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ABSTRACT

Information i; given to show that ATP contents in hermatypic corals Acropora spp. are
highly correlated with their physiological parameters, such as tissue weight, surface area, poly
number, total protein, total organic carbon and chlorophyli a; the corals taken from the study
site were also analyzed for the ciompositions of fatty acid and zooxanthellae pigments. Base on
this fact,a new approach to eva;luate the living condition of corals for resources conservation
could be straightforward to apply,:

In addition, coral fauna allgound the friging reef of Xen-Tin National Park in the Southern
Taiwan are described. Which rev%:als that Acropora spp., Montipora spp. and Heliopora spp. are
the most abundant corals in thisi area, and the soft corals or gorgonian were mainly observed at
Mao-Pi-Tou through Hou-Pi-Hu. I:-Iowever, to further achieve an ecological understanding of the

|
factors responsible for the distribitional pattern in the coral community requires details of study.
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2, FEEH-VEE - HYUE HOESEBTRFEBEARERESH
B eHmEESE: OMB > CEEABRRG M ENEBEETNE . —
BREwm- BEANERBERCBRIBT > Bt 50 F(Grigg, 1983) -
EEERGHEAR . mBg BRE-2E DEEEERCATHRES R
Pli— W% BE- - AEWBEPFI DL —Hit RHEE BFREX
Wien o OBHEAGRE(XMOR) HAE BHEEGBNBEERAED > 4
HEBORNE RPRTREEHA B4 HERET R~ EEE(succession
cycle)s 7 B R ATRER o (5) I BIZE 07 £ Sh AEMUIA » 2ok B ~ BB - 1
BE . MEXREEOHRFFEMN . R HEERALEANBERE . T4H
AENEE» A~ RO RO BEFER - WRABHER SR “HEEM
"ok, MERE AR BRTERE . mBR AW (Highsmith | 1982)
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ERTREABDREE  (EBAEDBRELLTE  2BREKBER
WM CHEEY” BERAZEESEE DB RBEE 2 E -

R 0 MR B LB TR B A 8 ~ 4 X > WL water pik ik E B
A EERERANAEMEE  dB kR EWE ) DTEFEFIBREE
o By ROEL MU PE O BURR R Rk BN EE RA MK ( 3V NaOH) &7
R R o |

O B T 2 I

(1 HMERNEAENRAE
%ﬂ%mmﬁgi}ﬁxﬁﬁmﬁﬁw@mﬁﬁ:@1mﬁza:%
UK % H » Ll Lowry h]ethod(l,owrey et al, 1BV EEHHEEE-
@%ﬁ*%ﬁtﬁ%?%ﬁtﬂ%:
MMEABE R » LIY :uk:—:fc ( water Pik)’&ﬁxﬁﬁ‘ﬁﬁ% > 7F 4,500rpm
» 5°CF #0105 i + B 8 2 bk B A2 A0 19 0 B AL B3 o 9 o M of
WA BB ( phosphoric acid Vs » B R R EWTE > MAwHE— B
B BG4k W ( sulfuric }:zcid-dz’clm)mate oxidant )+ $> 100°C K TR E
1 /N s I LIRE e a5t ( spectroplotometer ) R & 440 nm T #]
BB KRG BE ®ig ( Johannes 1970 ; Strickland and Parsons,
1968 ) o i
(3 B BRAE SRATP AYRIE
WOGEREATPYFMEL £ UERALMH AT Ta
MR I 3 B AT PURAT I TR B L S R o
0 555 AT Py 5 4 T A KUt 4T » 3% — A0 0 PR BB i 52 B 0 (
Lee et al, 1971a) ¥ EBM MBI TORAERK MEKR » 7 =8 R
9 % L A 2 ;
@R 4°C T » DIF Bl R0 8 » KT B BB 5 5 & ( Karl and
LaRock, 1975; Eilan:d, 1979) -
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o> 4° CF » DL 90% 9 DMS O 75 ¥ 35 BY 10 s 8 ( Eiland, 1979) o
() PL#k iy NaHCO 5 p i 2 TR1 05y & » ED ZI A 0° Coykimdirm &1 ( Ba-
ncroft et al., 1976 )o
Bl OFFBXEMEINREHT CHEMBESREI T&E, €H
BEEE s EWEDS S MEE AT pHT7- 8 5] 2L EDTA-Tris buffer
5 510 5R50 £ ATPREA RS FTENEXESE® » Y RBEOHSE
(%) o
E-AKMAEERRNEER (elond and Mills 1966) » 1§ 5 #
B BN RA 0OCCRERBIERAIO N » TECCC TR 7 NEAKATPER
WA SR S (micro-column) » P17 EFERIEH (volatile sol'n)
# ATP /i » STENFE 37°CE40° C Kig T e NG ATP » FI A ATPE B &
SFENSER WRELBNKE (% ) -
(4R KINEEES 2 AT
WM ASRER STELEEY ENABEARERE SRER
s M HkiEmBELS -
(5 AR R (A
MEREmGEE, KNSHEERGEE - B EETRCAMBAE
FIRELDHEERMG  HERSMBEMEETE-
(6)Glycerol-relet metabolites:
EERMEMBEEESE HEREBMNIEIELZ - c BHERE 2 H
REHETM3N HCL » @18/ » B HBRERE - B -RIEHAEET
YEDL GC 43 Wi £ 5 Glycerol reated metabolites o
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BERE T M 90 %55 R ( acetone B B B B S 0 R B8 S 0 R
05 8 # AWK AU LERSH > BHRDSHACHL -5 B2
BEEMAZRZ L@ ( diethylether ) &4 ~ 5 #510% NaCl Vil » 1 4°
CTF» 4,500 rpm MO 038 - IR LR » BREARENBREEET -
ETERCE T |

