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Abstract ; Here, the current state of research in scleractinian coral-Symbiodinium symbiosis, the adaptability of Symbiodini-
um associations to rapid environmental change, and symbiosis evolution is reviewed. Reef corals form associations with an
array of genetically and physiologically distinct endosymbiontic dinoflagellates of the genus Symbiodinium. The relationship
between zooxanthellae and scleractinian corals is an example of the evolutionary success of such a symbiotic association. Re-
cent molecular phylogenetic studies on the symbionts of coral have revealed an extraordinary diversity of Symbiodinium linea-
ges. Based upon nuclear ribosomal DNA (rDNA) gene polymorphisms, the genus Symbiodinium is currently recognized to
comprise at least eight highly divergent phylogenetic clades or lineages ( A to H) that in turn contain multiple molecular
subclade types. Additional ecological and evolutionary studies have shown that the complexity of these symbiosis. Elucida-
ting the specificity and flexibility between different Symbiodinium and host corals requires additional research. The health of
the holobiont is very sensitive to changes in the environment such as elevated sea temperatures due to global climate change.
The relationship between corals and Symbiodinium and the adaptability of holobiont are a key area for future research due to

the critical challenges that corals,and the reefs they build,face as a consequence of rapid climate change.
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ARG EE S SHEE (WA R ) BRI A  RIMMRAS RGO DHITR . B 3 (zoox-
anthellae ) & —F 545 (5 S A0 U BE 2K R T 348 H B8R ( Symbiodinium) o FEAE BRSSPI 5 — R
ek BEBREL AR BREL 55 , T AR AP RO BE B 3= 20k B TR A RO SRR, Rl AR Bn oy i AR G
AW EEAC . BREEAMIN, & WEAELEY I8 A FLIER DR ERARSh ) AR 21 A AR v]
JESEITZE Sz R

B 19 i A 7E R P BB P A A B4 ) 3] 20 48 60 4E4R,, Freudenthal A" ¥ Y IE A 4k %
J& 5 3 20 122 70 44X, 5 BT A Ak 0 s 2 R O 2R A0 U1 DR — SR 4% O /N T4 B T Ak A R (Symbiodinium
microadriaticum Freudenthal ) , 20 42 70 £EACHHA, B RAT o JEEF EW L7 A AR B2 07 R T IR R A X
S L M EAEE DY L I 208 SRIEETF TR MR R R B 5T 2 34 3R P9 AR MK
1 T SERTEIA TR, IR 5 A i 2 ] R T [ A 98 F A A B AR 2T BB LA B R RS [R] B3 I 1 T 2 B
BIRMIK R

A SCH 73 790 DI Tl S R U, A s A% SR S A W B S A S S e A i A A T —
(specificity) 15 7T Y3 fexibility) F4-8R A5 - T2 4  bleaching) SO REEF e e T A WIS, 3EXF 240
FEAE )8 B R R R PGS HT IS
1 SHATMEHERE R RLELR
1.1 GEEA R

WA S RGN FRoh 2, EMZHERSNESREZ —, TEM 2 AR, HAEEAH
WEIE T 2 PACAERT I A=A @ ALY B B A R F E A S RS

PUARE T 7 T3 DX AR AT 20 B B — AR AR P — I LU g T R IX R . BUR S T A I X R i
HHUP AR R AT o v RN SRS S B R S B LA R 48R i T ER
ERAET RN RARARYS AT TSI T 4 ACAFRT B 2 A= W) SR B K4 4, 70% 15 8
K4, B ELH R SR EIRE I T PR B T, MIBEAEYER KEFHEFEE
HARTCEHESH Y R 4 O BE A B T T

BEAMBA IR FE HE A W EETA S BOFAE 2 Fhar: (1) s AR B 4SOm 3 (53
H)) 2 rp A AR B s ARG S A LS A R RS AR IR 5 (2) M SRR A b G S T REAR VR T AE
TR KRR EAE TG I — Pk 2 Fh A 1 1 35 J U FRY (anemone-like) , I i [ P 2 5 3 3k 43 3% 3
WA
1.2 RLRIEALIE S (reticulate evolution)

IRIRSCEACRIS A BT AP TE R B TR E) R AR AR B RS o SR, %o T3 A S 380 F 3 T sk 20 77
FEA . Veron' ™ 45 Hi SUE R AR 8 A4 17 3 28 8L A0 38 AR SCIE AL, 35 X AP BRSO R BB 265 = [ s it
FATT AW AL G , B RBFP A RN

KREBFF LA Veron' ™) f BRAH4E I MER SR A L FL I . 55—, T 5L 4 RH A i A I (&
75% ) 1 HE IR AR SN ERE FEAT BHH, T K KW BRE R  ME  7=  58 =, R IR EFSE0 1 1 A S )
PEAT [FIAHETE (mass-spawning) , B YR 7E KR E ) R JE 72 ph 4811, I bl DA R I8 v SR AR A UK
BT R HEIIAR KHEfn T  IE AR A AR SRR R RS R sl . B = TR ST A
T , B 5 R HE0 R AT LASEAT AR B o IE AN Veron'™ B i 9 PR AL AT REA BY FRATIRA
TR Y SR . B0, fE— B R LR T AR DN B B A T IR AR BCR A
PRS2 .

SR, Vollmer' ™' S\ Sy B4y Fh 24 33T S ) TP 2 B R AT B3 AN T 3845 SAEVE(E H B AR A B v
T BRI, T 8 7 TR AR 2% i Ak S SR 7 BRI S, 38 4 kiR DNA 25 & 40 FARie ™™ i) BL T #s
S35 AR VE Al P03 % el MR B 7E 1 T A S ) A AL R R M BFR TP 8 B — 2k
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2 HAEBEESHEEREYHENG

B 19 a8 ih, AMTGRENGFE BB S TTE S Z B3 A . B TFRESHIA S EEREH
@1 H R 5334  Brandt™ FRE“ B . TF58 R IS 1 i 0 SR 3 AR B Fh 3 2 K 2 HUR T34 3
J& ( Symbiodinium spp) , 4/, A MB O LA 11 ML F o I 20a 3, EE 7 T2 10 % B 5 R FIR R
T T XA BB L 2R DA AR W b B DGR, Rt — 25 AR v A A R S L A A A Ok R AR
A
2.1 FEAEBUE S R AAER R

