
riTU nV! el Gill vi "Vl11'VI fJ 1 a £JtJ~'W1' 
~ ~ 

.,. ""' ~.U61U6'11 v.Ll.lel-:i '1.°U~U1 20131 • • 
C-J 1;'l fl 1~'Vl'U61J €l-:! 'U11 fl!) fl11 ru 'U ~ fl Tf-:i'V'J eJ fl°U11 25 5 3 !Pl €l61f 'U ~ LLl;'l ~ A11lJVil;'l 1 flVil;'l1 ti 

'V11-:!~'U~fl11lJ61J€l-:!?11Vi"J1t.l~LL61J'UL'Vll;'l~ (Symbiodinium spp.) ~eJ1~t.J€ltj"J1lJfl'U 

U~fl11-:!B€l'U?lfll;'l Sinularia 

~ ~ Kof\\,S-o~ ~ 
- 7 n.A. 2558 

354943 

, 

' ~ 
A13J1J1fll1 

,= ' CJ.fl. 

1~{ 'U'Vl'U eJ ~Vi'U'U fl111 ~ t.l-:!'U'U'J ~lJ1ru L1'U'J1 ti 1~ ( L1'U €l ~Vi'U'U'<il1 fl1'5'\J11;'1) , , , , , ..., 

t1V111Y1t11~t.Ju1'V'J1 tJ1~'<iJ11J-:i'U'\.J1~t11ru vt121. 2556 
'IJ 

fl'Utl1tl'U 'V'J.121. 2556 



nvi~n'fi3.l'lb':m1fl 

Lfl1 -:i m 11 ~ ud 11'1-!u m 1"1'U'U?f'U'U-:J'U'lh :;m ru fl1<a'Vl11 ~ u~ 1 mu·th :;m ru b~'lfi1 u 11'1 (b1 'LI 
' 

eJvl'\ll'U'U~1fl'!~u11;1) lJVl11'VltJ1~tJ'\J1'V'l1 1.h:;'<i\'1u-:i'U'Lh:;mru 'V'l.i'l. 2556 e)~-:j Lfl1-:Jfl1'a1'<ijtJ'01-u~1mh-:i 
, "I d.! 'U 

,J:; m'!-:i8eJ'U'U1-:JG'11'U ~1 rn1'U1~tJ b~e)-:j fl11ll~'Ubb U'a'lleJ-:J~ fl~ru:;'Vl1-:J?IUHi1'U1'Vl tJ1 bbi;'i:;~n~ru:;'\111-:J 
"' < 

~'U~m1ll'lleJ-:J'l.l:;rn'!-:i8€l'U, Sinularia May, 1898 (Octocorallia: Alcyonacea) vi'V'l'U'U~b1ru 

Vl11?1'U1-:i1m brn:;~1:;b-vbrn:;n~mrn:;1iJ1-:i 01b.neJ?i'Ai,u ~-:iV111?1'll1;1u~ (mu11i1Lr1'a-:irn<ae:i'U-!m~\~wrn11i1 
'I , 'I , 

vl'll0m~0-:im~1mAJ1:;11'llvi'1~ G'1W~~'V-l1:;b'Vl'V'l-!Am1'll"11?111 m.11i1mm1'llnm~ (e:i'V'l."15.)) L\?11:J 'V111Pi'U 
' ' 

'llruu1'Ud'n,; bbi;'i:;f)ru:; zj-:Jb'UU bfl1-:JnT~1~tJ(,le)b~e)-:j 2 u 11'11''U'Vl'UeJ\?l'\ll'U1.Jfl111~tJ-:J'UU1:;mrub~'\.Jd1tJ 11'1 
' ' ' 

(b1'LleJvl'\ll'LlU~1n'!~'U1i;i) ll'\1111'Vll:J1~1:J'Ud'V'l1 U'a:;'<i\'1u-:i'lJ'lb:;mru 'V'l.i'l. 2552-2553 
'I , d.9 'U 

ii 



u'Vli~ciei 

U11fl!)fl1'HWUtfl1'Y,:ivl0fl'1J111 'UU 'VU'\. 2553 ~bflvl~'Ll1 WJlJ.fl1flbelb~tJ\9ltl'UtltlflbUtJ,:i11,1 

rfo 1 ~ Lnvi fl17j.J L~ vvi1 tJ L 'U'Llfl ch,:im fl vi0~,:iij~i \9l~fl7i'ltJfl ciu~ L 1ru LL 'LlTLl t m-r,:i61J0,:i'Vlt bG'l eJ'Uv11ii''Ll brnt 
" 

B111 'V1 tJ m1vl flfl'1l71 Afl mtU1'Ll fl71~fl110ci01i'lt1~1m1'U1tvi11,:itltm'T w{hu1'UbbG'lt 
" 

?11Vli1tJ~bb6ll'Ub 'VIG'!~ (dinoflagellate 1 'Ll?l~G'l Symbiodinium) ~~G'J,:i fl11€ltj01P1t1i1wfo1tvi11,:i 

?11Vli1tJ Symbiodinium nutl:;m'Y,:i ijfl17m11AqJvi·rn:•J"1i;.,J~t,1 fl110tj10v1 bbG'ltfl,..l1m"11b1'<il1'Ub:a,:i 

11~'U1fl11'1JfJ,:itltfl1,r,:i ?11V1i1t1 Symbiodinium ~b~t11•ifo,:ifi'utltm'T,:iL~1u1t1~7bb'Llfl1~ 6 clade 

t,'11j.Jf111j.Jbbt,1 flv]7,:i'V]7,:i~'U5fl';i';ij.J ?11Vl~1 tlbbvlG'lt clade lJfl1';jt,'ltJ'LJ?l'UtJ,:i v1 €lfl11j.J~t!bb tJ ';i'1]f),:i~,:i bb1 vlflflj.J 
' 

';it'U'U'Ub 11'1 bbG'l t?!.fl1'V'lillJl'11?1\9l{~ bb\9lflvi1-:J flt! 1 tJ ci-:i i;.,JG'Jviflfl11jj~vJVlt!'U'1JtJ,:itJrn1-r-:i vltltln.!VlillJ~b ~J-1 
'U , , 'U 

?1-:itmLG'ltm1vl0fl'1l71 m1Pi m:nd'b 'U'Ufl71'1711'<il.fl1fl?l'Ll1J.Jflf-:ibb 1flti-:im1L tl~tJ'Ubb tlG'l-:i'1J0-:itl1t'll7flJJ 
" 
?11Vli1tJ Symbiodinium 1'LltJ111'VltJ b'U'U';ittltb1G'l1vimti0,:i 2 u zj,:i';j'Jj.J'lj'J-:Jb1G'l1'1J0,:ifl71bflvl 

U17fl!Jfl11rutltm-r,:i'V'l0fl'1J111 'Ub~fl'UbJJ'ti7tJ'U 'VII. I"!. 2553 fl11\9l11'<il?lfl'U clade LLG'ltfl17JJ'VlmflVlmtJ 

'1Jfl-:J?11Vli1t1 Symbiodinium ~tl1i'lt.10tJb'UUtfl1,r-:JB0'U?lflG'l Sinuloria 1im11Lm1ti-im1JJ~'Ubbtl1 
" ' 

'1Jtl-:J8'U ribosomal large subunit 23S Domain V 1'LlflG'lfl b'V'lm?lii '<iJ1flv11flt!7-:JUtfl1,r-:J€J0'U?l~G'l 

Sinularia i1m'Ll 69 v110tl1,:i '11-:i1(i)'<il1flfl1';ibfl'Uv11tlt!1,:i'LJ~b1U.!bfl1t'<i)';i:!b'UbbG'l:!Vll!bfl1:;'<i)1-:J B1bfl0 
" 

?l\9l"M'U ~-:JVl1vl'llG'l~~ 1'Ll 2 'll1,:inm AB flfl'Ll ('V'l~i'l~fl1tJ'U '\"J.1'1. 2551 ti,:i j.Jfl';l7flj.J '\"J.1'1. 2553, n = 45) 

bbG'l:!'\11~-:J ('\l'l~i'l~fl1tJ'U '\l'Li'l. 2553, n = 24) U';i1fl!)fl11ru'U:m1-r-:i'V'l0fl'1J11 {;,,JG'Jfl1';iAfl'ti1bb?l(,l-:J1~L~'Uti,:i 

fl1';i b tl~ tJ t! LL UG'l-:J~'U vl L '<iJ 'U'1Jtl-:JU';i:!'ll1 flj.J?\1Vl i 1 tJ Symbiodinium VJ~,:itl ';11 fl!) fl1';j rutl:; m-r ,:ivj 0 fl'1J11 

1vitiflflt!Vl'U1fl11LflvlU11fl!)fl11illUtfl1,r-:i'V'l0fl'1J11 ?11Vli1tJ Symbiodinium clade D ci1'U1Vlt1]\9l11'<il 

Y'l'U'<iJ1fl'U~LJrubfl1t'<i)';itb'U Lb"1t clade C '\"J'Ub'D'U'll'Uvlb~'U'U~nruviiiLfl1t'<iJ1-:J (,l';j,:ifl'U'U1JJ 
" 

fl'Ui;.,JG'Jfl11Afl'ti7VlrA',:im1Liiv1tl11nnm1rutltm-r-:i'V'l0n'1J11~'\"J'Ubtu'l"J7t clade D '<iJ1rnt-:ibfl1:!'11:!L'ULLG'l:! 

Vll!bfl1:!'11,:i 
" 

iii 



Abstract 

Mass coral bleaching event in South East Asian countries in 2010 caused a severe 

damage on reef dwellers in the coast of the Andaman Sea and the Gulf of Thailand. 

Bleaching is a process where the symbiosis between corals and zooxanthellae 

(dinoflagellates of the genus Symbiodinium) breaks down. The symbiosis between 

Symbiodinium and corals is essential to the productivity, survival and success of corals. 

Symbiodinium associated with coral hosts is classified into six genetically distinct clades. 