HY 20 x 20cmWhitéman 1 WM » A NG EMAE 4 % O ER/E (n-
propanol ) R #ity ( light pertrolewm: )5 08 Py B /B » 559 (7 B2
BAIRER URBETKBEREENEHRE L IARTHAMARZ
|RAER BOR GEE) 28 BHRESKRAY > LB —REH -
BoRBISER L BRI 40 % 2Rk ( Chlorform ) R (
lipht pertrolevm ) (E]effrey, 1968 ; Muscatine, 1967 « 3+ S RI{E » ¥ F|
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(B 30 A B TR -7 O 0 B

ERMBEERED  BMEARTRERLRGEREHEEZ AR E KRR
Wl (Acropora sp.) B ( semple) o DIE 8 B S b 5 4 » Bl & M & A
FBBHEE  BSRWAE » HEREEAHMNS » FRANEBRZ A T8 B
1R - FREATRABRD ABMER THEEERBANRE » 8F HEK
BRI (water pik)HBH  EFERNBNEE ARNEE R RMAEHE
Rk A GE, B M EEAa s eSS N8B R (ofolyze)
oA M KKEK  MUETHHEBEREVE, IeREHENRE » B
B A st E BRI T G -

M ATPHRIE, DA B EHREEE ( bioluminescence ) HEHMER
REATPHIBEBE ( firely luciferase ) fE {-TEFEKIE T »ATP JUb & HEHY
Ry BEL BEASFENBENARE, BEBLEFEXAEBSH » B oW
BRESEZZ  MEHEERKBATPHEIB-MHGHR F X BMEBNSZATP
EEBOKFENEL IR EMBEERAN . DFLRES  BRRTE
BFA s BRPMREFHPATP MNETFERATRBEN TR - BRAKXE -
B—RANEEL % ATPiEXkE » HATPERE AR B g B -5 50
HMAFRENATPREER » ¥ EEAR - ENARP » ATPHTH 85 ADP,
AMPRZ - B ABBHAE» STHit ATPRHB@RR M ZERELEH
T2RTHBERESE, EHRAEBEET  FEEELE-SHAREBIKE
s EHEflH ATPase # ¥ o

N RLIEH R ERINATP, SRR E MR BB0.25% » ATP
MAFBMEIME, TRAAEERRME: » BT ATP B R FEEE %
k- ERAEMNETATPH RS » WA EROMET TP BER -
TRBHATIR, EESIRALEGEHE-

AFREAE FOBAHEBRUEMNER - FLUEHAZ L B2 EHZE
BEOWA ERF-RUEMBDER . AREHTERGFHKZ - BEE» EM
THEHERE -DKE - FTHESRESIRE UBTRBEZ S B L PRLATP
zHEERERE . ABERASAEEZHNBREREZES  ATPRE R TR
c HARIERY (NBREE )R THTRY » ARSI TRHNZERE
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Fo BAARBEHBMR BN K » KB EREZ KR » ATPE B8 9 &
EYREBHZEHMN (B ) .

