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M. HIROSE ET AL

Figure 1. Early development of Pocillopora verrucosa: from uafertilized egg 10 two-cell stage. (A) Oocyte
isolated from the gonad. Zooxanthellac are distributed cvenly in the cytoplasm. The germinal vesicle is at the
center of the cocyte. (B) Qocyte viewed under epifl (BV excitation). The red fl ce i due 1o
algal chlorophyll. Cytoplasm of the oocyte exhibits blue-green autofluorescence. (C) Spawned cgg. Zooxan-
thellae are mainly located in the right hemisphere and lipid droplets in the left hemisphere. (D) The same egg.
observed under epifl (BV (E) First cleaving stage. Cleavage furrow (arrow) starts at the
hemisphere that contains the zooxanthellae. (F) Two-cell stage. Zooxanthellae are divided equally into the two
blastomeres. Bars = 100 pm.

% g a’l’ = a o w ) 6 1 dy [
AIUN19LE8Y zooxanthellae Fsdmud A tazidulselosuaonisiniziassuzniss

wazdnInzialifinsyanulindue



Usingnisaluzniananyaa (Coral Bleaching)
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3.3.4.3 @n391113 ESM (Okaichi et al. 1982)
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2. zooxanthellae Minenlaainaanlinzia
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3. Anwdnrnaaiiulaves zooxanthellae fiusnainaenisinia

NMsMAaemSnIINISasaiulnues zooxanthellae finananeenlimeiaduian 15
Su wu Sanduusyansnsiula 0.43 detu warldiarlunsiinsuuwadifudensii 0.71
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Zooxanthellae azLﬂﬁaugﬂﬁwaLﬂu gymnodinoid cell Tuunshaavesiuminty wuin
vdaanlfsunasyann 2-3 dalus Aetraan 10.00 u. Wudull Zooxanthellae Fa3uinng
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Fonau uasdusinageaelurasnan 13.00 4.-14.00 u. ntuaziuAsuziandug coccoid cell
Uszananan 1800 u. @9 coccoid  cell %LﬁutﬂuL%aéé’ﬂwmsﬂammqﬁmaajﬁﬁ’aﬁumaa
multiwell plate ae13lsAnuU3IUVes coccoid cell aznunINNIT gymnodinoid cell iduann
UpNEGR

Tusgminmihnsmaassdananuin zooxanthellae ENTnsuUIsadluTsIaINaNAY
Tngaedananuieadiidnuagaeansinansdaiaulunaiusyanm 03.00 u. warluugatunaunis
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INNISANYIANYULLYAT Zooxanthellae  lAndosqanssal nuIanuusleanues
zooxanthellae TugnldlurosjuRnsiidnunsioad 2 sUuuuf et Aelugunuuiiiu Free-
living ofelusnath (gymnodinoid cell) ddnwauzilu Dinoflagellate Aoiiusos Cingulum
manasdidnvazadieiay 8 SngunuuAesUuuuwadfiliindeuil erfeegnnelulwaduedi
Hunse coccoid cell Fdnwaznay Athnianes vurnUszanm 10 um WulReIfunsAneves
Raechel uazang Tl A.A.2008 way Hagedorn wazaug Tul A.A. 2010 nsAnwIvRIIADN
UIFYNUIN Zooxanthellae Haurnuszunn 10 - 20 um

Sleviinsides Zooxanthellae ‘1‘7iL.Laﬂmﬂﬂzm%’ﬂuqmmmiﬁ% 4gns Ao T1, T1 iy
519 @ALNM, ESM Wag Daigo wuilifimaiiulaves zooxanthellae Yisfinisnaassuas Carlos
uazAy (1999) A1LN3nLABY zooxanthellae wazdinsasaiulaliluemisgns ESM aadnd
aMNINNTT zooxanthellae  toafinatvaneiug wazUznnfafildlunsmaassnanauay
Uinudiorailiiinuandsresansiug daunmaaosanungaues pH - Aildides
zooxanthellae  HuIINNIIMARBIALIIEY Masuda  uagAmy (1994) wudn zooxanthellae
mmamamiéﬂu pH 6.5 -9 Tnadulalaniu pH 8 szNmavﬂmmaﬂ‘umimaaﬂwawgmmi pH
wmmvamamﬂam zooxanthellae A8 pH 6.5, 7 uaz pH 8 ﬁ]ﬂﬁdmmiam Daigo 1 pH 8
n9iAed zooxanthellae Ainenaneenlimzaiiemdnsinaaiyiuln Ssdauvidu 0.43 Yu
wasdl ceneration time vSesvazafiwadldlunsifiusunanduasarivessnawadiiu
AU 0.71 Yu Fansfinwives Stephen  wazans Tul 1986 nuindnsnisulasadues