Each clade possesses unique environmental, ecological and geographic variations, 

influencing the resilience of corals to elevated temperatures and bleaching. This study 

was the first field observation of changes in Symbiodinium communities in the Gulf of 

Thailand over two years including a natural bleaching event in April 2010. Phylogenetic 

clades and diversity of Symbiodinium inhabiting soft corals of the genus Sinularia were 

investigated using the analysis of chloroplast gene sequence variation at the ribosomal 

large subunit 23S Domain V. Sixty nine Sinularia samples were obtained from two 

sampling sites of Jorake and Juang Islands (Sattahip, Chonburi Province) during two 

sampling periods: before (November 2008-January 2010, n = 45) and after (November 

2010, n = 24) the 2010 coral bleaching event. The results revealed a significant change in 

Symbiodinium community after the bleaching event. Before the bleaching event, most of 

Symbiodinium clade D was detected from Jorake Island while clade C was dominant in 

Juang Islands. In contrast, after the bleaching event, only clade D was identified from 

both sampling sites. 
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" 

f117l.1~6UeJ-'.l Symbiodinium clade neJ'UbbG'l:;Vl~-:Jm'abfl\91~eJn6U71 
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'U'Vl'W1 

tl·nnnnTHutl::;m1-:rvhimn1L~m~B'Ubll'\flcJ'U ti '\IU'L 2553 vi~1'Ull1 ?l-:Je-J'i;'lm::;VJ'\Je)V1-:i 

';i'U bb ';i-:i MB bb 'Ll1tl::; n 11-:J 1 'Ll~ ,:JV]::; b'i;'l e)'U \i17ii''Ll bb'i;'lt 0111 V1 cJ 1M cJil6'11bVI\?1111'17 ne:Jt\JVIJ1iltl1V1::: b'i;'l 6'1-:i , , , " " 
~1r1tln~ lil1m1cJ-:i7'Ufl11G'11111ili1llfl'U'lJB-:im11V1-r'V'lcJ7mV11-:JV1::;b'i;'lbb'i;1::;'lJ1t1~-:i bb'i;'ltllV171Vltl7~tl 

M1-:i 1 'V'l'Ui1m1L~11t'Ll'lJB-:JBruV1J1ihl1V1:::b'1;1~-:ibbMtlmm~B'LlilmA11-fan.t1cJ'Ll 'V'l,A, 2553 6'1-:it'Ll , " , " 
lil1ntln~~Bruvifiil 28-29 cc Lll'Ll 30-34 cc ci-:ie-i'1;11,XLb'U11J:::n1-r-:i1wJ1'L!ll11V1t1 1Mmu'V'l7t 

' " 
'IJ~ b 1 ru ~-:iVJ::: b'i;'l B'Ll M1ii''Ub ~11 Ln \i1 m 1~B n'll11 ~-:i bbM b~B'Ll bll'e/7 cJ 'Ll 6'l mu'Lli~ cJ bb'1;1t'i,~\,1.J'Ll7Vl f 'V'l t11 m 

V11-:ir1::: b'i;'l 'lJ7 t1~-:iV1tb'1;1 Lb'1;1::;u1'll1 tJL'i;'l'Ll m11V1-rvm1mV11-:iV1::;LmL'1;1::;'lJ1cJ ~-:i bb'1;1::;6'lm1J'LlB\i1llAn'e/1 
' 

M1-:J I 1v1i111fl'UG'1711'16'l.fl1'\l'ln7';iTie)n'lJ71'lJB-:J'Utn71.:J~bn\i1t'Ll1'Ll'IJ~b1t\JM7.:J I 'V'l'Ui7 

bL'Ll1tl::;m1-:i1'UV1n~.:iV11\i1V17.:i~.:iV1::;b'1;1eJ'Ll\i17ii''LlLnMmwJBn'lJ11mnni1 70% 'llmtl:::m-r.:i~il-llilrlml 
' " 

G'i'1V1fom-11'LlnTHU'\J~nruLb'U"Jtl:::n1-r-:i~-:i0111V1cJ L'U'Ll Lfl1tn\i1 Vl&-1Ln1::;i1.:i viiiLmtii''Ll Vld-lbfllt 
" " \J \J 

bb?lll6'111 bb'1;1tbm::;-u1.:i bAtl.:J 'V'l'Ui1m1TIBn'lJ11ilA11m'Ubb 1.:i~1ni1 1flcJ bu'V'l1:::?i'.:iA11tl:::n1-r.:i1 'Ll 
' 

'U~b1ru0111V1cJ\?IB'Ll1'Ll b'U'Ll bfllt~-u'-:i bm::;mn Lm:::mn iJ5m1n11Y1Bn'lJ11uBt1ni11'Ll'U~nru 

t'Ll 1 'lleJ-:itJ1::;bV1A e-J'1;1fl11'17111ilV1~.:in11v,le:Jn'lJ111'Ub~B'Llmn!J7All 'V'l.A. 2553 zj.:ibtlmh.:i~ 

el ru'\ll fiil'll el .:itl1V1::; b '1;1Vl 1-:i ~-:iVl::; b'i;'l B'Ll\i'I 1ii' 'Ll n Au 111?16'1J111 ::;tJ n ~ 'V'l 'Ui 1 Lb 'L!1tJ::; n1-r .:i 1M1'UA1111 
' " " 

b~ tlVl7 tllil1 nm1Y1el n'lJ111 'U';i::: ~'U~bb\?l nM7.:Jfl'Ll1 tJt'Llfl'U6'l tl7'U~ ~,rn m::;VJ'IJ'<il7 nulil~ cJ~ .:Jbb 1 \i'I~ ell! 

bb'i;'ltfl111'Un"J'U'llel.:Jll'U'e/~ fl11v1tJ:::m-r.:i 1'U'l.h'Ul171 VlcJlJfl71\?11tl b tl'U'U~ b 1t\Jff17.:J 1 'LlL 1'1;17'\l'l~elllfl'U 
' 

b 'U'Ui1 'U'U b tl'Uf111llb~cJVl7tleJV7.:J';i'Ubb 1-:i 1M t16'11tl1 'U.fl7'V'l1"Jll'llel-:J bb 'Ll1'Ut fl11-:JV17.:J~.:JV1t b'i;'le)'U\i17lJ'U 
' ' 

iln111rl7fJ'<il7nfl11Y1eln'lJ111 'Lill 'V'l.A. 2553 tl1:::mru 50-60% bb'1;1teh11V1cJtl1:::mru 30-40% 

'llel.:itl:::n1-r.:iviil~1\?l~.:JVllJ\i1 (Aru:::m111n11Lbfll'llUqJV11e,j'1;1mtV1'\J'llel.:Jfl11Tieln'll11Mel6'lt11'Ll.fl1'V'l 

tl:::m1'.:i 2553) 'Uelll'i;'llil1n'U n1Vltl11'116'l\?l{ bb'i;'lt~ b ~cJ1'll7ru'V'l'U11fl1';i b tl~ tl'U bb 'U'i;1-:J6'1Jl1'\f'l[)ljeJ1fl11'11'1;1 n 
'U 'U ..,. '\J 

vh1 'l½BruVIJllJ'llel.:J hinil Lb m 1 'li'116'l-:it'Ll ci.:ie-i'1;11 'l½n11'l'fon'll11'lJB.:Jtl:::n11.:i1 'U.niJmAM1-:J 61 vl'11'1;1n 
, " " 'U I 

11mr-:i 1 'Utl1::: b V1A1 VlcJlJ bb 'U11 'li'11~1il:::bn\i1t'UUeJcJf1~.:J bb'i;1:::lJA"J7ll';i'Ubb ';i.:Jlllnt'Ll ~.:i'l!'UVIU1tl.:J1'U~ 
' 

LM~1-uel.:iV1n~1t1~.:iA11i1:wn'UV11 bb 'L!Tvrn 1 'Lln11~ \i1 n11 Lb'i;'l :::m1 b V11u ruvi1tl:::m-r-:iY1eln'lJ11~ LnMt'Ll ' ., 
11:w1tl~.:Jfl11Vl7bb'U"JV17.:J1'Ufl1';i'foifonu6'lm'Llfl1';iru~.:imh11m:::cJ:::t111MB1tl 

tJ :::m1'.:i Lb~ 'i;1 t'lJ'UM 1 'Ll bb 'U1'U::: fl1 -r ,:izj.:ifl Jlj'IJ n"J'Ulil1n fllj b tl~ tl'U bb 'U'i;'l .:J'lJel.:J elt\JVIJ1iltl1V1::: b'i;1 
" ' " 

iJm1\?lel'U6'l'Llel-:JMelfl11~eln'lJ11 bb'1;1tlJfl11~'Ll\,\1~bLlrlnM1.:Jn'Llt'LlelVfl'U'lJ'Ll\i1'llel-:J6'11Vli1t1'l!Lb'l!'LlbV1'1;1~ 
" " 

(zooxanthellae) (dinoflasellate 6'l~i;'l Symbiodinium) ~B1flcJB~frnn'Utl:::n11whu1'Ll 

bbM'LJel:wmMcJ1fl'U'lJ'U\i1 Lbi;'l:::m1:wvimnvimt1V11.:ivl'uum1:w'lJel.:J6'11V1i1cJ Symbiodinium 1'Ll'll1'Utl1 
" ' 1 VlcJtJ-:iiln11An'e/1n'U'lJelt1mn 'U~ b 1ruV1::: b'i;'leJ'U\i11lJ'lJlJ11tl.:J1'Llfl11An'el11Mt1 LaJeunesse 

' < 

et al. (2010) 'Vii:h11'<ilm1:wvimnvimcJ'lJB.:J'lJ'U\i1'lJB.:J?11Vli1c.1 Symbiodinium 6ii-:imflcJB~11:Wfl'U 

tJ:::m-rwhU1'UVl'i;17 cJ'll'UM 1 'Ll'U~b 1t\Jbb'U"J'U:::fl1-r.:J'll1cJ~.:J (Lb Vli;'lllV4'U11 bb'i;1:::bfl1:::beJ) bbi;'!:::bb 'U1tl:::mf .:i 

1ni;'l~.:J (bm:::vlvlMel'U bfl7:rv1v1Ll;'1 bfl1:::';i7'll1 bbi;'l:::V1&-1bfl1:::~il~'U) 'lJel-:JVl:::bi;'leJ'Ulrl7lJ'U 611'U'U~b"JUJ 
" 

0111 Viti iJ n11Pin'e11'll'U\i1bL6'1:::A11:wvimnvimt1'llB.:J6'11Vl~1tJ Symbiodinium 1mfon11.:i0el'Ll6'1~'1;1 

Sinularia ~'V'l'\J'IJ~b 1t\Jbb mtl:::mf-:i'll7tl ~.:J'lJel .:Jbflltlil'Jt b 'U bb'i;'l::: bb vnJ::;mf .:i 1n'i;1~.:J'lJel.:JVl&-lbfl1:::lil1.:J 
" 

eJ1LJlel~lrl~'\J ~.:JVl'Jfl'llffU~ (Panithanarak 2012) Lb'1;1:::v.:i1iiLAtllJfl11An'e/71~tJLL6'1:::~\i1vrn.Jfl11 
' 

L 'U~ tJ'UbL 'U'i;'l.:Jel.:J All 1::: n e:J'IJ'll eJ-:J'lJ'UM LL'1;1:::f111:WVlm nvim tJ'lJ e:i.:i6'l 1V111 ti 5 ymbiodinium 1 'LltJ:m1f .:i 

L-.5'TU1'LleJV7.:JMm ~e:i.:ib tlm::m:::nmm'Ll ci.:im:i 1,XtJ1:::L VJA1 V1t1tJ.:i'lJ1Mm1:w{LL'1;1::;m1:wL i1 hLMt11n'\J 
" 

8 



Symbiodinium fl 11 \>l 'a 1 '<il ?l'El'U 'll'U \9\ bbfl~ A1111V!fl 1 flV!fl1 cJVl 1-:J ~\rn fl';i1ll'll 0-:J ?l1V! i1 cJ 
' 

Symbiodinium ~01Ac.10tli111n'U'\JtnT!-:i L\9\cJ 1 -Ub Vlfl'UAVl1-:JeJUJ'1~\Juf11?l\>l1 '<iltvh 1 ~b 11i1m1ii 
'iJ 'iJ ' 

L ·ih 1 '<ilmn'll'Ll b~m fl'Ufl11\>lB'U?l'LlB-:J'lleJ-:J"11vti1c.1 bbMflt'll'Ll\9\MBfl1'a bu~ c.1'Ll bb 'Ufl-:JB ruvi.niJ'llmtl1vit bfl 
' " 

bbflt?lm'l'l bb 1\9\~011 bbG'i teJ1'<il'Vl11 ~Vl'a1'\.J~-:J'll'Ll\9\'lJB-:J?l1vti1c.1~ilm111tih'L!vi1'L!MB fl1'a'1,fa rnn11191~ zj-:i 

b 'U'Ll'U'<il~ mi1A ru 1,10 fl1 'a 0 tl 'a B\9\'ll 0-:i'\J t m{-:i 
"' 'I) 

1 'Ll'U~nrui{'Ll~V!l!bfl1tbb?lll?l1';i bbflt bfl1t'U1-:Jbflc.l-:J B1b.flm'1\>l~'U ~-:JV!1\9\'llG'i'U~ b'U'Llvt~-:i1 'Ll 
'I) ' 

'U~nrubb mutmf-:i'lJ ei-:ivitbflri111 vic.1~1191-ruv-Jflmtvi'U'<il1nu'a1nnm1ruutmf-:ivfon'll111 'Llu 'l'l. f!l. 

