T GRERABFIENELBAY
2§ PRI T ok R

PRIFZFETRFAFATE LA EFL

P ERRF N E 127



RELE R AL PP
Fyifes g
i D HEZ

p U0 N T 3



¥
Iy
s

lﬁ-ﬁ--
Fitdse =
" dsr =
s

eI

Nl - o R A 51
N 53

N e 57

e N -¥ - R IR 63



-

2
Ne
3

BRI T A R IE BT A

4
PRI L HE R

‘f.ﬁ"}.\#k-%’*ﬁﬂ'%:;o e o e o o o o o o o o o
Har= 2005 E R B2 TR EIHL o 00 oo

e~ S 2005 &R E A G AEL - - - -

33

e

E]ooooooooooooooooooo

83

87

89

91



21902 GREFASPFEMNLLBANZ Srpwaf
Eiﬁ']lﬁ':‘%‘ooooooooooooooooo25

2 OFIEMBRABAFHITER « o o o o o o o o o +926

23WHARFEFRSABFEIELHBAN: HPpPEF T
TRL B EARR DA RIRILIR A oo 0000 97



ForLd f R R A B R IE TR AR
2 3 W AT T g il



W] =x
Bl LAcei= B s o o o o o o o o o 0 o o o o o o 29
M oHWHs B8R AN RRFEMERABLFH . » -« - 30
W 3AHIPIBHATEABA G T LB o o 00 000 0. 31
BA4BKL R kT RHEFEF A aHPEH - - - - - 32
WOoAKkARE pATRMRFFIR o0 0000 32
R tme ten3 BRI BwEIRe o o 0 0 o o oo 39
B THBATPRBEAGEBRER A o o o o o o o 39
B EHHTARRE N AT A EB e o 0 0 0000 32
Bl OUk o o ¢ o o o o o o o o o s o s o o o o o 39
BlIOFo % Reria R4 o o o o o o o o o o o o s 33
mllrﬁﬂ“%ﬁ?vliﬁ']%? ............. 33

B 12 AT S 45 TP BER AL RT 2 HFER -« 33
Bl 13 AT S HAG F crp iR M A A AT 2 FHR - - 33
Bl 14 48T S HAG F crp iR M A A T2 FHR - - 33

Bl 15 T SGAgE crp WM AN A MMIT L FFHE - » 33



TR G RERABPIBAE L BA Y
2 OH AT T T R

m
QE'
3‘-3)
P
b))
s

W 16 B-k# & 4 R e A R
B 1T S GAGEABLG FF 5 A AFRFFLE <+ ¢ o

B IS5 BSGERRY | FaEBL e o o o o o o o o oo

B 19 SHAGE L FL £ ehp FHPw P HMA T

;‘:ﬁ. ° ° [ ] [ ] [ ] [ ] [ ] ° ° ° ° [ ] [ ] [ ] [ ] ° ° ° ° [ ] [ ]

B 20 #4837 S A EAR B IR MR L UG EFIA

zMr

B2 CHBERABBBINIFEREEG o ¢ 0 0 o 0 o

zMr

W22 5B iEERBBBINITHRLEG o o o o o o oo
Bl 23 A B Hbhtiid T o o o o o o o o o o o oo
Bl 24 4455 ch— ABAPFRBZTF e o o o o oo
W25 A5 EPpff- B FH BEB TS « o o o o

Fl26 ABSGE 2 MFLEFS Ao o o o o o o

Bl QT A BEAGE crulidr Bdl o o o o o o o o o o o o o o

W28 4543 racBB Rt s AT LR 2 4

Eﬁ?-iﬁ\F? }3_4 ..................

B 2048453 Mg erp @ 3375~ AURREFE -

B30 i 2 A AT P BEEH Pl » - o

34

34

34
34

34

35

35

35

35

35

36



] =x

WM3ALBkALAAEFRIE 25GFART G M HF5 36

W3B 2545 BERPPPHEBGEEL N IR« » 36
WM 255FZAF %P PP EAGEEL D A « « 3T

W3B2FEFEFAERPPPEBALGE RS D A« « 3T

W36 2FIGERAERTHIBHF A FRERE o ¢« o 37
3T 2F4G5FRBFFAFETE o 0 o o0 000 0 37

W3BAIT2HIFGEFAERI A AR IPPHE - « « 37
W39 MT2FGEIBRFI AZARJKIPPHERE - » « 38

WA0 BT 245 EFBE TS AZABJK TP PHERE - » « 38

WAl 2545 F A B R 3TN0 A AR e o o o o o o 38
BA22 545 F BB TP RE RSB TV YHE e o o 0 o o 38
MAS AT 2B AGEREF I AP P RARIFFEREAY
ST BI R EFH o o o o o o 0 oo 00 e e e 39
BlAd S FE T TR TSR o o o o o o o o o o o o o 40
Bl AD S, BE B A A AL B B P& o o o o o o 0 0 40



FERLE f R R B R TR TR B B R
2 P AT T o Rl

HEN
W 46 4 B 3t ARSI B R B o o v o o 0 o o e A0
HEVE TR RN T 2 W AR R=oh: B S A0

§]48.ﬁggg‘§‘,ff_%‘\ A mé“’-é {gﬁ_ ........ 40

B A9 BE T A BB B R o o o o o o 0 0 o o 40
B 00 %5 & % < A[ABENRIETTFH « o 0 0 0000 oo 41
IOl S TR R o o o o o o o o o o o o oo A1
B D24k Bt o o o o o o o o o o o o o o o o 41
B O34k Fetf i o o o o o o o o o o o o o o o o 41

RO merAB IS L LAE R TR ERZERES

@55‘5533,},}%?}3551;34@. o o o o o o o o o o o /]

[ ]
[ ]
NG
Do

@56-&;}2%&1@}.00000.........

BOTHERNABELLGHEL LDPIB o o o o 042
RO ERAMBBEELGHEL LNIPIB o o o o 042

.
.
.
.

5

B OO E TR BAAPHET ARG « o o
ﬁ]BOﬁ'“E‘& %;,%%I-#eﬁﬂ?rm%emi«’y;ﬁ?i%’



W) =
B 61 4, B %eMA el T EEEFA e o o 0 0 o o 42
B 624, B %eRABeh ZEEEFAe o o 0 0 o o 43
W O34, B %eAA R ZEWEFA e o o 0 0 o o 43
W 644, B %eRA el ZEEEFATe o o 0 0 o o 43
W OD4 B %eMA e ZEWEFA e o o 0 0 o o 43
W 66 FPImAridy L R cnd | BT o o o o o 0 0 00 0 43
B 67 2001 & e & MOF THRAT 5 EFA Y 43
BB 4 E B A A A AL o » o o o o o 0 o 0 o s o o o A4
BlBO 4L B A AZAAL e ¢ o 0 o 0 0 0 0 s o o o o o A4
BI04 2 Fe A AMAE e o 0 o o 0 o 0 0 s o 0 oo o A4
Bl Tl 2 T A AL o 0 o o 0 o 0 0 s o 0 oo o A4
T2 LR ARBEHLLaEFL RGP0 oo 44
W73 L AL AR PHET TG o oo 0o oo 44
Bl TA4: L T ch R B e o o o o 0 o o 0 o o 0 o o s 45
B 75 805 B b iS5 A o o o o 0 o o o 0 0 o o 45



A AFERABPIBAELBAY
P R T g R

EN

Bl TOA54fie o o o o o o o o o o o o o o o o o o 45
B TTa4a2 B 4G 'Fd EFIPR e o o o o o o o 45
§]78¢§ ...................... 45
Bl T2 H LG TS EPR o o o o o o o o oo 45
W 80 4, £ % AEEA Boig BB FI) o o o 0 o o 46
B8l &, LR ABS TG~ BB NITRE » » ¢ - 46
BIB2ABTRFI o o o o o o o o o o o o o o o o o o o 46
RIS BB LT AT o o o o o o o o o o o o s 46
MU FHHHBEFLEBERART AIRHITRAE » » » - 46
RSO A HL R B HFHIULE e o oo v 00 000 0o o AT
WBEHr ki EEF [ PFERRCEER P HIop s R

FFIBE Th o o o o o o o o o o o 6 s 0 s o s s e A8
B 8THBRPE Fa WRBEL cFip I o o 0 0 0 o oo 49

¥
B8 2B MEBBRENBREEPHHEMBETHAIIcEF 49



#* £

M P ot R IRER SFPIBESL LAY S BHL 1T TR

#3F O PRI 2000 # 10 14 P AET W7 H
Frd RS KA IR SRk BERH D BRA AlE  A SRR
PAFFATPUS B A F P AN TR B FRE RSB IPIE TR a8

SN TERBE R AR RHBPRAE S T  A LT P ¥

MR PUTAPPERLEREITFR 2 BAgE o oRAPD BEAFEAKF4L
Ao EEAEE 10% 35Tk 3.0frbk 2= =
PleE iz BFoRh 2> H ARy kdn Al r 40 24 3R
B EAL a4 A5 E ARIET S BHERE L 1D
RETD N GEAEPEAERE A2 Hd g 5 AR A L it
FRWEME 2HBEBRTEALFA4I 12 0% > BEEe 5 398.5 T
DR e LI R L 220553 D feo kT L 1T3T S o s Aap R
BRP EERRNE > EREFPPHBIELRER T S ERSL T RABEERSES A
PWIEEEFFE205 £ 47 5 27.3% 10 * 5 26.9% > $iew 3w & 2005 & 4
5 7.7% 10 % 5 5.3%m ¢ EIRAET - W E BB R FIHE®R AKFI D 12
 FBEHRAEFESLTERG2 2 R E R 4] S Bl ke R
RKFTZ I 2 > AVREIREFRoHL 3918 T3 2% > wh i F3HY
202 2% PRSP R ARFIDDI 23 0% v PRV EBHHRE

THRBOPIERGH S 54,700 T3 2% » B mpBHAww fF 5 18,215
TR amAARTRR M S 36,480 T2 v g 51E Ay WIR A E s
AV byt P R BT - PRI hABEFR  ElA T
AYP R ARG 2SR o

~

=

\
ro
~

X1



N
!
s
=
-%g\?