KHALASR , iy T A TR 285 F T 48 A % e e 8 R 038 O 2 S 380 01 T A ) 2 338 T T J EL o A
it R E X T ETERA MR RN R R E S, BoEaFEYFEMRER T HAERZ
REPERIAE S T RE AR

Rowan"**" 2 20 {140 90 AR WX A B8 A5 SRR VEREAT T TR RIBFST , B RFLP (BRI PRG-I 1
B REE) 1 18S rDNA J7 51 4347 2 A 3t A 38 815 2o R /K P38 185 e S AT AR, X 578 A AR TS Ry 3t
ERERAPBES . WA, ENZREA tDNA 551, 15 18S, 28S, Ml ITS KL K& FIsh M8, T
B, 5K psbA 2P DL R LRtk COX TP B IR TSt S e SRR R B IRE T B2,

Y64, EEAH FIRMHA KT 3 (LSU) LA B AZREA/NTE 2 (SSU) (nrDNA) E:EBFST I AL T S0A T i3k 4E
BB TFHRERGE, I LRBE (clade) (N TFRAFZ BN IC) Tam. BOISTEENNIAETERNGTE
AB.C.D M ES5RET, K3 RWHBIE £, 457, T DNA HWRRE B M4 KRR A
~H 8 NARE, Hrb 6 N RBER S (GIEEEA MBI AP ) 2 A %, Hhk BEm R R Bt
Z,EiExE 1DNA FHIER K 047 & B R B AR BB S KB R X REENBAELE (FRTE
) o BB ERRAL T, HERN R R T NS [ LB Z B . FE%E E R 1TS2
(BWE{A DNA 56355 —[AFRIX ) Bt T PCR-DGGE (e M B RE Fik ) BOBEF > KRR T % A 3
7E R B (sub-clade ) 7K _E SRR .

RAETEBRIT LA BN BE SRR UG T E R (BRFE— SR, #lW DNAERRELRET
AT T EAE RS )y T & R B /A AR B & 4 7 B Z [H] A AL SR R B P2 AR 1R T, 140, 78 PCR b H I
P& UL )75 434, xDNA E 275 9 57 M DA SGE F sa B , 78 3G 2o A8 7= AR 4 1R 7 51 sl 43 T 51 Y 53X
St 5 P A I R B A S A SRR R R EM N ER T ARSI TR REREN . KR,
Apprill ** 2545 L SERTBFST AL A 38 1TS2 53 S REETT BE R R BARAG T, i DGGE 7275 I FR I 1 , 1o I v e
SCHE BB AR T LA 2R SEBR AT B8\ B 15 T JERT 7 BB % 8 M S REHK ., [RR: RFLP F1 SSCP( B4k 4 £ 75
) tfF e R PR k. van Oppen'™ #5 i i T3 A Y FRAE e O AF7E , IX S0 2 B HH 936 A 38 SRR ME R — B R K2
B A7, Sampayo ™ 7E AR T &R A B G IA LT ITS2 J Bty PCR-DGGE o7 I AT LA AF B b A i e
WRBAKF R AEBASITRE, B BERFARTF FRAZH FERE GBS EAF TR AEER
LRV R AR A S FRE T I Th BE
2.2 AWMV IS

B 20 42 90 R4 FPII T AN 3L AE BB M R G B R IFRFSE ™) o RBRR [R] B8 g B e 7 0 0
AR ERER(F 1), — SR A2 500 T R 32 Rt B8 X8R, 70 27 A 908 4 2 o ) S B
18 EH— MR R . REIRBF RS T R R 2 18] SRR R i 4 BERS BE EAE HE R S
REM O . FEEDE—RTF MM LS X R E A MBI b, A, B fI () F REFLAEBEAELS ER R NG
BAMRREZ T C RBEN) ARG RG BT o T H, DR R B He e X 2R B3t A B SRR 1 L ED
BE— KPR RER XA SHA X R SRR R (BN E— KX R BRSO ) 24
PR o EE YRR ERE AR EERRZ S R, R TR D R B
A B S B Y KB IRAE A o FLA, X T A B A W R A AT T B AL
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F1 HERRBMBEIEERMIESTH
Table 1 Symbiodinium clades, their host range and geographic distribution
He A3
OO == M A 2%k
Host range Geographic distribution Reference
clades

A TN SPTENI, FFLAIAG AL N B Lo R L1 5 B RE K OP

A WAL TGS VMGG TARAILIRE Come 02 Dhcp % Caribbean Sea, Red Sea; Indo- [26,27]
mon in Cnidaria and Mollusca; also in Foramniferida X .

Pacific regions

WL TR, SLIHRNME, Ak 1105 N 5

B Common in Cnidaria, particularly in Gorgonacea, also EEgﬁ’?ﬁEle] By He g B E-j(:“z # IZ: RN [39]
. 4 /345 Caribbean Sea; Indo-Pacific regions
in Mollusca
W], ARSI AL B ARG B lshY) B 7E B BE R P 1 X R L1 )

C '] Wide range, in Cnidaria, Mollusca, Foramniferida ¥ R4 43 ffi Indo-Pacific regions and, Red [40,41]
and Ciliophora Sea; Caribbean Sea
WFEGYITT, k3], 23 TR £l &
Ho WRA D2 % WL FHH]; D1 W F ¥4 (Haliclona

D koremella ) #1457 F. 1t H Some in Cnidaria, Mollusca, Po- 4345 7 B BE- K v X 2R 5 iy L v o [42,43]
rifera and Foramniferida. Subclade D2 common in corals; 454} 4fi Indo-Pacific regions ; Caribbean Sea ’
Subclade D1 present in a sponge (Haliclona koremella)
and in Foramniferida
JEFEE IR, {NAE#E 2% Anthopleura elegantissima FI4K &
WA KB B AR GHEERNE R

E Limited range, observed in the anemone Anthopleura ele- 434 7 EJl i - A -7 X £ Indo-Pacific regions [44]
gantissima; and in Mollusca; Also in free-living
dinoflagellate

F FEOAEIL R BARA, S A B AESE HNE  EEA A RO X R i L R [45]
Specific to Foramniferida, rarely in corals and anemone A /43 4ii Indo-Pacific regions ; Caribbean Sea
DT A B H A KO8, 45 FL 3L B Present in N . .

