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Abstract 

Diversity of insects and soil mites in the area of Plant Genetic Conservation 

Project Under The Royal Initiative of Her Royal Highness Princess Mahachakri 

Sirindhorn, Plant Genetics Conservation Center, Klongpai, Nakornratchasima, Plant 

Genetic Conservation Project Kanchanaburi and Samae-sarn Islands, Chonburi, was 

surveyed using aerial net, soil extraction with 8erlese funnel, black light trap, and 

Malaise trap from December 2009- September 2010/ Variation of diversity was found 

between locality and seasonality. Most insects have potential to be agricultural pests 

while beneficial insects were adequately found, particularly parasitic wasps but not 

predators. Of parasitic wasps collected at the Military Development Command, 

Kanchanaburi, 43 morphospecies were found in the family Ichnemonoidea and 37 

morphospecies were found in the family 8raconidae. Most soil fauna were arthropod 

mesofauna, such as Order Pauropoda, Symphyla, Diplura, Collembola, Protura, 

Psocoptera, Coleoptera, Pseudoscorpionida, Chilopoda, Diplopoda, and Acari. Acari 

was the most abundant group with 41 families found at Plant Genetics Conservation 

Center , Kanchanaburi and 51 families found at Samae-sarn Islands, Chonburi. 

Keyword: pests, natural enemies, soil mites 
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LnU'l"ll'rl'l n'l.J m1Ln'l:tVl1LL~~mffi~1mtfll'l'1lJ,"~'1 n,"~'1U'Vl'1'1"li'lJlTVf 'VfU'Vl bfllN n'11 
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1l1'Y1';.:Jm]'Y Diversity of Insects and other Arthropods in Plant and Soil in 

Relation to Agriculture and Biodiversity Conservation in the area of Plant Genetic 

Conservation Project Under The Royal Initiative of Her Royal Highness Princess 

Mahachakri Sirindhorn 

o 
tJ'VI'U1 

, , ., 
J':::UUilL'l PlL(;lUL'U'Vf'1~'rl£l'1'1U'l1~uuilL'l PI Ln'l:tVl1 L(;lU 'Vi '1 ,"U'1Vi dJ\.!Vl'l LUJ~'1~VI~"lI LL~ ~ ~~'1 ~'l 

... .... tl .... 1 !'I .J!'I 1.1 ~..::. % .. 1.1 ~ .J 1"".J!'I
LUUU'VI1'il 1~ VI \.!j'1U~LlJULLlJ~'1'VlLlJU 1~ ~U"lI\'! 1'llJ'Vl'lLUJ ~'1 LL~:::~ VI'l"ll'1 ~'il'l'rlU1 \.!1n\.!'Vl LlJ\.! 

II " , • 

r;i'Jtl'l~~'1I"l'l'1lJ'rl ~lJ ~lJ'JJ'ru"ll'rl"~U ,J'I:n~'1 fll'l'1lJ,"~'1 n,"~'1u'Vl'1'1~'lJl'1'Vf"ll'rl'l~'1iJirj VI~u1 L"lIU. '" 

., , 
(1]'rl fll'l'12..m~ '1 n'VI~'1 U'Vl'1'1~'lJl'1'Vf ~'1,r\.!m1~n'!;1 LUJ~'11un~lJ (1]1'11 L~'1,",J1Vi"ll'il'lJ'~uuilL'l PI"~ 

., , 

fll'J1l..J,"~1 n,"~1U~'lJl'1'Vf (1]'illt1 J''Jl..JVl'l Lilu;r'ill..J~~'1 fin ILnU'l nUn1 J',"l..J\'!L~U\'!~~'1J'LL~ ~'Vf ~'1'1'1\'!
",'~ . 

., ,., 
Lil\.!r;i'ltl'l~~'1 fll'l'1l..J ~lJ\! J'ru LL~ ~fll'l'1l..J,rUfll'l"ll'il'l J':::UUilL'l PIll'\.!1 

" rhHrohtl"ll'il'l LmtVlJ'm' ~"lIJl'1'Vf"ll'il'l Ln'l:tVlmJ'LL~ ~~U~tnfll J''llJVl'l f..J~ nJ'~'VlU1\'!L~'1~U (1]'flJ'~UU
. . " 



• • 

2· 

'" ,
riU~~LL~:;lJ~~~'tl~tUt1",!~UL~mnU ~1L'VIVJ'tl1~lJ1~1mL~ULUUU~'lU1.'VIqJ~"1lU1~L~n (LLlJ~'l~'l 

, , 
L~lJt)uYi~"1lu1~L~nYi~(;1~(;1'tlulunfllJi1)

• 'IJ • 

... 

.. 
LU;''1:;U'1'1 vi1 t ~~'l'tlU1~~LfiUlJ1~'lU1'V1qjhi~lJ\I;'ru 'tl1~ Ln ~m;'LL~m.rn"1l'tl'l ~'lUj;h~1"1l'tl'l 

LLlJ~~n'tlU,J.1 niUlJ1~n~~'tl~~'tl~1J~~m;, ~1n ~"IL'VIl'J ~~nfl1'lvl1t ~;r'tllJ~ m1lJ'VI~1n'VI~1U 

'Vl1~~'l1l'1~ bb~ :;~'l':j'Vlm"1l'tN LL~ULUUUt UU1:;L'Vl filL'VlULL~ :;'*'lL~nu~il'tl~u'tlUlJ1 n U;':; L 'VlfllL'VlUu~ 

"" LUUU (host-parasite relationship) 

U'tl n"'l1 n LLlJ~'l LL~:;~~1"1l1U~'tl'l~~UHIUU~ULL~'l LLlJ~'l Lb~:;~~1'lf1U~'tl'l~'tl~1U~U'VI1'tl 

'" ~IWr"1l1-if'tl~1W)n bLlJ~ LL~ ~LLlJ ~~ ~1'l 1 f'l'l1J../'VI~1 n'VI~1tl'Vl1~~'l1l1~1U~UL'VIfl1i1iiu'VllYl'Vl ~1 r)C1J 

~'tl;,~uuilL'l fIIL-Wn'I;,-rl'l U t ~Ln ~ n'I;''VIJ../UL~UU~~1;'LL~ :;LLifi11n&,hum':;u'lUn'I;'U'tlU~ ~1tl U~~~1• • 
Sf I I " 

~IWr"ll1;r'tl'Vi'l'VI~1uYi'il'1f'itl'tl~lU~U~U~1~'lUlJ1nLtlu~[;J1"1l1,'tl~1~'lnh (Acari) :n~iiJ../1n'Vi~ 

"1ltl~LL~:;~'1U'JU ll'1Uh!nfllJ"ll'tl~Ln'tl~nu~iltltftln1~nU~'VI~1n'VI~1tl 'W~1"'1:;Lih'!~'Jn~nU"J!1n• 

Yi"J! nUL~'tl~1LL~:;LL'lJf'lYi IStl nu~[;J1iiU~L~ nn~1'tlU1~'VIU'tlU~'Jn~J../LL~:;LLJ../~'1'V11'1 ~ ~LUUm'VI1;' 

u'tln"'l'1 neu'lii~'J n~ bUUU~~IJ1~n ~'Jtl m~nfl1'JL~~1h1U~Uiif'l'l1lJ~1 r)'lJ~'tl;':;UUtlb'J fII~,rU 
" mf'iu'tl~luLn'tl1JYJn~1~uiu"1J'tl'ln'l~nu1u\.i'l~LeJlm'\.n;, 

~'1bb'J~~ttllJ1~ (Walter and Krantz, 2009) 

~'1t!un'l~~mn f'l'J1J../'VI~1 n'VI~'1tl'D'fl'l LbJ../~~ bb~:;~1n1"ll1U~'fl~ b;~'VIU1~1U~::UUtlL'l fII~ 

L~m-if'fl~ri1Jn'lnm~lJ1~ 1u~u~Lf'lNn1~'flu1nm;ufim';'J../Yi"J!'tiuL~'fl~lJ1"'11n~;':;~1"J!1?l11"1 1J1. 

II I " I 

f'l~ttl'l1~ "'I . Uf'l~n"J!~J../1 ViuYi L"1J1rr~L"1lJ../~ ttl. L'Vl;'LUf'l "'I. n'I'1l"'lU1J1 LL~:;YiUYi'VI~Ln1::bL~J../~1~ ttl. 

% "" ""...!.!'I. % ... 1" ~ ".J
1:l1J1'V1U "'I . "J!~1J;' "J!~"'I~LlJUn1~~1~'J"'I f'l'J1J../'VI~1n'VI~1tl"1Jttl~LbJ../~'1 bb~::1:lIJ1'l'1l1lJ~ttl~ ~~m LUU'VlLLJ../~~ 

~iif'inwl1~lun'lnuuLLJ../~'1~IJ1~Yi"J! LLJ../~~~IJ1~fi~~J../fi~~J../"J!1~L~t1L'Tl'Vn::LLIJ1ULUtlU LL~:;h1u~u 
" 'IJ 
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. .. 
J;it) Lm~l;]~m'1J~:;"lI"l"lluvi'l1t1 ~'llJvi~r.r~ LfchJLL~:;r.r~ LL~ ~~ (;j'lt)!h~ LLlJ~~LL~:;~(Wr"ll"l1J~!l~~T"flJ 

... 


~ "" ..... ~". J' ., 'i' ..... .J.4..... .,
1. U'1"lJ!l~~LLlJ~~"lIU~(;]"l~1 ~~LLn eN "lIU~N LL(;]ULlJUU l;]!lLL(;]U LL~:;LLlJ~~!lU1V1lJf1I'l"llJ~"lf1l'Y 

V1"l'lLfi1:t~n~1'W~u~tf1lNn"l~!l~fmf~'u~m'~lJ~"lI~ULtit)~lJ"l~"lnVi1:;~"l"ll~"li"1 

2.1~(;j'l!lth~LLlJ~~LiilJlu~Vhj.ti'ru'; ~"l~flJLilu(;j'lt)~"l'l-a1~~~lun"l~~m~nJ;i!lhl 

.. . 
1. ~u~h;"ln"l~~n~ LL~:;~1l1'ViL~~'lL'lfi1 

(;]"l~"l~nL~u.J(;]~ ~u~vt'lhJ ~'lul~t1i ,j~:;nt)u~'lU lhLtI'Y~Vi~~ruLL~'1 ~~~1n~:;~t1~"lVl:;L~ 

100-500 LlJ(;]~ mlJ1ru~1~UL'U~U 1196.3 ij~LlJ(;]~ Lf1IN~~1~"llt)~thLtlULLUUthL,j1~ .rU~!l'W 

U!l(?1~:;LtI~lJ1n ~u~1~thhlmViu ij~'WLCJfil"'L~'Wvf'll,j lu~~u.~~~uUJ~:;CJ~(?11lJLL~:;ij1vh:h 

tJ!lUf1I~'1 ~ufil~L~ul~LLfi l~in LL(?1~ lJ:;l"hUJ~ (;]:;LLun ~'llh lJ:;nn ~'l!l~ 'll1U1~ l~~u~h~Ltlu. 

.. " 
:t'llJ'Vi~lVf~lJ~n l~L~!lU ~'lU~"lI~~m~tHL~:;L~f'WViU~!lUlJ1n (iU"lI"l'Y l-Jruf(;]Ut~L:t~tr 2543 ) 

U!ln~"l n~'Wthfi~:tlJ"lI1~ LL~'l 1'W~'W~Lf1I:t~ n1~"1 ij LL~~~!l"l ~U"lI!l~"lIlJ"lI'WLL~ :;il~'W~Vi1n"lnmi(;]:t• 
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.t ~.!'I .t eJ ..,.. .,., . % ..,. ..,. .!'I J' eJeJ 
1.3) Vi'U'VI~lJ'U'VfU'VItl~1m~1il11lJ"lI'1 [;l 'VIl.! Ln'1:;~L~lJ~'11 'tl. 't:i [;l'VIU "I. "lI~'41 LlJ'UVi'U'VI'VI 

~.!"" X ~t1 ' ~ ..,. .!'I ~ ,eJ .,.~..,.% dI
IJ..JlJ"I!lJ"lI'U'JI'U L 'elfJ'el'1I"1t1 lJ Ln'1:;LL~lJ~'1nlJ'ULn'1:;'VI L'VIty'VIq(:;l'JI'U'1(:;l 5 [;1'11'1-3n L~LlJ[;l1 lJ~~fllJVi"ll 

'VI~'1t1LLUUR'tl i-3fllJY4"l!"l!'1t1'V1'1(:;l i-3fllJY4"l11.h~ULL~~ (~-3'V1:;L~) (littoral dry evergreen forest) - i~fllJY4"l1'V1U'1~'1 (cliff vegetation) i-3fllJY4"l1tht'U (secondary growth) (~'1fltl-3 LV;-3fl~'1t1 LLfl:; 

flru:; 2542)". 

U11~~')tlLLtlfln'tllltl~ 70% L~'elfm~n~Il'1Vi~')tlth-l tJmt)'Ueh~'el~"I:;v'h'l,x~flut(;ltJ ethyl 

"'l eJ t1~acetate LLfl,)U11~ 'U"lItl-3~'1lJL'VIfltJlJ (l 'VI 2) 

2.2) ~-3riu ~mL~-31~'l'UU1L')ru~~n t11:;ntlU~')tJ Black-light LLfl:;'VIfl'elC;)lyJLL~~~'U'VIf 

~~LLt;i 17.00 '1.1.-03.00 '1.1. (L'UVi'1:;~~'U~wu,)tJUC)J"lI'1n'11'V1'V1'11-W00-l'U'1) LU'UL,)fl'1 2 R'U v'hm1 

~'1t1Il'1Yi LLfl :;uiu ~,)'el!.h~t(;ltIL~tlmnu L'UVi'1:;"l!il(;l~U~hll~~nulJ'1ntl'U (1t1~ 2)... 

2.3) 

q~Vifl'1~~mL~,) L;ltl'U.;rtl3J~n'1riu [;l1lJ L~'U'VI'1~~11,)"I~ n1'V1'U(:;lH'l'U~'U~ LLt;i~:;t11:;LIl'VI1~LLn 11'1 

LUC)J"IVi11ruLL~-3 (~L"1l1O)~L"lIlJ1) 1.l1~ULL~~~~'VI:;Lfl LLfl:;,J1"l1'1tJ'VI1C;) (~'VI~Ln'1:;LL~lJ~'11) ,J'1 

n~ult1~tl'ltl~min'11L~'el~n(:;lLLtJni[;l1l'U~'ULL~:;"l!1nY4"l!~')tJn1')tlLu'elfLfl~ (Berlese funnels) 

'U'1'U 1 itlC;)'1lf L(;ltl'l-if'VI~'tl(;llyJ 40 o)[;l~ Lil'ULL'VI~~fl,)1lJ~'el'Ulfii[;l1l'U~'U'l,xe.h'U(;l:;LLnNl'lnfl~lJ1 

Lnult)'l'U'JI,)(;)~U11"1LLtlfln'el1l'tl~ 70% L~'elfm~n~1l1Vi~,)'tlth~ (ru~ 2). ... 

2.4) ~-3nu ~n~ULLlJfl~ Malaise 'l'UU1L')ru~U'U~'U~~'lLtI(;lL~-3'V11'el1tltJ j;]tl1:;'VI~'1'lth riu 

vl-l L"'tI~'lHtlth'lU'elti 24 ,f,)LlJ'l ~'l1t1Lnu~,)tltl1'lLLlJ~'l~fmnlt)'l'ULL'el~n'el1l'el~ 70% L~tlfnM'1• 

http:1.1.-03.00
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" LL'ftfln'tJe:J'flff "1nUtJU1LLl-J~~n~U)J1 


.. ~m~t'lj;)tl~~'a~ulJm;mrn!)':)'Vlm '~1~~nrnr~Wl':)'Vlm~U ~1'V1fU~'ltlth~LLl-J~~"1I'W1(;)L'VIqjlOj:: 


ibifnL;~ chulu ':)UIOj'Ylm~~'VI1tl"JIU"'LL~'lLLj;)n~~LL~::~nWl1 .... mntl'W~Vl~"JILL~::~Vllfirr~"JI1~ 


.. 

" , , 
"'I1mr'W~~U1h1uv'h~1~~Cl1'lr'VI1tl-n'lf'lr1'lL~tl~n'l=l'1'Vl1~'a~nr~i)fi1'W~'lUn~tl~'~'Vlrrfil~L~~ 

tJr::n'au t",uL.jf'VIinn'lrr::~"JIU(;)LL~::mr4'~'VI~'lC;\'VI~1n'a~ Krantz and Walter (2009) 

" , 
1. t./~n11~m.~"1L'WLijtl~~'WL'W~"JI~nVltJ~nl'WLLtJ~~Ln'l=l'(;lrm~ !l. fl~tl~1~ 

'" , 
"'I. 'W,"Wrl"JI~~1 .... ULL~~~~(;llYi"JI'VIin~'a L.... ~Ut1tl'W (ltJVI 3) ~1nl'W"J!'l~ri'a'W~~~'W LL~::VI'W'a'W 

" , , 
c:lL~tl~1n'VIi~iJ~~~~'W t"'U~'l'W~1n"'l::LtI'WVI'W'a'Wm::fbJLL~::t./~ l'W'l~fiT Noctuidae .... 1JLL~~~Yi 

LtI'Wur::tU"JI~~tl ~'l~Lj;)11'W'l~fiT Coccinellidae ~1'W'l'W 3 "JIU~ (ru~ 3, 4) r'l~~-lLL~~~'ih~t1n 
" 

" '" " l~LL~::LLVl'WLUU'W 'Wu~"ll'ltlt./~~LnML"'mtl'W~~l'W~~~ Apis yj~VI~'" 2 "JIU"'~!l ~~VI~rN 

(Apis dorsata) (ltJ~ 5) ~~L""N (Apis cerana) (ltJ~ 6) r'l~~~i'WLN1'W~~~ Trigona LLl-J~~ 

t"'U.... U~1n1'W "'1'l m::"'I1U LL~::tJ'aLVitl-l ~'l'W~1U L~!lLL~::'VI~1 LL~n.... 1JLL~~~j;)1-l11'Wm~1ru 

2. 
, 

tV .r:::I IV 4:1 00. cv cv IV 4 

....'W~mr~ ...."JItl'WL'Wtl~~1"'11n.... r::T1"J1c;\1r~ L"1I1'l~ L"lI~r "'I-l'VI'l ",m 'lJ"'I'W'lJr 

" " " LUJ~~tJ1n~'" L"ll'W L'W~Ut1'a'W L....~mdj~ LL~::L.... ~unr::Lc;\c;\ LtI'W~'W LL~::n~~LL~~~u1mLuuri", 

.J "" ~" .,J _ I.,J 'I .,j",.J
LL'Vl:: L-J)'lJ 'VI'W'el'Wt./L~'el LL~::C;\'l-l chrysomelid ((;l1r1~'Vl 1 LL~::: llJ'Vl 7) ~'W"lIru::'Vl'W1J~~1 L-J)'U 

.,J , " 
(mr1~'Vl 2) ;~LtI'WLL(;l'ULUU'W Superfamily Ichneumonoidea "'I1nyj~'VI~'" 140 ~'l'ilth~ 

~1~1rCl~1LL'Wn(;l1~ morphospecies 1~ 80 "JIU", r.r"''el~l'W'l~fiT Ichnemonidea 43 "JIU", 'l~fiT 

Braconidae 37 "1IU", ~'l'el~h~U1~"1IU",1~ (rtJ~ 12 LL~:: 13) LL~::fl1"'~1ilmr~'W""1JLL(;l'lJLUU'W
" 
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" .. ,
'lIil(;ll'V1~ 'lIru~~'flul'Wi'Wj;J1'1"'1fil'fltJ~'1'fl£h~LUJ~~ L~'tlLm£JtJLYI£JtJlitJ Buntika and Quicke

" 
(2010) 

~j;JrfL'W~'W~filIi(;l1~fi'l'W1'VI '1.i LiI'W~j;JrfL'W~'W'lI'W1 (;ln~'wh'Yi'1n LLl-J~-:I LL~~LIJ.J-:I [;11'1 1 LtI'W 

~1'W'1'W2.J'1n 1~LLri Order Pauropoda, Symphyla, Diplura Coliembola, Protura, Psocoptera, 
~ ..

IIj 0 qq

Coleoptera, Pseudoscorpionida, Chilopoda, Diplopoda, LL~~ Acari ~'W"'I1'W'1'W'Wl-J Acari 

dI~.!"l. .J ~ .J., %.J, .$.J 
'VIJ''fl ~1LlJ'W'"I1'W'1'Wl-J1n'Vlfil(;l L(;l£J'YitJ'VlL'lI1'1'1L'lIl-J1 41 '1-:1I"1LL~~'Vl'VIl-JLn1~LLfil2Jfil11 51 '1'11"1 (j;J1n-:l'Vl. " 

" " , 
3) "'I1n~'1'flU1-:1 ~'WLL~~'lI1n~'lI~tJt1l-J~'1'V1l-J(;l 20 ~'1'tlU1'1"'1')n~'WYllhLI'lNn11'1 L'lI1tJ-:lL'lI2J1 LL~:; 

19 ~'1'flU,)'1 "'I1n'VI~Lm:;LLfil2.Jfil11j;J1l-Jih~tJ ( 11£J~~Ltl£J(;l1'WmJ'1-:1fl11'l~'W'ln~ 1)
" 

Danaus 

.. ". 
chrysippus ~h~'fl'VI'W'fl'WltJfn;j(;l£J1'l Parantica ag/ea LL~djL~'tl'VI'W'fl'WltJfn~j;J1~ Parantica 

.. 
me/aneus LiI'W~'W J''fl'll-J1f;)'fl')'I raT Pieridae L'll'W ~h~'fl'VI'W'fl'WltJ~2.JL~'W~1 Appias libythea 

.. .. 
~L~'tl'VI'W'fl'W(;l'fln~ru Catopsilia pomona LL~:; ~L~'flLru1fi~l-J(;l1 Eurema hecabe LiI'W~'W LL~:; 

')'IraT Nymphalidae L'll'W ~L~'tl'VI'W'fl'W'VI'W12.Jn:;'Vlmn Acraea vio/ae 

.... .J ,!.rev .qJ' 4..J .dIq~
J'nfiJ'12.J (;l1'Vl'fl1 ~£J'fltJtJ'Wj;J'W1n ~'1'W~ Lfil'fl n~1-:11'l'W'Vl'YitJl-J1 n I'l'fl ~ L~'fl1.'W'1'1 raT Noctuidae 

Sphingidae ~'1~'1'V1'W'tl'WLtI'W~j;Jl'Vl1-:1m1Ln'Mj;JJ'~~1fi'kl (ltJ~ 10 LL~:; 11 ) 
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Homoptera Aphidae + 

Cicadell iidae 

+ 

+ 

Flatidae 

+ 

+ + 

Fulgoridae + 

Coccidae 

+ 

+ + 

Pseudococcidae + + 


Lepidoptera 
 Arctiidae + + 

Noctuidae + + 

Sphingidae + + 

Oanaidae (Nmh~'tl~u'tlu(;\'tlnfn 

~ L~'tl~U'tlUtufnfi:i':i'~ (;\1 + + 

~ L~'tl~U'tlUtufn~ (;\tJ1'.l + 
" ~L~'tl~u'tlutufn~~l1~ + 

Pieridae 

" ~L~'tl~U'tlUtUri~L«U~1 +• 

+ + 

+ + 

Nymphalidae ~ L~'tl~U'tlU~u'u.Jn:::'V1nm + 

~Li'tlLLViU;a~(;t1~ + 


Coleoptera 
 Chrysomelidae + 

Curculionidae + 

Cerambycidae + 

Hymenoptera Formicidae + + 
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d ~CII ,q..J 4 ~ 0 J' ~ 
(;J'''):i''')-:JYl 2. LIJJ~NYllJ~mJll '1 'Vi LtI'W~[;11fi11lJ"lI'1 [;1Yl'ViUU'WVi".llYlViUL'Wm1~'11'l'"lVi'WYlLI'lNm1 

" 
'flttfmfW'W~n11lJW"JI~'WLii'fl'llJ'1'"1'1nVi1:;1'1"J1(;h1 "1 ~"lI'1<)-:JL'nJ1 t).LYl1LtJrl '"I. mCY'"l'Wtj1 LL~:;~~ 

Lm:;LL~lJ~'11 'fl. i[;1~U '"I. "JI~u1• 

-. 


Coleoptera Coccinellidae '" .(;l'l'l L(;]'1 + 

Carabidae + + 

Mantodea Mantidae + + 

Hemiptera Reduviidae + + 

Dermaptera + + 

Hymenoptera Chalcidoidae + NS 

Braconidae + NS 

Ichneumonidae ... ...~ 
LL[;1'WLUtJ'W (~'Wtl'WeJL~ttl) + NS 

[;1'11'1-:J~ 3. h~'VitJ1'WU1L'l ru~'W~LI"lNm1tl'tfmfvr'W~m1lJw".II~'WLiitl-:JlJ'1'"1'1n'Vi1:;:i"')"JIcii'11 "1 L~'1 
<)-:JL"1JlJ1 'fl. LYl1LtJrl '"I . mru'"l'Wu1 LL~:;~l-.lLm:;LL~lJ~'11 ttl. i[;1~tJ '"I . "lI~u'1 

., II " .. 

Taxa L"JJ'1<)'1 L"1J lJ1 Lm:; 

Suborder Opilioacarida 

Family Opilioacaridae 

Suborder Mesostigmata 

Family Uropodidae 

Family Heterozerconidae 

Family Rhodacaridae 

Family Ologamsidae 

Family Macrochelidae 

Family Phytoseiidae 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 
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... 

.. 


Family Podocinidae + 

Suborder Prostigmata 

Family Bdellidae + + 

Family Cunaxidae + + 

Family Eupodidae + + 

Family Rhagidiidae + + 

Family Tydeidae + + 

Family Anystidae + + 

Family Teneriffiidae + + 

Family Pseudocheylidae + 

Family Paratydeidae + 
•Family Stigmocheylidae + 

Family Pomerantziidae + 

Family Smarididae + 


Family Erythraeidae 
 + + 

Family Trombiculidae + + 

Family Calligonellidae + + 

Family Stigmaeidae + 

Family Tuckerellidae + 

Family Linotetranidae + 

Family Cheyletidae + + 

Family Scutacaridae + + 

Suborder Endeostigmata 

Family Nanochestidae + 

Family Ternacaridae 

Family Grandjeanicidae + + 

Suborder Oribatida 

Family Protoplophoridae + + 

Genus Protoplophora + + 

Genus Aedoplophora + 


Genus Crytoplophora 
 + 
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... 


Genus Anthroplophora + + 

Family Phthiracaridae + + 

Family Euphthiracaridae + + 

Family Oribotritiidae + 

Family Ctenacaridae + 

Family Eohypochthonius + + 

Family Sphaerochthonius + + 

Family Cosmochthonius + + 

Family Phyllochthoniidae + 

Genus Phyllochthonius + 

Family Lohmanniidae + + 

Genus Phyllolohmannia + 

Family Nanhermannidae + + 

Genus Nanhermannia + + 

Family Epilohmaniidae + 

Family 8asilobelbidae + 

Family Eremaeozetidae + 

Family Microzetidae + + 

Family Oppiidae + + 

Family Carabodidae + + 

Family Otocepheidae + + 

Family Suctobelbidae + + 

Family Haplozetidae + + 

Family Mycobatidae + + 

Genus Paralameilobates + + 

Family Galumnidae + + 

51 
~,)l.J 40 Families 

Families 
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... 


-. 