PWAEAAEY L3 EFLFIRE DI RFRT ERAFTRE
WEFAAEINERA R 2 - 0 F)d AL BEARST IR B RESH
BRB I B A AT RS MY CRESPFIER U R EK
TiFET 2 E 3w o 383 2% 8 0 E(Done et al., 1996; Birkenland,

1997; Roberts, 2002) -

—:‘H"" mﬁmé‘f’ %

Ra od WA vl s I EFIoEEFETE ST RERNT T
Frioa-Rksd > N2 2R eRBEFNE c ELR L FIPPER R
?= frg e o 195 2P » R T e (Wilkinson, 2004) 3R > >3

Al R 20%C BcE R T ¥ AR LG AR R % 5 24% 0] %
FIALZBB SRS > ESTHF RS 20%REHE G G TR o d

K

NPHEBE A P RRPER X R E KL LR R A

F& e f o
Fier BiLE

i

b

a4

Flet E RFCRER 2R ARE R E B IR A R

K

EFLERPRLABERT R -

L E K PRBEOREE R LB AL AR RS R IR E4
FHi A c A RDFIFORERE ~ 0 L G CABRFE A AL TR
o ERERBE AL ARG T E AL RN R
PG L BAHIHETE SRRSO ANE S N A REF R R A

TES G AR R LA BN T R BURA G 0 2 £ B

H

ETS
oh
i X
?m\\'

=
Ia‘
N
Zany
v

3R RS2 d R BRI L BT 8 E e



FrLA B R s B R R TR T A
2 49 AT T ST R

% %77 F (Curtis, 1985; Smith, 1985; Hudson and Diaz, 1988; Jaap, 2000;
Hudson and Goodwin, 2001; Precht et al., 2001; Rogers and Garrison,
2001) -

RN ﬂviﬁﬁ?i A R EHPBEF L DR

BLARBRMERN DT R - B FARE o bldod 4 B
Wellwood »+ 1984 # 8 " 4 p f % Wi B 2 if Molasses # %47 % » ALK}
FRPEOERSEEA S B3y 1282 2 S mEPA - T0 2 1009 e
WA HY 644 T2 o B4 £ R A B (Curtis, 1985;
Gittings et al., 1988; Hudson and Diaz, 1988; Precht et al., 2001) ;
b # Mari Boeing *t 1978 # 12 * 2 F REA FEHFHFX E290.4 T2
SRR FRE AR ELIAAL A EAE AR ERH2 D 50 2% FF
PP R F A - (Smith, 1985) 5 # 4 #44, Fortuna Reefer »v 1997
E T2 24 p sk 5% % Mona 4% 8 X {sakdgr 325300 2% &£ 30
CEFROERREIR G ALK PR IoREA P X L
(Bruckner and Bruckner, 2001) : § #& Florida ** 1976 # 6 * 8 p &2
~ 7 Myrmidson 7 % 4F % » T AR 2 2 4 2 % o 3 S X RN E D
BHET 0 x T00 @ N L Ay Bk R o 3R W g B R IR & A SR
® 7 M (Hatcher, 1984) ; | #% Bunga Teratai Satu >t 2000 # 11 * 2 p &
< #F Sudbury B EIRN 0 AT IS4 LR AC R T o 4 BB o Ao
Mo RFAEMEHIL AL ERT KLY TR F LS SN
e dods 3> T 9 470 3 3R N AaE 250 o ® (Great Barrier Reef Marine Park
Authority, 2002);4c b # Safir>*1989# 9 * 12 p &2 ¢ 5| Ras Nasrani
ERBNESRGERA 225 500 T 2 @mRRBEASFS IR
vk Hisdr Sads i Aoki® 1100 o = A(Hawkins et al., 1991)% o &
a3 o M AEL RSB ERBEAfrABPERLERER LIRS P



ARBAT AP ER S PRSI E S AL PRI E EHR
PldcE Renid B 2 F & & 7o% - %E % (Florida Keys National Marine
Sanctuary, 2005){?;’@ Menx g 12 & (Great Barrier Reef Marine Park
Authority, 2002) > #%F & 44, & AP B R FIRFTEFRF 4 el R F
o AR R E B 2 e sl A (S A S i TR o

B RERTC —p G2

CHRTEHPPRES IR EDRT) o5 bR Fikp
?@E%‘réﬂ 22 % (Hudson and Diaz, 1988; Hawkins et al., 1991; Bruckner and
Bruckner, 2001) » 43 £ £ b (% 2 $7 B P & HF M4 PRy
(Curtis, 1985) o — L3ty & ehera 3 B % 3R > & R F &
e 2 PFERIEELINT - ¥ 1 % > (Edgara and Barrett, 2000;

Bruckner and Bruckner, 2001) -

It RIRE -t HG 3D

S LR EEN e s B T A - PR PETE > 4ol s (Loya and
Rinkevich, 1980) ~ = £ & (Jackson et al., 1989) - £ 1978 (Vogt, 1995)
FURIE CE A BN R ol R T % AR 0 1991 # e
AHRE19922 1994 ERAF > TAFRHAP PRI IPEL LEE > T iy

FRE3 %G B (Vogt, 1995) 5 3 £ Hmp @ik > 4ol Fl&
#p k% Ew 5 4 (Loya and Rinkevich, 1980) > fr= £ 58X~ E R 5%
(Jackson et al., 1989)  RIMESL M5 LG L » HIL G o 420 547 i i3
SRR > BEFPREE I (Jackson et al., 1989) ;5 & i@ &
PR GEE 0 ARNG %‘«B% A A oAk £ SRR B R
(Jackson et al., 1989);  E R Fypwd A+ > XA ARY | ~ 47
4 7% 1% (Guzman and Holst, 1993)% o st ¢ > FAHP B HEHRFDOF E ¥



TR R A B R TR ATR B IR R
2 P AT T o Rl

B4 EH B 1086 # AT £ 5 b 54 LT e d 3 H ART o HY
RSP 30T FELER Y AT #2181 &R A % (Guzman

et al., 1994) -

2t AR PRRE P HRr P REE S QBT RF] o R

Byl R R PUREA P RAE 0 MR AR AR B Y S A TR
(Haynes et al., 2002; Negri et al., 2002);- &= 3 % %R » G F
4 % rrw? AB WS —fr-/,, }’1’*/‘4, 5 f‘”/p 43 %) — ﬁ , ’}§ FEZg I 5 fie & ’ff”i_}_’?‘;‘,

& ¥ % (Rinkevich and Loya, 1979; Guzman and Holst, 1993) » % # %
* (Negri and Heyward, 2000)14 % #rd]% 4 g% 072 2 82 % (Epstein et al.,
2000; Negri et al., 2002);# ¢ g F 245 %A@ & PlEiT ] 504
AR T F kEF (Negri et al., 2002) -

R A

* ”ﬁ%’% 3B D FEREE T ERPIBEEL 32001 # 1 14p AT R
F Pod BRERLA CBAN ] 22 i RmEE o 7 6 3R
e 2 FERER M o [PIBRTEEMITRUA R A R A AT Ak S B kg
HAc DfE - REFEM > 2 Ih P58 BB oy D48 8 508 0UE T Bk
AR EEPPE H AL R EL (3 F; 2001 2002) o @ F] P B oo
IRl L AL LR FE TR E > VTt d Beh fril Az

R B RITR KB PR A AL BRRP R imbuf 23
WO B

H

T



FoR WHRABRIED LS

A2l E 4

PR

e
5%4%*}”\# IEP /é‘i’é\‘

BT Wro Bt G EEwR(R 1D FPHATEE &
( ~3) o I rzpa ks sk T3 B(H 4 Apolo
AV-1) ~ FakiRze (B 4~5) ~ Bk Riph> 34 23 4 L RIFIGATE
CwmABNL TR > PR SERAMYTLSERE S FRE A R E
FAPPRAPPEFOMNZEHPBRTE ST T A E P P £

Bt RPARBHRPAREF cAAPY  TER BB RB LR Aok | 4T

'ﬂ" o
VAP EBREFRBB Y L L RIENEL VRN RE > 2 B2 B
PEROFE > B Bui0Fp REH AN ¢ FRFERSIHF

GABfidy > M E TR RIGEIANEE c R A RS ﬁ;%’-‘épif’h‘é T oo ik
F/A 55 %{4\%* ‘4%’{455_,,_‘2%’{ Etll%?v‘ﬁﬁ?ﬂ‘ﬁgﬁaﬁﬁ‘ﬁ;}i%‘f?ﬁ;
L



Forud i R A P 05 ATEL B R A A
AP T LR

CRARPBEFERDE R

i

BITHFAIT 2545 F AR E (B2 DB) hx AP ¥R LiF4
36N HE T (TR A R F RS AR R L9 30 2
R RS e BB ARHAT ) AR E
WRABAFEZFLATONE - AEPFLBYRE T2 5 H ol
FRAF o AR1E 20 % 20 2 A T A4 T S A el Ap s 0 dh L A
BRARBASICAT > thiEenE B 20 % 20 A BIEAT SEH L 60

ES

BREY R B L RIER AR P AT R BT R RES - A
BAPACAT A SHPP TR BRI 55 B < ARG AT (s
HRFREde 2 pagr i - AAFFANL 4740100 o 2
o B RHEOKIE G 2 % AR E - B &34 F(HOBO £ B Onset T %2 7)»
APPSR - O RETRG T @A RB R RE R S e
WL LR EPEEp LT ORAE BRI R
97 5V g B B e s S A 0 v FRE R BT B el T o



*}*
I
b

FRABI LA Am L

¥
1y
&
*‘ﬂ

-~ PRE¥E

BLEF AR 2577 R ER AR B LI LA B g
(A~ B AT A REITF IG5 545 F (B) ~ 4 545 F(0) ~ *+ 2001
£ ATAT 2548 F 2t 2 R R (D)~ 5 2001 & Wb (EH {2 endpEg(E) ~
ik (F) ~ 318 (G) ~ iﬁ?%l/)i%?‘%?(H) gD @ REE - ARBAS T R
B B%e B rRE e S FER TN o Aok 2 47T o