2553 ~i~m 'U'Ll'01V!1.J1Aruti!n1~c.1~H1J1'a1'<il'\J~m1-:iriei'Ll1 'Ll?lfl'G'1 Sinularia 1 'Ll'U~b1UJ'i{'Ll~ 
'I) ' 

~-:Jfl~11';itV!11-:JU '\'l.f!l. 2552-2553 (Vl';i';iA'Ll 'l.lruu1'Llt1fl,;bbfltflt\Jt 2554) bbfltlJ'UBll'G'1Vl1-:J?ltW~1'Ll 
'I) .,. 

1Vlc.11bbflti'Ll~fl';j';jd-J'lJ'EJ-:J1.ltn1{-:iriB'Ll Sinularia neJ'LlbbG'itV!~-:J'<il1flfl1';jbf1\9\D';i1fl!)fl1';i(UDtfl11'-:i 

vJ0n'lJ11b'U'Llnm 7 b~B'Ll zj-:Jb'U'Ll'UeJd;jflJ1fi'(1)1 'Llfl1'a~mrn,mmtviu'lJ0-:i'\J'a1nnn11ru1.ltmf-:i 

'VJ B fl'll11 MeJ fl1'a b '\J~ cJ'Ll bb '\J fl-:J'll'U \9\ bbG'i t m1iivim nvim c.1vi1-:ii'Ll~m111'lJB-:J?l1vti1 cJ Sym biodinium 

~eJ1Ac.10tli111 fl'U'Ut mf-:irie:i'Ll Sinularia 1 'Ll'U~ nru~-:in~11 b\9\c.lfl1'a1~ c.l'ilil b u1vim cJ~'<ilt \>l11'<il?l'El'U 
'I) 

'1l'UmbG'itfl11d-JV!mnvtmt.1V11-:Ji'Llfifl';i';jlJ'lJB-:J?l1V!i1c.1 Symbiodinium ~B1Plc.1Bt!i1W1'\.JD~fl1'r-:i 
' 'I) 

BB'Ll 1 'Ll?l nfl Sinularia b\9\ cJfl1'a1 bfl11t~fl1111 i:1''L! bb D'a'lJ0-:Jl;l1~'\.JVl1-:Ji'Llum'all'U1-:J?l1'Ll'U~ b 1 ru 
' ' 

chloroplast DNA '1"1 ~0mt-:i b 'U~ c.l'U b 'Vl c.l'U '1l'U \9\ bb flt fl11ll V!G'i 1 flV! fl 1 cJVl 1-:J i'Ll~ fl';j';jlJ'lJ 0 -:J 

Symbiodinium fl0'LlbbfltV!~-:Jfl11bf1\9\'U'a1fl!Jfl11ru'Utfl11-:J'!A!Bfl'U111 'LlU 'l'l. f!l. 2553 'LleJfl'<il1fl'llbb~1 

8-:JlJb'U1vtmm~0m1'<iJ?leJ'UV!1'll'Ll171'll0-:J Symbiodinium ~:wm111\if1'L!V11'LlMBfl1'a'!A!Bfl'U11 eJ'Ll'<ilt 

b 'U'L!1.l1t 1c.1'll'U eitl1-:imnM0m111-:i bbt:-J'U~'Ll'\Al bb m'\Jtm{-:i ~ nJ-:i8'-:i b 'U'Llbb 'L!1vi1-:i 1 um'a'U11 b Vl1bbflt 
'I) 

u0-:in'Llt:-JG'i mtVl'UB'Ll'<ilt bn171'll'Ll'<il1n1.l'a1nn m'aru'\Jt mf-:i'\Al0n'U111;fl 'L!B'Ll1A \9l 

9 



d d ,, 
f11'a'VIU'VITL!tuna1-a'V1Lflt.l'J"llel-:t 

'1lbb61l'U b Vl~~ (zooxanthellae) b 'U'U~el~f ~nn'Ll~"llel.:J?11Vi11 cJL61l~~ b~tnhrnciii 
'U 'U ' 

dinoflagellates zj,:i~viel~b'U?1~~ Symbiodinium ?11Vi11c.l Symbiodinium i1rn1iiG1lli'Ll15bbiJu 

~.:J'\Al1B1#f cJ fl'U (mutualistic symbiosis) nu b~1U1'Uzj.:Jb'U'UG1 \911hJi1mtv1ni'UV1J.:i 1 'Ll'Vltb~ 
V 'U 

VimcJf1~ll~'"Wf1'U b'il'U '!"lel.:J'U1 'Utf11{.:Jbb~tvleln1~Vltb~ VielcJbb~tV1i1n b'U'U\il'U Symbiodinium 

vfo1#1cmtjm cJ 1 'U b -nel b~€16llel.:J'Ut m{ .:i b ~1U1'l.JliltB1#1 c.l f1161lfl11UB'U 1viveln 161!\il bb~t'B1 \i)B1Vi11\il1.:J 'l 
vi1~'11nmtU1'Ufl11bll\911 b u~siiii (metabolism) "llel.:Jtltm-r.:i1 'Ufl11b'1~'1Jb~'I.J b\9\bb~~b ~mhmu 

b61l~ ~ 1 'U6llrutvilJ~n 1f .:i '<i]t 1~-r Uf11'1lel el n<3 b '<il'U bbi;'lt?111el1Vl11'11'Ll1 Vlajvi b 'U'Ue.Ji;'l e.Ji'.i \91~1 n n11 

i .:i bfl'a1t~ bb?1.:J6ll €1.:J?11Vi11cJ 61.:J e.Ji;J 1 i f11'H '<il~ru b~'I.J b\91 bbG'lt fl111elvl\911 c.l"ll€1.:J'Ut fl1 ,r .:i b ~1u1u:iJumJrfo 
"' 'U 

?11Vi11c.1~€11#fc.1€1U11lln'U 
'U 

'U11 f1!) f11 'j flJ'U ~ n 1f .:J 'lfl el f1"ll 11 b n vi:iJm ti el.:J '11 n 'U t f11 { .:J b n vl fl 11ll bfl1 cJ vl b Vi11 t 

?1m'Vi bnviti' elll 1~ b V1m~?1ll~eln1111111.:i;1\9l L'il'U elruV1ni1~1tl1'Vl~L~?1.:i:ff u rn1iiLAll61JB.:itl1V1tb6'1~ 
' 'U 'U 

b 'U~ c.l'U bb 'UG'l.:Jel U1.:J11 vl b ~1 ?111 bfllJU1.:J'U1t bflVl bbG'lt \9\t f1el'U?111bb "ll1'U6'1 el c.1vim rnnu1-tJ 61.:Je.JG'l 1 i 
'Ut m{.:i-v'I.Jbel1?11Vl11cJ Symbiodinium el€1f1'11 nb'1l6'1 ~ lJtn1f .:i~.:ii1~~v16'1.:JVl~elnmm 'U'U~"ll11 

bbG'l tVi1f1'U11f1!] f11'HU-d'bnvl~'Ub um::c.1::b 11;'l1'U1'U~vl\,lelfl'U '1::61.:Je.JG'l 1 ~lJ:m1f .:ie:Jel'Ubbelb Vi11:: 1~fo 

?11'je:J1Vl111~b v1 cJ.:J'\AlelbbG'ltel1'1 \i'\1c.l 1 'W~~vl 'U1~ b Vll'l1 V1 c.l bfl c.l 1~{'1.Je.JG'l m~Vl'I.J'11 f1'U11f1!] fl11'1J'U~ m{.:i 

'lflelf1"ll11zj.:Jll?11bVl\,lll1'11f1€1WVlfli1tl1V1~b6'1~?1.:J:ff'UelU1.:J~vlUf1~ 1utJ Vi.l'l. 2534 2538 2541 2546 
" 'I 'U 'U 

2548 bbG'l~ 2550 lv1c11utJ Vi.l'l. 2534 bbG'l~ 2538 bbmlJ~mf.:i'Vl1.:i~.:ivitb6'leJ'Uv11iru1~-rurn111 

L~c.1V11m'U'UBu1.:imn Viu11lJ~mf.:i\911c.11-tJ-tJ1~mru 10-20% iTu1utJ Vi.l'l. 2541 Lnvirn1ii 

b~c.1Vi1c.lll1n1 'Ubb 't.ntl~n1-r.:i~.:ie:i111 'VlcJ (ncill;11Vlc.J1bb6'l~'Ub 11'11Vlc.11V11.:JV1~ bmb6'lt'1l1c.l~.:J 2553) 
' 

ci1m,11 'UtJ '\Al. l'l. 2553 '\Al'I.J bb 'U1'U~fl1-r.:i 1 'U~.:JVl~ b6'leJ'Uvl1ir'Ubb6'lt0111 vimnvin11vlelf16ll11 b 'U'U'I.J~b'Jru 
' 

f111.:J?1{ 1.:Jfl11ll bi'1c.lVl1c.lll1f1 b 'U'U'U'a~1~f111 ru bvl c.1i'.J?11b Vl\,lll1'11f1€1WV1fli1tl1V1:: b6'1?1.:J~vl'Uf1~ 
" 'I 'V 'U 

(€1WVifli1'Un~tJ1~mru 28-29 °() b'U'Ub1m'U1'U~elb~el.:Jfl'UVi6'11cJb~el'Ub~ll~.:Jbb~'UmcJb~eJ'UiJ'U1flll 
' 'U 

~.:ib~e:iuik1mc1'U Vi.l'l. 2553 m.:i~.:i'Vltb6'leJ'Uvi1iruillJtn1-r.:i\,11t1'11nm1vle:in"1J11lJ1~mru 50-60% 
' 

bb6'l~V11.:J~.:J0111 'Vic.I 'U1~mru 30-40% "llel.:J'U~f11'!.:iiJ;1\9lJ.:JVillvl zj,:in11'l"lelf1"ll11flf .:ii1v.:iiJ11cJ.:J1'U 

11bnvi:ffwt1ni1mfll!Vl1?1ll'V11B'Ub~c.l bbtl'I.J\,leJ'Ll11il"llel.:JB'Ub~c.l 1'11J.:in1 iJG'l~vJ ~b'UG'l~ Vi~1 mLm~v 
'U ' 