~ ~t"".J 'I .J.J .... .J.JeJ~mrl"lm~t'll"lfJ'laJ~~'ln~fntJ"lI'tl'l"1ltll1l LLaJ~,m~:; ~r UI1lUYlYiU LU~'tl'lYiUYl I"l'tl YiUYI 

Ll"lr.m'lr'tl~~mf't~'u~m'jaJ~'lItflUl~'tl'laJ'l'"l'lnYir:;n'll~'l1"1 L"lI'ltj'lL"lIaJr 'tl. LYlrLtJl"l '"I. mCY'"luli~ 

LL~:; ~U~Ll"lr'lmr'tlu~mf~Ufim'raJfi"1l~UL~'tl'laJ'l'"l'lnYir:;r'l'll~'l1"1 Ln'l:;LL~aJ~'lr 'tl. i(;l~u 
, II • I 

'"l. "1I~1,Jr iJ L~~'1U'l'ln~aJY!YiUL~L'YlYi'l:;U'l'lViuY! ~'l~fu~'tllJ~htu~u iJ~'lufJufJ'IfifY!Yiu 

I I , " I 

Y1'l'llJijlil'l~l'lf LL~:; aUY!'tl~"lI'tl'lh~~'ltJn~aJY!~'lLYi'l:;LJi'tl~I1'lYi'll'ltJYI:;L~ fiuY! L"liU L"lI'ltj'lL"lIaJ1 

'tl . LYlrLtJl"l '"l. mCY'"lU1,Jr YiUlLaJ~'1LL~:;htu~utumaJ'l(l<I'W'tltJLI1lm'YlYi'l:;LLaJ~'1~'tl~tun~aJ~fh 
" 

LL~:;~LUtJU~'1t U~~ LL~'1 LL~:;~ ~ cJ'W 

" , , 
Lm=tl'lr~~'lmL,"'1 L"Ii'WLLtl~'1Yhn'lrLn'!=t(;lrtuViuYl 905 iJn'l1t.jf~'lr cypermethrin ~'1~I1l~'lLU'W~'l1 

~iJ~Y1'tt'WLLNt'Wn'lrih~I1lLLaJ~'1~LtI'W~(;1l~'lILL~:;LLaJ~'1~(;1lfirraJ"1I1~ 'W'tln'"l'lneU'IYiU':hiJmrH 

~'lrrh~I1ltj'llyj"1l glyphosate tumaJ'lrtJaJ'ln ~'1'tl'l'"liJeJ~nr:;Y1ulun'l1~I1lLL,"~'1~'tl~'tl'l~tJ"lI'tl'l 

LLaJ~'1~l'lrfi1raJ'lI'l ~~1'tlLLaJ~\l~LiI'Wtl1:;LtJ"1I~ (1tl~ 14)
v v 

" ,
~'l L~ (;I,"in ~'tln'l1(;1'1tJ"lI'tl\l LLaJ ~\lt un~aJn~'l'W~n'laJ1'"l1n n'l1(;1'1tJLI1ltJ1

• • v 

tiel 0 ~ I ~ 4,d'1 ," '1"I

Lilu~Y1'W'lLYi~tJ (;1'l'l1 L ~~'l'WLI"l~'tl'WYI ~tl1:;~fJ'l'll'l'W ~aJ 

1"l'l'laJ,"~'l n~~1tJ"lI'tl'ltj L~'tlt 'W"Ii'l'l ~~ LL~'1 '"l :;YiUtj L~'tl!?lfJ L~aJt)tJaJ'l n n~'l !?l'l~U'tl'WLL~:; 
o .,., .J oJ "-J .1 'I .J .coI.J .col 
~'l," ru (;1fJ~'W'tlU'"l:;Yi'JaJ'ln"ll'WLaJ'tl L "lI'l"J ~~w'W L'W"lI ru:;Y1l"lfJ'laJ~~1 n,"~'ltJ"lI'fl\lLL(;I'WLUtJ'WYlYiU '"l:;l.J 

1"l'J'll.Jil.J~'Wfinun'l1iJ LL,"~\lm,"'lr~ LiI'W~I,"fJ1'W'"l'ln I1l'fl nWLL~ :;n'l1iJL~~'fl~~'l L Yi1:; [;]'tl LLIn'W 

, ,'" 
LiJtJ'W"lI'tl\lLL[;]~:;n~aJYltlnn!l L"Ii'W LLInULUm.l chalcid '"l:;y/UaJl mij'tlY/u LLaJ~\lt'Wn~l.J LYi~tJaJ1nt U 
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" 
:r1tJ-11'1..tLt.li1'"1'"1Ut.l~:;Ltlt.lLVitJ-1 T:;I1iU'N fifLL~:;U1-1~ n~Lvhut.l 

" ~-1,rt.ln1T~n'M11~~n~-1hJC1-1 T:;I1iU~ ~ ~ LL~:;"JI'l~41 Ltlt.I~'fWel1 fiitJ 

, 
n~::;'"I1m'fl'Vi1:;t1t.1 

'" ... 
~'el n~'l'i'rl'l~'rl~ 

~1'Cl'fl-1 L~'lf')~1tJ LL~:;f')ru:; 2542. 'VI~Ln1:;LL~~~1T: IhWLL'Cl:;'Vi~~ru'Vi~mI411~ 

nNLVI'Vi~: tf')Nn1~(m..l1n~t.lDn~~~~"JI~'I..lL~'fl-1~1'"11n'ViT:;n"JI~1l~ 

CVIV.c:iIII <CIt.'" evA.Cit, fI" 

fGj'lW)(;l n1 '1J'"It.llJT.n~'l LVl'Vi~'VI1'\..1f')~: ,)VltJ1 ji\1~(;\j~'VI1Uru'Vl(;l 111 f'),)"JI1'Vi~ nMji\1~ (;\~ 

f')N:;':lVltJ1ji\1~ (;If '1't11~'lmru~'VI1ijVlt.f1~tJ. 

Butcher, B.A. and Quicke, D.L.J. 2010. Revision of the Indo-Australian braconine 

wasp genus Ischnobracon Baltazar (Hymenoptera: Braconidae) with 

description of six new species from Thailand, Laos and Sri Lanka. Journal 

of Natural History 44: 2187-2212. 

Hughes, J. 8., Daily, G. C., and Ehrlich, P.R. 2000. Conservation of Insect 

Diversity: A Habitat Approach. Conservation Biology 14(6): 1788-1797. 

WCllter, D.E. & Krantz, G.W. 2009. A Manual of Acarology (3
rd

ed.) Texas Tech 

University Press: Texas. 

http:t.li1'"1'"1Ut.l~:;Ltlt.lL
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Jl1fHJ'U'Jn 

-if'e:llJ~n1nriu~'".l'e:ltl1'lh IQnn~'U~LI"1~..:Jn1~'e:l'Ufmf~'Ufim~lJ~"1!'f)\.lLti'e:l'llJ11Ol1m~~::~1"1!~1l "1 't,nJLn1::LL~lJ~1~ 'e:l. ~[;l~tJ
qJ q .. qJ 

Field 

Number 
Location GPS data Habitat Date Collector 

MF2010-8 Ln1::LL~~~11 fl. ~III~U <I. 'llfI'l[i 12'35'7.14" N 100'57'3.94" E '!I1nLU'W' LLfI::iiiu,uuu1oii1iWJ::'1n~ 23 ~nnl'l)J )J1t"1 L~tl~tl1'l'1nl' 

MF2010-9 fi1'll,jnfl)J Ln1::LLI1~111: fl. ~III~U <I . '!I1'I'li1 12'35'10.49" N 100'56'48.71" E '!I1n'tul~ LLfl::iiiuiuuu1oii1iu'r'j~n LU~~~qJ1'!11tJ~1111 23 )Jnnf'l)J )J1tlll L~fl~fl1'l'1nl' 

MF2010-10 ti1'll,jnfl)J Ln1::LL~~1I11 fl . ftlll~U <I . 'IIflti1 12'34'59.48" N 100'56'48.07" E '111n'tuUJ LLfl::iiiu.fi'uuu1oi~u<in't'l::LfI 23 )Jnnl'l)J )J1tlll L ~fl~fl1'l'1nl' 

MF2010-11 fi1'll,jnfl)J Ln1::LL~~1'I1'1 fl. ftlll~U "I . 'llflt[i 12'34'57.63" N 100°56'46.70" E '!I1nLUUJ LLfl::iiiu'uuu1oi~WJ::'Il11-J 23 ~n,.,l'1~ ~1tlll L~tl~fl1'l'1nl' 

MF2010-12 tl1L~~L'Il1iii"1Ull1tJ~"'L;:flU Ln1::LL~~111'1 fl . ftlJl~U 12°34'49.49" N 100'56'43.47" '111nLUUJ LLfl::iii""uuu1oi~...~'U.i~nU'll\l"1 23 )Jnnf'l)J )J11111 L~fl~fl1'l'1nl' 

MF2010-14 Ln1::"I1U III. LLI1~L'l1'1 fl. nlll~u "I. 'llIIli; 12'31'20.68" N 100'58'11.64" E '111n'tul,j LLfl::iii....,juuu"LllftlfullThJ~nu'II\l"1 (tl1iiiuLLt\'~'II1m~~) 20 jjU11'1~ 2553 l-J1t"l L~fl~fl1'l1nl' 

MF2010-15 Ln1::"nu III. LLL'I~I1'l1 fl . nlJl~u "I . 'llflti; 12'31'17.31" N 100°58'13.27" E '111n'tul,j LLI'I::iiiui ...uu'ti1itlful,j1~~nU'll\l1ll (thiiiuLLt\'~'II'ltJ~~) 20 iJU11'1~ 2553 ~'ltl1l L~fl~fl1'l1nl' 

MF2010-16 ti1'lYiPl1oi'llfl~ m1::"I'lU fl. ftl1l~U "I . 'IIfllj1 12'31'8.85" N 100'58'7.76" E '!I'lnLul~ LLI'I::iiiUI1::l\l-JUUnfl"'~'" 20 iJU11'1~ 2553 ~111J1 L~tl~tl1'l'1nl' 

MF2010-17 Ln1::"I'l~ III. LL~~111: fl. ftlll~U <I. 'IIl'Ilj1 12'31'45.19" N 100°57'18.67" E 'II'ln'tu'W' LLI'I::iiiu-Kuuu1oi~u~::'Il1~ ('lh'll1tJ~1i1\) 20 iiU11'11-J 2553 l-J1illl L~tl~fl'mnl' 

MF2010-18 fi1~Lliu,j1 Ln1::LLII~~1'1 fl. illli1u <I . 'lll'llj1 12'34'55.71" N 100'56'53.48" E iiiULutJn'll1tJ,j'l'llfl~fh~LriU,j1 20 jjU11'1~ 2553 ''ll'l1flL<I~tl'lfl 

MF2010-49 Ln1::<l1U {'I. LLII~1I1'1 fl. ftlll~U <I . 'IIfllji 12'31'17.31" N 100'58'13.27" E '!I'ln'tu'W' LLII::iiiu,uuu't~i1iul,j1~'t'lnU'll\l1ll (tl1iiiuLLt\'~"lntJ~~) 24 n'1n!)'lI'l~ ~1tlll L~fl~fl1'l'1nl' 

MF2010-50 ti1'll,jnfl~ Ln1::LLI1~l'm tl. ftl11i1u <I . 'IIfllji 12'34'57.63" N 100'56'46.70" E '111nLU'W'LLfl::iii"" ...UuLi1ii1iU)J::'II'l)J 24 n'1n!)'lI'l)J )J1illl L~tlolfl'l'l"nl' 

MF2010-51 fi1'll,jnfl)J Ln1::LLII)J~1: fl. ~III~U "I. 'llfllji 12'35'7.96" N 100'56'48.24" E iiiu~ntJ't"'~~~qJ1'111tJ~11Jl ~n 0-10 cm. 24 n'1n!)11'1)J l-J1t{ll L ~flolfl1'l'1nl' 

MF2010-S2 fi1'll,jnl'l)J Ln1::LLII~1'I1: tl. i{ll~u <I. 'IIfllji 12'3S'7.96" N 100'56'48.24" E iiiu~ntJ'tU~~~qJ1'!11tJ~11Jl ~n 10-20 cm. 24 n'1n!)11'1l-J l-J1illl L~tlolfl'l'l'1nl' 

MF2010-S3 Ln1::"I1U {II . LL1I1-J1\1'1 tl . t\{II~U "I . 'IIi'llj1 12'31'12.09"N 100' S8'10.30"E '!I1n'tUl'Iu'ti1ii1iu~u 18 nUtJ1tJ... ~ ~ )J1i{ll L tlolfl1'l'1tlJ 

MF2010-54 

MF2010-SS 

MF2010-S6 

MF2010-S7 

Ln1::"I1U III . LLII~~1'1 fl . i{lli1u "I. 'IIfllj1 

Ln1::"I1U III. LLII~1'I1'1 fl. i{lli1u "I . 'IIi'llj1 

Ln1::"I1U III . LL~~~'11 tl. i{ll~u "I . 'IIi'llj1 

Ln1::"I'lU 111 . LLI'I)J1'I1'1 fl . ftlll~U "I. 'IIfllj1 
- _. -  - 

12'31'12.09"N 100'S8'10.30"E 

12°31'12.09"N 100'S8'10.30"E 

12'31'18.47"N 100'S8'7.41"E 

12'31'18.47"N 100'58'7.41"E 
-  -  ---- 

iii...,uu...1oi~uL'I'" (Wi MF2010-S3) 

.J . 'W' -Beating technique W''l~ {Il1)JmolLl'lU 

iiiU~1::IIi'UI'I'l1)J~n 30 cm. ( floating technique) 

LUfttln1,j1~~1'lU'II\lIJl~'1::IIi'Utln 
----  -  -  -  -  -  - 

18 nUtJ1tJu 

18 nUtJ1tJu 

18 nUtJ'ltJu 

18 nUtJ1tJu 
-  - 

)J1illl L~floltl1'l1nl' 

)J1t"1 L~fl~tl1'l1nl' 

)J1t{ll L~floltl1'l'1nl' 

~1illl L~tNfl1'l'1nl' 
! 

-
w 
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ejf'eJ~~n1niltJ~'J'euh.:!h "'l1n~'W~L,"w-ln1J''eJ'tfn~'W~mJ'~Vi"ll~'WLti'eJ-l~1'''l1nYiJ':;J'1"l1vl'1~' ~ L"lI11'-lL"lJ~J' 'eJ.hWLUI"1 "'l.n1'1)"'l'Wti1 

Field Number 

MF2010-3 

MF2010~3.1 

MF2010-4 

MF2010-5 

MF2010-6 

MF2010-7 

MF2010-35 

MF2010-36 

MF2010-37 

MF2010-38 

MF2010-39 

MF2010-40 

MF2010-41 

MF2010-45 

MF2010-46 

MF2010-47 

MF2010-48 

Location 

U1L~,-r~L'!I~1!l. 1'111tul'I "l. mClJ"ltJtj1 

u'L'n-r~L'!I~7!l . L'II1tUI'I "l. mClJ"ltJtj1 

U'L~,-r~L1J~7!l . 1'117tul'I "l . mClJ"ltJ~1 

tl1L~1-r~L1J~7 !l. L'II7tUPI "l. mClJ"ltJ~1 

U1L~1-r~L'!I~7!l. L'II7tUPI "l. mClJ41tJ~1 

tl1L1J,-r~L~~7 !l. L'II7LUPI "l. mClJ"ltJ~1 

U'L1J,-r~L1J~7 !l.1'117LUPI 4l. mClJ"ltJ~1 

U'L1J1-r~L1J~7 !l. L'II7LUPI 4l. mClJ41tJ~1 

tl1L'n-r~L1J~7 !l. L'II7LUI'I "l. mClJ"ltJ~1 

thL1J,-r~L1J~7!l. L'II7LUPI "l. mClJ"ltJ~1 

tl1L1J,-r~L'!IlJ1!l . 1'111tul'I "l . mClJ"ltJ~1 

tl1L1J,-r~L'!IlJ1!l. L'II7LUPI "l. n'1ClJ"ltJ~1 

U1L1J1-r~L'!I~7!l. L'II7LUPI "l. n'1ClJ41tJ~;' 

u1tJ~nfu1!l~~1'1l'n~1tJM'II17~~tJ1 !l .L'II1LUt'I 

tl1L1J,-r~L'!I~1!l. 1'117LUI'I 4l. n'1ClJ"ItJ~1 

tl1L1J1-r~L1J~1 !l. L'II7LUI'I "l. n'1ClJ"ltJ~1 

tl1L'!I1-r~L'!I~1 !l. L'II1LUI'I "I. n'1ClJ41tJ~1 
-

GPS data 

14'24'45.25"N 98'51'45.97"E 

14 '24'45.25"N 98'51 '45.97"E 

14'24'48.98"N 98'51'44.73" E 

14'24'31.75"N 98'53'26.89"E 

14'23'8.04"N 98'55'43.47" E 

14'23'8.04"N 98'55'43.47" E 

14'24'48.98"N 98'51'44.73" E 

14'24'48.98"N 98'51'44.73" E 

14'24'48.98"N 98'51'44.73" E 

14 '24'45.25"N 98'51 '45.97"E 

14'24'45.25"N 98'51'45.97"E 

-

-

14 '20' 15.26"N98' 56'26.52"E 

14'24'48.98"N 98'51'44.73" E 

14'24'48.98"N 98' 51 '44.73" E 

14 '24'45.25"N 98' 51 '45.97"E 

Habitat 

'!I'n~'!Ili'l.Jn~ tI'ItJl,J'ltJu,'lej 

'nn~'!lli'l.Jn~ tPltJ'llJ'LtJu,'lej 

~tJltJt~NUj~7::~l.J~tJ~tJ 

~tJltJt~NUj~7::~l.J~tJ~tJlltJL~tJ'II1~L~tJtl'~ii~ih.rn~'tJ!l~~!i 

'1nll.J~u~~ 

'!l'n'll.JUju~~ 

~tJ-ntJl.JtJ 

'!l'n'll.J'llJ'LtJ~l'I;itJ 

~tJ'ltJt~NL~~7::~l.J~~tJ 

LtJ~!lnl~~IIII1lli'l.Jn~l.J1L'lru1:l'ltJW 

LI;l.JtIi'lujj!l"l1n~tJ~tJ 

~tJ'ltJth:h~I'I1'l 

~tJu~::'1n~'IlL:n~L'!I1l.J1L'lruti1Pf1~1'I1'l 

~tJ'!l1u~~u~.hhu,"l'lu!lu MU1U1tJ~n (\i1 flotation) 

PitJltJL~N~~1::~l.J 1.5 L~1II7 "l1n~tJ~tJ 

~tJul'I::'Il1nll.JUjl.JtJL'!I1~tJ~tJL~u 1 

Ltl~!lnUj~IIIi1lli'l.Jn~1.J1L'lru1:l'ltJUj 

Date 

20 ~~m~tJlf 2553 

20 ~~m~tJtf 2553 

20 ~~m~tJtf 2553 

20 ~~m~tJlf2553 

19 ~~m~tJtf2553 

19 ~~m~tJtf 2553 

23 ~l:nUtJ 2553 

23 Lmt'lUtJ 2553 

23 ~l:nUtJ 2553 

23 ~l:nUtJ 2553 

23 L~l:nUtJ 2553 

23 L~l:nUtJ 2553 

23 L~l:nUtJ 2553 

23 L~l:nUtJ 2553 

12 ii'ltJ1UtJ 2553 

12 ii'ltJ1UtJ 2553 

12 ii'ltJ1tJtJ 2553 

Collector 

~'t"I L~!l~!l"l1C1l' 

~'tlll L~!l~!l''l1nr 

~'\III L~!l~!l1'l7nr 

~'\III L~!l~!l1'l7nr 

-n'!l'l1~ 1"l;!l~~ 

-n'!l'l'~ 'l"l;!l~~ 

~'lf'l L~!l~!l''l7nl' 

~'tlll L~!l~!l''l7nr 

~'l'" L~!l~!l''l7nr 

lJ1tlll L~!l~!l''l1nl' 

~1tlll L~!l~!l1'l7nr 
..I

~1tlll LYl!l~!l1'l7nr 

~1tlll L~!l~!l1'l7nl' 

lJ1tlll L~!l~!l1'l"nl' 

lJ1t"1 L~!l~!l''l7nr 

~1tlll L~!l~!l1'l7nr 

~1tlll L~!l~!l1'l7nl' ...... 
~ 
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Family Uropodidae h'J..:!~\lijdjkl~1k1'Jkl2J1nLklU1L"lI[;l~'tlkl ~nm~tJ'tl~[;l12J"1I1nYi"ll";lJ 

, ., 
-. ()2J f.:J'II'tl..:!i[;ltJ(;i1..:!1 ~:;tJ:;.rtJtklV1 2 (deutonymph) "1J'tl.:Jhn~2J\l~n'tl1~tJ~'J..:!LUkI'Vi1~:;Lkln'l~ 

LL'Viin~:;r,ntJ 'tl1~1n'tl..:!hn~2J~1~LLri ~kI'tlkll?l'Jn~2J L~'tl~ LL~~"l!1n~klvi1tJ.r[;lLl 

Family Heterozerconidae LUklh~ih..:!'"I~[;li'Ji'tlkl ~'tlj:;tJ:;I?l'J'fl'tlklLL~:;.rtJtkl"'"i:; 

'tl1 ~tJ'tlULkI~klLL~ :;"111 nLlJW ~'Jkll?l'J L~2J.rtJ'"I:;~kll1.J Ln1 :;m,rtJ'tlUlJkll?l'J~.:Jn'tl ~'J L~2J.rtJ"lI'tl..:!h~ v v 

..,.., dl !'I .'1 .,., 0 "I t.o4 ., 0 .,.J.J., :: dl ~" 'I 
2Jmm:;tJ"'Ln1:;LlJkI~2J~"'[;lN"'1k1'V1'tl..:! 'VI1 ~~tJ"'Ln1:;~kI~~1[;l'J'VI~kl2JkI"lI'tl..:!n~n'tl ~'" 'VilJ2J1n ~kI 

., , 
L'II [;lffikl;kI Lkl1.J~:; L'VI flIl'V1 tJ'VilJ\~";'J11.J 

!'I ~ .J..,. " '''''' "'" 't "" .JdlFamily Rhodacaridae blJkI ~~'VI2Jmm~:;'"I1tJn'J1":!"1J'l1..:!'tlfJlJkI~'l"'klLL~:; kI"'kI'VI~ n~..:! 
~ I I ~ 

11.J ~'l2J.,;..:!'tkl"1l1n~kI'VI~tJ.r[;l()~'ltJ V1nkl'tl1~tJti'tlm~~1\lL'tl..:!~kI'"I:;nklLL2J~..:!~1..:!~'" ~'l'tl'tlkl"1J'tl~h• 
L1.J~'tlmL;..:! (oribatid mites) LL~:;Vlkltlkl~'Jn~~,JLUkI'tl1~1j 

Family Ologamasidae L"J!klL~mrilJh Rhodacaridae LL(;\ij'llkl1"'LVlqjn~1 nkl'Vi'ln 

LL2J~..:!Vl1.:J~"'~'JL~n 11?l'J'tl'tlkl'll'tl..:!h LL~:;VlkI'tlkl~'Jn~2JLUkI'tl1~1~ 

Family Macrochelidae LUkln~2Jl~ijmm~:;'"I1tJ-vi''lL~n ij\limukI~~1 nkl~kI'tlkll?l'l 
, , 

n~2J \ ~ LL~:;I?l'l'fl'tlkl"l1'tl..:!iIwrWijm:;~nikl~~..:!"l1k11 "'L~nLkI~klLUkI'tl1V11~ 'VilJ2J1nLklViV1ij 
, , " 

~kI'VI1tJ.r[;lLl VI~1tJ"lI\l"''VilJ[;l12Jnkl'tl1~tJV1m:;'"I1mtlkl~ti'tl2J1 'tlth":!2J~i[;ltJ f..:!'II'tl..:!kln i[;ltJb~m• v 

" " ~ 
v 
n ~I'l tJlJ1k12J LL~ :;LL2J~":! i..:! f'l2J L kllJiL 'l ruLVI ~1\l~kI'"I:;~1V1k1'tlkll?l'l n ~ 2J \~L~'tlkl~'tltJ \ ~ LL~:;I?l'l'fltlkl 

., , , 

LL2J~":! LUklm~1~ hn~2J\lij 'Vi ~~n ~~2Jn1~Ln1:;tl1 ~tJi[;lWklLUkI'Vi1~:;11.J2J1~:;VI~1..:!nkl'tl1 ~mj'tltJ 

L~~1,rkl i[;ltJ'Vi1~:;~h'"l:;Ln1:;~",\1.JU1LLri ~'J":!2J~i[;ltJ LL2J~.:J.rkl LUkI~kI 
v 

Family Phytoseiidae LUklhl?l'lJ1 ~n'tltilJkI~klYi"ll 'tlJl~ ijU'tltJ'II\l"'~'tl1fiitJ'tlrilJkI~'l~kIv v 

LL~ :;'tl1'"1 LnlJl~"'tJu..:!L~ Ll.J1~ LUkIh~~nU12J1H1kin 1~I"l'llJf'l2J fii[;llYi"llL"'tJ;'J% 

Family Podocinidae 'tl1fiitJ'tl~LkI"1I1n~kI'VI1u LL~:;"1I1nLlJl~ Lklf..:!2Jn f..:!"l1'tl.,:ji[;ltJVl'klbL'VI:; 

nklLL2J~.,:jVl1.,:j~ (;1LUkI'tl1'VI 1~ ijmmj:;'"I1tJ'tl~LklL"l1 [;l~'tlklLtlkI~'JkI't'VI qj 

Prostigmata 

Family Bdellidae ij~mtru:;~i.,:j Ln[;l1~~1tJ [;lN~ijffi1.,:j I"It11 n~~'tl.,:jLUkll1.Jn~:;lJ'tl.,:j LL~:; 

ij~'JklthmukI.,:j'J..:!ikl 1 LUklhl?l')J1~n'VilJ'tkl~klLL~:;"1I1nYi'll";lJ()2J ~nnklbb2J~.,:jVl1":!~"'bL~:;h~ij 
"l1k11"'L~nn~1 LUkI'tl1'V11~ 
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Family Cunaxidae LtI'lJh~ilf'l'l1lJlnMc;,Yl1-l~1'00J'lJ1n'wriu Bdellidae LL~il~tJ1-lf>1 
thn~~'tl-lLtI'lJLLUU{ULVI~'tl (raptorial) ,rn-"iU'tl~U'IJ~'IJ~,,!! LtJ~!In'hl 1.'IJ·1I1n~"!! 1'IJ~'IJ n'IJLLlJ~N 

... ~ .J... CJ' "'.!'l 
~1-l c;,c;, ~~YllJ'lJ'lJ1c;,Lflnm1 LLfl::VI'IJ'tl'IJ(;I'lnfllJ Lu'IJ'tl1V11~ 

.,-. 
Family Eupodidae 't.l1fiitl1.'lJi'IJ~'lJLLfl::"!!1n~·n'U'1lJ LflLf'l'IJ LLfl:;lJtl~ ~'l'IJlJ1n'Viu1.'IJ 

'.!'l - J'.!'l - ~ ~ "'''' •.J "'.1 ~.I 
'. L'lJ(;IVI'lJ1'JLLfl:;!IU~'IJ Lu'IJ'Vi'Jnn'IJL"lI'tlr"lLu'IJ'tl1V11J' U1-l"ll'IJc;,m:: ~c;,c;, ~c;,c;,'ltl"1l1 ~Yl 4 c;,c;,LLufl-l ~u 

~1 'VIfu n 1 J'n~::Lc;, c;, LLfl :;il"ll1~VI-W1 t11'J Vi1VI-W1~ fu 1~-l LL'J c;,~'tllJI11 tI'IJ'tl n lJ'ln n ~ 'l1.;L~ 'IJ 
~ ~ 

Family Rhagidiidae ilLf'lN~1'l-l~LTtln~1 rhagidial organ LtI'IJ~m~tru:;L~'Vi'l::U'IJ'lJ'l 
., .J" ., 

,rn'Viu1.'IJ'lI'ln~,,!!~UCllJLLfl::~'lJi'IJu'IJ "lI!lU'tlu1.'lJYli:ic;,;'IJ LLfl:;LU'IJ U'l-l"llUc;,'Viu1~'IJ~'l ilUiti 
~ 

Lil'IJ~~1 n'IJi(;l';'IJ~L~nn'l1LiI'IJ'tl1V1'l1.. 
'1 .d,gl '.q !:. ..J " ~ J'I 

Family Tydeidae Lil'IJ ~J'n~lJ1Vl'1JYllJmJ'nJ'::"'l'ltl~'lLfln lJYl~YlLtI'lJr.ifl'l r.ln'IJL"lI'tlJ''l 

fl::'tl'tl-lL1n: ~"!! LLfl:;fn'IJ'lI'ln Lc;,tlmfiitl'tl~(;I'llJ~'lJlJ'tl~ L~c;,n 1.'IJ~'IJ LLfl:;"lI1n1.u1~ ~'IJ~"lI f~ 
., 

"1I't.l~i(;If ~'JlJ~~L1~ Lfiu~'JtI . ., 
Family Anystidae ii"ll1tJ1'l ':j~L~L~'l ,rn't.l1fiitl't.l~(;I'llJ~'IJ~"lI 'l!'ln1.u1~ ~'lJi'IJu'IJ Vl1tl 

U'lJfltl'IJ~'IJ LtI'IJh~'J~'l n'IJhLLfl :;LLlJfl~"!!ilc;,~'lJLtI'IJ'tl'l'VI'l1 1.'lJtJ1:;LYl MLYltlii m::'il1t1tluvY'l1tJ 
~ 

.!'l~.J..I .J~",. ~.J'" ....... ".1 ",..I

Family Teneriffiidae Lu'IJ ~~YlLf'lfltl'IJYl ~c;,'l'tl~ ~'JL·D'lJLc;,mn'IJ lJ1tJ1-lrlu'lnLLUU'ilUL'VItI'tl 
I I I " I 

n'IJi(;IfYl ii"1l'IJ'l ~ L~n n~'lLtI'IJ't.l1'V111 iiti'IJ't.l1 fiitlYl 'VIfl1 nVl fl1t1 ~~ LL~'lI1t111~Yl:;LflLtJ"'l'IJn~t1'tl (;l L"1I'l~'1 
" 

1.'lJth::LYl MLYltlii nJ':;'il'ltl'tl~vY'J1tJ LLl'!,rn'ViULtI'lJ4'l'IJ'J'lJlJ1 n 1.'IJ'lI'J'I g~LL~'I 

Family Pseudocheylidae LtI'lJh1.'IJ~'IJ 'l!1nv.'l! LtJ~'tlnL~ iimJ'nJ'::"'l1t1i'JLfln {c;,LtI'IJ 

d1'1.lh~'J~'l n'IJi(;l1'Wiin1::~ni'l.lVl~~~L~nn~1LtI'I.lmVl1J' 
Family Paratydeidae LtI'I.lh~ii~'l~'ltJ1'l iim1m:;"'l1t1vt'lLfln 'Viu1~mlJ~'IJ 'lI'ln~"lI 

'VlUCllJ lJ'tl~ LtJ~'tln'hl LLfld''1'1.ln LLl'!'il:;'ViUlJ'ln1.'I.l~'IJ~LL""-l 1 ~Lm:;LL~lJ~1J''ViUlJ1n1.'IJ~'I.lYlJ''lti 
.. 