BAREA G REINROTAER AAHFRDRRPFWE LT
A 2 (B 7 spur and groove)d A5 BRELEN T a6 T X 1032 20
DR OMEEEFF - LA A EARE@EE HTRZNE (B R
AprARk  ERERApEL TRe (R 10) 377 A3l g8 -2
BEFFIPAHRAREMR LD -

%2005 & 5 % 23 p A BB -‘ﬁiﬁta?*ﬂ— * & ¥ (R
12~13~14~15) » i&— HI+ AW 5 545 F > HEr= 3 2305 » &+ ok
152%352(RI6) $=-+HhE T2 %5352 (BIT) ] & e
EORE 2V (RMI8) - His G P HEsr 3 A HARNS
+ ARES PR RFEAL TR o ABNA NG A G AT S 4

ANEArm P FREALBLID > 73 22 » [ EH(EES 24 ) 0 4
T FHPB IR AT G 20 35 AR HMERT LH o TR
B2 F ¥ R EAT(<I0 2 )FEAY AL R - AR
AfdE o HPIH R hER e VA R F BkE 0 2 PG A5E B



FrLd R ABRIE AR BA
L SE R e gL

g & AR (R 20) 0 HAT i ZAgERF TS o Rt L E B
R LR E R R o A
B PR BRI ?i?ff%‘é 0% BBh FHBENY 1A AP H P

2 BIARET LRE LB B RS ST A5 150 24 5 50
X0 (B 21)4e b0 243k 10 &~ (B 22) » @ | awkdpdg2 (6 = % 2 =
OAFR TR BE O AFRLAEL (£ H22%) 4 AgFR

22005 # 5 18 PR AFEMRTAFOEPFFR 4 5455 (F
Az £ 1ba% » F 7.0 » akiFT v+ Agderd
2o EPBALD PR (B 24 25~26) > 45F T dhm fuig > P
- LR T 0 T WA (R 2T TR M o 45 F

%

25 A EFRRT

PASE AT 2001 EFEnr et BB TL ERE I ARiE 4 3

SR (B 30) e MARLEP AR ES ABEE SRR E(E 31 -
32)  BFABMAAM S 308.5 %2 2 LT AL 2255 %2 2 e
KT R AR 173 T2 28 > L HE S g AGEREL N DE & 40T 5 o R
(B 33-34-35); AR EF FAEAEML & F 2 (framework )l = s34 »
A3 AFReAcRnBi A R LG T LG SHFLY 0 Ao BT R 2
ks @i L4 ES (2005&) PR EEEEHFS DT RE | BR
M- 2005F 4405 P A AP I G AR S < B RAeR ) R E (R 3637 -



*}*
I
s

BMEIARBR®R PP PP RERE R (F38-39-40) ¥ L3 wHEGe£F
PGNP RARW R ENERE BRI R
o BUMTAARFLE G PTHEPFPRIEFL 60% 0 @ kT G hT oy
WREFE A% FBERATHIME BT & i AR 4 B & AFRH

ZRB(B4l) e ARh T &ELNI " AEF > 5 1 P ARBEESHYD
DR BEY - BANEARTEF(R 42) o ptt A EfCR D RERAT

ﬂg ?%,Fl-/}ék‘. ST

T 2HFERRFIAAPPRAR LS EREATHENDTHR FX
S G (R43) A3 2005 & 4 7 5 27.3% » 10 * 4 26.9%% T AL ;
Fpw 2005 F 47 5 T.79% 10 7 5 5.3%7 T IMARR 5 < A & 2005 £
47 5 35.2%m MERSE 10 18.9% attERE T ATIEGE A5 A
2005 # 4 7 5 26.7% » 10 » P AEH v 5 38,195 b ¢ » e B A0 Be
d 2005 & 4 7 10,19 > P AEH 43 10 ? 9 7.8% -

E

ISR

TARPPREINTR PR REFLTHY ERE P Re it -
RREPE O EFFIENBBDEAEREINE > RFET O (45.45F
PR ABRRBREAN30260% cHOPBER 2 RPBREAN
302 50% -4fb P AP - LA T FFIAAFHRAALLE &Y BT
BREIMH - LR RS PAEAFEREAL A RET
RBHEL L AR L - Bo g fop TEA B P Ay
A EEHE2ACNE o bR FHESHII0 DA AR LA FAEe P
Bt o

F O HE

FTRABFEAZELS



TP B RE T AR PR L A
L SE R e gL

WRATHEE Recia Sk @ 355 %09 N % it d BB RS il %o £ £ (B
EEZI0 223 PR E - -FF A9 A frprmRid L a i o
FWBEFSTFALSFT > FFAI10I 40% ¥ - FAFRL LRGSR G
OB THRARET ST G EBEFRACDE o KIF10-12 28 0 B HERW
BELH10%  EFHLEFHRBEREET EALY 2 2 TR (H 44 > 45)Fr-
PoEE B (B 46~ 47~ 48) > Bld? chr st F - B4 Hfep B4 £ > A4
EAl 2503 38(<10 2 %) 5 4 BB f ARST {5 1042 ¢ £ fe k (F
46 ~ 48~ 49) o FWT i ) 2001 £ Beh B X HFHFHF S AL o BITHH

FHERRELLA@RI) -

TEEZEFAAREFALRO LD R R ERE(R L2
53) ) — B HBNTH . PRArAE R RN E N AR - RABREIPER TS
EREZIT0 2R > THEFR L2420 > 2385 3,978 o2 %
BRTI Il 2% o pRIATLEARABRPBRE N3 A KL FO1D%I]
FRFDOORFR THEREFL 1IN FR T PESTECERES
e EE L G P25 54) v om - EAPBE AR RES AR

i

pal
F_*

BreaFflatida g hgazhE2 (R0 F2ahEs apwi
EARZH o2 FRABEFF FIAEAL(BILG)  -ARBEAG 7 - LPBHF
2E(BOT~58) A EFBF it pBPfeipm o 26
WP OTERE THP® S RAKPPE > PRHOENL Mg T F RS
BFAPARLEN A E > - LRI PBcR AP BHEMDE TG 10 24
2O AL AR AR A T RO % (B DY) o

ARh ZHESSHI0 P A EE o - ww%ﬁaw%am’»%%%
2 Frﬂ'ri’*m“'ﬁt(gl 60) 2F 5 1 2wt A ke 5% (B 61 -

63~64-65) ¥ f FIATHZ SIALOIGF L PARBB G SRS 0 - 24

)

10



*}*
I
i

mWs B KL (16 5k 5 22 fr 1Tk 8§ 2 )N AAVPHF &
P D g 20 3 250 AR TR G R E 0 RT3 Rk

FOoOBET-EREILT L HFREL BR - ERESBHT
A
f

Mo RBITTTE4e s ARETS BB 25 A F4F% oA

A\%L%

39005 & 4 54T P A AR IRV EBBH R IR 2%@‘&5@5&4
FHG 5 54,700 T 2% » B RBBHF RS 18,215 T 2
AR TGS 36,485 T 2t s RR 153 23 &% s dp b FE R &
HEAHE S frd 24 A28 TR IANA S AR LTHT -+ BH -

Yoo PR EARARTR R T 30 F G0 B e

PR e S5 F(B66) 4 FR 2001 FEen dAPE I RG]
FE(ROT  FHFMAIAAYARBLELF FB(B68~69~T70~T1) > + 3¢
PRABEGPFIRE RPN B CEEFIRIFB S E(BT2)
VR AFBE IR Ao PR AOEE L L > BB W RAEP
Heitpm s f5p T s ENUHPH B PpwE > 2R WEM Mt
LS R SRR 7 O R UEE SR AR PR B LT B RS

Pt o BT RASTILE(E 73) » FRT AN LERELRT S
Ajo preb s — R B F L ANRBRE G (B T4) > » 3 sy /AR

Eap A (B 7)o bm > FResa(BT6) e - LpwmES
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*ﬁﬁl3?z@’ﬂ%ﬁ¢—%5wﬁ¥i’1£{ﬁ£Wﬁ(%7®’v3
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SRR TR (B 82) mMAERT hERBV wiE 10 & BH
A FEB G P EPW R TR R AR EWRE L (F
83 ileh T HEE NI BAF FHE P 1T ABERTABE
# T (B 84) -

1 ~KE

EITARRKFESRERRENSSERT 0 KELRPERS (R 8H)
He X0 o8- ko|Rh > o33 En2&h (T2 162 20p) 577 &

Beh (87 32 6P) 3 flaZdkh (82 30297 1p)EhP BV FH
FE o m AR P pEPERARICEREE DD BT > AR E T8

SGPHRE TR o B+ >3 31524 1 ]@pr 33 4C
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RACHCAPPREI S TRELESFLE AADITRI A RP B RO
TAREEEF R AR EE A EA S ke s e Bk R AR S T
Fl k2703 A o st =xd 4 P 5 %% ¥ Randall §r Cheng (1977) edzit 4p iv o
HPIFAPBEETAHF R > L& AL RF RIS IRIT NG B
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TR f R R B R TR ATR B IR R
2 P AT T o Rl

R Mk R ER AR Ay 2 BB AR FAREA ) v T
A RS o PIBRELAM LR AR R AR 0 A SRk @ A EAB
B A e frH B AN BT AR LS R PRERET
ANERFARE TR AERS T il S Ak TEEENIFCL0 P B
A FFERRIABS GG T AR TR E AN e
ERIZALEL IR BT RS ELEP S EREE

S FEHNBEEA S RET —PRREE-FE - PBiIH S 2 S 4

R e R A AR L e
TR AR 2N EEARGT S S~ B AR MR AR A S

ST T AL A EHTRT A A RLAAT > defl # (boulder) fr# %
(rubble) (Precht et al., 2001) - 48 ¥ 1 iFd B L E -7 FE LA 4R
Fo LRGSR R M LA IR EAL AL S > UE 2 EA
iiﬁ‘ﬁ#ﬁéiﬁaﬁﬂ’v? o B U RE T AR T A TERIP W AARBIR R £ 2 2 e »

