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Table 1 Recordsof 1991 bleaching al some selected sites along the Andaman coast of Thailand,
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Teble . Revood of responses to dleaching of vorals ood otber reef diote Curing dleaching
0 the saimer of L800 along the Aodam constof Theilnd, The duta were Corived
o L0 T trasect assessmentw ithin b lovations dneluding RIBC reef site,
Loan Te, B 0s, Raohe Ver 0s,, Dokmar [v PREPRE Don 15, Dantudn Iy,
b Rong s, The aditional records of other Heaehed speeies ) wen ferived
o fiel observation, The different degree of response o corals to begehing
eleded vomal (0), partielly bleaehed (P8), and completely dleached (08),
Responses Total
Taxa Number of N PB CB Affected
Colonies (%) (%) (%) (%)
Scleractinian corals
Pocilloporu damicornis 51 49.0 13.7 373 51.0
*p.eydouxi 7 - - ;2 -
* p.meandrina - - - -
p. verrucosa 9 0 333 66.7 100
Aerojxrra aspera 3 66.7 0 33.3 33.3
A. auSlera J22 33.3  16.7 50.0 66.7
A. clashrala 0 0 100 100
A. divaricala 21 19.0 28.6 52.4 81.0
A. florida 36 55  80.6 13.9 94.5
A. formosa 161 23.0 11.2 65.8 77.0
A. humilis 13 23.0 38,5 385 77.0
A. hyacinlhus 41 22.5 425 35.0 7.5
A, a /a 4 50.0 0 50.0 50.0
A. nobilis 18 22.2 16.7 61.1 17.8
A. palifera 14 317 23(6 35.7 64.3
* A pulelira i ; - -
A. sarmentosa 3 66.7 0 333 33.3
A. squarrosa 4 0 50.0 50.0 100
A. subulaia 3 ) 333 66.7 100
Aeropora spp. (branching) 38 2809 29.0 42.1 71.1
Aero JXira spp. (eolymbose) 17 11.8 5.8 82.4 88.2
Aero JXira spp. (tabulale) 7 143 143 714 85.7
* Asireopora spp. - - - -
* MontiJXira crassilubereidaia Y
* M. digitata X
* M. efflorescens - - - -
MontiJXira spp. (encrusting) 40 67.5 175 15.0 32.5
Montipora spp. (foliaceous) 140 71.8 121 161 28.2
MontiJXira spp. (massive) 3 33.3 0 66.7 66.7
MontiJXira spp. (mixed forms) 28 64.3 321 3.6 35.7
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Tabic 2 (continued)

Taxa

Coeloseris mayeri
Gardineroseris planulala
Pachyseris spp.
Pavona cactus
P.clavus

P. decusscita
P.explanulala

P. varions

P. venosa

Pavona sp
Psanvnocora digitala
Psaminocora spp.
Fungia echinata
Fungiu spp.
Herjx)litha Umax
Polyphyllia sp
Lithophyllon edwardsi
Podabacia Crustacea
Stylocoeniella sp
Alveunpora sp.
Goniojxna spp.
Porites annae

P. cylindrica

P. lobala

P. lutea

P. nigrescens
Porites spp. (massive)
Porites sp. (encrusting)
Porites sp. (branching)
Synaraea rus
Cyphastrea spp.
Echinojxrra gemmacea
Echinopora p.
Diploastrea heliopora
Favia stelligera

Favia spp.