"ll'tl'llh"!!1t1V11(;l U1-L'lru'fl'l'l~fllJ i'l.lil~~1'1.l~'lLtI'Wh~'J~1 
'IJ oIJJ 

Family Stigmocheylidae ii~'l~'JtI'l'lL'lI'lJL~t1'JriU Paratydeidae rI1(;l~1iimJ'nJ'::'il1t1 

i'JLfl n ~Lm:;LL~lJ~1mu1~'IJ~'I.lYlJ'1t1"ll!l'ltl'l'l!1t1V1'l (;l U1-L'l ru'fl1'l~fllJ i'IJU'MJ1'IJ~'l LtI'lJ1J'~'J 
.. 
o 

'VI 1 

" Family Pomerantziidae LtI'I.lhn~a-Ju'Viuhhjtltl't!n ii~1~'J~'t.l'l.lif1'1t11'l tl'lfiitl'tl~1.'I.l~'W 
" I" I 

Yl1'ltli'IJ~n 1 t.I'l'il::iim1m::'il1t1'Vl'J Lfl mLfl:;LtI'I.lh~'l~'l Vi Lm:;LL~lJ~11'Viu1~'I.l~'lJYlntl"lJtl~ 

tl'l'l!'ltl'VI1 (;l U1-L'lru'fl1'J~fla-J 
" 

Family Trombiculidae ii'l'l'ilffl(;]~oiu.n'fl'l.l ~'tlJ'::tI::tj'tlt'l.l~ 2 LLfl:;~'JL~lJ1'tI iiUimtl'W 

" ~~'ln'WLLlJfl'l"lJ'W'l c;,L~n LLfl::L"Ii LLa-J fl'l LiI'W't.l1~'l1 LLfl:;m f'1t1'fluma-Jv.'I.l~'I.lLLfl :;'111 nv."lI'V1u ell,,) LLl'! 
" " 

http:LLfld''1'1.ln
http:iiti'IJ't.l1
http:l!'ln1.u1
http:LLfl:;"lI1n1.u1
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'" 0

~IWrL~U~ ~/nJ'Vi~ 

Family Smarididae L"lluL~mnu Trombiculidae ~'tlih:;u::t)utu~ 2 LL~:;~,)L~~t)U iJ 

il~ULtlu~~hnu~~1'1;r'tl'1lU1VlL~nn~1LtlU'tl1\-n~ LLj;h:;u:;~')ti'tlULtlu11~~LflI11UU'tln''tl~L~~~ 

Ltlu~')ul~qJ iJn1~m:;"l1ui,)L~n 

Family Erythraeidae Ltlun~~1~iJ~1u,)u"llilVl~1n iJn1~n~:;"l1ui,)L~n YiU~'1uU 
X ... " ... ... -J .!"I .1 ~ %.,.". "" ..cI ... d.!"l 
YiU"'ULL~ ::UULflUVi"ll ~::U:;~')'tl'tlU'Ci,)U~1 mUUU~'Ci Lfl"ll'tl~ ~ ~,)'1''tln~~'tlu 1 LLLfl~U1'1"llUVl'YILuU 

11~~Lfl"ll'tl'l~~1iJn1::':lniu"'i'l LL~:;'tl1"lLtluVi')n~1N;1Yi~~~:; (u.iLtlu11~~Lfl) ~:;U:;t)utu~ 2 LL~:; 

~') L~~t)U iJiliu LtlueJ~hnuiw5iJJiJ m:;",niu"'i'l~ L~n n~1 LtlU'tl1"'1~" 

Ltluhn~~l,.,qJ iJ'Vi'lViLtlu11~~~"ll'tl~iLfl1iJm:;':lniu"'i" LL~:;'YI 

... 

Family Calligonellidae ,rn'tl1~u'tl~m~~U~LL,x~ ~1~L11~'tln1~ f~un LL~:;UU~U~"ll 

LmU1 ~~Url~~~U 4''''Ltluh~')J1 
'" • d 

Family Cheyletidae 

~1N;1Vi'tltl1,,~~~:;1.U~ULL~:;'1i')n~"ll'Viutl~ nU~~1"ll1;r'tl"l.lU1"'L~nn~1LtlU'tl1~1~ iJn1m~:;"l1U 

nt)1'1"ll,)1'1 1.U11~:;L'YI fIIL'YIuVlu1c11i')111 
'" . 

Family Scutacaridae LtluhnUL~'tl~1 Vlu1c11'Vi')1111u~u Lfl1~'1i1n~"ll "ll1n~u'YI1ut)~tl• 
lol~~~1 f'l"1l'tl'l~Lfl1 ~~~'1UU~,)LL~~~~hn~~el.jfLn1:;lil1~111~'1~~1"1 

Family Sigmateidae iJ n1m~:;"l')ui')L~n LL~:;iJ rl,)1~,.,~')n~~1U~'1 iJil~u LtlU~~')1.U 

~U Lfl1~"ll1n~"llLL~:;UU~UW U1'1"llil"l:;nu~U~'tlI1HtlU'tl1"'1~ 

Family Tuckerellidae 4'VlLfjuh~li1l~"ll Lrl~'tlU~.jf1 iJ"1lUm,)LtluLLmrl~1U~1'1UnfJ'I'tl~ 

~hU"'1U"ll'tl'l~1~,) Vlu1c11uu~u~u UU~1~U lu LL~:;t:.J~"l.I'tl'l~"ll ~,)~ViUUU~U~Ue,J1"l:;nu 
~,)U"ll'tl"~"ll~'tl~1.~~ULtlU'tl1"'1~ 
Oribatida 

. '" . 
h'tl'tl1u1Yi"'~1'tl1n11~'tlmL~" ViU'tl~'Vi')111m~~u~1'111.u~uViL"ll1t)'1L"l.I~~ LL~:;"'~Ln1:; 

'" '" '" LL~~~1~ Ln'tlu'Vi",.,~",iJil~un1~nULLUUL~mnU~'tlnU"ll1nLL~:;nUL~'tln 1m~~u~'1iJlzbulu 

n~:;u,)Un1~tl'tlU~~1U~"Ltlum:;u')un1~"'~'1~~1 f1'1J1.U~:;UUilL') fII n~1,) f1'tliJ U'YIU1'Y11un1~nVl 
" t" 

nU'1i1n~"ll L~'tl ~') LL~:;LLU rlVi ~u LL~,)~ ~'1l'tl" ,ru~'111~:;n'tlu ~,)u;u~,)u'1l'tl""ll,) n~"llVi 
I 

L~n~'1 LL~:;
" J' '" 0

~11'tlf "l:;tl'tlU~~1u1~W,)"1lu "ll')um::;"l1u~11'tlf,'tl" L~'tl~1 Li'ln"ln~~~"ll'tl'l L~'tl~1 LL~::;Li'll~\nVl 

~u'YI1ut)Lfl tl ~'1 ~~l,x~ui1 rl,)1~'tlVl~~~Umr 11~:;"ll')mLL~:;rl,)1~"'~1n"'~1U"l.I'tl'lh'tl'tl1u1Yi Vl~. ." 
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.. 

' 

';jfin1~Ln'lJ LL~~'1 rJ1'JtJ tl'lJ ~mL~'l1yj (.nltJ'lJ'W) n1 ~~'lJt(;1tJ~';j'l ("lJ'JI'lJ'W) 


L~'f)bbtJ nL(;1tJb-n 8erlese funnel (.nltJ~I'l) LL~:; n1~~'J bb~~'lLf?ltJb-n Malase trap ("lJ'JI~I'l) 
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~tJ~ 4 ~(Nb[?]1~'Jb~:w~t.J~~1JU'W~'W:W~b~re1 t~~'lm~re1~~n';~'W~m'~:W~"lI 

~'Wbtire1'l:W1"'l1n~~~~1"l1~1~"1 (;1 . ~~re1'lleJ "'l . tJf)'.i'n;11ih.n 
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". 

"
, ,
~,j~ 5 ~'11'W~~~ Apis ~'1V1~'N (Apis dorsata) Yl'Vitl 1'Wtl1-~'JruYi'WYl 

t~N n1~'fl~ fn ,;~'W~n ~~l-JYi"ll,g'W~ti'fl'll-J1"'11 n'Vi ~:;~1"ll ~ 11-"1 

I?l. ~~'fl'l1~ "'1. 'W~~~1"ll~l-J1 
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iI I g... it 

b~~~JbbU~bb~~~~bb~~ ("lI'dI) bbmYl~'El~ b~~tJ'ei'El'W1'WmJ~~crn (sif,ltJ) VI'W'El'W~b~'El ("lI'dI) 
I iI n<I I I I iI I 

bbmVl~I~ bb~~~.r'WI:,J~1~ (sifltJ) b~~tJr.rnr.r'W ("lI'dI) bbmVl~ ~b~'ElbVl~tJ'd (sifltJ) ~'d~ ("lI'dI) 
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-. 

• 


'" 
~mbl?li.l~'1-n'l'J ('lJi.l) bb~I'N'n'lVl'n'lJ (~h~) 
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~iJ~ 1 0 ~L~'e)~'V'IUU'WLn1~LL~aJ~"W ~'lVlrJ~ "Jj~U~'" , 
~ ~ 

~ L~!lVl'W'e)uluriaJ L~'W~1 (u'W) VI'W'e)'W~ L~'e)lut'n (~1'l), 

~ 

~ L~!lVl'W!l'W1ut'n~ [?n~ ("1J'J1) 
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° 0 
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0. 
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@ @ @ @ @ @ @ @ @ @ @ @ @ @ @ 101 @ @ @ @ 


@I @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ @ 


@ 	 @ @@I @ @ @ 
I 

@ @ @@ @ @ 
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Abstract 

Feeding preference and growth of the nudibranch, Jorunna funebris, fed on the blue 

sponge, Xestospongia sp. were conducted. In addition, the relationship between the secondary 

chemical substances found in the nudibranch and its food source were investigated. The 

results showed that Jorunna was a prey-specific nudibranch fed only on Xestospongia sp. The 

growth rate experiments showed that the small size class of Jorunna had the highest daily 

weight gained (8.8% per day) while the medium size class had the highest daily length gained 

(3.6% per day). Moreover, the 12 and 24-hour feeding rate experiments showed that Jorunna 

fed both during the day and night. The chemical analysis showed that there was a relationship 

between the secondary chemical substance, renieramycin M, found in Jorunna and the 

chemical substance found in its sponge food source. When Jorunna was starved and was not 

allowed to feed on Xestospongia, the content of renieramycin M in the foot muscle of Jorunna 

decreased significantly. Jorunna fed on sponges in confined basket cage showed the same 

trend. However, most of them that raised in the closed system showed high mortality and did 

not produced renieramycin M at all. Recently, scientists also found that the renieramycins from 

Jorunna can exhibit potent cytotoxic activity against cancer cells. 

Keyword: 	 nudibranch, Jorunna funebris, feeding preference, secondary chemical substance, 

renieramycin M 



iv 

~oo.J'W1m~L~'il~~'W'1I'il~1"ll mn~tJL(;I LL~:::m~~h~~1~~ij~V1fV11~~'JJ)1'V'l'1l'il~ 


'V11mtJ~'iltJ Jorunna funebris Kelaart, 1858 


...... • I 

n(;l(;ln~~lJu~:::n1fi1 ...... ... .............................. .... .............................. .. ................... ....... ..... ........... .. 


uVl~"'ti'ilIlTM11VltJ ................................. .......... .... ..... ....... ...... ...................... .... .................. ..... .... . ii 


, 

UVl~"'ti'il1l1M1~'1nq'M .................................................... ........................................................... .. iii 


.... .dI 

~1~U'lJLJ''il'l ... ......................................... .. ...................... ..................................... .... .................. . iv 


~1J'U'l!ltJ ......................................................... ........................................................ ............... . v 


~1~U'l!(;I1~1~ ............................................................................................................................. . vi 


o 
UVl'W1 ........................................................................................................................................ 2 


....... .,J .,J " 

'11'W'J"'ItJV1LntJ'J'1I'il'l .................. .. ........................................................................... ...................... . 2 


~(;IQtJJ':::~'1~ ............................................................................................... ...................... .... ..... . 5 

, 


• I 'i' ...... , ~ " .... 
uJ':::~tJ'1I'WVl~1"''J1'''1:::~l'lru ................. . .. . ... ...................... . . ............. ........... .. ... .. ......... .. 5 


.c::::..~ Q ~ ~ 

'JfiI'l1L'W'Wn1J'l"ln'M1 .............. ... ... ... ........................ ............................. .................... ... ................ .. 6 


l:.J~n1~~n~ ..... ...................... ...... .. .......................... ... .. ..... ............................ .... ...... ........... ..... . 7 


~~tJLL~:::r.i"'l1~rur:J~ ..... ........................ ............ .................. ..... ......................... ..... ....................... . 11 


" L'f)n~1J''il1'1' ...f)'1 ........... ..... ................................ ................................... ..... ................ ......... ........... . 13 




9 

v 

'i'll;!1. imi'ru:::~'tl"~oo.J'W1m1V1i·.:m11LVi1:::Yl"n"JI'tl,,1'1iVl1mtJ~'tltJ Jorunna funebris ...... .. .. . .... ... 
'i'll;! 2. mn~t1L(;lL~~tJ (± S.D) Ll1ltJ~1'WWn (A) LL~::: flI,)1~tJ1'l (8) "JIt1"Vl1mtJ~'tltJ.. 

.J " ., " 
Jorunna funibris VlL~tJ,,1'W1:::t1t1L~tJ"~')tJ~'tl"U1 Xestospongia sp. LU'WL,)~1 7 r)'W ...... 10 

" . 
'i'll;!4. m~1ruLL~:::~(;l11n11n'W~t1"U1L~~tJ (± S.D) 1'WL'l~1n~1"r)'WLL~:;n~1"~'W"1Jt1".. 

.J " '" VnnLtJ~t1tJ Jorunna funibris 'VlL~m1'W1:;t1'UL~tJ"LU'WL,)~1 7 r)'W .. .... ... . .................... 10 

'i'll;!5. flI,)1~L;;~.jf'W~t1"~11 renieramycin M L~~tJ (± S.D) ~t1"'Vl1nLtJ~t1tJ Jorunna funibris .. 
Ld'f)hJ1~f'U (A) LL~:;1~f'U (8) ~'tl"~1 Xestospongia sp. LU'Wt11V11nU'WL,)~1 7 r)'W 

LL~:; 6 ~tJl1l1i (;l1~~1~t1 ......................................... . .... .. . ... ..... .. ... . . . ... . ........ . 11 



vi 

..., 
~1'i\J ru.., t;l1'i1~ 

... 1.... .... .~ '1 I • I"" J ~ b' 8!;I1'i1.:J'VI . ""!ij.J~1mffi~..:Im~L""1:;nn'll'f)·h'1lYl1mu~'f)tJ orunna ,une (Is ............. ..... .. ...... . 




• • 

• • 

.1 ... J'" '1 ' .,. ~ "...I.,. .cC .,.
(~'Vltl) YfOOJ'W'1n'1~LU'il'l(;1'W'lI'fl'l~"1I n'1~L(;11J ~(;1 LL~~n'1~~1'1'1~'1~'VllJ~'Vlfi'Vl'1'1'l1,)Jl'1Yf 

'tJ'fl'l'Vl'1mtl~'fltl Jorunna funebris Kelaart, 1858 

(~'In~M) Egg Development, Growth and Bioactive Compounds Producing of 

Nudibranch Jorunna funebris Kelaart, 1858 

(Jl'1M'1L'Vltl) 

(J1Tl~'1~'In~M) 

f'J ru1 00l 

,
"'0 

~ tn'W'Vl'Vl '1 'I '1 'W 

E-mail 

, 
d 

'll'il 

(J1'1M'1~'In~M) 

f'Jru1~ 

(;)'1 LLVI'Il'l'Vl'1'1';j'll'1 n'1 ~ 
, 

..c::Io 

~ tn'W'Vl'Vl'1'1'1'W 

E-mail 

...... 
'W'1'1~'1,)~'lI'W'1 'lI')'W'lIti 

Ms. Suchana CHAVANICH 


Ph.D. (Zoology), University of New Hampshire, U.S.A. 


~ Q ~ ~ ~ 

Jl'1I"l,)'lI'1,)'Vlmfll'1~(;1~'1'1'Vl~L~ I"lru~,)'Vlmfll'1~In~ 

~'t1'1~'In~rulJ"n';jVlm~t1 m''IL'VlYf'" 1 0330 

02 218 5394, 5401 

022550780 

suchana.c@chula.ac.th 

Mr. Voranop VIYAKARN 

Ph.D. (Fisheries Science), Tokyo University of Fisheries, JAPAN 

eJ"ll'mfll'1~ (;1~'1~'1 ~U.. 
..::::.. ,Q .. .c::\tio r 

J1'1I"l,)'ll'1,)'Vlm P1'1~ (;1~'Vl'1'1'Vl~L~ I"l ru~,)'Vlm fII'1~ j;J~ 

~'t1'1~'Im'rulJVI'1';j'Vlm~t1 nNL'VlYf'" 1 0330 

022185399, 5401 

022550780 

voranop.v@chula.ac.th 

mailto:voranop.v@chula.ac.th
mailto:suchana.c@chula.ac.th


2 

o 
tJ'VIU1 

'Yl1mu~'Bt.l (nudibranchs) LiI'Wi~1"'Yl:;L~~1'rI'lnVlt)tJ (Phylum Mollusca) t'Wn~:l-JWe)tJ~'lL~m 

(Class Gastropoda) ~l~ihu~t)nLL;~~t)~:I-J~'l~'l ~~LU'WtJ~:I-J'l~'lnnJ':;U'l'Wn'l:i''Yl'l~';)t)'''''W'ln'l:i'''jJt)~Vlt)tJ• 
" I I I 

t 'Wn~:l-JuVi ~ "":i'u'jJ'tl~ LU~'eln LL~~LVI~t)LVitJ~ LLlJ'WL~~ (mantle) Viii~ i'WViVl~'l nVl~'ltJLL~!::~ 'ltJ~'llJ 'Yl'l n. " 
I I ~" 

Lu~t)tJii~'l'W'lVI q!"1.I 'W'l ""L~n L~~t)'WVi'ih ~'lN:ttl ~'tl~,Jh'l ruYl'WYf'tl~'Yl!::L~ v1~'l~LL'W'lU!::n'l~~ LLVI~~VI ~'l 
4... X 'I t-t- '" .1 "'.!'t s.. ':Ix.J . .:t.!'l .J

'VI:;Lfl VlJ''tlU:i'L'l rul'i'W'Yl5"ltJ b~n'tltlVl'W 1J'W"li'l nlJ!::n'lN LlJ'W~'W ~'Gi'W'YlVl~'l nVl~'lmLfl:;~'lm'l:I-JtlLlJ'WVI'W~ 

'l'Wnfllnn'lJ'~'lNm~1.'Wn'lJ'LL~""~~'l J''llJvr~"1l:I-J~fiTlnl1.Ufi:i'J':I-J"li'l~ LL~!::~~ LiI'W~~ ~~~""l1nv1'tl~ L~tJ'lLL~!::l1n 
, 'I t- ~ 'i' X ., .J..,/ 'I. t- • 14 ....J 1. • I .,1'0

n'ltJfl1'r1 b~'W'lVl'l bt)n'l~lJ'l'Ci:I-JtJ~ "li~'Gi~tJfl VI'VI'ln LlJ~'tltJ Qn'''I1JL'rI'tl'W'l:I-J'l''1.l'ltJ U~~'l""lJ~'l~'ltJ~'ltJlJ'ln"1.l'W 

'W'tl n ~'l n ~'l 'llJ ~'l tJ~ 'llJ LL~ 'l 'VI'l n LU~t) [J LiI'WiIn 1"'VI:; Lfl ~ n n~:I-J VI~~~l~~u ~'l'llJ~'W1." 'tlU'l~~~1.'W~'l 'W• 
.. .J "" - "" _.,1' 1.' 'i'.J." 1. • 14 '" "" n'lml'i'VItJ Ltl'tl~"'l nlJ n'l J'tJ fl ~~'l:i"Y1 (;\tJl1:I-J'jJ'W~:;~:I-J 'WJ''l~ n'ltJ bfntl'Yl~'lJ'''''~ n ~'l'l 'W'Yl'l mlJ~'tltJ1J'l~"li'W"":I-J. " 

fiTntJl1'l'rl1.'Wn'l:i'~'llu~ n fn LuutJ'lthU""VI~'tl~m~t'lLJ'~1~ L"li'W 'Yl'l mU~'tltJ Jorunna funebris ~l'i'l.JnJ'!::~'lti 

~'llu1.'W"h'W~'ll'YltJ 'Yl'l nLU~'tltJ"liili1)d~'l:I-J'lJ'tl tJ ~ ~~'lJ'L~iin~:I-J jorumycin LL~::: renieramycin ~ii~'VIt 
" ., 

1.'Wn'lJ'j;]'tl ~htlL~t) LLU ~Vi L1tJ LL~ :;lJ:; Li~U'l~"liUfn ~'l'l:I-J ~'l ~ry LVI~ 'lU ~~ tJ~1.~'VI~l'itJ'l nJ''Yl'l mU~'tltJ1. 'W 

fiJ'J':I-J"li'l ~iJ LL'W'lLU:I-J tl n~'llu1.;'UJ'dtl"li,JL~:I-J:I-J'l n~'WLL~:;~'l'W'l'WUt:::"Il'l nJ''tl'l~~ ""~~t)U'l~VI~ n L~tJ~l~l~ 
" 

n'lJ'~ m~n'Yl'ln LU~'tltJ1.'WUJ'!::L'Yl fill'VItJ ~'ltl1.VI ru LiI'Wn'l J'~mn L~tJ'l nu n'l m t:;~'ltJ LL~ :::'tl'Wn J':I-J';)fi'l'W.. . 
., " ., 

n'lJ'~n'l!t'l ~~~U Liltln'l:i'~m~t'l~'l';)'Yltl'l LU'tl~ ~U"l.I'tl~'Yl'l n LU~'tltJ Jorunna funebris LfntJ LUU~'l';)'YltJ'ln'l:i' 

~U~'WfiL~'tl~'llu ~ n 'l n ~lJ~ 'l'W'l'WUt:;"li'l nJ' 'l'WJ'!::uu L~m~~'llJ'lttl tJ~ ~~ 'lJ'V1 ~tJl1ij~iJuJ':;LtJ"li,J'Yl'l~
~ ., ·4 \I 

n'lJ'LL'rI'YlUj;]'tllU1.tl'il'W'l ~ In ~'WLU'Wn'lt4'""n'lJ''Yl~'rItJ'lmLfntJ n'ltHuJ':::LtJ"litl1~iJ ~ru,"hLL~ :;~~u'W :i''llJ~~ 
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Q ...... dd IV 

~1'U'J~ tI'VI Ln tI'J8JI'!l~ 

'Yl'lnLU~'tltJ (nudibranchs) Lutli(;\1'Yl!::L~~'ll'i'dnVl'tltJ (Phylum Mollusca) 1.'Wn~:l-JVI'iltJ~'lL~m• 

(Class Gastropoda) ~~VI:I-J'ltJ~~i(;\1~iJ~'d'WLVh~~ nU~'d'WV1t)~ i 1n.n'Wn~:I-J'Yl'lnLU~'iltJiJ ~'d'l:I-J 

VI~n nVlfl1 [J'lI'tl~~'ltl'l'W"IlU",,~~ LL~ :;ij~1U'dtl:I-J'l n L~'tl Lmtl1JLVimJ nu i ~1n~ :I-J~u'l'Wi'WUt'ltJ (Subclass)" . , ., " 
Opisthobranchia L~tJ'lntl LfntJ'rIULiI'W~1'w'l'WlJ'lnn~1 900 "Ilili1)vi'lL~n vi~\l 'Yl1nLU~'tltJQn~'lLL'Wn 

'tl'tlnLU'W 4 ~'W~1JU'tltJ (Suborder) l~LLri Doridacea, Dendronotacea, Arminacea LL~:; Aeolidacea 'lu 

~'W~u (Order) l'Judibranchia (Jensen 2000) 
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Vl1mu~tltJtl1~tJtltiluVI:;L~ r;i~LL~"lI1tJer~VI:;L~"'IU~~VI~L~~n ~1lJ1~C\ ....ul~m)J"lItln~u u~mf~ 

., OJ 

, , 
~tl'l~1 L....1tJ~i'l~tllJ ~1~i1tJVI:;L~ ~qj1V1~L~ LUUI'1U (Grzimek 1984) inMru~vi'lluLuuiIJl1ViiJ 

., , 
LU~'iln L'U....1:;1U~~tJ:;LLrn"tl~ r;i'l'fltlU LL~ ~';h n1~Vi~ LU~'il nI11tJ'VIi~Vi~n'il'iln "'I 1 n hi ~'lU"1ltl'l ih r;i'lhJ 

., ., 
LL1.J'ILUUU~tl'l iJ~lJlJ1[;\~.n1tJ"1l'l1 vi'lu i1'1n1tJu~:;n'ilu~'ltI~'lui'l ~'luLvh LL)J'UL~~ "J!'il~LL)J'UL~~ LL~~ 

.., 'I.J'" • I"" ~ .., ...I .., 'I • I ~ ~ .'!f ...1'1"
'il'ltI'l:;111tJ ~u t;'i'l'U~'l"1l'il'lVl1mlJ~'iltJlJ~nMru:;VI"lI~L"'I'U 111tI ~'UlJ1mJL"tI'l Gaw) LL~~l1'UVI ~"lI~~tl1~1~ 

(radula) ~1'Uu'U"1ltl'l~'l'Ui'liJtlt)tJ'J:;f1J f'I'l1~l~n ~tJ n~1 rhinophores u~:;iJ'ilt)tI'l:;~';h~U1~ f'I~1tI 
, ., 

L~~'iln~tJn~1 cerata ~'1tlt)m~vi'l~tl~~1~1~c\~1lJ11fl'Um~~1LL'Un"llil"'"lI'il~Vl1mu~'iltJl~ ~'lULVl1tlti 
'II 

1J~L'lru~1'U~1~"1ltl'l~1r;i'J LUUU~L'lru~iJn~1~L~'fl~LL~'1LLN n1nf'l~tl'U~1.nm~~"'~iunum~f'I~1tIr;i'l 
"1l'il'l ~'J'ULVl1 LiI'U4''1'V1'J ~ 1J1'1 f'I f'liJ m ~~ '" r;i'l't1't1 n"'l1 n~'UL;h~ lJ'J ~~1.aULuuinMru~"1l't1'1 m ~~1tI~1~'1 
,juLu'Un 1~~U~~1~ n':jfi~~'1"1l't1'1V11n LtJ~'t1tJ ~ 'J'U"1l't1'1 LLlJUL~~~~'lU1'VI ruiJ~ iU~'ltJ~1lJ ';h'VIU1~t.i't1~)J.. "'. 
~1r;i'l LLVI'ULU~'t1n LL~~ ~'l'U"1l'il1J'll't1~ LL)JUL~~1'UVl1n LU~'iltJ1J1'1"l1 il",'t11"'1 iJ ~'t1)J'llU1 '" L~ n~1'V1 fu Lfi1J~1~~H' 

l'Un1~iJ't1~n'Ur;i'l"'l1n~~1 (Harris 1973; Thompson 1976; Behrens 1991; Jones et al 1998; Jensen, 

2000) 

.. , 

Vl1nLU~'t1tJLtlu~[;\1fi'ULi1't1LU'U't11'V11~ L"'tJiJn1~L~tln"llil"''lltl~tl1~1nL~~mfin1~n'UViLLlJln~1'1n'U 
., , 

't11'V11~"1Itl'lVl1mU~'t1tJL~LLri ~'il'l~1L'U"'1~tJ LU~L't1oi'l L....1tJ~i'l'VItl~ hlu~1 ~'l)J~'I Vl1mtJ~'t1tIn~lJ~'U• 

, ... ., 
n'U't11'V11~'Vl11~Vl1n LU~'t1tJiJin~ru~"1l't1'l~'U'VIffi LL~N~uVi LLIJI n ~1'1n'U vi'lU Vl1 n LU~'t1tJ~'l'U' 'VI q)'il'il n'VI1 

n'UluL'J~1n~1'1~'U (Harris 1973; Thompson 1976; Jones et a11998; Jensen 2000) 

t'l LtlflJLL~ ~L"li .... ~'t1lJn'U Vl1 n LU~'t1tI'l1'lL"liL"'tJt'l~1'1~'lU~ LU'ULij't1 n~'IiJ f'l'J1)J LL~'I LLNHt.i't1~lJL"1i lui1'1 

"1l't1'11"liiJ'VI~1tJinMru~ 'VI~1tJ'1J'U1'" LL~:;'VI~1n~ L"'tJn~)J"1I't1'11."li't11"'1iJinMru:;"1I"'LUULn~mm'l LL~~""1J• 

" I I I 

~WJ'U1m~'1J't1'1t"liLL[;\n~1'1n'l.!1JI1lJ"lIU", r;i'lu(;\ 2-31''l.! "'IUm'~vi'l,jULU'UL~'t1'l.! G-lJ"'I1n~WJ'U1Lu'Ur;i'J'ei't1UVi 
, .. 