¢ Scleractinia, Octocorals and Foramniferida ERIAHER T Pacific regions [46]

H L FAFLH H Specific to Foramniferida BRI E 11 5 LR DRI [44,45]

4 /34ii Caribbean Sea ; Indo-Pacific regions

BEE BT IRA  Z T REKF LR T RGERA 2 LU RS A B RO A B A o PR R 7R K3
EALH, B RBEAE TSR R A B R R B ¥ HOR, Sampayo' ™ B9 T [Fl#h
T A SR A S A B AN R R BE 70 A, S5 2R R TR BE A [R] 5 3 A R A SR B FE AR G IR B IR AE 55 F
A B B A MR A R AE S BB RIS BB T o R , SRR LR FH BE DA 28 5 ) 23T AR T R R4 19 40
e A 8 B A T A
3 HE-LAEEM T, TEE R BEEL

BEE BRI BRI TEALSE R R 5 E MBI RR L B 2578 , — 55 i [RUB R 2L o - S 0 S 5
HICAEJR A A LB R R LS| (A B ) o BT 34 42 Ty BE A& (holobiont ) DA THI Ik 4 BRAZ AL F b A
PR, T SR 3 A b A G 2R 1) % — AT T 8 A o g I 38 A T BB A (8 S -SL A2 ) O fL LA
B G M AEE R, SR B R, oSt , T — PRI S P R AR 1 & e F ORI i R AZ ™
ATE BT FE B AR L A [6) F2s ] 9-1 # BE JJT-« If [ _E B0 45 78 T2 30 % 7 A [ o 39 7 2 9 3 5 2 16 3l
- Fe A AL A R MR T2 18] _E AT T R B BIBEST , A5 20T AN (RS a A [ TR B2 Y [ o AN ) o 28
AL A B2 AR I A R R IR R
3.1 W StA s AL

TER— M7, 2T 0 F YA BRI 18 EMBI AL A B R G R B B RTER B L ERA £ —
LT g, — R B (A C17) RAEAE TR i B A e T o R T, t H
BRI A B (A C3) 55 R A IIIRE , e SO AR SBARL LA B AR AR 224 o Goulet 251
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5 A 3 5/ \HOMI (octocorals ) Ak 75 st 18] FIZS [8] ) R b JRAEE . Thornhill 2554 %6 7 Fh 1 A 77 SHEH
T RPN FETHERLAER SR AIAE S T R E B A S EREE, AR
EZ LTS B, Frade ™ 223 0 SRTE BB IE /S T & P LA SR 76 85 K O TR B R E g%
BRIV LA R RSN 5 W R B A BB —E % — M LA S R I A (R R B 2w A A B4R st , R B B el
TG R ARt A g B &,

8 B A BRI WAE & —M, TR E M & B RSB e A3, B EWMERE
]k AR A FE A AN VR BRI R IS I 4R 4 332 4 Y 3 A 3 (homologous algae ) T 4E 4 H:
BRI A M, — B el 5 e R A S A | 15 I A A4 K RAERK S TS R, 4
WA 2 W ( Fungia scutaria) X 34 38 ) & — 4k L BU7E SR TR S AR BT A 3% o o IR ST 40 76— 2675
EWEI BRI R R RS B — D (HEEE T8 BN A RIS R A S 3 L AN L
B, 1B 34 ThRB A 1], 15 3= AR 1) DA B Pk e o g 28 700 ) e A B B R DR e M F L A2 Y
A R ST S A T RB IR, 3X SE B 52 32 37 T A A N 3 4 ¢ R (endosymbiosisis ) 2| 75 3 J8 (1 (@ s e T
FRZR— RN E 2% B PR AL ( coevolution ) 33 X WA o
3.2 REA-ILAEEEA I A AT M

15 IR SR WA R 2 (A AEAE AT S I, BRI R 22 (T 4R T TR b B %% 4 3 WM 24K (pol-
yps) B[Rl —EE(4 ( colony ) P9 JLFP A= B [R]E H B, B 48 & B IHIIE 52— Foh SR80 60 465 o A A SRS A 4 38 ) (]
B B [ 23 ) 437 0 TR R ST AR & G e — R 2R B A 0 L MR T MR IR o0 2,
(B3 WA 3 % T S AEFRBE 38 T AAE Hh AU o S 45 L T Oy A B8R AT 48 L) ) AT A ) T S A R e 3R 355
AT AEAE . SR, B S B TE T AR S 5 4R Sl A X R DB %, 3550 b R H 403 Tt S )
UEH— PRI A3 . (H Baker' ' 45t HR 0 1 e 0 WA ER &8 R ILAE B, T /A OB N %A . JLF
SR AIA R B —Fh AR BE LA (33 2 A8 FT BB AE P55 i A B8 R 4T 7 4 (switeh ) B8 SR EHT MM A 345
B BT A B, B R TSI &2 T £ o KE R B KRS B B 55008 3= 11 K 22 33
FREGH R A3 Mieog ™ 45 A\ j# 3 52T PCR(real-time PCR) BFFT BN ot A 38 S R 4 LA
AU () AR B IR B R R 5 B 2R A A B T R BIA N . ARG B s # R B X K &
BIEFEMAAE . MIX I A M FAE 08 FIMITE SR S8 N AT B e s R 4 (shuffle) $2 44 T 54 (3t
BB RIETE MBI ARINRIS B 2SR B e A 3, T3 AR B B 4R 48 T8 IR AN B A LA K
RURAEXS R 400 ) , NI I T BIZE R ORI T A7