zooxanthellae JANVIAU 0.39 T 0.18 AU FIUAULANFNAUNINTENINEDINITNAADS

FENINAENYITRTINSIRTYAUlANUIN zooxanthellae Insildgunyasgusisluseuiy
5813 coccoid cell war gymnodinoid cell FavinsAinwdnsnisiudsundasgussluseu 24
) | [ a . Vs Y] = 3 a I
L9 NUIMERINT coccoid cell IasuuasUszana 3 3lus asdivivwaaiasuguundy

. . 1Y) I3 . a & A ' 1% 1Y) =2
gymnodinoid cell wagnauluidu coccoid cell dnasaiiolifinas aonndosiunisAnyives
Wang tazaug Tul 2008 #laAn®119733nU99 zooxanthellae lutisiiainarsiulaznansau
WUILAHRVRY zooxanthellae FUINTHULLARIUYINAIAY LaghUigadauantuIanalsiy
VbinuLiueas zooxanthellae 71fi5U319 gymnodinoid cell lugianiandenan Asuandbugun
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Light ON

AC—sensitive

Light OFF

E‘U 7 11 uaANTINYBY Zooxanthellae (Wang et al.,2008)

fefoyaimariandudeyaiiuguilivsenoumsides zoxanthellae  wagauisedud
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2. aw¥msuen zooxanthellae MndningLadifualuisnmsAnuilildunaeiugiie

nndeUaeRugnuSousaly



14

LONE1591999

9NNaR anNiluns 2536. MInaUaNDUBIUENSIaIUIUENSIwBLANITAIN TNENY I VBT
Ugne e, 2534 Tungaduaiiu Usemelng Inerinusumdndin unansal
UNINESY 117 wih

Baker,A. C., Glynn,P.W. and Riegl B. 2008. Climate change and coral reef bleaching: An

ecological assessment of long-term impacts, recovery trends and future outlook.
Estuarine, Coastal and Shelf Science, 80, 435-471

Edmunds, P. J., Gates, R. D., Leggat, W., Hoegh-Guldberg, O. and Allen-Requa, L. 2005. The
effect of temperature on the size and population density of dinoflagellates in
larvae of the reef coral Porites astreoides. Invertebrate Biology, 124, 185-193.

Granados,C., Camargo,C., Zea,A. and Sanchez, J.A. 2008. Phylogenetic relationship among
zooxanthellae (Symbiodinium) associated to excavating sponges (Cliona spp.)
reveal an unexpected lineage in the Caribean. Molecular Phylogenetic and
Eolution, 49, 554-560

Hagedorn, M.C., Carter, V.L., Leong, J.C. and Kleinhans, F.W. 2010. Physiology and
cryosensitivity of coral endosymbiotic algae (Symbiodiniom). Cryobiology. 60. 147
- 158

Hirose, M., Kinzie, RA. and Hidaka, M. 2000. Early Development of Zooxanthella-
Containing Egegs of the Corals Pocillopora verrucosa and P. eydouxi with Special
Reference to the Distribution of Zooxanthellae. Biol Bull. 199. 68 - 75

How Reefs are Built. Oracle Education Foundation. http://library .thinkquest .org /25713
/reefs_madel html (@uduiile Juil 26 nuaus 2554)

Khalesi, M.K. 2008. Cell cultures from the symbiotic soft coral Sinularia flexibilis. /n Vitro
Cellular & Developmental Biology-Animal, 44, 330-338.

Kinzie, R. A.,, and Takayama, M. 2001. The adaptive bleaching hypothesis: Experimental

tests of critical assumptions. Biological Bulletin 200(1): 51-58.
Leggat, W., Whitney, S. and Yellowless, D. 2004. Is coral bleaching due to the instability of

the zooxanthellae dark reactions? Symbiosis, 37, 137-153.