LLG'l~B'U lvi'Llb 66cJ ( flru~ m1ii n11 Lbm "lJU t1JVi1e.J6'1 mt'VIU"llel.:J m1'1"l elf1"ll11\,lel?1mum'VilJ~mt.:i 2553) 

mtnWV1'1.J'11 nlJ ~m-r.:ivie:i n"ll 111:iJ b vfo.:i 61.:J e.JG'l M e)fl11lleJvlll?1ll'I.J1'1Jbb6'1 tfl11llV16'11f1Vl6'11tJV11.:J;lhmv,i 
' 'U 

"lJ e).:J i \,11J 1 bb\?l V .:i 'j1lJ 1 'U ~ .:i~rn;1 \i'\6llel.:J'1lll'1l'U'1l1 cJ ~.:i fl11V1el.:J b ~ cJ1 bb6'1~'61 f1'1~1'U1'Ull1 n~ b M t11'U€1.:J 
' ' 

eJ'Ulle.JG'll?lelb tiel.:i 1 lJ~.:J11cJ 1~"llel.:J'U1t b Vll'l 

fl11bbffi 6lJ bb6'1~'1.J11b 'V11UUJV11eJ'Ubf1vl'11f1'U~ mf .:ivlelf16ll11~1 b uu(ii'el.:i€11#f c.Jfl11llf bb6'l~fl11ll 
"' 'U 

b ,ff 11 '1 b M c.11 fl 'I.J 'U ~ f11 r .:i bb 6'l ~ fl11 (i'\ mm 'U el .:i "lJ el .:i 'U ~ f1 Tt .:i \?l el fl11 b 'U ~ c.l 'U bb 'U 6'1.:J "lJ el .:i ?1 fl 11 ~ ~ .:i bb 1 vl rK €1 ll 

zj,:i LM cJ1'U el.:J hrn \i'\1 .:i nu f11 'j(,111 '1?1elU?11Vl11 cJ Symbiodinium ~el1 #!ti eltj1111 fl'I.J'U~ mt .:i 

1 'U el~ \i1 i1 fl11~Jb'~ 1hnu11 Symbiodinium b 'U'U n ~ ll"ll €1.:J ?11Vi i 1 cJ b fl v .:J'1l'U vi b~ cJ1 ~ €1 

Symbiodinium microadriaticum (Freudenthal 1962, Taylor 1974) btiel.:Jll1'11f1?11Vl'i1v1u 

n~:w-di1'jtli1.:iJn'\'.Jru::vi1.:iiru,i1U1vic.11 lvit1'jl:UviL~t1u~1mb6'1~ hli'I.J.ff elu bb\,1'11nn11Pin'\'.J1 lvic.11 -if 
' 'U "' 

b Vlfl'LlflV11.:J€lfld'W'U~l'l1?1 Mfvh 1 ~vi11u11m1:u'1~.:J bbti'1 Symbiodinium b \Ju n~:W"llel.:J?11Vli1 cJ 

Vi~ 1 cJ'U'W vi bbG'l ~ bb\?16'1 ~ '1l'W viiJ f11 'j \,1€1'1.J i:l'U el.:J \?1€1 n 11 b 'U~ c.l'U bb 'UG'l.:J"ll el.:Ji:1 .fl11 ~~ .:J bb lvl 1;\' el:U bb\i'\ f1\?11.:Jn'U 1 'U 
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1v1nn1111 cJ ..:J 1 'Uvru11 tJ t n 1 -r ..:i b ~ 1u 1 'Uil fl 11:il v viVI ~'U l>i B n11 B ~ B 1 AcJ i1 ll nuf.'!1V1 i1 cJ 
' " 

Symbiodinium 1~1:i..:i 6 1 'U 9 rn'lllzj..:J'<il1bb 'UfiM1llfl11llillYl'Ufi'\!11..:J11\>lJ'U1n71 (clades A-I, 
' 

Pochon and Gates 2010) n~ll'Vl~B clade "UB..:J Symbiodinium '<il1bb'UfiM1lln711bfl17t1'im1ll 

~'Ubb tJ1"llm~7(i]UVJ1..:JYl'U5fffrn"lJB..:J V'U 1 'LI'U1 bfl~cJ1;1~V11VliJ1~flBvl1l1f.'11 ti nT~i..:i bfl17t1'i ribosomal 
' 

RNA (Baker 2003) bb6'1t~t11 t!fl6'1B hwm?l~~'V11Vl'W1~flBvl1l1?ln71i..:ibfl17t1'i ribosomal 

lar<se subunit 23S Domain V (Santos et al. 2002) tltn1'r..:J8Bt!nb6lJ'Ub~cJ1flU'Utn7,r..:Jbb~..:J~ll 

m1llillYlt!fifl'U Symbiodinium bb UU~..:J'W1B1AcJ flt! bbl>i'W"'..:J..:J7'Ubb6'1t?l71B1Vl11~tltm-r..:i8ffU 

11?1-rm11n Symbiodinium b~Bb 'V!cJUb'Ut1ivici1'Ubb~1i!BcJffJ11 titltmf ..:ibb~..:J (Fabricius and 

Klumpp 1995) fl11llilJYl'U51tVl11.:J'Utn7-r-:i8Bt!bbi;'lt Symbiodinium lJJ1cJ.:J1t!n7dPlmnue:icJ 

ffJ7~wu 1 titlt m-r-:i bb ~-:imn ~1e:i~1-:i-:i1t11~ cJ~i1mdPin1,1'1luvi bb6'1tm1llV1mnV1m cJ"lJB.:J?l1V1i1cJ 

Symbiodinium ~'€)1 AcJ B~i1llflU'Ut m-r-:i8Bt! 11?1 bbn n7JPlfi't,1fl11lJVlm nVlm cJ'LJB.:J?l1Vl11cJ 
" 

Symbiodinium ~B1AcJB~i1llflUfl6'1'U.:JV11~wu1t1Vltb6'1 Caribbean (b'Ut! 1t1-:i1'1.J1',ijcJ6lJB.:J 

LaJeunesse 2002, Goulet and Coffroth 2004) n7J?l7J11ilfl11l!VlmnVlmcJ'LJB.:Jf.'11'Vli1cJ 

Symbiodinium ~B1i'1c.JB~f.Jllnutltm-r-:i8B'U 7 'll'U\fl:V7n 4 1-:iPi' 'U~b1rubmt Heron Vl1.:JMBt!1~ 

6lleJ.:J Great Barrier Reef (LaJeunesse et al. 2003) bb6'1t~1f.'l\fllln7dlrld1\lf.'leJUfl11llVlmnVlmc.J 
' 

'LJB.:J?l1V1i1c.J Symbiodinium 1 t1tltn1{-:i8B'U 114 'll'U\fl :v1n 69 f.'116'1 (20 1-:ifi') zj,:id'°JUJ1llll11il7n 

U~b1ru Great Barrier Reef lJV11f.'l~Vldbb'U<Bvln~-:i1r1t1t1BBn bb6'1t'Vltb6'1 Carribbean (van Oppen 

et al. 2005) 1titJdt b Vll"lb Vl cJ '1f m.JmMcJ1n'U'll'U\fl bbi;'lt fl11ll'Vlm fiVl6'11cJ'LJB.:Jf.'ITl,d7cJ 
" 

Symbiodinium i1B~~1fl\fl b6llt1 U~b1ru'Vltb6'1eJt!\fl1JJt!lld1c.J.:J1t!n7dPimn 1vic.J LaJeunesse et al. 

(2010) ~?11J1\lfl11lJ'Vl6'11nVlmc.J6lJB-!l'll'U\fl6lJB.:J?l1Vli1cJ Symbiodinium zj.:JeJ1i'1cJB~i1llflU'Utn7{.:J 

b~1u1uV1mc.J'll'Ll\fl 1 'Uu~b 1rubb t11tltmf-:i'll1t1~-:i (bb 'Vl6'1l!Ylt!17bb6'1t bmt rn) bb6'1t bb 'U1tlt m-r-:i 1n'1 ~-:i 

(bmtvH~\fle)t! bn7t~'V1b6'1 bn7tJ1'll1 bL6'1tVllibmt~lJ"'t!) 'LJB..:JVltb'1eJt!\fl1JJt! t:-J6'1n7dPini,1wu11 
" 

Symbiodinium clade D b'Dt!'ll'U\fl~'WUlJ1nbbi;'it'WU 11?1vf1 b tJ 1 'UU~b1f.1Jbbt!1'Utn7,r.:J'll1cJ~.:J zj,:ii) 

e) ru VI fl ij J 1 Vl t b i;'I f.'1-:J n 11 bb '1 t ii VI t n e) 'U ?l 1 d bb 61) 1 ti i;'I e) cl lJ 1 n n 11 u ~ b 1 ru bb ti 1 tJ t n 1 -r -:i 1 n i;'I ~ -:i 
' " " 

ci1'Uu~ nrueJ111 VlcJ i1 n7d Pi ni,1'/l'U\fl bbi;'I t fl11llV1mnV1mcJ6lJB.:J?l1V1i1cJ Symbiodinium 1 t!'Ut m-r -:i 

8B'Uf.'ln'1 Sinularia ~wuu~nrubb 'U1Utm-r-:i'll7cJ~-!16lJB.:Jbn7t\1Jtboif bbi;'l~bb t11tltn1{-:i 1n1;'1~-!16l!B-!I 
' 

Vllibn7t'<il1.:J 
o Q../ .:::::1 CV CV .C::, d ti Q.J t:f Cl. 

m bflBf.'l \ilVIU :v-:iV11\fl'll1;'1'1.Jd t:-J6'1 md 1"1 n1,1f.'IB\flfl6'1 B-!I nu J7cl-!17'Un7dl"l ni,1:v 1nm n ru 
" ' 

Vl~b'10'U\1\1JJ'U 1vic.J'WUi.'11Vli1cJ Symbiodinium clade D bU'U'll'Uvlb~'U 1 'Ubb 'U'.l'U~mf ..:i'll1cJ~..:J 

(Panithanarak 2012) 
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.c::::.c:I O .::::::. .::::::. .., 

16fl1L 'L!'L!nTl'Jli!V 

1. miPin'l'.f1~1e:icl1-:i 

~1e:icl1-:iG11vti1cJ Symbiodinium lumifin'l'.f7i1L'U't.JG'17vti7cJ Symbiodinium ~mri'~rntj 

i1:wntJ'\.Jtmf-:iB€l'Ub'UG1n~ Sinularia '-v7ntJ~b1t"\Jbf11t'1itb'UbL~tV!ilLmt'11\J (m~~ 1) bbu-:i1~b'U'U 
' V 