Chen 5" 4 371) i £ W1 Acropora palifera BEAT Jo i — 4 B9 WS B 58 % R , 7 {EL B {37 T AR A 3 2% B A
MaE a TEERFTENTS, MEILAEF AW EHREED 3| C K&k, HEMERE EFA WAL D
REFD| C KWL, SEGU R D R B #AE FWL R B, B P 38 T 52 280 iy 2 A e e BT
PP, H A% Reimer ™ 76X ¥ 3 Zoanthus sansibaricus 31— 4 BBE 5T G 15 H7E IR B A8 10 ( F B R IR
BE) T 18 R AN BEE R KE LA BB, BELRFKE BB/, REX T
FRABEI AR B R A T A ST REAE I 5 1 T2 B 2 B A 3 AR T BB A4 R B 28 S B R R R A M AR AL, AR S
BTN 75 BT B8 A b 3 RUBE AR 283 B DA B 53R 5 745 6 IBFAE o

Xt T8 I 75 REFAG T S A B 4 R I AR Th B AR AR e R B ML AR B A A 2 T R S
A2 ER B AT RE R A (HX 2 AT RR IR & /N A& — S U R AL L R A S o 2 DX R L
AT BB & FEUHE AR FF R AR K 1 R , T AS S 7 0 s 0 P e Ak A I R ) = BRAE A o T SR A 35 52 A
BB, ToTE U A SR AR 38 T A 33 9 TR e 8 e B 2 A R R A5 R
3.3 BB EE AL

b1 £k ( coevolution ) 45 A0 E./E FH M FH1E B AR VB HIR 3D T AR B AL MU s 72 | R T0 Bt Bk A
YVEHFENREZENIEZ —. AE, Em A RE R — R R fsh S Rt 8, BB e ) i Fpe A
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F ST RLBEE I ol ) M AR R e AL, AT {5k 00l 1 A ) S A7 A AT

FEIEA BT R BRI A X AN OUK P B, B IESE R 1S E I S A W Z BRI E R G R A —3
PO SR, SR A S U R AL RO BT 55 R LB A R ST IR, 4 K FE A A KB 5T 1 T4 FARIE
(fitn SSU A LSU rDNA) ) FA AR 24 4 15 3 S F5 I B S 19 FGE PR o Van Oppen™® R FH B Ol 725 57 Y
ITS1 rDNA &R 4 FAric i 2e s i 0 A/ OB w15 3 5 36 4 3 po B R B AL ), (B 9F B 18 BT
AIJESE . B, W —3E A BE O R AL RO S8 A SR B Rk R 2 — , 2 R i 20 7 ie T B AT iF
S FY BB S UESEZEAH X A2 A8 10 S0 10 58 3 66 ek 14 e I ) s o 8 K 3 P BB — e A B 3 A TH BRI TR LA A
T R R
4 2HRTUTrMMaLREERE
4.1 HHak

TE R A R A0 A B A IR A T BRI B AR AL R . YIRS AT A 2 A Th BB AT 52 AR KR A, 7
FIMIR S HE D R A R A B A R B B B WA R & A, N SR B i 2R
BSR4k o T 3eE USRS AL SR IR AR 2 5 A, B R B IR ) (& B 3Rk, WK IR T, DB Bg im,
SO R I 3R LA B g K BERR AR 1R ) MR o FHh, MK K B B R AN S LA B A s R ™ Y
BESRo B T RER A SIE B  F O 1, B A 5 S2 B S IG Bh 7 A A b, BeAh, A WZE R T (W
b)) By, ZESCI RIS S R A bE L E T OmEE (FIRBRR) , BES, B4R (L HEY
R ) LA BRI IS 48 o TR B AL S0, o 3 BSOS A 7 45 4 B A7 J ot P 1507 , o o 1 B B8 e A
BSRGAEWMROERW . BT £ H LR, KRR B 16 F 4 iRkE SRS, (2 6E 7 ZRHTA 5
KIS 5 2RI ME/R 8% (El Nino) K R, UHELIRE LR H 12 9] B, 72 Wiy
Ree R BB R R,

4.2 W3R AR A B ALGE BT

B, B¥EN DA R B REEMILAEXN B EAWZ ), M C R A BN ERE S ZIE
Wit (BB 2 % B R P RS () W 2R A A ot A 2 B 25 Ak (814 - C1S A dse 3B 3 A if 1 4k,
M C3 FEAILERGERZA) o D REFILA BRI BT BT a1, WERBFFE R U] B 405 i 3 3 e B
HARN R S R R, N D BB A SR BT AL D R A R A S W 2R B A 8 A LA
HBTIREIEA T i, T B —B SR .

Buddemeier' ™ 7E 1993 4F 35 Y24 T “ 3% i F1 468 13 (adaptive bleaching hypothesis) ™ , 1A S & i 7 S B 76
IS T R RIFSe R R SE A 38, AR5 DS K A b T DLARAS B 5E oL 90 45 1 3 A B0 20 BB 19 3L AR T Rk
&, AT LARTSE i 52 A A A . AR REA, JRSE E B2 C RSN IMBIE QL5 73 D REEN
ERF AT A T D R AR A N B A T B R A B LB IR X Rk & BRA L T
IS R AR ML T — 8 BIMRE . SR, X FixX — R U2 7 BOL LA S BN R b E PR e Z . AR TS,
RS B B AL RTR R TR FIMEIAS B R S A SRR I T T R A R AR AR
R B 5 BETE AN A 388 0 AT B3R B IR - S A= 8 S0 3 7 G B BT - 4 BRI R 14 B AR R T S B A A
A, (EARL AT BB I B B R — 3 A B A & BB PR A o T AR5 A AR 0 T o 3 3
FEE IR BE A CO, Y JE LA B BEAR OB 4 1 T MR AR A A7 WSR3 7 i 2 A8 kg 337

R 2 KT W) - 2L A XS PR 3 1 52 1 A ST AR AR AR R S A BE R R 0 AR ik, RTEIR KRR E B
T 18 I O A BRI R PRI — SR E A SEBR b, MBS AR MR (Hotn C3 FIREA WA 2 18
32 G A AR B RV AT LA AN T 32 4 A S 45 4 (B €3 e a1 o KB MO BHE 5 B 16 3 S
X EE AN D RR IR 2 T RE RS E AT D HIVER . IR S AR W AH R R R R B R F . AR
FEANTE ORI R ST X 20 R R e TR - AR B DD BB A G BR AN BN 8 T T SZ e B R EE W)
YEM.
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WA 9 Ak 038 PR B I e B4 — 5 IR ] (resilience) , 33 E1LSS , B AN A B 0 2R 9
TR0, DA S 525 AL A SRR X 5 S R SR Y AL SRR ROV TE T 32 M AR SR IS s T 24 BT ST I (0 78 2
R REFEEMER MR . 3T rp AR (] 2 B 14 3 e A 390 B 58 o2 v IR AR T B D A e 2R
Fo/b o Myl G X SR AR AR PR O 30 e o 1 B AR S BOM B i A T RE 1 B o 46 B R R . e
A, 3o BEAR 4T DA BT Vg Vg o P A F I [ 2050 o A 0 e P AR Ak A 5 IR E Y, A 7T B = B ik A o K
B R S R G IR AR AR DL R 3t & R 78 55 3R 1 SR
5 HRRE

