference of mean expected heterozygosity (HF) was compared between varieties and 

assessed by Wilcoxon sign rank test. The result showed no significant difference of HE between 

varieties (P '0.889). This result is caused by microsatellite DNA that highly mutation rate, it permits 

high polymorphism of alleles which increasing the chance to find heterozygous allele . The result is 

shown in Table 4. 
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The Hardy-Wienberg assumption was can-ied out lIsing an exact test that conformed the 

Hardy-Wienberg assumption to all of microsattelite loci. The result is shown in Table 5. 

The result showed all microsatellite loci conformed to Hardy-Wienbreg assumption 

(P>O.05). It explained that observed and expected heterozygosity is no different, and microsatellite 

loci are selected to random association. 

The different region of microsatellite loci can effect to genetic linkage on the allelic 

distribution (Ciampolini et aI., 1995). Genetic linkage disequilibrium is used for provide the 

different region of microsatellite loci. The microsatellite DNA at HUJ002, LE1166, MCW034, 

Ih
MCW069, MCW080, MCW098 , MCW295 and MCW330 locus are located at ctu'omosome 17 , 

1h 1h
5 , ll, l46C08W48, 15 , 41h, 41h and Ill, respectively. The exact test for genotypic linkage 

disequilibrium showed each loclIs pair conformed to the genetic linkage equilibrium excepted 

MCW098 - MCW295 locus, which locate on the same chromosome, showed no significance of the 

linkage disequilibrium (P=0.423). It explaincd that both loci locate onli:lr distance region. But for 

HUJ002 - MCWJJO locus shQwed significance of the linkage disequilibrium (P=O.07). It explained 

that HUJ002 locus is not independent from MCW330 locus, .and showed that the alleles of these loci 

are not random associalion. This result is shown in Table 6. 

The northern green peafowl showed no significant dHTerence from the western green 

peafowl at LEII66, MCW098, MCW295 and MCW330 locus whereas other loci showed 

significant difference. The result is shown in Table 7. 

It may explain that each population of green peafowl has alike genetic information and 

period of time is not enough to clearly revealed genetic differentiation between populations. 

Therefore, the geographic isolation can not separate green peate)wl population to t,vo sub-

populations but in long time green peafowl population can separate to sub-population. FUl1hermore, 

selected microsatellite loci exhibits many different alleles, so it increases chance to show significant 

genetic differentiation within and between populations and the genetic differentiation within 

population is more than between popUlations (Minde\l, 1997). 

The allele frequency at eight microsatellite loci in each pair of varieties was used to calculate 

the genetic distance. The genetic distance of green peafowl between northern and western populations 

were 0.1956. The result is shown in Table 8. 
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CONCLUSION AND RECOMMENDAnON 

Genetic variation within population of green peafowl 

Green peafowl are high genetic variation because there are highly number of alleles per locus 

and highly observed heterozygosity. 

Genetic variation between varieties of green peafowl 

Genetic valiation between green peafowl populations in Thailand may not different because 

observed and expected heterozygosity of green peafowl from northem and westem part are closely 

related and not different. Number of alleles per locus of green peafowl from northern part is different 

from western part. However, mean effective number of alleles per locus is the better parameter for 

detennining genetic variation. It shows that green peafowl from northem and western are not statistic 

different. 

In-this study, only eight microsatellite loci were determined for genetic variation analysis. In 

addition, each microsatellitc loei showcd high number of alleles, and that some alleles showed low 

allele frequency (lower than 0.1). Because microsatellite DNA markers are m:utral marker that not 

under the selection process and show a high mutation rate, leading to many different allcles. which low 

allele frequency (Wolfus et aI., 1997). Moreover, different mutation process between microsatellite 

markers may be provided opportunities and probabilities of complicated for analysis of population. 

The stepwise mutation process whereby. repeats was usually added one at a time suggested that 

similarity of length reflected allelic relatedness and showed band sharing between population 

(Mindell. 1997). As a result, the shtdy at populations level over which microsatellite provide sufficient 

resolution may bc narrower than that mutate more slowly, such as mitochondrial DNA that may be 

showed clearly genetic ditferentiation between population levels. 
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TABLE LEGENDS 

Table 1. Characteristics of eight selected green peafowl microsatellite PCR primers. 

Locus forward scquenc.e/UewlIrd sequence Tm Product ~i7.C Chromosome no. 

(·C) (hp) 

HUJ002 5' CATCTCACAGAGCAGCAGTG 3' 55 124-142 17 

5' GAATCCTGGATGTCAAAGCC 3' 

LEI166 S' CTCCTGCCCrrAGCTACGCA 3' 53 254-267 5 

S'TATCCCCTGGCTGGGAGTTr J' 

MCWO.14 5' TGCACGCACTTI\CATACTTAGAGA)' 51 22)-245 2 

5' TGTCCTTCCAAAnACATTCATGGG 3' 

MCW069 S' GCACTCGAGAAAACTICCTGC(j 3' S3 IS9-16g E46C08W48 

5' ATI'GCnTAGCAAGCATGGGAGGA 3' 

MCW080 5' GAAATGGTACAGTGCAGT1:GG 3' 53 272-282 15 

5' CCGTGCATTCTTAATTGACAG J' 

MCW098 5' GGCTGCTTTGTGCTCTTCTCG 3' :>3 26()-262 4 

S' CGATGGTCGTAATTCTCACGT J' 

MCW29S 5' ATCACTACAGAACACCCTCTC 3' SS 94-107 4 

5' TATGTATGCACGCAGATATCC 3' 

MCW330 5' TGGACCTCATCAGTCTGACAG3' 53 260-290 17 

5' AATGTTCTCATAGAGTTCCTGC J' 

LElmnJ;i'tll~ULY1 ElLl"iln1U11J~f1J1JJEl1J 30 tJ nlJ~aJaJU1L~El~~~lthLije:h'li:YW 
11'jftl'nY\wJth!iJv.:]1'Vlt"''J~ 16 ~,r1J~ 1 imli'llJ 2552 
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Table 2. The allele number and allele frequency of green peafowl from northern, western 

and red jungle fowl were analyzed by eight microsatellite loci. 

Locus Allele number and allele frequency 

Green pellfowl nonhern Green peafowl western Red jungle fowl 

no. I no.2 no.3 no. I no.2 no.3 no . I no . 2 no . 3 no.4 

HUJ002 0 .800 0.200 0.520 0.480 (UD 3 0 . 167 

LEI166 0.620 0.380 0.700 0.300 0.727 0.273 

MCW034 0 .940 0.060 0.200 0.660 0.140 0.333 0 .333 0.167 0. 167 

MCW069 0 .620 0 .3S0 0.200 O.SOO 0 .500 0.500 

MCWOSO 0.460 0.500 0.040 0.260 0.380 0.360 0 .500 0.500 

MCW098 0.680 0320 0.780 0.220 0 .833 0.167 

MCW295 0.620 0.380 0.780 0.220 U.625 0.125 0.208 0.042 

MCW330 0.780 0.220 0 .5UU U.soO 

Table 3. The mean number of sltmplc size (N), mean nllmber of alleles per locus (A), mean 

effective number of alleles per locus (a,), mean observed Heterozygosity (Ho) and expected 

Hardy-Wienberg assumption (Hf.) of green peafowl from northern, western and red jungle 

fowl were analyzed by eight microsatelHte loci. 

Populatiun A a. H •. , HE 

Green pearowl northern 2. f3 1.73 0 .58 0.40 

Green peafowl western 2.25 1.81 050 0.42 

Red jungle I()wl 12 2.50 2.00 OW 0.49 

Table 4. Comparison of mean number of alleles per locus (A), mean effective of allele (a,) 

and mean expected heterozygosity (HE) between populations of green peafowl rrom 

northern and western by Wilcoxon sign rank test. 

Parameters P - value 

A 0.317 

0.498 

0.889 

ban~lJd'Yil:ffUb~ mb~nlUllJ~flJ1J'Hl1J 30 1J nlJ~~~'Ul b~a~~~lulb~ a~l 'YlU 
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Table S. The estimation under Hardy-Wienberg assumption or green pearowl rrom 

northern, western and red jungle fowl was analyzed by eight microsatellite loci. 

Locus P - value 

Creen peafowl Creen peafowl western Red jungle fowl 

northern 

HUJ002 IUS 0.2418'1S 1'IS 

LEI166 I'" lils 10' 

MCW034 I 0, 0.4190'" I'" 

MCW069 0.8011 'IS I n" I li S 

MCW080 1 11... 0.5235 n' III... 

MCW098 I'" 111 ... I'" 

MCW295 I"" Ilh 0.0672'" 

MCW330 1 II, I "' 0.4486 'IS 

* Signiticanl level was I"urthcr adjusled by using a Bonfcruni mclh()d, '" no significanl 

Table 6. The pair wise comparison of genetic linkage disequilibrium between eight 

microsatellite loci of investigated popUlations. 

Locus pairs I' - value 

HUJ002&LEII(j(j 0.001* MCW034&MCW080 0.242 ".' 

H UJOO2&MCW034 0.059'" MCW034&MCW098 o63(j'" 

HUJ002&MCWO(j9 0.087'" MCW034&MCW295 0.332 ,I' 

H UJOO2&MCW080 0.003* MCWU34&MCW330 0.018* 

HUJ002&MCW098 0.026* MCW069&MCW080 0.597'1< 

HUJOO2&MCW295 0.45&"S MCW069&MCW09R 0 .087 'IS 

HUJ002&MCW330 0.007* MCWU6Y&MCW2Y5 0.531 II' 

LE1166&MCW034 0.916'" MCW069&MCW330 0.2 19'" 

LE1166&MCW069 0.451 'IS MCW080&MCW098 0.836 
0

' 

LE1166&MCW080 0.008* MCW080&MCW295 0. 114 'IS 

LE1166&MCW098 MCW080&MCW3300.439 II, 0.129 '" 

LE1166&MCW295 0.570'" MCW098&MCW295 0.423 'I' 


LE1166&MCW330 0.403 'IS MCW098&MCW330 0 .941 '" 


MCW034&MCW069 0.080'" MCW295&MCW330 0.414 'IS 

* Significant level was further adjusted by using a Bonferoni method. li S no significant 



82 

Table 7. The pair wise comparison of contingency tests of differentiation between green 

peafowl populations from northern, western and red jungle fowl by eight microsatellite loci. 

(GN = green peafowl from northern, GW = green peafowl from western, RF = red jungle 

fowl) 

Varieties P - value 

pairs HlJ.JOO2 LEI166 MCW034 MCW069 MCW080 MCWtl98 MCW295 MCW330 

GN&GW 0.0055' 0.5304 ", 0.0000' 0.0000' 0.0002' 03582 '" 0 .1224 '" 0.4574 ".' 

GN&RF 1.0000'" 0.4330 '" 0.0000' 0.4493 '" 1.0000 '" 0.2597 '" 0.0006' 00660 '" 

GW&RF 0.0112' 10000 '" 0.0050' 0.0147' 0.0006' 07596 '" 0.0016' O.OIOS' 

* Significant level was further adjusted by using a Bonferoni method, '" no significant 

Table 8. The pair wise comparison of genetic distance between green peafowl population 

from northern and western by using GENOfST. 

Green p~afowl Green [l~afowl western Red jungle fowl 

northern 

Green peafowl norl·hcrn 

Green peafowl western 0.1956 

Red junglc fowl 0.1705 O. L974 
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Abstract: In Thailand, Green peafowl (Puvo mulicus) is classified as an endangered 
species, according to their heavily population decline in which due to habitat loss, 
fragmentation and human persecution·. The abundance of Green peafowl were studied 
during January-December 2008 in four areas at Huai Song Thang, Huai Thab Slao, Huai 
Kha Khaeng Wildlife Sanctuary Road and Wildlife breeding station Road . We examined 
and compared Green peafowl relative abundance between dry (November-April) and wet 
season (May-October) in 2008 , compared relative abundance from the current study to 
the previous studies which conducted by Pon-Aiem in 1995 and Meckvichai and co­
authors in 2006. We found that Green peafowl relative abundance was significantly 
difference among habitats (P < 0.01), The highest relative abundance was found in 
wildlife sanctuary area, in Huai Song Thang and Huai Tab Slao, and the lowest was 
found in Huai Kha Khaeng Road (1.71 and 0.06 bird/km.). According to results from 
previous study, Green peafowl seem to be recovering in Huai Song Thang and Huai Tab 
Siao areas. 

Introduction: Green peafowl (Pavo mulicus) is one largest ground bird inhabiting 
riverine habitat along main rivers in northern and western of Thailand . Largest population 
of Green peafowl in Huai Kha Khaeng Wildlife Sanctuary is found in Western part of the 
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country, along Huai Kha Khaeng River. The highest abundance was found in Huai Aei 
Yo, 4 birds/km. and the lowest density was found in Huai Kra Ding, 0.14 birdslkm. 
(Meckvichai, el al., 2006) . 

However, the population of Green peafowl (Pavo muticus) is dramatically 
declining due to habitat loss and fragmentation in association with several threats e.g. 
over hunting, egg and chick collection, and chemical contamination to their food by 
intensive agricultural activities (Balen el ai., 1995; Meckvichai el aI., 200 I; Brickle, 
2002). The species is hence classified as vulnerable species by Bird Life International 
(2001) and IUCN (2007) and classified as endangered species by the Office of Natural 
Resources and Environmental Policy and Planning (ONEP: 1997). 

In order to investigate Green peafowl demographical changes pattern, through 
time and across different level disturbance, we examined and compared Green peafowl 
relative abundance in dry and wet season, compared relative abundance from the current 
study to previous' studies and, moreover, among four areas which are differently protected 
and managed, including wildlife sanctuary area, the buffer area between wildlife 
sanctuary and community forest, community forest, and wildlife breeding station area. 

Methodology: Study sites - we surveyed Green peafowl relative abundance along five 
transects in four areas. Three transects were laid in wildlife sanctuary area; one 4-km 
transect in Huai Song Thang, one 10-km transect in Huai Thab Slao, and one 6-km 
transect in Huai Kha Khaeng Wildlife Sanctuary. One 3-km transect was located in buffer 
area between Huai Kha Khaeng Wildlife Sanctuary and community forest. Lastly two 
transects wen; located in community forest, 1.9-km in Huai Tab Siao and 2 .6-km in 
Wildlife breeding station area (Figure I) . 

Peafowl survey - we monthly walked along five transects and counted number 
of signs which are; sighting, call, track, and scat of Green peafowl and potential 
predators, i.e. Felids, Viverids, Canids, and large raptors (Ponsena, 1988), from January­
December 2008. Moreover, we recorded evidence of human activities, sighting, hearing, 
foot print, and all sign of poaching, along transects. Lastly, we monthly recorded level of 
environmental changes e.g. flooding and erosion. 

Data analysis - we compared abundance form current study to previous studies 
using Chi-square test. Relative abundance of green peafowl in each season, transect and 
Lype of area were compared by using Mann-Whithney test. Lastly. we examined 
association between relative abundances of Green peafowl, predators' track. and human 
activities by Spearman's correlation tests . Critical values were set at 0 .05 for all tests . 

Results, Discussion and Conclusion: We found that Green peafowl relative abundance 
was significantly difference among habitats (Kruskal-Wallis chi-squared = 10.5483, P < 
0.01). Highest relative abundance was found in wildlife sanctuary area, in Huai Song 
Thang I and Huai Tab Slao I. Lowest relative abundance was found in Huai Kha Khaeng 
Road2. According to results from the previous study, Green peafowl seem to be 
recovering in Haui Song Thangl and Huai Tab Siao 1 areas. Predator's sign relative 
abundance was highest in wildlife sanctuary area and also around breeding research 
station. The lowest relative abundance in one area of wildlife sanctuary was explained by 
high human activity and environmental changes (Table I) . However, relative abundance 
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were not seem to correlate with predator's abundance (P =-- 0.009, r~ = 0.35) and human 
activity (P = 0.1772, rs = 0.32) and not correlated to environmental changes. 
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Table 1: Relative abundance of Green peafowl from one previous study (Pon-Aiem 1995; Meckvichai, et al. 2006) and current study, 
potential predators, and human activity 

Relative abundance (~er Km.) Human activity Environmental 
Habitat type Transect name Peafowl Peafowl 

1995 7006 Peafowl 2008 *** Predator signs *** Index liS effect index * 
Wildlife sanctuary Huai Song Thang 

Oa t.12a 1.61 0.39 0.03 0.56 

Huai Thab Salaol 1.71 0.06 0.04 0.56 

Huai Kha Kang I N/A N/A 0.06 0 5.32 0.67 

Buffer area Huai Kha Kang 2 N/A N/A 0.19 0.11 0.07 0.11 

Community forest Huai Thab Salao2 N/A N/A 1.15 0.04 0.74 0.11 

Breeding station N/A N/A 1.19 0.21 16 .84 0 

Note: Result from comparison among transects as: ns = non-significant, * = p < 0.05, ** = p < 0.01, *** = p < O.OOOL 

a denoted that relative abundance were estimated over both Huai Song Thang and Huai Thab Salao area 

35 th Congress on Scierl;:;e and Technology of Thailand 5 
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AOSTRACT.- Pygmy waterboatmen, Micronecta gri.~ea, were collected and used 
to establish laboratory cultures in order to study tbe predation rates and 
feeding behavior of nymphal instars (N) and adults upon third instar larvae 
(L3) of Aede.~ aegypti to assess their potential for biological control. The body 
length, head capsule size and head length of 330 nymphs and 71 adults of M. 
grisea, collected from Nonthaburi Province, Thailand, were measured using a 
stereo microscope. In contrast to head capsule size and head length , which 
yielded overlapping size distributions, five discrete nym phal instars (N I - N5) 
plus adults could be classified by body length; the I" (NI; 0.54-0.65 mm), 2nd 

(N2; 0.69 - 0.84 mm), 3'd (N3; 0.9 - 1.11 mm), 4'h (N4; 1.29 - 1.56 mm) and 5'h 
(N5; 1.74 - 1.98 mm) nymphal instars plus adults (2.07 - 2.43 mm). Using 
body length to define developmental stadia, nymphs were classified as three 
discrete si7.£ categories, small (NI & N2), medium (N3 & N4) and large (N5), 
and together with adults these four clases were examined for predation rates 
and prey handling times when fed L3 Ae. aegypti at different predator to prey 
ratios. Prey searching and handling times decreased with increasing M. grisea 
size (developmental stadia), and were consistent with a Type II functional 
predator-prey response. 

KEY WORDS: MicrOI1C'C/lI grisea, , je de.\' aegYf1It, nymphal inSlars. Thailand 

tropics and subtropical regions, including
INTRODUCTION 

within Thailand, as well as for yellow virus 
in endemic regions. Infection with one of the

Aedes aegypli L. (Diptera : Culicidae), 
dengue virus strains can cause Dengue or the 

the yellow fever or dengue mosquito, is the 
principal vector for 
dengue flavivirus in 

transmission of 
humans across 

the 
the 

more se rious Dengue Hemorrhagic Fever 
(DH F), and has been estimated to cause an 
average morbidity in some 40 million and 2­
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Thailand, although regional epidemics can be 
large. Urban Ae. aegypti populations are well 
adapted to human (their principal blood host) 
environments and breed in both indoor and 
outdoor water-storage containers, as well as a 
diverse array of other suitable temporal 
sources of relatively stagnant water, 
including empty coconut shells, flag pole 
holders, gutters, plant pot trays, refuse bins, 
etc. This makes total larval elimination or 
control unrealistic and restricts these 
measures to the ·control of the main breeding 
sites (human water storage containers) and 
attempted reduction of the minor sites so as 
to reduce adult mosquito numbers in the 
proximity of human habitations. To this end, 
larval control programs in Thailand are 
traditionally performed using a mixture of 
three imperfect approaches, that is physical 
(water container covers, upturning to drain 
dustbins, prevention of blockage of gutters 
and similar drainage channels to reduce 
pooled rainwater), chemical (e.g. use of the 
insect growth regulator pyriproxyfen) and 
biological (e.g. use of bacterial toxins such as 
Raeil/us IhuringensiS israelensis or predators 
such as Mesoc\'clops copepods) control 
methods (Vu L:t aI., 1998). However, the 
choice(s) avai labl e are somewhat restricted 
by whether the water is intended for human 
consumption or not and the abil ity to locate, 
and so treat, all such temporally dynamic 
potential breeding sites for Ae. aegypti. Thus, 
for example household water jars may be 
easily covered (physical) but external natural 
and man maue water sources cannot all be 
located let alone be covered, whilst chemical 
control suffers from the same problem of the 
inability to locate and treat all breeding sites, 
increasing insecticide and larvicide 
resistance, and the fact that the larval rearing 
sites are in close proximity to humans, such 
as ill the house or even drinking water 
reservoirs, and so is restricted by the risks of 

long term human exposure in addition to 
environmental and economic concerns. There 
is thus an increasing demand for alternative 
treatments, including environmentally 
acceptable biocontrol based methods, for the 
treatment of non-household water container 
based breeding grounds. Many biological 
control methods are, however, not mobile 
and so again are limited by the problem of 
locating and treating all the temporally 
dynamic breeding grounds, with loss of the 
control agent as a given site dries up or the 
mosquito moves away as a pharate adult. 
Thus mobile, prey seeking (or Imago 
phoretic, such as, perhaps, microsporidia) 
biological agents would potentially offer an 
alternative weapon, being able to also control 
neighboring unlocated breeding sites and also 
new larval rearing sites as they become 
available. 

Micrunecta grisea Fieber (Heteroptera: 
Micronectidae), the pygmy waterboatmen, 
are true aquatic hemipteran insects with 
paddle-like legs that have all their 
developmL:ntal stages in water. They are 
excellent and active swimmers both on the 
surface and under water, feeding on insect 
larvae. including mosquito larvae. by 
capturing the prey in the water and then 
sucking out the haemolymph from the prey 
body. Combined with their widespread 
distribution from India and Sri Lanka to 
Taiwan and Indonesia and Java (Nieser & 
Chen, 1999), their relatively small size and 
water size requirements, mobility between 
water sites, their natural habitat being 
stagnant water or parts of streams with little 
current flow, broadly the same as Aedes 
aegypti larvae, and that they are potential 
predators of Ae. aegypli larvae (Lekprayoon, 
2006), makes them potential alternative 
biocontrol agents in mosquito control programs. 

A survey on the distribution of MicroneciU 
spp. in all regions of Thailand. including 
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inspections of water-storage jars which were 
breeding sites of Ae aegypli, reported that 
the presence of Micronecta spp. was found to 
be 100, 89, 62 and 25 % of the outdoor jars 
in the central and eastern, north-eastern, 
northern and southern parts of Thailand, 
respectively (Suphapathom et aI., 2002). 

As Micronecla spp., including M grisea, 
are common species found throughout the 
country, this study was carried out to 
examine the body length, head capsule size 
and head length of M grisea nymphal instars 
and adu Its, together with their predation 
efficiency and feeding ability upon L3 Ae. 
aegypti larvae as a potential biocontrol agent. 

MATERIALS AND METHODS 

MicroneCla grisea 
M grisea were collected from water­

storage c lay jars at the Research Station for 
Mosquito Biology and Control. Department 
of Medical Sciences, Ministry of Puhlic 
Health, Bang Bua Thong District, Nonthaburi 
Province, Thailand. All samples were 
brought to, and used to establish laboratory 
cultures at, the Department of Biology, 
Faculty of Science, Chulalongkorn 
University. Laboratory cultures and 
experiments were performed at 25 ± I °C and 
an L: D period of 12: \2 . Five adult female 
and male M wisea were kept in a 1.2 I clay 
jar for stock cultures and fed on Ae. aegypti 
larvae ad libitum . All clay jars used were 
covered with nylon meshes (I mm mesh 
size). 
Aelies aegypli larvae 

Freshly laid Ae. aegypli eggs, attached on 
filter paper and dry, were obtained from the 
laboratory cultures of the Department of 
Medical Sciences, Ministry of Public Health, 
and were reared in 2 I plastic rectangular 
containers in the laboratory at Chulalongkorn 

University to obtain late L3 Ae. aegypti for 
use in the experiments. Excess larvae were 
not reared further but killed and in-house Ae. 
aegypli cultures were not established. 

Tap water, for rearing all stadia of M 
grisea and Ae. aegypti larvae, was 
dechlorinated by leaving to air in containers 
for 24 h. For Ae. aegypti, the dried eggs on 
filter paper were added to this water 
whereupon they hatched within 30 minutes 
and the larvae were fed daily with crushed 
"Pedigree" dog food at 0.\ g of food per 2 I 
of water contallllllg 200 larvae, and 
maintained at 25 ± I °C and an L: D period 
of 12:12. After 3 - 4 days under these 
conditions, larvae molted to the L3 stad ia, 
and when observed under a stereo microscope 
were within the size range of 6 - 8 mm long, 
which were then selected and used in the 
experiments. 