G'1eMnzj:w1vtty I v11:w-d1-:inm'UB\Jn1'HntJ~1881\J 

nrt:Wbb im U'U~1vcl1-:i~ bB'UbB'-v7nmiG'1fl~~ bB'U'Uv-:i'\.J:;mf-:iBv'LIG'1n~ Sinularia '17'LI1'U 45 
' ' OJ I d OJ I I .=!,I <:::). I 

mvcJ1-:i '-u7nmibntJmvcJ1\Jitvt11-:ib~B'U~'Ji'1'1f11cJ'U vu'\. 2551-:wm11-1:w ~.f'l. 2553 nv'Umi 

bfl~'Ui7n!Jf11iru'Utf11fWJvn'U711'Ub~B'Ub:W'l'.f1cJ'U U ~.i'l. 2553 

nr1:w~G1B\Jb'U'U~1vcl1-:iLilm~B'Uv-:i1.fomf-:iBB'U Sinularia ~1~'-v1nm1~~im11'U'UB-:i~-:i 
' 

(lobe) 'UB\Jbbvl~t LA fau'\.J1tmru 2-3 i'U 'U'U1~'Uit:I-J1ru 0.5-1 b61l'U~h:wm bb~tbntJf n'l'.f1b 'U 

absolute ethanol lil1'U'J'U 24 ~1B81\J '17nf111bntJ~1mh-:i1m~B'U~']i'1~f11cJ'U ~.i'1. 2553 

.fl1cJVli-:imibf1~'Ui1 nnmiru'\.Jtmf-:ivJvn'U71 b U'U nm 7 b~e)'U bb~te)t1JV!fllhl1V1t b~nium~ ':,.J , \J '\J 

G1m1t'\.Jn~ 
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N 
t 

Lf11t'lJ~ 

D Lfl1tU1'1Lfl~el 

0 

12"30'N 100°55'E Scale 1 :50,000 

d .J O I V I C V ~ V V q _J iJd 
.!11'VfVI 1 bb~'U'Vlbb?WM(,rnWl'U-:J'LJ€)-:Jbfl1::;'<i)';i::;b"l) m1::;'v11Jbfl7::;'<i)':),:j tl1b.f1€l?l\?l'v1U '<il-:l'v11Vl'l5G'ltl':i 6/l-:Jb 'U 

'\J ' 

u~ nru~ bfltJ(,11€) u1-:itl::; m-r-:iBtl'l.Jb ~1U11.J 1 'lJ?lnG'I Sinularia ~Vlbb tlG'l-:JJ.J1'<il1nbb~tJ~LVI cJ 'Vl':i':ifl'U 
' 

tlrutnt1d'n1j bbr1::;r1ru~ (2555) 

(,l'J cJu1-:ii-:i'v1i1V1 L 'UtJ(,118 u1-:i'<i11 n 1m-:im11~c.J L~cJ-:i ""r111m!tJLL tl':i'lJcJ-:J~ n~ru::;vn-:iiru~1u 
"" 

l'Vl c.J1 bbG'l~J n'l'.lru~'Vl1-:iit1trn':i':iiJ'lJ€l-:Jtl~m ,r-:JBcJ'L!, Sinularia 
' 

May, 1898 (Octocorallia: 

Alcyonacea) vi'Y'IUU~b1lll'v11Vlt!1·:i''rn-:J bfl1::;'<i]';j::;b'lJbbl;'l::;n~i1bfl1::;'<i)':),:j eJ1b.f1cJi(?l"MU ~-:J'v11Vl'l5G'IU~" 
' ' 

13 



1vtcJ 'Vl'fifl'U tJruu7'Ut,rfl'l'JbbfltflUlt lil1'U1'U\ll10 81-:J 1 'LI bb!?lflttJ~ b 1illbbflt'U1-:J b 1l;'l11 'LinT;i bfl'U\ll1Bt!1-:J 

bb"1vt-:J1'U!,\1'i1-:J~ 1 

f10'Ubflfl'Utfl1r-:i~0n6U71 2553 

Vl~-:JLflvt\hm1r-:i~0n6U71 2553 

'11'U1'U\ll1081-:J 

16 

11 

29 

13 

2. fl1'i?lnvi L~:J.Jtl~mru~LB'UbB Lbfltfl1'i'Vl7"171il'U'Vl7-:Jiwm'i'i1l 
' 

l:'lflfl~LB'ULff'il1nL dm~B'lJ0-:J'Utfl1r-:i'€l0'Uzj-:JiJ?l7Vl~1cJ Symbiodinium 011"1cJ0tj 1vicJ 1-u 
., ' 

'qfl"1flfl~bB'ULmnm-um~0~v11 QIAamp DNA Minikit (Qiagen, Hilden, Germany) LLflt 

tlfl'U~\>111!-rr'UviB'U~bb 'U'U 1 it 'U~fll:'lflflMLB'UbB 

L ~1l'U~:J.J7ru~ LB'Ub0'1J0-:J?l7Vl~7cJ Symbiodinium 'U~ nruflfle:J 1 'i'V'lfl7l:'ll?l~'U~(;)1LL Vl'U-:J 

ribosomal large subunit 23S Domain V (cp23S rDNA) zj-:Jb'U'U'U~L1ru~iiwnm!'Ubb'U'i 

'Vl1-:Ji'LI~m'i1JL'Vl1J1t?l1J~Bfl1'i~7bb'Un?t1V1~1cJ Symbiodinium b'U'itliltJ clade (Santos et al. 

2002) 1vtcJb'ULfl~e:J-:J'Vl1l7cJi'LI~m'i1l cp23sl (forward primer): 

5'-GCTGTAACTATAACGGTCC-3 bbflt cp23s2 (reverse primer): 

5'-ccATCGTATTGAACCCAGC-3' (Oliver and Palumbi 2011) tlljn%1 Polymerase Chain 

Reaction (PCR) lilflbb'Ufl-:J1l1'<il7n1~fl1'i1 'LI Zhang et al. (2000) 1flcJ1 'Ubb~flttlljn~cJ1zj,:iijtJ~mm 

50 µl 'U'itneiuJbcJ 0.2 mM dNTP (Promega), 1xPCR Buffer, 50 nmol primer (Macrogen 

Inc., Korea), 2.0 mM MgCl2, 1.5 unit platinum Taq DNA polymerase 0nvitrogen) bbflt 

0.1-1 ng/µl template DNA 

itJv1eJ'Ub'Utl~n~cJ7 PCR vlflbbU~N1l1'<il7n.ff'UvieJ'Ub'U Zhang et al. (2000) bl'lcJb~J.J'il7nm1 

bbcJfl?l7cJ~LB'ULB1u-d'Nb~l.Jvl'U (initial denaturation) ~0ru'Vlflll 94 °C b'U'Ub1m 2 'UTvi v171l~1cJ 
' 'IJ 

35 'i0tJ6UB-:Jfl1'ibbcJn?l7cJMbB'Ub0 (denaturation) ~ 94 °C b'U'Ub1'11 30 1'LI7vi fl1'i~'Uri 
'IJ 

'it'Vl17-:Jbfl~0-:J'Vl1l1cJi'LI~m'i1lfl'UMLB'Ub0?17cJb~cJ1 (annealing)~ 55 °C b'U'Ub1m 30 1'U1vi bLflt 

nT'ab~:J.Ju~mru~LB'UbB (extension) ~ 72 °C b'U'Ub1m 2 'LI1vi Ufl'V17cJ,rr'Uv10'U~1cJn1'H~1l 

tl~mruMbB'UbB (final extension) ~ 72 °C b'U'Ub1m 10 'U1vi 

'V17r-Ji;'IN~vi'<iJ1nnT.1b~1Jtl~mruMbB'Ub0 (Ni;'IN~vi PCR) 1'l½u~?t'Vli1flcJ1-u'1lfl'V17Ni;'IN~vi PCR 1'1½ 
' ' 

'U~~'Vlt QIAquick PCR purification kit (Qiagen) 1flcJUfl'U~v171l.ff'Uv10'U~bb'U'U1it'LI'qfl'Vl7Nflr-l~v1 

PCR 1'l½u~?t'Vlt '<iJ1mT'LI'll1r-ifle.i~v1 PCR ~1fllu1br1'i1t~b~0V11"11iuV11-:ii'Lium'i1J~1mr1~0-:i 
' ' 

automated DNA sequencer i'U ABI 3730 XL 

u~,;''Vl Macrogen Inc. tl'i::;L'Vlr'1Lfl1Vl~ 

14 

tj I .::;:,,, ,: O V V 

'Vl'Vl'U1 cJ1 bfl 'i 1::;V1V17l;'l1fl'U'Vl1'1'V'l'Ufin'i'i1l 
' 



3. mi:ibF111~,.Hfm.J"'1 
" 

:6'11,1,1.m clade 'UB-!!~1Bci1-:imvrh:J Symbiodinium hm 2 1tlm1 1tlt111bb1fl :6'1bb'Llfl'17fl 

fl11btl~t1'\.Jb'VlcJU'lJ'U1vl'llm~1,0mBrs\1tlV1-:JflU~b0'Ube.JJJ1vl1l1'Ll (l00bp DNA ladder, Promega) 

U'U 1.5% agarose gel L\YlcJ~b0'Ubtl~vl1bbVl1.J-!I cp23S rDNA 1'U Symbiodinium ~1-:J clade n'U 

b'l!'U clade A, C bb"'1~ D 'oJ~bb?l\Y1-:JA11ll~'Ubb'U1'lJtlsl'lJ'U1vl'lJtlsl~b0'Ubtl (Oliver and Palumbi 2011) 

1fifl11~?ltlsl '<i11bb'Ufl'oJ1fl~1\91U'Vl1sl~'U5fl11ll'lJtlsl\il1elfh-:i L\Ylc./b~lJ'oJ1flfl11v\11'oJ?ltlU~11'1U'Vl1sl 
' 

iuun 1 ~1J6U B\J ~1 eJ 81 ~ L CW eJ 8iJ cJu A11J.Jn n \Fl fJ,!]~ eJ .!l n1~ ~1u fl 1 tJ1 e.J '1 n1 ~e:J1u fl 1~ 1 vluVl 1,!]~tto n~~11 
' " ' 

'Utl-!lbb~"'1~~1tl81-:J'11fl forward bb"'1~ reverse primer ll1b'U~c./Ub'VlcJ'Ubb"'1~11lJn'Ubtl'Llbi'Ub~c./1 

(sequence assembly) L\Y1cJ1-uh.b1,1,m1J CAP3 (Huang and Madan 1999, http://pbil.univ­

lyon 1. fr /cap 3. ph p) '11rn!'Ll~-:J 1, tl~cJ'Ub 'VltlU~1v1uV11-:i~'Llqm1ll'lJeJ-:J\il'Jtl ci1-:i~-:iV11J\Y11v1cJ1mtl11,1,mll 

Clustal X (Thompson et al. 1997) l,l,"'1~:6'11,1,'Ufl clade 'lJtl-!l\il18V1-:JL\YlcJfl11b'U~cJ'Ub'VlcJUnU 

'Ue.ll,j"'1~1vi'uvi1-:i~'Llqm11JU~nru cp23S rDNA 'lJ8-!!?11V1i1t1 Symbiodinium 1'U~7'U'U8~"'1 

Gen Bank L\Y1cJ1m tl11,1,m1J BLASTN (http:/ /blast.ncbi. nlm. nih.gov) 

