
CHAPTER III

RESULTS
1 .  D e s c r i p t i o n  o f  t h e  1 9 9 1  B l e a c h i n g  E v e n t

1 . 1  E x t e n t  o f  t h e  E v e n t
F o l l o w i n g  t h e  o n s e t  o f  b l e a c h i n g  i n  l a t e  May 1 9 9 1  a n d  s u b s e q u e n t  

e s t a b l i s h m e n t  o f  f i e l d  s u r v e y  i n  P h u k e t ,  P h a n g n g a ,  a n d  K r a b i p r o v i n c e s ,  
t h e  s p r e a d i n g  a r e a  o f  t h i s  p h e n o m e n o n  w a s  e v i d e n t l y  s h o w n .  T h e  s u r v e y  
r e v e a l e d  s y n c h r o n o u s  a n d  c o n s p i c u o u s  b l e a c h i n g  o f  c o r a l  r e e f s  a l o n g  t h e  
A n d am an  c o a s t  o f  T h a i l a n d .  E s t i m a t i o n  o f  t h e  a r e a  a f f e c t e d  w a s  a t '  l e a s t  
w i t h i n  t h e  3 , 0 0 0  s q u a r e  k i l o m e t e r s .  N e i t h e r  t h e  i n i t i a l  t i m e  n o r  t o t a l  
a r e a  o f  b l e a c h i n g  w e r e  e x a c t l y  k n o w n . I t  w a s  s t r o n g l y  b e l i e v e d ,  h o w e v e r ,  
t h a t  t h e  a r e a  a f f e c t e d  w a s  m o r e  w i d e s p r e a d .

On 26 May 1991,  p r i o r  t o  t h e  f i r s t  n o t i c e  o f  b l e a c h i n g  i n  
P h u k e t ,  b u t  w i t h i n  r o u g h l y  t h e  sa m e  p e r i o d ,  a n  e x t e n s i v e  b l e a c h i n g  w a s  
n o t i c e d  i n  o n e  c o r a l  c o m m u n ity  d e v e l o p e d  i n  t h e  v i c i n i t y  o f  a  s e a g r a s s  a n d  
m a n g r o v e  a r e a  a t  Ko R a , R a n o n g  p r o v i n c e  ( F i g  1 : s i t e  1 4 ) .  I n  t h i s  c a s e ,  a t  
f i r s t ,  i t  w a s  b e l i e v e d  t h a t  t h e  c o r a l s  c o u l d  b e  s t r e s s e d  a n d  v u l n e r a b l e  t o  
b l e a c h i n g  b y  t h e  d i s c h a r g e  o f  f r e s h  w a t e r ,  a s  i t  h a p p e n e d  i n  t h e  r a i n y  
s e a s o n .  H o w e v e r ,  t h e  s e a w a t e r  t e m p e r a t u r e  m e a s u r e d  d u r i n g  f l o o d  t i d e  
a r o u n d  t h a t  a r e a  w a s  u n i f o r m l y  a n d  a b n o r m a l l y  h i g h  (32 °C), w h e r e a s  t h e  
s a l i n i t y  m e a s u r e d  a t  t h e  sa m e  t i m e  w a s  n o r m a l (31 p p t . ) .  T h e  a b n o r m a l l y  
h i g h  t e m p e r a t u r e  w a s  t h e  s a m e  a s  t h a t  r e c o r d e d  e l s e w h e r e  w i t h i n  b l e a c h e d  
r e e f s  o f  P h u k e t ,  P h a n g - n g a  a n d  K r a b i p r o v i n c e s ,  r a n g i n g  f r o m  30°c t o  32°c 
( T a b l e  1) .  E v e n  t h o u g h ,  u p  t o  t h i s  t i m e ,  n o  i n f o r m a t i o n  c o n f i r m e d  w h e t h e r  
b l e a c h i n g  h a d  o c c u r r e d  t h r o u g h o u t  v a r i o u s  r e e f s  ( i . e .  S u r i n  I s l a n d s  g r o u p  
a n d  S i m i l a n  I s l a n d s  g r o u p )  i n  R a n o n g  p r o v i n c e .  N o t w i t h s t a n d i n g ,  i f  
b l e a c h i n g  a t  Ko Ra w a s  a s s u m e d  t o  c o i n c i d e  w i t h  t h e  e v e n t  i n  P h u k e t - K r a b i



T a b l e  1 R e c o r d s  o f  199 1  b l e a c h i n g  a l  s o m e  s e l e c t e d  s i t e s  a l o n g  t h e  A n d a m a n  c o a s t  o f  T h a i l a n d .

1 Dale Reef sites Depth
(.ท.)

Temperature
(C )

Visual estimation 
of % affected

Remark

20 May Mailhon [ร. 3-15 nd no bleaching observed
26 May Ra Is. 1-3 32 20-30% -
30 May PMBC 0 nd 40-50% -
25 June Bon [ร. 3-8 31.7 30-40% -
25 June Kaeow [ร. 3-6 31.5 20-30% -
25 June Hae Is./N 1-5 31.8 40-50% -
25 June Mac Is./S 3-6 31.7 30-40% -
25 June Loan Is./E 1-4 31.8 30-40% -

เ2 5 June Loan ls./S 2-4 31.7 30-40% -
025 June PMBC/W 1-5 31.5 60-70% -
26 June Ell Is/N 2-6 31.5 40-50% -
26 June Ell Is/Nพ 1-6 31.5 40-50% -
26 June Racha Yai Is./N 3-10 31.5 10-20% -
26 June Racha Yai Is./E 3-8 31.7 10-20% -
28 June Mailhon Is./W 3-10 31.7 20-30% -
28 June Mailhon Is./E 3-7 31.7 10-20% -
28 June Dokmai Is. 4-25 31.7 30-40% -

|28 June Khai Nok Is. 2-4 31.7 60-70% recently dead Acropora
J 5 July Racha Yai Is./E 6 31.5 10-20% -
1 8 July Phi Phi Don Is. 5 31.5 40-50% -
1 8 July Phai Is. 2-6 31.5 20-40% -
1 9 July Damkwan Is. 1-4 31.5 20-30% -

10 July Hong Is. 4 31.7 40-50% -
11 July PMBC/W 0 nd 40-50% -

116 July Hae Is./N 2-3 30.2 40-50% -
119 July PMBC/S 1-3 30.8 30-40% recently dead Acropora
|29 July PMBC/W 1-4 30.6 30-40% recently dead Acropora
31 July Loan ls./E 2-3 30.5 20-30% recently dead Acropora

1 1 August Mailhon Is./W 3-6 30.5 20-30% -
1 1 August Mailhon Is./E 3 30.5 10-20% -
1 1 August Dokmai Is. 4-25 30.5-30.2 30-40%

_________  _____



t h e n  t h e  e x p e c t e d  r a n g e  o f  b l e a c h i n g  c o u l d  s p a n  a p p r o x i m a t e l y  1 . 7  d e g r e e s  
o f  l a t i t u d e  ( 1 8 7  k i l o m e t e r s ) .

R e c o r d s  o f  b l e a c h i n g  e n c o m p a s s e d  a  w i d e  r a n g e  o f  e n v i r o n m e n t s ,  
r a n g i n g  f r o m  s h a l l o w  n e a r s h o r e  f r i n g i n g  r e e f s  i n  h i g h l y  t u r b i d  n e r i t i c  
w a t e r  t o  d e e p e r  o f f s h o r e  r e e f s  ( u p  t o  2 5  m e t e r s )  i n  s l i g h t l y  c l e a r  o c e a n i c  
w a t e r .
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1 .2  S e v e r it y  o f  B lea ch in g  and S p e c ie s  A ffe c te d

T h e  r e s p o n s e  o f  c o r a l s  t o  t h e  b l e a c h i n g  e v e n t  w a s  f o u n d  t o  b e  
o f  a l l  d e g r e e  o f  b l e a c h i n g ,  f o r  i n s t a n c e s  c o m p l e t e l y  b l e a c h e d ,  p a r t i a l l y  
b l e a c h e d ,  a n d  n o r m a l .  T h e  b l e a c h e d  a p p e a r a n c e  a s  f a i n t  s h a d e s  o f  b ro w n  o r  
s t a r k  w h i t e ,  i s  d u e  t o  t h e  u n d e r l y i n g  w h i t e  c a l c a r e o u s  s k e l e t o n  b e c o m in g  
v i s i b l e  t h r o u g h  t h e  t r a n s l u c e n t  t i s s u e s  ( P l a t e s  I - V ) .

T h e  a m o u n t  o f  b l e a c h i n g  o b s e r v e d  o n  d i f f e r e n t  r e e f s  v a r i e d  
c o n s i d e r a b l y .  By v i s u a l  e s t i m a t i o n ,  t h e  p e r c e n t a g e  o f  l i v i n g  c o r a l  
b l e a c h e d  r a n g e d  b e t w e e n  10  t o  7 0  p e r  c e n t  o f  t h e  t o t a l  l i v i n g  c o r a l  
c o v e r i n g  o n  r e e f s  ( T a b l e  1 ) .  T h i s  m ay b e  s i t e - s p e c i f i c ,  d e p e n d i n g  i n  p a r t  
o n  t h e  c o m m u n ity  s t r u c t u r e  a n d  s e n s i t i v i t y  o f  t h e  d o m i n a n t  c o r a l  s p e c i e s  
i n  t h e  c o m m u n it y .