M. grise a nymphal instars and adult 
Measurements of the body length, head 

capsule size and head length were made on 
individual M grisca nymphs and adults using 
a stereo microscope (32 x). M. grisea were 
put individually on the petri dish by using a 
dropper. After that tissue paper was used to 
dry up the water surrounding the insect body. 
The three characters were measured once for 
each individual by a stage micrometer 
attached under the microscope. To determine 
the size range of each of the M grisea 
nymphal instars, as well as adults, the data 
for the three measured characters for the 
nymphal instars and adults were analyzed by 
scatter graph plots. The individuals were then 
ascribed to a given nymphal instar or adult 
category based upon the size distribution 
scatter plot analysis (see resu Its) and then 
each category was reanalyzed for size range 
and variation within and between each 
defined nymphal instar and adults . The 
nymphal instars were grouped into three 
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sizes; small (N 1 & N2), medium (N3 & N4) 
and large (N5) for evaluation of their 
predation and feeding efficiencies and 
handling time of the different developmental 
stages of M grisea at different predator (M 
grisea) and prey (L3 Ae. ae?ypti) densities. 

Mosquito larvae consumption 
Feed ing tests were conducted to 

determine the ability of the three nymphal 
size categories, plus adults, of M grisea to 
feed on L3 Ae. aegypti as determined by 
predation efficiency and handling times. 

To broadly standardize the hunger level 
of M. grisea (predator), and thus the potential 
hunting desire and, when prey is not limiting, 
the total consumption rate, the three size 
categories of M. grisea nymphs (small, 
medium and large) and adults were selected 
randomly from stock cultures and kept 
separately without food for the same period 
of time, that is for 24 h prior to 
experimentation. M grisea were housed at 
three different dens ities, viz. 5, 10 and 20 
nymphs or adults in 1.2 I clay jars filled with 
I I of dechlorinated tap water. After that, 
third instar Ae. aegypti larvae at one of three 
different densities, viz. 10, 20 and 40 larvae, 
were put into each clay jar containing the M. 
grisea at different densities to start the tests. 
After 24 h the number of living larvae and 
the cadaver remains in the jars was recorded. 
In all experiments three replicates were 
performed for each comhination. 

The mortality numbers were adjusted by 
Abbott's formula (Abbott, 1925), and then 
used to calculate the percentage mortality of 
mosqu ito larvae in all experiments, and as a 
measure of predation levels. Plots of prey 
density against prey attacked were plotted to 
determine if the predator-prey relationship 
best fitted a type [ or type II functional 
response. 

Statistical analyses 
Data for the mean sizes of the three 

measured parameters for nymphal instars and 
adults were subject to ANOVA and 
Duncan 's multiple means tests with 
significant differences accepted at the P :S 
0.05 level. For evaluation of the predation 
levels, the data obtained from all experiments 
were calculated as the mean percentage 
mortality from all replicates and then the 
percentage means of Ae. aegypti L3 murtality 
induced by each M. wisea category 
(nymphal instar and adults), as a measure of 
predation efficiency, was analyzed by Mann 
- Wh itney U-test to compare predator 
efficiency within 24 h. 

Feeding behavior of M. grisea 
During the feeding tests with LJ Ae. 

aegypti mosqu ito larvae as the prey, the 
searching and handling times of individual 
M. grisea waterboatmen nymphs and adults 
were recorded separately using a timer for 
each of the four size categories. Searching 
time stalted from the time when the prey (L3 
Ae aegypti) were put into containers until the 
time that the first prey was captured by a 
predator. The handling time started from the 
time the prey were captured until the time 
that predators released their prey or prey 
remnants, and included capturing. killing. 
eating and digesting (Holling, 19';9). 

The feeding time of M grisea nymphs 
and adults were calculated by summation of 
both the searching and handling times. 



TABLE I. The range and mean (± S.E.) body length. head capsule size and head length of each developmental stage of A1 grisea. 

N Body Length (111m) Head Capsule (mm) Head Length (mm) 


MIN MAX MEAN±SE \tIlN MAX MEAN±SE MIN MAX MEAN±SE 


I" nl mphal instar 73 0.54 0.65 0.60±0.002a 0.21 0.36 O.31±0.003a 0.06 0.15 0.11±0.002a 

2"0 n: mphal instar 34 0.69 0.84 O.76±0.005b 0.21 OAO 0.35±0.008b 0.09 0.18 0.13±0.003b 

3' d n: mphal instal' 63 0.90 1.11 1.03 =O.005c OA2 0.54 OA8±0003c 0.12 0.23 0.17±0.003c 

~ th n: mph<ll instar 70 1.29 1.56 I AO±0.006d 0.48 0.69 0.61±0.OO5d 0.12 0.:27 0.22±0.004d 

5th nymphal instar 90 1.74 1.98 1.86±0.OO7e 0.63 0.84 0.75±0.004e 0.18 0.38 0.28±0.003e 

Adult 71 2.07 2A3 2.23±0.0 I Of 0.72 0.90 0.81±0.004f 0.21 0.39 0.28±0.005e 

* Means in the same column with different letters are significantly different (P::: 0 .05; One-way ANOVA) 

T~BL[ 2. Mean (± I S.E.) mortality (%) of third instar .. It'. aeg)J7li mosquito larvae observed within 24 hours using different instal'S and densities of 

.11. gnsea (1\'\". predator) with different densities of Ae. aeg1pli larvae (A' ; prey). 

M S M L AD ULT 
. 

A 5 10 20 5 10 20 5 10 20 5 10 20 

10 Oa l ' Oa l Oa l 33.3 ± 8.8a I 40 ± 5.8a l 46.7:I: 3.3a l 50 ± 5.8a l 80 ± 5.78a2 80 ± 5.8ac 96.7 ± 3.3a I 100 ± OOa l IOO±O.Oa l 

20 Oa l Oa l Oa l 31.7±7.3a l 30 ±S.ab l 43.3 ± 4Aa ! 45±2.9a l 7 1.7 ± 4Aa2 80 ± 5.8ac 95 ± 5.0a l 100 ± O.Oa l 100 ± O.Oa l 

40 0;/ Oa l Oa l 19.2 ± 4.2a l 25.8± 1.7b l 35.8 ± 5.la l 28.3 ± OSb l 50.8 ± 0.8b2 69.2 ± 6.0a3 95.S ± 3.0a l 95.S ± 2.2a l 100±0.Oa l 

* Means in the same column with different letters. or across rows (within the same size of predator) with different superscript numbers are 
signiticantly different(P ~ 0.05, lv/ann-Whitney U-test). 
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FIGURE 2. Type II functional responSl: of the predator (M. grisea) - prey (LJ Ae. aegypli) relationship at different 
predator densities (n). Data, shown as the mean ± S.E. and derived from 3 repeat trials. are shown for (A) medium 
nymphs, (B) large nymphs and (C) adults of M. grisea. 
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RESULTS 

Measurements of the body length, head 
capsu Ie size and head length of 40 I M gri.\ea 
specimens of mi xed developmental stadia 
revea led six discrete developmenta l stages of 
M grisea, comprised of five nymphal instars 
(N I-NS) and the adults, were recognized 
from the three measured characters when thl: 
data was analyzed by scatter graphs, as 
shown in Figs. I A and I B with r2 = 0.9S and 
0.81, respectively. No overlap in the body 
length distribution was found between each 
nymphal instar of the examined pygmy 
waterboatmen, whereas some overlap in thl: 
head capsule size and head length size 
distributions was noted between nymphal 
instars and also adults. 

The normality test and homogeneity test 
showed that the data were normally 
distributed and the variances were 
significantly homogenous at P .::: O.OS. A 
one-way analysis of variance (ANOY A) with 
Duncan's multiple comparison tests on the 
data for the three different measurements for 
each instar of the pygmy wah.:rboatmen 
showed a significant difference in the mean 
body length between each instar (df = S, 39S, 
F = 9383.19, P = 0.000), but no significant 
difference was found within each instar of 
pygmy waterboatmen. With discrete non­
overlapping distributions between the five 
apparent nymphal instars plus the adults, the 
body lengths could be and were subsequently 
used for classifying these six discrete 
developmental stages of M griseu, and as 
such split the 40 I specimens into 73, 34, 63, 
70,90 and 71 individual N I, N2, N3, N4, NS 
and adults of M griseu, respectively. 
Analysis of the body length, head capsule 
size and head length within these six 
categories (developmental stad ia) revealed 
that each nymphal instar and the adults were 

significantly different (P :s O.OS), except for 
head lengths between the NS and adults 
(Table I). 

Using the discrete body size distributions 
as markers for the different developmental 
stages of M Rrisea, the nymphal instars were 
grouped into small (N I & N2), medium (N3 
& N4) and large (NS) size groups for the 
predatory feeding tests with L3 Ae. aegypti. 
The feeding tests were performed with four 
size categories ·of M grisea at three different 
densities (S, 10 and 20 per I container), each 
of which was supplied with live LJ Ae 
aegypti as prey at three different densities 
(10, 20 and 40 larvae per I). The mean Ae. 
ae;;;ypti larval mortality within 24 h, used as 
the marker for predation rate, was evaluated 
and the data is summarized in Table 2. 
Analyses of the predator-prey relationship by 
plots of prey density against prey attacked 
were consistent with a Type II functional 
response (Fig. 2), and were tested using the 
Holling's disc equation. Predator satiation 
occurred to a sli ght extent in the M and L 
nymphs' functional response curves, but not 
in the ad ult's curve. The proportion of prey 
consumed by predators declined with 
increasing prey densities. Functional response 
curves revealed that the decreasing rate, as 
for five med ium nymphs, five large nymphs 
and ten large nymphs, was due to prey 
saturation of the pygmy waterboatmen, while 
the constant COllsum ing rate showed 
unsaturated conditions, higher prey densities 
were still available for predators to conSllml:. 
The adult, medium and large nymphal 
categories predated the L3 Ae. aegypli in all 
experiments, whilst in contrast the small 
nymphs showed no evidence of predation 
upon L3 At' ae,{''Ypli in all tcsts . 

The normality test showed that thl: data 
were 110t 110rmally distributed and the 
homogeneity test also showed the variances 
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to differ significantly at P :::: 0.05. Using 
Mann-Whitney U-test, the results revealed 
that as the prey numbers (and thus the prey : 
predator ratio) were increased no significant 
difference in the predation level (larval 
mortality) was observed for M grisea of the 
same developmental stage at the same 
density (P <~ 0.05). Comparisons of larval 
mortality, as a marker for predation levels, 
amongst the different nymphal stages of M 
grisea at different predator densities showed 
that only the large nymphal size category 
consumption caused a significantly diffcrent 
mortal ity amongst the different predator 
densities (Table 2). 

For a density of five M f;risea with 10, 
20 and 40 prey (LJ At!. aegypli), the 
consumption by medium and large nymphs 
were numerically, but not statistically 
significantly, different, whereas adults, 
caused a significantly higher predation level 
than both medium and large nymphs at all 
prey densities (Fig. 3). 

When the M. grisea density increased to 
10 there were significant differences amongst 
the predation levels (mortality of L3 Ae. 
aegypli) between each size category of 
nymphal instars and adults of pygmy 
waterboatmcn, with the predation levels 
increasing with increasing predator size 
(developmental stage). 

TABLE 3. \IIean (± S.E.) searching. handling and fec:ding times ofmc:dium (M) and large (L) size category 
nymph s and adults of M grise a upon third instar .11' aegypli larvae (One-way ANOV A) (P ~ 0.05) 

M. grisea stage 
No. of M. grisea : 

Searching time (s) Handling time (s) Feeding time (5)
No. of mosquito larvae 

!\i-size 10 : 20 92.8± 13.la* 1680 ± 112a 1773 ± 314a 

L-size 10 : 20 57±10.lb 867 ± 182b 924 ± 185b 

Adult 10 : 20 13.8:i I.Oc 480 ± 42b 494 ± 43b 

* Means in the same column with the di fferent letters are signitlcantly different (P ::: 0.05; One-way ANOV A). 

At predator densities of 20, the prey 
consllmption of medium sized nymphs was 
significantly lower than that of large nymphs, 
with that of adults being significantly higher 
still. 

The laboratory no-choice feeding tests 
with M. grisea (predator) feeding on L3 Ae. 
aegypti (prey) revealed that at a predator: 
prey ratio of 10:20 the searching and 
handling times of predators were 
significatltly different between the medium 
and large nymphal stages and the adults 

(Table 3), with adult and medium sized 
nymphal M. grisea having the shortest and 
longest, respectively, searching and feeding 
times. Therefore, with feeding time being 
simply the summation of searching and 
handling times, then the same trend was 
noted with adults having the shortest feeding 
time and medium stage nymphs the longest. 
Note, however, that no data on searching, 
handling and feeding times is presented for 
the small M. grisea nymphs slllce no prey 
were ever caught or killed . 
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DISCUSSION 

Measurement of the body and head 
lengths and the head capsule size of different 
nymphal instars and adults of the pygmy 
waterboatman, M. grisea, revealed that five 
discrete nymphal instars, plus the adult stage, 
could be distinguished. Although no allometry 
was found between the three characters 
measured (analysis not shown), the body 
length was found to have a discrete and well 
separated distribution pattern between these 
six developmental stages, whereas both the 
head capsule size and head length showed 
some overlap in their size distribution 
profiles between related developmental 
stadia. This notion of five nymphal instars is 
consistent with stl.ldies in the biology of the 
related waterboatmen (Gerridae) and the 
backswimmers, Enithares sp., which have also 
been reported to have five preadult nymphal 
instars in their development (Chittihunsa, 
1980). 

The body lengths of each instar, showing 
no overlap, were used for classifying each M 
grisea instar. The non-overlapping discrete 
body length ranges were 0.S4 . .. 0.6S, 0.69 ­
0.84, 0.9 - 1.11, 1.29 - 1.56 and 1.74 - 1.98 

2nd 3rdmm for the 1 SI , , , 41h and Slh (N I - NS) 
nymphal instars, respectively, and 2.07 -. 
2.43 mm for adults. Although the adult size 
range is lower than that previous Iy reported 
from the study of M grisea in Singapore and 
Peninsular Malaysia, such as 2.6 - 3.2 mm 
(Nieser, 2002), it is in agreement with the 
results or a recent survey on the distribution 
of Micronecta spp. across all the regions of 
Thailand which found that adult Micronl!cta 
spp. were approximately 2 . - 3.S mm long 
(Suphapathom et al. 2002) . This may be due 
to environmental conditions and diet 
sufficiency at different distribution regions. 

In this study differences in the body 
length, head capsule size and head length 

(with no evidence of allometry between these 
three parameters) of each nymphal and adult 
stage were noted. except for the head lengths 
between the NS and adult stages which were 
approximately the same. This may be due to 
the fact that the anterior part of the head 
segment in adults was hidden underneath 
during measurement leading to variable 
underestimates in their size. 

Within the 24 h feeding window, the 
predation and feeding ability of the pygmy 
waterboatmen (M grisea) on L3 Ae. aegypti 
differed amongst each size category. Adult 
waterboatmen showed the highest predation 
rates (as Ae. aegypti L3 mortality) followed 
by large, medium and small nymphs, in that 
order, with small nymphs revealing no 
detectable predation of L3 Ae. acgypti in all 
tests . Consistent with this observation is that 
under laboratory conditions larger sized 
backswimmers (Enithares sp.) caused a 
higher larval mortality (predation rate) than 
those of a smaller size (Chittihunsa. 1980). 
For the small sized nymphs of M grisea in 
this study it seems likely that they were too 
small. compared with the prey size available 
(L3 Ae. aegypti) in these no-choice 
experiments, to capture their prey, whilst the 
newly hatched instar nymphs would also still 
have nutrients from the yolk available to them. 

M Rrisea of the same size categories 
(small. medium and large nymphal and 
adults) and at the same densities caused no 
significant difference in the larval mortality 
percentages (predation levels). Rather, within 
each size category M grisea (predators) 
when at the same predator number (density), 
they consumed about the same amount of L3 
A e. uegypf i prey items even when at higher 
prey densities, and so higher prey: predator 
ratios, suggesting that rrey saturation may 
influence predator consumption. Of course, 
as the prey densities are increased for a given 
number of predators, and the total numbers 
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of prey consumed remain the same 
(satiation), the evaluated prey mortality 
percentages would appear to decrease. 

Although in general, predators may 
spend time on three types of activities, 
search ing, hand ling the ir prey and then 
satiation related activities, we observed the 
former two in these assays. At the same prey 
density, the searching times of adults, large 
and medium sized nymphs of M. grisea were 
significantly different. Adults showed the 
shol1est searching time followed by large and 
finally medium sized nymphs, respectively. 
The handling time showed a similar 
relationship, except that the handling time for 
large nymphs and adults were not 
significantly different. Consequentially, 
feeding time paralleled the predator 
handling time. 

Overall, adult M grisea provided the 
highest L3 Ae aegypli mortality in all tests 
with the shortest feeding times. This may be 
due to adults being more active and largcr 
than nymphs, but it may also reflect the 
relatively large prey size used. Thlls, whilst it 
remains important to evaluate the predation 
efficiency and feeding times or all 
developmental stages of ,\1 grisea lIpon all 
larval developmental stages of Ae. aef;Ypli, it 
also remains of interest to evaluate if 
different developmental stages of M grisea 
prefercntially feed lIpon different larval 
developmental stages of Ae uegypli. as well 
as other prey items. since Ae. aegypli 
development in urban water resources is 
frequently derived from multiple females and 
is asynchronous. 
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Abstract: Bird species diversity in Phu Khao Tong area Khang Khoi District, 
Saraburi Province, had been studied for 12 months in 2008 after a reservoir had been 
constructed in this area for 1 year. The total numbers of bird species were 1Q] species 
consisting of 80 residential birds. 21 migrated birds and 2 passive migrated birds. 
From feeding behavior, the highest species richness was found in 4 groups ranking 
from piscivore to foliage-gleaning insectivore to sweeping insectivore and to 
terrestrial insectivore/granivore/frugivore, respectively. The species richness of 13 
from 14 groups by feeding behavior in post-reservoir construction in this study was 
higher than pre-reservoir construction from a study in 2005. Moreover, we found a 
new record of Purple Sunbird (Nectarinia asiatica) which had never been previously 
reported in central Thailand. The disturbance of human activity, such as reservoir 
construction, may be one of the effects that alter bird diversity. 

Introduction: Phu Khao Thong area was previously a national reserve forest and 
currently undergoes a development under Chulalongkorn University initiative. 
Majority o[ the area is secondary forest mixing between deciduous forest and 
deciduous dipterocarp forest (Chulalongkorn, 2007). The area covers 549.12 hectare 
in Khang Khoi District Saraburi Province, central Thailand adjacent to Khao Yai 
National park. The Phu Khao Thong area has many native bird species and is on 
migratory route of birds (Chulalongkorn, 2007). [n 2007, a reservoir, approximately 
107 m'~ , was constructed in the area. However, the effect of reservoir construction on 
bird diversity in this area was unknown. Therefore, we studied the bird diversity in 
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post-reservoir construction comparing to the data from 2005 m pre-reservoir 
construction in the Phu Khao Thong area. 

Methodology: Bird diversity in the Phu Khao Thong area was surveyed monthly in 
2008 using point count method. [n each one of five routes, birds were observed in 6 
min at each of ten stations with 100 m apart along I km. Birds were identified to 
species using A guide to the bird of Thailand (Lekagul and Round 1991). Then, birds 
were categorized into 3 residential status which are residential, migratory, and 
passive migratory birds (Lekagul and Round 1991), and 14 feeding behaviors, which 
are arboreal frugivore (AF), insectivore/frugivore (AIF) , bark-gleaning insectivore 
(BI), foliage-gleaning insectivore (FGI) , grainivore (G), insectivore/nectarivore (IN), 
piscivore (P), raptor (R), sweeping insectivore (SwI), sallying insectivore (Sal), 
terrestial fauniore (TF), arborel terrestrial insectivore (TI) and terrestrial 
insectivore/granivore/frugivore (TIGF) (Kobkate, 1998). The bird diversity in post­

reservoir construction was compared with the data from 2005 (Chulalongkorn, 2007) 
in pre-reservoir construction which birds were observed 4 times over a year. 

Results discussions and conclusions: The total numbers of bird species were 103 
species consisting of 80 residential birds, 21 migrated birds and 2 passive migrated 
birds [Figure 1]. The top three residential birds by density were Eurasian Tree 
Sparrow (Passer montanus), Sooty-headed Bulbul (Pycnonotus aurigaster), Black 
Drongo (Dicrurus macrocercus), respectively. The top three migratory birds by 
density were Barn Swallow (Hirundo rustica). Asian House Martin (Delichon 

dasypus) and Yellow-browed Warbler (Phylfoscopus inornatus), respectively. The 
only two passiw migrated birds were Japanese Sparrowhawk (ACCipiter gularis), 
Crow-billed Drongo (Dicrurus anneclOns) . 

2 

o residential 

[iii migrated 

g passive 

Figure 1 Number of bird species in each residential status in the Phu Khao 
Thong area surveyed monthly in 2008 using point count method 

The highest species richness was found in 4 groups ranking from piscivore to 
foliage-gleaning insectivore to sweeping insectivore and to terrestrial 
insectivore/granivore/frugivore, respectively (Kobkate, 1998, Kobkate, 1999, 
Kobkate, 2000, Kobkate, 2001a, Kobkate, 200i'b, Uttaruk, 2002.) [Figure. 2]. The 

prominent species of the above 4 groups were piscivore such as Heron species 
(Ardeola spp.), foliage-gleaning insectivore such as Prinia species (Prinia spp.), 
sweeping insectivore sllch as Black Drongo (Dicrurus macrocercus), and terrestrial 
insectivore/granivore/frugivore such as Eurasian Tree Sparrow (Passer montanus). 
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Figure 2 Number of bird species in each feeding group in the Phu Khao Thong 
area surveyed monthly in 2008 using point count method 

Comparing to the data from 2005 (38 species in pre-reservoir construction), 
more bird species were found in 2008 (103 species in post-resercvoir construction). 
Every group by feeding behavior except arborel insectivore/ frugivore was increasing, 
particularly foliage-gleaning insectivore, piscivore, sweeping insectivore and terrestial 
insectivore/granivore/frugivore [Figure 3]. 
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Figure 3 Comparison between number of bird species in each feeding group in 
pre- (2005) and post- (2008) reservoir construction in the Phu Khao Thong area 

Moreover, we found a new record of Purple Sunbird (Nectarinia asiatica) 
which had never been previollsly reported in central Thailand [Figure 5] . 
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Figure 4 left Purple Sunbird (Nee/arinia asia/lea) in Phu Khao Thong area and 

right drawing of Purple Sunbird (Neetarinia asiatica) (Lekagul, B. and Round, 

P.D .,1991.) 

From this study, we found more bird species in post-reservoir construction 
than pre-reservoir construction, partially due to increasing of habitat for piscivore 
feeding in reservoir and sweeping insectivore feeding off insect along the shore of the 
reservoir. However, higher species richness may be caused by more extensive 
observation in 2008 than in 2005, such as Fulvous-breasted Woodpecker 
(Dendrocopos maeei) (Bl), and Bushlark spp. (Mlrafra spp.) (TIGF) [Figure 4] 
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Abtract: The aimed of this study was to investigate growth rate and morphological 
changes of red junglefowl Gallus gallus spsdiceus(RJF) in captivity. Thirteen 
morphological characters, the developmental of plumage, bill color and tarsal color 
were descriptively studied from March 2008 to February 2009 in twenty seven males 
and seventeen females of Red junglefowl. Result of this studied could divided in to 
three stages. The first state from first week until the tenth week, the wing feathers 
started to develop at the first week whilst wing coverts started to develop at about the 
second to the third week and natal plumage changed to juvenal plumage at the tenth 
week. The second state from eleventh week until twentieth week, the sexual 
diamorphism of plumage compose of headed feather and the wing coverts occur at 
the age of twelve weeks old and Juvenal plumage changed to prenuptial plumage at 
the twentieth week. The third state from twenty first week until forty eighth week, 
prenuptial plumage changed to nuptial plumage at about the thirty sixth week of age . 

Introduction: Red junglefowl (G. gallus spsdiceus) are found in Southeast Asia and 
might be the ancestry of all domesticated chicken. This kind of fowl is distributed in 
many part of Thailand except in the east. The morphological changes of RJF is hard 
to observed In the nature because they are highly sensitive when we become closer to 
them so it is need to study the descriptive morphology in captive. Purpose of this 
research was to study the morphological changes related to the growth of Red 
junglefowl beginning from hatching until 1 year old. Morphometries data were 
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analyzed by t-test at 95% confidence and use the descriptive morphological 
characteristics to determine age of them. 