BI Rt — £ 15 BB & » B T — 8 51 b T 5o ENFRBI T 15 BB D 9 (st ress
— PEARE KRS ) RLE R IRERS (KD ) ZATPAR I - SRBA - B
HEXERABRAATPZERBRREDY (H3 ) » BE~HAR S ARBOHMNE
P BRI — RZ T T W BRI - T — ST R o

MY HEELE - BRBENBHERL T80 1 2R A KRB E
S WENEEE TR UERHNNRE RO Y ERADS SR E
B ERMBESH . BEEYBHBRE - EEDEREREH o s A
ERBERRET SR RS RS LEN LS » R TUR— B RONESE
CTABMBEBRK - FEAY > TEAETBARESRAR AL 2 EL
W BE SR I o |

RN AGFOFTEM | BBE AR AERRZRY » RSN > 0
REAY HEER - W SRk AR AOEE (H6 » %2
) » BIAMRBOAFR— 4 ERANFATESRERTQREMET -
MYRHAERDCREBROBENEEHSRL ARMEVHEREHF T
MBI > ML AL B -

()R B40 2 20 7

EoEENAMMERASATPRER > ARG RAETEERE B
ﬁﬁ,%Tﬁﬁﬁﬂﬁ%@%%@ﬁi%%ﬁﬁ%'Mﬁﬁ¢Awmﬁﬁ&ﬁ
ERAURN AT EF AT TG MBI BE KR RB Y - RO
BHRE . & ATP SROMR - REBE » ELMMER D » ATPARHRUE
FAMEEBABES (84) o BRMBABATPS GUREYE - 5 EH
BONBhBENR  DATPABHHA LM/AEBK Fin: BEE - BHEEA
CHAR - ABRAE . KSBY-BREATHABRSN - BRNABARE
B (7208 ) (B5 ) B @YRMKAMY RS & HEBK T &H
M ENT 0 2 BT T B AT o

ﬁﬁsﬁTﬁﬁﬁ@ﬁ%,AWEW%@%%¢%&@%%.mmamw
EEWBED  £M - AR ZANEREE L A28 WEBH KM
ERR . HREERRER TR MEMBATP THAR (0. 42¢/8 ) B IE
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BHNEEMAE REE - TRAHMEH RO RS 0ERE - XK - BES
HATPH R BRE ., AIBRGEGR R RET X -

Pl B iR A 55 Acropora spp. MBI EHREB O RBEHEBINAIB ZHEE
EFFI0E(£4)  BREAN A EREREBIFERE TEAFEEHRER
FHEERZRKEERRAEZNETHEERNRIEGEEREHAZER(ET )
s HREFENABOREE BHE  CEREED, RMFALEREREL X
o NMEEEBRANBRRBE

SARABOE  RoRUABHEBEEXORBEIE AHEER
ROBRBREE  EMHEEBRBAREBAR (xR HE-BETS ) IEER

EAEFK  BEEERERXENEREARCEZ S8 SEMEBETRGEAB -
S - H » ERNHAMBARLEREGEN IV LE BMBAZTLIRLEF
BFEEAXP . IEHRBEERTIFOEERERK FUTESHBE AL EES
R

MEHEBREEHEAR AL EBESER: B DHAMRERS
B 05 1 e B9 B A X R SRR B R M R T T 2 8 ( Meyers, 1974 ) o
XEBIIRTREE RME Acropora sppra i P BH » a0 I8 IHEER W
Myristic acid-palmitic acid% Stearic acid EER T EHRGY » ZZHE I
TeHiBEMmT0%Es » MEMESEERNMEEHE NN S EHEB(ES ) o