Favites abdita

Faviles Pp.
Goniastrea pectinata
G. retiformis
Goniastrea spp.

dumber of
Colonies
31

1
8
16
28
13

262

Resp nnses

N
(%)
8.1

42.0
100
6.2

85.7
76.0

57.1

33.3
100

0

87.0
50.0

32.6

0

50.0

50.0
100

0
100

60.0
100
100
100
75.2
89.3
15.8

0
100

53.1
47.6
60.0
50.0
100

0

28.5
18.1
31.6
18.8

0

25.0

PB
(%)
12.0

42.0
0
43.8
143
0
42.0
66.7
0
0
13.0

CB
(%)
|
14.2
0
50.0
0
23.1
0
0
0
100
0
50.0
54.4
100
50.0
50.0

1&0

13.0

5.3
33.4
63.2
100

21.4
28.6
40.0

66.7
42.0
36.4
10.5
56.2
100
25.0

Total

Affected
(%)
12.0

57.1
0
03.8
14.3
23.1
420
66.7
0
100
13.0
50.0
67.4
100
50.0
500
0
100
0
30.1
0
0
0
24.8
66.7
84 2
100

46.0
52.4
40.0
50.0

100
71.5
81.0
68.4
81.2

100
75.0



Table 2 (continued)

Responses Total
Taxa Number of PB CB Affected
Colonies /£E (%) (%) (%)
Lepiastrea spp. 5 100 0 0 0
Leptorici phrygia 0 100 0 100
Montrastrea spp. 5 60 20 20 40
Plalygyra spp. 10 40.0 30.0 33(0 60.0
* Qulophyllia crispa . . . .
Galaxea astreata 1 0 0 100 100
G. fascicularis 11 77 0 273 21.3
Hydnophora exesa 2 50.0 50.0 0 50.0
H. microconos 5 200 40.0 40.0 80.0
H. rigicla 15 20.0 53.3 267 80.0
Merulina ampliaia 21 0 333 66.7 100
Acanlhastrea sp. 1 0 0 15)<0 100
* Ansiralomussa rowleyensis . . . .
Lobophyllia spp. 8 0 625 375 100
Sym phyllia spp. 9 33.0 33.0 34.0 67.0
Echinophyllia spp. 8 250 250 50.0 66.7
Mycedium elephantoms 3 0 9< 15J<0 100
* Oxypora spp. . - -
Peclinia spp. 40 50 475 475 95.0
Euphyllia glabrescens 1 0 0 100 100
Physogyra lichiensteini 1 0 0 100 100
Plerogyra sinuosa 2 500 0 500  50.0
Turbinaria sp. 2 50.0 50.0 0 50.0
Hvdrocorals
Millepara sp. (branching) 2 500 0 50.0 50.0
Millepora sp. (columnar) 3 100 0 0 0
Octocorals
Heliopora coerulcu 6 100 0 S< 0
9 Lobophylum p. 21 52.4 47.6 47.6
Sarcophyton sp. 3 0 0 15)<0 100
* Sinularia spp. . - . .
Nephihea sp. 5 100 0 0 0
Dendronephthya sp. 1 100 0 0 0
Xenia sp. 1 100 0 0 0
Subergorgia sp. 1 100 0 0
* Rhumphella sp. - - g : -
Junceella sp. (whip form) 1 100 X 0
Zooanthids
* Palylhoa sp. 1 00 0 A 0
Sea anemone
* Eniacmaea quadricolor . . . X .
Sponges 24 100 0 0 0
Total 1692 48.8 223 28.9 512 |1



TOTAL NUMBER OF COLONIES
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Table-3 Coverage and responses of eorals following bleaehing event at seleeted reef sites in the Andaman Sea.
Data were assessed on 100 meters traseel length except those from Dokmai Is. and PMBC (South) sites
which an assessment was performed on 37 and 15 meters transect, resi)ectivelr.

Figures in parenthesis show number of coral colonies, (data was mainly supplied by Niphon Phongsuwan)
_ Bleaching Responses Prc-blcaching condition
Location ~ Dale Normal Partially - Completel Dead Dead  'Living Dominant corals

corals  bleached bleached  bleached  corals  corals
corals (% corals &%) corals (%) (%7) (%8
Racha Is.  5/7/91 31.88 69 6.1 . A4 4068

2 0.00 2
29
Phi Phi Is.  8/7/91 g%ll 1%%0 2 2(](% 3096 69.04 Synuruea rus, AcrojX)ru spp.
Damkwan Is 9/7/91 4(3.6)0 f%