Methodology: Twenty seven male and seventeen female of Red junglefowl were 
collected from breeding in captive at Huai Kha Khaeng Wildlife Breeding Station, 
Uthaitani Province. Thirteen morphological characters compose of weight, gap length, 
beak-nape length, eye length, head width, comb height, comb length, wing length, 
half-wing span, tarsal length, third digit length, claw length were morphometrically 
studied and the plumage development and color of beak and tarsus were descriptively 
studied. All of data were weekly recorded until the birds were 1 year old. The 
morphometrically measurements data were analyzed by t-test and descriptively 
characteristics compose of plumage, bill color and tarsal color were taken by 
photography and recorded . 

Result, Discussion and Conclusion: Result of morphometrically studied are showed 
in table 1 and 2. Descriptively studied are showed in table 3. The morphometrically 
data compose of relative length between gap length-beak nape length, head width­
beak nape length, wing length-half wing span, tarsal length-third digit length and 
descriptively data are useful for determine age of this bird. In morphometries were 
taken on both male and female, the result show that average of all size in male and 
female were significantly different (P<O.05). In further all of morphometries should 
be analyze with another method and use to classification age of this birds. 

Table 1. Show morphometries red junglefowl (G. gallus spsdiceus) from the age of 4 
weeks until 48 weeks. 
Morpilolo~,col MorpllOlnelrlCS IllC<t Il (C III )±SD 

chmilClcrs 

4 "veeKs 10 wee~ s 14 weeks ~ 8 weeks 

Mille f-elilale Mole Fem"le Male Feillale M"1e Fem"le 
(11 - 27) (n; 17) (11~ 27J (11~ 17) (11~17) (11=17) (n; 27) (11=17) 

IWeigilt 112.90,",69 82.02:t'O ~8 6.WO.I'IIO 29 41 I 0J±40 80 69208.91 41 48\ 64''; 19 987.91±70 71 670.17'47.96 
2.G"p lel1"tl1 1.85±0. IS I.S2±0 14 2.79±0 10 2.52±0.10 28h009 2.55 ±0.11 3.02±0.1J 2.72±0 12 
,.Bill·l1ope 
len~th 3.9S±0.42 3.5hO.21 6.04 ±0. IS 5.51±0.16 609±OJ I 5.54±0. IS 6.45±0.26 5.90±0.17 
4.Eye lel1gth 0.91±0. 10 0.81±0.10 1.28±0.06 I 15±006 1.29±0.06 117±0.05 141 ±0.07 I 29±009 
5.Head widlh 1.80+0. 11 1.63+0.10 2.59±0.07 239±0.10 259±007 2.41 ±0.09 2. 79±0.1 0 258±009 

6.Como height 0.54±O.20 0.54±0.:1O 4.32±3.86 
7.Como lel1"th 1.41 ±0.59 1.36±0 48 (,.S6±6.77 

8.Wil1" leo"th 11..1) " 160 8.4 1±1)(, 17 .82 ±0.45 IS .05 ±0.44 22.0) '0,8 1915±063 
9.Half-wing 

SP"" 15 .9h1 I) IJ43±J.25 34 ..n±2.2:1 30 36.!-0.52 34 .9LI.96 30.69±0.64 :18.05 .·.0.86 32.68±O 66 

10 Torsal 
len"th 4.10±0.54 3.33±0 3 1 SJ3±0.4 7 6.82±0.32 8.:i1±0.48 6.88±0 .12 '>.II±O 40 7.76±0.39 

II .Claw 
length 0.54"-0.08 046±006 0.99 ±0.0'> o89±0 07 105±0 II 0.9:'i ±O.09 1.24±0.19 1.14 ±O .12 

12 Tlmc1 c1igil 
lel1gth '.7'±0 ..17 20R±O. 27 4j .hO.21 .19 1",0 17 4.58 ±0.24 .192±O. 11l ~ R.1, tl )4 1.2}±O.2R 

IlSPll' ,"""Iil 0.55o.(lUO 0.48 ±0.09 I (,(ItO .,9 .­

so =standard deviation 
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Table 2. Show relative length of red junglefowI (G. gallus spsdiceus) from the age of 
4 weeks until 48 weeks 
Morphological 

character 
Relative length meant cm. )±SD 

4 weeks 20 weeks 24 weeks 48 weeks 

Mal e 
(n=27) 

Female 
(no 17) 

Male 
(n=27) 

Female 
(n=17) 

Male 
(n=27) 

Female 
(n=17) 

Male 
(n=27) 

Female 
(n=17) 

I.Gap length / 
Beak-nape 
length 

O.46±O.O6 O.43±O.04 0.46±().O I 0.45±0.0 I 0.46+0.01 0.46±0.O I O.46±O.01 O.46±O.01 

2.Head wide / 
Bill-nape 
len eth 

0.47±O.IO O.4S±O.03 0.42±O.O I O.43±0.O2 O.42±O.O I O.43±O.OI O.43±O.02 0.43±O.0 I 

3.Wing length / 
halt~wing span O.7 1±O.08 O.68±O.O9 0.60±0.OS 0.58±0.01 0.59±O.04 0.58±O.01 0.5710.0 I O.58±O.OI 

4.Thirddigit 
length I 
tarsal length 

0.66±0.05 0.62±0.O7 0.54±O.03 0.57±0.02 0.53±0.O2 O.57±O.02 O.53±0.02 0.S8±0.03 

Table 3. Show descriptive morphology of red junglefowl (G. gallus spsdiceus) from 
the age of first date until 48 weeks. .­

Age Plumage Tarsa l 
color 

Beak 
color 

Notes 

Day lSi Chicks have yellow down feath ers and dark brown 
strip from head unti I vent and across the eyes 

Yellow Yellow -Natal 
plumage 

Day 3'd Chicks have ye llowish-brown down feathers in the 
whole past of the body except wing feathers , the 
primary begin to develop. they still have brown 
down feathers at wing covert 

Light 
brown 

Light 
brown 

-Primary 
occur 

Week 15t Rapid growth of wing feathers, tai I feather occur Light 
brown 

Light 
brown 

-Tail feather 
occur 

Week 2"d Primary wing coverts have been changes from down 
feathers to dark brown contour feathers , other parts 
are still cover with down feathers 

Brown Light 
brown 

Week 61h Secondary wing coverts are changed from down 
feathers to contour feathers. 

Grey Dark 
brown 

Week 81h Down feathers begin molting in the whole past ~f 
body, feather tracts at ventral cervical tract, spinal 
tract, ventral sternal tract, black primary and primary 
wing coverts are black , whilst secondary and wing 
coverts are dark brown 

Dark 
grey 

Dark 
brown 

Comb occur 

Week lOth 151 molting period 
Males have dark brown headed feathers, dark brown 
contour teathers at upper back. back. breast. They have 
black-brown of wing feathers and wing coverts. whilst 
flank and thigh are changed to grey semiplume. 
Females have dark yellow headed feathers, brown 
contour feathers in whole past of body. They have 
dark brown wing feathers and wing coverts, whilst 
flank and thigh are changed to grey semiplume. 

Dark 
grey 

Dar k 
brown 

-Downy birds 
are changed to 
feather birds 

Week 121h Males have dark brown headed feathers, body 
covered with black and dark brown feathers , primary 
and wing coverts are black. They have reddish-brown 
with a little black secondary and wing coverts, black tail. 
Females have dark yellow headed feathers, brown 
contour feathers in the whole past of body, brown 
wing feathers and wing coverts. they have dark tail. 
Can be differentiated sex between male and female. 

Dark 
grey 

Dark 
brown 

-luvenal 
plumage 
-Sexual 
dimorphism of 
plumage 
occour 
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Age Plumage Tarsal Beak Notes 
color color 

Week 20" 2nd molting period Dark Dark -luvenal 
Males have long dark yellowish-brown hack Ie, grey brown plumage are 
metallic color at wing coverts, back and tail, black changed to 
beast, grey thigh and flank. Prenuptial 
Females have dark yellow hackle, dark brown wing plumage 
feathers and wing coverts. They have dark brown tail, 
brown beast and grey thi gh and flank. 

Week 36'11 3 rd molting period Dark Dark -Prenuptial 
Males have red face comb and plumage, long go lden grey brown plumage are 
yellow hackle, black breast, primary wing coverts are changed to 
black. They have black and brown at secondary, nuptial 
metallic green crimson color at the wing covert and plumage 
metallic green at tail feather. Middle pair of tail are 
longer than other. They have dark green and maroon -Middle pair 
at back, maroon color at upper back, white patch at of tail feathers 
the base of the tail and metallic gree n at shaft of tail , are longer 
grey at flank and thigh. than other 
Females have red face ye llowi sh-brown hackle, 
brown at upper back and back. They have dark brown 
tail. Wing feathers and wing coverts are brown with 
black spot, grey at flank and thigh. li ght-brown at 
breast. 

Week 48 '10 Males have red face, comb and colorful plumage, Dark Dark -Nuptial 
the y have long golden yellow to yellowish-orange grey brown plumage 
hackle, black breast, black at primary and primary 
wing covert, secondary are black and brown. Wing 
covert are metallic green crimson and maroon color, 
tail are luminescent color, back feather are dark 
green and maroon, upper back are maroon. They have 
white patch at th e base of the tail and metallic green 
at shaft of tail ,grey at flank and thigh. 
females have red face ye llowi sh-brown hackle, 
brown at urper back, back. Tail are dark brown, 
wing feathers and wing covert are brown with black 
spot , grey at flank and thigh, light -brown breast. 

Figure I. Show morphoJ?gic~hangcs of red......·._-'''''--_______ .---r-_ 

Day 1st 

~sth COI10ress on ~cience ;:tno Techno\or'v of Th;:ti\;:tno 4 



Week 20lh Female 

Week 48 1h Male 

Reference: 
I. 	 Akishinonomiya, F. MiyakL T., Sumi, S., Takada, M., Ohno, S., andKondo, N. 

1994. One subspecies of Red junglefowl (Gallus gallus gallus) suffices as 
the matriarchic ancestor of all Domestic breeds. Proc. Natl. Acad. Sci. USA. 91. 
pp.1205-1209 

2. 	 Johnsgard, Paul A. 1997. The pheasants ofthe world. 2nd ed. Smithonian 
Insti tution Press. Washington, D. C. pp. 165-171 

3. 	 Larson, J.S. and R.D. Tarber.1980 . Criteria of Sex and Age. [n Sanford D. 
4. 	 Meckvichai, W. 2005. Morphological Characteristic of Native of Native Fowls. 

The 2005 HCMR Congress in Tokyo. pp. 27 - 31 . 
5. 	 Meckvichai, W. 2006. Morphology of Red Junglefowl and Hybrid. The 2006 

HCMR Congress in Tokyo. pp. 27 - 31. 
6. 	 Simpson, G.G. , A. Roe and R.C. Lewentin. 1960. Quantitative Zoology. New 

York: Harcourt, Brace and Company. 
7. 	 Zar, J. H.1999. Biostatistical analysis. 4th ed. New Jersey: Prentice-Hall. 663 pp. 
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Mnesithea thailandica a new species of Poaceae from Thailand 

Paweena Traiperm 1,2, Thaweesakdi Boonkerd3
, Pranom Chantaranothai4 & David A. Simpsons 

Summary. Mnf'silhm Ihailandi((t, a new specie~ of Poaceae ~ubtribe ROllboe lliinae rrom Thailand, is described and 
Illustrated. 

Key Words. Coc/ol{lchis, Mnesilh eo., Mnesil/i.('(1 Ihai/n.ndim, ncw species . Rotlhociliill"C , Thailand. 

Introduction long, puhescent. l .i,!,'1tie m e mbranous WiLh ciliate 
The circumscription oj' MTII!.I'ithf'l1 KllnLh is corHen­ margins, c. 0.5 mm long. BUt(lRs 5 20 by 0.4 ­

tious. Clayton & Renvoizc (l\~H6) assigned .iust One 0.8 mm , pubescent on both surfaces, apex acute. 
species, M. 1(l.I'I'is (Retz.) Kumh to the genus. However, InjZOTesrnll:('\ racemose a compound, leafy panicle 
they pointed out that p a ired sessile spikclet.~, a key or spathcatc raccmes. Racemes solitary, subtcre te. 
'feature of Mnf'silhea, also occur sporadically in neigh­ c. 6 em lon g . terminal. Rhachis internodc.~ clavate , 
bouring genera and these genera, including ColRorarhis 2 - 2.5 mm long, pubescent, rhachis nodes pube s­
Brongn. , are not well separated. Veldkamp r.( rd (10Hfi) cent: spike lets in pairs. Spikc\ets dorsoventra lly 
placed C',(H'irnm:/til into the s)'IlOnyrny of Mnfsithl!ll.. compresse d . Sf'uiif ~/Jik.plet\ slightly twice as long as 
Recent treatrne llts of suhLribe Rotlhoelliinae in Thai­ th e rhac his node s, calills pllbe scent. Lower g-Iume 
lanel (Norsa<:ngsri ~()()O : Tr<liperm ~()()7) and China trianglllar, C. 4 nv 2 nun, induraLe , smooLh. margil1s 
(Phillips &: Chcn ~()(lt i ) hav(' jf)lIow<:d Ihi s h1'Oadcr fold ed. p\lbe .~ccnt on the hack. ape x with ~ narro"" 
circumscriplion . ,·,·hich "'ill 1)(' ,ldoPI('d ill Iht' «lI·til­ wing-so Lppn g lu11lc (l\ ,lte or bo at-sh a pccl , c. ~\ by 
COlli ing Flma Ilj Flllliinlld ,l(COllilL of tilt' su htli be 1. :1 mm , kecled on lhe upper and pilo~e <llung keel : 
(Traiperrn f'! III. ill pl·Cp.). About :10 sp ec ie .~ are luwer flore t barren, with sma ll paled. S(amem 3; 
distributed throughout the tropics (Veldkalllp ('I al. anthers yellow, c. 1 mm long; stigmas 2, plumose. 
19Rfi); St'ven species of I'vlrU'.lithea have bee n recog­ Pf.tiir('llcd sfJikf lRls onlon g-, c. I rnll1 long, pubescent, 
nisf'd as occmring in Thaila nd. Mrwsilli,p(l thnilrznrLica reduced LO '2 asymm e tr ical glumes, keeled along the 
has rec(,lllly bee n discovered which is new to science. margins. Pedice ls oblong or ribbon-like, c. ~ by 0.6 nUll , 
This is described and illustratecl below. pubescent. Fig. I. 

DISTRIBUTION. Endemic to Thail a nd. 
Mnesithea thailandica Tmipf'T1n & Uoonkad sp. nov. .I\tf. SPECIMEN EXAMINED. THAILAND. NE31, Roi Et: Suwa­
gemirw.(.a(' (Hack.) Ricll. similis, sed glumis spicularum naphoom DisLr. , Nayai , Ban Hang Hoey village, 10 June Isessilium trianguhllibus (vs laneeola tis) . nodis e L inter­ 1982 , Y Paiwoksantill(tlhana & S. Suthl!esom y1048-82 
nodiis rachidulll pubesccntibus (vs glabris) diiTe rt. Typus: (holotype BK!) 
Thailand, NE31, Roi Et: Suwanaphoom Dislr., Na)'ai. Ban . HABITAT. Common in paddy field s: 100 nl. 
Hang Hocv village, 10 JUll e 198~ , l: "nisfJo/;S(lnli lll1lilnlln CONSERVATION STATUS. On'" known from the type 
& S Slltltef~om vi 048..ft~ (holotyplls BK). and hest recnr(kd ,IS l))) (I)dt<i lklicicl1l) IIntil 

rurthcl' fl('llh\()l'k is 1III<I('\'( ,lk('11 !O ,ISSCSS Lht' size and 
ht.tp :/t'www.iplli.ol ·g/ urn:lsi<"i:iJllli.olg·: Il<\lIICS: 771 () :-)~92-1 eXI('lll of thc poplll<1tioll. 

PHENOLOGY. Flowers inJlllle. 
Perennial grass, caespiLOse. Culm'" small, crecL. slender, NOTES. Although ol1l\' knowil f\'OlIl the Lype, Mnpsithm 

c. 26 em t<lli, illtemodes pilose to pubescent, nodes Ihaiumri im is imm('diaLely distinguished from other 
with densely ciliate hairs. V njslienlli s loose . 2.5· I) cm !H1I.('silhm spp . by th(' rltl)(' .~ c enc(' on the IOIVe r g-ll.Ime, 
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4mm 

),
'.;.,1 

1 cm 

Scm 

A 

Fig. 1, Mnesithea thailandica. A habit; B part of inflorescence; C spikelet pair; D pedicelled spikelet with pedicel; E lower glume of 
the sessile spikelet. Ali from the type. DRAWN BY? rR."lo' RM 

© The Board of Trustees of the Royal Botanic GMdens, Kew, 2010 
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rhachis internodes, nodes and pcdiccls. It is similar to 

the Malaysian species M. gl'minata (Hack.) Rid!. hut 
this has a lanceolate lower glume that is just hirsute 
below alld is g-labrolls on the rhachis nodes, pedicels 
anri rhachis intcrnodes. 

This species was described as com1l\on ill paddv 
fields ,H the time 0(' collection. l:nlc)rllln<lt! :ly rhe 
plants were nor rc-found ar the type locality during 
the present work, probably due to the replac('ment of' 
Ihe agricllllur<llland by industrial (!t·\·C'\,cloprncl1l.. 
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Ischaemum hubbardii Bor (Poaceae), a New Record for Thailand 
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ABSTRACT.- An addition to the known Thai grasses, a species of lschaemum, 
has been found in Chiang Mai Province, northern Thailand. This newly 
recorded species is descril.led and illustrated. 

KEY WORDS: [schaemum, Poaceae, Gramineae, new record, Thailand 

INTRODUCTION 
MATERIALS AND METHODS 

lschaemum was firstly described as a 
genus in the family Poaceae by Linnaeus This study is based on specimens 
(1753). The genus is annual or perennial, collected from Doi Inthanon National Park, 
comprising about 75 species in the tropics Chiang Mai Province, northern Thailand. 
and subtropics (Sur, 2001). Sixteen species For comparison, we also examined 
of lschaemum were recorded for Thailand herbarium material deposited in AAU, K 
by Nanakorn & Norsangsri (2001). In and L. Determinations were made with the 
preparing the treatment of lschaemum for help of a key to the species of lschaemum 
the Flora of Thailand, it was found that from India presented by Sur (2001). 
lschaemum hubbardii Bor is a new record. 
This species was previously known only 

RESULTS
from India. It was first described by Bor in 
1938 and is commonly found in the Khasia The morphological characters of the
and laintia hills at altitudes ranging from 

Doi Inthanon lschaemum specimens (P. 
4,000-5,000 m. 

Traiperm 308 and S. Laegaard & M. 
Norsangsri 21669, 21728) matched well 

*Corresponding author: 
with the key to the species and descriptionTel: (662) 218-5502-3 

Fax: (662) 218-5502 
E-mail: thaweesakdi .b@chula.ac .th 
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FIGURE 1. l schaemum hubbardii SOL A. Habit. B. Spikelet pair. C.-H. Sessile spikelet: C. Lower glume. D. Upper 
glume, E. Lower lemma, F. Lower palea, G. Upper lemma , H. Upper palea . I.-N. Pedicelled spikelet: I. Lower 
glume, J . Upper glume, K. Lower lemma, L. Lower palea, M. Upper lemma, N. Upper palea. All line drawings were 
drawn by P. Traiperm from specimen P. Traiperm 308. 

of lschaemum hubbardii in Sur (2001) . It is 
also fitted well with the herbarium and type 
specimens, which are deposited in Kew . 
Accordingly , lschaemum hubbardii IS 

newly 
description 
material. 

recorded 
below 

for 
is based 

Thailand. 
on the 

The 
Thai 



69 TRAIPERM ET AL.- ISCHAEMUM HUBBARDII, A NEW RECORD FOR THAILAND 

Ischaemum hubbardii Bor 

Bar in Indian Forest Rec. Bot. 1: 98 . 
1938; Grass . Burm. Ceyl. Ind . & 
Pakis.: 179. 1960; Srivastava & Sinha in 
High . PI. Ind . Sub-con . 9 : 66. 2000; Sur in 
1. Econ. Taxon. Bot. 25(2): 417. 200!. 
Type: India, Assam, fairly common in the 
Khasia and laintia hills, alt. 4,000-5,000 
m, N.L. Bor 2264 (holotype K!). Fig. 1. 

Perennial, densely tussocking grass. 
Culms slender, terete, 25-60 cm tall, 
internodes and nodes glabrous. Leaf­
sheaths tight, 4-7 cm long, glabrous or 
slightly pilose, margins thin. Ugules long 
membranous, 3.5-5 mm long, glabrous. 
Leaf-blades 5-15 by 0 .3-1 cm, tuberculate­
pilose on both surfaces, margins scabrous, 
apex acute . Inflorescences raceme, 
terminal, 3-5 cm long, conjugated with 2 
racemes, rachis internodes oblong, 6-6.5 
by ca. 0 . 1 mm, triangular in transverse 
section, pilose along central keel, nodes 
with a ring of long hairs, callus ca. I mm 
long, glabrous. Sessile spikelet: lower 
glume oblong, 6.5-8 by 2.5-2.8 mm, 
distinctly 1O-14-nerved, subcoriaceous, 
transversely humped along the lower 1/3, 
glabrous on back, unequally narrowly 
laterally winged above, wing scabrous; 
upper glume boat-shaped, 8-9 mm by 1.8­
2.2 mm, keeled, scabrous, margins ciliate, 
apex acuminate, with a small wing at the 
apex. Lower floret: lemma lanceolate, 7­
7.5 by ca. 1.5 mm, hyaline, slightly 
folded, upper margins ciliate; palea elliptic, 
5.5-6 by ca. 1.5 mm, hyaline, folded, apex 
muticous . Upper floret : lemmas ca. 7 by 
1.5-1.8 mm, bifid, geniculately awned 
from sinus, awn twisted, 18-25 mm long; 
palea ovate , ca. 5 by 1.3 mm, apex acute, 

hyaline. Lodicules cuneate, 1-1.2 mm 
long. Pedicelled spikelets: pedicels 5.5-6 
by ca. I mm, pilose along central keel. 
Glumes: lower glume obliquely-oblong, 7­
7.5 by 2.7-3 mm, 6-8-nerved, with 2 
subequal wings along whole lengrh of the 
margins, glabrous on back, margins folded, 
apex bifid; upper glume boat-shaped, 7-8 
by 1.5 mm, keeled along the upper of mid­
nerve, scabrous on keel. Lower floret: 
lemma lanceolate, ca. 6 by 1.2 . mm, 
hyaline, folded, glabrous, apex acute; palea 
oblong, ca. 5 by 0.8 mm, apex acute, 
hyaline, slightly folded . Anthers ca. 3 mm 
long. Upper floret: lemma ovate, ca. 5.5­
6.5 by 0.9-1.4 mm, apex acute, hyaline, 
folded; palea oblong, ca. 4.5-6 by 0 .8-1.2 
mm, apex rounded, hyaline, slightly folded . 
Caryopsis ellipsoid, ca. 3 mm long. 

Thailand.- NORTHERN: Chiang Mai 
[Doi lnthanon, Kew Mae Pan nature trail, 
25 Nov. 2005, P. Traiperm 308 (BCU, 
BKF, KKU); Doi Inlhanon, Kew Mae Pan 
nature trail 3 Oct. 200 I, S. Laegaard & M. 
Norsangsri 21669 (AAU, K, L); Doi 
Inthanon Narional Park, along road from 
summit ca. 5 km rowards entrance, 16 Oct. 
2001, S. Laegaard & M. Norsangsri 21728 
(AAU)] . 

Distribution.- India and Thailand. 
Ecology.- Common along Kew Mae 

Pan nature trail or in lawn near pagoda, alt. 
1,950- 2,650 m. Flowering period: October 
to November. 

DISCUSSION 

Ischaemum hubbardii is characterized 
by its tuberculate-pilose leaves together 
with a lower glume that has 10-14 distinct 
nerves , and a transverse hump on the lower 
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113 of the glume, which is glabrous on the 
back. It is similar to I. indicum (Houtt.) 
Merr. in having a glabrous surface on the 
back of the lower glume of sessile spikelets 
but differs in having the unequal narrow 
lateral wings above and hairs on both 
surfaces of the leaf-blades. The lower 
glume of the sessile spikelet in the Thai 
specimens has a transverse, nearly flat 
hump on the lower 1/3 of the glume 
although the hump is slightly convex on the 
back in the type specimen from India. 