~1N;""LtI'ULL""~'In[;\tl'l.! (planktotrophic larvae) mnmut.!~'l'ei't1'U~:;tJ:; veliger ~'It'l1lJ1~r;)~1tI~1L~ 

't1f.h'l~t'l~:; (free swimming) LL~:;~~Vl1tJ~'1LtJ~tJ'ULLU~'IltJi1'1 (metamorphosis) L~'t1~'1~Url'Cl1'l.!1J'U 
~'U~'J n~1tJLU'UVl1 n LtJ~'t1tJ ~:;tJ:;t)tJ'fl't1'l.!LL'Cl~1'm':'l.!~iJinMru:;~tJi1'1L'VIij't1'l.!~'t1 m,j (;\tlLtJ ~'l~ ~'l'ei'il'Ul'l.!. " , ., ., 
~:;tJ :;ViiJm:d1tJ~1L~'flci1'1~t'l ~:;t'l1 )J1~c\ LL.... in~:;"'11 tJ LiI'U~:;tI:;Vl1..:Jt~n~~1nLc;)tI'fl1 ~tIn~:;LLt'l~1 LU'l.!~'l 

~1""1 (Harris 1973; Thompson 1976) 
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n'lril'Vl1n Ltl~'tltltln~'"I1n Ltl~tlnLL~,ni'tl~~i1-ln'lti ~-l~1 LU'tJ~tl-l~~'tJ1 n~1n1.'tJn1~i1tl-l ~'J'"I1n 

~~1 L~t1~'J'tJ1.,"qj LU'tJn'l~Vi~1-l ~'l1.~dh nu~rn'tJ~\.iffiL~t1'tJLLUU~~tfi1'tJ ,"1tl i'J n1 ~LFI~'tl'tJ1,"'J"lJtl-ltl.Jm:: 

U1-l~'J'tJL~'tlyj1 fl'J1~ ~n1.'"11.~nu~~l1'JlJ()-l m~i'J~~'tJ~~ (;l1.~~-lU-lU'tln ()-l m 1i'JV.'ft n1?~~1-l~ 1~'VJ&itJIJi) 

~i'Jq'VltLU'tJV.'ftj;j'tl ~{;1l LL~::n'l1H'L;j~Y4'ftL~t1 ~ ~-l n11~~1-l ~1~'VJ&iuIJi)'lItl-l'VI1 n Ltl~'tltl~i'J ~1 t1-l 1'tJm ~VilJ 
1.'tJ~1'1'r'VI::L~ n~~~'tJL6Jl'tJn'tJ L(;ltl~'J'tJ~1 mu'tJ~vl'fbJi'J m::~ n~'tJm~'-l L6Jl'tJ ~'tl-l~1 LVi1t1-l~'J,"'tl~ 1lJ1Ltlen'J 

1e1(;lffi~ LU'tJ~'tJ (Fontana et al 2000, 2001; Faulkner 2002; Mayer and Gustafson 2003, 2006) 

'VI1nL,J~'tlU Jorunna funebris ~~tlu1.'tJ€'tJ~lJ[]tltl Doridacea LU'tJ'VI1mtl~'tlu1.'tJn~~~~4'nn'tJ.. . '" , ~ 

vi'J1tl1.'tJ'tJ1~"lJ'tl-l dorids 'VI1mtl~tltJn~~ui'J~tl11-lLLlJ'tJLL~ ::i'J'"I (;l~1'tJ,"i-l ~'J'tJ"lJ'fl-lLLlJ'tJL&i~ rl~~()-lLVl1 
q ~ q q 

... I I " " '" I 

Ltl'flLU'tl L~t1'fl1,"11"jJtl-ln~~Yi'l!j;ln'tJ1~uri ~'fl-lU1'V1::L~ L6Jl'tJ ~tl-l,j1~,j1L~'tJ Xestospongia sp. ;-lLU'tJ 

., 4 .J :: ~ II .,J,q cr
m,"11,"~n"jJ'fl-l'Vl1mtl~tltl Jorunna funebris m1'V1~tl-l'tJ1~LrlN~11-l111u1.'tJLU'tJ spicule 'VI~l"l'J1~ LL"lJ-l 

... .... I " 

LU'tJ ~'J'tJ~1''tJ11-ln1U vh1.~~tl-l1.;-UN1.'tJn11'l! ~mVl11Vi ~'fl~vi-l Lrl ~tl'tJtJ1t1~'tJ'fl1,"11C;\-ln ~1'J~-l ~'" ~'fl (;l 

m,"11L(;ltl~fi peristaltic j;jtl1tl 'tl.Jm::~1.-n'tJn'wn'tJmVl11~~i'J L'UVi1::W'tJ"1J j;ltl1,"1~~ ~'fl'tJ-if1~ nt)1~LL~::i'J
" 

~1'tJ'J'tJ~W'tJ~1 n1.'tJLLJ;i~::LLr:l'J LL~::i'Jm::~~~11~VI qj (cecum) ~~ LtI'tJ~'J'tJ"1Jtl~ n~::LVi1::'tl1,"11~"1JU1U 

'tltln1tl Lc;mi'J m1~::~~ spicule ~r:ln"1J ~n'tJL-if')Ltl~'Jtln'tJri'tl'tJ~'"l:;iud1mU'tJ~~tl'fln~1111UVli\l ~1V1~lJ 
.. .. " 

I.J .c. J' .J:' .q .J ..~ 1. I ",.J ...I 0 0 iI 

n ~ ~'Vl VI VI n'tJL'tJ'fl LU'tl'tJ'tJ VilJ'J 1~ '"l1 'tJ'J'tJ'lin 'tJ 'tJLL~ ~:; LLr:l 'J'tJ'tlU 'li-l'"l :;'Vl1 n1~L '"11 :;1'"l1 n tJ'tJ\l C;)1 'tJ'tJ'fl n"lJ 'fl-l. .. .. 
m~tl LL~::1.-n buccal pump ~j;l~11'fl1,"11~~LVI~'J'"I1n~'JLVI~'tl'tltln~1L~'fl,j1~~1tltT-l,"~'flC;)'fl1V111LL~:; 
m::Lyn:;tl1V111j;j'tlhJ (Harris 1973) 

.. 
funebris oJ'tJ ViU~1 ~1~11r:l~n(;l~11n~~ 

jorumycin LL~:: renieramycin ~-li'J q'Vlfj;j'tl ~1'tJhrl~:;L~-l"1Jtl-l ~'4'M~'"l1n ~'Jtl[]1'1 LL~'tJL&i~ LL~:;Lij'fl n"1Jtl'l 

'Vl1mtl~'flU (Fontana et al 2000, 2001; Lane et al 2005, 2006) ~'1~1m~~ renieramycin ~ViULU'tJ 

~1m~~L~U'ln'J~Vi'J1.'tJ~tl-l~1'V1:;L~ ~'11'J~()'1 ~'fl\l~1~~1L~'tJ Xestospongia sp. ~LUt.l'el1V11~"1J'fl-l'VI1n 
Ltl~'eltl Jorunna funebris ~'ltl (Kubo et al 1989; Oku et al 2003; Amnuoypol et al 2004; Nakao et 

al 2004) LL~ C;)-l()-l'VI1mtl~'flU~lJ~11C;\'1n~1'l'"l1nmVl11LlnU ~~'1 

http:1,"'J"lJtl-ltl.Jm
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Yl1mU~'eluvY-l\nJ(f)~ii11U-l1l.l~1~(f)1.l.lt.hl.l~11Vluii 97 "JIUI?l m:;"1U'el~vY-l ~-l'fi1'l1VlmL~:;Vl:;L~ 
~l.ll?l1~lJ (Chavanich et al 2010) ~-lLtll.l~1l.l'll.l~L~~~l.l~1n"1nnU-l1l.l~e.i1l.l~1 (ruN")VC~ 
~VlfiVl~~oo'/U 2544; fi1ru fi1Nl.l1'l1~tj~~ LL~:;f')ru:; 2551) LI?lU~Vl1mU~'tlU Jorunna funebris Lill.l 

... .J ~ 1 " X.J... X.J , ' ... 
Yl1 nLU ~'elU VlVC lJ n 1:;"1 UVl 'l U LLfl:; d:ll.ln~• ~ LI?ll.l1.l.lVlfl1 UVC l.lVl 1'l~ Cl~ l.l.lVC l.lVl'el1'l1-.,U If-l [;\:;'ll.l'tl'el n 

'elti1-lhti [;\1~ L~'tl~"1m1,,4'u LL'lc;t~'tl~1.l.l~l.l~ r;)~ n~1'l Ln c;tm1LU~Ul.lLLU~-l Vi11.,"U1:;"JI1 mVl1 n LU~'elU~ 
d:ll.ln~~ L~l.l1.l.llJ1-L'lrur;)-ln~1'liim1LU~Ul.lLLU~-l (nVlVi11 Ln1!t~m2547) ~1V1flJm1~ n1!t1~11'VJ~1Ji1~ 

... ... ... 
~:;~~1.l.lVl1mU~'elU Jorunna funebris LL~:; ~'el-lU1~U1L~l.l Xestospongia sp. 1.l.lU1:;LVlf'iUl.l VClJ~11 

renieramycin M ~iirl'l1~L~~m~~LL~:;LL~I?l..:m11'tl'tln~Vljfr;\'el~1l.lL"JI~;~:;L~-lL"J!Wll.l (Suwanborirux et al 

2003; Amnuoypol et al 2004; Saito et al 2004a, 2004b) 

I "., "" 

"iI'el~Vl1mU~'elU Jorunna funebris Y1~1"1nn11LVC1:;L~U-l1.l.l1:;lJlJ L~U-l nlJ1.lJfi11~"JI1 ~1.l.ln11~ m~n f')f~i1 
~ ,... 1 1 ~ ... .J~ '" '" x....J

Vl1 n r:J~ n11I"1m~nlJ'IlJ'eln mf')'l1~ LillJ U ~l.ln11LVC1:;LflU'I "jJ'ellJ~Yl ~I?l'"l :;Ltll.l"jJ'tllJ~ LlJ'el'l [;\l.lYl~1~11Cl 
o .: .c:I ~ .J ~ oCII ~.J fI' If'" I.., .J 

l.l1LU LVC1:;L~U-lYl1n LU~'tlU1.l.l1:;lJlJLflU'IYI~1~11Cl r:J~ [;\~11'VJ [;\U1J~ LVC'tlU1:;LU"JIl.lYl1'1 m1LLYiYlU [;\'el LU 'lI'I 

..,.... II 1IoC1i I :., .4 ~ J' .dl 

d:ll.lm1'"1 I?lm1Yl1VCU1m LI?lU m11."JIU1:;LU"JIl.l1VI~ f') ruf')1LLfl:;U'I UlJ~1 nU~"ill.l 1'l~Cl'l ~1~1~m~ I?l r:J fl n 1:;VllJ • 

......q.4 t.Jo ~ ~ 
2) ~m~n'tl(;\j1n11L[;\'JLj;1"jJ'tl'lYl1mUfl'tlU Jorunna funebris LL[;\~:;"jJlJ11?lYll.l1~1LflU'l1.lJj:;lJlJL~U'I 

3) ~n1!t1LmUlJLYlUlJn11r:J~j;1~11'VJ~U.1Ji1"i1'el'lYl1mU~'tlU Jorunna 
., ... 

n11U1~1L;u'I1.l.lj:;UlJ L~U'I LL~:;1.lJfij1~"JI1~ 

, 
funebris LLr;\~:;"jJlJ11?lViHl'"l1n 

4) i'l~~l.l'tl'lVC1:;11"J1~11-'1111U1.fIlf')Nn11 'elYi.~fi. 

t1~t!l"1iUv1fl1f1~1~::'1.m'U 
1) 'el'l,.)f')'n~1&hlJ:n'lijYlmn11~lJ~lJfiLL~:;n1jL~lJL[;\"jJ'fl'lYl1mtl~'tlU Jorunna funebris 

~ . 
2) m1U1Y11mU~'elU Jorunna funebris ~L~'"I1nm1L~U'I~11.fllJm1r:J~[;\~11'VJ~tI.1Jij 
3) ~lJ'el'lVC1:;11"J1~11-.., 111u1.mf')1'1m1 'flVC.~fi. 

http:LU"JIl.l1
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" "" v'hn1~LntJ~'l'fltl'l,l\/l1mtJ~fltJ Jorunna funebris Kelaart, 1858 ~~fllJ~~~'fl~tl'l~U'lL:.1t.! 
do '" o~4" 	 0 ~ .:!I

Xestospongia Sp. "lI~t.!'llJ'l1"l1Ltlt.!'tl'l~'l~ t~tJn1:i'~'lt.!'l~nutJu~QtJ'l (SCUBA diving) t.!'llJ'lL~tJ~L~'fl 
" tJftJ~/n~ri'flt.!n1:i''Vl~~'fl~1t.!~n:i':;'"In'lJU'l~ 60 ~~~ t~mLtJm~tJ~'Vl'lmtJ~'tlmLPl~:;~'l1'\Ul'l"llt.!:;~~'l~~n 

, ," 
1~ LLPI ~:;1tJViv'hn1:i'L '"I'l :;lLYi'fl1~U'lij m:i'~~t.!L~m.lL;J'l'fl'tl n 1.~~~'t)(M'l~'l I"1'ltJ '1lJif'"l4'tJ'Vl'l~ n1Wl'l~1~ij 

~ 	 ,,~., ~.J" .cJ ~ " 0I 

1"1 rull'l ~'W'l1n~ LI"1tJ~ ntJfi~~lJ"lI'l ~lJ'l n'Vl~ ~ t~tJ1~'fl'l n1 fl\t;)~fl~ L'l~'l LL~ :;LtJ~ tJt.!mtJt.!'l~ :i'fllJ'Vl'l I"1'l'llJ • • 
"" " .,

~:;'fl'l~ti~L~tJ~'Vln1't.! 1~~'fl~tl'l~U'lL:.1t.! Xestospongia sp. 
I 

LU'Wfl'l~'l~1t.!mlJ'lruViLyjtJ~~'flPl'fll"1'l'l~ 
II " I" I 

r1I'fl~ m~ V1~1l v'h n1:i'LtJ~tJt.!~t.!'tl'l~'lrli~~1mJ1~nu'Vl'ln LtJ~'fltJ'Vln1't.!• 

" m:i'~m~nLLU~tlflmtl'W 3 ~'lt.! t~uijnu~:;L~u~~~ll 

1) WIijJU1n1'i'!1'el~1"li'Vl1mtli'el!J Jorunna funebris 

-.I'" , ,..... • I'" 	 "" .1 
·~~L~tln~'tlLL~~t.!~'Vl'lmu~'flu Jorunna funebris '.iI'W'l~I"1'l'llJU1'lL~Utl~u:i':;~'lru 9.0 - 11 .0 

" ",
L"lIt.!~iL~~:i' ~'lt.!'lt.! 10 ~'llJ'ltJ~'fltl1~4'tJ~~~lJ~'Wfitt.!r1In:i':;'"In '"I'lnt!t.!~~'Vi'ln1nLtJnl~~~~lJ~Vi1.~lJ'l'Vi1 

OJ ." 

" 	 " ,
m:i'L"r'l1:;Yl'n 1 'Wu n Ln'flfll'ltJ~~~ n1~'l1~1,j t~tl1.jftl'l'Vl:;L~ LVitJ~ ~1'Wn'l~'.h L~'fl VitJftJ~:;~tJm'llJ L~~1~ 

" , 
L VitltJ L'Yl'l I"1'l1~ L~lJ"lJ'fl~tl1'Vl:; L~ fin~"lI1 ~Yi1-if1 'Wn'l :i'~~~~'Wfi• LntJ ~'l'tltl'l~1,'Vl•n1't.!~'l'Vi'l n1~~ n~'l 

~OO4t.!1 n'l:i'''lJ'fl~l"ll L~tI ~~~'l'W"ll'fl~n~lJ'l,tJ~:;lJ'l ru 2 iJ~~ L~ ~~ 'Vl n1't.! i~ Ln ~ n1ntJ~tlt.!LLtJ~~~~'fl~ 

2) 	 n1'iL~h..JLj;\"lI'el~'V11mt1i'eltl Jorunna funebris "lU'i::'l..It..ILitl~ 
~~L~'fln'Vl'lmtJ~'fltl Jorunna funebris ~~1'Wm:i'tJfu~1l1'Viriflt.!n1:i''Vl~~'fl~fl'tlnLtI'W 3 "lJt.!'l~~'l~• 

I"1'l1lJm'lL~Utl~ l~LLri '.iI'W'l~1~'kl I"1'l'l~m'l > 8.0 L"lI'W~L~~:i' ~1U'l'W 15 ~'l "ll'W'l~n~'l~ I"1'l1~tI'l'l 2.5 

- 8.0 L"lI'W~L~~~ ~'l'W'l'W 14 ~'l LL~:;'DU1~L~n I"1'l1lJtl1'l < 2.5 L"lI'W~L~~~ ~TtJ'l'W 16 ~'llJ'l~n~'ln1~ 
" " .,

L~1JL~1t.!:i'~1JtJL~m t~tl1~~'tl~tl'l~U1L:.1U Xestospongia sp. LtI'W'tl'l~'l~ u'WVinn1:i'L~1Jt~t~tlm'llJm'l 

LL~:;~T\!It!n'Yln1''W LtlUL'l~1 7 1''W 'Wfln'"l1n'!u 'Vi'lm:i''Vl~~fl~~'lm~'lrum~nu'tl'l~'l~''ll'tl~'Vl'lmtJ~fltl1u• 
L'l~'l 12 i'lt~~ LL~:; 24 i'lLlJ~ L~'flLUffitJLYitJtJ~~ ~m:i'lJn1:i'n'W'tl'l~'l:i'1UL'l~'ln~'l~1''WLL~:;n~'l~R'W L~tJ 

I ... 	 ... I 

·n.'1'W1~t!n 'Vl1 n LtJ~fltl ri'fl'WLL~::;~ ~~n1 :i'nUtl1~'l:i' LL~ :;u'l~t!n'.il'fl~mlJ 'l ru'fl1~'l ~Vi'Vl"m LtJ~'tltln'W 
., 	 "" I ~ 

~~utJL~tI~1.jf~n~:;'"In1~"ll'W'l~mlJ'l~:i'I"1'l'l~'U'l 60 ~~:i' Viij~:;1J1Jtl'l~~'WL~tI'WLL1JtJtI~~1'Wn1~n:i''fl'l 

~'l1l1~ LLtln1J:i'~1Oj'Vl1nLtJ~'tltlLLPl~::;~'l1'\Ul1"l1'W::;~~'l~~n1~"lJ'W1~L~n~LIOj1:;~1~~1~1lJ1~rl~~'WL~tI'W~1U. 	 ... 
L ;J1'fl'tln 1~~~'fl '" L'l~1 I"1'ltJ rl~if'"l4'tI n'ltlll'l'Vi"lJ'fl~~11~ijl"1 rull'lYl L'YhritJ~1'fl1m~Lf»U~fi:i':i'lJ"lI'l ~lJ1 n~~ '" 

" , 
'Vi ~'fl~~~1,x'tl'ln1 fI\'fltl'l~ Pl'fl L;j'fl~ LL~ ~Lyjtl~~'tl 

http:t~tl1~~'tl~tl'l~U1L:.1U
http:U'i::'l..It
http:m:i'~~t.!L~m.lL
http:fllJ~~~'fl~tl'l~U'lL:.1t
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3) n1'i1:J~1R~1'i'VI~tll1il"ll'el~'VI1mt.l;'eltl Jorunna funebris 
• u 

~~L~~nvnmtl~~t1 Jorunna funebris 'U1"'m1~t11'JL,"!jtl"'~1nn~1 8.0 LIJIU~h)..J1R1 ~1U'JU 10 

~'J ~1~nM1mnJ~[;\~11'VJ~t1JJ~'~~V11nLtl~'fItlLUD11W1l1~ t"'tlU11'V11nLtJfhlmL~fl:;~'J'l.U1l1"J1U:; 

Ylfl1~~n1.~~L'"l1:;lfl~'l.U[;\:;n11Ylfl1~~n~L'"~tI~~iithtl"'L~~tl'fl~riU~j;'\'1Umu LLfl:;,j1[;\:;n11~~mh'J 
1tlLL''JU'l.UVI:;Lfl~1:;~U~'J1~~n'"l1nCj'l~1tl1:;)..J'UlJ 3 L~[;\1 U1-L'Jru~~:;'Yi1ULVitlU~~~~D.nru,rD1~~"JI1~ 
"" 1:' d 0 ~ ~ .J I" ::
'JVltl1Ln1:;LLfl:;V1:;Lfl VIti '"l1nUU '"l~V11n11I"1nM11JhJ1ru"ll~~m1tJfl[;\~11 renieramycin L~~1~1.m~~~u1 

Xestospongia sp. LUU~1,"1nUUL'Jfl1 1 itl"'1," (7 .)u) L~'fI~nM1n11Ltl~tlULLtlfl~"lI~~~11~~mh'J'l.u 
~ I ~ 

111'J:;~"'~1,"11"l1~~Vl1nLtl~~t1 U~n'"l1n,ru ~~v'hm~LmtiULVitlum~tJ~[;\~1nij'flv'hn11L~tI~t"'t11.,x 

m,"1~'l.ufi11)..J"JI1~LLfl:;L~m1.u~:;uutI",~i:ln1ntl~t1u'htl~1'VJnitl~1," LUU1:;tI:;L'Jfl1 6 itl~1tr i~~ 
v'hn1:mtlnm1';jL~11:;tr~11 renieramycin '"l1n'flt)m:;~LL[;\n~1~riu l~LLfi ~'Ju'~'lL';hLLfl:;LL~ULVifl t~tI 

LiiiJfn'M1 ~'J~rh~1.U~ LL-rl LU'flnLL.:n~~'fI ru,"ll~ -20 ~~ fli1LlJlfl L:jtl~ rl'flU';j L~11:;\.f n11~ri"'~11." .... 
renieramycin 'I.-irlfin1~"lI'f1~ n~M~1 'fI,rUUl1vn~fl LLfl:; fj;'\'Yi~'; DU:;'Vlf'Yi~U"'1 (2551) LL~'J~~,j1~1~~ 

~n",1~mL~11:;tr~'J1~L')..J.;ru~l'lm~1'fl~ High Performance Liquid Chromatography (HPLC) ~~ 

~1f1t1'"~n W) 1L~1~1LVlmnYl t)"'rhn11~~n~ULL~~ LLfl:;,j11tlr'hu'Jru'\.11 rh ~'J1~ L,~.;rU''fI~~11 

renieramycin ~~1tl 

'" " II II II 

li~i1 v'hn11Lriu~'J~rh~Vl1mtl~~tI Jorunna funebris Yl1~~vi~'rl'fl~,j1~,j1L~U Xestospongia 

...i'l." .?I 1. "" I %... '" '" ... 4 J'...i'l. "... tl4 0 ~ 'I.0sp. VI 'LlJUm,"11 uun'Jru~1'J~[;\,"U '"l~'\.1'J~"JIfl1.J1 ,"~'fl 'WU'Vl nflL~tI~ U1'Vl1m fl~t1).J1V11n11Lfltl~ U 
.... • I II 

YiuV1fi~~~'1 ~1.J1-L'Jru"JI1t1 ~~'Vl :;Lfl L'1,"~1'"l'fl LLfl:;'l.U1:;UU L~t1~ ru ~~fi.nruoyffi~~~"JI1 ~';jVlm Lm:;LLfl:; 

'Vl:;Lfl1V1t1 4'~'\.1,)"'"JIflu1 L"'t1v'hm~';jL~n:;tr~1~VI~t111~ ru 111~~"JI1Llli"JIL'l"JI ~ru:;Llli"JIfli1~j;'\f LLfl:;. . .. 

~~nl'i~n~') 

'"l1 n n1 ~ ~ nM1~WJU1 n1a'fl~ L"JIflfl1'tl'YiU~ 1 L"JIfl fl1~ tl n1.J11'"lml1l1t1L ulf~,x).J ~~ LL~fl:;tl~
4U ,," "I 'II 'II 

tl1:;n~u~'JmlJlfl~1"1l~1'w'Ju 2 - 4 L"JIfl~ ~~LL~",~'l.U[;\1~1~~ 1 LLfl:;~~ 1 

~ I 

mn~UL[;\"lI~~vnmtl~'fltl Jorunna funibris L~tI,j1,",rmLfl:;fil'J1~m'JLL~",~1.ultlVi 2A LL~:; 2B 

o '" 1> ",...i"': X ~ ...i 1. I tl4 .. "") '" 
[;\1~~1"'U U1,"unVlL'Yi).J"lIU~"'m'Ufltl unfl~Vl1m fl~tI'llU1",L~n (> 2.5 LIJIU[;\L~[;\~ LL~"'~'fl[;\nn1~• 
L~~~UI1i'flrju~'1~"'~ 1'fltlfl:; 8 .8 ~~~fl~~1~n~~'llU1"'n~1~LLfl:;'U1~'I.,"cY[;\1~~1~U L-rluL~mnl.Jr[[;\n 
n1n~).J~U"lI~~~'),~m'JL"'m'U~tI~~.)uiiLLU')t,J~1.uvi1u~~L~mnu (ltl~ 3) 

http:l~'\.1'J~"JIfl1.J1
http:LLfl:;,j11tlr'hu'Jru'\.11
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" " " tl'l'VI'lj'~i-ll'lJL')~'l mn-lt)".ILL~:;n ~'l-l ~'lJ V1-lU L~'Yn:;n ~~Yl'ln Ltl~tltl"ll'lJ'l (;l L~nilm 1n'lJtl'l't-1'l11 'lJL'J~'l• 
n~'l-l ~'lJ~'lnn~'l L'J~'lmn-lt)'lJ tlu'l-ll:i'n m~ t1-l LL,j'~'l n~~Yl'ln Ltl~tltl"ll'lJ'l(1ln~'l-l LLfl :;'lI'lJ'l (111't-1 qJilm:i'n'lJ 

tl'l'VI'l:i'1'lJ"li'J-l L'J~'l n~'l'lt)'lJ~~ n~'l LL(;]l~il flI'J'l~ LL[;I n (;]'l'ltlu'l'lil'l!tI~'l A'rynu"li'J'I L 'Jfl'ln~'l-l ~'lJ 

flI'J'l~ L-if~-if'lJ"1Itl'l~'l:i''VJ ~tlJJil (~'l:i' renieramycin M) lin n~'J'lJLYf'l LL~:;LL~'lJL~~"1Itl'lYl'l mtl~tltl 

. d 1 '1 ",... tl.J .J d. .: '" ~ 'I'I '" Jorunna funebns fl(;l~-lL~tl ~ (;l:i'Utl'l't-1'l:i' (l 'VI 5A) 'lIru:;'VIL~tl'lJ'l~'lL~tI'I ~'lJ[;I:;m'lLL"1I'J'lJ~(;ltl ~'t-1tl'l'VI'l:i' 

'VI•nt)'lJl'lJili~'l ru~ L Yltl'lVitl (;]tl flI'J'l~ ~tl'l m:i'LtI'lJL'Jfl'l 6 ~tl(1lT" flI'J'l~ L-if~-if'lJ"1Itl'l~'l:i'~'1 n~'l'J~ LL'lJ'JLtl~ 

~ (;lfl'l L "il'lJn'lJ ~'1~ 'VI'l mtl~tltl~ L~tI'Il'lJ:i':;uutl (;l~~[;Inm :i'[;I'lti ~'1 LLfl:;~~'l~'l:i'Cl [;I:i''J'"lViuili~'l rufll'J'l~.. 

1A 

182 

3 ViUn'l:i'Ltl~tI'lJ:i'1H'l-l LL(;]l~-nC;)L'"I'lJ,rn LL~:;ViUm:i''lIUu~'J''lItl-lL'lifl~I1'ltll'lJm~~ 1C 
'U q • 

4 ~"lItl-l1un'lJ1"li ~~ Ltl~tI'lJ~ LtI'lJ~"l!~Wtitl'lJ L"l! ~~I1'ltll'lJ~n'l :i'Ltl~tI'lJLLtl~-l :i'tl~'l'l 1D.. .. 
~-l Ln [;IViU ~'Jreitl'lJ:i':;tI:; veliger 1~-n(;l L'"I'lJ Vi~tl~ L,"'lJ~'Jreitl'lJ.fl'ltil'lJ~'1~ n'lj"llUU~'J 

5 ~"1Itl'l1un'lJ1"1i Ltl~tI'lJLU'lJ~"l! ~Vitl~~'l'l L'liflfl1"1i~~oo.J'lJ'l n'ljLtI'lJ veliger ~-nc;)L'"l'lJ 1E.. 
6 veliger tltln'"l'ln~'1~~ ViUn'l:i'~tl"lltl'll"1iu'l'l~tl'l 1F 

.J " .a! 0 d.J ~ 
7 veliger 'VItltl n'"l 'l n Cl-l't-1~ Lj~'VI'l n'ljLl'lfltl'lJ'Vll'lJLL'lJ'l (1I-l 1G.. . 

" 
8 veliger U'l-l~'l'lJmtlU'lJLLcJ'lJ:YM~"1Itl-l~'lU'l 1H 

, ... 
9 veliger Yil~1un'l:i'LVi'l:;Yln [;I'ltlVl-l'VI~(1I 1J 
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B: n1'3'~~'UL~L(;l!J1't';l13Jtl1';l 

.. 
-+-'lI'U111~tln ....'lI'U1(;ln1l111 -..-. 1ItJ1 (;lL\1'\i 
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1 2 3 4 5 6 7 1 2 3 4 5 6 7 
• " .. • ,,;r _ o _ .... J " 

'I1'U';I'U';I'UYlYl1n1fLtI!l1l (';I'U) 'I1'U';I'U';I'UYlYl1n17LtI!l1l (';I'U) 

..'l'tJ.;1 2. n1n~hJL(;lL'U~tJ (± S.D) b(?)tJ~1~,rn (A) LL~:; ~'J1~m'J (8) "lJ'fl'lYl1mU~'fltJ Jorunna funibris 

I ~ '" ,., 


VlL~tJ'I1'1..!~:;UUL~tJ'I~'JtJyJ'fl'l-W1 Xestospongia sp. Ltl'l..!L'J~1 7 t)'I..! 