AEBRFGETHERMBIE  NBRBHZR  ABHE-BEITEHE (
Colymn E BB LB ZH » SV ESIBERBVBNARAR (H 8)
» BESR I 0 BRIV RTRESE M B AR i K B KR MBS Acropora spp. BRI
R ARDERNEESE o Meyers (1979 ) 8 B HEKE ( 26~30AR)HY
MBZ AR BREH TEREFAKPIBIYREHEY » MEFLIESR
Tt iE W8 ( Polyunsatorated fatty acicd \RFEMIREE &8 » Y NEKE
JRRIE » MR A KA Br S A2 IR 2 o B S - A BIRE
HERABEEREEHEBANE SN ‘ST B MAABELXS IR RBE
FEEAEFETHEEE (Barnes,1973), &4 £ MEIIE 0T B4R % 8 (L RE ] T 82
W T A B R B R e

HHmMBEREBEENAR . ARMBLCET TRENHR - SHMA
—HEEERBEVERAER TSN A MY R# EE &N ATPRE 804 &
WETEE . BRMAL PEMNESOEIRNBREITERELERBEENIZAE
B8 o _




EEBRAD EORENURE SERFOKTES - B0 EW AR
T AmBASEBRT BEA-ENBROH . Wik, 5K TRELE DY
é%%ﬁ#%??sﬁ%%ﬁmﬁﬁ SN T AMEBBENYRENEH
TR FETTEMEREELRRE  BEARATA ENEE - ﬁﬁ%%
RO SR, B BRSO EAEERL MR TESABRRSH -
Acropora spp. Montzpqra spp. Helipora sp. ZEHF[ e B B EMWISESL o
FRMNT  RMOE BRI EEA AT AT B AT S
BOKEDS10m) GREMBHIMG > SHEE KRS (1985 ) Hiis e b 4+ 52
RRER TR A RO MM E R - o KA - MO RS L YE B ES
BTESMAL BEN BT BEA S, REERE M B (51985 )
B 2 53 4 N R A OO 5 7
HTRERFIRAELMEERR > MEEE > DHEROARAE o

)88 T A 0

ERMEGE T2 ~ 25 2N R R E ES 5 E— A
FEBGNN—B ZRENMHESFIUETEELARERARE LWL
EXRMOGMY - KMBR S MY o

EELBUEREORBAET RS RNEOR - BER S0AE 2 M85k s
B PEENE AEAT ERABE S8 L MR o 558K BK
BEMPANEERR  BTAXARE RO MBE SR K BL Hib 9y
BHBMZEE LM ( stone corals ) BE > R THRR GMHLE ;
RARE R < KB ( soft corals) REVLALEE A HEZ A MEE (
Gorgonian) B D 2B A EX TR MM R (E9) (£6,7) o

ERS0EMBMT R R E G B R R SR B2 Acropora spp. o
Seriatopora spp. ~ Poc:"llopom spp.~Heliopora sp.~ Milleopora spp.; T
mEEMN (encrusting ):E}Z SR MhERZMmtipora spp.~Tubinaria spp., «
Pachyseris spp.; AN B RWA 0 Favia spp. ~ Favites spp.~Porites spp.
~Platygyra spp. szmgz:'a spp. F o i@ Hpp) Acropora spp. ~Montipora
spp.~Porites spp.-~ Hel :1'opara spp.~ B Melliopora spp. M ARNBERER
%oﬁﬁ@ﬁ%ﬁZ@ﬁ@%¢Ezﬁz&meﬂwzmn¢mw%%&5
2 Lobophyton spp.Hl Sinularia spp. 5 5 Dendronephtinya spp. ZNepht hea
sm,%%%EﬁﬁZﬁﬁ@%ﬁﬁ%X%ﬁ%%ﬁomﬁmmgﬁﬁﬁmﬁ




M EEELISYE ( Junceella spp. )5 ( Melitheea spp. ) Bis# ( €h-
rysogorgia spp. YEMEBR TERE  HERX oAU ZER L —H BB £
MgvREeaer, ARRBEaS+sEEE8 (BRAF1~10) -
CMBHETE # B RESEHERETF My HEHs ML (£6 ) FIR
cHBRBHESBED . A MBB R EERIEE A5 B F - NEBEBRRM
HERBASECMEEARRYE . EERRUEEZGRREY 260 - ¥
B, BUBRKSBERHENR SR ESRNE LAY R AR MMLEE  Hdp
Pl thf Fungiidae M B ER LR BMBLRZER kA FTRZ 54
WEER Acropora spp. BEZFHFT - HEEREEMNMLLHTE » BELRE
BER  MBABEEFSHERL0%BLL » T &K Kk Montipora spp. & RZEH
s MEABEEFE 0% ~90% 2 EH iy Acropora spp. EUHEE X