R e e f  c n i d a r i a n s  a f f e c t e d  b y  b l e a c h i n g  d u r i n g  t h e  su m m er o f  
1 9 9 1  i n c l u d e d  s c l e r a c t i n i a n s ,  h y d r o c o r a l s ,  o c t o c o r a l s ,  z o a n t h i d s  a n d  s e a  
a n e m o n e s .  A t o t a l  o f  9 4  t a x a  f r o m  1 0 5  o f  t h e s e  o r g a n i s m s  w e r e  r e c o r d e d  t o  
h a v e  b l e a c h e d  c o n d i t i o n s  ( T a b l e  2 ) .  S i n c e ,  i d e n t i f i c a t i o n  w a s  s o m e t i m e s  
n o t  p o s s i b l e  b e y o n d  t h e  g e n u s  l e v e l ,  t h e  a c t u a l  n u m b e r  o f  s p e c i e s  
s u b j e c t e d  t o  b l e a c h i n g  m i g h t  b e  s u b s t a n t i a l l y  h i g h e r .

T h e  m a j o r  b l e a c h e d  s p e c i e s ,  l i s t  i n  T a b l e  2 ,  i n c l u d e d  t h e  m o s t  
f r e q u e n t l y  a f f e c t e d  s p e c i e s  a t  t h e  s i t e s .  A m ong t h e s e ,  A c r o p o r a  s p p .  w e r e  
f o u n d  t o  b e  t h e  m o s t  s u s c e p t i b l e  s p e c i e s  b e t w e e n  s i t e s  w h i l e  t h e  o t h e r s ,  
s u c h  a s  P e c t i n i a  s p p . ,  M o n t i p o r a  s p p . ,  F u n g i a  s p p . ,  P a v o n a  s p p . ,  
P o c i l l o p o r a  s p p .  a n d  f a v i d s  w e r e  f o u n d  m o r e  a f f e c t e d  a t  c e r t a i n  s i t e s  
( F i g .  4 ) .
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T a b l e  .  R e c o r d  o f  r e s p o n s e s  t o  b l e a c h i n g  o f  c o r a l s  a n d  o t h e r  r e e f  b i o t a  d u r i n g  b l e a c h i n g  
i n  t h e  s a i m e r  o f  1 9 9 1  a l o n g  t h e  A n d a m  c o a s t  o f  T h a i l a n d .  T h e  d a t a  w e r e  d e r i v e d  
f r o m  1 0  l i n e  t r a n s e c t  a s s e s s m e n t  w i t h i n  8  l o c a t i o n s  i n c l u d i n g  R 1 B C  r e e f  s i t e ,  
L o a n  I s . ,  H a e  I s . ,  R a c h a  Y a i  I s . ,  D o k m a i  I s .  , P h i - P h i  D o n  I s . ,  D a n k w a n  I s . ,  
a n d  H o n g  I s .  T h e  a d d i t i o n a l  r e c o r d s  o f  o t h e r  b l e a c h e d  s p e c i e s  ( * )  w e r e  d e r i v e d  
f r o m  f i e l d  o b s e r v a t i o n .  T h e  d i f f e r e n t  d e g r e e  o f  r e s p o n s e  o f  c o r a l s  t o  b l e a c h i n g  
i n c l u d e d  n o r m a l  ( N ) ,  p a r t i a l l y  b l e a c h e d  ( P B ) ,  a n d  c o m p l e t e l y  b l e a c h e d  ( C B ) .

T a x a N u m b e r  o f  
C o l o n i e s

R e s p o n s e s  
N P B

( % )  ( % )

C B
( % )

T o ta l
A f f e c t e d

( % )
S c l e r a c t i n i a n  c o r a l s  

P o c i l l o p o r u  d a m i c o r n i s 51 4 9 . 0 13 .7 3 7 . 3 5 1 . 0
* p .  e y d o u x i - - - X -
* p .  m e a n d r in a - - - X -

p .  v e r r u c o s a 9 0 3 3 . 3 6 6 . 7 1 0 0
A e r o  jx r r a  a s p e r a 3 6 6 . 7 0 3 3 . 3 3 3 .3
A . a u  SI e ra 12 3 3 .3 16 .7 5 0 . 0 6 6 . 7
A . c la  1 h r  a la 2 0 0 1 0 0 100
A . d i v a r ic a la 21 19 .0 2 8 . 6 5 2 .4 8 1 . 0
A . f l o r i d  a 3 6 5.5 8 0 . 6 13.9 9 4 .5
A . f o r  m o  sa 161 2 3 . 0 11 .2 6 5 . 8 7 7 . 0
A . h u m i l i s 13 2 3 . 0 3 8 .5 3 8 .5 7 7 . 0
A . h y a c i n l h u s 4(1 2 2 . 5 4 2 .5 3 5 . 0 7 7 .5
A . ทa รน/a 4 5 0 . 0 0 5 0 . 0 5 0 . 0
A . n o b i l i s 18 2 2 . 2 16 .7 61.1 7 7 .8
A . p a l i f e r a 14 3 1 7 2 8 . 6 3 5 . 7 64 .3

* A . p u l e  lira - - X - -
A . s a r m e n to s a 3 6 6 . 7 0 3 3 . 3 33 .3
A . s q u a r r o s a 4 0 5 0 . 0 5 0 . 0 100
A . s u b u la ia 3 () 3 3 .3 6 6 . 7 100
A e ro p o ra  spp. (b ra n c h in g ) 3 8 2 8 . 9 2 9 . 0 42 .1 71.1
A e ro  JXira spp. (eolym bose) 17 11.8 5 .8 8 2 . 4 8 8 . 2
A e ro  JXira spp. (tabulale) 7 14.3 14.3 7 1 . 4 8 5 . 7

* Asireo pora spp. - - - X -
* M o n t i  JXira crassilubereidaia - - - X -
* M .  digitata - - X X -
* M .  efflorescens - - - X -

M o n t i  JXira spp. (encrusting) 4 0 6 7 .5 17.5 15 .0 32 .5
M o n t i  pora spp. (fo lia ceo u s) 1 4 0 7 1 . 8 12.1 16.1 2 8 . 2
M o n t i  JXira spp. (massive) 3 3 3 .3 0 6 6 . 7 6 6 . 7
M on tiJX ira  spp. (m ixe d  fo r m s ) 2 8 6 4 . 3 32.1 3 .6 35 .7



T a b i c  2  ( c o n t i n u e d )
—

T a x a
R e s p n n s e s T o t a l

A f f e c t e d
( % )

d u m b e r  o f  
C o l o n i e s

N
( % )

P B
( % )

C B
( % )

C o e lo s e r i s  m a y e r i 31 87.1 12 .0 0 . 0 12 .0
r  G a r d in e r o s e r i s  p l a n u la la - - - X -

P a c h y s e r i s  s p p . 7 4 2 . 0 4 2 . 0 14 .2 57.1
I P a v o n a  c a c tu s 8 100 0 0 0

P . c la v u s 16 6 . 2 4 3 . 8 5 0 . 0 0 3 . 8
I P . d e c  U SSCI t a 2 8 8 5 . 7 14.3 0 14.3

P . e x  p l a n u la la 13 7 6 . 0 0 23 .1 23.1
P . v a r io n s 7 57.1 4 2 . 0 0 4 2 0
P. v e n o s a 3 3 3 .3 6 6 . 7 0 6 6 . 7

1 P  a  v o n  a  s p . 2 100 0 0 0
P s a n v n o c o r a  d ig i ta l  a 3 0 0 1 0 0 100
P s a m in o c o r a  s p p . 2 3 8 7 . 0 13.0 0 13 .0
F u n g ia  e c h in a ta 2 5 0 . 0 0 5 0 . 0 5 0 . 0
F u n g iu  s p p . 4 6 3 2 . 6 13.0 5 4 .4 6 7 .4
H e r j x ) l i t h a  U m a x 6 0 0 10 0 10 0
P o l y p h y l l i a  s p . 2 5 0 . 0 0 5 0 . 0 5 0 . 0
L i t h o p h y l l o n  e d w a r d s i 2 5 0 . 0 0 5 0 . 0 5 0 0
P o d a b a c ia  C ru s ta c e a 7 10 0 0 0 0
S ty lo c o e n i e l l a  s p . 1 0 0 1 0 0 10 0

* A lv e u  p o r a  s p . 1 100 X X 0
G o n i o j x n a  s p p . 2 3 6 0 . 0 26.1 13 .0 30.1
P o r i te s  a n n a e 3 100 0 0 0

1 P . c y l in d r i c a 1 10 0 0 0 0
I* P. lo b a  la 4 1 0 0 X X 0

P. lu  te a 2 6 2 7 5 . 2 10.5 5 .3 2 4 . 8
P. n ig r e s c e n s 6 0 3 3 .3 3 3 .3 33 .4 6 6 .7
P o r i te s  s p p .  ( m a s s iv e ) 10 15.8 2 1 . 0 6 3 . 2 8 4  2
P o r i te s  s p .  ( e n c r u s t in g ) 1 0 0 1 0 0 100
P o r i te s  s p .  ( b r a n c h in g ) 1 100 0 0 0
S y n a r a e a  r u s 0 8 53.1 2 5 .5 2 1 . 4 4 6 . 0

1 C y p h a s t r e a  s p p . 21 4 7 . 6 2 3 . 8 2 8 . 6 5 2 . 4
E c h i n o j x r r a  g e m m a c e a 5 6 0 . 0 0 4 0 . 0 4 0 . 0

1 E c h i n o  p o r a  รp . 2 5 0 . 0 5 0 . 0 0 5 0 . 0
1 D ip lo a s t r e a  h e l io p o r a 0 10 0 0 0 0
I F a  v ia  s te l l ig e r a 3 0 33 .3 6 6 . 7 1 0 0