REMMBIER TEE-RPER R, WA G2 S mARN 2.57% , & ika s G it A S5
(9 173, BT 1 RS S R R B X ) o SR, 3 0 IR A AR SC B S AR X, 240 Pt 3
B S A B EEMN T ILAEHT TR RAGFEYEMLTEYF T ENR T AREEAMHRES
SMERYIEIRE™  FEICAR R T, IR I RESE T R DR R R A IR A S s A A, AT
U700 I\ S 5 A 3 3 — S (DL R PR R AR B AR R S, R TTS RS0 B T F REFIL AR 3 R4
Sl NG YR 5 A0 R 1 SR A M BRI S 2 B L A BE R ITS 1DNA BRI TR T C Rff. BEERESL™™
BRGHSE T MG Rl b3 05 i A AL A B 0+ R4 K S8t S HEE , 45 R R M 1 v s 1 A T
WA BE B S SR ACE IR, A I S AR B R R W T, KIERE G RIRAMNR . E44D
REAR DT T, 2R BTG T R0 B ZE 2 A T B A SRR N . 2R g i AR 39 A T g 3t
A B BE (R ()R ZS [B] 22 R AT T TR AT, U D AR BE R B S B A OREK . X SRR AT
it v 8 0 i T R 5 RO AR BRI SC RN AR A R AR A S T BB E T AR

2T E B b - AR AR SC R B ST IR AL TR B B, — 28R R B AT A A A ALy T W BFR R A
Rt . 2BRRT MBI A A2 R, 456 6 3 i B 05 R A 5E IR A 6 ZE T JLASJ5 T AN
W5
5.1 ERAMBINERSREXRE

W AV F R E A Y S 2R O RS A I R TR AL, DA R 2 ()
(45 B MBIt MARGKE R R, BT E S 1A W 0 I8 LSRR A [R50 I B v 4544 1Y
MAEFERIZE AR, IAh, BT 2P Bk BRI A B AT AT
5.2 LA RERBIE SRR R AE Y IR A

AR, FEFRIE RN T FREDPLENH B2 SR Z A X R T HEG T ER#EE, )
FEARRZ AL, BETXT T4 SR A B TR A Uik ™ B R b St SR A R 5
6 ERARTEFRE N ELAEB LI ARTE . b A B MR, Joe oA B8t % A
AR A W tih 38 o3 A R HE R R R sl BT B AH GG 20 B M , B 75 2 I ok 7 T A 5 Utk
Hb, BFFR S A B A Wb PR A A R B I O TE AN [F A 5 (4 B IR BE SR ) , AR 18 IR S DL R H AR
T S S AP B LA B 2R T 2T
5.3 IE-dRAR A SC R R H U R AL RE )

N3 A 2 R0 2 B A 2 £ B A R (OGRS B ) 55 A SR A ST e A S8 R AL
HE— RT3 A 28R () S A R AR RBTE RSN FE, TS B i AT R A B AR 5 4045 LA SO
B2 ART TR I R B i 6 S AR BE IR A AL A T B A, 33X SR R AR AE AL A RO R AR S R AL KA 4
tho BEMTEYY 5ABAED VM-S M T —ME S rT 8, A a2 (8] ROBE -3 58 B - 2L A4
B R AL, BRAR LA S A D BRI IR AR AL B L BB T o WEAb, 56 A B 1 R U8 R 43 Ak B BIF A F
i A B 5 18 S AR A HAIE DL PR B A5 T A IR RI N Ak DA S A SR 2 BRAE AL RE T
5.4 2T MR A bz

2N AL IS AL SR A T8 IR RE , % T 3B 2 75 BB B 23R AR e Al . BE & S

http ://www. ecologica. cn



4404 £ OF ¥ R 29 %

FLE AR S A A AR ) s B S R AR R . BT A E BRI RE . CO, R 5 Bk s
X LIRS R 2R ARG A 58 T LA SE A 59 70 A W 3 R JR IR (oM Tl AR LA R T 3hix 2 [
R PRI X MIRE A SR A ERKIEN o HE5A RIS A B 2 a0 g EIWBIHE B AL s B3R5
fohia B9 22 5 SV R, Sl BS54 ) AR B S IR F 5 3 A T B PR TE 25 Fh IR BT B T IR 52 7 B Honi
JSE, 3-AT SWH AN A o D AR T BRI A B AR 2SI BE . AT, 76— e 2 B b AT LUA G B 76 R SR 3R 58 28
ANy RN

i8I A _EJLT5 T BB TS 34T , BT LA BE s 2 o) S A 3 -5 2 A 9 2 18] SRR 9 5 2R LA B X A 5 )3 i FE
J1o XEMERBRAA BT T M T RESS BRI i A 25 RO/ 2R AT A 7, T B8 2 B LR i 71
FEORAP DX AN Bk PR P B SR AR RO e BRI 2% B TR AR

References :

[ 1] Freudenthal H D. Symbiodinium gen nov and Symbiodinium microadriaticum sp nov, a zooxanthella taxonomy, life cycle, and morphology. Journal
of Protozoology, 1962,9; 45 —52.

[2] Taylor D L. Ultrastructure of the ‘ zooxanthella’ Endodinium chattonii in situ. Journal of the Marine Biological Association of the United Kingdom,
1971, 51 227 —234.

[ 3] Kinzie R A. Experimental infection of aposymbiotic gorgonian polyps with zooxanthellae. Journal of Experimental Marine Biology and Ecology,
1974,15: 335 —345.