FHAUHEBEES® M ERFEHI AP REZSAMBELAE  EHORES
AEBHEL-

HEBMEFAEF-FRAF-—OMBHETNMBEE WMEBRLAREZ
Acropora spp. 11 BB iR i /NE LR > Porites spp. MBI 2 W7 5
WHEBD » EMREMES XAEE S AME S M : Montipora spp. ~Gonipora
spp. ~Symphyllia spp. - Lobophyllia spp.~ Galexea spp.>Favites spp. B
HMEERHNBEERR B3RS BMEE =8 - MBI Eem e hTE
WOHEE M R AR AR RS R B MR R AN R RN
EMEHENZA&EEDAEETHESS . NBEEBR L - EREBER
HEABRSERE - BEORR R REL - WOMBMERSKERUN  H&
HEMBBOGESEN% DNTZEER - BEAHAkBEEZMHRLUE X
ERAMBHERKE » XhiMontipora spp. M BBBKER - HRERARS
Bt EE QMR RBEZMRERB A LA Merulina spp. |
BRECEBLEAMESFLORANAMBES, SREELR S —FAK—
Haw, DEmSEAREBEI R ET2HER -HHENK

KMBHAREN, AYCEERAZHMPBERTHELRNATH
M ROy REE, -~ REUEERNYEEEN MM RN a0
HHBHATEFETA-BEN -0 KA EARAER RS BB L
HAEBRZHAORERESEHEASEFCERMYRRABEE  BRDY
Lobophkyton spp. ~Sarcophyton spp.-Sinnularia spp. K Dendronepthya




Wﬁﬁ%EZ%%ﬁ EEE%%%@@%&J%%@%%F&H¥AL K&
ERKgEg, ﬂ%¢%ﬁﬁ*%%%ﬁ HER BETHANERK %Luﬁ
MHp i E A E&E@Dﬁ&%%%%ﬂ%ﬂﬁ%$@ﬁ%%ﬁ%@ﬁo
i @ﬁ%%éﬁﬁﬁémﬁfﬁtﬁﬂﬁw-@ﬁﬁ It M AE o i & M
% o k&%ﬁ#at%ﬁﬁ KEABESE R - 58 Lk M i Lobophyton
SPP?%HJﬁ#%&EF@% LR B R A Ll Heliopora sp. e RE W R » Hitr
tn Favia spp. ~ Favites SPP ~Platygyra spp. SR MB 4 EHE » BAK
ﬁm'ﬁ@%ET%HE%%k%H%@D@&@@ZF%@%%K% B f#
MMAERZHEE t
%W%ﬁ%%%ﬁﬁﬁﬁ&$§D%M%ﬁgﬁ¢%ﬂﬁﬂﬂ’Eﬁﬂ%
EREBNBAFNEEN - P AEBRERET - SE RS A MY
@%ﬁ°$ﬂ%ﬂ@2§ﬁ@ﬂ%'K%Emﬁﬁﬁﬁﬂﬂﬁﬁﬁﬁiﬁﬁ%
BRAHBEHB®E Eﬁﬁﬁ%ﬂ%%@%ﬁﬁ%ﬁ HbPBEE® L EE R
BEES, i — BECREVERIWHBEDEE MEpRBE T LEE
WEREE E o o F M B K BEE S Mt B R BB - RGBS G Bk M R 4R Bk S G
:LME%$WEE@%&|%ﬁ”ZﬁE ER TEHRAEETH S

B BE-~BHB - @@2%%@% cAERBUEBE TR ABEAZR
go

¥k @Tli“ﬁ%@ﬁ E%ﬁ%ﬁ%%@%ﬁ@%ﬁﬂ%%*%ﬁ%
300 5% - '