4 40 Parités ni
3 ( 23)5 S1343?3 2(95 3B.I7T 6333 Pg;:tzz Inulgerae,SCAeenrsojxiru spp. 1
llong Is. 10/7/91 (2873 1%)5 2%872)8 2324 3124 68.36 Aeroparu spp., Porites lutea 1
Hac Is. 16/7/91 41.2>2 3(7.8)3 (18g (18?) 1725 8275 Montipora spp., Acropora spp
upper zone (89 (81) L@ Z(%)3

lae Is. 16791 3696  32. ; . 2420 7580 Aeroparu spp., Porites lutea,

AerojX)ru spp., Pontes lutea

lower zone 94 65 0 8 M onti[X .

&MB& - fg; %) 31.%)3 2%§6 NG 045 Acropars say

WeS

&’MBC 2917191 22 fl. 3(14)7 30.17 6598 Acropora spp., Porites lutea

i
38% ES(Q {g 6)7 4048 5892 Acropora spp., Porites lutea

8
i

1 4440 5536 Mixed species, Galaxea spp.,
(3) Favites sp., Porites spp.,
Gonioporu sp, Octocorals

'Remark: Percenta(I]e live-coral cover during pre-bleaghing period was predicted by summing up the coverage values
of normal, partially bleached, completely bleached, and dead bleached corals.

‘_south?
oan Is. 31/7/91
Dokmai Is.  2/8/91
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Fig. 5. Seawater temperatures ( ¢y recorded at « meter depth
at PVBC pier, 1981-1986, July to December 1990, and

January to October 1991. (Unpublished data provided by
Woodhichai Janekarn)..

a. ) normal plotting

b. ) smoothing for 1981 to 1986 and July to December
1990 by moving average ( =3).
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Table 4. Results of three successive monitoring on tagged corals which responded to
bleaching on the PMBC reef in 1991,

Corals

ScIe_ractinian cor.qls
Family Thamnaslcriidae
Psammocora diminua

Family Pocilloporidae
Pocillo[x>ra damicornis

Family Acroporidae
Aeroporn hyacimhns

LAero [>ora nobilia
Aero[Mra sqnarosa
LAcro[X)ra humilis
LAcroix>rii (colymbose)
Acropora spp. (branching)
|

«Family Faviidac
| Favia sp.

Fayiles abdini

Plutygyra p.

«Family Porilidac
LPorites Inlea

1

Date

Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dec. 15

Aug. 7
Sep. 12
Dec. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dee. 15

Pit 1 1)

5

Number of colony
HR B/RIPD" N N/PD

§ 4
1 4 7T 5
15
1
1
1
1
1
1
1
1
1 4
o1
1
1
1
1
1
2
4
6 6 1 1
5
1
1
2
2
5
1 3 a4
3 5

L Total

17
17

2 1

1
1
1

RO RO N RO RN R 2 OO OO O~ 1 b —



Table 4 (continued)

Corals

}ilaraea ms

Family Agariciidae

Pachyseris sp.

Family Fungiidae

Fungia echinaia

Fungia sp.

Herpolilha Umax

Lithophyllon edwardsi

Family Oculinidae
Galaxea sp.

Family Mcrulinidae
Mentlina ampliata

Hydnophora microconos

Hydtw phora rigida

Family Mussidag
Lobopliyllia sp.

Sym phyllia p.

Dule

Aug. 7
Sep. 12
Dec. 15

Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15
Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dec. 15
Aug. 7
Sep. 12
Dec. 15
Aug. 7
Sep. 12
Dee. 15

Aug. 7
Sep. 12
Dec. 15
Aug. 7
Sep. 12
Dec. 15

PB

B B/I*n
2
3
2
2
3
1
1 1
3
1
2
2

Number of colony
B/R B/R/PD

2

N N/PD
2

2

3 1

2

2

2

2

5

7

1

3 1
1
4
4

3

3 1

L Total
2

2
2

N

N
A DN ~N~NADDWWW NN

NN



Table 4 (continued)