1, tl~t.1'\.Jb v\c.1u clade bb"'1~A11llVlmfl'VlmcJ 1 m~vi'u clade 'lJ8-:J?f1Vli7cJ Symbiodinium 

ne.J'U 1,1,'(l ~V1~-:im1 b n\Y1u11 nn m1ruu~ m-r -:i'V'l 8fl'lJ11 1\Y1t1 m11. u~ vu" vlvui0~"'1r1111J~'lJ 0-:i 

haplotype l>l1cJ1fi an exact test of sample differentiation (Raymond and Rousset 1995) 

bb"'1~11,m1 ~,h ~ vi'u m 1l.J 1,1, v1 fl~ 1-:iV11-:i ~'Ufi m11J'll eM?11V1i1 vu~ 1, 1 ru'/l1 cJ ~-:i bb"'1 ~ 1fl"'1 ~-:i '17 fl m1 
' 

f11tnt\Jfl1 FsT (molecular distance: pairwise difference) 1v1vm11mu·rnml.J Arlequin 3.5 

(Excoffier et al. 2005) 
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f;..Jfln1'a1~tl 

'17flf111m11il?fel'Ubb'1:::bi.J~c1ubvic1u-u1.J11i1'Uel-:J~Mh.Jbel'U~b1ru cp23S rDNA 1'Ll\,l"Jel87-:J?f7Vl'i1cJ 

Symbiodinium ~el1Aclel8'iTlJf1'UiJ:::m1'-:iBel'U 1 'Ll?ffl'1 Sinularia '<il1'U1'U 45 (,l"Jel87-:J f1el'Uf111bf11i1 
'IJ ' 

,J 11 fl!) fl 11rui.J::: m1'-:i vfo fl'U111 'Uu 'l''L Fl. 2553 'YfU11 (,l"J el u1-:i,J::: f111'-:iB el'UlJ?f 1Vl';i1 cl 

Symbiodinium el1Aclel8';i1lJ~1cl '<il1bb'Ufl 1~ 2 clade \>11lJ'U'U1\9l~bB'Ubel~bbvlflvi1-:in'U flel clade 
'IJ 

C (~500 bp) bb'1::: D (~600 bp) ,J:::m1'-:ieJel'U?l1'U1V1ajiJ?11V1'i1cJel1AcJeltj'i1lJ\911cJ 1 clade/1 

(,l"Jel81-:J (93.33% 'Uel-:J\,l"Jel81-:JJ-:iVllJli1) lJ?l1'UlJelcl (3 (,l"JelU1-:J ~li1b'U'U 6.67% 'Uel-:l\,l"Jel81-:JJ-:iVllJli1) 

~'V'l'U?f1Vl';i1cl Symbiodinium J-:i 2 clade eltj';i1lJf1'U1'Ll\,11elV1-:Jb~cJ1 ?f1Vl';i1cl Symbiodinium 

clade D 'V'l'Ubu'V'J1:::1'U'U~b1rubf11:::'11:::b'LJ (n = 16, C = 0, D = 16) ?111.J clade C 'V'l'Ub'U'U'll'Uli'lbl?l'U 

1'Ll'U~b1rubb'U1iJ:::m1'-:i1fl'1~-:J'Uel-:JVilJbm:::lil1-:J (n = 29, C = 20, D = 6, C+D = 3, .f11'V'l~ 2) 
'U 

'11Vl1''U\,11 el v1,:i,J:;: m1'-:i eJ el'U?f fl'1 Sinularia ~61111'1 '11 fl bf11:::'11::: b 'LJ bb'1:::V1lJ bf11::: '11-:JVl'i;l-:1'11 fl f111 
' 'IJ 

bflli1i.J11fl!)f11'atUiJ::: fl 11'-:J'Wel fl'U11 b 'U'U'a::: c1::: nm 7 b~el'U 'V'l'U11lJ?f 1Vl';i1 m 'W cl-:J'll'Uli'I b~ cl1 fl el 

Symbiodinium clade D eJ1Ac1eltj~1c1 (m'Y'I~ 2) b~m,J~c.1rnvic1'U'll'Llli'lbb'1:::A11lJ~'Uel-:J 

Symbiodinium clade flel'Ubb'1:::V1l;1,:Jf11';ibfl1i1i.J11fl!)f11'ailli.J:::m1'-:ivfofl'U11 'V'l'U11el-:JAiJ'a:::flel'U'Uel-:J 

Symbiodinium clade ~'V'l'U'U~b1ruV1lJbm:::'11-:Jbb?fli'l-:Jm1:wbbvlfl(,17-:Jm.h-:iili1b'1'U (m'V'l~ 2) 
'IJ 

N 
t t 

l'tl1l,111'vtl 

• n = 11 

""' 16 

'fh:i1vw 

(n) ('ll) 
2"J0'N 100"5S'E Scala 1:50,000 2"30'N 100"55'E Scale 1 :50,000 

.f11'V-1~ 2 A11ll~'llel-:J Symbiodinium clade (C D bb'1::: C+D) 11.J1Afa'U'Uel-:Ji.J:::m-r-:10el'U?f~'1 

Sinularia ~'V'l'U'U~nrubm:::'11::;b 'Ubb'1:::VllJbf11:::'11-:J 81bflel~vl~'U ~-:JVl11i1'1l'1'U~ 11i1m ,J~cJ'Ub vic1u 
'IJ ' 

'a:::Vl11-:J'111-:J fl el'U f11'a bflli'li.J ';i1 fl!] f11'ailli.J:::f111'-:ivJeJ fl'U 11 luu 'V'l. \21. 2553 (fl) bb'1:::Vl1;1-:J f11 'a bfl li1 

,J';i7fl!]f11';iru,J:::m1'-:ivJeJfl'U71b tlm:::c1::: nm 7 b~eJ'U ( 'U) 'U'U11i1'UeJ-:J m1vJ1-:ifl'1llbb ,J1~1.Jvl7ll'U'U11i1 

'U eJ-:i fl'1:JJ(,11 eJ v 1-:i 
' 

16 



'<il1flfl1"a1bA"a1~'1-1fl11:i..J~t!LbU"a'VB-H~7#i''U'vnn~u~m'a1!U7-:!6'1'J'UU~b1ru cp23S rDNA '<illfl 
' 

~1el87-:!?17Vl'i7tJ Symbiodinium ~7'1.11'1.! 66 ~1el87-:! (tJflb1'1.!~1el87-:!viiJ ?f7Vl':i7tJeJtj':i111nu 2 

clade 1 ui1e:iti1-:ib~tJ1 b ~el..:J'<il1flfl1';iV17ci'7ii'uvn..:i~uum"a1l 1 umru-d' ~lb 'Ut!Vlel-:!lJfl1';jbbtlflbbtl'\J 
' 

~bBt!Lel'VeJ-:!bbMl;J~ clade bb1;J~/V11e:i cloning rie:iu b~el°r17b Vl~bBt!LeJ'VeJ-:!bbM1;J~ clade u~~'\115) 

?f71!1"at1~1bbt!fl?f7Vl';j7cJ Symbiodinium 1;{m:imuu clade C bbl;J~ D lil1flfl1"abU~cJUbvicJUf1'\J 

-ue:i~1;,i;\'1~u'V11-:i~u~m"a11u~nru cp23S rDNA 'Vel-:!?17V1':i1c1 Symbiodinium bt!jj1U'UeJ~l;J 

GenBank 1vic11'1fi:tl"abbm11 BLASTN zj,:i?fe:iviA~e:i-:inmJ"1fl1"a(}1"a11il?feJ'U clade bvltlfl7"a 

b tl~c1rn vi c1u'lJu1v1'V e:i-:i~ bBt!LeJ lil1 n n7'a b tl~ tJUb vic1ui;\'1 #i'u'Vl1-:i~uum"a11'1Je:i-:i i1e:i ti1-:i?11V1':i1cJ 66 , 
~1el81-:! (neJU'if'lelfl'V11 n = 42, Vl&l-:!'if'lelfl'V11 n = 24) zj-:!lJ'VUlvl 661 bp ?f11!1'atl~1bbt!fli;17#i'U 

'V17~~u~m'a111~ 4 iubbUU Vl1el haplotype 1;{bbn haplotype 'Vel~ Symbiodinium clade D 

bb'Vl'l.!1'71tl D1 D2 bbi;,~ D3 bbi;,~ haplotype 'Vm clade C bb'Vl'l.!1'718 Cl haplotype 'Vel~ clade C 

bbl;J~ o bb\,lfl\911~nue:iti1-:i-B'v1b1ilu lvit1i11?11bbV1u-:i~t11Ame:i1viilbb(}1fl\911-:inu~-:i 168 \?11bbVl'U-:i 

A111Jbb(,lfl\911~"11'W 1 Vlajbflvllil1flfl1';jbb VIU~'Vel-:!U1Ailel 1 Vl\9lbbUU insertion Vl1el deletion bb\91A111! 

bb\,lfl\911~'Vel-:! haplotype .flltJbt! clade b~cJ1f1UlJfl7'Ueltl1!1fl \911-:!flt!Lvlti~ 1 1?17bbVl'U-:! zj-:!bflvllil7fl 

fl1"abbVIU~'Vel-:!U1A~bel 1 Vl\9lbbUU insertion Vl1el deletion (mv,i~ 3) 
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01111111111111111111111111222222222222222222222222 
50012222233358888999999999000000001111222222233333 
53661246701350245023456789012345672567123578923789 

Dl AAGTGTAACCT-TTATGTTT-AGCTTAGGCCGCTGCTACTGGTGTCTTAA 
D2 ........... - ........ T ............................ . 
D3 ........... - ........ - ............................ . 
Cl TGTA--GTTTACCGGAACCA-----------ATATTCTTGCTCCA--AGT 

22222222222222222222333333333333333333333333333333 
44455566666666677777001114445555556666666666777777 
13547802345678901234891355674567890123456789012789 

Dl TTTCGCTTAAAATAAAGATCTT-TTTCTTCACACCTCAGATATAGATAAC 
D2 ...................... - .......................... . 
D3 ...................... - .......................... . 
Cl GAATCTC-------------CACGC-------------------------

33333333333333333333444444444444444444444444444444 
88888888889999999999000000000011111111112222222267 
01234567890123456789012345678901234567890123456705 

Dl CCCCGATTGGCCTAGGCTGTTAATGATCTATATCTGAGGTGTGCACGATT 
D2 ................................................. . 
D3 ................................................. . 
Cl ------------------------------------------------c-

555555555556666666 
233333778890234445 
501234560421630120 

D1 CAACACCTTTACCTAGC-
D2 ................. -
D3 ................ . G 
Cl TCGAGTTAGCCTTGTAA-

fl1'V'l~ 3 1111bbV!'U-:J~bb?t~-:Jfl11:l-J~'LJbb'U'a"ll'El-:J6'\'71ii'-IJ'V17-:J'W'U~m'a:UU~b1ru cp23S rONA '17'U1'U 168 

1117bbV!'U-:J b'U~cJUb'VlcJU'a~Vl17-'.l haplotype "ll'El-:J?t7Vli7cJ Symbiodinium (01 02 03 bb"1~ Cl) 

~vrn 1 'Llf17<afim:nd ~1 b"1"lJU'U~1lilU'V17-'.l'W'Ufifl'a'a:l-JbbMN\111bb V!U-:J"ll'El-:J'U1flm'El 1 'Vlii ( 'oJ1fl 1-661) 
' 

bfl~'El-:JVl:l-J7cJ . bb"1~ - bb?l~-:J'U1fl~b'El1'Vlii~bVlij'El'Ufl'UflU haplotype 01 