40 

~~ 30 

S 
~§ 20 
;s: 

... r 
10;::s 

0 

rHttff 
I 
I 

I if " iI 

VlL~tJ'I1'1..!~:;UUL~m~'JtJyJ'fl'l-W1 Xestospongia sp. Ltl'l..!L'J~1 7 t)'I..! 

o mm-ru (12 t';l~~) 

• mn-1A'U (12 t';l~lI) 

0 

~ 500 
;~ 
.s 
.c 
:I 

250.... c 
~ 
l~ 0 

., , 

..'l'tJ.;14. m~1nm~:;~l?Inn1~n'l..!yJ'fl'l-W1L'U~U (± S.D) 1'1..!L'J~1n~1'1t)'I..!LL~:;n~1'1~h.l"lJ'fl'lYl1mU~'flU 
, ., ., 

cIcI cI.f"1 OV1Jorunna funibris 'VlL~m 'I..!~:;UUL~U'lLu'l..!L'J~1 7 'J'I..! 
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~... ~I "".1"B: n'ina'VI'il1'V11'i~1J'lH'lil1 6 ~1Jj;]1'V1 

-a 4 

~ 
g J 
0 . 
...... 
~ 
:: 2 
c:.<3 

~ 1 
(I.)

·2 
~ 0 

'" hJ1~¥u (A) LL~:;l~¥u (8) Yltl-:JtJ'l Xestospongia sp. Lu'Wm'VI'lnth,lL'".l~'l 7 r)'W LL~:; 6 itJ~'l'J 

(?l'l~~'l~U 

, '" 
'Vl'lmtJ~tlrJ Jorunna funebris iJ'W~&inJ'J'a.Jn'lnu'W~"hYh~tlnYltl-:JtJ'l Xestospongia sp. LU'W 

m'VI'lJ' ;-:Jtl'l"'l LtI'We.J~a.J'l"'l'lnin~ru:;LfiilN~~'l-:J '"lru~'l'Vl'l-:Jm'VI'l~"lItl-:J L'VI~tlLU'W~'l ~t1I ~,)~~-:J n'l~~L~~tl 

~~'l-:J~'lnfiiliJU'l-:J"1!U~~iJ fiiI,)'l~~'l LU'Wi?ltl ~~'l1'Wm~tJ'lltJHfL~tliJtl-:J n'W~,)'VI1tl~'W1 LU'W~'W (Kimmerer 

and Potter 1987, Lambert 1991, Duffy and Paul 1992, McClintock et al 1994, Augustine and 

Muller-Parker 1998, Termonia et al 2001, Yang et al 2003, Fukasawa et al 2005, Nimis and Skert 

2006) 'Vl'lmtJ~tlU Jorunna funebris 1-n~L'WYltlf (rhinophores) 1'WmJ'~'W'VI1L'V1~tl L~Utl'llilun'l~¥U 
'" i~~~'Vl1-:JLfiiliJ~'l'W~')~tJ'l (Harris 1973, Murphy and Hadfield 1997) 

'Vl1 n L tJ~ tl U~'l ~ 'l 1(1 LfiiI ~tl'WU 'l U~ 'l ~'VJ &i UIJ n~1-niJtl-:J n'W (?l'W Ltl-:J ltJu-:J ~ ')'Wi?l 'l-:J 1 "lItl-:J i'l-:J n 'l U 

(Faulkner 1992, Avila and Paul 1997) L~U'WU~'l 'Vl'lmtJ~tlrJ Jorunna funebris ~1a.J1Hl~:;~a.J~'l~ 

renieramycin IV1 vY-:J1'W~,)'W"lJtl-:J Lyh LL~:;LL~'WLVi~ LLi?liJm~'lrufiil,)'la.J L-if~-if'W~ LL(?l n i?l'l-:J n'W L~U~fiiI,)'l~ 
L-if~-if'W"lItl-:J~'l~~-:J n ~'l,)hJ L~~m iJ m~LtJ~U'WLLtJ~-:J ~-:J'WU~1 Ldtl'Vl'l n LtJ~tlumj1 'Wfl'l,):;tl ~m'VI'l~'VI1tl 

" 

'" 'Vl'lmtJ~tlu Jorunna funebris ~'la.J'l~bln'Wm'VI'l~l~'Vl-:J L,)~'ln~1-:Jr)'WLL~:;n~'l-:J ~'W LLi?l'WU~'liJ~'l 

~-:J1'WL,)~'l n~'l-:Jr)'W mJ'L&iuL(?l LL~ ~-:J1~L~'W~'l n~~"lJ'W'l ~ L~niJt[(?In m~L&iuL(?lL~uJ'l'VI'l!n i?ltlr)'W~-:J~ 11l 
~ q lU q 
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LU~!lE.lij'W~1mrn !It.h~hn~n~ VnnLU~!lE.l~ijf'l'J1~L'il'Vi1:;~!lLVI~!l;j~~rlmn~'lJLIWihn~1Vl1nLU~!lE.l~ 
llJijm~L"":;t;WllU(;l"ll!l~LVI~!l (Harris 1973) hln~ru"ll!l~Vl1nLU~!lE.l Jorunna funebris "lIru:;~~~!l~1'W 

I " " I

~::E.I::t)mi!l'W ;jf'l'JllJt1f!l~mnVi~"lI'WI(;1'\hVl1rnL(;\E.ln1~n'W'il1V11~ VI~~"1mr'W~~d~lJ"lI'W1 (;If'I'J1lJE.l1'J ~!llu 

~1~fuVl1mU~!lE.l Phestilla spp. ~~n'WU:;m~~LtI'W!l1V11~ij'rll'l~1m~L~UL~L(;IE.lf'I'J1lJE.l1'J 1!lE.l~:; 5-6% 
I ... ~ ~ <4 ..cJa ~.J.J iii Q,q

l'Itl'J'W (Harris 1973) Vl~'W Vl1mU~!lE.l Jorunna funebris VllJ"lI'W1"l ~VI'1IVl~(;\Vl'ViU ~'Wfi1~lJ."lI1l'1lJ.f'I'J1lJm'J 

U~:;lJ1ru 14 L'1I'W~LlJl'I~ (n1~i~Lnl'l~'J'W~'J) 

. ~ 

l'I1lJ mlJ1ru~~ "l~~~-:!LLl!~1ij m~1~!l1V11~!l1" LtI'Wl:.J~lJ1"" n':)fim~L~mVlI mU~!lE.l ~-:! LLl!~1 d~l'Wm~ 
.: ~ I <d .Q .J ".Jod 4Q

L~E.I..:I1'Wfi~~lJ'1I1l'1 LLl'In1 ~U~~"VlIn LU~!lE.lL'W"lI'J (;\'Vi ~1~ l'InVlL., 1:;~ LL~:;1~1'W~:;n11VllJ e.htl (;I LL"lI'J'W1'WVl :;L~. ~ 

!l1"~..:IC.J~ ~!ln~lnm~u!l-:! n'Wl'I'WL!l~"lI'il..:lVlI n LU~'ilE.l~~ (;\mllJ~1LtI'Wl'Wm :i'~11~~~ Lrl~N"1n ~ m~E.I~l'W 

fll'J:;~fl'il'W;{1..:1U~1 PI.,1n~l'I~"1nflIE.1'W'iln ~..:I!l1'"lijf'l'J1lJ ilJ~'Wfi~'il n'WL~ULl'I LL~:;/Vl1'il n1 ~~u~'Wfi~ 
~ . 

L~lJ~'Wl~L~'il'ilTVI1~~l~fu'W~1 LtI'Wt1f'il-:!uI1uC.J~ l'I~'W~~n~1'J L'Wnnll~Vl1mu~!lE.l~ L~E.I~l'W~:;'l.Juil (;\ij 
'rll'l~1m~l'I1E.1~-:! LL~:;llJ~1lJ1~nl'l~'J"~'l.JmlJ1ruf'l'J1lJ L;{lJif'W"1I'il~~1~ renieramycin M 1'WVl1mu~!lE.l~ 

I II I'" " 

~!l (;\~':) l'I 'il1'"l L U'il..:llJl'"ll n f'lrufl1~"1I'il~uIV11-nfnE.ll'W~:;'l.J'l.J L~E.I~ llJ LVllJ1:;~lJ Ln"l n'WL t.h L~E.I"1I!l..:l~'il..:l,j1• 

Xestospongia sp. vii1~ijm~iu~lnf'lilJ)IE.11'W~'J'il!ln LtI'W~1'W'J'WlJln'"l'WLtI'W~1 LVI [;Jl~Vllm1J~!lt:J 

Jorunna funebris l'IlE.1 ~1'ililiIE.1n1t:J~'ti'il'WLL!l'"l'WllJ~llJ1~ne.J~l'I~11~~n~I'Jl~ ~~~ILtI'Wt1f!l~ij 

" "" I ,.

~..:Iil ~1~VJ ~t:JJJij"1nyJ!l~,j1~..:I n~I'J~I~I~nC.J~ l'I~l~ renieramycin ;..:IijqVlfi1'Wn1~~1 

L'1I~~lJ:;L~~ (Daikuhara et al 2009) L(;\E.I~I~ renieramycin M ~~n(;\"lnyJ!l-:!~1 Xestospongia sp. 

" 
.,1 nu'h'J ruLn1:;~-n..:l 4'~Vlt)(;\'1I~'li~ ~IlJl~mju~~ L'lI~ ~l-J:;L~~~1'l~VI 'kl LL~:;L'1I~~lJ :;L~-:!U'il(;\"lI'il..:llJ't'M1J1~ 
4 " .n..:l ~!lt:J~:; 50 (Suwanbonrux et al 2003) 

~ ~ 

'"llnn1~~m~t1Mu'l~~1 VllmU~'ilt:J Jorunna funebris ilf'l'JllJL'Uvn:;L"I:;'"l-:!l'WyJ!l~,jlihlIL~'W• 
Xestospongia sp. LL~:;~'l.J f'I'Jll-JilJ~'Wfi~:;~~I~~q~n1~lJ n1~n'W'il1V11~nUn1:i'e.J~ l'I~1 ~VJ ~t:JlJij !l~h~h 

nl'lll-J ~~ilmllJ~ILtI'Wt1f'il..:l~m~lf'1'JllJilJ~'Wfi"1J!l..:lVllmU~'ilE.l Jorunna funebris LL~:; yJ'il..:l~I~~1L~'W 

Xestospongia sp. ~!l'lu 

http:f'lrufl1~"1I'il~uIV11-nfnE.ll
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" LlnJ1:;~2.J1um~~n"'~1~L1Lilun~U;nUL~2.J~1nvl'tl,nJ'l Xestospongia sp, LfilNm~mClJ'\I'l 

ilYiufi L1li"l!flI'l~~furueVilJll'lru:;L1li"l!flI1~~f ~Yf1~,m~ru2.J't.n';jVlU'l~U .• 

ruN f'1Y4~ ~VlfiVl~li(;J,J,r. 2544. n1~~1~'l~"l!il", LL~:;m~LLY41n~:;~1U'1I'tl~Vl1 mtl~'tlU1ULLU'ltl:;mf~'1I'tl~ 

tl~:;LVlfll1.VlU. ';jVlU1ilY4ufimClJ ClJ1';jVlU1 f'\1~ l?I~2.J'\.JI1UrueVil?l (rjVlU1 flI1~~fVl1~Vl:;L~) fl11'1~"l!1 

~Vlmfll1~l?IfVl'l~Vl:;L~ 2.J'\.JI'l~Vlm~mm~l?I~flI1~l?If. 250 '\.JI~1. 

fi~ru fi1NU1'l1~t)~~ jh:;Y4~~ ~'l~~ LL~:; ruNf'1Yi~ ~VlfiVl~lil'J.J,r. 2551. 1"l~lt)'au"'1~u '\.JI'tlUVl:;L~LVlU.
'II 

~'ltin~1u~(;J,Ju1n'l~~r.tun'l~Lm~tl?l~ ('tl~f'1m2.J'\.JI1"l!u). 328 '\.JI~'l . 

.tlVlVin LnM2.J~l 2547. n'l~~nM1';jr.tmj~r.tU~~LL'l"'~'tl2.J~'tln'l~'l1~1,jLL~:;m~li(;J,Ju1n'l~'1I'tl~~'lti'tlu'vnn 

Ltl~'tlU : mru~m:t1~1nvl'lmtl~'tluu1L'lruLm:;mJ'tl1uLL~:;Ln1:;'\.JI,y'tlU'tln '\.JI~Lm:;.jh~ r.t~'\.JIt)", 

l?I~1"'. ':lVlu'lilYiufimClJ ClJ1~VlU1 flI1~ l?I~2.J'\.JI'lUrueVi l?I (i'SVl 1:11 flI1~ ~f'YI1~Vl :;L~) fl11'1~"l!1 

':lVlmfll'l~~fvl1~Vl:;L~ 2.J'\.JI'l':l'YIm~mm~l?I~flI1~l?If. 181 '\.JI~'l. 
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Abstract 

Butterfly lizard Leiolepis belliana (Order Squamata, Family Agamidae) is 

a common reptile that widely distribute in every parts of Thailand. At present, 

butterfly lizard population is under serious threat from human activity. It is thus 

crucial to prepare conservation measures for captive breeding program as well 

as other conservation management to increase population size in nature. The 

current research aims to study association between gonad histology and 

steroidogenesis during the reproductive season of the butterfly lizard. Lizard 

samples were collected from a natural population of L. belliana living in vicinity of 

Khao Khiew Open Zoo, Chonburi Province during December 2009 to November 

2010. Lizards were examined for reproductive morphological characters, gonad 

histology and steroidogenesis of sex hormones. The results showed that the 

natural population of L. belliana in this area has a distinct reproductive season. 

Male lizard showed the highest gonadosomatic index (GSI) in December, 

associating with well-defined pattern of spermatogenesis and steroidogenesis in 

testis. In female lizard, the highest gonadosomatic index (GSI) was also highest 

in December, aSSOCiating with period of ovulation in December-February. 

Keyword: Leio/epis belliana, gonadosomatic index, gonad histology, 

steroidogenesis 
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1'Vl~ b~'f)1m~.jf'f):W~~'W~1'Wb1j'f)-:J ~'WVliOl~btl'Wtl~~b~'jj'W1'Wn1~~f?J-J'W11tl~ bb'W'J'Vl1-:J ~ n~1 ~1'Wn1~'f)'Wfn';
~ ~ ~ q 

" 1?I~'f) ~iOl'WtJ11tl1-ntl~~b~'jj'W1'Wn1~~~ n1~~1'Wn1nY11~b~~-:J bb~~n1~"lJtJ1~~'Wfibbtl~'f)1tl1'W'f)'W1 ~ I?I• 

I I '11 I 

1. b~'f)~n~1n1ntl~m,mtl~-:J~n~ru~'Vl1-:JbU'f)b~'f)"lJ'f)-:J'f).rm~~u~'Wf"1l'f)-:Jbbtl Leiolepis belliana bY1P1 

~bb~~bY1P1b~~ 1'W-ri'J-:Jf1~~u~'Wfi 
qJ U I IlJ q 

2 . b~'f)~n~1n1~~~1-:J e1'f)fl:W'WbY1~n~:w~ b~m'f)~ ~1'W'f).r~'J~~u~'Wf"lJ'f)-:J bbtl Leiolepis belliana bY1P1 ~ 

bb~~bY1P1b~~ 1'W-ri'J-:J~~~u~'Wf 

" , , 
~'WVlb~N n1 ~'f)'Wfn';~'Wfin~~:W~'jjt5'WbU'f)-:J:W1iOl1 nY1~~~1'jj (?)11-"1 ~'J'W~l?11"btJ~ b"lJ1 b~~'J ~1U~ 

, " , 
1. brlul9l'J'f)rh-:Jbbtl Leiolepis belliana bY1~~ bb~~bY1P1b~~ 1'WbbVl~-:JVlmJ'f)1~~1'Wfi~~:w-n1~Jl1~1'W~'WVl

'lJ 'lJ 

, , " 
bl?)m'f)U~'J'W~I?I1"btJ~b"lJrlb~m ((1)1 bU'Wn1~bl?)~ b~1V1U1Vl~'J'W~I?I1"btJ~ b"lJ1b~m) ~:w 19l-:Jbb~~'Wb~'f)'W 

fl'W'J1~:W Y1.~ . 2552 ~-:Jbtl'W-ri'J-:Jtl~1~"lJ'f)-:J~~~~~~n~-:J1'Wn1~Y1U~~~Ue1'f)fl:W'Wb'Vl~ 'i:'Vl~ bl?l'f)b~'W~-:J 
, " 

'lJ 

1'WbbtlbY1P1~Vl'f)tJ1'WtJ'f)b~~-:J"lJ'f)-:J~'J'W~I?I1"btJ~b"lJ1b~m (Pariyanonth et aI., 2009) iOl'W~~U~'f)utJ
'lJ 'lJ 

" , " 
bl?)~1~91'W'J'Wl9l'J'f)tJ1-:Jr1-:JVI:W~ l'W-ri'J-:JVl ~1 bU'Wn1~ (fl'W'J1~:W 2552-Y1 ~P1~n1~'W 2553) ~-:JU 

~ Q..' 11 .::Y 

bl?)'f)'Wfi'W'J1 ~:w 2552 (l?I'Wb~'f)'W) 


b~'f)'Wfl'W'J1~:W 2552 (tl~1m~'f)'W) 


b~'f)'Wn:WJl1~'Wfi 2553
• 

... "" 
bl?)'f)'W:W {;1'W1~'W 2553 bbtlbY1P1b~~ 2 19l'J. 
... 
bl?)'f)'Wnm!l1~:W 2553 bbtJ bY1 P1 bij ~ 3 19l'J 

b~'f)'Wn'WtJ1~'W 2553 bbtJbY1~bij~ 5 19l'J 
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2. 	 tJ1~'J'eltJ1 ..mli~iJ"lJ'W1L9lfl'J'UJm'J"l1fl'I.J~1t1"l~fl~'lln'W (snout-vent length, SVL) ~1flfl~1 90 

iJ~~h~~:i' ("ir'el~~1'W~1 :n'l~ 1) ~1 bn'U~'J'eltJ1'l bC'el b~'el ~'l~ 
'lJ 

2.1 ~L9l"ll'W1L9lbb~~~1~l!fl~'J"lJ'el'lbbli ~'l~ m1~m'J"l1fl'I.J~1t1"l~fl~'l:i'n'W (snout-vent length, 
'lJ 	 'lJ 

'" 
SVL), fl'J1~m'J~1'l (tail length, TL) bb~~ tJ1~l!fl~'J (body weight, BW) 

2.2 Vl1fl1:i'rum1-.n~~'Jtlfl1:i'~L9lm~~'U sodium pentobarbital b-ir1"ll'el'lYf'el'l~'JtI"lJ'W1(?1 15 b'Vl1"lJ'el'l, 

m~1ru~H'~~'U~1~'l.Jm~ 

2.3 e..h~(?1b~'elbn'U~'J'eltJ1'l ~'U 1~ bb~~vl'el1'W:i'~'U'U~'U~'W~ (epididymis ~1'el vl'eltJ11~) bb~'JtJ1~1 

bn'Ufm~n1'W~1:i'~~~1t1 neutral buffer formalin 1 0% b~'eltJ1~1~1'Wfl:i'~'U'J'Wfl1:i'~1~:i'~1'W 
dJl 

(standard paraffin method) bb~'Jli'el~~'JtI~ hematoxylin bb~~ eosin ri'el'Wb~1-t1~btl'W~l~r;1 

Cl1'J:i' (Presnell and Schreibman, 1997) b~'el~:i''J'''l~'el'Ufl1n'I.J~t1'Wbb'I.J~'l1'W:i'~~'U''l~fl1t1, 

~Jl1fl~'ell'I.J 
I 	 I " <j,J 

2.4 ~1~(?1bYl'elbn'U~'J'eltJ1'l'el~m~~'U~'Wfi, (rerru"Yl~ ~1'el f'll~) bb~'JtJ11'I.Ji'ltJ1~l!fl "l1fll!'Wbn'U 
'j.I 	 I I I I 

bC'el b~'el'U1'l~'J'W~'JtI~fifl1:i'bb"ll bb-n'l bYl'eltJ11'I.J ~ :i''J''l~'el'U fl1 :i'Vl 1'l1 'W"lJ 'el'l b'el'W16Jl~~ bnm-ir'el'l rl'U fl1:i' 

hematoxylin bb~~ eosin ri'el'Wb~1-t1~dJ'W~l~r;1Cl1'J:i' (Presnell and Schreibman, 1997) b~'el 

tJ1WI ~:i''J''l~'el'U fl1 :i'b'I.J~t1'Wbb'I.J~'l1'W:i'~~'U"l, ~ fl1t1~Jl1 fl ~'ell'I.J 

, 	 '" Q cr"Q/ ..::::j 	 ~ cr" IV 4 IV 4""cv Q 

3. 	 'Jbfl:i'1~~(?1"ll'W gonadosomatic index (GSI) b'V'l'el~:i''J'''l~'el'Um1~~~'U:i'ru"lJ'el'l'el'Jm~~'U'V'l'WD(?1'l'W
'lJ 	 , 

o 	 IV IV 4 cv(f'"O cvcv '" 	 '" 
GSI 	='W1~'Wfl'el'JtI'J~~'U'V'l'WD/'W1~'Wfl~'J x 100 , 

, 
Q Q/ I 'l.J 

Jl1'V'l'Vl 1: ~'J'elm'lbbtl Leio/epis be//iana 

http:m~1ru~H'~~'U~1~'l.Jm
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'i,.I I I I I 

4. tJl I?l'd!l~.h'l ~tl!l ~~!l!l~m~~u~tJfiV1I.I."llI.I.~'l~II?1~'dlOl~!lU n1 ~YlI'lltJ"]j!l'lI.!ltJ1"1l3fV1l.ntJ'd-if!l'l nu n1~• 
'" i'l~rln~~~I.~m'f'ltJ~~'e)fl~tJ (steroidogenic activity) ~'dm'VlrlUrl'VlI'l histochemistry ~'lC 

'" , , 
4.1 tJll?l'd'fltil'll.tl'e)I.~'flV1I.I."llI.I.~'l ~1e1'l1tJ tissue freezing medium 1.1.~'d'dI'lUtJI.I.UtJ~1'Vlful?l(?) 

iJ I I I iI 'lI I I 

4.2 1?l(?)l.tl!lI.~'flI.I.UU frozen section V1mw'\t1Jl~ -20 °C ~'dmrl1'fl'l cryostat 1m~tJl.tl!lI.~'flV1n. '" 

'lI iJ , , 

4.3 tJl~tJl.tl'flI.~'flr.i~1tJ acetone l.~tJ I.Yl!lfm!!n~JlI'1"l"]j'fl'lI.~tJ1"ll~ ri'fltJ~''l~'dtJ~I~'tl~'tlltJ• 

'" '" , 
4.4 tJl~tJl.tl'flI.~'fl~II?1~'dlOl~!lUnl~YlI'lltJ"]j'e)'lI.~tJ1"1l~ 3-beta hydroxy steroid dehydrogenase 

(3~-HSD) b(?)tJtJllJl incubate 1tJ~I~'tl~'tlltJyj'e)~l.yjl?1~n~I~~'l~tJ 0l!l dehydro 

epiandrosterone (DHEA) 1.1.'tl~iJ nicotinamide adenine dinucleotide (NAD) l.l.'tl~ 

nitroblue-tetrazolium (NBT) I.UtJ~IJ'~I'\t1futJiimtJ1~YlI1~\n(?)~ ~!lru'\t1Jl~ 37°C I.UtJl.'d'tl1 
d.J • '" 

, iI iJ I I I 

2 on'db~'lb(?)tJ1 tJn1 J'YlltJDmmlOl :;1.1?11-fJlJ~tJl.tl!lI.~!lV11.1."ll1tJ~1 J''tl:;'tlltJ ~I.UU l.~tJ'd ntJY11~1~~ 
'" ,

~1~1?l'l~tJ~I'\t1futJDmm (DHEA) I.Yl'flH'l.utJn~~rl'durJ~ (Levy, Deane and Rubin, 1959) 

4.5 ~1'l1.~!lI.~'e) ~'dtJ~I~'tl~'tlltJyj'fl~ l.yjl?1 ri!ltJtJllJlfm~I~JlI'1"lI.~!lI.~'e) 1.1.~'dtJI1tJehtJm~u'dtJn1J' 
i.I iI I iI iJ I 

~'ltJl!l'flnlOll mtl!ll.~!l (dehydrate), YlI1~tJl.tl'flI.~'flnrl'dl~btJi'lI.I.~'l (clear) ri'e)tJtJl1tJ 

mount utJm~IOln~1'tl~b(?)tJH' DPX l.utJl?l'dn'tlI'l 

4. 6 1?1~'dlOl~'fl'J ~'dtJ n~'fl'llOl• 'tl'VlJ'J'~t1l.l.uu1.jf1.1.~'l1.~!l'\t11 ~'l.l.'\t1tl'l~iJ nl~i'll.rlJ'I:;~~ l.~tJ~'fltJ ~~'flfl~tJ 

'" '" 'I"l~~~n1tJtJ 25531~1?l'd'fltil'lI.I.U\r'l~tJ 42 I?l'd l.utJl.l.trl.'I"l~I~ 24 I?l'd l.l.'tl~ I.l.trl.'I"l~l.ntJ 18 I?l'd bt1ltJn-if'e)lqJ'tl 

"1ItJl(?)'VlI'liru~ltJ':J'VltJ1 1.1.'tl~~,'\t1iXnl?l'd~'lI.I.~(?)'l1tJl?1,n'l~ 1 I.I.'tldMI!lfiultJl?l'd~n'MJ'ti'e) ~'le 
d.9 

n I d! '" SVL = rl'dI~tJ1'd~lnu'tllfJ~~nbl'lJ'm.l (snout-vent length) 
'" 'IJ 

TL = rl'dI~tJ1'd'\t11'l (tail length) 


'" 

Total L = rl'dI~tJ1'd.yr'lI?l'd (total length) 


'" 

Body Wt = tJl",iXnl?l'd (body weight) 


Gonad Wt = ~''''iXn'fl~m:;~u~tJf (gonad weight) 


GSI =gonadosomatic index 


http:tl'VlJ'J'~t1l.l.uu1.jf
http:1?l(?)l.tl!lI.~'flI.I.UU
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(Yl'ln..:J~ 1: .jj''fl:W~ !?l'd'e)~.h..:Jbb~ Leiolepis belliana ~ bn'IJ!?l'd'flth..:JIOl'l mbVl~..:J~'fl~(Yl'l:Wfin:W"ll'l ~ 1'W'lJ1-m1J 
qJ qJ 

t(1lm'e)'IJ~'d'W~(Ylrfbtl(1lb"lJ'lb~t1'd 1'W~'d..:Jb~'e)'Wfi'W'd'lrl:W 2552 - ~~P1~n'ltl'W 2553 

SVL TL Total L Body Wt Gonad Wt GSI 
Number Sex 

(mm) (mm) (mm) (g) (g) (%) 

~ ~ 

iPlfJ'Wn'W'Jlf1J-1 2552 

1 Male 119.22 237.03 356.25 41.40 0.3765 0.9094 

2 Male 116.42 209.52 325.94 40.44 0.4825 1.1931 

3 Male 114.28 205.30 319.58 39.02 0.3581 0.9177 

4 Male 124.29 261.55 385.84 56.53 0.5722 1.0122 

5 Male 123.19 256.68 379.87 54.42 0.5965 1.0961 

6 Female 99.65 202.03 301.68 26.84 2.3687 8.8253 

i~fJWr'W'Jlfl:l-l 2552 / :I-InJ'If1:1-1 2553 

7 Male 116.40 246.70 363.10 39.77 0.1007 0.2532 

8 Male 122.51 266.12 388.63 49.90 0.1651 0.3309 

9 Male 131 .62 121.66 253.28 55.12 0.1262 0.2290 

10 Male 109.63 238.48 348.11 37.64 0.0484 0.1286 

11 Male 124.52 265.34 389.86 50.99 0.2332 0.4573 

12 Male 151.19 311.84 463.03 86.65 0.2117 0.2443 

13 Male 145.54 294.46 440.00 80.39 0.0866 0.1077 

14 Male 104.69 221.79 326.48 30.37 0.0700 0.2305 

15 Male 146.50 313.26 459.76 74 .25 0.0883 0.1189 

16 Male 143.90 305.76 449.66 82.79 0.0908 0.1097 

"'" ~ .r
iPlfJ'Wn:l-lJ7TW'Wn 2553, 

18 Male 104.31 215.85 320.16 28.16 0.0171 0.0607 

17 Female 107.04 222.29 329.33 28.37 0.0184 0.0649 

19 Female 112.85 239.09 351.94 32.31 0.0307 0.0950 

20 Female 118.32 256.73 375.05 36.81 0.0438 0.1190 
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SVL TL Total L Body Wt Gonad Wt GSI 
Number Sex 

(mm) (mm) (mm) (g) (g) (%) 

21 Male 125.5 265.14 390.64 57.09 0.0754 0.1321 

22 Female 120.62 251.25 371.87 44.89 0.054 0.1203 

23 Female 116.45 154.05 270.5 42.67 0.0562 0.1317 

24 Female 117.42 144.64 262.06 45.23 0.0595 0.1315 

25 Female 119.67 238.78 358.45 47.12 0.0691 0.1466 

dI ~ 

~{j/f)t.mm.,nrJ'W 2553 
q 

26 Male 127.15 255.83 382.98 64.28 0.0373 0.0580 

27 Female 117.51 228.55 346.06 45.57 0.0524 0.1150 

28 Female 114.61 243.82 358.43 43.2 0.0388 0.0898 

29 Male 92.57 179.43 272 23.55 0.0237 0.1006 

30 Female 102.49 215.31 317.8 32.7 0.0224 0.0685 

31 Female 101 .31 85.75 187.06 25.89 0.0417 0.1611 

32 Female 106.68 211.35 318.03 33.03 0.0424 0.1284 

33 Male 124.29 245.01 369.3 53.47 0.0674 0.1261 

34 Male 118.98 170.46 289.44 38 .8 0.0533 0.1374 

35 Female 121.53 191.24 312.77 38.66 0.0461 0.1192 

36 Female 107 214 321 23.23 0.0617 0.2656 

37 Female 126 225 351 30.78 0.0498 0.1618 

38 Female 123 106 229 40.18 0.065 0.1618 

39 Female 118 246 364 41.07 0.0475 0.1157 

40 Male 108.87 17 4.63 283.5 34.75 0.3495 1.0058 

41 Male 114.32 234.52 348.84 44.75 0.3183 0.7113 

42 Male 135.81 280.98 416.79 72 .96 0.5066 0.6944 
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, ., ., 
b~hnJ.1"hv!1.rn~1'm:::~uw'Wfibb~:::1hvl,rn~,)~1~1'WfHllVl1A1 gonadosomatic index (GSI) 

q 

., , 

'V'/U~l bbtJvl'l~~'1 b'V'/ (PjiJ A1 ~"ll.w GSI Ylbb(;1 n [9]1'1 n'Wl'Wbb[9]~:::·lh'l b,)~ll'W~~uu bbMl'll~b':;'W~lbbtJ L. 

bel/iana dJ'Wiwr~iJ,)'1~~um~~u~'WfibbUUb1J'W~~UU tC?ltliJ"ll,)'1b,)~l~~1'm:::~u~'WfiiJ~,)l~~~unw
q q '\J 

~~m~ (seasonal breeder; Zug, Vitt and Caldwell, 2001) 

A1 GSll'WbbtJb'V'/ (Pj~iJ A1~'1l'W"ll,)'1tJ~ltlumh')~~ iJA1~'1l'W"ll')'1 b~~'W'V'/~ (Pj~ mtl'W bb~:::iJ 

A1~'1~ C?l~ b~~'Wfi'W,)l ~~ bb~ C?l'll~b':;'Wm nr.:lh1J"lJ~'1~1'm :::~U~'Wfil.'W"ll')'1 b,)~1 ~'1 mh') ~'1~~ C?l ~~~'1nu
'tJ q tV q 

, ., 
e.J~m~~mj'l"l1~'1 Pariyanonth et al. (2009) ~'1'V'/U~lbbtJb'V'/(Pj~'WtJ~b~tl'I"lI~'1~')'Wi(;11btlC?lb"lllb~miJ 

~:::~u e:!~fl~'Wb'Vl~ t 'Vl~ b(;1~t~'W~'11'W"ll')'1 b,)~l ~'1 n~1')b"ll'Wn'W 
'\J 

" ,
~u~'Wfi"ll~'1 bbtJ 1'W~'WYl ~'1 n~l,)

q 

Male Gonado-Somatic Index 

Dec Jan Feb May Jun Jul Sep Nov 

Month 

Jl1'V'/~ 2: mntJ~tl'WbbtJ~'1~')l~~~\!~ru"]j~'1~1'm:::~u~'Wf (~r.:11~ru11Ol1nA1 gonadosomatic index) 

"lI~'1bbtJb'V'/(Pje41Ol1mbVl~'1~~ti(;11~D~~~"ll1~ 1'W~'d'Wi(;11btlC?lb"]j1b~m l'W"ll'd'lb~~'Wfi'W,)l~~ 2552
'" '" 

1.2 ,-----------------------------------------------------------~ 

0.8 

~ o 

~ 0.6 
(!) 