Corals Dute
I'B . B/PD BIR
Ausiralomussa rowleyensis  Aug. 7 2
Sep. 12 2
Dec. 15
Family Pecliniidae
Peciinia spp. Aug. 7 14 5
Sep. 12 2 7
Dec. 15
Mycedium elephantoms Aug. 7 4 5
Sep. 12 4
Dec. 15
Echinophyllia sp. Aug. 7 1
Sep. 12 1
Dec. 15
Family Caryophylliidae
Physogyra lichlensteini Aug. 7 2
Sep. 12 2
Dec.
Soft corals
Family Alcyoniidac
Sarco phyton sp. Aug. 7 8 140
Sep.12 51
Dec. 15
Sinularia sp. Aug. 7 1 1
Sep. 12
Dec. 15
Remarks
PB Partially bleachedcolony

B Completely bleached colony

B/PD = Bleached colony with some dead parts

B/R = Bleached colony which begin to recover

B/R/PD = Bleached colony with some dead and/or recovery parts
N = Normal colony

N/PD = Normal colony with some dead parts

D = Dead colony

L - Lost colony

Number of colony

B/R/PD

N

N/PD

3

L Total
2

2
2

NN

148
148
148
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Tabich Totalnumberoccurrences (0C) and percents M (% COV)ofcoralson L00 meters line transect

00¢ gcove
atthe I'MBC reefdurmq bleaching period (Ju Fy L1991) and afterthe event
(March 1992 and April 1993).
, July 1901 e March 1992 Apfl| 1993
Normal Partially Completely Dead Recovered  Recovered
TAXA corals bleached  bleached  bleached  corals corals
corals corals corals
0C % COVOC % COVOC% COVOC % COVOC %COV OC %COV
Aeropara hyaciiulius 3 115 l 007 ! 008
A divaricata 1 0.35
A formosa b 380 28 2595
A squarosa l 0.28 { 0.19 1 0.10
Acropora (branclung) 3 1.5% L0t 1008
Acropora spp. (colymbox) ! 038 8 1.8 1 018
Acropora sp. (juvenile) O [ A K
Moiuipora verrucosa | 005
Moiuipora sp (encrusting) l 013
Moiuipora sp. (foliaceous) 1 0.02
Moiuipora sp. (massive) 1 0.05 1 006
It avia sp. N N A VS B )
Favites abdita 03 1 0l O I Y A B
Diploastrea lieliopara 1025 l 020 1 1%
Moiuastrea sp. 1 0.01 3 013
Cypluisirea micropiuluilnui 3 0.30 l 0.10 l 01
Goniasrrea pectinata { 0.03 ! 0
Flaiygyra sp. | 018934 0.12 ! 0.13 l 006
Meruliiui ampiiata I 050 012
Goiuopora sp. ! .20 0.0 l 006
Forties laira IS LI 2801 i 10 4 1852
Foriie nigrescent oo 20 0 L0 7 03
Syimraea rus 10 5 092 A VI 0 VA
Symphyitia sp. S N L A R N
Pectinia alcicorius L0y 5 081 6 220 2 05 g 13 8 L8l
tlydnoplurra inicroconos ! 0.25
I, rigida l 0.25
Mycedium elcphantoms A | Y A
Echinophyilia sp. 2035 L0ty 2 008
ioalaxea fascicularis l 020 1 2 012 0.08
lFsammocora sp. / 0.45
[Focillopora damicornis b 041 2 0.4 3 032 7 058 6 052 1L 05
Favona decussata | 04 2 053
F. cxpiaiutluta ! 0.14 l 050 3 057
Fodabacia Crustacea |
Fachyxrisspeciosa | 017 ! 020 l 031
Lilltophyilon edn’ardsi 1 035
Fungia spp 5 035 10 056 008
lNerpolitiia Umax 3 0.22 l 0.16
Turbinaria sp.
Sarcopliyton sp. 3 034
sponge (vast) L0l I A R
spange (encrust) Looon
m g 3.89 403 190
Subtotal
Acropora : : VA 2 O VR Y & T B 0305 03
Non-Acropora 1529 30 680 W 505 17 LOG 80 1855 119 2465
0the rfauna | K . o0 L0 3 080
Abiot . 3. . . . . 403 1.90
Summary Te-bleachin July 1991 March 1992 April 1993
0C % COV - 00 0C % COV 0C % cov
13 030 0.37
Non-Acropora 13 2901 U3 i 8 1855 2415
0ther fauna Y L DA 001 0.50
Abiotic . 389 S | 403 190
Dead corals <30 - B 1705 12.58
Live cover 188 65.88 30 3 , 8 1892 121 155
"Remark; Henlhic coverage of the pre-bleaching yearcan be estimated byTaking the