'W1flmB1'Vl\?1bbUU insertion Vl~'El deletion vl7:U6'\'7lilU 

.J 
bb"1~ fl7'a bb 'Vl'U'Vl"ll 'El-'.! 

riB'Llfl7'abfl~'U'a7fl!Jfl1'aru'U~fl71-:J'W'Elfl"ll711 'UU '\l'U'l. 2553 fl17:l-l~"ll'El-:J haplotype "ll8-:J 

?t7V1i1c.1 Symbiodinium clade C bb"1~ clade 0 ijrh1~bbvlfl~7-:Jfl'U:l-l7fl'\Jfl (relative 

frequencies C1 = 0.452, 01 = 0.500; vl7'a1-'.l~ 2) bb~m1'-:i-..:J7flfl7'abfl~'\J'a7fl!Jfl1'arutJ:m11-:i 

'We:Jfl"ll71 b'U'U'a~t.l~b1"17 7 b~e:J'U fl~U~UbU'V'l7~ haplotype "lleJ-:J?l7Vli1cJ Symbiodinium clade 

D b'V11i1'U (vl7'a7-:J~ 2) fl17:l-l~"ll€l-'.l haplotype "ll€l-'.l clade C bb"1~ D rimJbb"1~Vlt-:Jfl7'abn~ 

'U'a1fl!)fl1'arutJ~mf-:ivle:in"ll71 bb?l~-:Jfl17:l-lbbvlfl~7-:J€lch-:iih1m-\'1r1t11V17-:J?t~~ (Exact P-value < 

0.00001, 30,000 Markov steps done) ?le:J~flie:i-:inur-.i"1fl17:l-Jbbvlfl~7-:J'V17-:J'W'Uqm<am~Vl17-'.l 

'LJ';i~6/l7fl'aG'l7Vli7cJn€l'Ubb"1~Vlt-:Jfl7'abfl~'U'a1fl!)fl1'atU'U~fl71-:J'WeJfl'/171 (FsT = 0.37, P < 0.00001, 

no. of permutations = 1,023) 
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vi1-a1~~ 2 fl'J1lJ~ (relative frequencies) 'U~M haplotype 1u6'11Vl~1tl Symbiodinium lil1f1 

f11'j~ffen 1'l.J'U1.:Jfle:J'l.JD';i1f1!)f11'HUU:::m-r-:rvle:in-u111 'I.JU 'l'tf\. 2553 (ne:iuyje:in-u11) bb~:::Vlil.:Jlil1mn\71 

U11f1!)f111ru\J:::m-r.:iyje:if1'lJ11 L'Um:::ti~nm 7 b~fflJ (Vlil,rvfon-u11) haplotype 'lJe:J.:J clade D 

bb'l'l'l.J~1tl D1 D2 bb~::: D3 bb~~ haplotype 'lJe:J-!l clade C bb'l'l'l.J~1tl Cl 

Haplotypes ne:iuyje:in-u11 Vl~.:Jyje:Jf1'U11 

(n = 42) (n = 24) 

D1 0.500 0.833 

D2 0.024 0.083 

D3 0.024 0.083 

Cl 0.452 0 
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Cl ~ ..C:::.. CV 

1 tfl ·n::Vlern nTl'l '11:J 

f11 ';i Pi rn,1'll11ii'';i1 t1.:i1'U e-rn f11 ':i b '\J~ tl'Ubb '\Jn .:i u v 1 .:ii \Y1 b '<il'U'llu.:J u.:i f'1'\J ';i:: flu1.J'll u.:i clade 

1'Umvd1t1 Symbiodinium ~m!'lt1uvi1:1Jn1.J'\J::m-r.:ie:lu'Ub~1tf1'UG'lfln Sinularia "5<iY'11.J1.J1b1ru 
" ' 

Vl~bfl1::!'<il1.:I il1tlVl~.:l'<il1flfl1';j bfl\Yl'\J';i1fl!)fl1';iru'\J::m-r.:i~ufl'll111 'LID Y'I. PL 2553 flu'Ufl1';i~ufl'll11 

~1uv1.:i'\J::m{.:irlu'UG'lfl~ Sinularia '<il7flfl1';ibO'U~1u87-:Jbb'U'U~:IJ ii6'11V1i1t1 Symbiodinium , ' 
clade C B1!'lt1uvi1:1Jlii'1t1A\Ylb'U'U 68.97% 'llu<i~1uv1.:iJ.:iV1:1J\Yl cl1'U~1uv1.:i~bVl~uY'l1.JB1!'lt1uv 

" " 
' V I • • . V I I ~ d 

';i111fl1.J6'11m1t1 Symb1odm1um clade D bbn::m.:imut11<JY'l'U?l7Vi';i1t1Vl<JG'lu<i clade (mY'IVl 2) 

bbvlVl~<l'<il7flfl1':i~eJfl'll11b'U'Ub1m 7 b~eJ'U \ll1eJ87<i'\J::m-r.:ieiu'UG'lfln Sinularia ~':iu\Y1;1M u7!'ltlu8 
' " 

i111n1.J?11V1i1t1 Symbiodinium clade D b'ntl.:!'ll'U\Ylb~t11 fl1';i~t1jb~t1?11V1i1t1 Symbiodinium 

clade C Vl~ufl1';ib'Vblil1'U1'U'llu.:16'11Vli1t1 clade D V1J<J'<iJ1fl'\J';i1fl!)fl1';iru'\J::fl1-r.:i~ufl'lJ11 

B1'<ilufi'U1t111ii''<il1fleJM';i1fl1';imtl~bbMfl~7<lfl'U (differential mortality) 'llu<i'\J::m{w5'1tf1'U~B1!'lt1 

i1:1Jn1.J6'11V1~1t1zj.:ii:ir111:1J b~Bfl7':ib '\J~t1'Ubb '\Jn<i'lleJ<i6'1m1:: bb 1\Yll;leJll b 'tl'U 6'17V1i1t1 Symbiodinium 

clade C b '\J~t11.Jb vit1'Ufl'U6'11V1i1t1~i:ir111:1JV1'UV17'U~e)fl1';ib '\J~tl'Ubb 'Un<l'UeJ<l6'1il11t bb 1\Ylii'u:IJ:IJ1flfl11 

Vl~ufl7';ib'U~tl'Ubb '\J~<J'l)e)<l Symbiodinium -5.:im!'ltleJtjmtl 1'U bA fau'UB<i'\J::mfw5'1tf1'U (fl~ 1fli1 

b~tlfl11 Symbiodinium shuffling Vl~u switching) Symbiodinium shuffling ~Bfl1':i 

b'\J~t1'Ubb'\J~<JA1111~fl~ll'llu<l6'11Vli1t1 Symbiodinium bb~m:: clade Vl~u subclade btie:J<J'<il1fl 

i:..m m::V11.J'llu.:i~.:i bb 1\Yli;lu:IJ zj<Jfl1';ib '\J~t1'U bb '\J~.:i 1 'LlJn'\'Jru::i1m!'uG'l'U'UG'l:1J:1J~:01'U111ii'1 t1 m1'\Jf 1.J \ll1'UB<i 
' ' "' 

6'11V1i1t1 Symbiodinium eJ'Ub'U'Uf:..Jn:IJ7'<il1flfl1';i°flufl'U11 (the Adaptive Bleaching Hypothesis, 

ABH) bG'l'UeJb\Yltl Buddemeier and Fautin (1993) bb~:: Buddemeier et al. (2004) 

b\Yl t16'11J:1J~ :01'UD mh11111 '\J ::fl1-r .:i b~ 1tf 1'U6'11:1J1 ';i m '\J~ tl'UVl~u'\J-rrn '\J~ t1'U6'11vd1 t1 
' "' 

Symbiodinium ~u1!'lt10Elmt11'U1r1fau '<il1fl clade Vl~u subclade ~:wm1:1Jbvlufl1';i 
" 

b '\J~tl'Ubb '\J~.:J'llu<i~<ibb1\Yll;leJ:1J1'\Jb 'U'U clade ~:wr1111J'Vl'U'Vl1'Llmflfl11';i::V111<im';i°flufl'lJ71 bb~uv1.:i h 
nm11 fl1';i b '\J~ tl'U bb '\Jn.:i1 'U~fl'bfru::d~n'<il::~u.:iii~.:i~m'll\Yl b 'lltlfl'U b 'tl'U fl1';in \Yln<l'Uu.:Je) m1fl1';i 

b'<il1rub~'UbM (Jones and Berkelmans 2010) bb~::m16'1rub~t1'\J1::~V1fi.f11Y'l1'Ufl1':ii<ibA';i1t't,fom 
V " V 

..::I tt::f d Ci ..::! I 

(Rowan 2004) :IJ';i1 ti <l 1'U fl1 ';i i'1 fl'bf1:IJ1 nm tlVl bbG'I \Y1 <l tl<l fl1';i b Y'l:IJ A11:IJ'lJ fl 'll:IJ'lJ eJ<J6'11VI ';i1 ti 
' ' 

Symbiodinium clade D 1'U'\J::m-rwlhtf1'U mt1V1J<Jfl1';ibfl\Yl'U';i1fl!)fl1';iru'\J::fl1!<J~ufl'U11 

(Baker et al. 2004, Rowan 2004, Berkelmans and van Oppen 2006, LaJeunesse et al. 

2007, Jones et al. 2008) rn'JP!n·tnm'H'U~c.J'I.Jbb'Un-:t'1JN'U'a:::'lJ1r1:1J6'11'Vli1c.1 Symbiodinium 

1 'U lr1 faijzj,:i 1lii'~\YJVl:IJ7tlb~'U bB1 H'llu<i'\J::n11<ib'U1m1.:i Acropora miUepora L\Ylt1?i111--JneJ'Ubbn:: 

Vl~<lfl1'Hfl\Yl'U';i1fl!)fl1'~ru'\J::m{.:i~eJfl'U111'UU Y'l.i'l. 2549 1.J1b1UJbfl1t Keppel V11-!!Mu'U1~'Uu<l 

Great Barrier Reef fl1';iPin,;1d b~'Uvfo.:in'Uf11ufi'U1cJ11\il1tlfl7';ib'\J~t1'1.Jbb '\Jn<i'Uu-:t'\J';i::'ll1fl11 

6'17V1i1t1 Symbiodinium ermtiu<i:IJ7'<il1fl Symbiodinium shuffling bbn:: differential mortality 

(Jones et al. 2008) M';i<lfl'U'U7llfl'Ufl7';i6'17';i1'<il bfl fau~~\YlVl:IJ7tlbn'lJ'lJu<J'U::fl7f <lbflITTIA11 

Stylophora pistillata 1.J~b1UJbfl1t Heron V11<lMeJ'UL\91'Uu<l Great Barrier Reef zj,:in7';ififl'l'J1-d' 

G'IU'UG'l'U'UA7eJfi1.J7cJ11\il1cJfl7';ibfl\Yl differential mortality 1 mJ:: fl1{w5'11J1'Uzj<iiJ6'11V1i1t1 
' 