Lesser, M. P. 2004. Experiment biology of coral reef ecosystems. Journal of Experimental
Marine Biology and Ecology, 300, 217-252

Louis, C. and Schleyer, M. H. 2002. Coral bleaching on high-latitude marginal reef at
Sodwana Bay, South Africa. Marine Pollution Bulletin, 44, 1380-1387

Mclaughlin, J.J.A. and Zahl,P.A. 1959. Axenic zooxanthellae from various invertebrate
hosts. Ann. N. Y. Acad. Sci. 77. 55-72

Meehan, W. J. and Ostrander, G. K. 1997. Coral bleaching: A potential biomarker of

environmental stress. Journal of Toxicology and Environmental Health 50(6):



15

529-552.

Raechel, A, Littman, J. H. van., Oppen, Bette, L. and Willis,Y. 2008. Methods for sampling
free-living Symbiodinium (Zooxanthellae) and their distribution and abundance at
Lizard Island (Great Berrier reef).Journal of experimental of Marine Biology and
Ecology, 364, 48-53.

Stephen,L.D. and Christopher,F.D. 1986. Cell-Size distributions of zooxanthellae in culture
and symbiosis. Biol. Bull. 170. 519 - 525

Strychar, K. B., M. Coates, et al. (2005). Loss of Symbiodinium from bleached soft corals
Sarcophyton ehrenbergi, Sinularia sp. and Xenia sp. Journal of Experimental
Marine Biology and Ecology 320(2): 159-177.

VENN,A.A,,LORAM,J.E. & DOUGLAS,A.E.2008. Photosynthetic symbioses in animals. Journal
of Experimental Botany, 59, 1069-1080.

Wang,L.H., Liu,E.Y., Ju,Y.M., Hsiao,Y.Y. Fang,L.S. and Chen,C.S. 2008. Cell cycle propagation
is driven by light-dark stimulation in a cultured symbiotic dinoflagellate isolated
from corals. Coral. 27. 823 - 835



16

AMARNUIN



17

AIANWIN N. gA581M5 593U Daigo
a1somsnlglunisimzidesunatfnew wsenangnsdnsagy  Daigo lnavindu
ansazanedudu (Stock solution) Tuu3ums 10 faddns Weldaudahundedludnsd 1

a aa H a aa °o & = L3 1 o &
Jadans Tudmglansas 1000 Haddns ’e)'Wi’]iﬁ’]Li"ﬂg‘ﬂil’e)flﬂﬂi%ﬂ@Uﬂ@Qﬁ?ﬁ]@’M?i(ﬂ’N6] PNU

9M97187U mg /1,000 mL

NaNO; 200
Na,HPO4 1.4
K;HPO,4 5
NH,4CL 2.68
Fe-EDTA 5.2
Mn-EDTA 0.332
Na,-EDTA 37.2
ZnSO, .TH,0 0.023
CoSQq .7 H,O 0.014
Na,MoO, .2 H,O 0.0073
CuSQ,.7 H,0O 0.0025
H,SeO, 0.0017
Thiamin-HCLl 0.2
Biotin 0.0015
Vitamin By, 0.0015

MnCl, .4 H,0 0.018
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AARWIN V. ANRAYNITHLIIUIUYBY zooxanthellae Awenanmanline.a

sgeglian () | Pwiwwas (cel/ml)
1 1

2 6

3 6

4 8

5 17

6 21

7 73

8 68

9 127
10 253
11 312
12 401
13 491
14 902
15 1314
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AARWIN A. AdssdudiansdnaIusEnIng Coccoid cell : Gymnodinoid cell

L8 % Coccoid cell % Gymnodinoid cell
01.00 100 0
02.00 100 0
03.00 100 0
04.00 100 0
05.00 100 0
06.00 100 0
07.00 100 0
08.00 100 0
09.00 100 0
10.00 91.18 8.82
11.00 77.94 22.06
12.00 73.52 26.48
13.00 72.06 27.94
14.00 72.06 27.94
15.00 79.4 20.6
16.00 91.18 8.82
17.00 94.11 5.89
18.00 100 0
19.00 100 0
20.00 100 0
21.00 100 0
22.00 100 0
23.00 100 0
24.00 100 0