i
‘leached dead cgorals into accounted.
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Table 6. Summary of ecological parameters of coral community at the PMBC site.

The parameters of *pre-bleaching period were the expected value
(see remark  table 4.).

TL = transect length (cm.)

COV = coverage of live coral colonies in centimeter
Nn = number of colonies recorded on the transect
Ns = number of species recorded on the transect

H’c = Shannon-Weincr diversity index (based on centimeter coverage
of colonies)

H’'n = Shannon-Weincr diversity index (based on number of colonies)
J'c -- evenness values based on H'c
J'n = evenness values based on | I'n

Parameters
Period TL COV Nn Ns Hc¢ Hn Jc Jn
*Pre-bleaching 1000 6538 188 34 1952 2840 0554 0.805
July 1991 1000 3441 130 31 2144 2814 0.624 0819
March 1992 1000 1892 89 25 1594 2480 0495 0.770
April 1993 1000 2552 127 32 1617 2705 0466 0.781



Table 7 Observation new coral recruits within approximated survey
tract (2x40 m) along the reef slope at the IMBC reef site

3 July 1992.
Taxa Nunber of individual Approximate
counted size (cm.)

Scleractinian corals

Acropora  spp. 1 25
Pocillopora damicomis 3 <3
Porites sp. 4 <l
Cyphastrea sp. 2 <l
Favids 12 <
Lobophyllia sp. 1 <2
Pectinia sp. 14 1-2
Merulina sp. 5 25
Fungids 27 S5
Turbinaria sp. 14 <l
Soft corals

Cladiella sp. 2 <

Tctal (¢3)



Table 8. Comparision of descriptive statistic data for
the projected length of corals (colony size (cm.)) on
the monitoring transect-lines at the PVBC reef site before

and after the bleaching event.

Measures Pre-bleaching 1991 1992 1993
Sample size 188 130 89 127
Average 35.06 26.48 21.26 19.63
Median 15 15 10 10
Mode 10 10 10 5
Variance 2681.40 986.79 878.99  906.62
Standard

deviation 51.87 31.41 29.65 30.11
Minimum 1 1 1 1

Maximum 320 180 210 224



Coral Community Response
Colony Size Distribution

o
o

I~
o
1

N LW W M~
g1 O o1 O
A 1 1

= = D
o o1l O o1 O
D E— L 1 1

Frequency (Number of colony

5 10 20 40 80 160 320 640
Size Class

Colony Size Distribution
35

30+
251
20+
151
10-

Frequency (%

10 20 40 B0 16U 320 64U
Size Class

s

Fig. 8  Changes in coral colony size distribution at the PMBC
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Table TOComparison of zooxanlhcllae density during the first sampling lime

and recovery period for each coral species.
Values in parentheses are number of replicates.

Zooxanthellae Density (cells X 10~ 6/cm ~ 2)
Recovery period

Coral Species First sampling time

A Std.

Lithophyllon edwardsi 0.469 0.120
3

Merulina ampliata 0.(126 0.011
| 3)

Mycedium elephantoms 0.565 0.166
N 3)

Pectinia alcicornis 0.564 0.411
y 3)

Psammocora digilata 0.492 0.219

Y

* denotes statistically equal mean value (ANOVA multiple range test:

LSD method)

Avg.