H%%%ﬁZﬁﬁ

%ﬁ%i%ﬁ%@#$i%ﬁﬁ%2ﬂgy@E%ﬁﬁ%ﬁﬁﬁ’ﬁﬂﬁ
BEABHADRGRE  CHRETRMELERROENREE K& (
Kinsey ,1979 ) of% » B AN M EMBEE — 0% FHREE D OENET -
ﬁ%ﬁnww$¢%@W@%za B BEM Y D R B (Rickard
etal.1984)¢ [RL » %Mﬁﬁ@%ﬁﬁﬁﬁ%ﬁ%%#%-iﬁ&%ﬁmiﬁ
2 ﬁﬁ%wmmwmﬁﬁﬁﬁmm@mo

mm%EEEME@%%\ﬁﬁ%%ﬁ%m,W%&@ﬁﬁﬁi%%Eﬁ
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B EMhi#A SR EATHEY  DAE . CEMAR-E » 5
EEFEATHEVEERESEAANES  EMXRARNEENRER -

HAMBOHERST, THASHEHBES  AINUREEARTEBERRY
BRHT MBEHFEZTCEMFTEEH LASHEMMMKEE - SETRE
EEENBAE BARSED ., RENBEBHARBRERTE - URR R B®
FEEZHERERE FEHARTEES B2 - HERXHAATEHEEZMNA
o AL FHRE  c MBRARREEZZ ITEQENEES  TREMHE
REES  HBARALBESRRERUBABLFESEIEKOE » UHBEHALEA
BHTEED - ~HAKLCERMETHAKEINEABERAWESETE - BRE
~ERES . ONEATSERAIGRERHE - SHMHNRBEEERNHEE
EEBORBOTE LHEREKE - BRAY  BRER  WEESH - i 7
o MERFEFENRZ R TREETBLAENREN A BERRALR
MEgHnsERRF - DEZEAMNERZANES B EEZBRETE
HEHMBEE ZER -

A A B A MR R B B A RN R BN M H ( antibiotics )
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%3 W Acropora sp. RERBATHEHNBHEE AN (RBERERS ) -

ATP BB ZHEK -

Sample No. Condition ATP ug/g Sample No. Condition ATP wg/g

I no stress 4.126 i stress 0.696
2 no stress 3.490 2 siress 0.897
3 no sriess 3.119 3 stress 0.250
4 no siress 3.203 4 stress 0.096
5 no stress 3.513 5 stress 0.143
6 no stress 3.932
7 no siress 2.019

Mean 3.352 Mean 0.416
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' pigment
1 i Chl a
2 i Chl ¢
3 ' peridinin
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4 X dinoxanthin
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5 ; caratene
6 i diadinoxanthin
7 :‘ neo~dinoxanthin
| .
8 i _ neo-peridinin
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9 i unknown
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£ 5 M Acropora spp. M Bh ZRVBH K EE Y SR
Content (%)
Fatty acids
sp. 1 sp. 2
Saturated
Myristic (14:0) ¥ 21.1 32.2
Palmitic (16:0) 45.0 31.2
Stearic (18:0) 12.9 8.6
Unsaturated
Paimitoleic (16:1) 2.5 0
Linolenic (18:3) 1.2 0.9
Arachidonic (20:4) 3.8 0.7
Eicosapentaenoic (20:5) 6.8 11.6
Nervoniec {24:1) 2.8 5.0
others 3.9 9.8 ‘
Total 100(%) 100 (%) ‘
|
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| Abstract
i
. i

Informations about coral physio-bicchemistry is not only important for
pure scientific interest, bu%: also critical for many practicle purposes. In
which, the amount of ATP in living coral is an important one because this
urversial energy-supply mlet‘::ule could become an physiologicr:{l index for coral
conservation. However, coral samples usually contain less than 0.01% living
tissue cut of the total migﬁt. There is no ATP measuring method had been
applied on corals before. In this research, various methods for ATP
extraction were examined. Techenics to concentrate ATP by colum
chramotography was also devel;oped. It was found that extraction with H2804
then concentrated with charco%a.‘l.—-celite colum give geod results., Data
obtained by this method were further calibrated with other morphological and
physiclogical parameters of c:orals such as weight, surface, polyp number,
total protein, total organic :carbon and chlorophyil a. The high corelation
between these data indicated the feasibility of the method. And the
developmant of this may have ,{?rovide a new approach - a physiological

paranmeter for coral conservation.