0.4 

0.2 

o 
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" " 
ran n !?l'JTlth.:J bbtllY~ PI biJtJiJbflu1~'lJn1:i'~m~1 ~f'lt1 ~U~1 bbtl~rh GSI \?l'l\?l ~1'Wb~Tl'Wfi't,l'J1 ~~ '" . 
. " 

b"ll'WIl'W bb\?l ~'l1~b~'Wn1:i'b'"l~ru"ll'fl'lTlrrm~~u~'Wfl'W"ll'J'l b'J~1 ~'lmh'J bb~~vr~'l'"l,) mr'W'"l~iJbb'W'JtU~n1:i' 
~ 

", , 
lm~\~mn1Jn1mJ~tJ'WbbU~'l GSll'W:i''fluu''llTl'ln'ln1 Calotes versicolor VlTl1~tJl'Wb"llL91~Tl'Wb"ll'Wn'W 

" ,"
t~tJ'"l~~Urh GSI \?l'l\?l~byjtJ'lbb~"ll'J'lb'J~1~'W 11'W:i'TlUU bb~~'"l~iJ~1 GSI ~11'W:i'~~uYl'W~1'W1'W'" . ~ , 

"ll'J'lb'J~1~'W (Shanbhag and Prasad, 1993) 

-ifTl~~n1:i'bU~tJ'WbbU~'l GSI ~~U1'W"ll'J'lb~Tl'Wfi'W'J1~~ n'l n~f)')~'Wfi fi'lbb\?l~'ll~\~'Wn'ln1:i''" . 
bU~tJ'WbbU~'l~U1\?l'W1'"l ~Tl ~1 GSI "llTl'lbbtlb~PlbiJtJ~~1~~~'l'"l1n~1\?l'l\?l~1'W:i'TlUU (8.82% l'Wb~Tl'W'" . 
fi'W'J1~~) ~'l~1fi'l~1~1~~1'W:i'TlutJ (0.09 ± 0.01 % 1'Wb~Tl'W~~1l1~'Wfi) ~'ln1:i'bU~tJ'WbbU~'l~b~'W-n~ 

" " 
1'W~m~ru~t1dJ'W~'1! 'lJ1rubb\?l~'ln'l n1:i'L91n1~ (ovulation) "llTl'l~L911 ';h1~~1vrtJn"llTl'lf'l1~~ ~~'lTl~,)'l 

~1nf)')tJvr~'l'"l')n~iJn1:i'L91n1~ (Shanbhag and Prasad , 1993) 

~1vrfu ~1 GSI ~ ~Tl'W-if1'l ~11'W"ll'J'l b'J~1~'W"llTl'lU bb\?l ~'ln'ln1:i'~ ~n'"l nn~ (n1:i'\?lj1'leJTlfl~'W,
" , , 

n1:i'\?lj1'l b"J!~;~u~'Wf) "llTl'lTl1'm~~u~'WfIl1tJvr~'l'"l1nvr~ ~~ ~~u~'Wf"llTl'l bbtl 1'WYl'WVl ~'l mh'J ~'l 

\?lTl~~~Tl'lnUn1:i'~m~1"llTl'l Radder, Shanbhag and Saidapur (2001) ~'l~Un1:i'~~~'l"lJ'el'leJTlfl~'W 

bYiPl"J!U~\?l b~tJ:i'TltJ ~1'W~~1\?l~1"ll'fl'l~'ln1 Calotes versicolor 1'W"ll'J'l'WTln ~~n1~~u~'Wf 

Female Gonado-Somatic Index 

10 


9 


8 


7 


6 

~ 
~ 

5u; 
(!) 

4 

3 

2 

o 
Dec Feb May Jun Jul Sep 

Month 

- - -
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" " 
91 n n'lnU~tJ'WbbU't1'l"ll~'l ~1 GSI Vl~~'W-ifI'l b~'W-nVl bb't1~~I3-JI~(lH\u'tJ{~lfJ;1'VlfJ'l~U~'Wfi1.~• 

"" iJ iI I 

n'l~~ m~n r1f'lU~'lhJ1~':n fPi'fJ~tJl'l btj~ b~~"ll~'lf'l1"1I3-J11?1 ~fJ9~~U~mj'ru~V11'l9't1• n'ltJ';jlllr1bb't1~n'l~ 

I 11 I I 

biJ~UI fPi'fJ~tJl'l btj~b~~~ru"Vl~"ll~'l bbtJ b~ ralm'W'lh~VliJ~l GSI ~'l~Vl (fi'WfJl r13-J) 3-J1 bI?11tJ3-JbU'W 
'U 'U • 

~'t1V1~~ralU ~u~11'W~fJ'l bfJ't11 ~'l m:l1fJ dJ'W~fJ'l~iJ n'l~~~I'l b"1!'t1'6f~u~'Wf (active spermatogenesis) 

bVltJ~Ub"1!'t1'6f~U~'W€ (spermatozoa) ~~3-Junu~tJllltJ1'Wvl~ seminiferous tubule biJ'W~I'WfJ'W3-Jln 
• 'U 'U 

.J 
(1l1~V1 4-5) 

b~m l'W~fJ'lb~~'Wfi'WfJlr13-J 2552 (1l1~fPi'Vl"llfJl'lb~~b~~~ru"Vl~bbtJ tJ~3-J~htJ~ hematoxylin bb't1~ eosin) 

nl~'l"llmtJ 100 bvll (b~'W bar scale iJ"ll'WIVl 100 13-Jbr1n3-JI?1~) 
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100 micron 

Jl1y.j~ 5 '"l~ n1t1~Jl1I"l"1l'El'l'e1ru'Y1:;bb~by.jMe4'"l1mbVl~'1~'El~(?]1l-lfjJ'J'l-l"ll1 ~ ,j'~'br;] ruJ''ElmV.l'W~rWrbU (?l b"1l1 
q 'lJ 'lJ ., , 

b;m 1'W-rlr;]'1b~'El'Wfi'Wr;]11"ll-l 2552 (Jl1y.j~(?l"1lr;]1'1bU'ElbU'El'e1ru'Y1:;bb~ ~'Ell-lJhtl~ hematoxylin bb~:; eosin) 

n1~'1"11tJ11:J 200 bvh (b~'W bar scale ~"1I'W1(?l 100 1l-l11"lJ'bl-l(?]J') 
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IV 

bbtJ 

>

m~"r1'),:j,)'W"lJ'fl,:jL~'W1"lllS 3-beta hydroxy steroid dehydrogenase (3~-HSD) LU'WL~'W1snlSr;l,:j 

~'W~~') ~ru~,)Vlfum~~¥'),:je1'flfl~'Wb'Wpj~bU'W~b~tJ~'fltJl?1'Yl n"llU~ (Jl,)'W~ 6; Johnson and Everitt, .. . 
2000) m~'Wu ~') bbVloJ,:j~ih'fl'W1"lllS 3~-HSD "r1,),:j')'W'fl~~,:j bb~~,:j1~L~'W~,) bU'W~,)bbVI't.i,:j~~')~')~t;)~h,:j 

e1'flfl~'W~bU'W~b~tJ~'fltJ~1cX (Doddamani, 1994) 

.. 
a 
to.... 
I M1J 

::I... 
..... 
i 1 -.. ~I: 

0 
::I 
:. 

N 

(21 CAraons) 

~ 
I 
~ 

• u 

ofem)'mn 

......I1.....mlt..

Jl,)'W~ 6 bbe.J'W~,:jLb~~,:jm~~,:jbr1n~ie1'flfl~'W~LU'W~b~tJ~'eltJl?1 (steroidogenic pathway) 1'Wm'flu~ 

bb~,:jLb~~,:jb'fl'W1"lllS 3-beta hydroxy steroid dehydrogenase (3~-HSD) ~,:jLU'Wb'fl'W1"lllSVI~n"lJ'fl,:jm~ 

~,:jbr1n~i 



12 

I 'V , , 

b~'e)':nl?i''d'e)th~ bv''e)b~'e)~ru"Vl:;"ll'e)~bbtfbYlP1m'W'lh~Vl~ri'l GSI ~~~ (?1 (fi'W'd'l ~:J.J) :J.J'l !?1J''dfOl~'e)'U''vn
'll 'll q 

'l.J~b'dru~~n1J'vh~'l'W"ll'e)w~'W1-n:J 3~-HSD !?1'l:J.J~fin1J'"ll'e)~ Levy, Deane and Rubin (1959) Yi'U~'l 
iI , I I 'V 

bv''e)b~'e)~ru"Vl:;"ll'e)~ bbti~ n1J'vl'l~'l'W"ll'e)~ b~'W1"1l:J 3~-HSD Vl-D(?1 bfOl'W (~'l bb"vrw~Vlti'e):J.J ~(?1~':nb~'Wb-ii:J.Jb'W 

I1'lYi~ 7 n) b'WU1-b'druJ''e)Uvl'e) seminiferous tubule bb~:;b~'e)bmtJ'UbVltJ'Un'U~'lbbVl1l~'Vl'l~fOl~n1tJ~I1'l~
q 

Yl'U~'l bU'W~'l bbVl1l~"ll'e)~ Leydig cells (I1'lYl~ 7-8) 

b~tJ'J b'W"ll'J~b~'e)'Wfi'W'J'l~:J.J 2552 (n: I1'lYlI?i'(?1"lJ'd'l~b~'e)b~'e)~ru"Vl:;bbti ti'e):J.J~'dtJ~ hematoxylin bb~:; 

eosin , "ll : I1'lYlI?i'(?1"ll'd'l~b~'e)b~'e)~ru"Vl:;bbtib~'e) !?1J''JfOl~'e)'UVI'l ~'l bbVl1l~~~ n1J'vl'l~'l'W"ll'e)~ b~'W1"1l:J 3~-HSD) 

n'l~~"llmtJ 50 bvl'l (b~'W bar scale ~"ll'W'l(?1 200 1:J.Jb~n:J.J!?1J') 
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b~tJ'J 1'W·lh~b~'el'Wfi'W'J1fl~ 2552 bb~(?)\I~1bb'j,n.i\l~nn1~Yh\l1'W"lI'el\lb~'Wh~ 3~-HSD n1~\I"lItJ1tJ 200 

b'l'l1 ~\lbU'W~1bb'j,n.i\l"ll'el\l Leydig cell ~'el~~'el'lJvl'el seminiferous tubule (b~'W bar scale iJ"lI'W1(?) 50 

1~bfl~b~19l~) 

~~tll:nm1~~m3'1• , " , 
~1 nVl~n ~1'W'Vl1\1~ru~n'W~'Vl tJ1 n1mJ~tJ'WbbU-c:l\l"ll'el\l bU'el bU'el bb-c:l:::;n 1~1K\I bfl~1:::;tfe:J'elfi:~'Wb~ ~ 

d.9 d.9 

fi~~Wln~ 'lJ1'b'J ru~'el'lJ~'J'W~l?lr)bU(?)b"ll1 b~m ~\I~ 

• mJ L. belliana ~1mbVl'6'i\l~mJl9l1~fi~~~"l!1~ 'lJ1'b'Jru~'el'lJ~'J'W1K19l1"bU(?)b"ll1b~m iJ'J\I~'el'lJn1~ 
'IJ 

~'lJ~'Wfbb'lJ'lJ dJ'W~'el'lJU b(?)tJiJ ~ ~ n1-c:l~'lJ~'Wfb~tJ\I-n'J\I b'J -c:l1 b~mL'W~'el'lJU 

• bbtJ L. belliana b~~eJ iJfl'J1~~~1Jmr"ll'el\l'elru"Yl:::; (b~'elYl~1~ru1~1n,"11 GSI) ~\I~(?) L'W-n'J\I 
qJ ClJ IlJ q 

b~'el'Wfi'W'J1fl~ ~\I~'el(?)fl~'el\ln1~n1~~~1\1b6Jl-c:l;~'lJ~'Wf (spermatogenesis) bb-c:l:::;n1~ 

~\I bfl~1:::;tfe:J'elfi:~'Wb~ ~"l!U(?)~ b~tJ~'eltJV) (steroidogenesis) 

• mJ L. belliana b~~bntJ iJfl'J1~~~'lJnl1"l1'el\lf\l1~ (b~'elYl~1~ru1~1Mh GSI) ~\I~(?) 1'W-n'J\I 
'IJ 'IJ q 
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, ., , 
tJ~'VflJ~1 !?l'J'elth~Vl1Ji1'Wbbi?l~ ~~f~'el1"'li:J91'W'J'W!?l'J"lJ'el~ bbi?l ~ ~ bi'1 fOIhJ b'Vl1 n'W ~~91 bU'W~'el~i:J n1nvh.J 

'V I I 'iI" 
Q'cv I .c::9:.dIQ "~I~O dI: 

n1nn'lJ [?l'J'elm~~1 n"ll'WVI~'el~ ~~tJ ~b'J ~1 n1 nmJ m'elm~'Vl '6'l~1 b'6'l~'el~1 n"ll'W 

2. "'l1nn1~~~bn[?li'1U~1n1~91bb'Wnbi'1f01"'l1n~n~ru~Jl1tJ'W'eln'el1"'l1~.jf'el~~~~~1~b~~'el'W bti'el~"'l1nbbtj'
'lJ 

if 'V I I 

~~'6'l'el~ bi'1 fOIi:J~n'l~ru~~~1tJ n'W~1 n t~tJU1~ ~ f~ bij'el eJ1!?l~ [?l~'J"'l '6'l'elU'elt)tJ'J ~~U~'Wfii'1U~11~.jf'el~ ~Vl 
q 'lJ 

Doddamani, L.S. 1994. Histoenzymological studies on embryonic and posthatching 

development of the ovary in the tropical oviparous lizard, Calotes versicolor. Journal 

of Morphology 222: 1-10. 

Levy, H., Deane, H.W. and Rubin, B.L. 1959. Visualization of steroid-3p-ol-dehydrogenase 

activity in tissues of intact and hypophysectomized rats . Endocrinology 65: 932-943. 

Pariyanonth, P., Aranyavalai, V. and Tangpraprutgul, P. 2009. Annual plasma gonadal steroid 

profiles in male butterfly lizard Leiolepis belliana in Thailand. Abstracts, the 16
th 

International Congress of Comparative Endocrinology, Hong Kong S.A.R., China, 22

26 June, 2009. P60. 

5
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'i1!.1.:J11J ~~n1'i~1 b 1J1J.:J11J 

'VI1J 'fl ~'VI1J1J n1'i~~!.I~1 n.:J1JiJ'i~:lJ1CUbbtJ1J ~1JtI 2553 
II q II 

b~'i-3n1'i~..r!l~'el!l 

n1'i'el'lA-rnM~'l13JVI~1nVl~1!1'V11-3~lhJl1'" 
II 

~ ~ q 

'6if3J b~~'W'i~b'VI"''i~'lA'i11fjf'6if ~1"1 '6if!l13J'U'i3J'i1Ifjfn 3J1'i 
II II 

..,. 
n~n'i'i3J 

~1!1~'l13JVI~1nVl~1!1'V11-3~'lJl1'" 

.. 




• • 

2 

a ~ ~ 

1)~UJ L~"l~~~L'VI~~~1J'i1C!jf~ ~1G.j ~!l13JU~3J"ii1C1jfn 3J1"ii 
Q Q 

n1"ii~n~1~11~~~1n~~1n'VI1~~1n1~ 
~ 0' ~ ~ 

bb~~n1~'fl1J"iin~'VI"ii~!l1n"iifi"ii"ii3JCljf1~
Q 

~1~'~~uirnb~!l1J bb~~ fl"ii 1"ii~b~!l1J"ii~~u3rfi!l3JAnH1 
CIJ 

~1J~;j'tl-3)J1~1n'W'i~'i1"l1 ~1~......... ~~ L~~'Wj":;LYl'WrI1lUj"1'l1~1?I1"1 ~tn~lJj"~n'llm.nr ~llX 

~ ~, 

vhmj"~ n1!n~1j"'l~Yl r'Wtn mfin~'lI1~ ~1-l1 lUr4uYiLf'"lN mj" UlJ~1 n~Uii-l~ULL~:;:n';j 111 LL~:;vl-l LL~U'fl1?l L'lI1 
I " , I 

f:i-ll~Yl:;L~ 'fluLijuYlr'Wtn mmU1l1'W LL~:;:n'l1l1'WViij ~ rufOl1 LL~:::,.ntnnluViuVi~1-l1 L~'flmj"'tl11rmf 

Ylr'Wtnnj"fij"j"~'lI1 ~llXLn I?I &.ImJ j":;LU'lIuf:i-l~~1'l1U'lI1'llYlU llXLtn'l'llU'lI1'l lYlU ijfO)'l1~~fO)'l1~L-n11~mh-l ~'tl-l 
" 

, 
q I _ .. ~ .., .cI ~ .q.o::'lt. 

n'll~~1j" j"'l~nlJ ~Um'llm'll1'1!L'U'W1:::Yl1-l1?11Um1~~~1n~~1UYl1-l'll'l1l1'W 1l1Wl'll1'l1'l'lYltn fO)ru::: 

';jYltnPl1~l1lf ~'ri1~-lnmI~~1';jYltn~U ~'lU~wrLiJI?IL'lI1L~U'l m:::m'l-lYlr'Wtnmfij"j"~'lI1~LL~:;~-lLL'lI?l~'tl~• 
LL~::: ml'luu'1!'lI1mj"~-lf'"lnl-J~ LPll!tYl1-l~'tl n'tl-l~mJYlfimj" n'tl-ll1'W~'fl 1~4'1?ILfO)j"-ln1j"n~mj"~fOhu 

" ,
"mj"~nl!t1LL~:;'tl11rmfYlr'Wtnmfin~'lI1~~1~rlJUn~uu LL~:; fO)t h-lLruUj":::~mrfiU~~n'l!t1 " Ll?lu1-ifViuVi 

'lJ'fl-lLf'"lN mj""1 ~-l LmUlJ L~n'tluLtlulX'tl-ltlD~n1j"'lIu11?11~t1ilufij"j"~'lI1~~i1f'"l'l1~~~1 n~~1U'lI'tl-lYlr'Wtnm 

luttlLLlJlJ~1-l1 rlU LtlUMl1U~ lumj"!JntllJj"~un~uu lw.~mtln1~L-n1~nl!t1';j4'ulu~1u~1-l1 LL~:; 

., 
UDlJ~n1j"llXL"ihl~LL~:;Lihf:i-l Ll?lumj"~-l~mL~:;mj"vl-l~1m~ mj"~Uf'"l')1 mj"~1?1 mj"YlI?I~'eN n1j" 

~ ~ I I 

'tlihJnu LL~:::mj"~lu ~~ l1-lnL~'tl Ltlumj"L~1~~:f1-lUj":;~lJmmIYiutln L~iltllu~1nn1j"LruuflulX'fl-lLrUU 
, ., 

LYiu-lmh-l L~m ~:;vhllXL~~ fO)'l1~ Lih1~ LL~:;~:f1-l~11l~1i'1nlun1j"tl'1rmfYlr'Wtn m~1nl~u n'tlllXLnl?l 

m1~~'l-l LL ~u n1j"rnl!t1Ylr'Wtn m ~-l~ :::i1m1~~1f"l'1!~'tl n1j"4'1?1 n1j"~1umj"'tl11rmfLL~:;m j"1-ifYlr'Wtn nj" 

'lI'tl-l1.h:;LYl PI LL~:;~,,:::t111tn-ntb:::LU'lIU'tlii1'1fi-luU l~~tllulu'tlU1 fO)l1l 
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1. L~'f)1~~L-if1'f)lJ~a-Jilfl'J1a-JrWna-J L;J11iOl'l'UlHtnn1~~ nl!t1LL~:'t)ufn1fflfYifJ1 mfi~~a-J'il1 ~~(1 n~'f)-l
~ ~ 	 ~ ~ 

LL~:inl1hJ~lJ~1r;1l'UtN~fJ'U 

2. L~'t)1~~L-if1'f)lJ~a-Jil~t1l~111n LL~:L;J1'liOln~fl'J1a-J~1~'1JLL~:U'j:tfJ'il'U1'Un1~~nl!t1 LL~:'t)~fn~ 

Ylf~mmfina-J'il1~ r4'n~'J-l LLVI'U u.11tl'lifu~:;tfJ'ill1mh~~~~'U LL~:;~1a-J1~(1u.1m1a-Jnu,hfJYl'f)~l~nlJ ~'U 
v 	 v ~ 

3. L~'f)'l~~L-if1'f)lJ~a-Jl~~lJu:; mnl!t1~11'f) LL~:;LL~mU~mJfl'J1a-Jfi~L~'Ul'WL1'f)~m~'f)~fn~ 

Ylf~mmfi~'ja-J'il1~ 1'Ja-Jn'WnlJ'lYlmm 

, ., ., 
ri'f)'WYliOl:;ilm~~fJ'Wfl'W[nfl~'W1a-J iOl:;iln1~lJnmfJu.1~'W1 t~fJ'lYlmm 'l'WniOlm~a-Jr;l1-l1 iOl1mJ'W 

iOl:;iln1~LLti,m~a-Jn1~~fJ'WiL~fJn1~U~lJ~ 1'WniOlm~a-Jilm~~fJ'WZYlf~mn~r;l1~1 t~fJLLti-lLU'Wn~a-Jtl'f)fJ 
" iln1~1JnVlnl!t:;Yl1~~V\mf'l1~t1lf l~LLri 'lfin1~~~Lnt1l mnJ'WYin n1~j;]~r11ma-J n1~~~U LL~:m~, 

., 
L~'U'f)nfJ~1'W '1Iru:;L~fJ'Jn'WnLLV\mm~~'f)'Wflrufi~~a-J iOl1'fJfi~~a-J LL~:; a-J1~mYl'l'W~-lfla-J 'j'Ja-JVI-l~r1-l~t1l~111n• 

ir'J,r'2l".ll'2l~n~n~~3J tJ~n'2l\J~'J~ n1~~nti1 

1. ~nl!t1fl'J1a-J~a-J~'Wlh:;~~1~a-J'Wl!tUnlJ ~~ilmt1l LL~:; ~~LL'J~~'t)a-J• 
2. ~:;lJlJilL'Jf'llJn l~LLri V\fY'lmn~n1wn~ LL~:;Ylf~mnrn'J[n~r;l1~1 

l~LLri Ylf~mnnhl~ rh ~t1l'J1aJilm:~n~'Wmt~ l~LLri LLa-J~wnil~r;l1~1 
, 	 .,,, 
~'lilmt1lilm:;~n~'U~~'ll~LLri ~t1l1~:LVl'UU.1~:;LVl'WlJn ~t1l1L~'tlfJfl~1'U 

LL~:; 'Wn 

3. 	 Ylf~mn~;'Jfl1~Yl1~Yl:;L~ l.I:;n1f~ ~'tlfJ 1.1 LL~:; 1.I~1 

" 


~:;lJlJilL'Jf'lv\:;L~ l~LLri ~:;lJUilL'Jf'I'il1fJ~1~ l.I:;n1f~ ~'tlfJ ~ LL~:; l..l~1 

4. niOl n ~~a-J ~-l L~1'a-J1~Lm'J"ll'WL-if11iOl fl'J1a-J~1~'lI LL~:;U~:;tfJ'ill1't1'tl~n1~'tl~fn~V\fY'lfJ1 n ~fi~~a-J"ll1~ 

, , 


t)'U~'lfl1~Yl23 il'W1fla-J Y'I.Pl. 2553 - t)'U'tl1Vlt1lU Yl28 il'W1fla-J ~.Pl. 2553 
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1) un~t1'U LLft:; fiX ~lnLN~t1'Ur:;~lJ,rfitllJ~n'W) LflNn1r~'l'U~~m~f'lI~r;)'flj'\l~t1'U~I'U'l'U 

7 h'1 ~t1'U1 ft:; 7 fI'U l.h~n'fllJ ~'ltl un ~El'U 5 fI'ULLft:;fll 2 fI'U r'llJ~I'U,)'U 49 fI'U 

2) 

L'JJIL~EJ'l (rl~ L~!lnL~El~,)'U~lwrLtI~L'JJ1 L~EJ'l) 

3) 1.JL'ln.,ftl'U'JJ'fl'1flru:;tJ~~'1I'U'lYlmmr 'fl~.~fi. L~I\.nJI~'lItl'1~,)'U~L'lrfL1J~L'JJIL~EJ'l LLft:; 

'VIti'lEl~'1flnlJ~ LPl~YlI'1 (~!l (rl~ L~!lnL~tlfI ru:;tJ!jlJ~'1I'U'lYl't.nn1r ) 

.... ..., 
~muVlq~'fl'U'i2J 

~'l'U~L'lrfL1J~l'JJIL~EJ'l !l. f'l1-rl'lll ~. 'llft1.i~ 

Ln1:;LL~lJ~lr !l . ~L'l~lJ 9. 'llftlJ1 , 

'lYlmm LLft:; ~'Il'lEl'lYlmm ~ln~'l'U~L'lrfLtI~L'JJIL~EJ'l 


'lYlmm LLft:; ~·.lhEl'lYlmm 91n'VIti,)El~'1mllJ~ Lf'I~YlI'1 L1!l n'fl'1L1'tlElYlfimr 

~ . 

AI ~ ...... • ., ""'-' 
1..I'i~ ~!I'71UVl F\1~'J1q~ ~~'i'U 

1. ~L'ih!llJrlJYl'i'1lJbL'U,)YlI'1 ,r'UL'l'tl'Umr~ILU'U'1I'U ~lr,)9 ~n~I'l4'El L~'UfI,)llJ~lrlruLLft:;
~ 	 ~ 

2. 	 ~L-llI'tllJrlJl'11n1r~n'W)LLft:;m~fm;Ylf~mmfirrlJ'llI~Ld'tl'1~'fl'bJl'ULN~El'U 

3. 	 ~ 
'1/ 
L -ll1'tllJ rlJ~lm)'C1 ,hElv\!l~'l'll1 fI'lllJ~Uft:;l'111i9 n),),lJ ~ ~1'1~ L'l~IUn l'Um),'fl'UfnH 

'1/ 	 , 

Ylf~mmfi)')'i-J'll1 ~i1,xunun ~El'U~'U"ll'UL),'1 ~El'U ),'llJvY'11J),:;'lI1'll'Ui'l1tJ1~ 

4. 	 ~L-llI'tllJ),lJ flru:;tJ!j~'1I'U'lYlmn1), 'tl~.~fi. LLft:; flrul~l)'tJ91nlJ'VII'lV\m~El m!lm~~lJu:; 

LLft:; LLft n LU ~El'UfI,) IlJ~n'U!lElI'1 n~I'1'JJ'lI'1 
'1/ 

; 
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flcu:::n'i'i3Jn1'i 

LfI'i.:Jn1'in~n'i'i3Jfl1!Jn1'iAmi1u.'a:::'elU~nH'VI~'Yi!J1n'ifi'i'i3J~1~ 
" 

~1'V1~'U,rnb~!J'U bb'a::: fI'i L'i.:Jb~!JU'i:::~'Uarfi!J3JAnH1 tI 2553 ... 