So far, this species has been found at 
high altitude in India and Thailand and 
seems to be a member of the so called 
Indo-Burmese elements. It should also 
occur somewhere in upper Myanmar. 
However, the available taxonomic data of 
this plant group from Myanmar are still 
scant. For our species this may, in part, be 
due to its preference for high altitude 
habitats which are difficult to get to in 
order to make collections. Further work in 
this area is needed. 
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Short Note 
A First Record of Microsorum musifolium CopeL (Polypodiaceae) 

from Thailand 
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Microsorum musifolium Copel. is firstly 
discovered from Waeng, the southernmost 
district of Narathiwat Province, Thailand. 
The species is described and illustrated. A 
key, including all the additional species, 
for the Flora of Thailand is constructed. 
Taxonomic confusion of Microsorum 
musifolium CopeI. with Microsorum 
punctatum (L.) Copel. is noted. 

The wart ferns , Microsorum Link, 
consist of about 50 species worldwide, and 
belong to the family Polypodiaceae in the 
order Polypodiales I. These species are 
widespread in the temperate and tropical 
parts of the Old World, extending from the 
Pacific Islands to northeast Australia, 
Malaysia, Southeast Asia, southern China, 
from the Indian subcontinent to Madagascar 
and tropical Africa. In Thai land, I I species 
have previously been recorded2

. In 200 I a 
new species of Microsorum, M thailandicum 
T. Boonkerd & Noot. , was found to occur in 
a limestone mountain in Chumphon 
Province, peninsular Thailand3

. Then, a new 
record , Microsorum insigne (Blume) Cope\. 
was collected from Phu Hin Rong KIa 

*Corresponding author: 

E-mail: thaweesakdi .b@chula .ac.th 


National Park , Phitsanulok Province, lower 
northern Thai land4 

• Recently , another 
calciphyte, M siamense T. Boonkerd, was 
discovered from limestone mountains in Yala 
Province, peninsular Thailand 5. Thus so far, 
14 distinct species of Microsorum have been 
recorded in Thailand. 

Here, we report an additional species in 
Thailand, Microsorum musifolium Cope\., 
which was found during the botanical trip to 
the Sirindhorn Waterfall, Waeng District, 
Narathiwat Province, peninsular Thailand. It 
was previously known to occur in southern 
Myanmar, peninsular Malaysia, Sumatra, 
Indonesia, Borneo, Philippines and New 
Guinea6

. The species was first described by 
Blume in 1828 as Polypodium musi{olium 
Blume from the specimens collected in an 
area near Buitenzorg in Java6 

. 

Microsorum mllsifolium Cope I. 
(Fig. I) 

Microsorum musifolium Copel., Univ. Calif. 
Pub\. Bot. 16: /12 . 1929; Bosman, Monogr. 
Microsorum, Leiden Bot. Ser. 14: 94. 1991.­
Polypodium musifolium Blume, Enum. PI. 
Javae 2: 134. 1828. - Pleopeltis musifolia T. 
Moore, Index Fit. 78 . 1857. -Drynaria 
musifolia J. Sm, Cat. Cult. Ferns 14 . 1857. 

mailto:thaweesakdi.b@chula.ac.th
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Type: Java, near Buitenzorg, Blume s.n. 
(holotype, U). 

Rhizome moderately long creepll1g, 
cylindrical to dorso-ventrally slightly 
flattened, 5.5 - 8.4 mm in diameter, not waxy 
; roots densely set forming a thick mat; 
phyllopodia obscure, up to 10 mm apart . 
Rhizome anatomy: vascular bundles in 
cylinder 17 - 21, bundle sheaths collenchyma 
- tous, sclerenchyma strands at least 50, 
scattered, ground tissue without cavities. 
Rhizome scales densely set at apex, 
appressed, peltate, widest below or about the 
middle, 3.2 - 5.0 by 1.2 - 1.6 mm, clathrate, 
marginal region hyaline, margin entire, apex 
acuminate, central region dark, glabrous, 
inner layer of thickened cell walls smooth . 
Fronds simple, well proportioned to the 
rhizome diameter; stipes absent or indistinct, 
up to 6 mm in diameter, with a few scales; 
widest about or above the middle, 35 - 98 by 
5 - 11.2 cm, light green when living, 
subcoriaceous, with short glandular hairs and 
a few scales, acicular hairs absent, base 
truncate to obtuse, margin entire-undulate, 
apex acute to acuminate. Venation pattern: 
veins forming a more or less regular row of 
nearly equally sized areoles between each 
pair of adjacent secondary veins, all veins 
clearly distinct; secondary veins 7 - 15 mm 
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apart, more or less straight, dichotomously 
branched near the margin of the lamina; 
tertiary veins catadromous, 6 - 10 between 
adjacent secondary veins, interconnected by 
some quaternary veins; smaller veins 
variously anastomosing; free included veins 
simple, once- and in part twice-forked, 
pointing to all sides. Sori superficial, round, 
sometimes in part confluent, 1.2 - 1.5 mm in 
diameter, spreading allover the lamina or 
restricted up to the distal Y2, absent in the 
marginal areoles, occasionally present in all I 
areoles, 33 - 46 per cm 2, not on tertiary veins, 
occasionally in part on quaternary veins, 
irregularly scattered on the smaller 
anastomosing veins and on the free included 
veins. Paraphyses uniseriate, 2- or 3-celled. 
Sporangia: annulus (18-) 19- or 20-celled, 
indurated cells (12) ) 3 or 14, hypo- and 
epistomial cells together 6 or 7. Spores 
concavo-convex, hyaline, 43 - 53 by 30 - 37 
J.lm, colliculate, the elevations not very 
prominent, rounded, about 5 J.lm wide. 

Specimens examined.- Boonkerd & 
Pollawatn 243-2 (BCU); Elmer 20871 (K, 
P); Enders 4022 (L); lwatsuki el at. 3252 
(K); Kalo el al. B3252 (L); Bernardi 234 (B); 
Blume s.n. (L); Zollinger 3005 (P); Beddome 
1911 (K); Henderson 19704 (K), 19708 
(BM); King 192 (K); Little 469 (L); Matthew 
1928 (K); Turneau 836, 905 (K); Lauterbach 

TABLE l. Comparison of eight qualitative characters of M. mus/folium and M. puncta/urn 

Character M. musifolium M. punctatum 

Rhizome surface not waxy often waxy 
Attachment of scales peltate pseudopeltate 
Spreading of scales appressed distinctly or slightly spreading 
Scales margin entire dentate to dcnticulate 
Presence of hyaline marginal present absent 
region on rhizome scales 
Lamina base truncate to obtuse narrowly angustate to cordate 
Visibility of veins all veins distinct all veins or secondary and smaller veins more 

or less immersed and vague (at least in living 
specimen) 

Spores shape concavo-convex plano-convex 

I 
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B 

2.5 em 

0. 1 em 

FIGURE l. Microsorztm musifolium Copel. (A) Habit, (B) Detail of sori and venation , (C) A rhizome scale. 
Drawn by Sahanal Petchsri from T Boonkerd & R. Pollawatn 243-2 (BCU) . 
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TABLE 2. Measurements of 16 quantitative morphological characters of M. musifolium and M. punctatum 

M. musif.olium M. l!.uneLaLumCharacters 
mean ±SE mean ±SE 


Lamina width (mm) 96.5' 16.5 57.86 18.4 

Lamina length (mm) 832' 157 736' 44 

Stipe length (mm) 0.48' 0.11 101.4b 7.0 

Stipe diameter (mm) 5.75' 1.04 4.53b 0.92 

Diameter ofphyllopodia (mm) 5.56' 1.33 4.39b 1.06 

Phyliopodia length (mm) 6.13' 1.25 4.40b 1.27 

Rhizome diameter (mm) 6.98' 1.40 5.74b 1.25 

Di stance between closest 


12.5' 3.0 8.20b 1.88 
phyllopodia (mm) 


Scale length (mm) 3.64' 0.40 3.30' 062 

Scale width (mm) 1.42' 0.21 1.18" 0.24 

Density of sori per cmz 39.5' 6.6 38.4' 10.0 

Diameter of sori (mm) 1.39' 0.15 1.28' 0.17 

Diameter of sporangium (mm) 0.16 ' 0.01 0.17 ' 0 . 15 

Number of annulus cell 18.9' 0.8 19.3' 1.0 

Spore length (/-lm) 47.7' 4.9 51.7b 4.1 

S~ore width ~!;!m2 33.3' 3.6 31.4' 3.1 


Note: Values represent the mean ± I S.E., Mean with significant differences (p<0.05) denoted by 

different superscripts within each row. 
 fJ 

567 (P); Ledermann 7695, 8549, 8 743 (B); quantitative, vegetative characters (Table 2). 
Schlechter 2764 (B); Copeland 1537 (B); Therefore M musifolium should be 
Elmer 10500 (K, L); Vanoverberg 3678 (P); recognized as a species of its own. 
Gay 132 (K); Hancook 342, 1892 (K); Hose Previously, Tagawa and Iwatsuki 
1827 (BM); J Smith 1859 (BM); Corner (1989)2 are likely to have made a mistake in 
30247 (K); HanifJ 21028 (K); Brooks 357 describing fronds of M rubidum as pinnate 
(8M); Lau 1796 (K); de Wide & de Wide and so the key to species in the Flora of 
12385 (L) Thailand cannot be used to identify this 

Thailand.- PENINSULAR: Narathiwat species correctly. Likewise, a simple, entire 
(Sirindhorn Waterfall). frond-form of M pteropus, which is 

Distribution.- Southern Myanmar, commonly found , also has identification 
peninsular Malaysia, Sumatra, Indonesia, problems . 
Borneo, Philippines and New Guinea. The key to the species of the Microsorum 

Ecology.- Low epiphytes or lithophytes account2
, therefore , has been revised and 

in tropical evergreen forests at low altitudes. includes all the new taxa for Flora of 
Note.- Microsorum musifolium was Thailand, viz. M thailandicum, M insigne 

wrongly treated as a synonym of Microsorum and M siamense. 
punctatum (L.) Cope/. by Nooteboom 
(1997)7 despite their differences in at least Key to species of Microsorum 
eight qualitative characters, namely the 
rhizome surface, attachment of scales, 1. Sori superficial, not sunk in cavities 
spreading of scales, scale margin , presence of 2. Frond usually simple, entire or slightly 
hyaline marginal region on rhizome scale, undulate 
lamina base, visibility of veins and spore 3. Rhizome slender, scandent, with fronds 
shape (Table I). They also differed in som e far apart ...... .. ..... , ... 1. M. superficial 

I 
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3. 	 Rhizome thick, creeping, never 
scandent 

4. Lateral main veins distinctly raised at 
least on lower surface 

5. 	Sari in two regular rows between 
adjacent main veins ..... 2. M. zippelii 

5. Sari irregularly scattered, abundant 
6. 	Stipe distinct, winged to the base; 

lamina thinly herbaceous to 
paperaceous, light to dark green 

7. 	 Stipe winged on upper portion. 
Usually occurs on wet rocks in 
stream-beds, in spraying water. .... 
. . . . . . . . . . . . . . . . . . . . ... . 6. M. pteropus 

7. Stipe winged nearly to the base 
8. 	 Mountain plant; receptacles 

punctuate .. . ........... ... .. .... . 
..... .. . ... . 3. M. membranaceum 

8. 	 Lowland plant; receptacles 
elongate . ..... .. . . ... ... ... .... ... . 
.. ... . ...... .4. M. heterocarpum 

6. 	Stipe indistinct or absent; lamina 
subcoriaceous, light green when 
living .. .. . ... .... .. 15. M. mllsijoiium 

4. 	Lateral main veins hardly visible 
9. 	Living frond light green in colour . ... 

. ........ .. . . . .. . .... ... 5. M. punctatum 
9. Living frond iridescent blue-green 

10. Costa grooved on upper surface; 
hydathode absent. . ..... .... .. .... .... . 
.................. 12. M. thailandicum 

10. 	 Costa slightly raised on upper 
surface; hydathode distinct on 
upper surface ....... 14. M. siamense 

2. 	 Fronds of well-grown plants deeply 
lobed 

II. Fronds trilobite. Stipes and midribs 
beneath scaly; dark green to 
blackish in colour ...... .... .......... .. . 
...........................6. M. pteropus 

II . 	 Fronds pinnatifid with more than 
one pairs of lateral lobes 

12. Fronds lobed to within 2-5 mm of 
the midrib; rhizome long 
creeping ...... . ...... 13. M. insigne 

12 . Fronds lobed to about I cm from 
the midrib ; rhizome short 
creeping .... .. .. .... 7. M. dilatatum 

I. Sari sunk in cavities 
13. 	 Sori uniseriate on either side of 

midrib; main veins distinct 
14. Frond pinnate usually with more 

than 12 pairs of pinnae. Sari 
slightly sunk In 

cavities . .... . ........ . 
'" ............. .. ....8. M. cuspidatum 

14. 	 Frond deeply lobed. Sori deeply 
sunk in cavities 

15. 	 Lamina light green. Lobes 
usually more than 15 pairs ........ 
.......... ............9. M. rubidum 

15 . Lamina dark green. Lobes 
usually less than 12 pairs .... .... . 
.. ...... .. ........ 10. M. nigrescens 

13. 	 Sori in two rather irregular rows on 
either side of midrib; veins hardly 
visible ........ ..... 11. M. scoiopendria 
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(PTERIDOPHYTA: POLYPODIACEAE) AND ITS RELATED GENERA 

1
WANNACHAI CHATAN', THAWEESAKDI BOONKERDI.2 AND BERNARD R. BAUM

Biological Sciences Program. Faculty ofScience. Chulalongkorn University, 
Pathumwan. Bangkok 10330, Thailand 

Keywords : Lepisorus: Paragramma: Plalygyria; Cluster analysis; Canonical discriminant analysis. 

Abstract 

Multivariate analyscs based on morphological and anatomical characters have been 
performed to investigate the phenetic relationship and to clarify the circumscriptions of 
the genus Lepisorus (I .Sm.) Ching and its related genera, namely Neocheiropleris Christ, 
Paragramma T. Moore and PlatYfaJria Ching & S.K. Wu. The dendrogram of cluster 
analysis separated the plants into three groups at Gower simi larity coefticient 0.75 . 
Group I and Group 2 consisted of NeocheiropleriS paimolopedata (Baker) H. Christ and 
four species of Platygyria. respectively . Group 3 was Neocheiropleris ensala Ching and 
two spec ies of Paragramma deeply embedded in the LepisorliS s.s. Canonical 
discriminant analysis slipported th~ classilication inferred from the clustering resu lts. 
Based on these results. Platygyria anel tV. palmatopedala should be recognized as distinct 
genera. On the other hanel, tV. ensata and the genus Paragramma should be merged to the 
genus Lepisorus. 

I n trod uction 

Lepisorus (J.Sm.) Ching sl (including Paragramma T. Moore) is the fern genus of 
Polypodiaceae, which comprised approximately 30 species (Verdcourt, 200 I) or 70 

species (Lin, 2000) naturally occurring in the tropical and subtropical Old World and 
extend ing nOl1hwards to the Far East of Russia with one species in Hawaii (Verdcourt, 
2001). Lepisorus s.s. (excluding the Paragramma), however, was first treated by J. Smith 
in 1846 (in Zink, 1993) as a section of a highly heterogeneous Drynaria, and Ching 
(1933) raised the section Lepisorus to generic rank. The common features of Lepisorus 
s.l. are epiphytic, epilithic or terrestrial ferns with short- to long-creeping rhizome 
covered by clathrate scales: laminas are simple, entire and mostly naked: and sori are 
borne in single rows on either side of the midrib, and covered by clathrate paraphyses 
(Hennipman el aI, 1990; Verdcourt, 2001). 

Until now, the generic circumscription of Lepisorus has remained controversial 
because it sometimes included or excluded its related taxa, namely Paragramma and 
Platygyria Ching & S.K. Wu. In addition, Platygyria, which is closely related to 
Lepisorus .I./. sometimes merged with the genus Neocheiropteris Christ. 

I Department of Botany, Faculty of Science, Chulalongkorn University, Pathulnwan , Bangkok 10330, 
Thailand. E-mail: wannachaichatan(ujgmail.com 

2 Correspondi ng author. E-mail: bthawees(ujgmail.com 
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E-mail: bernard .baum(il;agr.gc.ca 
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The genus Paragramma was founded by T. Moore in 1857 using P. longifolia T. 

Moore as the type species (Copeland, 1947). Until now, its separation from the Lepisorus 

s.l. has never been clear (Hovenkamp, 1998). The recognition to keep it as a distinct 

genus was followed by Ching (1940), Copeland (1947) and Pichi Sermolli (1977). 

Copeland (1947) used the combination characters of soral shape and the presence of 

lamina scales to distinguish the Paragramma from Pleopellis (including Lepisorus s.s). 

Two species, namely Paragramma balteiformis Copeland and the type species, were 

recognized by Copeland (1947). In contrast, Holttum (1954), Tagawa and lwatsuki 

(1989), Ilennipman et af. (1990) and Hovenkamp (1998) consented to unite Paragramma 

with Lepisorus s.s. 

The Chinese fern genus Platygyria was erected based on the P. waltonii (Ching) 

Ching & S.K. Wu (Ching and Wu, 1980) and the characters of sporangium were used as 

the important defining characters. So, five species, namely PlaLygyria sinuata Ching & 

S.K. Wu, P inaequibasis Ching & S.K. Wu, P variabilis Ching & S.K. Wu, P 

kungtingensis Ching & Y.X. Lin and P muliensis Ching & S.K. Wu were recognized 

(Ching and Wu , 1980; Ching et af., 1983). Likewise, Zhang et al. (2003) agreed to keep 

Platygyria at the genus level and treated P kongtingensis and P muliensis as two 

synonyms of P variabilis. However, there were other two treatments of the genus 

Platygyria. The first involved reducing Plalygyria under Neocheiropteris (Ching, 1933; 

Hennipman el af., 1990), while the second involved merging Platy?yria with Lepisorus 

s.s. (Yu and Lin , 1997). Therefore, the merg ing of Plaly?yria with either Lepisorus or 

Neocheirnpteris, or its acceptance as a distinct genus needs to be assessed. 

As the controversial generic circumscription or position of these taxa shown abuve, 

until now. there has been no taxonomic study aimed at clarifying these problems . 

Therefore, the ubjectives of the present work were, I) to investigate the phenetic 

relationship and use the result to determine the suitability of the generic circumscription 

or position of the Lepisorus and the other three related genera, i.e. Neucheiropteris, 

Paragramma and Platygyria, and 2) to determine the important morphological or 

anatomical characters that can be used to dist inguish these taxa. With the aforesaid 

objectives in mind, both cluster analysis (CA) and discriminant analysis (DA) were 

performed based on 53 qua Iitative and quantitative characters exam in ing 487 herbarium 

specimens . 

Materials and Methods 

Plant materials.' In the present study, about 2500 herbarium srecimens collected 

from around the world and housed at the herbaria in Europe (8M, E, L, K and P) and 

Asia (BCU, BKF, BK . PF, KUN , PYlJ and "1'1) were studied (Herbarium abbreviations 

according to Hollllgn.: ns and Holmgrens, 2008). A total of 487 complete specimens were 

selected for examination constituting the Operational Taxonomic Units (OTUs). (Some 
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representative specimens are listed in Appendix I. A complete list is available upon 
request from the corresponding author.) The specimens that were included in this study 
belonged to Lepisorus ss. and its related three genera, namely Neocheiropteris, 
Paragramma and Platy[!yria. These specimens included specimens of the type species of 
each genus. Most specimens were identified by examining type specimens or 
identifications were made by consulting literature, e.g. Ching (1933), Tagawa and 
Iwatsuki (1989), Zink (1993), Shieh et al. (1994), Hov~nkamp (1998), Verdcourt (2001), 
and Zhang et al. (2003). 

Morphological and anatomical characters. Fifty-three morphological and anatomical 
characters were examined for each of the 487 specimens. Measurement was carried out 
by using a Keiba digital caliper No. I I 1-10 I HB or specimens were measured under 
Stereomicroscope (Zeiss Stemi DV4) and light microscopes (Olympus CH30). Of these 
characters, 26 were quantitative including four ratio characters (Appendix II), and 27 
were qualitative characters scored as binary or multi-state characters (Appendix [II) . 

These characters and their states were used to construct a data matrix. 

Phenetic analysis. The phenetic relationships among the taxa were investigated by 
two types of multivariate analysis: cluster analysis (CA) and canonical discriminant 
analysis (DA). The CA was performed by using an unweighted pair-group method with 
arithmetic average (UPGMA) clustering implemented in the Multivariate Statistical 
Package (MVSP), Version 3.13 (Kovack Computing Services) to place individual 
specimen into groups. Because the characters submitted to analysis were both 
quantitative and qualitative, the Gower similarity coefficient (GSC) was calculated 
(Gower, 1971) and clustered by the group-average method of the MVSP program. I 

A subset of characters that maximized differences among the groups determined by 
CA or other groups (i.e. repisorus ss, Paragramma, Platygyria and Neocheiropteris) 

that were recognized by previous pteridologists as a distinct group were selected by 
stepwise discriminant analysis . Prior to performing discriminant analyses, the data matrix 
was modified, i.e. characters that did not satisfy the assumption of normal distribution 1were transformed by taking them with the natural logarithm. The canonical discriminant 
analyses was performed by using the CLASSIFY procedure in SPSS/PC for Windows, 
release 10.0 (Anonymous, 1999). 

Results and Discussion 

Cluster Analysis (CA). The UPGMA dendrogram that constructed using GSC 
measure showed three discrete groups (Fig. I) at GSC 0.75. Group I included 
Neocheiropteris palmatopedalu and Group 2 comprised the four species of Platy[!yria . In 
addition , Group 3 was the largest group consisting of Lepisurus s.S., N ensata and the I 
two species of Paragramma. 
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At Gower similarity coefficient 0.71, these fern taxa were divided into two groups, 
i.e. Group 1 and a group composed of Groups 2 and 3 (rig. I). Group 1 is distinct from 
the rest mainly by the combination characters of pedatifid lamina, presence of large veins 
at the lamina base and lamina width (more than 120 mm) as shown in the key to the 
genera below. The result suggested that N. palmatopedata was far distinct from the rests 
while the genus Platygyria was more closely related to the genus Lepisorus and 
Paragramma than N. palmatopedata. [n addition , genus Lepisorus, N. ensata and 
Paragramma are closely related to each other than the rest. 

Canonical Discriminant Analysis (DA) DA was divided into two analyses based on 
the number of prior groups obtained: I) four groups, including Lepisorus s.s., 
Neocheiropteris, Paragramma and Platygyria, all of which were assigned based on 
previous recognized genera (such as Christ, 1905; Ching, 1940; Copeland, 1947; Pichi 
Sermolli, 1977; Ching and Wu, 1980; Zhang et ar, 2003); and 2) three groups, including 
Groups I, 2 and 3, which were obtained from CA. Overall, 26 quantitative characters 
were used in these analyses with a purpose to test their groupings . 

. 1 S,ork";f'f/fd"rn 
II ~/1If~qpAlnuJ Chrh(IPI_1m',," 

• L41'Iwrllr 
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Fig. I. UPGMA clustering of 487 Operational Taxonomic Units (UTU s) b(lsed on 53 qu antitative and 
qualitative characters of Lepisorlls. Paragramma. Platygyria and Neocheiropleris. 

Once the stepwise analysis had been performed for all four groups, the linear 
discriminant function classification showed that 97.3% of the specimens had been 
correctly classified. The nature of the differences between the entries were shown by the 
pooled within canonical structure wherein canonical variable I was 97.3% correlated 
with the 26 quantitative characters and explained 86.2% of the total variance, which was 
highly associated with three characters (Table I). Canonical variable 2 was 81.6% 
correlated with the quantitative characters and explained 9.7% of the total variance, 
which was highly associated with four characters. Canonical variable 3 was 68.1 % 
correlated with the quantitative characters and explained 4.2% of the total variance, 
which was highly associated with seven characters (Table I). 
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Table I. Pooled within canonical structure of the four priori groups (Le. Lepisortls, Paragramma, 
Plalygyria and Neocheiropleris) as recognized by pteridologists, results based on 26 quantitative 
characters (Appendix II) scored in this study. Characters in bold were selected by stepwise 
discriminant analysis for further use in canonical discriminant analysis. *indicates the large absolute 
correlation between each variable and any discriminal functions. 

Characters Discriminant function 

2 3 

AW .954* -018 .007 

NM -079* .058 -032 

SPOL .055* -012 -.038 

LL -.049 .017 .034 

LW -.003 .520* -.126 

'SL -014 .440* .086 

STL .056 .364 .014 

LLST .087 .359* -.007 

PHD -.086 .337* .256 

STPH -.081 -.264 201 

RHDM -048 .232 .063 

RSWI -.0(, I .222 -.005 

STD -.097 .201 .195 

RSLE .034 .129 -.100 

SPW .041 -054 .041 

NSSR -091 -.055 .404* 

PHL -.045 . 181 .390* 
c 

LLLF .027 075 .250* 

RHLI -081 135 -.218* 

LFPL -.026 . 024 .210* 
..... 