F a  v ia  s p p . 14 2 8 . 5 2 8 . 6 4 2 . 0 71 .5
F a v i te s  a b d i ta 11 18.1 4 5 .5 3 6 .4 8 1 .0
F a  v i le s  รP  p . 10 3 1 . 6 5 7 . 0 10.5 68 .4
G o n ia s t r e a  p e c t in a ta 16 18 .8 2 5 . 0 5 6 . 2 8 1 .2
G . r e t i f o r m i s 2 0 0 1 0 0 1 0 0
G o n ia s t r e a  s p p . 4 2 5 . 0 5 0 . 0 2 5 . 0 7 5 . 0



T a b l e  2  ( c o n t i n u e d )
R e s p o n s e s T o t a l

T a x a N u m b e r  o f  
C o l o n i e s Æ P B

( % )
C B
( % )

A f f e c t e d
( % )

L e p i a s t r e a  s p p . 5 100 0 0 0
L e p to r ic i  p h r y g ia 1 0 10 0 0 1 0 0
M o n tr a s t r e a  s p p . 5 6 0 2 0 2 0 4 0
P la ly g y r a  s p p . 10 4 0 . 0 3 0 . 0 3 0 . 0 6 0 . 0

* O u lo p h y l l i a  c r is p a - - - X -
G a la x e a  a s t r e a ta 1 0 0 1 0 0 10 0
G . f a s c i c u l a r i s 11 7 2 . 7 0 2 7 . 3 27 .3
H y d n o p h o r a  e x e s a 2 5 0 . 0 5 0 . 0 0 5 0 . 0
H . m i c r o c o n o s 5 2 0 0 4 0 . 0 4 0 . 0 8 0 . 0
H . r i g icla 15 2 0 . 0 53 .3 2 6 7 8 0 . 0
M e r u l in a  a m p l i a i a 21 0 33 .3 6 6 . 7 10 0
A c a n lh a s t r e a  s p . 1 0 0 1 0 0 100

* A n s i r a lo m u s s a  r o w le y e n s i s - - - X -
L o b o  p h y l l ia  s p p . 8 0 6 2 .5 3 7 .5 1 0 0
s  y m  p h y l l ia  s p p . 9 3 3 . 0 3 3 . 0 3 4 . 0 6 7 . 0
E c h i n o p h y l l i a  s p p . 8 2 5 . 0 2 5  0 5 0 . 0 6 6 . 7
M y c e d i u m  e le  p h a n t o m s 3 0 0 1 0 0 1 0 0

* O x y p o r a  s p p . - - X X -
P e c l in ia  s p p . 4 0 5 . 0 47 .5 4 7 . 5 9 5 . 0
E u  p h y l l ia  g la b r e s c e n s 1 0 0 10 0 100
P h y s o g y r a  l i c h ie n s te in i 1 0 0 1 0 0 100
P le r o g y r a  s in u o s a 2 5 0 . 0 0 5 0 . 0 5 0 . 0
T u r b in a r ia  s p . 2 5 0 . 0 5 0 . 0 0 5 0 . 0

H v d r o c o r a l s
M il l e  p a r a  s p .  ( b r a n c h in g ) 2 5 0 . 0 0 5 0 . 0 5 0 . 0
M il l e p o r a  s p . ( c o lu m n a r ) 3 1 0 0 0 0 0

O c t o c o r a l s
H e l io  p o r a  c o e r u lc u 6 10 0 0 0 0

9 L o b o  p h y l u m  รp . 21 5 2 . 4 4 7 . 6 X 4 7 . 6
S a r c o p h y t o n  s p . 3 0 0 1 0 0 10 0

* S i n u la r i a  s p p . - - - X -
N e p h i h e a  s p . 5 100 0 0 0
D e n d r o n e p h t h y a  s p . 1 10 0 0 0 0
X e n i a  s p . 1 100 0 0 0
S u b e r g o r g ia  s p . 1 100 0 0 0

* R h u m p h e l l a  s p . - - X - -
J u n c e e l l a  s p .  ( w h i p  f o r m ) 11 100 X X 0

Z o o a n t h i d s
* P a l y l h o a  sp. 1 1 0 0 0 X 0
S e a  a n e m o n e
* E n i a c m a e a  q u a d r i c o l o r - - - X -
S p o n g e s 2 4 10 0 0 0 0

T o t a l 1 6 9 2 4 8 . 8 2 2 . 3 2 8 . 9 5 1 . 2  I
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B l e a c h i n g  i n  d i f f e r e n t  c o r a l  s p e c i e s  w a s  e x t r e m e l y  v a r i a b l e ;  
t h e  r e s p o n s e  m i g h t  e v e n  v a r y  o v e r  a n  i n d i v i d u a l  c o l o n y .  S o m e s p e c i e s ,  n o  
c o n s i s t e n t  p a t t e r n  o f  b l e a c h i n g  r e s p o n s e  b e t w e e n  l o c a t i o n s  a n d / o r  c o l o n i e s  
w e r e  f o u n d .  T h e  p r o m i n e n t  c a s e ,  i n  P o r i t e s  l u t e a ,  p a r t i a l l y  b l e a c h e d ,  
c o m p l e t e l y  b l e a c h e d  a n d  u n b l e a c h e d  c o l o n i e s  w e r e  u s u a l l y  f o u n d  t o g e t h e r  i n  
o n e  l o c a t i o n ,  e v e n  s i d e  b y  s i d e ,  a n d  t h e  p r o p o r t i o n  o f  e a c h  b l e a c h i n g  
p a t t e r n  a m on g  l o c a t i o n s  s h o w e d  m a r k e d l y  d i f f e r e n t .

I n  a l m o s t  a l l  c a s e s ,  i t  w a s  n o t i c e d  t h a t  p a r t i a l l y  b l e a c h e d  
c o r a l s  h a d  l o s t  c o l o r a t i o n  o n l y  o n  t h e  u p p e r  s u r f a c e  a n d  n o t  w h e r e  t h e y  
w e r e  s h a d e d .  F o r  i n s t a n c e ,  i n  p a r t i a l l y  b l e a c h e d  b r a n c h i n g  c o r a l s ,  s u c h  a s  
A c r o p o r a  s p p . , P o c i l l o p o r a  s p p .  o r  f o l i a c e o u s  c o r a l s  s u c h  a s  M o n t i p o r a  

s p p . , P a v o n a  s p p . ,  t h e  u n d e r  s u r f a c e  o f  b r a n c h e s  a n d  l e a v e s  r e t a i n e d  t h e i r  
n o r m a l c o l o r .  On t h e  u p p e r m o s t  s u r f a c e s ,  d i f f e r e n c e s  o f  r e s p o n s e s  w e r e  
a l s o  r e c o g n i z e d .  O b v i o u s l y ,  i n  p a r t i a l l y  b l e a c h e d  m a s s i v e  P o r i t e s  s p p . ,  
t h e  d o w n w a r d  c u r v e d  s u r f a c e s  o r  r i d g e s  w e r e  w h i t e  w h i l e  t h e  n e a r b y  u p w a rd  
c u r v e d  s u r f a c e s  o r  g r o o v e s  r e m a in e d  n o r m a l o r  s l i g h t l y  p a l e .

C o n s i d e r a b l e  c o r a l  m o r t a l i t y  w a s  o b s e r v e d  d u r i n g  t h e  r e s u r v e y  
o f  s o m e  r e e f s  w i t h i n  o n l y  o n e  a n d  a h a l f  m o n t h s  a f t e r  t h e  o n s e t  o f  
b l e a c h i n g .  T h i s  w a s  o b v i o u s l y  e v i d e n c e d  f o r  t h e  s e n s i t i v e  b r a n c h i n g  
s p e c i e s  o f  g e n u s  A c r o p o r a  a n d  P o c i l l o p o r a .  A t  t h e  sa m e  t i m e ,  t h e  s i g n  o f  
r e c o v e r y  w a s  a l s o  o b s e r v e d  i n  s o m e  c o r a l  s p e c i e s ,  p a r t i c u l a r l y  i n  t h e  
p a r t i a l l y  b l e a c h e d  m a s s i v e  c o l o n i e s  o f  t h e  g e n u s  P o r i t e s .  D ead  z o n e s  
o b s e r v e d  o v e r  s e v e r a l  c o r a l  c o l o n i e s  w e r e  p a t c h y  d i s t r i b u t e d .  S h a d e d  o r  
l e s s  e x p o s e d  s u r f a c e s  u s u a l l y  f o u n d  r e c o v e r e d  a m on g  t h e  d e a d  z o n e s  o f  
e x p o s e d  s u r f a c e s .