.., II ~ cJ.tI:lIto 

1. wn.n.!11l1P1'l"ll1'll'l'l'Vltn ~mn1t1 
.... 1.1 ~q, r 

2. VI'l'Wl.!11l1 PI 'l'll1'l'Vl tn f'l1~lnd'Vl1-l'Vl::: L~ ~mmn 

3. d'tl-lf'l1~lnd1~1dU ~~tn L~mh:;r.Jd ~mn1t1 

. 4. d'tl-lf'l1~lnn~1dU t:.J~~ tfh.J1'1..I1..ll'l lh:;D1l.mn~m d• 
d'tl-llh:::fiTW 

~cJ ..::",..., 

6. d'tl-lf'l1~lnn~1dt1 'lN1 L~'3-J'l'lltl 

7. ~'ll'ltlf'l1~lnd1~1dU ~d. 'lL'll!).f PlU~'tl 

9. ~'ll'ltlf'l1~1nd1~1dU ~d.'ldruY'l 'ltln1'Y~U 

10. 'tl1~1dU ~d.~d1~'ll nlnu:; 


" 
11. 'tl1'"l1dU ~d..n~itl ~U'Vlf(;]-l~ 

12. U1t1'tlUMcU thU~'lI 

13. U1-l~1'l~'VlfiU LVI~1LLIn'l• , 
14. U1-l~1'l~n'1J'Y1lJ'1J~~ 

15. U1t11hdoo.JU 'Vl'tl-lL~mY'l-lM• 

http:U1t11hdoo.JU
http:lh:;D1l.mn
http:L~mh:;r.Jd
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o CV Q 

n1~u~n1'~~n~n"~ 

CV .d ... 
'J'U'YI 23 - 28 ~'U1A~ Vi.A. 2553 

.. 

14.00 -16.00 

16.00 -1S.00 'W .. 

1S.00 - 20.00 'W. 

, 
1''WYlfiVl 24 ;:J'W1fllJ 2553. 

07.00 - OS.OO 'W. 

OS.OO - 09.00 'W. 

09.00 - 10.30. 

10.30- 10.45 

10.45 - 12.00 'W. 

12.00 - 13.00 'W. 

14.30 - 14.45 'W. 

14.45 - 17.30 'W. 

1S.00 -19.00 'W. 

flru~flX ,rn~u'W LL'Cl~I)'VlU1n~ L~'W'Vl1-lti~~'l'W~IWrLl]~L"1I1 L~m 

'Cl~'Vl~LUU'W LL'Cl~ r.r~milJ. (f'I'W~'tl'Wfm;'Vlfvm1n'11l1fl[;1~1''W'el'tln)... . 
, 

LihVl~n LL'Cl~ fU1.h:;'Vl1'W'tl1'V11Hij'W (~'W[jtJn'tlunJ) 

~'W'Vl'W1n1~ L~U fj'VlU1 m'"l1 n~'l'W~[;1rfLtl ~ L"ll1L~U'l LL'Cl:;r.niT'1• 

fU1.h~'Vl1U'il1'V11)'L-if1 (~'Wu1Jn'tltm.J) 

vHhtl~f'11U + 1Jd~U1U ~'l'W~IWrLtl~L"1I1L~U'ln1Jn11'tl11fn'; 

L~U ~'fl1'W'lU n1d ~'l'W~[;1rfl1J~ L"1I1 L~U'l (,x'el~1.h~~lJf!I'WmJn'tlUdlJ) 

U5~n1dfl'l1lJ~lJ~'Wfi"ll'el~~-l;:Jm[;1 LL'Cl:;~~ LL'l ~ft'tl).J ( LLUUtJ n~~ ~ 1) 

L~U df'l ~d. lJ1~U 'il[;1d).J~fl'Clfl~ LL'Cl:;flru:; 

~n- 'il1'V11d~1~ 

n'"lm1lJ~¥1~~[;1~1i1n (,x'tl~Ud:;~lJ~'WmJn'tl1Jd).J) 

L~U ~~. Vi~1ji 'ld'tlh .... . 
13.00 - 14.30 'W. 

L~U fj'VlU1m '"I1n ~'l'W~[;1rfL1J~L"1I1L~U'l'1 

LL'Cl:;'"IY;1'Cl~nnU 'el'W~dnr U1'W~'lI LL'Cl~ 

~n-'tl1'V11d~1'1 

n1d~n~ilL'lf'lfj'Vlm~m1'W~1l1Yl~'W~LYl1:;L~U'I 
, 

L~t1 fj'Vlmm '"I1n ~'l'W~[;1rfLtl~L"1I1L~t1'l'1 (,r~d()W'l~+LUn'"lnnlJ) 

f1JUd~'Vl1'W'tl1'V11)'Lij'W (f'I'Wu1J n'elUdlJ)... 

http:10.30-10.45
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19.00 - 21.00 U. 

, 
- .., q q
'JUYHl'l..\~'YI 25 ~ij1r1~ 2553, 

06.00 - 07.00 'W. t'1J1h:;'YI1'W'fl1~1n;11 (~'Wti1J nt.lU'l~) 

07.00 - 09.00 'W. L~U'YI1~"1n~'JU~[;l'rdJI1l L"IJ1 L~U'J ltlu~~yhlJlCU.,rL"IJ1'l..\~1"t.l t.l. 

.., .... I _ ~ d .d 

"IJt.l~UU~'4U'lm'U"'l1 n'l..\'W'JtJu '1j'l!1n1m Lf'I~'YI1~ L'ltl nt.l~ L':i't.lfJ'

~I1l~U 

YIDm'l 

L~U'YI1~"1n~'JU~l1lrfL1JI1l L"IJ1L~U'J ti~'Vh~tlL'll1~~19t.l· 

09.00 - 09.30 'W. 

09.30 - 10.00 U. 

10.00 -12.15 'W. 

12.15 - 13.00 'W. 

13.00 - 16.00 'W. 

16.00 - 18.00 'W. 

18.00 -19.00 'W. 

19.00 - 21.00 'W. 

, 

L~'W'YI1~Ll1ltJ(j-tlltlu~ Lm :;LL~~~1':i' 

('lltl~t!U~U'WIj-tlt'u"'l1n'Vh~t.lL"IJ1~m"'ltl LL~~~1'l hJn~u)• 
'l:;UUUL'Jf'I'l!1tJ'l..\1I1lU'WLn1:;LL~~~1'l (LLUU!JmXm11ii"'ln'lw~ 3) 

Ll1ltJ 1'Y1tJ1m'''1n tlYL~D . 

UL'Jf'l1'Y1tJ1'lltl~Ln1:;LL~:;'YI:;L~1'Y1tJ (LLUU!JmXl1lyhii9n'l'l~~ 4) 

Ll1ltJ t.lf'l .I1l'l. 'J'lCUl'41tJn1'1j911 LL~:; rlCU:; 

Qo I .0::::\10 d 

LL~:; 'J'YItJ1m'''1n~U'JtJ~~rI'l1~Yl Lf'I~'YI1~ L'ltl 

L~'W'YI1~n~U~~n 91mL~~~1'l ti~~'JU~l1lrfdJI1lL"IJ1L~tJ'J 

"IJt.l~t!U~'4'W'l('lt'U~~91nWW'JtJU'1j'l!1m'l~ Lf'I~'YI1~ ~tl nt.l~ ~fJ'YIDm'l 

L~'W'YI1~n~U"'l1nvh ~tl L"IJ1~~1"tl ti~ ~'Ju~l1lrfLiJI1l L"IJ1 L~U'J 


t'Utl'l:;'YI1U'fl1~1'lLU'W (~uillJnt.lU'l~) 


%m 'lU,1 L~'Wtl t.l~~1'W~1'WrI'J1~'l..\~1n~ ~1tJ ~~i1ir) 11l'YI1~'YI:; L~ 


LL~:;m'lu'1 L~'Wtl t.l~~1'W 

rJUf'lm' Yl26 i1'W1r1~ 2553, 

07.00 - 08.00 u. 

08.00 - 9.30 'W. LL~~~nU'l:;uuUL'JPl 
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9.30 - 9.45 

10.30-12.00 

12.00 - 13.00 'W. 

13.00 - 14.00 'W. 

14.00 -15.30 'W. 

15.30 -15.45 

15.45-17.30 

18.00 ··19.00 'W. 

19.00 - 21.00 'W. 

, 

t~tJ j'PI. ~j'. ~~~'VIf ~,n''t)I'1i1 LL~:;,"HU:; 

~n't)1~Ij'~I-l (LLUU!JntX~';hn~mnJ~ 9) 

" L~'W~ltJ~'l~~ltJ~L~'t) 'l'VImnNln~'l'W~lWfL1:1~L"lIIL~m 

., 
fl'lll-.m ~1 n~~ltJ"lI't)-l~IWfLft't)tJ fl ~1'W 

t~tJ j'PI. ~~~ mm'W'Wvl 

Ln~'t):;l~'Wflumj' (LLUU!Jn~~';hn~nn~~ 10) 

t~tJ 'l'VImm~1 n ~'l'W~(WfL1:1 ~ L"lII L~tJ'l 

~n't)1~Ij'~I-l 

... "" LPlj'~jn~'V'l't) L'V'ltJ-l 

LLU1J!Jn~~';hn~mn.J~ 6 ~tlhL~:;j'It1-l1'W(:J~ 

fulh:;Vl1'W't)1~lnu'W (PI'Wf.i'tJn't)1Jj'l-J)
'II 

1''WL~lf Yl 27 iJ'Wlfll-J 2553 

07.00 - 08.00 'W. 

08.00 - 10.00 'W. 

10.00 -10.30 

10.00 -10.30 

12.00 - 13.00 'W. 

18.00 -19.00 'W. 

19.00 - 21.00 'W. 

fU1.h:;'VI1'W't)1~Ij'L-n1 (~'WlliJn't)1Jj'~) 


u!iu1imj'~'Wn U'WL~'W'VII-lfij'j'l-J'Jllm (LLUU!Jn~~vlln~mj'l-J~ 7) 


t~tJ 'lVlmm~ln ~'ri1"1 'Wlm~'t)~j'j'~ 'lP1hun~, 

LL~:;LL~:;~'l'W~ln1L1:1 ~ L"lII L~m 

~n't)1~Ij'~I-l 

Pin~1 ~'t)-lflru,",I'1l't)-l1.ht2! U'WL~'WVl1-lfij'j'l-J'Jl1 m, 

t~tJ 't). 'llnflnu L'VI'V'lLUi'l 'lVlmm~ln 't)~.~fi. 

LL~:; 'lVlmm~ln~'l'W~ln1L1:1~H'1l1L~tJ'l (LL1J1J!Jn~~';hn~mj'l-J~ 5) 

~n't)I~Ij'~I-l 


fU1.h:;VlI'W't)I~lm~I-l.r'W (~'l'W~ln1Ltl ~ Lm L~m) 


fUlh:;'VI1'W't)1~lnu'W (~'WtJ1Jn't)1Jj'l-J) 


mnl1 L~'W't) (:J~-lI'W 


http:15.45-17.30
http:10.30-12.00
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15.30 - 16.00 'W. 

16.00 -17.00 'W. 

17.00 - 1B.00 'W. 

1B.00 -19.00 'W. 

19.00··21.00 'W. 

_ ~.-.J q 

., 
YI')1l-J",ft1 n"'ft1U'lJ!J'l~j;l'r~::LVi'Wtl1~::LVi'WU n (~'WmJn!Ju'tl-J) 

t~u ~p!.(;)r. 'lL"lI!li YI'W~!J 
~u~')'W'\/nnu (LLUU'tJm.r~vhn"ln'trl-J~ 11) (~'Wulln!Jurl-J) 

t~u ~PI. ~r. 'l L"lI!li YI'W~!J LLft:: 'lVlU1n't"l1n~,)'W~~l'rdJ~ L'lJ1 L~U') 

1U1.b'::Vl1'W!J1",1rLU'W (~'Wulln!Jurl-J) 
., 

~mf1~lWr~::LVi'Wtl1~::LVi'Wun 1'W1l1Y1~'W1l-J 

t~u ~PI.~r. 'lL"lI!li fI'W~!J LLft::flCW:: 

'l'W!J1Vll1lUVl 2B l-J'W1f1l-J 2553 

07.00 - OB.OO 'W. 

OB.OO - 10.00 'W. 

10.00 - 11 .00 'W. 

11 .00 -12.00 'W. 

12.00 - 13.00 'W. 

13.00 - 16.00 'W. 

1mh::Vl1'W!J1",1rL-D1 (~'WmJn!Jurl-J) 


urrU1u~ltl ~!J'l tflNn1r!J'11mf~'W~nrruYJ"lI'Cl'WLti!J'll-J1"11nYlr::n"ll~11' 


rlUn1r!J'11mf (~!J'llh::1l-J~'Wuln!Jurl-J) 


t~u r!J'l ~tl1'W'lUn1'ttflN n1't!J'11mf~'W~mrl-JW"lI'Cl'WLti'il'l 

m"l1nYlr::r1"l1~11'.., ('W1UYlriU "I"Y11l-J1P1)• 

t~u flCW::'lVlmm 

tl ~~1U LLft::LL"I mh::n1PlU,UlJl1lr 

t~u ~tl1'W,)Un1r~,)'W~11l1d:l~L'lJ1L~U') 

1utlr::Vl1'W!J1"'1rnft1'l~'W (~'WmJn!Jurl-J) 

http:19.00��21.00
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I 

V.<::l\' "" 
fl T'i1) ~ fl'll fl l'l' lJ fl1 £J fl11lJ lunfllun £J 't11-3 'If1 511 'n 

.I!S ~ I .d.

1.'Vij fH) f)'j "nJ fI1 tlfl111J'I1mmHlltlm~ 'If'lfl1l1 

, 
3.r;rOll.fn.u~fl1)f)'j'jlJ ff1lJ'ff\Pl'Jlil~H'\I11;jtl1 D.f1~ll'lf1 ~. 'lfC'l'lJ~ llC'l~lfll~llff1Jffl'H) . ff91M'U ~.'lfC'l'lJ~ 

4.f)~lJ~ih't'llJltl ,:rfH~ tI'WllC'l~fll l:::~'UlJli tl1J ifll '1flllff1'Wl1f)fllJf11ff911i l ~1~ tI'Wl'\191f11fl91~1'W ~~flq ~ ., 

5. 'iln,rJ1!~,,j'l~llJfl1)f)'j'jlJ ,:rfH~tI'W 60 fl'W flllO fl'W mff1ffiJfllllC'l~i'Vltl1m 35 fl'W 

<V !V "'" 4 11 !V6.'t'll'Uij'Uij~f)1)f)'j'jlJm'jffmn 'j~f)ij1J~lt1 

1. fl11'JJit~tl10'U iflHflll~~i'mr~'Wllml1JYJ'lf"1 O'U'I1'W~~i'mr 
QJ G.I tI ..d o\d,od...::::l ~ 91 

2 . fl111Jff1Jl1'W li'\l~'1ff~1J"l1191HC'I~ff~ll191C'l~1J 

3. fll l fffllJ TWt1f1i'VllJlH~~~i91 ff9111 'W ff1'W ff911til91 t '\I11;j tl1 

4. flllfffllJ1l1t)~m l1Jff911~~~fl'l1lfi'W 1'W I1mnm~fl'W 

5. fll l fffllJ 1iil'mi'Vl tl1'\1~~ 111J~~1l~~ ff\VI1~ iliijm ~~ flff'W '11 "'I 

& .c:::t. Cit. QJ tI Cit.: Cit. 

6. fll) ftfllJ1'Wnf11'Vltl1'\1~.:I ff\VI1ff~t'Vl'W 'W 1ff~1'Vl'W 'U fl 

7. fl n fffllJ 1iinffi'Vltl1'Vl1~ 'Vl~mttC'l~) :::'U'Uiil1ff,j ~ flli'.:I 

el Cit..q QJ tI~ 
9. fll)fffllJ1'Wnff1'Vltl1'\1~~ff\VI1m~tlflm'W 

10. fll) ffr1.:1~\VIthwfll'Wfll'j~~ i'm.r'Vli'l1lJlmlin1J"l11~ 

7. HtlU~~~'~~1J1)lf)m'jcO~fl1)f)'j'jlJ 
~ , • QJ Cit. 0 " " 1. W11"l1'W'lf'Wtm~'\I1t1r-l1'Wfll'j~'U)'JJ'Vl'lff'W 60 fl'W fl'j ~1'U1'W 10 fl'W... 

~ 1 0.... _I 1 0' .... 0' '" "" 
2. ltI11"l1'Wl'\l1 \lfl111Jff1flqJUC'l~1I)::: tI"l1'W'\I~'1fll) ~'4 l fllJ'Vlll1t11mli n1J'lf1\V1 

3. W11"l1'Wff11Jntlh1Jff'W ~~~1'U\VI1'JJl1)~)1'lf~1~"1 ~ijfll) ~91,j)~'Il1Ji'lflfll) lIC'1~ 
, " 

ii'Vlnfffll) t~~~ "rV'U.I1m'"u :HU\l'W,1UJ1uglU'''U ~'Wl'Uff1'Wff\VI1til91t'\llt;jtl1 

4. fi~ fl) 'j 1Jij ~i1'W i''U ~91"l1~'U ~mY.:Ifl1J1'W fln t~'W m11t1~ 1'W ~'li1t1,jC'lfli1~ ltI11"l1'W.. 
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, 
cv ~ V ,"IV 

fll1'lJfllVl111~n IVI'l'U9lflfll1l'lllflltl 

1 '~rHn1VI'-H!~h.J'l.h~ l[J'lftJ 

3 if1'!~u'Uhlli 


3 1 if1'tl'j~ff'Um'jwi'Um'H~lrll[J Wi " .,j2 ~~U'Y'W'U 

4 

3 1 f1'fl'nlJrhl1 ~ ... 

1 if1'fl11lJi'i'Um'jth hn~hml'j!~[J'U~U i'I.J 2 if1'i''UiJl'l'j fll'."~lm~U'Uhnj 

3 lf1'lJl~ff1'UffI'l1!1I~H'Ul!~[J1... 4 '~ncn1Hi-Hl1j'Utl'j~ l[J'lftJ 

5 .. 
Q.I .::::t. Id..d 

3 \!H.J1mm'Uff~'VU<W'W 

5 if1'fl11lJ~thitl'Uuf1vim~g'U if1' 
... ... 

2 if1''';l~l~'l 

4 '~n~n1l~i-H!fl~lh~ l[J'lftJ 

6 if1'tl'j~ff'Um'jW;11'l 

2 ih~u'WimjlJ1f1~'W 
".... .... 0' .1

4 'j~f1ffI'l1lJ1f1'U'U... 
lJ] jI 	 ,.. d Q.I Q.I fI .ttt 

1 U[Jlf1 !~fl11lJ~!f1[J1f1'UffI'l1I'lU'Uf1cn.:jfl'U 

2 U[J1f1~11'aI'l1I'lu'Umn.:j~'Ulnfl'Uudl.:j i 'j.. 

" " . 
5 iifl11lJ ffliJfl~' 'U l1lJmu~r~f1m'j !flU!Yl U!HUUH... ... 

2 lf1'iit~utJ il1lJ'l~ 1lJ!fl[Ji'~f)fl'WlJlnU'W 
. " . 

3 if1'iifl11lJi'tf1U1fl'Urll[JlJ t~Ul.Jl i'I.Ji.ui'U;1I'ltl';j~~11'U 

8. 
, 

• OJ "" 

~UlUn 

2 

6 


7 


10 	 1 if1'i'~f1fJf.U rll'UU.:j linlJ'lfl91 U"~fl11lJlHnf111 "1[J'VI1~;1f11'Vi 

2 if1''ll lfl 11lJi'hl1 ~i'Um'j!~ [J'U !m~ i 'U;1I'l1h~~11'Wt~U.:jfl11lJl1 "1f1l1cn[J'VI1~~hfl1'Vi 

3 'f1''Vi'U!~U'U il1lJ'l i'Ul1m[J'l~~111~ 
11 2 11l1h~ff'Um'jW 

~ ~ Q.I <I 	 ot!:l " d QJ d~ Q.I tI I

3 fif11l1li';j'jlJ'lfll'l'UU.:)ffI'l1 4 !'j [J'W l!f1[J1f1'U'lf1I'lffI'l11'l H,,\ 
; 

5 i~nm11.:ji-Htfl~'I.J'j~1[J'lftJ 6 i'mnlinlJ'lfl91 

http:i'I.Ji.ui
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12 
,91 91"; <V n <V 0'1\ "" 

1 t1tJlfl ~fldllJ'HfltJdfl1JfldllJl 'WlJ1'\Jtl.:Jffd'Wff~11 ~1'IJ11'IJtJd... 
\J 1 0' "> " 9I<v <V rt 91 <!/

2 t1fnfl1 'j~ tJ'lf'W'nN1)'j'jlJ'lfl~ 3 1\1 fl'W'W 11 lJlJ1fl'IJ'W 

13 1 t1tJlfl lf1'fldllJff'Wflff'Wl'Wl'Wil'Umil'U 
,91";

2 ~1'YW1• 
3 fl11lJrl~tJdr11J~.:J]j~1~~1.:J'l1)'j'jlJ'lfl~ fl11lJ-&m!f'Un ~UllJl1h~Qflfi'lcNr11J~1~lh~~11'W 

14 91 <V t f1 ">1 fldllJ~U(I~'Ylflll~ 'Ufll'j flll11)'j'jlJ")j'l~ 

2 1~11\l1)'j'j lJ'lfl~U(I~l1i'1J~11~1r11J~.:Jll1~"'tllJ 

15 o 91,,;,91'11 <V1 'WlfldllJ~'Yl ~ ~WJ'W1 2 1111~tl'W111~ 

3 f1fllll~.:J~ul1(1fl'l 111~'l ,,; <V 0' tJ 1 1
41'YltJ1'lflJff~1U (lfl l1lJ 

16 
,9Id <v 0'

1 t1tllfl ~Al1'Wff~1ff.:Jd'W 
, 9/ 9/";

2 t1tllfl ~fl11lJ1YllJlfllJ1tJl1mfll1(11tJ 

,3JQ,I Q,I ", jI 

3 t1tllfl ~\l1Jff~1~'jltJ• 

17 
, ~ d 1~4 Q.I cv ~ j/ , 'j/ .: Q.' cfiJ Cl Q,I

1 t1tJlfl l11~fl'l ~9flJ9f1Jfl1J1)'j'jlJ")j'l~ ~'W lJ UlJ'Wl ff~1 l1m~1fl~fl11mflfl11lJl1d.:JUl1'W 

2. 1 ril \I u(l~·lhtJr1mJu(ltI'4 fmll11'fl.:Jtlg 1~'jl~lJ'4l1Ul~ffllJ1'j\l'IJ1~1h'~U(I~1)'j'jlJ")j'1~1~ 

18 
, jlev 31 ~ d OJ ~ Q,I a' 1 4.d d 

1 ~'j1Jfl11lJ~'YJm'jtl.:JlfltJ1fl1J~")j'U(l~ff~1 fIltJ 'U~'U'YH'lJl1'IJtJ1 

1 91 • , 91 "> 11 1 o'e>' 19/
2 ")j'l1(1111.:J mfl~ 'j~ tJ'lf'U ~fl11tl~1Jl'UllW'l 3 '~f1JiJ~'j fIl~U(l~fl11lJff'4flff'Ul'U \llfl~ltJ 

4 'Y11111'~~fl i~fl ~d-&~11J1.:J'\.h ~lf)YI~ '~'lftl1Jf~fl~r11Jlj'UlJlfl~'U... ... 

19 19/<v 
911 t 91 <V "",,; ... 0'tJl 911 91 "> tJ 1 0'1 ~'j1JfldllJ'j 'Ufll'j 'lfYl'I~tJlm1)'I'IlJ'lfl~'YlAl1(1t1 'Ul ")j' mfl~ 'j:; tJ'lf'U ... 

2 'f1'f1JfldllJn'U~1~-&~1~t'jli~f~fl" ... 3 i~iJ~'If)Wf 

20 1111.:J~~'~f1Jfll1lJrl~tJdr11J~.:JU1~"'t1lJ U(l~fll'I,)lH~1~'lJtI.:Jff~1fl(ll.:J1'Uff~1fl(lN~'U 
,91 .,j 1 •2 ~1~t1'W l1lJ ,91tJ 0'1 • ~.13 ~ 'j~ff1Jfll'jW l1lJ'lI'WlJ'IJ'W 

21 
OJ I d ~ ~!f~.c:t 3J J

1. 1II1nl\1~lJl~t1'WlJ1fl'IJ'U lJfl11lJllJlfl'\J'W 

2. '~fl11lJtlrl'Yl'W \llflfll'j'Y11fl\lm 'j lJ 

22 
,91 91<v <V 0' 1 .!"

1. t1tllfl rllJ1~ ~flffrl1rlH'llJlfl'IJ'U 

2. tltllfllJl1rJ'W ri1'W ~hlJ~~~t1'Wfmrff~1ih U(I~1)'j'IlJ'lfl~• 

23 1 t1tJlflr~m~t1'W'll111~ 'jJQ,I QI" .. ::f~
2 t1fnm\lflff~1lJ1fl'IJ'W.. 

24 1 t1fnfl]jfl11lJn'Wfll'I 1~ tJ'Ul")j'l~dl'YltJl 21cN!1mil.:Jl,rttJ'WtJ'I~ ltJ'lfU... 

3 lf1'l~tl'Wll1~'l 

25 
, 91 <v 1 <V 0'

1 ~'I1JfldllJl 'Wfll'IU'4'Iflll '9/ .,j2 ~lm)lJ 

31,*l1mil.:J1MlrJ'WtJ'j~ ltJ'lfU 4 '~fl11lJff'4flff'Ul'W 

26 
91 .,j 11 . 

... ">. 

1 fll1lJ'Il'IU.:J 1'l51t1!(I'W 2 l'ItI-!I'I~1J1J'W!1ff911-!1'l 
" 

~ Q.I 0' 9JQ.I Q.I IS' ,I '9/ .,j 1 13 l'IU-!lMI1 'j~flff91dlJ1fl'\J'U 4 rl~1Jl'WU'W 1IIlJ"1... 

5 '~lJ11~tJdff1'Wffrl1 
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28 

30 1 fl11lJrt~£r.lnUf1THn~i'mr'YIi''VWlm\9h\l''l1l1'fI\ltl~~tlhJ 
2 H"fHl1~(J'\.Jth~fftJtll~Wfl1111r 3 '~V'ltJt~m.Jh1~~l\l h\lt~tJlJ., 

4 fl1111i'fHm~ffll1f1ii1lJtllHhf11lm~1I~l\l"l 511~~fftJtll~W~Hl1"f)h1~ 

'" 3/ '" 91 m ~tJ1'Um~ t~ tJlJ ~ .,fl11lJ 'Hmm1 mtJ'YI1\1"lf1fl1V'1~1t1\91lJ ttl \I 

, '" 
tltJ1\1l1f1111lff'tl• 

11) 3/_1 <; 0' "" '" d '" ~ _I 'i1 191 i/..,j3. ~~lJ~~ ~tI"lflJ'\Jlf)1i~~lJ"lfl\91~tltJ\9I1'Y1f11~tllJ)f)£J ~lJHtJ\I lJ mmlJ. ., 
~~ ~ w ~ 91 d '" _1 <; 0' -'I

32 1 fl11lJttf1t11f)tJ'YI~V'ltilm 1i~ ~lI"lfl\91 2 fl111lttf1t11f)tJlJ~~ W"lflJ'tItl\llJl 

3 tll~ t{llJtldH"~tll~fln \I:)f1\91't1tl\lff\9l1 4 '~t~tllJ1l1f)h\lt~tJlJglJ"l., 

33 

35 
d/ 3/3/ "" 

1 fff)£Jl'H lf11111t~llJ 1i~ ~lJ"lfl\91 

'" '" .:f 

3 '~'Vltl\ll~tJ11~\ltllJi'mr• 
'" 3/1' 3/'"5 ~tJfl11lJt 'HlJ"llJtlf)'Htl\ll~tllJ 

36 1 '~i'tJfl11lJrl~tJ1ntJff\9l1~l\l"llJlf),rlJ 
'" ..,j .:f 11) 91 0 3/", ",..,j ,

2 tltllf)lJIV'ltllJlJlf)'tIlJ H"~ ~~'YI1f111lJ~., '\Jf)f)tJIV'ltllJ \9IH1l\l'H1~lJ1f)'tIlJ 

\q'jl<J/Q.I 'jJ~ Q.I a' Q.I fI Q.oO,J.c::S. J 
3 ~~~ ., '\JfHI"~ 1f)""lf~ff1lJff\9l1Im~ff\9l11lJ(,nlJ ff\9l11't111't1t11111f)'tIlJ 

37 

38 2 '~!'~tllJ 
4 ~f)~t)lJ'111lJ~1~1t1 

1 i~l~tJlJrtttl\l~lJTIff\9l1'1fiJ~~l\1"l39 ., . 
2 l~tJlJrV'lq~m~lJff\9l1ilJ!1mf)m\l1lJ!!"~f)m\lf)lJ 

. " : 3 tll':i '~fff)£JliY\I~l\l"l i lJ!'tI11~tJ1lJ1f)~lJ 
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40 1 'l-11':l'hhli'1Jfl11lJf~1'Ui11'V1tJl9il~'1 2 '~,j':i:;ff1Jm'HU~'1ml1J11J 
, ~ .,j , I 

3 fl111~'YH)'U l1lJ'1 

'~,j 0' I 1 '" .,j 0 'tJ, ~tJ 1", '"OJ 041 1 fI ':i:;ff1Jm':iW'VIfllJ:;~Il~'1 'Uf1l':i'VIlfl'ilm':ilJ n'Hl'Ul 'If ':i:; tJ'If'U 'Um':i~':itl'Uf11';ifftl'U 

2 '~liflNij'Ul1dtl'Ui'il 'lflJlinlJ'I$l91mntJ'1~tJU1J1J 
, ~ d '" d

42 1 fltllflf~~fl~ihu'O:;lilJ1jl,j'~l~'1 2 tltllfl flm'U'lflJ11ff1t1'1'OlJ!tI'U'1 

, ~.,j I 

43 1 '~i'1Jfl111J!~~tl1ti1JiY~11t~:;ih 2 fI~'V'Iij'U';i1lJ~1'U!tIij:;'1.. 
1~ .,j ~ 3 '~lJlliflNfl'UU~:;viij~~~tl1 4 flfl11lJff'4 flff'Ul'UU~:;~'U ~~'U 

,,~ Q.I ~ ~ 

1 ';i'ilflm';iij'UmlJ1i';i';ilJ'lfl~44 " . 
3 m';iij'4i'mrih'lflm~'U 

, ~h.,j 1I d

5 fI~'ilf11'V'1ij'U~l~ ';i~~';itl'U 

tj/Q.I a Q.I tI QI rI 

2 ~'ilfl'l$ij'V'l'UT!ff~1 

4 f1l';itl'4i'mriY~lih1m\'~ty~'Ui 

, ~OJ ~ tJ .. ,~,~ I '~"'tJ 1 ..1 fI';i1Jfl11lJ';i!t~:; ';i:;ff1Jm';iW 2 fI 'l$nm11~ l11flfl ';i:; tJ'I$'U45 .. 
3 '~~~ij'U'l1'U'19il~ h~~~tI'U 4 ffllJjmh.;fllJ:;~'tltJtJ';i:;~m11rt'U'lf1mh:;~11'U 

5 ffllJl';imh11if1l';i ~flf11tJ'Uij~~~,tJ ~flfhtll'I1'ti1JUij~'1 ,~ 

46 1 '~f~fl'W1J~if'UiY~1~1~'110fl111111'l'Ufl~ 

, ~ ~ <S 1';",j
47 1 flfl111J':i'illflf1l';if1fllJl 'U'W'Ul'l 1 2 '~lJl!~fl'lf1~iY~11'Uff1'UiY~1.. .. 