TEEFE LA BRI TEEAAY ¥ FH(Gittingsetal., 1988;
Hudson and Diaz, 1988; Gittings et al., 1994) -

=~ BHF

BRI KA EPF P ERRB DL AR > R 75 EBH

B REESFH ALY > BEERWOY LY EREFT 0 (R

8  HARNT 3 B N1 45 Ta BT AP PS4 ¥y (¥ &

FEAFTH) 2@ BEOE d BPANE LA RLTBES AT 0 §IdE

BAWMEFSL D EFHIASETL TR IoE 8 K4 H(Gittings
et al., 1988; Hawkins et al., 1991) -

B R — P BRR
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p 2002 & 67 32 2000% 9" ERIZEMFGESERIB IR 1T 2%
E TR ER 200 F 9P ALPEEFHT PR EMBRAES TS O T
8.3 PHEHMITIHLMAL 0.3 T2 20 s R EF LS 449 A4~
P BAE L EE SRS rmE s R PP (LI et al.,
2004; Fan et al., 2005; #2 %] A% & F4) - Precht & % (2001)32 %
BEBACKRGE AR LRGP ARTEE R ERRER R T

HRdeeBE R S Boa 2 o fe ¥ 5 A K (hardground) s €3 &
Al AE o 3 I MV Wellwood 738 & Bheyie /s | &R F#Ap 02 > @ 2R8RT 7

FeE (spur and groove)fes ¥t B o {71 R A FHUT A
FNRBTIRPERAFERESL A 2 E I AR TAFE AR TR AE
P A AR AT T E LR RES ST FTRTR o

Rogers 4= Garrison (2001)3F # A % & Virgin 5 #4454 Bk & 0 B2 2R
LB PP ERE PP REFAL)EY AP R A F P AT

¥
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™
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=
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TN EEpEAD - o FHFUTAE RARBE T 4 » £ a03f
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TR f R R B R TR ATR B IR R
2 P AT T o Rl

5B AR RATE R R

BRPUTA 2P EARFERISB L T 2 AR RO S BT
BEAEPPEREIRES S 44 F 5940 21 akifirm»h
Z i 50% (Liu et al., 2004; Fan et al., 2005; #2 %] A5 & FAHL) o

BB EFP R R F S 5 0 Riegl (2001) B3t foim i vDh & FRA M
P PER o A LRG> R R RPN FE 1002 150 & A
AR I AR IR i A ERA® R 2 E > Gittings F 4 (1988)#F H
&MV Wellwood % 12 27T B % > F A ABED IR A > A Gt R-Aa 17T &
N % >4 B A8 0 Aronson f Swanson (1997)3F 3 MV Wellwood #7 % + 2
s gt B & & (hardground) #i4p 07 0 @ 2LERIT R B cPgt R B BE 0 BT B 3
R R T 7 4o Gittings ¥ A (1988)FF #F enp-i¢ - Smith (1985)4r 7 H ik 4y
LN E B RARFL 25 cm2m2yrl > & Cook % 4 (1994) % 2+% 80 %
160 %3 e B o %> A7 A ST FHIE T PBREROER
= € % (Dollar and Tribble, 1993; Riegl, 2001)

A BEEFEFERY

WHUTA 2P E AR R S REFEORE N E LR ES R L
A HPR W RV st P4l T o Hatcher (1984)3F 4k dn & 47 3% pL
b B 5 R 5 BROETEEAL 0 0 ks Belteski Zuri 45 &£47
RNBETR > DEOCEATEF 4183 E v 5 a(Riegl, 2001) - ¥ ¢k »

P T iXehRose R4y LARBATF TS AL € L PR A3 S
A LAk sE % 4 (Green et al., 1997) -

FHUP P RARERNFEEPR PR EF | PP A L T
H

SREDFHEF T 52 A B AR~ 2R T i
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Ry ERNI G FFRA > A FRAFFP B HPRRLLETE
TP BB AR I L ESFTadrm i bt Lo 2 EWMiller
and Barimo, 2001) -

L~ A F e LAY

BEEAROE S - B R FE? S FT o ABE LG R T
38 4e » £ o Blde Riegl (2001)% R 2% Camel-Nabq 2 4y ¥ 7% %% cmp 399
REST A ORERET AR P ARG ERRT E A0 G B

RIS ATEL AR FAPDIET > BBt » § AR DT B RE G (AN
g it > R FV A & @@ﬂ%ﬁ&???%%iwmzé$4%’6+ﬂ%
PRHRERTAT 2P 3L PR T AR FE L PR LUK

P ER AR R R o

3\

L BEBRR-AGZHRR

Bupfeigyr e 3 P FRESR0PY o BBEEGF R  §
I g B¢ ek w(Precht et al., 2001) c a3 EEHh v Z Y (DA
AAZEATORPRRREZEFI P E2 (DR RILTSEE RAFR
AR AHER?2GAFEERERAIET R KA g0 o

L- BB ELT

d AP A R r FORREFLII| PG JIF A I B ERBUEEH
TEHAFERRAFTRE T I B P PRRAE T RE B EEE D 5 o
BT RAEIEHEE FOGT T B PAFE S ERERETE R R
A REAR L P FE G B E R o F R BT EG k6] 48 A 1989 247
NAHET M 1995 #(r 6 #8)eFEE4 vy Miller and Barimo,
2001) -
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and Fisk, 1988; Hudson and Diaz, 1988; Clark and Edwards, 1995; 1998;
Rinkevich, 1995; 2000; Oren and Benayahu, 1997; Edwards and Clark,
1998) c B2 T HEPF PP e F L AP PRAPEFR S @ P
WREaR o5 P FRCK S R R R R AR s IR R T
BA R BEAPEEF O SR RERA S AT AR R
AR CPAFAAFIRBE hEPPERDRR ) LTRSS HERP R
BB BRR FETABRSREHFESPBERLE S UE ABRAE R
LA Rt B R ARAES S R G PR o BFRBHE S N Gtk i f
PEERBRFRFAPERE 2P IRE PRI LERTRESF MR R
JRF B EHbe 2 5 ) HSA- FF3 ARG P PERF
HEOFERR  FHEPPEE s S L fedfia Ty 2 ae

e

MAAA RIS BEF RO R A Ed BREEMOEPES A A

m i\g 4 %ﬂﬁﬁxﬂ °

FROPBREEFRY LA RUPFHP > IBIZFLIHEG 2 LR LA
EAE RN s g RS T AN Fas p A M AR S i o - A I ¢ v
# B4 % > E B 2 (Connell, 1973; Harriot and Fisk,
1988 ;Bowden-Kerby, 1997; 2001; Lindahl, 1998; Rinkevich, 2000) - &
BEAPiESL XN HE L B I R OAART B E(Ortiz-Prosper et
al., 2001); E @AV pHS CF¥ LI L g HP® > - LBFL €87 A
MR A F RGP AGSS PR Ptk s T o RAs A
Byt 3 EERLFIEAR oL SR REHBER DT EFR
BRI A RRGESAE LR HE G REOFF L A2 2 #F R (Edwards
and Clark, 1998; Edwards et al., 2001) o d »*¥sua 2 £ {354
BHEAZBE - FIPEABER T RER VR PES o
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Ra o KALXFTOPPRF S EHE TR EY > B
EPFFL NG ERAL FE TS o TEL S JIT REPBEHS
FREAKEBEFALIE TR FHELX TR EMAG > L RH R 0yl

4
X

LFITPPROATREZAFZZINEAMR > ¥ ¥4 © fad 2 {7 (Rinkevich,
1995; Bowden-Kerby, 1997, 2001) - Becker 4- Mueller (2001)% R &+ &
KER?P R TPV IGESEME > T F A SR TV RS R
B ETRE o de AR A R ERL A S o R R
TR AENRP R BEERET - NAIRBRTEFITIBER TR DR
pane A- 2 RREIEMRD % B (Rinkevich 1995; Franklin et al.,
1998; Yap 2000) ; BWp = 6 » @ X4 S Fbpe 2 p w2 ER 7T 4 4 H
g RS E 1999, 2001, 2002, 2004; #2001, 2002) -

2HAFERIA TSI B
2HMFEFARFLEIAPPRRAL ABFY > d WP E BRG]
B efEsE o FlM 4 R R E M (Liu et al., 2004; Fan et al., 2005;

HEg o A LAFTHE) 8 ABEPFPRT IR G 0 302005 £ 40 B

PR IWhERw et AEORRdA 1 AR FBERATIIRT AR

L4 92 k(BI88) A b P AARE > F Tl kB ~8tkf =& 5 ko

it 8 R4 Ry P R BEM R AAEEAENRT M HRES

LAl rmENLi e (a5 AFLTHR) R Akh £5EH0 2 A

ETFRI2B B B EprmTa LELA A TS ¥ AN BERD

A AR R SRR PR B EFTREEET > BEP AN BER R

fe P v il o 223Kk R J%i@m&??%% ALK RIP B R K P
B AP B TR E S A5 1 & 10% 5 2 & 25% % 3 & iE 40%
fr% 4 £ 50%; R RIFA AR RIERTE > Ap BARAF ALK T

BRBEAPBBERT o 00 BRARRT PS5 CFPER D AR
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MV Amorgos — Joint Survey Results

May 2005
2000 # 5 *

A joint survey of the wreckage and surroundings of the MV Amorgos in the
Lungken area of Southern Taiwan was conducted by Dr TY Fan of the National
Museum of Marine Biology and Aquarium (NMMBA) and his two assistants, Mr
Wei Jia and Mr Mei Li Chi, Ms Helen Newman of Newman Biomarine Pte Ltd
and Mr. Tsai undertaking underwater video recording of the surveys.

SR E P RFEMEABEERSMEAN L I R B ED AR
FPZEdicw 2 B4 L4 2245 > L4 > Newman Biomarine 2 ¢
Helen Newman /| 48 fri& 7k TR A4 Bchiz L 4 L i o

The Survey Programme was as follows:
BEVF T

15" May 2005  Meeting

Meeting with Dr Fan and Helen Newman to discuss objectives and survey
methodology and programme details.