SW -.010 -036 -192* 

LLLT .003 .129 -.178 

LASL -.031 . 148 -.164 

RHSI -.020 .071 -136 

SPOW . 108 -057 .133* 

SPL .045 .000 .049 

The stepwise analysis was carried out for the three groups, i.e. these groups were split 

by the UPGMA dendrogram using GSC at 0.75. The nature of the differences between 

the entries was shown by the pooled within the canonical structure wherein canonical 

variable I was 97.2% correlated with the 26 quantitative characters and explained 89.7% 

of the total variance, which was highly associated with three characters (Table 2). 

Canonical variable 2 was 81.6% correlated with the quantitative characters and explained 

10.3% of the total variance which was highly associated with seven characters (Table 2). 

The linear discriminant function classification (Table 3) obtaining from the program 

showed that the specimens had been 100% correctly classified; obviously, therefore, this 
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Table 2. Pooled within canonical structure of three groups (i.e. Lepisorus (including Paragramma), 
Platygyria and Neocheiropteris) obtained from CA based on 26 quantitative characters (Appendix 
II). Characters in bold were selected by stepwise discriminant analysis for further use in canonical 
discriminant analysis. * indicates the large absolute correlation between each variable and any 
discrim ina I fu nctions. 

Characters Discriminant function Characters Discriminant function 

2 2 

AW .968* -.033 STPH -.069 -.258 

LLLF .085 .082 PHD -.008 .235 

LL -.070 .012 STD -.072 .219 

SPOW .069 .022 RHDM -.014 .205 

SPOL .056' . . 013 RSWI - 042 . 159 

NM -.034 .0 19 NSSR -.OR8 -.147' 

LFPL -.027* -.023 RHLI .013 .145 

LW -.002 .503* SPW 032 -.126 

SI. -.0 14 .453' SPL .040 -. /19 

LASL -.030 .B3 RSLE .059 .099 

LLLT .018 .310' RHSI .017 .093 

LLST .087 .3 10' PHL -.043 .092' 

STL .043 .306 SW -.0 10 .033* 

Table 3. Classification Function Coefficients of three groups (i.e. Lepisorus (including Paragramma), 
Platygyria and Neoclreimpteris) obtained from CA based on the 26 quantitative characters (Appendix 
II). This linear discrim inanl function classification received from the program showed that the 
specimens had been 100°;.) correctly classified. 

Categories 

Characters Lepisorlls Platygyria NeocheiropleriS 
(including Paragramma) 

NSSR -0.201 -0 .099 -0 .026 

PHL -9 .'180 -6.281 -6.687 

LW 1,'126 .u54 4.198 

SL 25. 130 2.926 3.254 

SW -8 .708 -3 .013 -2.182 

LFPL 2.930 7615 7.031 

SPOL 0.116 0.134 0.100 

AW 0.302 1.306 0.365 

LLST 0./19 0.290 -1.834 

LLLT 1.230 -0.967 -1.146 

(Constant) -89.828 -163 .867 -49.985 
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function could be used for further identification of these ferns. To identify an unknown 

specimen, one needs to mUltiply each character score by its coefficient in each column. 

compute the total for each column, the column with the highest total is the group to 

which the specimen belongs. 

The ordination plot on the two canonical axes obtained from the four groups analysis 

(Fig. 2) showed that canonical axis I divided these plants into two main groups, one 

group included Lepisorus ss., Paragramma and Neocheiropleris, and the other consisting 

solely of Platygyria. However, canonical axis 2 was able to separate N palmalopedala 
from the rest. Therefore, these two axes could divide these ferns into three groups. 

Furthermore, these results were similar when the plants were divided into three groups 

based on the result ofCA (not shown). 
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Fig. 2. Ordination plot on the canonical axes I and 2 of the four priori assigned groups (0: Lepisorus. T: 
Paragrarnrna. LJ: Platygyria. 1\: IVeocheiropleris). 

Circumscription of Lepisorus and Paragramma 

As far as the taxonomic position or circumscription of the Paragramma is concerned, 

there are two different forms of recognition so far, i) the form that maintains them as a 

distinct genus (Ching. 1940; Copeland , 1947: Pichi Sermolli , 1977) and ii) the form that 

combines the Paragramma with Lepisorus S.,I' . (Holttum, 1954; Tagawa and Iwatsuki, 

1989; Hennipman el at., 1990; Hovenkamp, 1998). The key characters that Copeland 
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(J 947) used to distinguish Paragramma from his Pleopellis (i.e. including Lepisorus 5.5 . ) 

were the combination of its soral shape and the presence of lamina scales. In Copeland's 

key to genera of Polypodiaceae, as well as in his description, he showed that 

Paragramma had elongated, oblong or linear-oblong sori and that its lamina was not 

covered by peltate scales, wh iIe his Pleopellis generally had round or elongate sori or 

fused sori, but the elongate-sori species had peltate scales on the lam ina. 

It was observed from this study that Parugramma longifolia and P balleijiJrmis had 

round sori together with elongate sori . Paragramma longifolia , however, had glabrous 

lamina while few clathrate scales occurred on the lamina of P. balteiformis. Moreover, 

both elongate sori and few scales on the lower surface of lamina could have occurred in 

some Lepisorus species, for example L. anguslus Ching, L subconfluens Ching and L. 
scolopendrium Tagawa. So, the combination of lamina scales and soral shape could not 

be used to separate Paragramma from Pleopel/is . Accordingly, Paragramma could not 

also be separated from Lcpisorus by using these characters. 

The results of both CA and DA strongly indicated that Parar;ramma and 

Neocheiropleris ensala were not distinct from Lepisorus ss., so the genus Paragramma 

should be treated as a synonym of the genus [,episorus . Likewise, N ensala should be 

treated as a species of the genus Lepisorus. Furthermore, Fraser-Jenkins (1997) noted that 

N ensata is a misapplied name of N ovala (Fee) Fras.-Jenk. Bosman el af. (1998), 

however, recognized tv'. ensala as Microsorum ensa/um (Thunb.) H. Ito, but also noted 

that their justification was based on a single specimen from Malesia. They also added that 

M. em'alum is probably a hyhrid between a species of Lepisorus and a true Microsorum 

species . 

The results from this study, therefore , strongly support the recognition ofTagawa and 

Iwatsuki (1989) , Hennipman el af. (1990) and Hovenkamp (1998) that the 

circumscription of the genus /' episorlls must include Puragramma. In addition, the new 

finding is that N ensata should be transferred to the genus Lepisorlls. 

Circumscription o{Neocheiropteris and Platygyria 

For Plalygyria, three taxonomic positions have been recognized, i.e. combining with 

Lepisorus 5.S. (Yu and Lin, 1997; C.R. Fraser-Jenkins, personal communication), treating 

it under Neocheiropleris (Ching, 1933; Hennipman el af.. J 990) and maintaining the 

status of distinct genus (Ching and Wu, 1980; Zhang el af.. 2003). Firstly, the Plalygyria 

was proposed as a genus of Polypodiaceae by Ching and Wu in 1980 wherein the 

characters used to define this taxon were the globose sporangium and the very broad 

annulus consisting of scarcely indurate cell walls . Fraser-Jenkins (1997) had an opinion 

that P variabilis should belong to Lepisorus clathralus (C.B. Clarke) Ching and the rest 

of Plalygyia appeared to belong to Phymatopteris Pic. Serm. because according to him 

the type-species, Plaly,eyia waltonii, is in fact a Phyma/opleris. another genus of the 
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Polypodiaceae. However, the genus Phymalopteris is not recognized by Hennipman 
et at (1990) and Smith et al. (2006). It was suggested that annulus characters are not 
constant (C.R. fraser-Jenkins, personal communication), while Zhang el af. (2003) 

determined that they are rather stable. After studying Platygyria in comparison with 
Lepisorus, Neocheiropteris and Paragramma, it was found that the annulus characters 
were not only important in separating Platygyria from Neocheiropleris, but also from 
Lepisorus and Paragramma. However, when herbarium specimens were examined, we 
found that some specimens having both sporangia which were globose, having very 
broad annulus (~ 105 ~lm) and few indurate cells of annulus (i.e. indurate cells of annulus 
1-5 or less than 1/5 of annulus or absent) and sporangia which were flat or slightly flat , 
having narrow annulus «100 Jlm) and prominent indurate cells (i.e. more than half of 
annulus are indurate cell). [t was found from this study that these specimens were mixed 
with specimens of Lepisorus clalhratus and were placed in the folder of Lepisorus 
clathratus complex. However, they should be separated from L. clathratus and put into 
the genus Platygyria. 

In addition, the position of the stomium is an important character to distinguish the 
Platygyria from the rest. According to Wilson (1959), the annulus was the whole ring of 
cells horizontally encircling the capsule and interrupted at the point of attachment to the 
stalk . Most ferns had a row of indurate cells for the annulus, and this row were also 
interrupted by thin wall cells ofl:pistomium, stomium and hypostomium. The stomium in 
most ferns could occur between the epi- and hypostomium. but it could not occur on the 
row of indurate cells of annulus. [n Platygyria, however, the annulus cells are 
homogeneous or slightly homogeneous, and most or all annulus cells had thin walls. For 
these reasons. the position of the stomium in PlatyfYria could not be of constant 
occurrence as in other ferns and call be present throughout or slightly throughout the 
annulus. 

The tuft of hairs dorsally attached to the rhizome scales has been given much weight 
by Ching (1933) and Tagawa and [watsuki (1989) as a characteristic of their 
Neocheiropleris s.l. Examinations of this characteristic found that these hairs could also 
be found in Neocheiropteris palmatopedata, N. ensata and Platygyria waltonii, but they 
were not found in the other Platygyria species. In addition, they could be found in some 
Lepisorus species, i.e. L. kawakami Tagawa, L. macrosphaerus Ching, L. marginatus 
Ching and L. monilisorus (Hayata) Tagawa. Thus, this characteristic could not be 
considered as a diagnostic characteristic of Neocheiropteris. 

Moreover, according to both CA and DA, Platygyria, Lepisorus sf and 
Neocheiropteris were split into three distinct groups (Figs 1 and 2). These results were 
supported by the recognition of Ching and Wu (1980) and Zhang el at (2003) in 
maintaining Plalygyria as a distinct taxon. Therefore, the characteristics of the Platygyria 

were globose sporangia, very broad annulus (? 1OS Jlm) and few indurate cells of annulus 
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(i.e. indurate cell of annulus 1-5 or less than 1/5 of annulus or absent). In addition, the 
circumscription of PlatY?Jwia should include the species or specimens that have similar 
characters . 

Neocheiropteris palmatopedata, the type species and one of the two representatives 
of the genus Neocheirupleris in this study should be kept under Neocheiropteris . The 
striking characters that have never been used as key characters to distinguish it and the 
other taxa are pedatifid laminas and the presence of large veins at the lamina base. Also, 
the lamina width is between 147-376 mm while less than 100 mm lamina width found in 
the rest taxa. Thus the result is also supported by CA and DA. 

Previously, Lepisorus s.s. (Ching, 1933 , 1940), Paragramma (Ching, 1940; 

Copeland, 1947; Pichi Sermolli , 1977) and Platygyria (Ching and Wu, 1980; Zhang el 

af., 2003) were recognized as separate genera by some pteridologists . Also, 
Neocheiropteris was recognized as a distinct genus from the genera above (Christ, J 905). 

The results were examined in terms of morphology and anatomy, and the two 
multivariate analyses of which can be proven to recognize that Platygyria was a distinct 
taxon from Lepisorus, Neocheiropleris and Paragramma. Moreover, N palmatopedata 
should be put into a different group. On the other hand, the circumscription of Lepisorus 

should include N. ensata and Paragramma . 

This study found ten important quantitative characters that could be used for splitting 
Lepisorlls (including N. ensata and Paragramma), N. palmatopedata (here it is 
recognized as a monotypic genus) and Platygyria by including the annulus width , 
sporangium length, length of the fertile pOl1ion of lamina, lamina width, sorus length. 
ratio of lamina length and lamina tip length, ratio of lamina length and stipe length, 
number of sclerenchyma strand in rh izome, phyllopodia length, and sows width . Some of 
these characters, including annulus width and lamina width, and some useful qualitative 
characters i.e. lamina indentation, prominent large vein at lamina base, occurrence of 
indurate cells and stomiulll position were used to construct a key to genera as below: 

Key to genera 

Ia. Annulus width ~ 105 11m. indurate cell of annulus 1-5 or absent. Platygyria 

stomium not constantly positi oned on annulus (rarely not as above) 

Ib. Annulus width :5 95 I1nl. indurate cell are more than half of annulus 2 

cells. stomium between the thin wall epi- and hypostomium 

2a. Lamina pedatitld. lamina width ;- 120 mm. large vein at lamina base Neocheiropteris 

present 

2b. Lamina margin entire or undulate. lamina width < 120 mm, large vein at Lepisorus (including 

lamina base absent Neocheirop/eris ensa/a 

and Paragramma) 
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Appendix I. A list of representative specimens of each species exam ined. 

-Lepisorus amaurolepidus (Sledge) Bir & Trikha: Frase r-Jenkins et al. 24 (Ceylon)~ Jarrett 673 (India)~ 

Manickam 606 (India). -L. annuifrons (Makino) Ching: Faurie 5252 (.Iapan) ~ Kano et al. 26 (Japan)~ Makino 

s.n . (.Japan). -L. bampsii (Pic. Serm) M.1. link ( . L. I!-'(cavalus Ching): Bamp 2962 (Rwanda). -L. bic%r 

(Takeda) Ching: Duclaux 5044 (China)~ Henry 2465 (China); Maxwell 94-1025 (Thailand) . -L. bonillel/sis 

(Christ) Ching: TlIyama 512 (Japan) ; Warburg s.n. (.Japan). -L. c1athralus «('B. Clarke) Ching: Chola 

Rangle 4300 (India) ~ Cischisonl83 (Afghanistan): Ludlow et al. 17223 (Bhllthan). -L. cOl/lorlus (Christ) 

Ching: Fleming 879 (Nepal): Henry 6R('9 (China): i.immerman 3% (Nepal). -L. eilophyllus (Diels) Ching: 

Hen!) 6859 (ChinCl)~ Purdoll1 90 (Chilla)~ Wilson 2636 (China). -L. elongalus (Kaul!,) Chillg Gaudichaud 

S.n. (Sandwich Island) : Hildebrand IS (Hawaii) -L. excavalus (Rory cx Willd) Ching: Burger 505 

(Ethiopia); Ghose .19 (China); Pichi Sermolli 6793 (Ethiopia). -L. jakol/ensis (Blanl') Ching (= L. 

pseudol/lldus Ching) : Blanford 354 (India). s n. (India). -L. mehrae Fraser-Jenk.: Datta 23475 (India); 

Steward 1494 (India). -L. Iwwaliflmi (Hayata) Tagawa : Faurie S. n. (China); Tagawa 47 (Cllina). -L. 

kuchenellsis (Y.c. Wu) Ching: Cadi~re 1126 (Indochina); Colani 2829 (Vietnam)~ Poilane 17045 (Vietnam). 

-L. lewisii (Baker) Ching Henry 9194 B (China) ~ Shearer s.n. (China): Tsang 23481 (China). -L. loriformis 

(Wall <:x Mett) Ching: C. B.CIarke 12':14 7 (India)~ Fleming 1734 (Nepal) . Wallich 271 (Nepal). -L. 

macrosphaerus (Baker) Ching Cavalerie 374R (China) ~ Duclaux 3352 (China) ~ Poilane 26824 (Vietnam). ­



--- - - - ----- --------------------

PHENETIC RELATIONSHIP BETWEEN LEP!SORUS AND RELATED GENERA III 

L. maflus Hovenkamp: De Wilde & De Wilde-Duytjes 1305 (Indonesia); Otto-Surbeck 365 (Indonesia): 

Surbeck 644 (Indonesia). -L. margil/atus Ching: Zhang I (China). -L. megasorus (C.Chr.) Ching: Hancock 
31 (China); Poi lane 5113 (Indochina). -L. mildbraedii (Hieron.) Pic.Serm. (= L. excavatus Ching): Le Walle 
1284 (Burundi), 2442 (Burundi); Taton 270 (Congo-Beige). -L. monilisOTus (Hayata) Tagawa: Chang 4400 
(Taiwan); Faurie 475 (China), 594 (China). -L. morisonensis (Hayata) H.Ito: Tagawa 417 (China). -L. nudus 

(Hook.) Ching: Ballard 1035 (Ceylon); Dharmsani 2028 (Nepal); Stewart 21047 (India). -L. obscure­
veflulosus (Hayata) Ching: Faurie 472 (China); Poilane 25575 (Indochina); Shimizu & Chuang 20418 
(Taiwan). -L. oligolepidus (Baker) Ching: Cavalerie 34 (China); HenlY 2049 (China): Matthew 31 (China) ­

L. onoei (Franch & Sav.) Ching: Iwatsuki 1540 (.Japan); Iwatsuki et al. 5566 (Japan): Ohba 66251)8 (Japan). 
-L. preussii (Hieron.) Pic.Sam.. Brunt 764 (Cameroon); Chapman 62 (Nigeria); Saxer 13 (Cameroon). -L. 

pseudonudus Ching: Luo 237(64) (China): Wilson 2633 (China). -L. pseudo-ussuriensis Tagawa: Faurie 

591(China). 644 (China); Tagawa s.n. (China). -L. schraderi (Mett.) Ching: Chase 6568 (Rhodesia); 
Loveridge 392 (Uganda); Pichi Sermolli. P. 5141 (Tanzania). -L. scolopendrium (Ching) Mehra & Bir: 

Gamble 8212 (India); Hancock 104 (China): Smitinand et al. 1744 (Thailand). -L. sesquispedalis (J.Sm.) 
Fraser-Jenkins (= L. scolopefltirium (Ching) Mehra & Bir): Chola Rangle 4399 (India): Duthie 51 R3 (India): 

Kari 176 (China). -L. subcofljluel/s Ching: Hennipman 3141 (Thailand): Rock 8727 (China): Snitinand 4667 
(Thailand) . -L. .mbtineuris (Raker ex Takeda) Ching: Hancock 83 (China): Henry 9062A (China): Tagawa et 
al. 2878 (Thailand). -L. thunbergiuflus (Kaulf.) Ching: Cox el al. 198 (China); Taquet 3656 (Korea): Wilsoll 
53179 (China) -L. losaensis (Makino) H.IIO: Tagawa & Iwasuki 3716 (Japan). -L. ussuriensis (Regel & 

Maack) Ching: Furuse 7138 (Japan); Komrov 46 (China); Tagawa 764 (Japan). -Neocheiropteris ensala 
Ching: Tagawa and Iwasuki 539 (.Japan); Gustav Mann. S.Il. (India); Tagawa,Togashi and Kanoi S.n . (Japan). 
-N. pafmntopedala Christ: Beauvais 830 (China); Chang 808 (China); Kokonor Tibet complex expedition 

13339 (China): Oin 83 (China). -Paragrammn ballei/ormis (Brause) Hovenkamp: Brass 23289 (Papua New 
Guinea). 12075 (Papua New Guinea). -Po fongi/olia (Blume) T. Moore: Boonkerd 1191 (Thailand): Cadiere 

791 (Vietnam): Edano 35625 (Philippines). -Pf01ygyria inaequibasis Ching & S.K. Wu Li & Wang 20658 

(China): Wu el al. 75-771 (China): Zhang (Dian tcam) 1753 (China). -Po soulieafla (Christ) X.c. Zhang & 

O.R. Liu: Dt:lavay 207/1 (China): Li 3 (China). -Po variabilis Ching & S.K .Wu: Ching 23475 (China): Chu & 
Feng. 747 (China): Sykt:s & Williams 3503 (Nepal). -Po walloII;; (Ching) Ching & S.K.Wu: l.it1ledale s.n. 

(China): Tibetean team 74-3626 (China): Walton s.n.(China) 

Appendix II. A list of 26 quantitative characters with unit or character states used in the study of 
LepisoTUs and its related genera. 

Abbrevintioll Characters 

RHDM rhizome diameter in mm 
RHSI shortest rhizome internode length in mm 
RHlI longest rhizome internode length in mm 
NM number of meristele in rhizome 
NSSR number or sclerenchyma strand in rhizome 
RSLE rhizome scale length in mm 
RSWI rhiwme scale width in mm 
STl . stipe length in mm 
STD stipe diameter at the middle of its length in mm 
PHL phyllopodia length in mm 
PHD phyllopodia diameter at the middle of their length in mm 
LL lamina length in mm 
LW lamina width in 111m 
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Abbreviation Characters 

LASI length of th e apical sterile portion of lamina in mm 

SI sorus leng.th in mm 

SW sorus width in mm 

LFPL length of the ferti Ie portion of lamina in mm 

SPOL sporangium length in ~m 

SPOW sporangium width in ~m 

AW annulus width in pm 

SPL spore leng.th in ~1J1l 

SPW spore width in ~m 

STPH ratio of stipe length and phyllopodium length 

LLST ratio of lamina length and stipe length 

LLLT ratio of lamina length and lamina tip length 

LLLF ratio of lamina length and length of fertile portion 

Appendix m. A list of 27 qualitative characters with unit or character states used in the study of 
Lepisorus and its related genera. 

Abbreviatioll Characters 

RHS rhizome surface: Ilot glaucous (0) . glaucous and not glaucous (I). glaucous (2) 

RSA apex of rhizome scale: obtuse (0). obtuse and acute (I). acute and acuminate (2), filiform (3) 

RSB base or rhizoille scale: obtuse and round (0), obtuse and round and cordate (I). cordate (2) 

RSM margin of rhi zo me sca k: entire (0). entire. dentate and denticulate (I). dentate and denticulate 
(2) 

RSS shape or rhi7.0me sca le: lan ceolate and triangular and ovate (0). circular. lanceola te . triangular 
and ovate ( I ) 

RSCL clathrate appearance or rhizonl\: scale : clathrate throughout (0). center clathrate with non 
clathrate marg in (I). center clathrate with non clathrate margin. and center opaque with 
clathrate or non clathrate margin (2), center opaque with clathrate and non clathate margin (3) 

RSOR orientation of rhizome scale : appressed (0), apprc:ssed and slightly spreading (I), slightly 
spreading (2). strongly spreading (3) 

RSCO colour of rhizome scale: one colour (0), one and two colours (I). two colours (2) 

RSAT attachment type of rhizOllle scale: all scale basi fi xed (0), pseudopeltate, basi fixed and peltate 
(I), all scale peltate (2) 

RSLJS appearance of hairs on upper surface of rhizome scale: absent (0), present ( I ) 

RSL lobe of rhizome scale: absent (0) , present (I) 

RSIP insertion point of rhizome scale : at base and close to base more than apex (0). at base. at the 
middle and close to base more than apex (I) 

LI lamina indentation: margin entire and undulate (0), auriculate (I), hastate and pedati fid (2) 

LA lamina apex: acute (0), acute and acuminate (I), acute. acuminate. obtuse and round (2), acute, 
obtuse and round (3). acuminate (4). acuminate. obwse and round (5). obtuse and round (6) 

LT lamina texture: membranaceous and chartaceous (0). membranaceous. subco riaceous and 
coriaceous (I). subcoriaceous and coriaceous (2) 

ABL abaxial surface of lamina : lamina glabrous (0). lamina covered by few to low density of scales 
near the base or near midrib or on midrib ( I) 

AOL adaxial surface of lamina : lamina glabrous (0). lamina glabrous and covered by f.:w to moderate 
den sity of scales near lamina base or nea r midrib or on midrib (I) 

LPL longitudinal posture of lamina margin : flat (0) , slightly revolute (I). strongly revolute (2) 



113 PHENrTlC RELATIONSHIP BETWEEN LEPISORUS AND RELATED GENERA 

Abbreviation Characters 

LV veins or lateral vein prominence on abaxial surface of lamina: inconspicuous (0). inconspicuous 
and conspicuous (I). conspicuous (2) 

LBS symmetry of lamina base: symmetric and nearly symmetric (0). present both symmetric and 
asymmetric base ( I ) 

SODBA sori distribution between lamina base and apex: only on upper half (0), on upper half and 
reaching to the lower half (I); only on lower half (2) 

SORN sorus row number between midrib or rachis, and the margin: one row (0), one row and more 
than one row (I). more than one row (2) 

SOPO sorus position between midrib and frond margin: only at the middle (0) at the middle to close to 
midrib (I) ~ at the middle to close to the margin (2). close to midrib to close to the margin (3), 
only close to the midrib (4)~ only close to the margin (5) 

SOR sori orientaion when compare with the closest midrib : not oblique (0). present both oblique and 
not oblique sori (I). ublique (2) 

STOP stomium position: at the position between the thin wall epi­ and hypostomium (0). not 
constantly positioned on annulus (I) 

INDC occurrence of indurate cells: more than half of annulus are indurate cells (0), indurate cell of 
annulus 1-5 or less than 1/5 of annulus or absent (I) 

BALV large vein at lamina base: absent (0). present (I) 
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Dendrobium hirsutum Griff. (Orchidaceae), a New Recorded Species 
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Dendrobium 
collected from 
Sanctuary, Loei 
Thailand. This is 

hirsutum Griff_ was 
Phu Luang Wildlife 
Province, northeastern 
the first record for the 

country and the species is described and 
illustrated. This finding increases the 
taxonomic data for the Orchids Flora of 
Thailand Project. 