Q u a n t i t a t i v e  a s s e s s m e n t  o f  c o r a l s  a t  10  s e l e c t e d  r e e f  s i t e s  
r e v e a l e d  s p a t i a l  v a r i a t i o n  o f  b l e a c h i n g  r e s p o n s e s  ( T a b l e  3 ) .  T h e  
a s s e s s m e n t s  w e r e  v a r i e d  b y  2 - 3  m o n t h s  a f t e r  t h e  o n s e t  o f  b l e a c h i n g  i n  l a t e  
M ay. T h e  c o v e r a g e  o f  l i v e  c o r a l s  a f f e c t e d  b y  p a r t i a l  b l e a c h i n g  a n d  
c o m p l e t e  b l e a c h i n g  r a n g e d  f r o m  2 .3 %  t o  3 7 .8 %  a n d  f r o m  1.8%  t o  3 0 .1 % ,  
r e s p e c t i v e l y .  T h e  r e c e n t l y  d e a d  c o r a l s  c a u s e d  b y  t h e  e v e n t  v a r i e d  f r o m  0 -
3 1 . 5  % o f  c o v e r a g e .
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T ab le-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, respectively.
Figures in parenthesis show number of coral colonies, (data was mainly supplied by Niphon Phongsuwan)

Location Dale
Bleaching Responses Prc-blcaching condition

Normal
corals

Partially 
bleached 
corals (%

Completel 
bleached 
corals (%)

Dead 
bleached 
corals (%)

Dead
corals
(%)

'Living
corals
(%)

Dominant corals

Racha Is. 5/7/91 31.88 2.69 6.11 0.00 27.44 40.68 A e r o  jX)ru s p p . ,  P o n te s  lu tea
(144) (9) (29) (11)Phi Phi Is. 8/7/91 29.12 14.00 23.27 2.65 30.96 69.04 S y n u r u e a  ru s, A cro jX )ru  s p p .
(61) (34) (40) (7) P a r ité s  n ig r e s c e n s

Damkwan Is 9/7/91 43.60 12.35 4.4.3 2.95 35.17 63.3.3 P o r i te s  lu te a , A e r o  jx iru  s p p .  1
(149) (32) (33) (12)

1 long Is. 10/7/91 15.79 18.95 25.28 8.34 31.24 68.36 A e r o  p a r u  s p p . ,  P o r ite s  lu tea  1
(58) (49) (87) (22)

Hac Is. 16/7/91 41.22 37.83 1.85 1.85 17.25 82.75 M o n t ip o r a  s p p . ,  A c r o p o r a  s p p
(upper zone (87) (81) (8) (6)
l lae Is. 16/7/91 36.96 32.๓ 4.21 2.63 24.20 75.80 A e r o  p a r u  s p p . ,  P o r ite s  lu tea ,
(lower zone) (94) (65) (20) (8) M o n ti[X )ra  s p p .
PMBC 19/7/91 16.๓ 2.27 30.13 22.06 27.87 70.46 A c r o p o r a  s p p .
(west) (24) (2) (15) (15)
PMBC 29/7/91 15.42 7.17 11.92 31.47 30.17 65.98 A c r o p o r a  s p p . ,  P o r ite s  lu tea
(south) (45) (34) (51) (58)
Loan Is. 31/7/91 30.12 8.06 5.07 15.67 40.48 58.92 A c r o p o r a  s p p . ,  P o r ite s  lu tea

(76) (33) (26) (37)
Dokmai Is. 2/8/91 23.94 17.72 12.60 1.10 44.40 55.36 M ix e d  s p e c ie s ,  G a la x e a  s p p . ,

(83) (39) (10) (3) F a v i te s  s p . ,  P o r ite s  s p p . ,
G o n io p o r u  s p ,  O c to c o r a ls

'Remark: Percentage live-coral cover during pre-bleaehing period was predicted by summing up the coverage values 
of normal, partially bleached, completely bleached, and dead bleached corals.
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1.3 Causative Factors

I n  s i t u  t e m p e r a t u r e  m e a s u r e m e n t s  a t  v a r i o u s  l o c a l i t i e s  d u r i n g  
t h e  f i e l d  s u r v e y  i n  J u n e  1 9 9 1  s h o w e d  c o n s i s t e n t l y  a b n o r m a l l y  h i g h  
t e m p e r a t u r e s  r a n g i n g  f r o m  30°c t o  32cC ( T a b l e  1 ) .  S e a w a t e r  t e m p e r a t u r e  w a s  
a l s o  c o n s i s t e n t l y  h i g h  a l o n g  a  d e p t h  g r a d i e n t  f r o m  n e a r  s u r f a c e  d ow n  t o  a t  
l e a s t  2 5  m e t e r s  d e p t h .

E x a m i n a t i o n  o f  a v a i l a b l e  s e a w a t e r  t e m p e r a t u r e  d a t a  a t  t h e  PMBC 
p i e r  s h o w e d  o b v i o u s  a n o m a l i e s  p r i o r  t o  a n d  d u r i n g  t h e  su m m er o f  1 9 9 1  
c o m p a r e d  w i t h  t h e  n o r m a l  t r e n d  o f  1 9 8 1 - 1 9 8 6  ( F i g .  5 ) .  I n  1 9 9 0 ,  a f t e r  
S e p t e m b e r ,  r a t h e r  t h a n  n o r m a l  d e c r e a s e ,  r e c o r d s  s h o w e d  t h a t  t e m p e r a t u r e  
t e n d e d  t o  b e  h i g h e r  t h a n  t h e  r e c o r d s  o f  t h e  f o r m e r  s i x - y e a r s  d a t a  a n d  e v e n  
c l e a r l y  e v i d e n c e d  o f  h i g h e r  r e c o r d s  i n  1 9 9 1  ( F i g .  5 b ) .

T h e  m ea n  l o c a l  su m m er m a x im a  d u r i n g  A p r i l  a n d  May i n  1 9 8 1 - 1 9 8 6  
w a s  2 9 . 4  °c  (S D  ะ 0 . 5 9 ,  ท ะ  6 )  a n d  t h e  a v e r a g e  n o r m a l su m m er  a m b i e n t  w i t h i n  
t h e  sa m e  p e r i o d  o f  y e a r s  w a s  2 8 . 7 6  ° c  (S D  ะ 0 . 8 1 2 ,  ท ะ 2 7 ) .  I n  1 9 9 1 ,  c o r a l s  
e x p e r i e n c e d  e l e v a t e d  s e a w a t e r  t e m p e r a t u r e s  o f  0 . 4  ° c  t o  2 . 4  ° c  a b o v e  m ean  
su m m er m a x im a  ( 2 9 . 4  °C) f o r  t w o  a n d  a  h a l f  m o n t h s  b e f o r e  t h e  o n s e t  o f  
b l e a c h i n g  i n  l a t e  M ay. O r p u t  a n o t h e r  w a y ,  t h e y  e x p e r i e n c e d  e l e v a t e d  
t e m p e r a t u r e s  o f  1 ° c  t o  3 ° c  a b o v e  t h e  a v e r a g e  n o r m a l su m m er  a m b i e n t  ( 2 8 . 7 6  
°C) w i t h i n  t h e  s a m e  p e r i o d .  A f t e r  t h a t  t h e  t e m p e r a t u r e  d r o p p e d  b u t  s t i l l  
r e m a in e d  a b o u t  0 . 8  ° c  a b o v e  t h e  p r e v i o u s  r e c o r d s  u n t i l  a p p r o a c h i n g  t h e  sa m e  
l e v e l  a s  t h e  p r e v i o u s  r e c o r d s  i n  O c t o b e r .

2. Coral Community Responses

2.1 Tagging Assessment

T a g g i n g  w a s  r e s t r i c t e d  t o  t h e  p r o l o n g e d  b l e a c h i n g  o f  c o r a l s  
t h a t  r e m a in e d  a f t e r  e a r l y  m o r t a l i t y .  T h e  r e s u l t s  o f  2 9 5  t a g g e d  c o r a l s  f r o m  
31 t a x a ,  w i t h  3 s u c c e s s i v e  m o n i t o r i n g ,  w e r e  r e c o r d e d  i n  T a b l e  4 .  A n y  l o s s  
o f  t a g s  w a s  r e s t r i c t e d  t o  b r a n c h i n g  a n d  r a m o s e  c o l o n i e s  d u e  t o  b r e a k a g e  b y  
s t r o n g  w in d  a n d  w a v e  a c t i o n  d u r i n g  t h e  p e r i o d .  T a g g i n g  o f  t h e  s o f t  c o r a l ,
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Fig. 5.  Seawater temperatures ( c )  recorded at 1 meter depth 
at PMBC p ier , 1981-1986, July to  December 1990, and 
January to  October 1991. (Unpublished data provided by 
Woodhichai Janekarn)..
a .  ) normal p lo ttin g
b .  ) smoothing for 1981 to 1986 and July to  December

1990 by moving average (ท=3).
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T a b le  4 . R e su lts  o f th re e  successive  m o n ito r in g  on tagged  c o ra ls  w hich  responded  to 
b le a c h in g  on th e  P M B C  re e f in 1991.

Corals Date Number of colony
Pit 11 11/1*1) H/R B/R/PD N N/PD ท L Total

Scleractinian corals
Family Thamnaslcriidae
P s a m m o c o r a  d im in u a Aug. 7 5 8 4 17

Sep. 12 1 4 7 5 17
Dee. 15 15 2 17

Family Pocilloporidae
P o c i l lo  [x>ra d a m ic o r n is Aug. 7 1 1

Sep. 12 1 1
Dec. 15 1 1

Family Acroporidae
A e r o  p o r n  h y a c im h n s Aug. 7 1 1

Sep. 12 ไ 1
Dec. 15 1 1

1 A e r o  [>ora n o b  ilia Aug. 7 7 7
Sep. 12 1 6 7
Dee. 15 1 6 7

A e r o  [M r a s q n a r o s a Aug. 7 5 1 6
Sep. 12 1 4 ไ 6
Dee. 15 5 1 6

1 A c r o [X )r a  h u m il is Aug. 7 1 1
Sep. 12 1 1
Dee. 15 1 1

1 A c ro ix > r ii ( c o ly m b o s e ) Aug. 7 1 1 2
Sep. 12 1 ใ 2
Dee. 15 2 2

A c r o p o r a  s p p .  ( b r a n c h in g ) Aug. 7 2 2
Sep. 12 2 2

I Dee. 15 2 2
«Family Faviidac
I F a v ia  s p . Aug. 7 9 3 4 16

Sep. 12 6 6 1 1 2 16
Dee. 15 5 9 2 16

F  a y  i le s  a b d in i Aug. 7 2 2
Sep. 12 1 1 2
Dee. 15 1 1 2

P lu ty g y r a  ร p. Aug. 7 1 1 2
Sep. 12 2 2
Dee. 15 2 2

«Family Porilidac
1 P o r i te s  In lea Aug. 7 3 5 8

Sep. 12 1 3 4 8
1 Dee. 15 3 5 8



3 1
T a b le  4 (c o n tin u e d )