Introduction

The conservation of coral is one of the most difficult task in natural
resources conservation. The reasons are:
(1) Corals are very slow growing animals. A damaged reef will take hundreds
of years to recover (Grigg, 1983). ¥
(2) Corals are primative and sessile organisms, mostly live only in warm,
clear, unpolluted waters. They can not escape and hardly have any effective
defense mechanism to unfavorable conditions.
(3) The conventional monitoring index for endangered wildlife or cammmnity
such as the fluctuation of number, diversity, eveness, coverage — are not
suitable for coral monitoring because the succession time ?f coral camunities
is too long to obtain any siénificant data if the sampling time is only a few
years.
(4) It is very hard to tell whether a coral is healthy or dying. Presently,
this is mainly diagonsised in the field by the visual observation of a diver.
A sign of "whitening" of a coral is usually considered to be unhealth.
However, living polyps are only a small layer on the calcarious base, and the
coloration of coral varies with different environmental conditions.
Therefore, a chronic damage of coral community such as the deterioration of

water quality may not be awared untill the situation is already very bad.

Based on all these facts, it is necessary that a parameter which can
effectively reflects the living or health condition of coral should be
developed for the conservaticon of them., We decidé to use ATP, the most hasic
and universal energy-supplying molecule, as the indicator. AT? is a molecule
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exists only in living cells Its ratio to ADP and AMP, the energy charge
index, generally reflects the vatality of the cell. Young, active, healthy

cells have a ratio between 0.7-0.9, 0Old, stressed, weak cells have a ratio

below 0.6. The lower the rai:io, the worse the condition. If this concept
could be applied to coral and a method to measure ATP in coral could be
developed (which is not easy, because 99.99% of a coral sample is mineral

materials), then, it is possible to tell whether the coral is alive, is it

sampling is performed in a ccx:mumity, it is even possible that the community

t

healthy or under stress? To Iwhat degree it is under stress? And if proper ‘
is expanding or shrinking could be estimated.

In this research, we have established a procedure to extract, concentrate
and detect ATP in living coral. The data obtained by this method were further
|
checked with other conventional biomass parameters used in coral such as

weight, surface, polyp nurmber, total protein, total organic carbon,
!
chlorophyll a and total weight of living tissue to determine the accuracy of

the method. !
{

M.iaterials and Methods

i
'

zone (1l-4m deep) in Ken-ting area. -They were either kept in (°C sea water and

immediately shipped back to laboratory for further experiment,

i
|
|
i

(1) ATP extraction and concentr;ation:
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Living coral samples of Acropora gravida were collected fram subtidal

i
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Coral samples were extracted with {a) D.6N I-IZSO4 in 4°C for 10 min (Karl
and LaRock, 1975; Eiland, 1979) or (b) 90% DMSC in 4°C for 10 min (Eiland,
1979) or (c) boiling NaHCC for 10 min then cool with ice water (Bancroft et
al, 1975), These extractant were stirred with cation ion exchange resin for 3
minutes, then, the resin was packed into minicolum and eluted with
redistilled water. The elutant was adjusted to pH 7.8, diluted with EDTA-Tris

buffer, then measuring its ATP content by luminometric method (Lumac

envircmental applications, 1980},

To examine the recovery rate of ATP in these procedures, ATP standards

were processed by the same precedure and their recovery rate was calculated.

After preliminary examination, sto4 extraction method was found most

applicable. However, since the living material of coral is very little. A
method to concentrate the ATP extracted fram the samples seems necessary. A
chacoal-celite micro-colum was used (Ireland and Mills, 1966; Hodson et al.,
1976) to achiewve this purpose. H.SO, extractant was passed through

2 4
micro-colum, then the column was eluted with a solution of ethanol: water:

ammonium hydroxide (150:925:1,v/v). The elutant was subsequently blow dry by N2 ‘

in 37°C water bath. The ATP residue was further dissolved in EDTA-Tris buffer

for concentration analysis.

{2) Measurement of chlorophyll a:

The chlorophyll a in a coral sample was measured by two ways:
(A) Direct extraction: weighted sample was soaked in 100% acetone,
ultrasonicated for 20 min, then stored in 4°C at dark for 24 hours. The

amount. of chlorophyll a was estimated as by Jeffery and dumphrey {(1975).
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{B) Indirect method: coral polyps was washed off from the skeleton by water

pik, collected by centrifuga,: then extracted with acetone. The skeleton was

also extracted with acetone as specified above,

(3) Measurement of total prot::ein:

i )
Coral samples were boz_}.ed with NaCH {Lowry et al.,, 1951) for 1 hour.