Dendrobium Sw. section Formosae (Benth. 
& Hook. f.) Hook. f. is comprised of about 
55 species and occurs from the Himalayas 
to the Philippines and Sulawesi (Sa­
thapattayanon, Yukawa and Seelanan, 
unpublished). Seventeen species of the 
section were enumerated from Thailand l

. ft 
is believed that section Formosae, formerly 
called section Nigrohirsutae (Lind\.) Schltf., 
can be distinguished from the other 
Dendrobium sections by the presence of 
blackish hairs on the leaf blades and leaf 
sheaths . However, several species from the 
Philippines and Borneo do not present this 
character. In fact, only the hard-textured 
flowers with white, greenish or yellow 
perianth lobes characterize the section]. 
Phylogenetic analyses of Dendrobium based 
on molecular data also indicated the 

*Corresponding author: 
E-mail : tosak.s@chula.ac.th 

polyphyly of section Formosae3
• 

In the course of revisionary work of the 
Dendrobium section Formosae for the 
Orchids Flora of Thailand Project, we found 
that three Dendrobium specimens, from 
northeastern Thailand, were similar to D. 
longicornu LindI4

., although there is ne 
previous record of this species frorr 
Thai land 1,5. 

This study was based on three specimem 
collected from the Phu Luang Wildlife: 
Sanctuary, Loei Province, northeastern 
Thailand. Determinations of identificatiop 
were made with the help of the keys tc' 
species of the Dendrobium section Formosae. 
by Seidenfaden l

•
6 and Pradhan7

. The original 
descriptions of relevant species were 
reviewed for further identification. For 
comparison, we also examined herbarium 
materials deposited at AAU , BCU, BM, BR, 
C, E, K, L, P, TNS and W8

. 

SYSTEMA TICS 

All morphological characters of the 
{)endrobium specimens from Phu Luang 
roughly matched with those of D. 
longicornu in the keys provided by 
Seidenfaden (1992)6 and Pradhan (1979)7. 
However, several features are different from 

mailto:tosak.s@chula.ac.th


86 NAT. HIST. J. CHULALONGKORN UNIV. 9(1), APRIL 2009 

the protologue and type specimens of D. 
longicornu. We found that the Thai 
specimens agree very well with the original 
description and type specimen of D. 
hirsutum Griff. 9

,lo described from Assam, 
India. Previously D. hirsutum has been 
interpreted as a synonym of D. longicornu 
because they have a similar floral 
morphology . The flowers are white with 
yellowish orange or yellow veins on the 
labellums and the mentums are narrowly 
conical. However, D. hirsutum is 
characterized by its widely obovate petals, 
transversely oblong and serrate mid-lobe of 
the labellum, whilst D. longicornu has 
lanceolate petals, ovate and fimbriate mid­
lobe of the labellum. A taxonomic revision 
of this latter species complex will be 
published elsewhere (Sathapattayanon, 
Yukawa and Seelanan, in preparation), 

We thus confirm that Dendrobium 
hirsutum Griff, is newly recorded for 
Thailand and the description, based on these 
Thai materials, is given below. 

Delldrobium hirslltum Griff. 
(Fig. I) 

Delldrobium hirsutum Griff., Not. PI. 
Asiat. 3: 318, 1851; leon. PI. Asiat. 3: t. 
305, 185t; Rchb.f., Gard. Chorn. 18: 488, 
1884. Type: India, Assam, Khasia 
Mountain, Churra Ponjee, Griffith S.n. 

(holotype K-LINDL!) Dendrobium 
longicornu vaL hirsuta (Griff.) Hook.f., FI. 
Brit. India 5(2): 720, 1890. 

Flowering shoots erect, slender, cylin­
drical, green or I ight green, 3 1-48 cm long, 
internodes 2.9-4.4 cm long, 0.4-0.7 cm in 
diameter, more or less sulcate, leafy at the 
upper part of stem, Foliage leaves 
d istichous, thin Iy coriaceous, spread ing or 
slightly recurved, green or dull green, 

lanceolate or narrowly elliptic, 7.5-8,2 cm 
long, 1.2-1.8 cm wide, apex unequally bi­
lobed, each lobe acute, mid-vein grooved 
above and ribbed below, young leaves 
covered with dense, black, hirsute hairs, 
adaxial surface of mature leaf becoming 
glabrous, more or less waxy, abaxial surface 
sparsely with short, black, hirsute hairs, 
becoming glabrous with age; leaf-sheaths 
2.5-3.8 cm long, covered with caducous 
black hairs. Inflorescences abbreviated, 
solitary or 2-flowered, subterminal on leafy 
stem, raising from the base of leaf-sheaths 
opposite the blades; peduncle and rachis 
light green, 0.3-0.5 cm long, glabrous; floral 
bracts greenish brown or brown, oblong or 
elliptic-oblong, concave, 0.5-0.6 cm long, 
0.3-0.4 cm wide, apex acuminate, abaxial 
surface covered with scattered black hairs, 
3- to 5-veined. Flowers papyraceous, 
resupinate, unscented, up to 2.3-3 . 1 cm in 
diameter, veins obscured, visible when 
aged. Sepals white, spreading, slightly 
recurved at distal part, margin entire , 
abaxial surface waxy with distinct keel, 
wing-like at apex; dorsal sepal ovate or 
oblong-ovate, 1.5-1.9 cm long, 0.9-1.0 cm 
wide, apex acuminate, 6- to 7-nerved; lateral 
sepals obliquely oblong-triangular, posterior 
margin 1.9-2 . 1 cm long, anterior margin 
3 .5-4.3 cm long, 1.0-1.1 cm wide at base, 
apex acuminate, 7- to 8-nerved. Mentum 
white or pale orangish white from outside, 
narrowly conical, straight, 2.4-2.7 cm long, 
0.3-0.5 cm in diameter at base, 0.2-0.4 cm 
in diameter at apical part, apex obtuse. 
Petals white, obovate or widely obovate or 
elliptic, spreading, slightly recurved, 1.8-2,0 
cm long, 0.9-1.3 cm wide, apex obtuse, 
margin entire, 10- to I 2-nerved. Labellum 3­
lobed, 4.0-4.4 cm long, 2.6-3.0 cm wide 
across side lobes; claw orange, narrowly 
triangular, 1.4-1 .6 cm long; side lobes white 
with creamy or yellowish orange or yellow 
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FIGURE 1. Dendrobium hirsutum Griff. A. Whole plant; B. Blackish hairs on leaf blades and leaf sheaths; C. Leaf 
apex; D. Unopened flower, side view; E. Flower, side view: f. Flower. front view : G. Flower, oblique view: H. 
Dorsal sepal; I. Side view of dorsal sepal, note the abaxial keel on surface; J . Lateral ~epal: K. Petal; L. 
Labellum; M. Column and column foot , from helow; N. Column and column foot, side view; O. Apical part of 
column, anther cap excised; P. Anther cap; Q. Pollinia. All line draw ings were drawn by Mr. Yotsawate 
Sirichamorn from W. Wichainsin e/ al. s.n. 

veins on adaxial surface, obliquely ovate or 
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obliquely elliptic, apex obtuse, margin 
crenate and slightly undulate, 6- to 7­
slightly elevated veins running along each 
side lobe, each vein covered with short hair­
like callus along distal half; disc thickening, 
narrowly oblong, smooth, becoming 3­
keeled with hair-like callus at distal end; 
mid-lobe white or yellowish orange, 
transversely oblong, 0 .3-0.5 cm long, 0.6­
0.9 cm wide, apex 2-lobed or indistinctly 2­
lobed, margin serrate or irregularly lobed, 2 
to 4 yellowish orange veins, bearing ·hair­
like callus, continuing from side lobes and 3 
yellowish orange keels, bearing hair-like 
callus, continuing from disc. Column white 
or very pale orange, 3.5-4.0 mm long, 3.0­
4.0 mm wide; foot orange or yellowish 
orange, slightly concave, tapering 
downwards to narrowly conical mentum, 
8.8-9 .2 mm long, minutely papillose; 
stigmatic cavity white or ivory white, 
elliptic; stelidia triangular; connective 
narrowly triangular; anther cap white, 
obovate, 2 .5-3.0 mm long, 2.2-2 .7 mm 
wide, apex rounded or truncate, basal 
margin ciliate, surface very minutely 
papillose, adaxial surface sulcate; pollinia 4, 
yellow, each pollinium narrowly elliptic, 
without caudicle and visidium. Pedicellate 
ovary white or greenish white, narrowly 
clavate, curved, 3.0-3 .3 cm long, glabrous, 
somewhat waxy with 6-grooves. Capsule 
not seen. 

Thailand.- NORTHEASTERN : Loei 
[Phu Luang Wildlife Sanctuary, 12 Nov. 
1998, W. Wichainsin S.n. (transparency 
slides, BCU); Phu Luang Wildlife 
Sanctuary, 29 Oct. 1999, W Wichainsin et 
af. S. n. (spirit specimen, BCU); Phu Luang 
Wildlife Sanctuary, 20-28 Oct. 2000, W 
Wichainsin S.n. (spirit specimen, BCU)]. 

Distribution.- China, India, Myanmar, 
Laos and Vietnam. 

Ecology.- The plants grow on muddy 
rocks near Huay Loei Nga Stream, in lower 
montane coniferous forest, at an altitude of 
1,200-1,300 m a.m.s.1. Flowering period: 
October to November. 

Note.- Dendrobium hirsutum was first 
discovered and described by William 
Griffith9

. On the basis of data from 
herbarium specimens, the species is widely 
distributed from Ind ia through southern 
China, Myanmar, Laos to nOlthern Vietnam. 
This orchid species occurs from 1,000 to 
1,800 m above mean sealevel. Therefore, the 
distribution of D. hirsutum in northeastern 
Thailand is not surprising, but it seems likely 
that this species is rare and only three 
specImens were collected from the same 
location. 
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Distribution of the Big-Headed Turtle (Platysternon megacephalum, Gray 
1831) in Thailand 
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Kruewan Pipatsawasdikul, Harold K. Voris, and Kumthorn'Thirakhupt (2010) Distribution of the big-headed 
turtle (Platystemon megacephalum, Gray 1831) in Thailand. Zoological Studies 49(5): 640-650. The distribution 
of the big-headed turtle Platystemon megacephalum, Gray 1831 in Thailand was studied from Dec. 2006 to 
Apr. 2009. Mountain streams of protected and unprotected areas throughout Thailand, except in the southern 
peninsular region, were ground surveyed. This study confirms the occurrence of P megacephalum in 1 new 
and 9 previously reported river basins in ·the northeastern part of Thailand. Among these, 22 new localities 
at elevations of 430-1350 m were reported . Most P megacephalum individuals were found at night in small, 
often rapidly flowing mountain streams in dry dipterocarp and montane rainforests. The water temperature of 
these streams ranged 15.S-20.3°C (X = 19.04 ± 2.10°C, n = 33), pH values ranged 5.32-8.07, and water depths 
were 14.0-95.0 cm (X =41.67 ± 25.30 em, n =33). The turtles appeared to be most abundant at elevations 
of 630-720 m. Platysternon megacephalum populations face serious threats from habitat loss, human 
consumption, and commercial harvest of turtles . This species urgently needs an aggressive conservation 
program to ensure its survival. http://zoolstud .sinica .edu.tw/Journals/49.5/640.pdf 

Key words: Platystemon megacephalum, big-headed turtle, distribution, Thailand. 

T he big-headed turtle Platysternon Thailand, the 1 st records of P megacephalum were 
megacephalum is one of 5 endangered turtles and from Mae Hong Son, Phetchabun, Chaiyaphum, 
tortoises in Thailand (Nabhitabhata and Chan-ard and Kanchanaburi Provinces (Gairdner 1915). 
2005). It is classified as an endangered species Later, Wermuth (1969) extended the range to 
on the /uCN Red List (2008) due to threats posed Chiang Mai Province while Taylor (1970) confirmed 
by habitat degradation and by hunting and trapping that the species had been taken in Chiang Mai, 
for consumption related to traditional Chinese Loei, and Kanchanaburi Provinces (a map showing 
medicine, for the pet trade, and for ex situ captive the provinces of Thailand can be found at http:// 
breeding programs (van Dijk and Palasuwan 2000). en.wikipedia.org/wikil Provinces of Thailand) 
This small to medium-sized turtle is best known This range was later extended to include Skon 
for it... huge head that cannot be withdrawn into its Nakhon Province (Nutaphand 1979, Humphrey 
shell and a long tail (Burnie and Don 2001). and Bain 1990) and also new sites in Lampang 

The geographic range of P megacephalum (Unakornsawas 1995) Tak, and Kanchanaburi 
includes southern China and mountainous areas of Provinces (Thirakhupt and van Dijk 1995). Thus, 
Vietnam, Laos, Cambodia, Thailand, and Myanmar Nabhitabhata and Chan-ard (2005) summarized 
(Ernst and Barbour 1989, Bonin et al. 2006). In the species distribution in Thailand as including 
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Chiang Mai, Mae Hong Son , Loei , Phetchabun, 
Chaiyaphum, Kanchanaburi , Phrae, and Tak 
Provinces. 

From the above published reports, this 
species has been found in ten of the 25 main 
river basins of Thailand : Mae Nam Salawin, Mae 
Nam Ping, Mae Nam Kok, Mae Nam Wang, and 
!'viae Nam Yom in the north , Mae Nam Pasak in 
the center, Mae Nam Khong Mae Num Moon and 
Mae Nam Chi in the northeast, and Mae Nam Mae 
Klong in the west. 

Prior to this study, our knowledge of the 
distribution and status of this species was 
somewhat limited and out of date. The purpose 
of this study was to explore the present-day 
distribution of and habitat use by P megacephalum 
in Thailand and to provide baseline data required 
for conservation decisions . To this end , we 
surveyed mountain streams throughout non ­
peninsular Thailand, compiled literature and 
museum records, and conducted a questionnaire 
survey. 

MATERIALS AND METHODS 

Museum surveys 

Specimen data records for P megacephalum 
from Thailand were requested from numerous 
major museums. Museum collections containing 
P megacephalum specimens from Thailand were 
as follows : American Museum of Natural History 
(AlVIN H), NY, USA; Chulalongkorn Univ. Museum 
of Zoology (CUMZ), Bkk, Thailand ; Field Museum 
of Natural History (FMNH), Chicago, IL, USA; 
Florida Museum of Natural History (FLMNH), 
Gainesville, FL, USA; Institute and Natural History 
Museum (SMF), Senckenberg, Germany; Museum 
of Comparative Zoology, Harvard Univ. (MCZ) , 
Cambridge, MA, USA; Museum of Zoology, Univ. 
of Michigan (UMICH), Ann Arbor, MI , USA; Natural 
History Museum & Biodiversity Research Center, 
Univ. of Kansas (KU), Lawrence, KS, USA; Natural 
History Museum (I\JHMB), Basel, Switzerland; 
Thailand Natural History Museum (THNHM), 
PT, Thailand ; The Natural History Museum 
(3MNH) , London, UK; Smithsonian Institution, 
National Museum of Natural History (USNM) , 
Washington DC , USA; and Zoological Museum, 
Univ. of Copenhagen (ZMUC), Denmark. Catalog 
information, including locality data, from each 
reference specimen was assessed and then used 
along with the results of the questionnaire survey 

to plan the ground surveys. 

Questionnaire surveys 

An initial survey concerning P megacephalum 
was conducted by mailing 263 brief questionnaires 
to local forestry offices within Thailand . The 
offices included national parks, sanctuary units, 
wildlife research units, and non-hunting units of the 
national parks, the Wildlife and Plant Conservation 
Department , and the fisheries offices of the 
Department of Fisheries, throughout Thailand with 
the exception of the southern peninsula which 
lies well outside this turtle's known range . The 
results of the survey were gathered over a 1-yr 
period (2006-2007) and they were used to identify 
localities that merited ground surveys. In addition, 
based on other informal reports and personal 
communications, several other parks, sanctuaries, 
and unprotected areas were surveyed for P 
megacephalum. The survey questions were in the 
Thai language and primarily sought knowledge of 
1 st-hand observations of the big-headed turtle. 

Ground surveys 

From Dec . 2007 to Apr. 2009 , intensive 
investigations were carried out in areas about 
which we had positive sighting information . 
To gain positive confirmation sightings of P 
megacephalum, we drew upon the knowledge 
and experience of local hunters and forest rangers 
who spend at least some of their time in the field. 
Photographs of the big-headed turtles were used 
to insure good communication with local rangers, 
and advice was sought as to which catchments 
were thought to have turtles . Night surveys were 
conducted between 19:00 and 24:00 on mountain 
streams that had been identified. The survey 
team consisted of one of us (KP), a team of 3 or 
4 from the Chiang Dao Wildlife Research Station, 
and several local rangers . In addition , in some 
cases, several local villagers joined the search . 
The search included stream banks, stream riffles 
and pools, and areas under large rocks and logs 
within the stream. In addition, some streams were 
searched during daylight hours. At each location, 
up to 5 night surveys were conducted per stream 
depending on sightings. Surveys at a site were 
discontinued as soon as 1 P megacephalum was 
observed . 

When an animal was observed, it was 
captured and ecological and morphological data 
were recorded. Straight-line measurements of 
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each specimen were taken with dial calipers 
accurate to 0.1 mm for the carapace length 
(Cl), carapace width (CW), plastron length (Pl), 
plastron width (PW), head length (Hl), and tail 
length (Tl). 

To ass e sst h e 0 v era II ran g e 0 f P. 
megacephalum in Thailand, locations of all recent 
findings were plotted on a map which includes river 
basins (Fig. 1). In presenting the detailed locality 
data in figure 1, we have carefully considered 
both the practical and ethical implications raised 
by Fong and Qiao (2010). We recognize that 
there is a risk of the data being used to facilitate 
exploitation , but because many of the same 
localities are already published (e .g., Fong and 
Qiao 2010) or accessible on the Internet (e .g., the 
EMYS system), we have decided to provide the 
information to further advance turtle research. 

RESULTS 

Museum surveys 

In total, collection localities of 29 museum 
specimen records were reviewed. Eight of the 
29 ~pecimens were recorded as coming from 
Thailand, without additional locality details (Table 
1). One locality record simply consisted of laotian 
mountains. The remaining specimens had detailed 
location data within Thailand and are shown in 
figure 1. 

Questionnaire surveys 

Of the 263 questionnaires distributed, 111 
(42.2%) were completed and returned. Of these 
111 responses, 63 (-57%) reported some evidence 
of P. megacephalum in their region. Positive 
reports came from 18 provinces and included 11 
of the 25 river basins of Thailand . Each area that 
had a positive response was visited, and ground 
surveys were conducted to attempt to verify the 
current presence of P. megacephalum. 

Ground surveys 

In total, 40 locations were surveyed . At 6 
locations, no turtles were observed. At 34 of the 
40 locations, P. megacephalum was observed 
within streams. This survey documents that P. 
megacephalum is widely distributed in the same 
9 previously reported river basins (Mae Nam 
Salawin , Mae Nam Ping, Mae Nam Kok, Mae 

Nam Wang, and Mae Nam Yom in the north; Mae 
Nam Khong and Mae Nam Chi in the northeast; 
Mae Nam Pasak in the center; and Mae Nam Mae 
Klong in the west) plus 1 new river basin (Mae 
Nam Nan in the north). 

Most of these turtles were observed in 
streams during dry periods between Nov. and 
Apr. They were observed both at night and 
during the day, and although nearly all were 
collected under water, a few were observed resting 
above the water line on a log or rock within the 
streambed. Based on the results of this study, P. 
megacephalum was found in 22 new localities in 
10 river basins in Thailand (Table 1). Platysternon 
is found in Thailand as far north as the Fang 
District, Chiang Mai Province in the Mae Nam 
Kok river basin (20 0 3'30.6"N, 99?14.T'E) and 
as far south as the Thong Pha Phum District, 
Kanchanaburi Province in the Mae Nam Mae 
Klong river basin (14°41'25.7"N , 98°24'28.9"E). In 
fact, the latter is one of the most-southern localities 
that has recently been confirmed for the species. 
Elevations of the localities ranged 430-1350 m. 

From observations made in this study, P. 
megacephalum is primarily nocturnal as reported 
by Kirkpatrick (1995). During the daytime, they 
were observed underwater beneath logs or rocks 
and wedged into cracks between boulders near 
either a small waterfall or a location with rapidly 
flowing water. At night, they were observed 
walking along the stream bottom apparently 
searching for food or waiting for prey. They 
were seen in rocky mountain streams ranging 
in width from < 1 to 6.7 m in dry dipterocarp and 
montane rainforests. The weight of the 34 turtles 
ranged 15-1625 g, and the following sections 
present essential new information on traditional 
morphological characters associated with the 34 
Platysternon turtles observed in the ground survey. 