Symbiodinium ~11~ufl1'H '\J~cJ'Ubb '\J~<i'lJB<JBUJVlilil m flfl11fl7u5'U1 t111v11 tlfl~ bflfl1';ibfl\Yl 
' " 

Symbiodinium shuffling mt1L'UbAb~'U'lJu<i'l.l::m{w[11J1'Ubu<i (Sampayo et al. 2008) i1V1fo 

fl1';jfifl'l'J1fl7';ib'\J~cJ'Ubb'U~<l'U';i::'ll7A116'11Vli7t1 Symbiodinium b'Uu::m{.:ieieJ'U?I~~ Sinularia r1f .:id 
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1li1vi'ii fl11 ~ M'Vlln cJ bl;,'IJ'IJB.:J 1fl fai1~v11 fl11'111'J'1 fl11 Fl mnvY.:inm.1 LLmml.:i,J 11 fl!] fl11 ru'\.Jt mi'.:i 

'WBfl'lJ111'uu 'VU'l. 2553 ~.:i b th.Jfl11bnU!,l'JBV1.:JLL U'\.J~lJ ~.:i11u~.:i1li?f1lJ11mtU 1vi'BV1.:J'tlMblilt!11 , ' 
fl11b'U~cJ'I.J~b 'LJi;,.:J'/JB.:J'U1t6ll1fllJ?f1Vl'i1cJLf1M~'UL 'l"l11tfl11Lf1M differential mortality Vl~B 

Symbiodinium shuffling B tl1.:i hnmlJ fl11Fl m.11-d\v1(1 ~ L'vit111n11-;J1 LL t!fl?f 1Vl'i1cJ 

Symbiodinium 1 t11tiri'u clade L'U'UL Vlfl'Llfl~~1mL1;,t 1liiuiBt! LL\?lb ~i;.Ji;,fl11Flfl'e/1~iifl11lJ 

tJ1L zjBfiB b VllJ1t?flJ nu fl11'1111Wl1fl?f'U1lJ~.:Jfl11 b 'U~cJt!Lb 'U'i;,.:J~LnMit11 t!'U1t6ll1 fllJ?f1Vl'i1cJ 

Symbiodinium LLU'Ui1fl111 

fl1jL'U~cJ'ULL'Ui;,'1'UB.:J'\.ht6ll1fllJ?i1Vl'i1cJ Symbiodinium b6Ut!b~t11nuvM11'Jlil'l"l'\.JU~L'Jru 

Vl~bfl1t'11'1 Vll.:Jfl1jbf1M'U11fl!]fl11ru'Utfl11'.:i-we:in'IJ111 t!U 'l"l.Pl. 2553 1liLnMiti1 'UU~b'Jru 

bfl1t'11tL-if b~B.:JlJ1'11fl 1McJ'Ufl~LLJ1 U~b'JtWLLt!'J'Utfl1f.:J6ll1cJ~'1 b6Ut! bfl1t'11tL-if 'Utfl1f.:JBBt!?f~i;, 
. • ~ I . • . .J I .:::i.. ~ ~ -=::I 

Smulana '1tlJ?f1V111cJ Svmb1odm1um clade D Vl?f1lJ11f;JVlt!Vl1t!l?lBBru'VlfllJ?f.:Jb'l"lcJ'16llt!MLMt:n 
.,, 't 'U 'U 

mAcJBVvl'JcJ (Panithanarak 2012) Lfl1t'11tb'U ~.:iBtl1li1n1;,'11flV11Mt!1'11B.:JlJ1flUfl (m'l"l~ 1) 
~ ~ 

~1uV1liLmtlil1.:iBtl~1.:i'11fl'tl1c1~.:i1 '\.Jtl1tmru 48 n1mJ.J1?11 vi'1m V11?1d u~nruLfl1~'11tL'U~.:i1~1'u 
~ V q 

~Vl5'\"li;,'11f1fl11lJbb 'U1'U1'J'U'IJB.:J~.:J bb'JMJmJ b 'U'U fl11lJ6U'U-1?f'UB.:Jtl1Vltbi;, bbi;,tfl11 b 'U~cJ'Ubb 'Ui;,.:J'UB.:J 
' 

1tMutl1~'Utl11;, .:i zj.:iulil ~ c1 b VI~ 1d ?1-:i ~.m mtviu\71 Bfl11lJ'tl fl'tllJbbl;,t m 1J.Jci'1 L ~'11 'UL ~.:i11~t11 m1'/J B.:J 
' ' 

?f1Vl~1cJ Symbiodinium clade D iim1Flfl'e/1lJ1fllJ1cJ~t1'!Xb'vit111 ?f1Vl~1cJ Symbiodinium 

clade D ~fllilt'\AlUB1AcJBVi1J.Jnu'IJtm1'.:ib~1u1t1~ii~t1mAt1U~L1ru'tl1c1~.:i zj.:i1vi'{ui;.J1;,m~Vl'Ub'Ut! 
~ 

BV1.:JlJ1fl'11f1fl11lJbb'U1'U1'Jt!'lJB.:J~.:JbL1MJBlJ (van Oppen et al. 2005, Mostafavi et al. 2007, 

LaJeunesse et al. 2010) 
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m 1 l>l 1T-il?I ffU'llU ti'I U,6'1 t fl17lJlt16'11 f1VIG'l 7 tJ vi 1-:iiu~ m 1lJ'lJ v-:i ?17Vl~7 tJ 5 ym biodin ium vi '€l7 f'l tJ 

mJfJlJ nu'\J t mf-:i ~ vu 1 ti?! f16'1 Sinu(aria 1vi tJ m11 bm1tvi Fn7lJ ~mb 'U1'1J eJ-:ici' 1~tJV11-:iiuum1lJ 
" ' ' 

u1-:ici1uu~b'H1.!8t! cp23S rDNA 1t1fl6'1eJhwm?1il '\Al'U?l7Vl~7f.J Symbiodinium 2 clade 1~bbn 

clade C bb~t D 1tJf111'11';i'J'<i)'\J~b1rubf17t'<i)';itb'Vbb~tVlilbmt'<il1-:I B1b.fleJ?ll>l~'\J ~-:llt11ti'l'll~'U~ " , 
neJum1bnv1'\J11nnm1ru'\Jtm-r-:i,,fon'V111 utJ YU'l. 2553 1vitJ.fl1'\Al11lJ ?1v1ci1t1'1JeJ-:im1m1'<il'\Al'\J 

?11V1~1tJ clade C bb~t D ijfh1ilbb1>1n~1-:inu bb~V1~-:i'<il1nm1bnli'l'l111nnm1ru'\Jtm-r-:ivJe:imn1 

b'U'Ub16'11 7 b~elt! f1~'\J'\Al'\Jbu'\Al1t?17Vl'htJ Symbiodinium clade D 61l'1b'U'W?l1Vli7tJ~nm1lJ 

'Vlt!V11t! ~m:iruvi.niJ?l-:i bb~t m 1vJB f1'1J11 b ~ tJ-:i'lluvi b~ tl1 whllu fl11?1 rub~ tl?l7Vl~1 tJ Symbiodinium 
C\ '\J '\J \I V 

clade C Vl~Bf111b ~lJfl17lJ'llf1'lllJ'1JeJ-:1?11'}d1tJ Symbiodinium clade D 1-u'lltm-r-:i~e:Jtl?lf16'1 , , , 

Sinu(aria .fl1f.JVl~-:lf11'a'VJeJn'lJ71 eJ7'<ileJ5'\J1tJ1~'<il1f1f111bnti'I differential mortality '1JeJ-:1?11Vl~1tJ1tJ 

f1~lJ~nm1lJb~eJfl11lJU'U';i'U';i1'U'1JB-:1~'1bb1vliKeJlJ Vl~eJ Symbiodinium shuffling .fl1tJ1 'U 1fl 1ffu 

'1JeJ-:i'\Jtm-rwhu1tJ 
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i1 :tfrn~J~U-191 ;JJV1'11'VltJ'16lUU":i'W1 
1 ~ 

.,. "" 
vl.bb6'i'W,,~ il.blHH ~).6U6)'U':i 20131 

~ ~ 

., "" 
te1mnrn1~,i,:1 

n~lJ~11V1c.11bb'1~iiL11"11V1c.11V11.:iV1~b'1bb'1~'ll1c.1~.:i. (2553). nm7wrfv,uffue-mnwrn.1,17nm1inv1 

t1::mf.:irlvn'lf7?U 2553. ?ft:n'U'Ll1~t.lbbri~vT9l.l'Ll1'Vl'rvm1mV11.:J'Vl~bfl 'll1t.1~.:JY1~b'1Lbfl~U1'll1t.l 

bfl'Ll, 8 V!U1 

r1ru~m':ilJfl1'abbffi•U1JtlJV!1~flm~'Vl'U'lJel.:JflWVJvfl'lJ11~v?ft11'Wl1i"fU~fl1f.:J. (2553). fffJ7Un71W 

v::mf.:irlvn'lfTJUf/::UU'"J'V/7.:Jn71UnL'lf'UfJ!'J17 ('17.:i position paper). ?ft:n'U'Ll1~t.lbb'1~vr9l.l'W1 

'V1 f 'l'lt.l1 ffa'V17.:J'Vl~ bf! 'll1 t.l ~.:J'Vl ~ bflbbfl ~U 1'll1 t.lbfl'Ll. 

YJ':i<aA'W '\Jruu1'U~fm{ ?f':i715 fl~1.:ifl, "1blJvl\91 'U'<ilu7fl1':i bb'G'l~?!Vlf:o th~AlJ'l'l':i. (2554). nmw 
'I 'I 'l d,.!I 

aU'Uflll'U':itu.· f!?73JNUut11vv.:iim.1ru::m.:iffru~7u?nmufl::in'l1w::m.:iwuon1wvv.:i 'II "" • 
tl::mf.:iv'm.1, Sinularia May, 1898 (Octocorallia: Alcyonacea) i1wvvjL'JW't17vl 

U7.:JW.:J im::vwimimmfl'mm::v'J.:J D7Uivfff,)U'U ,J.:J'J1?Wlffl'Ul lJV!11'Vlt.11~t.l'U';i'l'l1, 86 • • 'II 

V1u1 

m':iA'Ll '\Jruu1'U~-rn~, ?f':i715 A~1.:iA, "1blJvl\91 'U'<ilu7fl1<a bbfl~?!Vlf:o 5':i~AlJ'l'l':i. (2555). m11JeY'W 
'I 'I , 4.-' 

bb'U'a'Y17.:JvT'Llum<alJ'lJv.:J'U~fl1f.:iBv'W?fflfl Sinularia (Octocorallia: Alcyonacea) ~'l'l'U , ' 
u~nrubm~'<il':i~b'Vbbf!~mil-lbfl1~":il1.:i 01b.flv61viih.J ~.:iw!~'llm.Jl tlwJJwt:Jm7U?fc1m1 , , 
'UW'lf3./?'lf7n7':i?'Vlcl7fl7flf,)'f'VJ7.:J'VJ::W 2553, fui128-30 iJquwu 2553 W L1.:JUWWcJfl 

Ci Qd" CV CV d V 

mnWlff,J v.:J'Jl!'JvJJJLnf,J, Vlm 251-260. 
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