Total protein was determined as Lowry et al. (1951).

{4) Measurement of total carbhon:

Living tissues of coral sample was washed off with water pik, collected
by centrifuge, then its total organic carbon was measured according to

Johannes (1970) and Strickland ‘and Parsons {1968).
i

(5} Weight and number of polyr,'qs_:

i
The number of polyps on a :coral sample was first counted, then the
skeleton was dissolved by 6N HCl. The polyp left was collected and their

total weight was measured.

(6) Surface aresa: |

!
|
Using aluminium foil to CO\\/‘GI." the sample, then calculate its surface by a

surface-weight regression equation.




Results and Discussions

The best result of ATP extraction was obtained by using cold HyS04. The
reason maybe that in acid solution (pH<2), the degradation of ATP to ADP and

MMP was inhibited. Also, strong acid will denature the endogenous ATPase.

The recovery rates increased along with the dilution rate (Table 1),
This is due to the interference of ion in the solution was reduced by
dilution. However, the more the dilution was, the lower the ATP concentration
became. It seems that only the charcoal~celite colum can solve the problem,
which not only concentrated the ATP, but also decreased the interference of

ions by selective absorption. The recovery rate was around 80 %.

From Fig. 1, it can be seen that total protein, total organic carbon,
total living tissue weight (or polyp weight), surface, and chlorophyll a are
all lineally corelated with total weight of the samples. In addition, ATP
cantent is also lineally corelated with total weight (Fig. 2). Thus, with a
transformation through total weight, the ATP content of coral can be checked
against all the other conventional biamass parameters (Fig. 3). The results
were very consistant, demonstrating this ATP extraction method for coral is

highly accurate.

. However, there is a phenawenon in coral which could not be ignored, i.e.
what is the influence of zooxanthellae on these data? From Fig. 3-B it can
be seen that the chlorophyll a is highly corelated with ATP content. So does
the total protein, total organic carbon and total living tissve weight. No

sign of significant difference can be detected. This maybe because that the
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zooxanthellae is highly specified in the symbiotic life so its healthy status,
: . .

as reflected by the amount of ATP is coincide with that of its host. Plus,
,! .
the amount of living materials of zooxanthelae in the coral actually replaces
the same amount of liwving tissue of the host. Therefore, the measurement of
i

i
ATP as alwhole did not biased by the symbiotic relationship.
l

Nevertheless, other inde?erﬂent boring algaes in the coral could have
bias the data. Fram Fig. 4, it was noticed that after the polyps were washed
off, the coral skeleton along:did not content significant amount of
chlorophyll a, indicating the interference from boring algee was not

important,

With the development of this methed and the concept of using ATP as an
:Lrs:iicatér for environmental st;:-ess, a preiliminary experiment by collecting
samples fram low tide {coral el:cposed) and high tide (coral submerged) to
measure their ATP content was ,til)e.rfom\ed. The results showed that (Fig. 5)
coral mlder stress (exposed) dci_?»have a lower ATP content then that of the
normal ones. Altugh more rigid:_ experiments are needed to obtain sufficient
data, the development of this n‘ilethod could have lead to an effective ard

reliable way to measure the deglree of stress on living coral.
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Table 1 Recoverty of ATP extraction by different methods

Me thod % Recofery of added ATP, in

samples diluted

5X 10X 50X
Cation ion exchange:
DMSQ (0.1N) 42 73 81
NaHCO3 69 89 84
Charcoal column:
H2504 63 (0.2X)
_._65 _—
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Fig. 1 Correlation between total protein contents, chlorofphyll a contents,
l

ordganic carbon contents, tisém weight, polyp nmuber , surface area, and crude
weight of Acropora gravida .

F:'LQ. 2 Correlation between ATP contents and crude weight of Acropora gravida

-

Fig. 3 The correlation of ATP contents with other biomass parameters of

Acropora gravida after transformation through crude weight.

\

Fig. 4 Absorption spectra of extracted coral tissue and skeletons pigrents in

100% acetone,

Fig. 5 ATP contents of e.xposetli coral and immerged coral for Acropora gravida

. !
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