Carapace and plastron 

Among the 34 individuals, 1 dead and 15 live 
turtles had Cls of < 140 mm and were considered 
juveniles. The smallest juvenile had a CL of only 
52.4 mm and was observed in the Thung Jor 
watershed management unit. The largest female 
among the 4 adult females captured was observed 
at Phu Suan Sai National Park. She had a Cl of 
209.6 mm and a CW of 148.1 mm. Her plastron 
measured 164.2 mm long and 121.7 mm wide. 
The Cl ranged 145 .2-209 .6 mm among the 4 
females , while the CW ranged 104.7-148.1 mm. 
The Pl ranged 1150-164.2 mm among the 4 
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Fig . 1. Distribution of Platystemon megacepha/um in Thailand combining previously known localities (circles) and 22 new localities 
(stars) . Details on the numbered localities are given in table 1. 
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Table 1. Localities for Platysternon megacephalum in Thailand. In the 2nd and 3rd columns, the numbers 
in parenthesis refer to the locality numbers in figure 1 and the uppercase letters refer to the following: 
D, district; P, province; NP, national park; WS, wildlife sanctuary; WU, watershed management unit; DE, 
dipterocarp forest, MT, montane rainforest 

River basin Locality confirmed from this study Site Geo-referenced record Elevation (m) Forest type Authority 

Latitude (N) Longitude (E) 

Northem 

MaeMlm Khun Yuam (D) , Mae Surin 18'54'34.4' 96' 6'16.6" 1120 DE Nabhitabhata et aI. 2000; 
Salawin Mae Hong Son (P, 1) Waterfall (NP) Nabhitabhata and Chan-ard 

2005; this study 

Mae Hong Son (P) CUMl(R) 2008.09.30.1 

Mueang (0), Maesamad (WU) 16' 59'16.2' 96' 9'240" 1300 MT' This study 
Mae Hong Son (P, 2) 
Pai 0, Mae Hong Son (P. 3) Mae Lao·Mae Sae (WS) 19' 10'21.4' 96'33'5.6" 1004 DE This study 

Mae Nam Mae Taeng (D), Chiang Mai (P, 4) Tung Jor (WU) 19'6'59.4" 96' 36'43.3" 1250 DE This study 

Ping Chiang Oao (D), Chiang Oao (WS) 19'25'48.3" 96'49'16.9" 920 DE Nabhitabhata et al . 2000; 
Chiang Mai (P, 5) Nabhitabhata and Chan-ard 

2005; this study 

Phrao 0, Chiang Mai (P, 6) Si Lanna (NP) 19'16'4.4" 99'18'50.6' 860 DE This study 

Samoeng (0), Chiang Mai (P, 7) Samoeng (WS) 19'2'1.7" 98'37'48.9" 1189 DE This study 

Mueang (0), Chiang Mai (P, 8) Doi Suthep-Pui (NP) 18' 48'41 .2" 98'56'67" 605 DE Nabhitabhata et al. 2000; 
Nabhitabhata and Chan-ard 
2005: this study 

Ooi Suthep 18' 48' 98' 55' USNM 101652 

Ooi Suthep lMUC R2402 

Mae Wang (D), Chiang Mai (P, 9) Khun wang (WU) 18'38'49.6" 98'31'6.8" 1160 OE This study 

Mae Chaeam (0) , Ooi Inthanon (NP) 18' 31'16.9" 98' 27'29.2" 1031 MT Nabhitabhata et al. 2000; 
Chiang Mai (P, 10) Nabhitabhata and Chan-ard 

2005 ; this study 

Chom Thong (D). Chiang Mai (P, 11) 18'25' 98' 44' USNM 101665 

Mueang (0), Tak (P, 12) Lan Sang (NP) 16'43'57.6" 98' 58'42.4" 900 DE This study 

Me Taw (D), Tak (P. 13) 16'52' 99' 08' MCl29535 

Upper Me-ping at Muang Kuan SMF 70531 

Mae Nam Mueang Pan (D), Chae Son (NP) 18'50'SO.I' 99' 27'25.1' 700 OE Unakornsawas 1995; this study 
wang Lampang (P, 14) 

Si Satchanalai (0), Si Satchanalai (NP) 17'35'47.8' 99' 15'26.6" 430 OE This study 
Sukhothai P (15) 

Mae Nam Mueang (0), Phrae (P, 16) lum Nam Nan (NP) 17'58'50.6' 100'18'19.7' 1100 DE Wongkom 2004; CUMl(R) 
Yom 2008.09.30.2-5; 

this study 

Song Khwae (D), Nan (P, 17) Tham Sakoen (NP) 19'22'15.4' 101 ' 33'21 .8" 663 OE This study 

Mae Nam Pua (0), Nan (P, 18) Ooi Phu Kha (NP) 19'15'53.4" 101 ' 6'25.1" 850 OE This study 

Nan Bo Khau (D), Nan (P, 19) Khun Nan (NP) 19'10'32.1' 101'11'8.5" 960 OE This study 

Nam Pad (0), Uttraradit (P, 20) Klong Tron waterfall (NP) 17'47'12.9' 100'24'19.8" 603 OE This study 

Tha Pia (0), Utlraradit (p, 21) Lum Nam Nan (WS) 17' 13'0.3' 100' 14'15.9" 497 DE This study 

Nakhon Thai (0), Phu Hin Rong Kia (NP) 17' 0'420' 100' 58'27 .7" 1204 MT This study 
Pitsanulok (P, 22) 

Khao Kho (D), Phetchabun (P, 23) Thung Salaeng Luang (NP) 16'48'24.6' 100' 58'37.6" 654 DE This study 

Mae Nam Chai Prakan (D), Chiang Mai (P, 24) Pha Oaeng (NP) 19' 44'1.4" 99'3'40.2" 860 DE This study 

Kok Fang (D), Chiang Mai (P, 25) Ooi Pa Hom Pok (NP) 20' 3'30.6" 99' 7'14.7" 1350 MT Nabhitabhata et al. 2000: 
Nabhitabhata and Chan-ard 
2005 ; this study 

Mae AI (D), Chiang Mai (P, 26) Ooi Pa Hom Pok (NP) 20' 0'42.4" 99'10'11.9" 1310 MT This study 

Mae Suay (D), Chiang Rai (P, 27) Ooi Wieng Pha (NP) 19'41 '20.5' 99' 19'50.2" 837 DE This study 

Wieng Papao (D), Chiang Rai (P, 28) 19'22' 99'30' USNM 101666 

Northern Thailand SMF 66464 

Pa Melung , N. Thailand BMNH 1921.4.1.195-6 
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females, while the PW ranged 91.8-121.7 mm. 
The largest male among the 14 adult males was 
captured at Tad Mog National Park and was 
f'l}arly as large as the largest female with a CL of 
192.3 mm and a CW of 144.5 mm. His plastron 
measured 148.9 mm long and 144.0 mm wide. 
The CL ranged 141.1-182.3 mm among the 14 
males, while the CW ranged 106.4-144.5 mm. The 
PL ranged 114.2-148.9 mm among the 14 males, 
while the PW ranged 95.5-144 .0 mm. 

Table 1. (continued) 

River basin Locality confirmed from Ihis sludy Sile 

~' )[Ihem 

The carapace of both sexes is quite flat, 
squared-off anteriorly and rounded posteriorly. 
The carapace coloration of adults was variable : 
light brown, reddish-brown, olive, yellowish-brown, 
and dark gray (Fig . 2) . Carapacial scutes lacked 
growth annuli in old adults, and had a radiating 
pattern in young adults. The plastron color also 
varied: yellow, brownish, olive with yellowish and 
dark gray with dark brown or light brown seams 
and a large black blotch in the center (Fig. 2) . The 

Geo-referenced record Elevation (m) Forest type Authority 

Latitude (N) Longitude (E) 

Mae Nam Meaung (D) . Prayao (P. 29) Ooi Luang (NP) 19'10'26.3" 99' 45'3.9" 665 DE This sludy 
Khong Phu Sang (D). Prayao (P. 30) Phu Sang (NP) 19'42'43.3" 100' 25'32.9" 676 DE This study 

Mae Nam Phu Ruea (D). Loei (P. 31) Phu Ruea (NP) 17"29'56.9" 101 '20'18.5" 1099 DE Taylor 1970; 
Khong Nabhitabhata et al. 2000 ; 

Nabhitabhata and Chan·ard 
2005; this study 

Na Haeo (D), Loel (P, 32) Phu Suan Sal (NP) 17'30'46 .2" 100' 56'33 .7" 940 DE Thi Sstudy 

Phu Luang WS, Loei P (33) Phu Luang (WS) 17'20'1.4" 101 ' 31'48 .5" 1220 DE Chan·ard 2005; TH NHM 13561 . 
Ihis sludy 

Ban Nong Wai, Dan Sai, Loei P (34) 17'21' 101 "04' USNM 141782 

Mae Nam Phu Kradung (D), Loei (P, 35) Phu Kradung (NP) 16'52'19.5" 101'45'24.9" 1287 MT Taylor 1970; Nabhrtabhata el al. 
Chi 2000: Nabhitabhata and 

Chan·ard 2005; this study 
Phu Kh iao (0). Chaiyphum (P, 36) Phu Khiao (WS) 16'23'11.1" 101'33'2.8" 891 DE Kumsook et al. 2006 

('<!ntral 

Mae Nam Mueang (D). Phetchabun (P. 37) Tal Mog (NP) 16'22'35.7" 101 '22'51 .3" 652 This study 
Pasak Lomlo Mt. Nam Nao (D), 17'01' 101'05' KU 40064 , KU 129716 

Phetchabun (P, 36) 

Nam Nao, Phetchabun Gairder 1915; Nabhrtabhata et al. 
2000 ; Nabhilabhata and 
Chan·ard 2005 

West 

Mae Nam Umphang (D), Tak (P, 39) Umphang (WS) 16'6'1 0.6" 98'56'54 .6" 645 DE Thirakhupt and van Oijk , 1995: 
Mae Klong Nabhitabhata et al " 2000 . 

Nabhitabhata and Chan ·ard. 
2005 : this study 

Thong Pha Phum (0). ThOng Pha Phum (NP) 14' 41'25.7" 96'24'28.9" 933 DE Thirakhupt and van Oijk 1995; 
Kanchanaburi (P, 40) Nabhitabhata et al. 2000 ; 

Nabhitabhala and Chan·ard 
2005 ; this study 

Sai Yoke , Kanchanaburi (P, 41) 14'07' 99'08' NHMB8416 

Eastern 

Mae Nam Mount Angka, Phetchaburi (P, 42) 12'40' 99'41' MCl43056 
Phetchaburi 

No specific locality known Laotian mountains BMNH 1882.10.7.1 

Thailand AMNH R96944; FLMNH 85197-B; 
85268·9; 99178; 99561 ; SMF 
72662 
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carapace of juveniles was more brightly colored; 
dark brown, greenish-brown, and green with a 
serrated posterior at the carapacial rim, while the 
plastron was orange with a large black blotch in 
the center (Fig . 3). 

Head 

The head is oversized and triangular such 
that the turtle cannot withdraw its head into its 
shell. HW ranged 50.5-70.3 mm, and HL ranged 
53.0-88.9 mm in 18 adult animals over 140 mm CL. 
The following ratios describe the head in proportion 
to carapace measurements: HW/CW 0.38-0.51 (X 
=0.47 ± 0.03, n =18). HW/CL 0.31-0.37 (X =0.34 
±0.02, n =18), HLlCW 0.44-0.68 (X =0.54 ± 0.06, 
n = 18), and HLlCL 2.05-2 .87 (X = 2.53 ± 0.26, 
n = 18). The top and sides of the turtle's head 
are covered with large horny scales. The head is 
yellowish-brown to olive and dorsally may have 
some dark yellow or brown spots. The snout, chin, 
jaws, and throat are brown with yellow, orange, 
pink, or red mottling . The mouth may show either 
dark or light mottling. Pink or brown blotches also 
appear in their cheeks or neck. 

Limbs 

The toes are slightly webbed with strong 
claws. Four toes of the forelimbs and 5 toes of the 
hind limbs are light to dark brown and are covered 
with large scales. Pink or brown blotches seldom 
appear on the thighs. 

Tail 

The tail is long and whiplike, covered 
with large scales, and is usually as long as the 
carapace (tail length 140 .0-227 .6 mm in adult 
animals over 140 mm CL, TLlCL 0.97-1 .39 (X = 
1.15 ± 0.11, n = 18)). 

DISCUSSION 

A comparison of historical data on the 
distribution of P megacephalum in Thailand from 
the literature and museum specimens with the 
results of our current field surveys show some 
changes in occurrence over time. We surveyed a 

Fig. 2. The different color morphologies of the carapaces of adult big-headed turtles; (A 1) brown, (B 1) reddish-brown, (C1) olive, (01) 
yellowish-brown and (E1) the new morph, dark gray; all with a squared-off front and rounded back end. The plastrons are usually (A2, 
02) yellow, (B2) brownish, (C2) olive with yellowish and (E2) the new dark gray morph o These specimens are from (A) the Mae Samard 
Watershed Management Unit, Mae Hong Son Province in the Salawin river basin , (B) the Umphang Wildlife Sanctuary, Tak Province in 
the Mae Klong river Basin, (C) the Tad Mok National Park. Phetchabun Province in the Pasak river basin, (0) the Pha Daeng National 
Park, Chiang Mai Province in the Kok river basin and (E) the Phu Suan Sai National Park, Loei Province in the Khong river basin. 

http:2.05-2.87
http:0.44-0.68
http:0.31-0.37
http:0.38-0.51
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from researchers 20-30 yr ago (Nutaphand 1979, 
Humphrey and Bain 1990), our recent ground 
survey did not find P megacepha/um in the Mae 
Nam Moon river basin. Although records of P 
megacepha/um in Phu Khiao District, Chaiyaphum 
Province in the Mae Nam Chi river basin exist and 
we obtained positive sightings information from the 
questionnaire, we could not confirm this by survey 
due to local security restrictions upon access to the 
area. In this area , Kamsook et aL (2006) reported 
that 3 big-headed turtles were found at elevations 
of 870, 876, and 891 m. Moreover, in the Mae 
Nam Pasak river basin , P megacepha/um was 
reported in Nam Nao National Park, Phetchabun 
Province, on several occasions over earlier and 
recent times (Gairdner 1915, Nabhitabhata et al. 
2000, Nabhitabhata and Chan-ard 2005); yet in 
our study, we did not find any big-headed turtles in 
Nam Nao National Park, but rather observed them 
in nearby Tat Mog National Park, Mueang District, 
Phetchabun Province. 

The coloration of P megacepha/um shells 
was reported to be quite variable, ranging from 
yellowish-brown to olive (Ernst and Barbour 
1989, Kirkpatrick 1995, Bonin et al. 2006) In 
this study, we observed 2 new color morphs: 
dark-gray carapace in old adults and greenish­
brown carapaces in juveniles (Figs . 2, 3). In 
addition, we noted that the same carapace 
color was often found at several localities thus 
questioning the value of color morphs as a 
marker of subspeciation . In view of this within­
locality variation and our small sample sizes, the 
3 subspecies proposed by Nutaphand (1979) and 
Wermuth (1969) are not recognized in this study. 
However, a comprehensive study of geographic 
variations in coloration, morphology, and genetic 
markers is needed to address relationships among 
big-headed turtle populations within Thailand. 

Previous to our work, P. megacepha/um 
in Thailand was reported to occur only above 
800 m and in streams that are usually narrower 
than 1 m wide and < 10 cm deep (Kirkpatrick 
1995, van Dijk 2002). In contrast, we found 
that P megacepha/um occurred at 430-1350 m 
with the most common elevations at 630-720 m 
(n = 7). Moreover, P megacepha/um was found 
in streams both wider and narrower than 1 m, with 
water depths of 14.0-95.0 cm. Furthermore , while 
P megacepha/um was reported to be restricted 
to locations with rapidly moving water (Ernst 
and Barbour 1989, Kirkpatrick 1995) , we found 
2 individuals in still water, albeit during the dry 
season. P/atystemon is known to live in waters at 

temperatures of 12-17°C (Ernst and Barbour 1989, 
Kirkpatrick 1995) and even up to 24 °C (van Dijk 
2002). Our results (15.5-20.3°C) fall within these 
values. 

Results from informal interviews with local 
people at the various localities visited suggest that 
P megacepha/um is less common now than in the 
past due to hunting. However, our ground surveys 
suggest that a few large populations may be 
present in remote areas that are difficult to access 
or near villages where turtles are not regularly 
sold or eaten. These findings strongly support 
the notion that a monitoring program is needed to 
detect trends in numbers of big-headed turtles in 
Thailand . 

Unfortunately, in many of the areas visited , 
we found that P. megacepha/um was regularly 
consumed and occasionally traded between 
villagers or sold at local markets. During this study, 
the Royal Thai Police seized 81 big-headed turtles 
(17 live and released , 64 dead) in Loei (4 Dec. 
2007); 26 individuals in Phrae (29 Jan. 2008); 25 
turtles in Lampang (7 Mar. 2008); 6 dead in Loei (29 
July 2008); 5 animals in Loei (2 Aug . 2008); and 2 
big-heads in Nan Province (3 Sept 2008). These 
incidents demonstrate that P. megacepha/um 
is threatened by continued poaching for local 
consumption and trade Although the cited 
raids and confiscations of P megacepha/um are 
known to villagers , recent information indicates 
that the illegal trade continues . Notwithstanding 
this situation, Thailand is truly one of the last 
strongholds of this monotypic genus of turtle . 
P/atysternon is far worse off in adjacent countries 
that are more heavily impacted by the strong 
Chinese demand for this turtle (Stuart and Timmins 
2000) . 

Habitat ava i lability for big-headed turtles 
is of major importance and fortunately most 
areas of occurrence in Thailand are largely 
within protected areas (van Dijk and Palasuwan 
2000). Although P. megacepha/um was found 
in protected areas in this and earlier studies , 
we still know that turtles are being illegally 
harvested and are likely declining in numbers. 
Important factors in the long-term persistence 
of big-headed turtles are the maintenance of 
appropriate natural forest ecosystems and the 
elimination of poaching. Based on their current 
limited distribution and threats, P megacepha/um 
should remain an endangered species in Thailand . 
Further, we recommend strong legislative action 
to protect this species and a long-term monitoring 
program to detect future changes in distribution 
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a!1d population numbers (e.g ., see Chen and 
Lue 2009) . Enforcement authorities should be 
encouraged to be more vigilant in preventing the 
consumption and trade. Educational programs 
that foster national pride in natural resources and 
conservation awareness should be developed 
within local communities that share their land with 
big-headed turtles. 
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Abscisic acid (ABA) applied exogenously at 100 IloM prior to and during the salt-stress period induced 
salt tolerance in both the salt-susceptible (LPT123) and the genetically related salt-resistant (LPT123­
TC171) rice lines. enhanced the survival rate by 20%, and triggered prOline (Pro) accumulation earlier 
than that by salt-stress alone. supporting a role for Pro as an osmoprotectant. In both rice lines. salt­
stress induced OsP5CSI gene expression. suggesting that proline accumulation occurs via OsP5CSI gene 
expression during salt stress. An increase in the endogenous ABA level was required for the induction 
of OsP5CS 1 gene expression by salt stress. Under salt stress. topical ABA application-induced Osp5CS 1 
gene expression only in the salt-resistant line but up-regulated OsP5CR gene expression in both rice lines. 
suggesting that the increased proline accumulation and salt resistance induced by topical ABA application 
may result from the up-regulationofOsP5CR and not. directly at least. from Os P5CS I. Moreover. exogenous 
ABA application lip-regulates OsCaml-1 (the salr-stress-responsive c.Jlmodulin) gene expression. and 
calmodulin was shown to playa role in the Signal transduction cascade in proline accumulation during 
salt stress. These data suggest the role of the calmodulin signaling cascade and the induction of Osp5CR 
gene expression in proline accumulation by exogenous ABA application. 

\!) 2010 Elsevier BY All rights reser ·ed. 

L Introduction 

Green plants are some of the most specious eukaryotes on 
terrestr'.al earth after insects and nematodes, with some 500.000 
species. and probably diversified from a single land coloniza­
tion. However, terrestrial plants are subject to often extreme and 
hostile changes in their environment, but, in contrast to many ani­
mals and prokaryotes. as sessile organisms they are essentially 
unable to move away from rapidly changing adverse environmen­
tal conditions, Therefore, they have evolved a remarkable ability to 

cope with highly variable environmental stresses. including cold, 
drought and soils with changing salt and nutrient concentrations, 
as part of their successful colonization of the ever changing terres­
trial habitats. With respect to domesticated plants, the inability to 
resp.ond to. or the trade-off costs of such stress responses to, these 
changing environmental stresses together represent the primary 
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cause of crop losses across the world (Boyer. 1982), reducing aver­
age yields for most major crop plants by more than 50% (Bray et aI., 
2000). In contrast. this can be compared to the estimated yield loss 
caused by pathogens, which although well known and researched 
as a problem, actually account for typically only around 10-20% loss 
(Kreps et aI., 2002)_ln addition to competitive economic issues, the 
ever increasing demand for both food and material crops, includ­
ing green fuels. against the decreasing availability of new land for 
agriculture, means that increased efficiency of existing agricultural 
practices is essential. Therefore, the reduction of crop yield loss 
through stress is one important prime target along with pathogen 
and disease reduction. A number of attempts have been pursued 
to significantly reduce the effects of environmental stress, such 
as screening and selective breeding for new plant cultivars with 
desired stress-tolerant characters, and the investigation of stress ­
tolerant plants as model systems to evaluate the stress-tolerant 
mechanisms. 

Exposure to desiccation_ salt stress and low temperature are 
generally accompanied by an increase in endogenous abscisic 
acid (ABA) levels prior to activation of a number of water- and 

Please cite this article in press as: Sripirwowanich. s_. et al .. Exogenolls ABA induces salt tolerance in indica rice (Oryza sativa L): The role of 
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salt-stress-induced genes (Chandler and Robertson. 1994). the 
products of which are thought to be involved in protection of 
the cell or in recovery from the stress-mediated physiological 
insult. Indeed. ABA is an important signal for triggering plant 
responses to adverse environmental conditions during vegetative 
growth (Leung and Giraudat. 1998; Nambara and Marion-Poll. 
2005). and ABA coordinates many of these stress responses. includ­
ing the ilT'mediate stomatal closure. osmolyte accumulation and 
the induction of the synthesis of stress-related proteins. such as late 
embryogenesis abundant and heat shock proteins. reactive oxy­
gen scavengers. etc. However. whilst many abiotic-stress-inducible 
genes are controlled by ABA. some are not. which indicates that 
both ABA-dependent and ABA-independent regulatory systems are 
involved in stress-responsive gene expression (Bray et al.. 2000; 
Zhu.2002). 

In support of this. there are observations that the application 
of exogenous ABA to both whole plants. and in tissue culture 
explants or protoplasts. facilitated the adaptation to subsequent 
increased sa linity (salt stress) in several phylogenetically diverse 
plants. ABA treatment prior to an increased sa linity insult w as 
reported to improve the growth of the common bean (Phaseo/us 
vulgaris) (I<hadri et al.. 2007). to reduce leaf abscission and increase 
salt tolerance in citrus plants (Gomez-Cardenas et al.. 2003). and 
to induce salt adaptation in jojoba (Simmondsia chinensis) shoots 
grown in vitro (Mills et al.. 2001). 

Moreover. exogenous ABA application was shown to reduce the 
sodium concentration or its translocation to shoots. resulting in a 
salt-tolerant adaptation in both the cereal grass Sorghum (Amzallag 
et al.. 1990) and the common bean (Khadri et al.. 2007). whilst the 
increase in the K+ INa+ ratio in rice following exogenous ABA appli­
cation correlated with the increased salinity tolerance (Bohra et al.. 
1995). 

Adaptation by plants to stress involves morphological. physi­
ological and biochemical changes. including the accumulation of 
osmolytes such as proline (McCue and Hanson. 1990; Demiral and 
Tiirkan . 2006). which are thought to play an adaptive role dur­
ing osmotic stress (for review. see Delauney and Verma. 1993; 
Tiirkan and Demira!. 2009). Under salt-stress conditions. the ele­
vated AB!. levels inhibit Na' and C! transport to shoots in intact 
bean seedlings (Karmoker and Van Steveninck. 1979). and it has 
been suggested that the resultant changes in ion concentrations 
together with the increase in endogenous ABA level s generate the 
signal for the induction of stress-induced genes. If correct. ABA 
may play an important role in the tolerance of plants to increasing 
salinity. 

Proline is a dominant organic molecule that accumul ates in 
many organisms (Sawahel and Hassan . 2002) following exposure 
to environmental stresses. and especially under salt-stress condi­
tions (Delauney and Verma. 1993; Jimenez-Bremont et al.. 2006; 
Tripathi et al.. 2007; Xue et al.. 2009). However. the role of pro­
line accumulation in salt tolerance is contradictory and unresolved. 
Some researchers have suggested that proline accumulation may 
be related to the degree of salt (Igarashi et al.. 1997; Demiral and 
Tiirkan. 2(06)orosmotic(Hien et al.. 2003) tolerance in rice whilst. 
in contrast, others have suggested that it is a symptom of salt­
stress injury rather than an indicator for resistance (Lutts et al.. 
1996; Bangyeekhun et al.. 2004). Nevertheless. within this contro­
versy. Hien et al. (2003) suggested that for rice cultivars proline 
accumulation is a possible indicator of osmotic tolerance. 

Some support for a potentially general protective rather than 
5ymptomatic role for proline accumulation and sa lt-tolerance 
: omes from the observations that the exogenous topical application 
:>f ABA to non-stressed plants triggers proline accumula tion in the 
:ereals barley (Pesci. 1987). maize (Ober and Sharp. 1994) and rice 
:Chou et al.. 1991). as well as Brassica and Arabidopsis (Finkelstein 
3nd Somerville. 1990). In addition. under salt-stressed conditions. 

a low level of ABA (1 j..lM) increased proline accumul ation in the 
shoot of the common bean which also correlated with enhanced 
salt tolerance (Khadri et al. . 2007). 

Proline is synthesized from glutamate via two intermedi­
ates. glutamic -y-semialdehyde and t,' -pyrroline-5-carboxylate. 
The first step is catalyzed by t,' -pyrroline-5-carboxylate synthetase 
(P5CS) and is rate-limiting (Delauney and Verma. 1993; Hu et al.. 
1992; «avi Kishor et al .. 1995; Yoshiba et al.. 1995: Igarashi et al.. 
1997; Hong et al.. 2000). 

Homologous P5CS genes have been isolated from various plant 
species. including two P5CS gene homologues in rice (Oryza sativa 
L). OsP5CSI and OsP5CS2 (Igarashi et al.. 1997; Hien et al.. 2003). 
However. their partial characterization to date reveals different 
transcript expression patterns between them. Thus. OsP5CSI tran­
scripts are up-regulated by NaC!. osmotic. dehydration and cold 
shock (Igarashi et al.. 1997). whilst OsP5CS2 tran scripts are addi­
tionally up-regulated by mannitol (Hien et al.. 2003). In addition. 
although both genes are up-regulated by exogenous ABA under 
normal conditions. the kinetics differ with a faster and stronger 
up-regulation of OsP5CS I transcri pts compared to that for OsP5CS2 
in whole indica rice seedlings. and differential expression levels in 
different tissues (Hur et al.. 2004). This is in good agreement with 
the differential expression patterns of the two homologous genes 
in Arabidopsis. AtP5CS I and AcP5CS2. in terms of tissue tropism and 
the kinetics and levels of transcript expression (Strizhovet al.. 1997: 
Yoshiba et al.. 1999; Abraham et al.. 2003). 