3 '~lh:; itJ'lftJ''Um';i~fllJlTi''Ufll11'U,jl 4 '~rilj1'iliY~1~1~'1 l'U1i';i';ilJ'I$l91 

48 I 111'J'il:;1~fl'n1Jf!~tl1ti1JiY~1~1~'1 2 1~fl11lJfl~ tl1ti1J'Yl i''V'I tllm Ti '.i '.i lJ'lfl~ 
,~.,j &

3 fI~'Wfl'UlJlfl'U'U 4 '~nm'h~'11'!1I'UtJ';i:; ltJ'lftJ 

'~,j ..'" 5 fI ';i~ff1Jf1ljWfI'1 

49 1 1~mllJ!~~tl1ti1JE'Jij'lf1~ ''Uff1'UiY~1~ilfI~'II1!:Utl1.. 
, t~ ~ I2 fl11lJ~1I'Ufl~'IIij~iY~1~1'J'1 3 ~fl11lJff'4flff'Ul'U 'Um':il'111fllU 

1 ~ .,j .d ~ t I I 1 '" 4 fI~'Wfl'U 'V'I'Ufl'J l1lJ'1~l~ H~';itl'U 5 '~,j':i:::ff1Jf1l';iur 

6 '~i'1JmllJ!!~fl'Jf1l';i~lH;1~'IIij~iY~1 TinlJ'lfl~ ihl,j'.. 
7 '''~fI~ r ~ "1 ~ d'Uff1'U11'U~'Uij~mj~'Ulflltlflj~'U 

50 1 ijfl11lJr!~ij~'lf11'Yltll VIl iflHf1l';i!~ij~fl11lJl1mfll1mtl'Yll'J'lf1fll'W 

2 !~f11~fl'U111lj 3 tJ~fI,jrifltlfl11lJ!fl~ tI~ 'illflf1l':i 1~ tI'U 
" 
.d '" 4 !'YltJ1TinlJ'I$1~ 

51 1 '~i'1JmllJr~l~'1!'li'U ~l'UflWTi';i';ill 'il~tlTi';i';ilJ f1l';i~11iJ'U'lf1~'II'eNiY~1 f1l';i~lI'Utl~ 
~ 11 ~ 

lm:::~ll'U'Vl:::l~ 1 'U~'U-. 
2 '~ijl~fl'Uhnj'1 ~~'1lJl'illfll1 mtl~l1 mtJlJ:U:Ufl~ ~~yh111'1 jl1~f;h1';il'il:::ij~1'U iY'JfllJ 

1~ <tI 1 ' fll1';ifl lJ 
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~~n1'11h:aa:h(, 


A1U~11~~a1n~a1Un1~~1n1~ 


tf 
~'i I u1~1'iUD .. D D 

"" ~nft1Hl'tilfl1'.i 

~lf) ~lf) l.hU 

d ~ ~ ~ 

A'tI tI1 fl1H l'\.H)'IfHlll 

53.19% 46.80% 

2 57.45% 

55.32% 

42.55% 

44.68% 2.13%3 

4 11 fi 1T~ fll 'j fffllll'U A 1ff1 'VI til UCl:: :]1191 
" . 

ff9111 'U-w'U fi ff1'U ff911Ail91A 'tI1A~ tl1 

78.72% 21.27% 

5 
~ .c:!.Q a.I 0' 4 

-Wt]91 m 'j lJUCl ::"lf191 ff91 1flCll.:JfI 'U 

(Night safari) 

68.08% 27 .65% 4.25% 

6 
.Q .Q CV 0' 

fllHJ'j'jtlltl'Unff1'V1t11't1U'IUlJCl'lff911 

'~ljm:::91flff'U1HI'I.. 
63.83% 36.17% 

9 
_I.QQ.I~ d~ 
lJ!j1J91fll'j ~Hfft) f111lJl1Cllfll1 Clltl 

AtCl:::iJnff1'V1t1lUlJCl'l 

68.08% 29.78% 2.13% 

10 

" 
1Jfl iJnff1'V1V1 AtCl:::fll'H~tI.:J 

65.95% 34.04% 

11 11fi1T~fl1'j ff911ff:: Ail 'U J1ff:::Ail'U1J il 

I tCl:::iJnff1'V1til 

72.34% 27.65% 

.. 


; 
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o OJ 

tll~'U 
.. 

..:J1U'flHl'H1 fll"i illil ... 
nq~ 

mil lhu 

mn~ 

v
'll0[J 

v
'll6[J ... 
nq~ 

12 
., 

fl1~In ~ tJlmfl1~UfflJffl~ fllJfl1~ 
., "{)'U~fllJ• 

57.45% 46.80% 

l3 '" '" fl1~lJ~ ~ tJl tJ'U nff1'Yl tJ1'Yll\1'Yl~ m 

'" ~~lJlJ'Unff'lfltJl1WI 

38.29% 40.42% 

14 11B,r~flWWnff1'Yltll'YlH'Yl~m 

"'" ~~ lJ lJ 'U nff'lfl tJl1 WI 

63.83% 34.04% 2.13% 

15 '" "" fl1~In ~ tlltJ'Ut1ff1'YltJl'Yll\l'Yl~m 

~~1JlJ'l1nfftJ~fl1i'\I 

63.83% 36.17% 

16 11 B,r~fl1 ~ '11t'Jff1 'Yl tJ1 'Yll \I 'Yl ~m 

~~lJlJ'l1nff11~fl1i'\I 

70.21% 29.78% 2.13% 

-

17 '" "" ... 
fl n 'U ~ ~ tJltJ'U t 1ff1'Yl tJl't1{)\I'W'lf 53.19% 46.80% 

18 11B,r~fl1~ '11 nff1'Yl £Jl't1{)\I";'1I' 38.29% 40.42% 

19 "" "" fl1~'U~ ~ tJltJ'Unff1'YltJl't1{)\I 

cv a' ~ " .cO 

ff~1m{)tJfHl1'U fl1~t'Y'll~t'W\l 

38.29% 40.42% 

19 11 B,r~fl1~ 'l1nff1'Yl tJl'U{)\I 

QI 0' ~ " .cO 

ff~1m{)tJfHl1'U fl1~ t'Y'll~t'W\I 

63.83% 34.04% 2.13% 

20 
tj} ...::t. 0 ..ci 1 

fl1~'Un £JltJfl1~ff~l\1 'i)~ffl'Ufl 'Ufl1~ 

... " ... "'" {)'U~fllJ'Yl~'Y'ltJlfl~~~~lJ'lfl~• 

61.70% 38.29% 

o OJ 

tll~'U 
V OJ .. 

..:JlumUtJltJ~fll"i 
.:i 

'lJlflmI~ 'lJlfl 'lhu 

fltlH 

v 
U8£1 

v 
U8£1 

.:i 
'fltJ~ 

" 
1 

..... 
'Yl'Wfl 51.06% 46.80% 2.13% 

2 "" ')J : 
'U~fl1~l1tl\l'Ul ff'tll fl1llJff~m~• 25.53% 46.80% 27.65% 

3 fl1~ ~~fliil'i'fftfmtJ 'lhi ff1'U iY~1.. 70.29% 25.53% 4.25% 

4 "" .d ... " 
~ tl'U~fl1~ t'YltJ1'lflJff1h1 ff~1 70.21% 21.27% 8.51% 
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5 
.., do QI ~ QI 4' 

fl1';i\1~ffm'U'YIff1'H';iUmV.:jff~1 .. I 

'If'U~~1~''1 

61.70% 31.91% 4.25% 2.13% 

6 f111lJrm'l~ffl';i~lh::: lU'lfUl 'U fln 

.d 
!'YIU1 'lflJ 

38.63% 36.17% 2.13% 2.13% 

7 tll'Hl';i 70.21% 25.55% 2.13% 2.13% 

8 fl1 ';i i'ml1f111lJtJ" tl~U)V 57.45% 38.29% 4.25% 

, 
1 q ~ d 

_i-YlU'rl 3 'ntlm'illiI~~f)1nJflfU"'U 

'Um'l~~f);)fll'l'nllt1f)r~~O'tJ nl\!tl~11f);)fl1l11'~liJ\!f);)fl1'l1l~UlaU'mJlfl~q~ 
OJ 0 0 ,do Y" 'ilUf)U ~l'Ul 'Ulll:::lJfl1'jfllJflfl1U-_ .... --------------------------------qjI- -- -------------------------------.---- -- -------------- --- --- -- -.---------------------------------

l~lljfl.1'H~m~nn~J)J~ __ .__________________ .__ ___________ ____ ______________________________ ____ ___ __ ________ ___ __ ____ ._____ __ _ 

fln111 "bJ~w_!.l-'rfil,.rJ~~l,I_'1Rt_H~J_~]))-O:~-~-'ii f):JJ:'Y! i )"lJ.I.lfl.':! li1~))jfJ~___ ____ ____ ______ .______ ____ ________ _ 

~_~fl_rlJJJJ.tJIJ'MWJJ_(l_O/.'!1~~111i~u~_~_______ ______ _______ .__._ .. __ __ __ ______ __________ ______ ____ __ ___ ____.________ ___ ____ _ 

_D:m_~~nn:niIJHm:lJJ1i~J~:l:J____ ____ __ ___ ____ ____ _____ ._. ___ __________ __ _____ _____ _______ __ _____ __ ___________ __ __________ _ 

~\t~1'Qf)J.nlJtt~_oJ1:~J1~l,I_~~_"11l'H----------- - ---- -- ------ ________ _____________ _______ __ _____ .___ __ __ .____ _ 
'I 'V .... 'I "" 

fJ.1~ J)J'Y.lf)fJ_1A))~J~D)J.r'JJ'JflJl-~-m-1-~ ______ ---- ------ -__-____---- -- -- ---- ---- -- ---- ------ -- ---------- ----- -- ---- -- --- - . 

.. 

; 



, , "" ... ,,, ...... 
tl1tutl11"""~fltJ"1itl"flfl"1 1~'tI1Hl"'TI 23 - 28 ,.,.,1,.,. 2553 


; 

1 



, ..,.., , v... ..~ 

fl'tllr.I'1~1.I1::"UlJltllJnmn 1::1'I1l1111.1'r1 23 - 28 lJ1.I'fllJ 2553 

. , ..,,,!! ' .., ~ .. 
fl'tllr.ln~1.I1::"UlJltI1Jnmn 1::1'I1'~11.111 23 - 28 1.11.1,,,1.1 2553 

; 



'ltlMlll111111111D1MI1Ilftld1mw II1IIhW1Clll1l"~1 A1II1I'IlIt",m 

,h••nwmlvmUIII111n..sm'viln . Z8 il1l1"" 2553.



.



-. 
"l."l'I~lIl11n W1riNf1di 23 - 21 au- 2553 



Tlmnmn__Mta8111 ~lftn"",l" ID1II1I11I11'11lm 

"_11'11'''''''011111111 amm1di 23 - 211hnm1 J553 

IIll11mW1&t\'V'Allilml1 amlduli 23 - 211hnm1 J553 

Tlmn11lll__Mta8111 ~1" D1IIII1III1'MpI 

"_11W11IIv'UIlImI1 mdMfuIi 23 - 211hnm1 J553 



ltIHlll'II1_mIlll1811HtJII11I lIIIII1flIum".lnnqRl.. IIIIlI1U'lIn''l,n1 

ftll1811wut\1nT.IllllnWl ,.,..hd'vii 23 " 21 11111l1li l553 

". 
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fl11lJ'lUnfl11tlltTrll.:J')f1.fll'WfltJ.fl11~!tlfl'H)U 

.ct 

fl11lJ'Htllfl11tllfJ'YI1.:J'U1.fl1'W 

~lf1fhiJ~'lJf)~~~iJ;l'f1'1fiJ~mn'U'W i{lt1lrlm.h::::m(U 3500 ~l'Wilmu~l U{l::::nl'J!'l.l~O'W!l1J{I~ 

Yll ~11\llJ'Wlt1l'J 'lJf)~~~ iJ;l'f1!l{I::::~~!n~~f)lJ~!n~mmitl'Wi 'l.l i ~'llli 'l.lrinu !n~ flll)J'tHnfllHllU'nH 
~ ~ 

. 
~ .ct.ctQ..ct. 	 lI'I 91 I .ct. .ct fI d 

1. flll)J'tHnfll'ltll£J'lJM(J~)J'tfl91UlUl'tfUVl (Species diversity) l~un ~{I'W'YI'JO l'H~'Jl 

. 
2. 	 flll)J't1tllfll'ltllU'YI1~~U1Jfl'n)J (Genetic diversity) iY~iJ;l'f1u9i{l::::'lfiJ~~::::iJ 

f)~t1'l.l'J:::: Of)'U'YIl~..:r'W 11 f1'j'J l.I ~U'fl n9il~'H m n'Hmm~'W ~1'W1'W l.Il n ti~1,rln~mll.l 

!'H m::::{I'l.I n'U t1l 'J 1l1'J ~;1'f1f) ~1 'W u9i (I::::{I' m~U1~~f) l.I9iH""] ~'l.l1::::nf)1JI~'W 'J ::::'U1JiJl1l'1 

'" ..,
'YI1I'fIn'fll~n'W• 

3. 	 flll)J't1 tllfll'l tll£J'IIf)~'i~lJ1JilrJfl (Ecological diversity) l-d~~~ln i (loiJ ri1'W'l.l 'J:::: nf)'U 

~1~'Wi1~')O'YI1~ t1lom~;{f){I' m~.flijI'11{1''fI f~'H{ll0'H (llO Vi 1 1 'I1'iJlI'H ri~~ t) rjmtltJ'lJtl~
~ 	 ~ 

1i'J'Jl.I'lfl~ 1I{1::::9if)l.I1{1l.1lilW'lfl~~~ i~O'YI1~'fIHII{I::::'YIl~U'tll.l ~~U~I~'Wi1~,)O~~'lhoil~'Wi'l1'l.IlilJ61l1H 
;~f)~'~f) rjl~U n~rr'IJ 

1.h~1£J'tf,1'IJ6~fllUJ't1tllfl't1tll£J'nH,bm'Vt 

1. 	 i;T-rHi;TlI~tl'nHfinll'tfl~ ~~fh~oril1':h "~i~iJmll.l'Hmn'HmtJ'YIH1i'J'Jl.I'lfl~{I'~~
q 	 ~ 

-. 2 
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3. 'flHfll'.iAl'Vfrlrl hf)iltJ''li'1~mjflll:::1~\JE~~lnflf)1U~''I..h~nmnu~1'\,rnnh:::'lflm i~fl~ 
~ J' 4 ')I '" .. '" ~. ~ '" cl "" J' 1Y.

l'VUJ'lJlJl~lm tl~1!lJll:::lJ fll'JU'Vn'W~lW 1'111.1 !!~lJ1J \l ~U\J 1.1 1 fllJltJl'J1flfl 'lJ\J\llflfll'j 'I! 

l' ,/ A.ct d' .a.4 ,,k , QJ' .d 4.ct..c:a ,~do, ')I

lh::: ltJ'lf\Jlllfl~~\Jl'J'jtJ 'I1'jU l't'lf~~lJ l't'j C]f.:) lJi1\l~UlJ~':)1J')j'1~m~llJ fl\jfl\Jl1J1 'If 

1.h:::itJ'lfu1\J1~u':)l'Jl~fll'JUl'tl'J6 Udl~1!l'ti'l1mtJ 

4. 'flH~~il'l'Hfl'.i'.ill ~~~~('I~lflYf')j' ~~1 U('l:::~~lJl'J~6lJl\Jl'lfUfl \jfl1.l11J11~1\Ju~ ~1':)'l 

~1udl~1'li\J tJli'mn1'jf) tJ1~lUlJ~':) fll'jtil~fl'lJ~H1i1tJ ~~('I'l'Hm'jlJtJl':) m'jlli~l~tJlJ 

l't('ll('l'91fl ~1~\J~1'j~':)lml:::M1l1fl1i'jnJ'lf191lf)~U':)1.h:::,yU liuNl ~u~mfftJ U~::: 

Ecosystem 

Hardwood 
forest 

Deep-sea 
vent 

Open 
ocean 

" " lWU{UlllU{ a1\Jua1U~~('I~~~'lJij~1i'j'j1J'lfl~Ul'JUl1.:)iYlJ 

'l,b~lcH61't11'i (food chain) 
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tllU1Utll'l11''.i (food web) 

'J/ "I d "" d 1';',l "I "" d ~ 
.fll1~1~fl'HllHlU f)1'j'YHHlm fllJm ~ tI'tI'O.:J ~m'VllJ'tI'U'illflfl11~!'j'O'U f)'j~lIfl !fl'fl'illflf)1'j'YllJ'U'hltl. .. . 

!~lJ1J~lJ1W'tl'O.:Jn19lVi'hl~H'l ~~hfltlJ 6 'lfiJ'fl ~1t1n'U i~un nl'lfm{1J'O'U 1'fl'O'Ofl'9I~ (C02) n19lii!'Yl'U 

(CH4) n19l''U~i'{I''O'Ofl'9I~ (NP) n19lL~1'fl'jvl~hm{lW'U (HFCS) n19lvl~hm{1J'O'U (CFCS) 

!!~~n19lWfl9l1vl~1'0 h~ (SF6) 

~ y 

lI~lJlW n19lmr;hij !fl'fl'illflf)1mnil1,j''tI'O.:J!~'Om~.:J~H'l fll'j'tl'Uff.:J fll'jH~~'tI'O,:j1 H.:Jl'U 

'O~l{l'l'YI f)'j'jlJ U~~f)1'j91'fli,j'.yhmtl1h~Yh11-1'fl~ iflm'j~,:jnl'lfm{1J'O'UL'fl'O'Ofl'9I~'O'OflL1I1l1f)'j~1J1J. 

-. 

; 
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:d :. : 4::1 ~~ ~ ~jI 
fll'H\~mtl'Utl~JJ1'Ul'WlU'U~ 'Ul'Yl111 'Ul'Yl~ml1'QWl1JJl1~~'U'U 1flllt:]~fl1ClUl1 ~UCl~ 

~.fl11~mfllffUtJnJn'U dill'Ynti HClHilll'Yl1~ml11jClllCl~ trfl1')fJ'~iJflljfl1l1f1~I'Ul1~fl 100 il. 
'jI 'jI CII eX .cS J',. ~ ~.Q, • d,
"n~11'U1 8Wl1.fl11'il~~~'U'Utb~1J1W 4.5 tl~ff1 19$m9m~ l'lm!jfl'il~l1flljl'iljWlll'U ll1tlfJHj1111j1 !'If'U 

q <u 'U u . " 
!'Jfl111!ClI1 fJ 8'"1111 fl!'JfI f1'U'il~'U111UflCl'U"l'U.fl1'VitJ'U1iJfJl1~ ih111'lffjfl! n'illiYfJl11fJ'il1flf)mHl)~ '\.hn111• 

UCl~JlfJvh:r~~l~'l 

tl111i'Ulb ~!'Ylff''Yl tI iJflljfl1l1f1~I'Ul1 1'U~fl 40 il~1~11,r1 tJj~I'Ylff''Yl fJ'il~iJtlWl1.fliJ. " 

1) Clllj~t1~'YlHfllj'U'Url~ 

2) Clll fllj 1~!f1~8~tJi''Umfllff UCl~lfI~tl~1.rl'VHh~1~'l 

3) Clllfllji-ti'V-I"~~l'U 

4) i'flfl1ih'~1'11'1J1fl~~1I• 
" 5) Clll fln 1~'\.hiJ'U 

-. 
6) 1~'U1'11'1J1fl~ "l1l 

.
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~.:s'VI fHl11lJlU"111 mllJ'I1 mfl '11 m V'VI1.:s'lf1f11'YtlJmllJ~lflru1lU fln ~l'.i .:sUV~U.:s lJ1"lJU'hl V'lfl~ 

u ~ • .. 	 . . 
~.:st7u lJU'hlv\i.:s ii m '.i i ~11 '.i~ lV'If.w~l fl'VI i''YtVl fl'.i li '.i '.i lJ'lfl91lJlflfl'hiY.:s ii;1~'lfiA~flm11miu flU ~'U• 
U1.:sfli.:s~n~~~lJlmfiu itJ~uij1~\'1TW-3il'lfll'.i~t\!!iYV~Ulll~~!fi~~'U iUU'Ulfl~ ~'I,f'U' 'U fllH),"!:rfl1:l 

'VIi''YtVlfl'.ili '.i '.i lJ'lfl91i,rfl'lU~Uth'l iJ.:s ~'U mnllmllJ!0{11' \l i'U fll '.i fffl'hllfl1 1 lJ'I1 "1fl'l1 mV'VI1'l;1f11V1\i'I 

~ ..,;. 0'" .,; "0 " i' "',I "'''i...· <k C/0 " !1J'U'iH~lflt\! 'VI~~~U'I'VIlmllJ!~l ~ 'UU'Iflu'.i~flUll~U'IU'IflmllJ~ 'U'.i~~l1fll'l'1 CJI'I~:;::UllJltl'lmllJ~ 

~U'I fll'.iu'"!i'ml'VI i''Yt til fl'.ili '.i '.i lJ'lfl91 1 ~UUl'l \J fll9i'U'I 

!II ~ 
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1. 	 1'il'VIiill ili' (2532) !~U'I mllJ'I1'i\lfll1mtl'VI1'l;1fl1'Yt fll'.ifflJlJ'Ul;11'V1 Vl 
". 	 . 

fli'.:sYi 7 !~U-3 mllJ'I1mfl'l1mtl'VIH;·:un'YtiutJ'.i~!'VIffi'VIV 'I1Ul 1-13 
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1M..rflljU'Ulil~1{)dH~tfhJ'~UlcD~U'O'~-:I~h~1Jfl11UtYUl1U~ 

~{)-:I~-:li1;il~'lfil~~l-:l91\n~1J1J'nnfl 

Food web 

Food chain 
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,J a ~ 
'ffm'U'YIlf'H)~lflfffl'loJl 

11~r)ttllfl!'lJlt~fl1 
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Q.I .Q ~ QJ v..::::t 

3.fI fl'H::: ruflY! fl'U~ tlUU 


Vlfl'loJ:::fll'jl1'~tfl\91 fffl£l11~'il'j;1\91'lJV~n'lfU'Cl:::l1\911 

OJ • ~ co
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Vlfl'loJ::: fll'j ~ lU'U fl 

o OJ "Vlfl£l:::fll'j1JmJ~u~ 'Yll Vl'Yi l'j ff\9l1 

.....1 ~ 
4.1~QlJ'J:::"-lfl 
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5.'U'mh 
fI Qlt/QI QI Q,loJ a 0.<:::\ ~ 
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flCllJ'ill'J ~fll'H'HJ'W'J 1'V1t11ff'1'il~'J ff'lff'W 1 1~ 'W 1i 'J 'JlJ f111lJ&'lH). ... 


&ff''JEljfl'' fll'l11'J 
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1Wlm~ 'IJ'lJ'Jfl~ 

u~'jih 

-n'lfm~ 'W , ~ 'j fll 'j t)flflfh~~fll tI 
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cv .ct.c::. QJ 1I.c1 

3.'t1 fl'H~'t1IflVlfll1fjl";iUU 
a 

'" jI 0

l1flEl~fll'Jff~1f1~ - 'VIflEl~m1~N'Wl 
'" 

• 
Q.I .<:::\ rI Y 

'VI flEl~ fll'j 1Lml~11 'IJ fl'lJCl -l1flEl~fll'j'Vll~l'\.H~'WvhJ 


l1ml ~fll'jfl.fh.h lV.,j'fllm -l1flEl~ f111lJ~'W,,, 

'" 

l1flEl~fll'm'ilfl~flflfl (f111lJ~'W'" / fll'j'Vll~llJflfJ) -l1flEl~ fll'J'il~l~fJtu1inlJ / "~V1i'j'jlJ 

l1flEl~fll'j~f1milJ• 

. . 
31d"Q.I 0 ..:!:t lrI ~ QI a.::t.' "I " 

1.~& 'j tI'W l "flHCI~"lH 'W fl'lffl A'VI tlHCI ~'lffl'illlJqj'IJfl~'W 'If'lf'W f1~1~" Afl 

2. Hl1 tI 'W 'lJ fl fl'lJ'VI 'Ul'VI f111lJ 'f11rl UI'IJ fl~ fIw~h"hi 1ft~ 
'" u • 


Yl:$ .c::::.. ..... 14 d. "i y~ Q.I d d "1 gI


3 .~& 'j V'W 'illlJl'j f.1fl1i'UltlHCI~ 11.1 'W'lJ&'VIV'lJ~'W lJ'VI'W flL'j v'W~'Um'W Afl 

4. ~L1t1'Wmi~'f1l'Wfl''Wfll'Jfl~i'mr'W!fllJn'lJ1nfll'Jfl~i'mrih,~,~ 
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" " .ill'l!iJfl111Hhtlty~mJlftJ61J1u~fl~~1iJ':ilw ~rJlJUlfri-1~'tJlh~l1il':i ~m ri-1mlfl':i ~rJlJfi 
" 

mimff(f'llfl-1fllJ uCl:;fflfr)'ih 'l11(f~m:n':i::;~iJfltulf.f)iJ'Ilfl-111:'1fl fl1iJfllJ,j~1J1tu'\.hHlJ 'l11(fllJf1l':i
qf It IV ~ 

. . " 
Q.I 0 ~ '9J .::r.' " • .Q. e!l 0 mrw f1l':i 'Ylltlf lJfl-1U ';j f1l';j ff';j 1-1mm':i UI:'I::; ff -1 flflff':i 1-1 'fI H"l 'fII:'IO'fl~lJflU!'W1J'lJlJ 'Ilfl-1 'illlJ1lJ 

. . " 
,j';j::;G)nm vh hrf1l';jl9i'fl-:Jf1l';jiJ'il\l(fi11lJf1l';j~lH~1'f1lrilJ~'\.J ~-1lrJ'\.Jfflm~1 'I1'ih '~I:'I'fI ~1'\.J1lJI:'I-:J 

tyfll'V'lN\,I\lliJ~l1tlU'll111jtl1-1'll1'tilJlj1'f1(f..t11,jmj-:J00mrJlJ 3 "fl1:Jtu::; no 

1. illliJty'il'W';j';jtu O~iJ~ntu'flOlJril-:J ffm'W'lJfl-:Jilll,j~(f'\.JmJI:'I-:J ',jmlJq~mCl 'l!~'WiJ'~uri ,j';j::;~ 

U'fI-:J lJ::;rh1m lJ::;'lJllJilolJ 1lJfllJ::;flofl lNii ..,Cl.., 

2. ill~iJuci'-:J 'WiJltlhliJl-:JIIM-:Jlflci'ih'l1'1(f ~hl1i1~~fflflru'~~~ri m::;iJfl fflJ'W~ 'fI::;lIiJfl "'1:'1'"
• u 

3. ill~iJ4h1 ~t1'\.Jffm'Will~m1''il~~'lJfl~I'IJ'fI~mn~\J1fff'fl1illl'll11:UrJ1-1'lJ1'lflJri ~hlmhl~'\.J.yjiJ nhl. .. ..
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