20002 5% 1bp B¢

¥ L& HelenNewman 34 4 P> 283 f ms o

16™ May 2005. Dive Surveys

1. Dive Survey and measurement of the area affected by the salvaged
accommodation block (stern), description of the sea bed and assessment of
coral cover in the surrounding area.

2. Dive Survey and measurement of near shore area affected by hatch cover 2.
Examination of coral transplants and permanent quadrate sites in affected and
unaffected areas.

3. Dive search to locate site of salvaged hatch cover (hatch cover 3).

2000 # 5% 16 p #Hka 2
1. BAARAToREL L ERERE Rt B2R TR YFPPRE -
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17" May 2005. Dive Surveys
1. Dive survey and measurement of the area affected by the hull and iron ore
cargo, description of the surrounding seabed and estimate of coral cover.
2. Dive survey and measurement of hull area connecting to the area affected by
the stern. Estimate of coral cover and description of seabed.

2005 &5 7 17p #ka 4
I BkR AR R 2L eBROLERE HEr WA A 673 R
E o

2. BRA AR P RRGERERE REYRAR BPPPRE

18™ May 2005. Dive Surveys.
1. Dive mid section of anchor chain and attempt to locate initial grounding
position based on the bathymetric survey results. General description of area.
2. Dive area adjacent to the salvage site of the bow. Determine nature of the
seabed and coral cover. Examine site for structural damage.
3. Dive survey near shore area. Measure size of newly located hatch cover 4 by
Dr Fan’s assistants. Quadrate survey of damaged and undamaged area affected
by hatch cover 2.
20005 % 18 p #Hka g
. kA dssa? £ fRAEAARFRHALTEFTEAFEEE > ®E
- A fy it o
2. BRPAMITLEFGEE ATBFORTIrPRE  RABER
SRR
3. BkPAMAT R IO EPIEATFRDAGTAZE N A 2H5AFER
BB AR T Bk ® o

19" May 2005. Dive Surveys
1. Dive bow area, measure length of “crack”. Transect survey of adjacent area.
Swim survey of area for general seabed description and estimate of coral
cover.
2. Dive near shore area. Dr Fan’s assistants and Mr Tsai try to locate any
damaged areas affected by salvaged hatch cover 1. Then undertake visual
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survey of south Lungken near shore area for general observations of coral
cover. Dr Fan and Ms Newman surveyed the near shore area near the site of
hatch cover 2, to estimate coral cover in undamaged areas close to the affected
site.
2000 5% 19p #Fka

. BkB A% PEHELE R BMITRBORERANE > - L5 Ky it
BEIPWRE -

2. kA LATAR O HE Lo R ERALAWFH LI HFEEFREOTS
ggf; %";;E‘ﬁ_,%‘ﬁ‘)%’_?‘z PR % E PR #1422 Helen Newman /| 4234 % 3T A

WT2HAgER A ARTHBRFOABR RGP RE -

20™ May 2005. Meeting at NMMBA - Summary of results to date.
2000 257 20 p AAaAERE > BRBEISALES -

21° May 2005. Meeting NMMBA. Demonstration of Coral Survey data
processing
2000 # 5 * 21 p fHAAAEREE WP PRPA L TR AILIRE

22" May 2005 Data Processing
Prepare draft document of joint survey results. Calculate area affected by
hatch cover 2 from the measurements in the field.
2000 & 5 7 220 FA R ERBMEALRETH I FHRITRTE
SAGER T M -

2

a

23" May 2005 Dive Survey Lungken Near Shore Area and Banana Bay

Visual estimates of overall coral cover along the Lungken shoreline, south central and
north. Check for any indications of residual oil in the nearshore area. Dive at
Banana Bay at Dr Fan’s coral monitoring site and generally to determine how
comparable this site is as a control to Lungken.

2000 # 5 7 23 p HRBAFFUTA R ES

EEFRIUS AR E P REAE PREHPPRE ATARKRAAN
g h EFHE LR B LT RIRE R FLRRERT -

24™ May 2005 Joint Survey Lungken Intertidal Zone.
Survey Lungken intertidal zone at spring low tide. Check for any residual oil
as potential source of nutrient pollution.

2000 & 5% 24 p EMEMBAIPEF
AP MPHRFALPTY  REARDTEF R T LV R o
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25" May 2005 Meeting NMMBA .
Data duplication. Calculate area affected by the main hull, stern and cargo based on
the dive survey results and bathymetric survey.
2006 # 57 25 p Al AR g
FHAE VBB E IR RO FRTHE O FEL ALY Sk
o B B e #f o

26" May 2005 Meeting NMMBA
Data duplication. Update joint survey document. for discussion
2000 F 57 260 p ik A AR G
FTHRAN (AMWMEALRETH  HH -

27" May 2005 Discussion and finalization ofjoint survey results
2000 # 5% 27Tp HeEAZREFTHIHBE=S o

28" May 2005 Discussion and finalization of joint survey results
2000 # 5% 28p HEAAREFTHIHBERS o

29™ May 2005 Discussion and finalization of joint survey results
2000 # 5% 29p HEAAREFTHIHHE=RS o

Summary of Agreed Results

k- ek N

These results are based on extensive joint underwater surveys undertaken in
May 2005 and on examination and discussion of historic survey and video
data.
TEREE2000E5HMERTALE > UEBEIALIER TR ORA
13 & AH#H
1. Stern Area (Accommodation Block salvaged in 2002)
k% (2002 # Fr4 0 E R
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Measurement of extent of the affected area.

This area comprised a channel along the rock ridge with patches of residual
wreckage, some crushed boulders, boulders and bedrock.

Length of affected area = 170m

Average width =23.4m

Total area =3,978 sq m sq m.

Depth 11m - 7m

PR E
PR ZEFAMRNA - LABDTEA TRICAREFDETTE
=

Stern Area —Description of the seabed.

The area comprises bedrock and boulders with a growth of algae, sponges,
tunicates and some corals.

bk ®H - ALt

PR ZHFEL LG ERE AR B fo-Epmd EEH o

Visual estimate of the coral cover in areas adjacent to the wreckage of the
stern

Coral cover varied from about 15% in areas of bedrock to 5% in areas of large
boulders.

The average coral cover in the area was 10%,

PORIARITA B A " I P R E

PHREAHEEEFDIONI A BHF ORI PR TR E S
10% -

Status of the seabed and residual wreckage at the stern area.

The larger pieces of wreckage seem to be stable. The accumulated small
pieces of residual wreckage consolidated by marine organisms in the affected
area seem to be stable. Some small isolated pieces are unstable.

iy ke ?\z AL 5 IR

RPEBR ARV RO RED 3 2 F AT D ARET R

e ] A A ATEPAR B R T -

FE
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2. Hull Area

LR

Measurement of extent of the affected area.
Totalarea = 54,700 sgm

Area of residual cargo =18,215sqm

Area of residual wreckage = 36,485 sgq. m
Depth 23m-15m

28 % B i £

o f o= 04,700 T3 o x

ARBHF) E R = 18,215 T > o r
ARV R H fF = 36,480 T 3 o %

R 23 - 15 =2 x

Description of the seabed

The seabed around the hull area comprised large boulders and cobbles to the south
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and west of the wreckage with outcrops of bedrock, boulders and sand patches to
the north.

B s i
ir R EAK AR S fed 33 X BRSO BHR S AL
;,g’égﬁg\ X BBV o

N

Ry ST

Visual estimate of the coral cover in areas adjacent to the wreckage of the
hull

Average coral cover was less than 5%.

PRy PR BT PR E

T iam s § F M 5Y o

Status of the seabed, residual wreckage and cargo in the hull area.
Generally the hull area comprises large sections of wreckage, which seem
stable. In some locations the wreckage has seen significant recruitment and
growth of corals and other benthic organisms. The complex structure of the
wreckage has provided a variety of habitats that have been well colonized by a
variety of marine organisms. The majority of the wreckage is only colonized
by a few small corals.
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There is no indication of any toxic effects due to the iron ore cargo. Some

large boulders were observed that had been crushed or broken by the wreckage.
The anchor and chain were found.

A R A R R AR PRI

PR FAARBN T - LR BRI RPBIE 8 RS
Poede » o £ ’5&%#61’%;;’3_.% i#&n LR SR EER AL
o5 e %;‘Kv@%xz\* = Z % JT'F‘I\?’; VTR o ?%P/T‘ #\_"’,'_Iﬁ, ]"}IE"}* ’ﬁ,

BRI - A 4 mmﬁﬁﬂ iﬁﬂﬂoﬁﬁmﬁ@ﬁﬁ°

3. The Bow Area — Salvaged in 2002
B %2002 & %

Description of the seabed and coral cover

The seabed adjacent to the area the bow was salvaged comprises two distinct
areas. One area (50 x 50 m) comprised a consolidated boulder reef at about 9m
deep. A veneer (up to 10 cm) of coralline algae, algae, sponges, tunicates and
patches of corals grow on the surfaces and around the boulders binding them
together. Coral cover in this area is patchy ranging from 10% — 40%.