Corals Dule Number of colony
PB B B/l*n B/R B/R/PD N N/PD ก L Total

ร}';!a r a ea  m s Aug. 7 2 2
Sep. 12 2 2
Dec. 15 2 2

Family Agariciidae
P a c h y s e r is  s p . Aug. 7 3 1 4

Sep. 12 2 2 4
Dee. 15 3 1 4

Family Fungiidae
F u n g ia  e c h in a ia Aug. 7 2 1 3

Sep. 12 1 2 3
Dee. 15 2 ใ 3

F u n g ia  s p . Aug. 7 4 4
Sep. 12 2 2 4
Dee. 15 2 2 4

H e r p o l i lh a  U m a x Aug. 7 2 5 7
Sep. 12 2 5 7
Dee. 15 7 7

L i th o p h y l lo n  e d w a r d s i Aug. 7 3 1 4
Sep. 12 1 2 1 4
Dee. 15 3 1 4

Family Oculinidae
G a la x e a  s p . Aug. 7 1 1 2

Sep. 12 1 1 2
Dee. 15 1 1 2

Family Mcrulinidae
M e n t l in a  a m p l ia ta Aug. 7 3 7 10

Sep. 12 1 1 2 4 2 10
Dec. 15 3 4 2 1 10

H y d n o  p h o r a  m ic r o c o n o s Aug. 7 1 1
Sep. 12 1 1
Dec. 15 1 1

H y d t w  p h o r a  r ig id a Aug. 7 2 2
Sep. 12 1 1 2
Dee. 15 1 1 2

Family Mussidae
L o b o p l i y l l i a  s p . Aug. 7 2 2

Sep. 12 1 1 2
Dec. 15 2 2

S y m  p h y l l ia  ร p . Aug. 7 4 4
Sep. 12 1 3 4
Dec. 15 3 1 4
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T a b l e  4 ( c o n t i n u e d )
Corals Dute Number of colony

I’B 11 B/PD B/R B/R/PD N N/PD D L Total
Ausiralomussa rowleyensis Aug. 7 2 2

Sep. 12 2 2
Dec. 15 1 1 2

Family Pecliniidae
Peciinia spp. Aug. 7 14 5 2 21

Sep. 12 2 7 3 9 21
Dec. 15 2 4 9 6 21

Mycedium ele phantoms Aug. 7 4 5 9
Sep. 12 4 2 1 2 9
Dec. 15 4 1 1 3 9

Echinophyllia sp. Aug. 7 1 1
Sep. 12 1 1
Dec. 15 1 1

Family Caryophylliidae
Physogyra lichlensteini Aug. 7 2 2

Sep. 12 2 2
Dec. 15 2 2

S o ft corals
Family Alcyoniidac
Sarco phyton sp. Aug. 7 8 140 148

Sep.12 1 51 96 148
Dec. 15 148 148

Sinularia sp. Aug. 7 1 1 2
Sep. 12 2 2
Dec. 15 2 2

Remarks
PB = Partially bleached colony
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
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S a r c o p h y t o n  s p . ,  w a s  r e s t r i c t e d  t o  a  s i n g l e  p a t c h  o f  i t s  a s s e m b l a g e s .  T h e  
r e s u l t  s h o w e d  t h a t  t h e  c o r a l s  r e s p o n d e d  t o  t h e  b l e a c h i n g  a g e n t  w e r e  
d i f f e r e n t .  S o f t  c o r a l  o f  t h e  g e n u s  S a r c o p h y t o n  w a s  a m on g  t h e  m o s t  
s e v e r e l y  a f f e c t e d  r e g a r d i n g  t o  f u l l y  b l e a c h e d  r e s p o n s e  w h i c h  r e s u l t e d  i n  
t o t a l  d e a t h .  D u r i n g  b l e a c h i n g  r e s p o n s e ,  a l l  S a r c o p h y t o n  c o l o n i e s  w e r e  
g r a d u a l l y  r e d u c e d  i n  s i z e  a n d  m o s t  o f  t h e i r  p o l y p s  w e r e  i n  c o n t r a c t e d  
c o n d i t i o n .  S om e d e a d  p a r t s  o f  t h e i r  b a s a l  s t a l k s  w e r e  d e t a c h e d  f r o m  t h e  
s u b s t r a t u m  u n t i l  t h e  w h o l e  c o l o n y  w a s  c o m p l e t e l y  r e m o v e d .  T h e  l a s t  s u r v e y  
r e v e a l e d  t o t a l  l o s t  o f  S a r c o p h y t o n  s p .  f r o m  t h e  s i t e .

T h o s e  c o r a l s  s u s c e p t i b l e  t o  f u l l  b l e a c h i n g  w e r e  c o n f i n e d  t o  
s e v e r a l  c o r a l s  o f  t h e  F a m i l y  A c r o p o r i d a e ,  F a v i i d a e ,  F u n g i i d a e ,  
P e c t i n i i d a e ,  M e r u l i n i d a e ,  a n d  A g a r i c i i d a e  ( T a b l e  4 ) .  A m ong t h e s e ,  F u n g i a  

s p p . , H e r p o l i t h a  U m a x ,  P h y s o g y r a  1 i c h t e n s t e n i i , M y c e d i u m  e l e p h a n t o t u s ,  

a n d  L i t h o p h y l l o n  e d w a r d s i  w e r e  m o r e  o r  l e s s  r e s i s t a n t  w h i c h  l e a d  t o  
r e c o v e r y  a f t e r w a r d s .  W h i l e ,  F a v i a  s p . ,  P e c t i n i a  s p p ,  A c r o p o r a  s q u a r o s a ,  

a n d  P s a m m o c o r a  d i g i t a t a  w e r e  l e s s  r e s i s t a n t ,  e v e n  t h o u g h  t h e y  c o u l d  b e  
r e c o v e r e d ,  b u t  p a r t i a l  d e a t h  o f  c o l o n i e s  c o u l d  b e  o b s e r v e d .  G a l a x e a  

f a s c i c u l a r i s ,  H y d n o p h o r a  r i g i d a ,  L o b o p h y l  1 i a  s p .  w e r e  t h e  l e a s t  r e s i s t a n t  
f o r m s  a n d  a l m o s t  a l l  o f  t h e m  d i e d  a f t e r w a r d s .

D i p l o a s t r e a  h e l i o p o r a  a n d  G o n i o p o r a  s p .  c o i n n i e s  w e r e  n e v e r  
b e e n  o b s e r v e d  t o  h a v e  b l e a c h e d  a t  t h e  s t u d y  S i t e .  H o w e v e r ,  b l e a c h e d  
G o n i o p o r a  s p p . w e r e  s o m e t i m e s  o b s e r v e a  e l s e w h e r e  b u t  s c a r c e l y .

P o r i t e s  l u z a a  w a s  i n t e r m e d i a t e  b o t h  i n  r e s i s t a n c e  t o
b l e a c h i n g  a n d  i n  t h e  d e g r e e  o f  r e c o v e r y .  N o p - c ' i e a c h e d  a n d  D a r t ' S
b l e a c h e d  c o l o n i e s  w e r e  f o u n d  t o g e t h e r  a t  t r i e  s t u d y  s i t e .  T h e  c a - v ? '  
b l e a c h e d  s p e c i m e n s  w e r e  o b s e r v e d  t o  b e  r a p i d l y  r e c o v e r e d  ะ-: n e -m a  ไ

I n  g e n e r a l  f r o m  f i e l d  o b s e r v a t i o n ร . r e c o v e r y  c ~  ว'. s a c k e d  
c o l o n i e s  t e n d e a  t o  i n c r e a s e  i n  c n e  f o - ' O w i n g  m o n t e s  u n ะ าไ ' a t e  N o v e m b e r ,
e x c l u d i n g  S a r c o p h y t o n  CD. - พ -ท c h  1 2 . 2 %  O’  cea .t . c o i o m e s  w e r e  a s s e s s e d
a f t e r  t h e  b l e a c h  i r e  e v e n t  w i t h  t h e  s u c c e s s f u l l y  r e c o v e r e d  c o l o n i e s  a n d  
D C  c a l  d e a t h  c o l o n i e s  ( s e e  P l a t e  V I )  o f  3 8 .5 %  a n d  3 9 .3 % , r e s p e c t i v e l y
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PMBC Site

R e s p o n s e s
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F i g .  6 .  C h a n g e s  i n  b l e a c h i n g  r e s p o n s e s  o f  t a g g e d  c o r a l s  
d u r i n g  r e c o v e r y .