[ 4] Schoenberg D A, Trench R K. Genetic variation in Symbiodinium ( Gymnodinium) microadriaticum Freudenthal, and specificity in its symbiosis
with marine invertebrates. [ . Isoenzyme and soluble protein patterns of axenic cultures of Symbiodinium microadriaticum. Proc. R. Soc. Lond.
B,1980,207 :405 —427.

[ 5] ZouR L. Chinese Fauna Sinica, Hermatypic coral. Beijing: China Science Press, 2001.1 —289.

[ 6] Heyward A J, Babcock R G. Self- and cross-fertilization in scleractinian corals. Mar. Biol. , 1986, 90; 191 —195.

[ 7] Kenyon J C. Models of reticulate evolution in the coral genus Acropora based on chromosome numbers: parallels with plants. Evolution, 1997,51 .
756 —767.

[ 8] Oliver W A. Origins and relationships of Paleozoic coral groups and the origin of the Scleractinia. In; Stanley Jr. , G. D. Ed. Paleobiology and Bi-
ology of Corals. Paleontological Society, Pittsburgh, 1996. 107 —135.

[9] Wood R A. Reef Evolution. Oxford; Oxford Univ. Press, 1999.

[10] Stanley G D, Fautin D G. The origins of modem corals. Science,2001,291:1913 —1914.

[11] Hatta M,Fukami H, Wang W, et al. Reproductive and genetic evidence for a reticulate evolutionary history of mass-spawning corals. Mol. Biol.
Evol. ,1999,16:1607 —1613.

[12] Diekmann O E, Bak R.P M, Stam W T, et al. Molecular genetic evidence for probable reticulate speciation in the coral genus Madracis from a
Caribbean fringing reef slope. Mar. Biol. , 2001,139:221 —233.

[13] Veron J. Corals in Space and Time. Sydney:UNSW Press, 1995.

[14] Veron J E N. Corals of the World. Townsville ; Australian Institute of Marine Sciences, 2000.

[15] Harrison P L, Babcock R. C,Bull G D, et al. Mass spawning in tropical reef corals. Science, 1984 ,223:1186 —1189.

[16] Babcock R C, Heyward A J. Larval development of certain gamete-spawning scleractinian corals. Coral Reefs,1986,5:111 —116.

[17] Hayashibara T, Shimoike K, Kimura T, et al. Patterns of coral spawning at Akajima Island, Okinawa, Mar. Ecol. Prog. Ser., 1993,101:253 —
262.

[18] Sanchez J A, Alvarado E M, Gil M F, et al. Synchronous mass spawning of Montastraea annularis (Ellis & Solander) and Montastraea faveolata
(Ellis & Solander) (Faviidae: Scleractinia) at Rosario Islands, Caribbean coast of Colombia. Bull. Mar. Sci. ,1999, 65: 873 —879.

[19] Wallace C C, Willis B. Systematics of the coral genus Acropora: implications of new biological findings for species concepts. Annu. Rev. Ecol.
Syst. ,1994, 25.237 —262.

[20] Kenyon J C. Models of reticulate evolution in the coral genus Acropora based on chromosome numbers: parallels with plants. Evolution,1997, 51
756 —1767.

[21] Vollmer S V. Palumbi S R. Restricted gene flow in the Caribbean staghom coral Acropora cervicomis: Implications for the recovery of endangered

http ://www. ecologica. cn



83

FEf 4. G005 HIE A B (Symbiodinium ) 3L BT E R 4405

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]
[37]

[38]

[39]

[40]
[41]

[42]

[43]
[44]

[45]

[46]

[47]

reefs. 2007, Journal of Heredity,98(1) :40 —50.

van Oppen M J H, McDonald B J, Willis B et al. The evolutionary history of the coral genus Acropora (Scleractinia, Cnidaria) based on a mito-
chondrial and a nuclear marker: reticulation, incomplete lineage sorting, or morphological convergence? Mol. Biol. Evol. ,2001,18:1315 —1329.
Chen C A, Wallace C C, Wolstenholme J. Analysis of the mitochondrial 12S rRNA gene supports a two-clade hypothesis of the evolutionary history
of scleractinian corals. Mol. Phylogenet. Evol. , 2002,23:137 —149.

Brandt KAH. Uber das Zusammenleben von Thieren und Algen. Verh Physiol ,1882.22 —26.

Zou R L. Recognize in unicell zooxanthella. Research and Development in South China Sea,1990,2:1 —5.

Rowan R, Powers D A. Molecular genetic identification of symbiotic dinoflagellates ( zooxanthellae). Mar. Ecol. Progr. Ser., 1991,71.:65 —73.
Rowan R,Powers D A. A molecular genetic classification of zooxanthellae and the evolution of animal-algal symbioses. Science, 1991,251:1348 —
1351.

Rodriguez-Lanetty M, Krupp D A, Weis, V M. Distinct ITS types of Symbiodinium in Clade C correlate with cnidarian/dinoflagellate specificity
during onset of symbiosis. Mar. Ecol. Progr. Ser. ,2004,275.97 —102.

Moore R B, Ferguson K M, Loh W K, et al. Highly organised structure in the non-coding region of the psbA minicircle from clade C Symbiodini-
um. Int. J. Syst. Evol. Microbiol, 2003,53:1725 —1734.

Takabayashi M, Santos S R, Cook C B. Mitochondrial DNA phylogeny of the symbiotic dinoflagellates ( Symbiodinium, Dinophyta). J. Phycol.
2004 ,40:160 — 164.

Baker A C, Rowan R. Diversity of symbiotic dinoflagellates (zooxanthellae) in scleractinian corals of the Caribbean and eastern Pacific. Proceed-
ings of the 8th International Coral Reef Symposium,1997,2:1301 —1306.

Goulet T L, Coffroth M A. Genetic composition of zooxanthellae between and within colonies of the octocoral Plexaura kuna, based on small subunit
rDNA and multilocus DNA fingerprinting. Marine Biology, 2003,142; 233 —239.

LaJeunesse T C,Trench R K. Biogeography of two species of Symbiodinium (Freudenthal) inhabiting the intertidal Sea Anemone Anthopleura ele-
gantissima (Brandt). Biol. Bull, 2000,199:126 —134.