The other area is west of the consolidated area where the seabed slopes off to
an area of more mobile boulders and sand patches in 10m-12m. Coral cover in
this area is 5-10%

e R g i

MR T R 48 T 0 9 2 < At d AR LA F T (50
F 50 2 %) R (BB 10 24 )F 3 5 il A B fer R
FHAE AT HRE BB RIS FALSTE > FH A 10-40% -
V- RFABRRIH IR RT L RAGAR LT G EHE FHAC
B RE10-12 2% o R HRBRE 5-10%

Observations of Structural Changes

Along the edge of the consolidated boulder reef area, a crack was evident from the
shape and appearance of boulders with little marine growth. The complex crack
was measured to be 41m long. A piece of wreckage (a winch) and a thick rope
were found within 10m of the crack . The crack may have been induced by the
impact of the bow coming to rest in the adjacent area during a typhoon in 2001.
Ms Helen Newman considered it may alternatively be a process of natural
“slumping”.
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4. Near Shore Area

a) Area Damaged by Hatch Cover 2 (salvaged May 2002 -site of
experimental transplant programme)
This area was identified and marked as a study site by Dr Fan in 2001
prior to the salvage of the hatch cover in 2002.
25453 F % (2002 # 5 " Fh-HEF SkE B)
B 2002 #EgE Frp 2w o #1210 2001 # R T s R L PR

I;ilg‘}_,o

Total area affected = 398.5sqm
F'l ~ Vertical = 225.5sqm
"4 ~ Horizontal =173 sqm
Average coral cover on adjacent undamaged vertical surfaces = 60%
Average coral cover on adjacent undamaged horizontal surfaces = 45%
B e fF = 398.5 L o %
8 G ff = 225.0 T3 o

KT G =173 T3 o

WITABEELE 5 TR RE = 60%
AT AR F KT e nTopm R E = 45k

b) Area affected by hatch cover 1 (salvaged May 2002). The probable
area of this hatch cover was identified from the salvers diagram and
was investigated by 5 divers during the survey.

The site was not distinguishable from surrounding area during our joint
surveys.

1545 F L% (2002 & 5 7 %) o BH48F v iv b Bhd % K
ATAE B R ARBl A D b kA R E

70



c)

d)

-

EALPEL AERL W BB FR R TR

Area affected by hatch cover 3 (salvaged May 2002)

The probable area was identified from the salvers diagram,
photographs and video footage of the salvage operation. The site was
not distinguishable from surrounding area. The area comprises a
lagoon with smaller rocks, boulders and sand patches in 3-5m
dominated by algae with low coral cover less than 5%. During the
search for hatch cover 3 (survey range about 200m), the survey team
discovered the hatch cover 4.

3EAGERET (2002 # 5 #F%)
ﬁrb)’ﬁ“%;{éﬂ"’ GOBEEY R X i B Y L e BB Y AodR R F
FHAM AT A E B FE T TR e
JET S BRI E GuEP 0 RIES-D R G F
Mt H% AEP IEAGFEAY (BAEFFL Y
200 22 ) BABMIBFFERABIGE -

Area affected by hatch cover 4 (discovered May 2005)

A complete hatch cover (length 15m, width 7.5m, water depth 7m) was
discovered in May 2005 during the survey. The hatch cover is wedged
in between two outcrops of fossil coral reef with living corals growing
on them in an area of small limestone boulders with low coral cover
less than 5%. The hatch cover is partially filled with sand and rocks
and appears to be stable. It is located around Channel 10.

4543 F 8% (2000 # 5 7 #IR)

AR hERY TERDAFAEE B R ERE R ID 2 H 7.5
DRCBBEFAKFETOCESR T ALY H LG 3 ERPA L
Pt P BEMEE > RTINS FATRE PR E MDY 45
FLEua i) o pIAE - B e R o BN AR 2 10 Bk

i e
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e) Area affected by hatch cover 5 (discovered May 2005)

Dr. Fan observed an unusual crack during the coral survey. Further
investigation, revealed a damaged hatch cover in 4-7m depth water
north of Channel 1. GPS 21 deg 54.920 N, 120 Deg 51.724 E. The
hatch cover is in two main sections 15m(L) x 3.5m (H) and 7m(L) x
3.5m(H) and one smaller section 6m(L) x 2m(H), and a few small
pieces, jammed into crevices between the reef. It is covered with
substantial amounts of red macroalgae and calcareous algae and the
occasional coral. It may be unstable. An angular scare in the reef
adjacent to the hatch cover was observed. This was probably caused by
the hatch cover. Regarding the crack (< 10m from the hatch cover),
this appeared to have formed relatively recently as marine growth in
the crack was limited mostly to calcareous algae. It is possible that the
“crack” was formed by the impact of the hatch cover on the reef.
However, “cracks” or crevices are a regular feature of this area.

bHAgERE® (2000 # 5 7 #IR)

ABANRAEP BRI B LERD - 2 FF o die- H
W HBFHOEEE HE¥r2 3A3Mix o A i 152 3.0 2
v Em - AR TR FE3Hhar s rmE R E 208 0 H

B U AR 4 ] SR AL B kiR

2]

4-T == - GPS 21 deg 54.920 N~ 120 Deg 51.724 E - % o 827
Tk d <R R R OB ] FA R T AR o A
HAT(<I0 = 2 ) F e R E FIALAG TG - B R
BAFAE 3P HEESNDD e AP AT i S45F
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Coral Cover and Observations in the Near Shore Area — General
TARPPRZORZ- R
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Coral cover in the near shore area is quite variable. Extensive swim
surveys over 300m each, indicated that coral cover in the central area
(~Channel 20-30) was the highest between 40-70%.
Further to the north there is a shallow lagoon area with more mobile
limestone boulders and sand patches up to 7m deep (site of hatch
covers 3 & 4) . Coral cover is lower at 5%. North of this, coral cover is
30-60% including the site of hatch cover 5.
Further to the south, (~Channel 40-56) coral cover is also patchy
ranging from 30-50%.
TARPHRIRRE S E A4 300 2 1 s E A
TR RE eI ROk 20—30)@% 42 40-7096 -
PERAT - RRKEPEREG SR TR o o KiEE
TR (34 BiggEsr g) - Wﬁﬂgi<5//°
AERPREA30-60% 0 FIEOFAFET o
2 (kg 40-56)3 B E 43t 30-50% -

There was no indication of residual oil in the near shore area.
TR AT LA AR

There was extensive growth of macro algae in the near shore area
generally, which appeared more pronounced in the central area. Algae,
possibly diatoms was also noted growing on the sand. This is normally
associated with high levels of nutrients or may be seasonal. It may be
necessary to compare Lungken with other control sites. The lack of
grazing fish was noted, which probably contribute to algae growth in

general.

—HA T IFIAAREERLAELE AP ERERE{ P - )
PG EEOFTRASRREFAL TUVERFIYARI M D
TR EEEMR g - P TR VRIS EBE . GRS
GER AR 3 A

Intertidal Zone — Lungken
There is no observed evidence of residual oil that may be a source of
on going nutrient or other pollution to the near shore area.
Nl I P
TABREIADT R AFEPRAIERSL LTS -

Restoration measures under consideration
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1. Coral transplants to site damaged by hatch cover 2.

QHIBIFARESEP S
Status: The area damaged by the hatch cover is covered by macroalgae and

sediment. The natural recovery rate is very slow. The coral transplant experiment has
demonstrated that it is possible to enhance process of recovery using transplants so far
after 1 month.

Objective; To enhance the recovery of coral cover to pre-damaged levels
in the affected area. That is 65% coral cover in near vertical surfaces and
45% cover in near horizontal surfaces. Some areas (e.g. sandy patches/
mobile boulders) are not suitable for coral transplant

AR ARFTFIFETLDRIAT A APPARERZET SR >
BEFRISHI B BETHBERBT LR rh&‘-fﬁ.)ﬁz °

PR BUPHRRIBRD KRR FRBRE EwiE 65% kTa
F A% - ERBUrH /e DEE)T 1E = ﬁy TP o

Source of corals — Jialashuei.

Total area affected = 398 sq m

Timeframe total =4 years

ﬂuI\?’ij\/}E‘l - 3 }\
AR - 3985 A ¢

w4 E

In addition to coral transplants, Dr Fan proposed to transfer grazing invertebrates such

2.
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as sea urchins and snails to see if this will limit algae growth and enhance coral
recruitment and survival.

SO ERW o B LR Z RAE G EDE P Aol ST fois e, 1

o S E AL LR R BB

Dr. T. Y. Fan: proposes this measure
Ms Helen Newman: This measure is possible subject to the results following
the typhoon season.

#Ed g EEi g
Helen Newman |- 48 @ pt 33 5 ¥ a0 e o e h 2 {6 e &

Removal of hatch cover 4 and 5
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44c b BAgF 5%

Status; Hatch cover 4 and 5 lie in less than 8m depth. This shallow area is
influenced by the NE Monsoon and typhoons. As the hatch cover pieces are
upright they may be moved by swell and surge, and so damage the
surrounding coral. Therefore it is proposed that the hatch covers are
removed. The site should then be monitored for recovery and assessed to see
if any restoration is necessary

BRI 4 BAFEF RN R LR BRCB ) XA ER foleh 3142 S
BARARE AHIS5BEF AR A ARER > ¥ SRFPIP R
Mo FIrEHRAEGEE B  RUTRAREERETIRFEZE o

Dr. T. Y. Fan: proposes this measure
Ms Helen Newman: This measure is possible but will probably cause damage
to surrounding corals.

RN SIS sl S |
Helen Newman -] 48 @ p* 223 4 Ve B #7 % Flp w2 2

Structural concerns regarding the cracks near the bow area and hatch cover
5. Concerns regarding the stability of small and isolated pieces of residual
wreckage.

LA D PAFE R ARG HER A ] 3D AFUhR BTN -

Dr Fan will discuss his findings on these matters with his colleagues before
making any proposals regarding these issues.

B LR dp il A L3dsh s £ 3 hEik

Removal of iron ore cargo near the hull.
5 LT R %
Status; The iron ore is  unstable and can be moved around in the swells and
surges during typhoons. When the iron ore moves it may damage surrounding
benthic organisms. Therefore it is recommended that the iron ore should be
removed from the major affected area, subject to finding a suitable method that
will not cause significant additional damage to the surrounding environment,.
Divers using airlifts in selected areas may be able accomplish this subject to
further input from appropriate commercial operators. The approximate area of
mobile cargo of concern adjacent to the hull is 18,215 sq m.

MR B IRT GBS ET R ARBEISFRZEDFS L E L
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18,215 T > = = o

Dr. T. Y. Fan: proposes this measure
Ms Helen Newman: This measure is possible but will require input from
salvers for an appropriate method that will not cause additional damage.