PB = p a r tia lly  bleached co lon ies  B = completely bleached co lon ies  BPD= bleached co lon ies with dead parts BR = bleached co lon ies which beginning to  recover BRPD= bleached co lon ies with some dead and/or recovered
NPD= normal œ lo n ie s  with some dead parts D = dead co lon ies



2 . 2  L i n e  T r a n s e c t  A s s e s s m e n t
On 2 9  J u l y  1 9 9 1 ,  2 m o n t h s  a f t e r  t h e  o n s e t  o f  b l e a c h i n g ,  t h e  

p e r c e n t a g e  o f  l i v i n g  c o r a l  c o v e r  d e c l i n e d  m a r k e d l y  w h en  c o m p a r e d  w i t h  t h e  
e x p e c t e d  v a l u e  o f  b e n t h i c  c o v e r  f o r  t h e  p r e - b l e a c h i n g  p e r i o d ,  w i t h  
r e c o r d e d  d e c r e a s e  i n  t o t a l  l i v i n g  c o v e r  f r o m  6 5 .8 8 %  t o  3 4 .4 1 %  ( T a b l e  5 ) .  
T h e  m a j o r  d e c l i n e  i n  c o r a l  c o v e r  w a s  d u e  t o  d e c l i n e  i n  b r a n c h i n g  A c r o p o r a ,  

i n  p a r t i c u l a r  A .  f o r m o s a .  C o v e r a g e  o f  A c r o p o r a  c o r a l s  d e c r e a s e d  f r o m  3 5 .5 %  
t o  6 .0 1 % , w h i c h  i s  a  8 3 .1 %  d e c r e a s e .  O n ly  a  f e w  A c r o p o r a  c o l o n i e s  s u r v i v e d  
a f t e r  t h e  b l e a c h i n g  e v e n t .  M o s t  n o n - A c r o p o r a  c o r a l s ,  p r e d o m i n a t e d  b y  
P o r i t e s  l u t e a ,  w e r e  l e s s e r  a f f e c t e d ,  w i t h  o n l y  a  6 .6 %  d e c r e a s e  ( F i g .  7 ) .

I n  t h e  r e p e t i t i v e  s u r v e y  o f  t h e  t r a n s e c t  f o l l o w i n g  10  m o n t h s  
a f t e r  t h e  b l e a c h i n g  e v e n t ,  l i v e  c o v e r a g e  s t i l l  t e n d e d  t o  d e c r e a s e .  T o t a l  
l i v i n g  c o r a l s  c o v e r  s h o w e d  a  4 5 .2 %  d e c r e a s e  f r o m  J u l y  1 9 9 1 ,  w h i c h  w a s  t h e  
r e s u l t  o f  m o r t a l i t y  i n  s o m e  p r o l o n g e d  b l e a c h i n g  s p e c i e s  ( T a b l e  5 ) .  T h e  
m a j o r  d e c r e a s e  ( 3 2 .5 % )  w a s  s h a r e d  b y  n o n - A c r o p o r a  d e a t h .

T h e  b l e a c h i n g  e v e n t  n o t  o n l y  s i g n i f i c a n t l y  r e d u c e d  t h e  
p e r c e n t a g e  l i v i n g  c o r a l  c o v e r  b u t  a l s o  t h e  n u m b e r  o f  s p e c i e s  a n d  c o l o n i e s  
( T a b l e  6 ) .  W i t h i n  1 0  m o n t h s  a f t e r  t h e  b l e a c h i n g ,  t h e  d e c r e a s e s  i n  n u m b e r  
o f  c o r a l  s p e c i e s  a n d  c o l o n i e s  o n  t h e  t r a n s e c t  w e r e  2 5 .7 %  a n d  5 2 .4 % ,  
r e s p e c t i v e l y .

S u b s e q u e n t l y ,  a  s e m i - q u a n t i t a t i v e  s u r v e y  i n  J u l y  1 9 9 2  r e v e a l e d  
m a r k e d  a b u n d a n c e  o f  r e w - r e c r u i t s  o f  c o r a l s .  A t  l e a s t  1 c o r a l  r e c r u i t  p e r  
s q u a r e  m e t e r  w a s  e s t i m a t e d  ( T a b l e  7 ) .  T h e  m o s t  com m on s p e c i e s  o b s e r v e d  
i n c l u d e d  f u n g i d s ,  P e c t i n i a  s p . ,  T u r b i n a r i a  s p . , f a v i d s  a n d  A c r o p o r a  s p p .  
o f  w h ic h  c o m p o s i n g  a b o u t  82% o f  t o t a l  i n d i v i d u a l s  r e c o r d e d .

A n o t h e r  s i g n i f i c a n t  c h a n g e  o n  c o r a l  c o m m u n ity  i s  t h e  a v e r a g e  
c o l o n y  s i z e  ( T a b l e  8 ) .  T h e  a v e r a g e  c o l o n y  d i a m e t e r  d e c r e a s e d  f r o m  a b o u t  3 5  
cm d u r i n g  p r e - b l e a c h i n g  p e r i o d  i n  1 9 9 1  t o  a b o u t  21 cm f o r  a s s e s s m e n t  i n  
1 9 9 2  ( F i g .  8 , 9 ) .

\ 1  ‘ๆ '  ( V ค ' ' 1 ๆ  A l



T a b i c  5  T o t a l  n u m b e r  o c c u r r e n c e s  ( O C )  a n d  p e r c e n t a g e  c o v e r  ( %  C O V )  o f  c o r a l s  o n  1 0 0  m e t e r s  l i n e  t r a n s e c t  
a t  t h e  1’ M B C  r e e f  d u r i n g  b l e a c h i n g  p e r i o d  ( J u l y  1 9 9 1 )  a n d  a f t e r  t h e  e v e n t  
( M a r c h  1 9 9 2  a n d  A p r i l  1 9 9 3 ) .

J u l y  1 9 9 1  - - - - - - - - - - - - - - - - - - - - - - - - - - - - M a r c h  1 9 9 2 A p r i l  1 9 9 3N o r m a l P a r t i a l l y C o m p l e t e l y D e a d R e c o v e r e d R e c o v e r e dT A X A c o r a l s b l e a c h e d b l e a c h e d b l e a c h e d c o r a l s c o r a l s
c o r a l s c o r a l s c o r a l s

O C %  C O V O C  %  C O V O C  %  C O V O C  %  C O V O C % C O V O C % C O V
A e r o  p a r a  h y a c i i u l i u s 3 1 . 1 5 1 0  0 7 1 0  0 8
A  d i v a r i c a t a 1 0 . 3 5
A  f o r m o s a 6 3 . 8 0 2 8 2 5 . 9 5
A  s q u a r o s a 2 0 . 2 8 1 0 . 1 9 1 0 . 1 0
A c r o p o r a  ( b r a n c l u n g ) 3 1 . 5 5 1 0 . 1 0 1 0 . 0 8
A c r o p o r a  s p p .  ( c o l y m b o x  ) 2 0 . 3 8 8 1 . 8 5 2 0  1 8
A c r o p o r a  s p .  ( j u v e n i l e ) 1 0 . 0 3 1 0  0 3
M o i u i p o r a  v e r r u c o s a 1 0  0 5
M o i u i p o r a  s p  ( e n c r u s t i n g ) 2 0  1 3
M o i u i p o r a  s p .  ( f o l i a c e o u s ) 1 0 . 0 2
M o i u i p o r a  s p .  ( m a s s i v e ) 1 0 . 0 5 1 0  0 6/ ■ a v ia  s p . 3 0 . 2 5 l 0 . 1 0 2 0 . 2 5 7 0  3 7F a v i t e s  a b d i t a 3 0 . 3 4 1 0 . 1 5 4 0 . 3 7 4 0 . 1 8
D i p l o a s t r e a  l i e l i o p a r a 1 0 . 2 5 2 0 . 2 0 1 0  2 5M o i u a s t r e a  s p . 1 0 . 0 1 3 0 1 3
C y p l u i s i r e a  m i c r o  p i u l u i l n u i 3 0 . 3 0 1 0 . 1 0 1 0  1 4
G o n i a s r r e a  p e c t i n a t a 1 0 . 0 3 2 0  1 4
F l a i y g y r a  s p . 1 0 . 1 1 1 0 . 1 2 2 0 . 1 3 2 0  0 6
M e r u l i i u i  a m p i i a t a 3 0 . 5 0 ว 0  1 2
G o i u o p o r a  s p . 2 1 . 2 0 1 0 . 2 0 1 0  0 6F o r t i e s  l a i r  a 3 0 1 3 . 1 5 7 2 . 8 0 1 0 . 4 1 3 1 1 2 . 2 9 4 1 1 6 . 5 2F o r i i e  n i g r e s c e n t 1 0 . 1 0 2 0 . 2 2 1 0  1 5 2 0 . 3 6
S y i m r a e a  r u s 1 0 . 0 8 5 0 . 9 2 2 0 . 2 5 5 1 . 0 5 1 2 1 7 5
S y m p h y i t i a  s p . 1 0 . 1 0 1 0 . 1 3
P e c t i n i a  a l c i c o r i u s 1 0 . 0 3 5 0 . 8 7 6 2 . 2 0 2 0 . 5 2 8 1 . 3 6 8 1 8 1
t l y d n o p l u r r a  i n i c r o c o n o s 1 0 . 2 5
I I .  r i g i d a 2 0 . 2 5
M y c e d i u m  e l c p h a n t o m s 2 0 . 1 0 1 0 0 7 2 0  1 2
E c h i n o p h y i l i a  s p . 2 0 . 3 5 1 0 . 1 5 2 0 . 0 9

i o a l a x e a  f a s c i c u l a r i s 2 0 . 2 0 1 0 . 1 4 2 0 . 1 4 2 0 . 0 81 F s a m m o c o r a  s p . 2 0 . 4 5
I  F o c i l l o p o r a  d a m i c o r n i s 6 0 . 4 1 2 0 . 2 4 3 0 . 3 2 7 0 . 5 8 6 0 . 5 2 1 1 0  8 5