LaJeunesse T C, Thorhill D J, Cox E F, et al. High diversity and host specificity observed among symbiotic dinoflagellates in reef coral communi-
ties from Hawaii. Coral Reefs, 2004, 23:596 —603.

Wang Y, Zhang Z, Ramanan N. The Actinomycete Thermobispora bispora contains two distinct types of transcriptionally active 16S rRNA genes. J.
Bacteriol. ,1997,179:3270 — 3276.

Apprill, Gates. Recognizing diversity in coral symbiotic dinoflagellate communities. Molecular Ecology, 2007,16:1127 —1134.

Ulstrup K E, van Oppen M J H, Kuhl M, et al. Inter-polyp genetic and physiological characterisation of Symbiodinium in an Acropora valida colo-
ny, Marine Biology,2007, 153,225 —234.

Sampayo E M, Franceschinis L, Hoegh-Guldberg O, et al. Niche partitioning of closely related symbiotic dinoflagellates. Molecular Ecology,
2007,16:3721 —3733.

Goulet T L, Coffroth M A. A within colony comparison of zooxanthellae in the Caribbean gorgonian Plexaura kuna. Proceedings of the 8th Interna-
tional Coral Reef Symposium, 1997, 2. 1331 —1334.

van Oppen M J H. Mode of zooxanthella transmission does not affect zooxanthella diversity in acroporid corals. Marine Biology, 2004, 144.1 —7.
Pochon X, LaJeunesse TC, Pawlowski J. Biogeographic partitioning and host specialization among foraminiferan dinoflagellate symbionts ( Symbio-
dinium; Dinophyta). Marine Biology, 2004, 146 17 —27.

Carlos A A, Baillie B K, Kawachi M, et al. Phylogenetic position of Symbiodinium ( Dinophyceae) isolates from tridacnids ( Bivalvia) , cardiids
(Bivalvia) , a sponge (Porifera) , a soft coral ( Anthozoa) , and a free-living strain. Journal of Phycology, 1999,35:1054 —1062.

Garcia-Cuetos L, Pochon X, Pawlowski J. Molecular evidence for host-symbiont specificity in soritid foraminifera. Protist, 2006,156 ; 399 —412.
Wilcox T P. Large subunit ribosomal RNA systematics of symbiotic dinoflagellates: morphology does not recapitulate phylogeny. Molecular Phyloge-
netics and Evolution, 1998 ,10:436 —448.

Pochon X, Pawlowski J, Zaninetti L, et al. High genetic diversity and relative specificity among Symbiodinium-like endosymbiotic dinoflagellates in
soritid foraminiferans. Marine Biology, 2001,139. 1069 —1078.

Pochon X, Montoya J I, Stadelmann B, et al. Molecular phylogeny, evolutionary rates and divergence timing of the symbiotic dinoflagellate genus
Symbiodinium. Molecular Phylogenetics and Evolution, 2006,38:20 — 30.

Rowan R. The distribution of zooxanthellae from different places. In: Proceedings of the 7th International Coral Reef Symposium, 1996. 658.

http ://www. ecologica. cn



4406 E oA ¥ W 29 %

(48]

[49]

[50]

[51]

[52]

[53]
[54]

[55]

[56]

[57]
(58]

[59]

[60]

[61]
[62]

[63]

[64]

[65]

[66]

[67]
[68]

[69]
[70]

[71]
[72]
[73]
[74]

Rodriguez-Lanetty M, Loh W, Carter D, et al. Latitudinal variability in symbiont specificity within the widespread scleractinian coral Plesiastrea
versipora. Mar. Biol. , 2001,138.1175 —1181.

Baillie B K, Belda-Baillie C A, Silvestre V, et al. Genetic variation in Symbiodinium isolates from giant clams based on random-amplified- poly-
morphic DNA (RAPD) patterns. Mar. Biol. , 2000, 136:829 —836.

Santos S R, Gutiérrez-Rodriguez C, Lasker H R, et al. Symbiodinium sp. associations in the gorgonian Pseudopterogorgia elisabethae in the Baha-
mas: high levels of genetic variability and population structure in symbiotic dinoflagellates. Mar. Biol. ,2003,143.111 —120.

Lien Y T, Nakano Y, Plathong S, et al. Occurrence of the putatively heat-tolerant Symbiodinium phylotype D in high-latitudinal outlying coral com-
munities. Coral Reefs,2007,26.35 —44.

Sampayo E M, Franceschinis L, Hoegh-Guldberg O, et al. Niche diversification of closely related symbiotic dinoflagellates. Mol Ecol. ,2007,16:
3721 —3733.

Goulet T L, Coffroth M A. Stability of an octocoral algal symbiosis over time and space. Mar. Ecol. Prog. Ser. ,2003,250.117 —124.
Thorhill T C,LaJeunesse D W, Kemp W K, et al. Multi-year seasonal surveys of coral algal symbioses reveal prevalent stability and post bleaching
reversion. Mar. Biol, 2006,148 ;. 711 —722.

Frade P R, De Jongh I, Vermeulen F, et al. Variation in symbiont distribution between closely related coral species over large depth ranges. Mole-
clar Ecoloy,2008,17 :691 —703.

Coffroth M A, Santos S R. ,Goulet T L. Early ontogenetic expression of specificity in a cnidarian — algal symbiosis. Mar. Ecol. Proc. Ser,2001,
222.85 —96.

Belda-Baillie C A, Baillie B K, Maruyama T. Specificity of a model cnidarian-dinoflagellate symbiosis. Biol. Bull. ,2002,202: 74 —85.

Weis V M, Reynolds, W S, Krupp D A. host symbiont specificity during onset of symbiosis between the dinoflagellates Symbiodinium spp. and
planulae larvae of the scleractinian coral Fungia scutaria. Coral Reefs, 2001.20:301 —308.

Bumnett W J. Longitudinal variation in algal symbionts (zooxanthellae) from the Indian Ocean zoanthid Palythoa caesia. Mar. Ecol. -Prog. Ser. ,
2002,234:105 —109.