HEL RN EEPF
Helen Newman - 48 @ pt 33 3 Vi e B2 B34 X/ EF €323 §
Tenigy 2R 4

5.  On Going and Proposed Research in Lungken

76

Ll REFETLY Gy
Dr Fan is proposing to undertake the following surveys;
L EBEET B A
1. Measurement and video of the length of the crack observed near hatch
cover 5. May/June 2005
B EAosB D545 F 3 i R - 2000 # 5/6 7 o
2. Survey and video entire length of Lungken nearshore area to look for
additional hatch covers or wreckage and any associated damage to the
reefs. This will be done using underwater scooters in May-Oct/ 2005.
NETAFLT T EREARABE 3 LT 22005 # 5-10
Ao
3. Survey status of coral transplants and add additional transplants. Sept/Oct
2005
BEBREPFBOFTERR T B HEPH 2000 & 9-10 7 -
ITOPF with the assistance of SINTEF and Helen Newman, collected sediment
and water samples from Lungken, Longpan, Banana Bay, Baishi, and
Moubitou for analysis for oil pollution.
ITOPF 7 SINTEF 4= Helen Newman 584 » A Fsd ~ 4543 ~ A B9
PR FRERAS RS F L
In May 2005, Helen Newman with the NMMBA/KNP collected oyster
samples from Lungken (Ch H1), Longpan (Ch 1), Banana Bay and Baishi for
analysis for oil pollution.
2005 # 5 * > Helen Newman £ /& 4 & 2 ¥ it B edsye(Cksg H1) ~ 49 %
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CRE 1)~ 4 Effre R BRI A 5052 o

Other Surveys in the Area
Hupdd
4. Dept of Geology, National Taiwan University. A research student will
collect Porites coral heads for sectioning . Cores will be chemically
analyzed for environmental indicators of pollution.
BARF AR AR TR LA 4T
5. LTER project may continue in Lungken subject to funding
LA R ET SR AT Y
6. KNP has commissioned the NMMBA (Dr Fan) to assess the general
status of the corals from Lungken to Jialashei.
REFATE A 2 AEHE B EFRRT B2 kP W - SR RIZER o

Prepared and agreed by

EBERL

¥k 2L

Bz aE2 585

DrTY Fan Helen Newman
NMMBA Newman Biomarine Pte Ltd
2000 # 5% 29 p 29 May 2005
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Joint Coral Survey Report September 2005

2005 & 9 *| 3 & FHAh v,

Amorgos Marine Survey

ISR A

Dr T.Y. Fan, National Museum of Marine Biology and Aguarium
HRIEL WZBELAFEFE

Helen Newman, Newman Biomarine Pte Ltd

Introduction.

This is a follow up survey to the Joint Survey undertaken in May 2005 of the

wreckage and area affected by the M/V Amorgos.

Since that survey, between June and September 2005, Taiwan was subject to a series

of typhoons including a super typhoon that affected Southern Taiwan in July 2005.

w3

FF200E5"BEFE062 9" HFFEBEE LT3 - B

Wh B 8a S

Programme

R

23" September 2005 Meeting Dr Fan and Helen Newman at NMMBA to discuss the
objectives and program.

2000 # 9 % 23 p #{E L ¥r Helen* 2 45 4 43dhp ¥t

Objectives

B %

1. Assess the status of the coral transplants made to the near shore area affected
by a hatch cover.

2. Determine if the broken hatch cover pieces located near Longpan had moved
during the typhoons in July/Aug/Sept and if they had caused any damage to
the surrounding environment.

3. Check on the main part of the wreckage and determine if there had been any
significant movement of the wreckage and cargo.

4. Check on the stern area to determine if smaller pieces of wreckage had moved
and to compare this with areas nearby.

NLTARLBEBRFPPAER R -
NEF TR LI RIEE T AR PSS E T3 R
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Diving program delayed due to poor visibility at proposed dive locations.
Bk E Flar LR L@ ut
29" September 2005  Dive survey coral transplant site
Dive survey site of broken hatch cover
Dive survey main wreckage
2000 # 97 29p BRALPFPHER BEHFEFR S LEAVFE -
30" September 2005  Dive transplant site —
Dr Fan — Permanent quadrate survey
HN — General survey
Dives on the Bow and Stern area aborted due to strong currents
Additional dives aborted due to incoming typhoon

2000 9% 30 p BRALDHETR > HELILALZAAHRT  Helen*1# 3
¥ if
AR R AR R )
Fleeh iTa B H B AR
1* October 2005 Meeting at NMMBA to discuss findings and prepare joint
survey results.
2000 10 * 1 p LA EmB AR FERERRL

Survey Findings
BE-EE
1. Coral Transplant Site
In May 2005, a total of 92 transplants were placed initially within the affected
area. Sixty six days later 58 were healthy, 9 showed negative growth and 25
(27%) were missing.
On 29" Sept 2005 we found a total of 12 coral transplants still in place,
additional transplants may not have been located due to the poor visibility. Dr.
Fan will try and resurvey and compare the status of the transplants in better
conditions in October 2005. The loss of the transplants was caused by the
typhoons. Dr. Fan noted that a remaining piece of hatch cover (50 cm in
diameter) had moved.
1. P HEw
2000 # 5 % AR R R 92455606 X {2 D8 HRIERE ~O R A&
25 ¥R (2T%):E % -
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HFE O HELRAI0? LA ALV RAESF o BEPFB L A
EIRBEAFE - HE L AL, T AB(EEYL 2 )BH -
Generally there was less macro algae in the area. In one of Dr Fan’s permanent
quadrates, the size of some coral recruits had increased. Some colonies had
started to meet. In other locations coral recruits remained low. Ms Helen
Newman considered that coralline algae had apparently increased but required
further examination.

R D 2 R < A ERC O HE LA AR R - - B A~ FEAER A
FHRES B APEIT ) B RBP4~ FH {3 o Helen Newman
dREPFERTIPEMEIRE- KA -

The only noticeable difference was a decrease in macro algae and relatively
clean boulders and limestone rock formations adjacent to the sand. This is
probably due to abrasion by sand and movement during the typhoons.
PEPREDRCLAARRC X PAEEERE A S FlRR J 425
ERifo#Ba BAKRE o

Broken Hatch Cover. GPS 21 deg 54.923 N, 120 deg 51.723 S.

The hatch cover was located and two of the three pieces had moved little. A

few small scrapes on the surface of the fringing coral reef were observed in the

gullies about 150cm by 50cm and 50cm by 10cm. One piece of hatch cover

(6m by 2 m) was not found, either because it had moved, or because we could

not find it due to the poor visibility and swell. These results indicate that the

pieces of the broken hatch cover are not very stable.

BAFAGE

B2 PHIFBFETHE > A PHEEL S JH W 9 150 24 3% 50

Q/n\{r 50 2 a3k 10 24 s i SR dESE (6 2tk 20 ) AFR T
CHBATFNARLH AR TR ERTBFFE R

Main Area of Wreckage

The survey commenced at the engine block as a point of reference and then we
circumnavigated the wreckage. Generally there had been no apparent gross
movement of the wreckage, although some areas may have changed. One
section about 10m long had slid about 6m along the top of another piece of
wreckage leaving a clearly visible fresh scrape mark. There was evidence that
smaller boulders and rocks had moved around and some of the cargo exposing
“clean” rock surfaces.
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4. Due to adverse conditions, it was not possible to dive the Bow and Stern areas.
Dr Fan plans to undertake a survey in this area subject to suitable conditions in

October 2005.

4, A EREI A mED GAEEIods B E o B L3R 2000 E 10 P AR

EELEFAG -

Proposed Restoration Measures

1 B I ES

Based on the results of this most recent survey Dr Fan proposes the following;

AP HEATESFHEHE LR T &

1) To try and improve the method of attachment of the coral transplants so
they are flush with the surrounding surface.
HABEPPOFLS 2 RPPERENL I BE o

i) To transplant corals based on the latest monitoring results annually.
ANEEERFTOT RS EFEFSER T I F

Prepared and agreed by
N

B 2L
B2 a3 e 4 A

DrTY Fan Helen Newman
NMMBA Newman Biomarine Pte Ltd
2000 # 10 * 2 p 2 October 2005
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2000 # 10 * 15 p

DrT.Y. Fan, NMMBA

A EHRZEL

Helen Newman, Newman Biomarine Pte Ltd

Newman Biomarine Pte Ltd = @ Helen Newman -+ 1

Programme
Pk

12" Oct 05

107 12 p

13" Oct

107 13 F

14" October

107 14 p

Dive 1 - STERN AREA- To asses any movement of wreckage

Further dives at site aborted due to poor sea conditions

% 1 B R-d B IR A R

CIRRPCRLA NN SEI 3750 S o |

Dive 2 — Fengshuisha

¥ 2 X B K-h PRF)

Dive 3—- NEAR SHORE AREA - To survey permanent transects

¥ IABK-TAR-DARARESR

Dive 4 — BOW AREA - To collect sediment sample and assess
movement in the area. Dive at stern area aborted due to strong currents
$ATERAEE R RO EA O TEABS R AR 7
iy B W Bk B

Dive 5 — Banana Bay — To survey coral cover at permanent transects
FOXBR-AEF-AAARARERPBRES

Dive 6 — STERN AREA — To further determine movement of wreckage
canceled due to poor sea conditions.