F a v o n a  d e c u s s a t a 1 0  1 4 2 0 . 5 3
F . c x p i a i u t l u t a 1 0 . 1 4 2 0  5 0 3 0  5 7
F o d a b a c i a  C r u s t a c e a 1
F a c h y x r i s  s p e c i o s a 1 0 . 1 7 1 0  2 0 2 0  3 1
L i l l t o p h y i l o n  e d n ’a r d s i 4 0  3 5F u n g i a  s p p 5 0 . 3 5 1 0 0  5 6 ว 0  0 8
l l e r p o l i t i i a  U m a x 3 0 . 2 2 2 0 . 1 6
T u r b i n a r i a  s p .
S a r c o p l i y t o n  s p . 3 0 . 3 4s p o n g e  ( v a s t ) 1 0 . 1 3 1 0  0 7 2 0  4 7s p o n g e  ( e n c r u s t ) 1 0  0 3m u d 3 . 8 5 4  0 3 1 , 9 0
S u b t o t a l

A c r o p o r a - - 2 0 . 2 8 1 1 5 . 7 3 4 1 2 9 . 4 9 4 0 3 0 5 0 . 3 7N o n - A c r o p o r a 4 4 1 5 . 2 9 3 2 6 . 8 9 3 7 5 . 7 5 1 7 1 . 9 8 8 4 1 8 . 5 5 1 1 9 2 4  6 5O t h e r  f a u n a 1 0 . 1 3 - - 3 0 . 3 4 . 1 0  0 7 3 0  5 0A b i o t i c - 3 . 8 5 - - - - - 4  0 3 1 . 9 0S u m m a r y ฯ ' r e - b l c a c h i n ร _ _ _ _ J u l y  1 9 9 1 M a r c h  1 9 9 2 A p r i l  1 9 9 3O C %  C O V O C  %  C O V O C %  C O V O C %  C O V
1 3

N o n - A c r o p o r a  1 3 0  2 9 . 9 1  113 2 7 . 9 3
O t h e r  f a u n a  1 0 .- 1 7  i  0 47
A b i o t i c  -  3  8 5  -  3  8 5
D e a d  c o r a l s  -  3 0 . 2 7  -  59̂ 74
L i v e  c o v e r  1 8 8  6 5 . 8 8  1 3 0  34~41

’  R e m a r k ;  l l e n l h i c  c o v e r a g e  o f  t h e  p r e - b l e a c h i n g  y e a r  c a n  b e  e s t i m a t e d  b y  T a k i n g  t h e  
b l e a c h e d  d e a d  c o r a l s  i n t o  a c c o u n t e d .

6.01
2 7 . 9 3

0 . 1 7
3 . 8 5

5 9 . 7 4

8:

8 9

0  3 0  
1 8 . 5 5  

0  0 7  
4  0 3  

7 7  0 5  
1 8 . 9 2

'ไ
1 2 7

0 . 3 7
2 4 . 1 5

0 . 5 0
1 . 9 0

7 2 . 5 8
2 5 . 5 2



Nu
m

be
r o

f C
olo

ny
 

Cm
. C

ov
er

 (%
)

Transect Assessment Coverage

Occurrence

F i g .  ๆ .  C h a n g e s  i n  c o v e r a g e  ( a )  a n d  o c c u r r e n c e  ( b )  o f  c o r a l s  
a t  t h e  P M B C  r e e f  s i t e .

Total
P ectin ia

\ / / y \  A c r o p o r a  \ y \ ]  P o rites  
K '& l P o c illo p o ra  P X *] F a v id s



38

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 เท table 4.).

TL = transect length (cm.) 
c o v  = 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 I’n

P eriod
Param eters

TL COV Nn Ns H’c H’n J’c J’n
*Pre-bleaching 1000 6588 188 34 1.952 2.840 0.554 0.805
July 1991 1000 3441 130 31 2.144 2.814 0.624 0.819
March 1992 1000 1892 89 25 1.594 2.480 0.495 0.770
April 1993 1000 2552 127 32 1.617 2.705 0.466 0.781
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Table 7 Observation ๐ท new coral recruits within approximated survey 
tract (2x40 m. ) along the reef slope at the PMBC reef site 
๐ท 3 July 1992.

Taxa Nunber of individual 
counted

Approximate 
size (cm.)

ะScleractinian corals
Acropora spp. 11 2-5
Pocillopora damicomis 3 <3
Porites sp. 4 <1
Cyphastrea sp. 2 <1
Favids 12 <2
Lobophyllia sp. 1 <2
Pectinia sp. 14 1-2
Merulina sp. 5 2-5
Fungids 27 <5
Turbinaria sp. 14 <1

ะ Soft corals
Cladiella sp. 2 <1

Tctal 95
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Table 8. Comparision o f descrip tive  s ta t is t ic  data fo r

the projected length of corals (colony size (cm.)) on 

the monitoring tra nsec t-lines  at the PMBC reef s ite  before 

and a fte r  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
devia tion 51.87 31.41 29.65 30.11

Minimum 1 1 1 1
Maximum 320 180 210 224
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F i g .  8. Changes  i n  c o r a l  c o l o n y  s i z e  d i s t r i b u t i o n  a t  t h e  PMBC 
r e e f  s i t e :  a ) t o t a l ,  B) r e l a t i v e  f r e q u e n c y .
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T h e r e  w e r e  a l s o  m a r k e d  d i f f e r e n c e s  i n  c o r a l  d i v e r s i t y  ( H ’ c  a n d  
H ’ n )  d u r i n g  t h e  p r e - b l e a c h i n g  p e r i o d  t o  1 9 9 2  ( T a b l e  6 ) .  A l l  m e a s u r e s  o f  
d i v e r s i t y  i n  1 9 9 2  w a s  l o w e r  t h a n  i t  w a s  i n  t h e  p r e - b l e a c h i n g  p e r i o d ,  w h ic h  
d i r e c t l y  r e f l e c t  d e c r e a s e s  i n  b o t h  c o r a l  s p e c i e s  a n d  c o v e r a g e  o n  t h e  
t r a n s e c t .

T h e  r e s u l t  f r o m  t h e  t r a n s e c t  a s s e s s m e n t  i n  A p r i l  1 9 9 3 ,  f o r  
a p p r o x i m a t e l y  2 y e a r s  a f t e r  b l e a c h i n g ,  r e v e a l e d  a  t e n d e n c y  o f  r e c o v e r y  o f  
t h e  c o r a l  c o m m u n ity  a t  t h e  PMBC s i t e .  A l l  p a r a m e t e r s  s i g n i f i c a n t l y  
i n c r e a s e d  w h en  c o m p a r e  w i t h  t h o s e  i n  t h e  f o r m e r  y e a r .  T h e  c o r a l  c o v e r ,  
n u m b e r  o f  c o l o n i e s  a n d  n u m b e r  o f  s p e c i e s  a s s e s s e d  o n  t h e  t r a n s e c t  w e r e  
i n c r e a s e d  a p p r o x i m a t e l y  1 . 4  t i m e s  ( T a b l e  6 . ) .

3 .  C o r a l  C o l o n y  R e s p o n s e s
A n a l y s e s  o n  z o o x a n t h e l l a e  p o p u l a t i o n  d e n s i t y ,  c h l o r o p h y l l  

c o n t e n t ,  a n d  p r o t e i n  c o n t e n t  w e r e  m ad e a c c o r d i n g  t o  n i n e  t i m e - m a t c h e d  
c o l l e c t i o n s  o f  c o r a l  s a m p l e s .  D a t e  a n d  a p p r o x i m a t e d  w e e k s  r e l a t e d  t o  t h e  
o n s e t  o f  b l e a c h i n g  i n  l a t e  May a r e  p r e s e n t e d  i n  T a b l e  9 .

3 . 1  Z o o x a n t h e l l a e  P o p u l a t i o n  D e n s i t y
T h e  m ean  z o o x a n t h e l l a e  d e n s i t i e s  e x p r e s s e d  a s  c e l l s  p e r  s q u a r e  

c e n t i m e t e r  o f  s u r f a c e  a r e a  f o r  e a c h  o f  f i v e  c o r a l  s p e c i e s  f o r  e a c h  
s a m p l i n g  t i m e s  w e r e  s u m m a r iz e d  i n  F i g .  1 0 .  B y t h e  1 5 t h  w e e k ,  a f t e r  o n s e t  
o f  b l e a c h i n g  i n  l a t e  M ay , 1 9 9 1 ,  t h e  p o p u l a t i o n  d e n s i t i e s  o f  z o o x a n t h e l l a e  
f o r  a l l  c o r a l  s p e c i e s  w e r e  v e r y  lo w  r a n g i n g  f r o m  0 . 1 6 x 1 0 ®  c e l l s / c m 2 , f o r  
M .  a m p l  i a t a  t o  0 . 5 7 x 1 0 ®  c e l l s / c m 2 , f o r  M .  e l e p h a n t o t u s .  T h e  z o o x a n t h e l l a e  
d e n s i t y  a t  t h e  1 7 t h  w e e k  f o r  L .  e d w a r d s i ,  M .  a m p l  i a t a ,  a n d  p .  a l c i c o r n i s  

w e r e  s t i l l  c o n s i s t e n t l y  lo w  w h i l e  t h o s e  i n  p .  d i g i t a t a  a n d  M .  e l e p h a n t o t u s  

b e g a n  t o  i n c r e a s e .  T h e  w e e k  o f  a p p r o a c h i n g  s t a b i l i t y :  t h e  w e e k  w h en  t h e r e  
a r e  n o  m o r e  s i g n i f i c a n t l y  c h a n g e s  a s  c o m p a r e d  t o  t h e  f o l l o w i n g  w e e k s ,  
b a s i n g  o n  ANOVA; M u l t i p l e  R a n g e  T e s t  ( A p p e n d i x  D - I ) ,  w a s  v a r i a b l e  am o n g



Tabls 9. L i s t  o f  sampไing t im es  f o r  c o r s ]  Samp] 0ร cc i on

S a m p ] i n g  t i m e D a t e W e e k s  a f t e r  o n s e t  

o f  b l e a c h i n g  e v e n t

■i 1 ท - , ท
1 51 I น ิ Ü C | J  . d  I

o o  7 o - s L . ท  ^ ^  7L eL I O e p . d  1 1 1
ว 1 5 n * ~ 4 - o  -i -t ทÔ น น  บ  . d  i 1 d

o c ท ^ .  4- ร า o  ฯน ิ น ิ ' น ิ น ิ  L  . น ิ  i
cว 1 0 N o v . 9 1 o  ' ว น ิ  น ิ
c ๐ ท , * ร  ^ 0  + o  7น ิ น ิ ü c O  . d  1 น ิ 1
71 o  ๐  น ิ น ิ D e  C  . ท  -1 d  1 CO o

o •1 ๐ J a n . n o o  ' วน ิ I น ิ d  น ิ น ิ น ิ
ทd o  ๐  น ิ  น ิ F e b  . 3 2 3 9
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C o r a l  R e c o v e r y
Z o o x a n t h e l l a e  P o p u l a t i o n

« — Lit. Mer. — Myc.
ร — P ec . - à r -  P sa .