Baker A C. Flexibility and specificity in coral-algal symbiosis: diversity, ecology, and biogeography of Symbiodinium. Annual Review of Ecology
Evolution and Systematics,2003,34 :661 —689.

Goulet T L. Most scleractinian corals and octocorals host a single symbiotic zooxanthella clade. Mar. Ecol. -Prog. Ser. , 2007, 335.243 —248.
Baker A C, Romanski A M. Multiple symbiotic partnerships are common in scleractinian corals, but not in octocorals;: Comment on Goulet
(2006). Mar. Ecol. -Prog. Ser. , 2007,335:237 —242.

Baillie B K, Belda-Baille C A, Maruyama T. Conspecificity and Indo-Pacific distribution of Symbiodinium genotypes ( Dinophyceae) from giant
clams. Journal of Phycology, 2000, 36: 1153 —1161.

Mieog J, van Oppen M, Cantin N, et al. Real-time PCR reveals a high incidence of Symbiodinium clade D at low levels in four scleractinian corals
across the Great Barrier Reef: implications for symbiont shuffling. Coral Reefs,2007,26:449 —457.

Chen C A, Wang J T, Fang L S. et al. Fluctuating algal symbiont communities in Acropora palifera ( Scleractinia;: Acroporidae) from Taiwan. Mar.
Ecol. -Prog. Ser. , 2005,295:113 —121.

Reimer v, Ono Shusuke, Tsukahara Junzo, et al. Non-seasonal clade-specificity and subclade microvariation in symbiotic dinoflagellates ( Symbio-
dinium spp. ) in Zoanthus sansibaricus ( Anthozoa: Hexacorallia) at Kagoshima Bay, Japan. Phycological Research, 2007,55 (1) :58 —65.
Hoegh-Guldberg O, Jones R J,Ward S,et al. Is coral bleaching really adaptive? Nature, 2002,415:601 —602.

Darwin C. Natural selection. In: The Origin of Species by Means of Natural Selection or the Preservation of Favoured Races in the Struggle for Life.
England ; Penguin Books Ltd, Harmondsworth, Middlesex. 1859.130 —172.

Thompson J N, Cunningham R. Georgraphic structure and dynamics of coevolutionary selection. Nature, 2002,417 ;735 —738.

Diekmann O E,Olsen J L, Stam W T, et al. Genetic variation within Symbiodinium clade B from the coral genus Madracis in the Caribbean ( Neth-
erlands Antilles). Coral Reefs, 2003,22; 29 —33.

Roderick G K, Gillespie R G. Speciation and phylogeography of Hawaiian terrestrial arthropods. Mol. Ecol. ,1998,7:519 —531.

Brown B E. Coral bleaching: causes and consequences. Coral Reefs, 1997,16:129 —138.

Buddemeier R W, Fautin,D G. Coral bleaching as an adaptive mechanism. BioScience, 1993, 43.320 —325.

KeYY, Qi WT, Gu HY. Morphological and molecular systematic study on the origin of scleractinia. Universitatis Pekinensis( Acta Scientiarum

Naturalium) , 2003,39 (6) :850 —857.

http ://www. ecologica. cn



83

FER 4 A S I B (Symbiodinium ) 3¢ A B 5T BE & 4407

[75]

[76]

[(77]

Huang H, Dong Z J, Huang L M, et al. Restriction fragment length polymorphism analysis of large subunit rDNA of symbiotic dinoflagellates from
scleractinian corals in the Zhubi Coral Reef of the Nansha Islands. J Integr Plant Biol. ,2006, 48(2) ;148 —152.

Gou WL, SunJ, Li X Q, et al. Phylogenetic analysis of a free-living strain of Symbiodinium isolated from Jiaozhou Bay, P. R. China. J Exp Mar
Biol Ecol. ,2003,296:135 —144.

Zhu B H, Pan K H, Wang G C. Phylogeny of two Symbiodinium sp from anemones in Xisha Archipelago and Hainan Island, China. Cahiers De Bi-
ologie Marine, 2007 ,48(3) :277 —285.

[78] Dong Z J,Huang H,Huang L. M, et al. Molecular taxonmony and diversity of symbiotic in reef-building corals in the sea near Dongshan Island in
Fujian Provice. Journal of Oceanography In Taiwan Strait, 2008 ,27 ; (2) ;135 — 140.

[79] Dong Z J,Huang H,Huang L M, et al. PCR-RFLP analysis of large subunit rDNA of symbiotic dinoflagellates in scleractinian corals from Luhuitou
fringing reef of Sanya, Hainan. Biodiversity Science,2008,16 (5) : 498 —502.

[80] LiX B, Huang H,Fu Q, et al. Effects of tem perature on bleaching of Acropora nasuta. Joumal of Tropical Oceanography, 2007 ,25(6) :58 —62.

[81] LiS, YuKF. Interspecies and spatial diversity in the symbiotic zooxanthellae density in corals from northern South China Sea and its relationship to
coral reef bleaching. Chinese Science Bulletin, 2008, 53(2) : 295 —303.

SEH:

[5] apfoak. shEZhE.: Sl Just . Bzt it, 2001. 1 ~289.

[25] AR{-Ak. Bam o e 3 e AR SR MRS 50T &, 1990,2:1 ~5.

(741  FT-46, 553, BRLLAE. A IR MBS AR F REEVIR. L REF R BABIER) ,2003,39 (6) :850 ~857.

(78] HEEZE, W, R R, % RIS MR i A WA 32 7 RG0S st 1% ZAEPERFSE. & Y59k ,2008,27(2) 135 ~ 140.

[79] #GEZE,350%, 3 R R, 5. 38 F] PCR-RFLP J7 B 9% = W0 [m] 3k j5 il il A SR 2 BE A AL A2 224844 ,2008 , 16 (5) : 498 ~502.

[80] ZEFAR, BNg , AF il , 55 S0 RE A I A IF) G BE PRy Wi B B VAR IE. i ¥ 2 41,2007 ,25(6 ) :58 ~62.

http ://www. ecologica. cn



	08D01.pdf
	08D02.pdf
	08D03.pdf
	08D04.pdf
	08D05.pdf
	08D06.pdf
	08D07.pdf
	08D08.pdf
	08D09.pdf
	08D10.pdf
	08D11.pdf