3.688
(20)
2.855
(18)
4.601 *
(24)
1.554
(18)
4.437 *
(20)

Std.

1.276

0.729

1.576

0.405

0.715

Al

Increment A
(%)

87.2
94.5

87.7

63.7

88.9
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Fig. 11 Average chlorophyll-a contents in time-matched samples
of coral tissues: A) chlorophyll-a/surface area,
B) chlorophyll-a/zooxanthellae cell.
Lit.= Lithophyllon edwardsi, Mer.= Merulina ampliata,
Myc.= Mycedium elephantotus, Pec.= Pectinia alcicornis
Psa.= Psammocora digitata.
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Table " Comparison of chlorophyll-a concentration during the first
sampling time and recovery period for each coral species.
Values in parentheses are number of replicates.

Chlorophyll-a Concentration (ug/cm” 2)

Coral Species First sampling time Recovery period

Avg. Sid. Avg. Sid.

Lilhophyllon eelwardsi 0.996 0.291 18.569 5.527
(3) (12)

Mendina ampliata 0.070 0.036 9.588 * 1.920
(3) (15)

Mycedium elephantoms 0.769 0.226 6.807 2.612
(3) (24)

Peciinia alcicornis 0.189 0.129 4,554 1.504
N (3) (15)

Psammocora digitala 0.490 0.444 11.178 * 1.798
(20)

* denotes statistically equal mean value (ANOVA: Multiple
range test: LSD method)
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Table 12Comparison of chlorophyll-a content per zooxanthellae cell during

the first sampling time and recovery period for each coral
species. Values in parentheses are number of replicates.

Chlorophyll-a Concentration ( pg/cell)
First sampling time

Coral Species

~—Avg.

Lithophyllon edwardsi 2.100
| | 9)
Merulina ampliata 0.438
| 9)
Mycedium elephantotus 1.366
. )
Pectinia alcicornis 1.006
. (3)

Psammocora digilala 0.810

Std.

0.154

0.193

0.062

1.056

0.434

Recovery period

Avg.

4.594
(12)
3.141
(18)
1.552
(28)
2.692 *
(18)
2.616 *

Std.

0.971

3.141

1.552

2.692

2.616

Increment
(D)

54.3
86.1

ND, **
62.6

69.0

* denotes statistically equal mean value (ANOVA Multiple range test:

LSD method).

** ND.; not permit to determine since the multiple range test showed
no different mean values among time-matched samples.
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Coral Recovery
Protein Content
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Table 14 Comparison of protein content during the first sampling time
and recovery period for each coral species.
Values in parentheses are number of replicates.

Protein Content ( mg/cm ~ 2)

1
Coral Species First sampling time Recovery period Increment
Avg. Std. Avg. Std. (%)
Lithophyllon edwardsi 654 0.075 3.301 * 1.356 499
il o I
Merulina ampliata 0.756 0.049 2917 * 0.582 -
(32 (18)
Mycedium elephantotus 1.330 0.057 2.323 0.519 427
o i 5.4
Pectinia alcicornis 0.499 0.051 1.442 0.278 |
32 (18)
Psammocora digitata 1.(4 8 0.248 2.974 * 0.499 52.0
(3) (18)

* Cenotes statistically equal meen value (ADA Multiple range test: 1D method).
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tissue components: among coral §

H. elephantotus, p. digitata, m|

? ore descending ranked s follows;

y M. ampliata and p. alcicornis, and
L. edwards [,

Tlable 15, Timing for recovery of tissue blomass for sach bleached coral species

Coral species | _ Waeks after onset of bleaching event
1|Zoox/ nd Chlalem? Chi /zoox. protJem

L. edwarsi ﬁ 27 27 27

M. ampliata 23 2]. 2].

M. elephantotus | 17 ].7 ND 2].

p. alcicornis % 23 2]. 2].

p. digitata ].9 ].7 2].
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