The data summarized above raise the issue of whether OsP5CS I 
gene expression is related directly to salt stress and ABA func­
tion in O. sativa L. since it remains unknown if OsP5CSI acts via 
an ABA-dependent pathway under salt stress. Thus. as a required 
prelude to evaluate such. the objective of the present investiga­
tion was to determine the appropriate concentration of exogenou~ 

ABA application that can induce salt tolerance and also trigger pro­
line accumulation and. additionally. to establish the relationship 
between OsP5CSI gene expression levels and ABA function. Based 
on previous reports. where exogenous ABA treatment increa sed 
P5CS transcript level s in Arabidopsis rha/ialla (Strizhov et al.. 1997: 
Yoshiba et al.. 1999; Abraham et al.. 2003). we considered the 
possibility that OsP5CS might be regulated by ABA in rice. If 
that is the case. we speculate that exogenous ABA application 
at a dose that induces sa lt tolerance and proline accumulation 
should induce OsP5CSl transcript levels. However. if not. other 
genes in the proline biosynthesis pathway should be investi­
gated. 

The proline synthesis pathway with glutamate as a pre­
cursor requires two enzymes. pyrroline-5-carboxylate synthase 
(P5CS). and pyrroline-5-carboxylate reductase (P5CR). In Ara­
bidopsis. during osmotic stress. only P5CS. but not P5CR. gene 
expression was well correlated with proline content (Yoshiba et 
al.. 1995 ; Savoure et al.. 1997). In maize and wheat the activ­
ity of P5CR during water stress was increased in correlation 
with the accumulation of proline. whilst increased Ca2+ levels 
also led to the elevated accumulation of proline in both plant 
species (Nayyar. 2003). The calmodulin antagonist. trifluoper­
azine. decreased P5CR activity and proline content, suggesting the 
involvement of Ca2+ and calmodulin in P5CR function (Nayyar. 
2003). 

Genome-wide identification and analyses of the rice calmod­
ulin and related potential calcium sensor proteins indicated that 
there are 243 proteins in the rice genome that possibly have an 
'EF-hand' motif. These include five O. sativa L Cam (OsCam) genes 
and 32 O. sativa L. Cam-like (OsCML) genes (Boonburapong and 
Buaboocha. 2007). The OsCam I-I gene expression level was shoWL 
to be rapidly (1 h after s tress) and highly increased in respo nse to 
sa lt stress (0.15 M)( Phean-o-pas et al.. 2005. 2008). and then slowly 
decreased 2 and 4 h after the treatment. This result indicates that 
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Fig. 4. The effects of copically (exogenous) applied 100 I-lM ABA on OsPSCSI 
transcript expression levels in Ihe salt-sensilive (LPT1D) and salt-tolerant (LPTI23­
rel7l) indica rice lines grown under normal conditions. The dala are shown as the 
mean:!: I SD and are derived from J repeats. 

higher than that in the LfYf123 cultivar. Although the potential 
maximum proline accumulation levels in leaves were attained at 
the same time as in the treatment without ABA, at Days 9 and 12 
for LPT123 and LPT123-TC171, respectively, the maximum levels 
Htained for both rice lines were higher after ABA application and 
oNere essentially the same between them (Fig. 3). 

3.4. ABA regulates OsP5CSl transcript expression in both rice lines 

The potential involvement of ABA in modulating the OsP5CSl 
Tanscript levels was investigated by following the OsP5CSl tran­
;cript levels after topical exogenous application of 100 ....M ABA or 
)y topitalleaf(SG1) or topical leaf and root (systemic) (SG2) appli­
:ation of abamine SG, an inhibitor of ABA biosynthesis (Kitahata et 
II.. 2006). After 3 days of exogenous topical ABA application, sig­
1ificant increases in the OsP5CSl transcript levels were clearly seen 
n the two-week-old seedlings of both the salt-sensitive (LfYf123) 
md the salt-tolerant (LPT123-TC171) rice lines compared to those 
~rown under normal conditions. However, the numerically higher 
nduced OsP5CSl transcript levels seen in the LPT123 cultivar than 
:hose in the LPT123-TC171 line was not statistically Significant 
Fig. 5). After 6 days the transcript levels had fallen in the salt­
;usceptible LPT123 cultivar to the same level as those seen from 
'he plants without ABA application, whereas in the salt-tolerant 
.fYf123-TC171 line the transcript levels were further and signifi­
:antly increased reaching some 2-fold higher levels than those on 
)ay 3.ln both of these indica rice lines the OsP5CSl transcript lev­
'Is 9 days after ABA treatment had returned to near the basal levels 
IOd showed only weakly elevated transcript levels compared to the 
:ontrols (rig. 4). Thus, relative to the salt-sensitive line, the salt­
olerant line appears to have a higher induction level, and a more 
Jrolonged response, of elevated OsP5CSl transcript levels. 

Although salt stress was found to induce the OsPSCSI transcript 
~xpression in both rice lines, the magnitude and kinetics markedly 
liffered (Fig. 5) from that induced by topical ABA application 
Fig. 4). After only 2 days of salt stress, the OsP5CSI transcript levels 
'Vere some 8-fold higher in both rice lines, but with higher basal and 
;alt-stress-induced transcript levels in the salt-resistant line com­
Jared to that in the salt-sensitive cultivar (Fig. 5). Interestingly, 
he salt-stress-induced elevation (e.g. at 2 days after treatment) 
)f the OsP5CSl transcript expression was reduced by the topical 
SG 1), and especially the topical leaf and root plus (systemic)(SG2), 
Idministration ofabamine SG (Fig. 5). Moreover, this inhibition was 
nore marked in the salt-resistant line. Taken together, these data 
upport the involvement of ABA in the control of OsP5CSl gene 
~xpression in both rice lines, even though the two lines exhibited 
lightly different responses to ABA. 

To confirm that the application ofabamine SG causes a reduction 
in the ABA content and also inhibits other ABA-responsive genes, 
both the ABA content in leaves and the expression of the ABA­
induced OsClPKl5 (Xiang et aI., 2007) and OsCYP707A5 (Yang and 
Choi. 2006) transcript levels , were evaluated by RT-PCR. Applica­
tion of abamine SG caused an approximately 10-12-fold reduction 
in the ABA content in leaf tissues after 2 days of treatment (Fig. 6). 
It should be noted that measurement of the ABA content had to 
be determined within this short period because rice seedlings sub­
jected to both salt stress and abamine SG application did not survive 
for a longer period. 

With respect to OsClPK15 gene expression, under normal con­
ditions a reduction in the OsCIPK15 expression level was clearly 
seen on the second day of the treatment and this reduction was 
comparable in both rice lines. However, abamine SG treatment 
caused a further significant reduction in the transcript levels in 
both the LPT123 and LPT123-TC171 rice lines grown under both 
normal and salt-stress conditions, with the exception of the salt­
resistant LfYf123-TC171 line grown under salt stress, in which only 
a slightly reduced transcript level was found (Fig. 7). Under the 
salt-stress condition, the reduced OsCIPKl5 transcript levels was 
only detected after 2 days of combined salt stress and abamine SG 
treatment. 

With respect to the expression of OsCYP707A5, abamine SG 
treatment clearly resulted in a reduced transcript level in both 
rice lines, when grown under normal conditions (Fig. 7). Salt-stress 
alone induced a significant up-regulation of OsCYP707A5 transcrip' 
levels in both rice lines, but the magnitude of the up-regulation 
was reduced with abamine SG treatment. Moreover, the expression 
of OsCYP707A5 was different between these two tested rice lines, 
with the salt sensitive LPT123 cultivar showing a lower transcript 
level than the salt-resistant LfYf123TC171 rice line. With abamine 
SG treatment under normal growth conditions, a reduction in the 
OsCYP707A5 transcript level was clearly detected after 1 day of 
treatment in both rice lines, but under the salt-stress conditions, 
transcript levels only decreased towards normal levels after 2 days 
of treatment. 

3.5. Induction of OsP5CS 1gene expression by salr srress is 
decreased in the LPT123 [ulrivar and delayed in rhe 
LPTI23-TCI 71 line by exogenous ABA 

A significant induction of OsP5CS 1 transcript levels by salt stress 
was clearly detected in both rice lines after 3 days of salt-stress 
treatment, with an almost 2-fold higher level being observed in 
the LPT123-TC171 line compared to that of the salt-sensitive cul­
tivar (Fig. 8). The expression levels declined thereafter, but the 
LPT123-TC171 line still showed highly elevated transcript levels 
after 6 days compared to the more rapid decrease back towards 
basal levels that was observed in the LPT123 cultivar. Interest­
ingly, given the proposed involvement of ABA as an inducer of 
OsP5CSl transcripts, the topical application of 100 ....M ABA onto 
seedlings markedly decreased the level of OsPSCSI transcripts 
induced by salt stress in both rice lines after 3 days of treat­
ment' and numerically slightly (but not statistically significantly) 
thereafter at Days 6 and 9 for the LPT123 cultivar. However, 
after 6 days of exogenous ABA application together with salt 
stress, the OsP5CSl transcript levels appeared to be up-regulateu 
in the salt-tolerant LPT123 -TC171 line. After 9 days of treat­
ment, no significant effect of topical exogenous ABA application 
upon the OsP5CSl transcript levels was observed in both lines 
(Fig. 8). 

These results indicate that in the LPT123 and LPT123-TC171 
rice lines the exogenous ABA application during salt stress reduced 
and delayed, respectively, the salt-stress-mediated induction of 
OsP5CSl gene expression, and suggests that OsP5CSl is not directly 
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responsible for the early proline accumulation seen in response to lines after three and 6 days of treatment (Fig. 9). However, after 9 
the topic~1 ABA treatment prior to salt stress (Fig. 3). days, the levels of the OsP5CR transcripts in both rice lines were 

comparable to those of the controls. 
3.6. 	 Exogenous ABA up-regulated OsP5CR gene expression in both 
the LPTI23 and LPTI23-TCI71 rice lines 3.7. OsCam I-I gene expression of LPT/23 and LPTI23TCI71 rice 

responded differently to salt scress and exogenous ABA treatment 
In order to investigate if any of the enzymes in the proline syn­

thesis pathway was up-regulated after topical ABA application, and Since the calmodulin gene, OsCam I-I, has previously been 
,0 could have led to the higher accumulation of proline, the level reported to be induced within 4 h of salt-stress treatment (Phedn­
Jf OsP5CR transcripts was investigated by RT-PCR. Salt stress was o-pas et aI., 2005), we investigated OsCam I-I transcript levels in 
Jbserved .0 induce OsP5CR transcript expression and, moreover, both the salt-susceptible and salt-resistant rice lines. Salt stress 
~xogenous ABA application additionally further up-regulated the up-regulated the OsCam I-I transcript levels in the salt-resistant 
')sP5CR transcript levels in both the LPT123 and LPT123-TC171 rice LPT123-TC171 line. but not in the salt-susceptible LPT123 cultivar 
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(I) and salt-stress (2) conditions. The OsActin gene was used as the internal control of equal loading of the mRNA. 

(Fig. lOA and B). When the seedlings grown under normal condi­
tions were treated with exogenous ABA. a similar response between 
the two rice lines were found with a low induction of OsCam /-/ 
transcript levels being detected only in the salt-resistant LPT123­
TC171 ~ : ne. However. when grown under the salt-stress condition. 
ABA application caused a significanr induction of OsCam /-/ tran­
script levels in both rice lines, but with an earlier and a stronger 
response in the LPT123 rice seedlings (Fig. 10C and OJ. 

3.8. Calmodulin plays a role in proline accumulation during salt 
stress 

In order to investigate if calmodulin plays a role in the proline 
accumulation during salt stress in rice. the calmodulin antagonist. 
W-7, was applied to the salt-susceptible and the salt-resistant rice 
lines and the proline accumulation level was determined. It was 
clearly shown that a 3- and 8.6-fold reduction in the proline content 
was found in the LPT123 and LPT123-TC171 rice lines. respec­
tively. when W-7 was applied to the rice seedlings during salt stress 
(Fig. 11 '. 
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4. Discussion 

Topical exogenous ABA application has been shown to improve 
the salt tolerance in Sorghum (Amzallag et al.. 1990). citrus 
plants (Gomez-Cardenas et al.. 2003) and common beans (Khadri 
et al.. 2007). However, the ABA concentration required for the 
induction of salt tolerance differed markedly from species to 
species (1 ~M-lO mM). Whether this reOects different adsorp­
tion efficiencies between plants or differences in the ECso for 
the induction of the required genes or changes in physiology is 
unclear. In ollr study, the two different but genetically closely 
related rice lines with different salt tolerance levels responded 
differently to various concentrations of topically applied ABA. 
In the salt-sensitive LPT123 cllitivar. exogenous ABA applicat;on 
increased the survival rate after growing in salt stress from 10% 
to 30%. whilst in the related salt-tolerant LPT123-TC171 line. Lip 
to 55% survival could be obtained after ABA treatment. Overall. 
an approximate 20% increase in the survival rate frolll salt stress 
was attained when the appropriate concentration of ABA wa s 
applied. 

._._--------_.._-_. 

BuHer 

BuHer 

LPT123 
__._-------_..__._---_._---_._--_.. _] 

ABA ABA + Sail 

Treatment 

LPT123C171 

------------------1 
! 
I 

! 
I 

I 
! 

ABA ABA + Sail 

Treatment 

OOhr 

OOhr 

DO .S hrs 

01 hr 

a2hrs 

1114 hrs 

Fig. 10. OsCam I-I gene expression in LPTI23 (A) and LPT123-TC 171 (B) rice cliitivars under normal (control) and s~lt -stress conditions. The errects of topic~1 ABA application 
during normal (ABA) and salt-stress (ABA + salt) on OsCam 1·/ gene expression are also shown for both rice cultivars (C and DJ. 
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Bohra et aL (1995) reported an increase in the K+/Na' ratio in 
'ice following exogenous ABA application and concluded that the 
10l'mone might be a means to alleviate the natural reduction in the 
('INa+' ratio following NaCl-mediated salt stress. and thus faeili­
'ates salinity tolerance. 

In this study. the topical application of ABA resulted in a sig­
1ificant increase in the shoot and root fresh weights in both the 
;alt-susceptible and salt-resistant indica rice lines. but these were 
wt in stoichometric accord with the changes in shoot and root dry 
Neights. but rather were more marked. at least initially. This sug­
:ests that exogenous ABA plays an important role in water balance 
luring salt stress. In this light. it is of note that ABA can induce 
;tomatal closure (Taiz and Zeiger. 2004). Thus. in this scenario. the 
Jretreatment of rice with topical ABA application may trigger the 
;tomatal closure response. and thus reduce the water loss asso­
:iated with salt stress. but at the cost of reduced photosynthetic 
mabolism. 

Salt-stress-induced proline accumulation has been reported 
n many plant species. such as rice (Chou et al.. 1991; Igarashi 
~t aI., 1997; Hien et aL. 2003; Lutts et al.. 1996). Arabidopsis 
Finkelstein and Somerville. 1990) and cactus pears (Silva-Ortega 
~t al.. 2008). supporting the proposition that proline may act as 
In osmoprotectant (Christian. 1955). Proline also seems to be 
Ible to stabilize subcellular structures. to scavenge-free radicals 
Smirnoff and Cumbes. 1989) and serve as a source of carbon and 
dtrogen (Kavi Kishor et al.. 2005). The topical application of ABA 
o non-stressed plants is reported to trigger proline accumula­
ion in several cultured plant species. including rice. barley. maize 
nd peas (Stewart. 1980; Aspinall and Paleg. 1981; Hasson and 
'oljakoff-Mayber. 1983; Pesci. 1987; Chou et al.. 1991; Dallmier 
nd Stewart. 1992; Ober and Sharp. 1994; Fl'dina et al.. 1994). 
vhich is in agreement with this study where the salt-resistant and 
alt-suscerltible rice lines were both shown to accumulate pro­
ine during salt stress at levels which correlated with the degree 
'f enhanced salt tolerance. However. the role of proline accumu­
Hion in rice remains equivocal with the suggestion that proline 
ccumulation may only be an indirect symptom (consequence) 
.f salt-stress injury (Lutts et al.. 1996. 1999) instead of being 

directly related to salt tolerance (Igarashi et al.. 1997; Hien et al.. 
2003). 

In this report. the level of proline accumulation observed in 
leaves in response to ABA or salt stress is consistent with a direct 
role of proline in salt tolerance. The salt-tolerant LPT123-TC171 line 
accumulated proline faster than the salt-sensitive LPT123 cultivar 
and to a higher level after 6 days of salt stress. However. the salt­
sensitive rice cultivar reached a maximal observed proline level 01' 

Day 9 after treatment, whilst the salt-tolerant line did not appear to 
reach its maximum level within the 12-day period assayed (Fig. 4). 
Interestingly. this is somewhat inconsistent with a previous study 
of proline accumulation in rice plant tissues (Hien er al.. 2003). 
which reported that. following salt stress. proline accumulation in 
the root of salt-tolerant cultivars starred earlier than that of the 
susceptible plants. It is not clear then if this reflects tissue tropism 
(roots versus leaves). different plants (genetics) or experimental 
approaches. 

The two rice P5CS gene homologues. OsP5CSI and OsP5CS2. have 
been linked to both proline accumulation and to salt-stress toler­
ance in rice. The OsP5CSJ and OsP5CS2 transcript levels were shown 
to correlate strongly with proline accumulation during salt stress in 
three rice cultivars that differed in their salt and drought tolerance 
levels (Hien et al.. 2003). whilst drought. cold and saline stress. 
in addition CO exogenous ABA application. induced OsP5CSI gene 
expression in rice (Hur et al.. 2004; Igarashi et al.. 1997). The two 
homologues. however, show different tissue and kinetic responses. 
Rice treated with NaCI or ABA showed a higher level of OsP5CSI 
transcript expression than that of OsP5CS2 (Hur et al.. 2004). In 
Arabidopsis, which also has two P5CS gene homologues. a similar 
differential expression pattern between the two homologs has been 
reported (Strizhov et al.. 1997; Yoshiba et al.. 1999; Abraham et 
al.. 2003) and ABA-independent and ABA-dependent regulations of 
proline biosynthesis following cold and osmotic stress have been 
characterized (Savoure et al.. 1997). 

Given the widely prevalent and conserved nature ofP5CS homol­
ogous genes across phylogenetically diverse higher plants. it seems 
probable that this proline synthesis pathway should exist in all 
plant species. Here. we provide data consistent with the notion 
that ABA is involved in OsP5CS I transcript induction. as topi 
cal ABA application-induced OsP5CSI transcript expression under 
normal growth conditions. whilst application of the ABA biosyn­
thetic inhibitor. abamine SG. inhibited the salt-stress induction 
of OsP5CSI transcript levels. Furthermore. the notion of OsP5CSI 
induction by ABA was additionally supported when we analyzed 
the putative promoter region of the OsP5CSI gene in indica rice. 
The six-nucleotide sequence of the ABA-responsive element(ABRE) 
(Marcotte et al.. 1989) was found upstream and so likely binds 
transcription factors involved in the ABA-regulated gene activa­
tion during salt stress. Therefore. taken all together. we suggest 
that the salt-stress-induced OsP5CSI transcript expression in rice 
is controlled. at least in part. by an ABA-dependent pathway (Bray 
etal .. 2000; Zhu . 2002~ 

Topical ABA application to leaves increased OsP5CSI transcript 
levels in both the salt-tolerant and the salt-susceptible rice line~ 
at 3 days (or earlier since this was the first assayed time point) 
after commencement of the stress treatment. which is consis­
tent with the suggested potential role of ABA in salt adaptation . 
However. we have neither earlier time points. to ascertain if 
this is an early or a late response. nor data on (post) trans­
lational protein and enzyme activity levels. to confirm actual 
enzyme activity levels and thus be independent of any post­
translational control. Nevertheless. assuming transcript levels to 
reflect enzyme activity levels, in this scenario the prior applica­
tion of ABA would be envisaged to induce ABA-responsive genes 
(Huang and Wu. 2006). some of which may playa role in salt tol­
erance. 
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In this study, we found that OsP5CSI transcript expression was 
more sensitive to ABA in the salt-tolerant rice line than the related 
salt-sensitive cultivar. Thus higher OsP5CS I transcript levels were 
detected in the salt-tolerant line during salt stress, and the observed 
proline accumulation levels in leaves broadly followed this pat­
ternsh;wing a good correlation with the OsP5CSI transcript levels. 
This is consistent with that reported by Hien et al. (2003), who 
showed that a salt-tolerant rice cultivar also accumulated a higher 
level of proline, but it differs in that, in contrast, they reported that 
comparable levels of OsP5CSI and OsP5CS2 transcripts were found 
in their salt-sensitive and salt-tolerant rice cultivars. The different 
genetic backgrounds of the rice plants under investigation between, 
as well as within the Hien et al. study, are likely to affect the pattern 
of salt-stress responses. The two indica rice cultivars L1sed in this 
study, LPT123 and LPT123-TC171, have a much greater similarity in 
their genetic background since the LPT123-TC171 is a salt-tolerant 
mutated line isolated from the LPT123 cultivar (Vajrabhaya and 
Vajrabhaya, 1991: Thikart et aI., 2005), whereas the rice cultivars 
used by Hien et al. (2003) likely had different genetic backgrounds 
between the salt-resistant and salt-tolerant lines used. If we accept 
this hypothesis for now, then the level of acquired proline may 
result Irom the overall outcome of different pathways in plants . 
The different sensitivity of the OsP5CS I transcript expression in 
response to salt stress, and the different sensitivity to ABA induc­
tion of OsP5CSI during salt stress, in the two rice lines used in this 
study (LPT123-TC171 and LPT123), together suggest that the salt 
tolerance of the LPT123-TC171 rice line may be caused by a muta­
tion in the ABA signaling pathway, which includes the receptors 
and the signal transduction pathways that function to perceive ABA 
(Hirayama and Shinozaki, 2007). If that is so, then these rice lines 
may be useful for analysis of such receptors and pathways in the 
future. 

As exogenous ABA did not clearly up-regulate OsP5CS I tran­
script levels in both rice lines examined, in contrast to the proline 
accumulation pattern found (Fig. 4), we further investigated if any 
other genes in the proline synthesis pathway were up-regulated 
by topi.al ABA application. Here, OsP5CR transcript levels were up­
regulated after 3 and 6 days of the treatment, suggesting that this 
gene may be responsible for the higher level of proline accumu­
lation when the exogenous ABA was applied, although this awaits 
confirmation. 

To search for a possible perception or signal transduction path­
way that is involved in this salt-stress response, the ABA content 
and expression level of OsCom I-I transcripts, the gene product of 
which is the salt responsive calmodulin in rice, were investigated. 
The ABA content in leaf tissues of both rice lines were found to be 
similar when grown under normal or salt-stress conditions, sug­
gesting that the prior observed difference in proline accumulation 
is not due to the lack of accumulation of endogenous ABA levels in 
the salt-susceptible LPT123 cultivar. 

With regard to the OsComl-1 gene expression, the salt ­
suscept;ble LPT123 cultivar failed to induce OsCom I-I gene 
expression after salt stress, whilst in the resistant LPT123-TC171 
line it was significantly induced after 0.5 h of the treatment. How­
ever, the OsCam I-I transcript levels reported here in the LPT123 
cultivar were different from those found in the I<hoa Dawk Mali 1 05 
(I<DMLl 05) rice cultivar, where OsCam I-I was the major calmod­
ulin transcript that was induced by salt stress (Phean-o-pas et 
aI., 2005). Perhaps then the salt susceptibility of the LPT123 rice 
strain is due to the deficiency in salt-stress perception via the Ca2 • 

signal transduction cascade, as it had a lower level of OsCom I-I 
gene expression than the salt-resistant one. However, topical ABA 
application-induced OsCam 1-1 gene expression in both rice lines 
during salt stress, and so ABA can modify the perception and/or 
signal transduction involving OsCam 1-1 that may trigger salt-stress 

Topical ABA application alone did not up-regulate OsP5CSl 
transcript levels in the salt-susceptible LPT123 rice cultivar, even 
though exogenous ABA application lead to a higher proline accu­
mulation level in both rice lines. This suggests that proline 
accumulation in the LPT123 rice cultivar does not directly result 
from the up-regulation of OsP5CSI expression, but rather is due to 
the induction of OsP5CR gene expression. In maize and wheat, the 
calmodulin inhibitor, TFP, was shown to decrease both the P5CR 
activity and the proline content during water stress (Nayyar, 2003), 
which is consistent with our result that the calmodulin inhibitor, 
W-7, could inhibit proline accumulation in response to salt stress 
in both rice lines. 

5. 	 Conclusion 

We conclude that during salt stress, proline accumulation occurs 
via enhanced OsP5CSI gene expression, and that this involves both 
the calmodulin and ABA signaling cascades. However. proline accu­
mulation due to exogenous ABA application is possibly enhanced 
via the induction of OsP5CR gene expression, which may have 
resulted from the up-regulation of OsCaml-1 in rice. 
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