5 6 KR E FR-d AR G dp kR BB

Joint Survey Findings

BEALBFRES

1. STERN AREA

Sea conditions were difficult during the surveys with both strong currents and swell 3
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m. Visibility was about 10 m. There were indications that many smaller pieces of
wreckage 1-3m had moved. This could be seen from new areas of rust and areas
“cleaned” of marine growth apparently by abrasion. Some larger pieces of
wreckage have also moved. It was estimated that at least two pieces of wreckage
(16 m x5 mand 17 m x 8 m) had moved significantly from their original position.
Mr. Wei and Mr. Tsai estimated that 20-25% of the large pieces of shipwreck had
changed compared to May 2005. During the dive there was a groaning sound of
wreckage being moved by the swell reflecting that some wreckage is not stable. It
was apparent that boulders in the area had also moved, some movement may also
have been related to movement of the wreckage, exposing new clean surfaces
some of which had coralline algae starting to grow. Pieces of bedrock had also
broken off and areas were scoured clean of marine growth.
Dr. Fan believes that it is necessary to continue to monitor the wreckage to determine
if it migrating toward the seashore where it may affect the coral reef area.
ok Fe
AR e 3O ENF R A AT oL AR 10 R 2 2F 5 1-3 o
58 TR AT R IREF A P AREATEORE 0 -
B A A RS BR3P0 2 P6F 5 01T R 8 o )i mup
B2 AR Ri=g >z ft4q{oixtd 525522 2000 & 5 7 vt o 6 20-25%
AR RT RS RT3 AT AL EEES BT - LA 2

o RFIES B - EREFBEFEFTRERBSFT M K BEITOT%
20 MEPFIRPERLIE AR ETS BB Ao 2 PFRF%
HHE I3 BB ETRAY > UEIANLT e AEBE 0 2 BT
b
2. BOW AREA
A very brief dive was made to collect a sediment sample. There
was a strong current about 2 knots and we drifted down to the site. Mr
Wei and Mr Tsai estimated we ended up about 30-50m away from the
original site surveyed in May 2005. The area comprised rounded
boulders up to 1 m diameter. Some boulder surfaces were clean of
benthic organisms. It appears that these boulders had moved during the
typhoons.
N
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3. NEAR SHORE AREA
The transect survey was abandoned due to the heavy swell. Diving conditions
were very poor due to the swell and low visibility (3m). This made even a visual
survey of corals in the area difficult.

TAR
d 355 s FRAMAELE TR ;I PR e LREMK - 3 % 5 B
2R AT o

Restoration measures under consideration updated following September and
October 2005 surveys
22000 # 910" A AR TR v 3 3

2. Coral transplants to site damaged by hatch cover 2.
2PAFEFRATEHEP B
Update
A7
Dr. Fan proposed that an acceptable natural recovery rate should be determined,
then coral transplants only made if this rate is not achieved based on monitoring
data.
HELERRLPp BRI PP HR R RRERFERFTHE PR ET
P RRRFAER TP ERFEF

2. Removal of hatch cover 4 and 5
44c b BAGF 5%
As before
4o b ¥ IR

3. Structural concerns regarding the cracks near the bow area and hatch cover
5. Concerns regarding the stability of small and isolated pieces of residual
wreckage.

LA D PAFE R AN R ) 3D AFUhR R TP A -
As before
4o b ¥ IR

4. Removal of iron ore cargo near the hull.
£ LT HE %
As before
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Removal of wreckage at the stern area

b TR VOB 5
Dr. T. Y. Fan: suggests the wreckage in this area should be salvaged
Ms Helen Newman: Does not think this measure is necessary. The wreckage
provides additional habitat and is very unlikely to migrate to the nearshore area.
B L D aER RS
Helen Newman -] 42 @ 7 325 3% 5 ¢ & > AR R &0 229
AVRBBITRE o

Prepared and agreed by

EBERL

¥k 2L

B2 e e

DrTY Fan Helen Newman
NMMBA Newman Biomarine Pte Ltd
2000 # 10 ® 15 p 15 October 2005
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Monitoring and Restoration of A Coral Reef Damaged by the Ship Grounding
of the Bulk Carrier Amorgos in Kenting National Park, Taiwan
FanT ¥ 1 P J Lu? C ¥ Kuodandl, 8 Fangl *

| Matrerial Musenrn of Maine Biobgy and Aquarpon, Prighing, Tanran 544, ROC
* Deparbmert of Life cham:e;, Naiwma-lClmmg-HsngUmm:sny Taichnng, T amwan 250, ROC
Snstihate of Marme Biokey, Hatimal Su.u at- SeﬂUmwrsﬂy,Kanhsmng,TammSﬂq- RO C
‘InslﬂdenfMam.eR_esau;qe‘s Watamal Sum V- -Sem Unmeerstty, Kachsmme, Tarsran B04, ROC

Ahstract
Thae bl corrier Amergns zrommded m comlreefs of Tumighen Hanme Reserre,
Hatreal Padd e sosthum, Tamez,on 14 ey 2001, Coml corerage of
dmngeﬂnrethndhemdﬂmdedns aTeanlt ofthe mechamical ahras for ofbroken
mmeckis drmng typku o period, Mncmmcessufcmlcommmnyntﬂn
damazed spur-and-groowe ske v mondtored by 3 permanent 11 m quadrates oz
ﬂuudédnmlgd:umandepﬂmfﬁm 12m from e 2002 to dpril 2005, Tha
dmst}mfom]swas lcolocrmsm 1 R 2002 thmhmasedmdrmmdmble
1}.*30(010\mesm from 2003 to 2005, The meas coral coverge wos
l.'|2 i Aime Qﬂﬂi‘mﬂ.mﬂ'&uedm 24 i April 3005, These remilts sugzest pone
-:Luvvplmdgwmﬂ\qfr&auigdmﬂmmﬂe comals: Becomery is Lﬂxebmha rhibited
oy sedimentat iz and macroalzee, which sxpacted to inbubit coral settlament amd
reduce gromth. The family Fariidas (50 5 %) mme the mast shmidart tecnited
coloviss follomred By the g FodHapera (58 %) Porites (46 90 ad
Eldnepheri (467, The remutmert of Tayighen migkit be ¥fhened berneatey coral
comummities. Suce the nanmal recomery wae Tery sl A Testomation sidy i
travepladation ofthe bhte corml Beliopomm coeraian (v = 92 pmns condacted to asess
the fencthilivy. After 66 d raneplartation 6354 ofthe tansplanted colafies were
healther, 105 imnere vzt ire gromh ad 37 mere misei, This remlt ddicates &
pre Ty success.
Introduction
Ship gromidings ciusedrednction ofthe reefto Tubble, coral cower decreased, bare
sthartm and rubble murensed, These phorsical dishmbarices hare profomd snd
lorig-lasting sffects onTegersmative process of corml commmities fArcns @ mnd
Smrmsory, 1997 ). Hatural re-establiskment of re ef corals has beet slow bacaice of
PoT setntal Te Ot mert anA T post-cett lemert rTival, Thats bl Tec omery from
such extericire dunaze may takie decades. Transplandation ofhard corals hias heer,
nsed to accelerate the formation of coml comuopdties wd regeerte damagzed coral.
Teefs (Ednrrds mnd Clarke, 12980 a

The KV Amorgos rragroumd on a comlreefof Timgen Hanme Reserme, Eerdmg
Hatieial Park # ¢ enabien Tafmmr: ar. 14 Tarotary 2001 Damagze st spar-ard-groore
site from the mmmﬂahrasmﬂft(ukmmckﬁd]mgtmhmpmmﬂed
app\rwumamlywtlm wath coral coverage af damaged area had bean deavoaded, The
prmpcse afthis stndr s to access the process and mte of iahiral comlre cowery
dernaded areas, b addition. coruls were trneplatad to smmine the fes tility of
Testoratig.

i —— Total coral
° —8— Hewmoniinent
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Transplandation.

Mbﬁncmlﬁ@hapmmﬂm“m collected from Whrdinmg {120 42 409K,
2143751, Fig 1) frgmerted {dhot. f an by dismeter), menmited onto cmmfb’ases
usn‘ge\pmcﬂbewcimjmﬂcuhmdmﬂm Nmmall\'ﬁ:se'lmofl\‘[am Binlogyand
A (FTE.L ) in Iar ch 2005, Travisp lavtation was cmﬂutf.edni\grﬂﬁﬂtlj
Bhotographs s mads ofeamnm:plwmedcmimmh‘[uy and Rabr 2005,

To determme the stanis of trmeplavtation, the colintes Anre categomimed az § 1) ekt
alore and shomg smilar or Janger colorer size; (Xnegutive sroath alire bt size arc
apparerty derence or fiua stah afhlenching: (3] dead: mmammg]mensm.e ad
umrerzromey by algne or comered by sediments and (4 )miceiig: srtive colonyy detachied ard.
Tost bt attackmerd base still present .

Table 1. Thie poambier of corlpsonits obsamyed B monibormg sitec.

03 7001 300y FITER
Crmls Octihwr Ut March  Semtsmimr ril
Tewidm E] EE] T} ] ET]
“Foelllpora 1 1 t 1
Forlles 11 L] 11 +
Mz pora 1 | 1 +
Adontizom ) | 1 i
Aeropom 1 1 1
Eshimophyla 1

Buphpli 1
Helpors ] 1 1

Suftenml ' H 3 L
Ailepors 1 1

Summary

Thexnenmboring resubls sigzretpoor smival and goovih of reonmbed and
mvenile corals. The nearhy coral coverage was extinabel aggroxmatey 600,
Assurning fhat e Ener inaeasein davnaged aves v tine indicabel in Hg.2
comdiroze o held, extrapolations of Tepresons calodaded forfhese Lata mdicate
that akowt 100 years qurm\ﬂ\ﬂﬂ]]mre'hemmmﬂto arhieve 6005 Coverage.

Thereonibel coral comomomity af dareazel sohevas simdlar as nearhy
unidamaged site. B suggents fhad recnmmiment patbem of corals might beinfhiencel
T mearhy coral comrmnilies.

The swrvival rate of Hhe transplaris af Dinghe vas 7 4, indicating an i
FULCESF.

Fig. 3. The tratep latited b coml,

Mont

Fig . 1 M ofsonthem Thimwmn.

Material and methods
Moniioring

The mondtar site (120°51 7259E 21°54.5 11 Fiz 1 e Located at Lnmhen Hature
Recerrs . Digital iplis took 1 it an ideramter digital cam ara (O bampue
"C5050). The vamber, size md gums (fomity) of corls preseve i the quadmtes wure
recorded.

Fig 2. Density, ccruermu,cwerpmemn@mdcolmwsm
afcorals per m* af. damagzed sites, ey 1 SE.

FRliopom coerulen

Mznty
Aclmowledzements
W thidy 0 Weimnd L. C. Wi for ther assistanice fithe
field, This sty wms apportsd by o gt Fom the Fatioral
Seigice Conmeil, Tamsmn ROC (HEC 03-2621-B-201-002).
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