F i g .  1 0 .  A v e r a g e  d e n s i t i e s  o f  z o o x a n t h e l l a e  i n  t i m e - m a t c h e d  s a m p l e s  
o f  c o r a l  t i s s u e s .
L i t . =  L i t h o p h y l l o n  e d w a r d s i ,  M e r . =  M e r u l i n a  a m p l i a t a ,
M y c . =  M y c e d i u m  e l e p h a n t o t u s ,  P e c . =  P e c t i n i a  a l c i c o r n i s ,  
P s a . =  P s a m m o c o r a  d i g i t a t a .
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c o r a l  s p e c i e s .  F i r s t l y ,  พ . e l e p h a n t o t u s  a p p r o a c h e d  s t a b i l i t y  b y  t h e  1 7 t h  
w e e k ,  f o l l o w e d  b y  L .  e d w a r d s i  a n d  p .  d i g i t a t a  b y  t h e  1 9 t h  w e e k  a n d  l a t e  o n  
t h e  2 1 s t  w e e k  b y  พ . a m p l i  a t a  a n d  p .  a l c i c o r n i s .

T h e  z o o x a n t h e l l a e  d e n s i t y  v a l u e s  f o r  e a c h  c o r a l  s p e c i e s  fr o m  
t h e  w e e k  o f  a p p r o a c h i n g  s t a b i l i t y  t h r o u g h  t h e  l a s t  s a m p l i n g  w e e k  ( 3 9 t h )  
w e r e  a v e r a g e d  a n d  c o m p a r e d  w i t h  t h o s e  o f  t h e  1 5 t h - w e e k  v a l u e s  a s  p r e s e n t e d  
i n  T a b l e  1 0 .  T h e  d e s c e n d e n t  r a n k i n g  o f  z o o x a n t h e l l a e  d e n s i t y  am on g  
r e c o v e r e d  c o r a l  s p e c i e s  w a s  a s  f o l l o w ;  พ . e l e p h a n t o t u s  a n d  p .  d i g i t a t a ,  L .  

e d w a r d s i ,  พ . a m p l i a t a ,  a n d  p .  a l c i c o r n i s .  A m ong t h o s e  r e c o v e r e d  c o r a l s ,  
t h e  p e r c e n t  i n c r e m e n t s  o f  z o o x a n t h e l l a e  a b u n d a n c e  w e r e  64% t o  95% r e l a t e d  
t o  t h e  b l e a c h e d  c o r a l  ( 1 5 t h  w e e k ) .

3 . 2  C h l o r o p h y l l  C o n t e n t
C h a n g e s  i n  c h l o r o p h y l า - a  c o n t e n t ,  e x p r e s s e d  b o t h  p e r  s q u a r e  

m e t e r  o f  s u r f a c e  a r e a  a n d  p e r  a l g a l  c e l l ,  w i t h  t i m e  f o r  e a c h  b l e a c h e d  
c o r a l  s p e c i e s  w e r e  p r e s e n t e d  i n  F i g .  1 1 .  W hen s t a r t e d  s a m p l i n g ,  15  w e e k s  
a f t e r  o n s e t  o f  b l e a c n i n g  i n  l a t e  May 1 9 9 1 ,  t h e  a m o u n t  o f  c h l o r o p h y l l - a  p e r  
s u r f a c e  a r e a  f o r  a l l  c o r a l  s p e c i e s  ( F i g .  1 1 a )  w a s  v e r y  lo w  r a n g i n g  fr o m  
0 . 0 7  u g / c m 2  ( f o r  พ . a m p l i a t a )  t o  1 . 0  u g / c m 2  ( f o r  L .  e d w a r d s i ) .  T h e  
c o n t e n t s  i n  พ . e l e p h a n t o t u s  a n d  p .  d i g i t a t a  w e r e  m a r k e d l y  i n c r e a s e d  a t  t h e  
1 7 t h  w e e k ,  w h i l e  t h o s e  i n  L .  e d w a r d s i ,  พ . a m p l i a t a ,  a n d  p . a l c i c o r n i s  w e r e  
s t i l l  c o n s i s t e n t l y  lo w .  A f t e r  t h e  1 7 t h  w e e k ,  a l l  c o r a l s  e x c e p t  พ. 
e l e p h a n t o t u s ,  h a d  i n c r e a s e d  i n  c h l o r o p h y l า - a  c o n t e n t  u n t i l  a p p r o a c h i n g  t h e  
s t a b i l i t y .  T h e  2 0 t h ,  2 3 r d ,  a n d  2 7 t h  w e e k s  w h e r e  t h e  w e e k  o f  a p p r o a c h i n g  
s t a b i l i t y  f o r  p .  d i g i t a t a ,  พ . a m p l i a t a  a n d  p .  a l c i c o r n i s ,  a n d  L .  e d w a r d s i ,  

r e s p e c t i v e l y  ( A p p e n d i x  D - I I ;  ANOVA, M u l t i p l e  R a n g e  T e s t ) .  F o r  พ. 
e l e p h a n t o t u s ,  t h e  c h l o r o p h y l l - a  c o n t e n t  a t  t h e  1 7 t h  w e e k  w a s  n o t  m a r k e d ly  
d i f f e r e n t  f r o m  t h e  f o l l o w i n g  w e e k ,  b u t  v a r i e d .

T h e  p a t t e r n  o f  c h a n g e s  i n  c h l o r o p h y l l - a  p e r  a l g a l  c e l l  w i t h  
t i m e  f o r  L .  e d w a r d s i ,  พ . a m p l i a t a  a n d  p .  a l c i c o r n i s  w e r e  s i m i l a r  t o  t h a t  
o f  c h l o r o p h y l l -  a  p e r' s u r f a c e  a r e a  ( F i g .  1 1 b ) .  O b v i o u s l y ,  t h e  c h l o r o p h y l l -  
a p e r  a l g a l  c e l l  f o r  b o t h  พ. e l e p h a n t o t u s  a n d  p .  d i g i t a t a  w e r e  v a r i a b l e
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Table TO Comparison of zooxanlhcllae density during the first sampling lime 
and recovery period for each coral species.
Values in parentheses are number o f replicates.

Coral Species
Zooxanthellae Density (cells X 10 ~ 6/cm ~ 2)

In c re m e n t  ̂
(%)

First sampling time Recovery periodะนํว<

Std. Avg. Std.

Lithophyllon edwardsi 0.469 0.120 3.688 1.276 87.2

Merulina ampliata
(3) (20)

0.156 0.011 2.855 0.729 94.5
(3) (18)

Mycedium elephantoms 0.565 0.166 4.601 * 1.576 87.7
(3) (24)

Pectinia alcicornis 0.564 0.411 1.554 0.405 63.7
(3) (18)

Psammocora digilata 0.492 0.219 4.437 * 0.715 88.9(3) (20)

* denotes s t a t i s t i c a l l y  equal mean v alu e  (ANOVA, m u ltip le  range t e s t :  
LSD method)
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C o r a l  R e c o v e r y
C h l o r o p h y l l  a .  p e r  S u r f a c e  A r e a

48

C h l o r o p h y l l - a  p e r  Z o o x a n t h e l l a e

— Lit. — Mer.  — Myc.  
—B— P ec . —A— P sa .

F ig .  11. A verage c h lo r o p h y l l - a  c o n te n t s  in  tim e-m a tc h e d  sam ples 
o f c o r a l  t i s s u e s :  A) c h l o r o p h y l l - a / s u r f a c e  a r e a ,
B) c h lo r o p h y l l - a / z o o x a n th e l l a e  c e l l .
L i t .=  L i th o p h y l lo n  e d w a rd s i ,  M er.=  M e ru lin a  a m p lia ta ,
M yc.= Mycedium e l e p h a n t o t u s , P e c .=  P e c t i n i a  a l c i c o r n i s  
P s a .=  Psam mocora d i g i t a t a .
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b u t  w i t h i n  a  r e l a t i v e l y  c o n s i s t e n t  l e v e l  t h r o u g h  t i m e .
T h e  a v e r a g e  v a l u e s  f o r  c h l o r o p h y l า - a  b o t h  p e r  s u r f a c e  a r e a  a n d  

p e r  a l g a l  c e l l  d u r i n g  c o n s t a n t  m a i n t a i n i n g  p e r i o d  f o r  a l l  c o r a l  s p e c i e s  
w e r e  c o m p a r e d  w i t h  t h e  v a l u e s  a t  t h e  f i r s t  s a m p l i n g  w e e k  ( 1 5 t h )  a s  
p r e s e n t e d  i n  T a b l e  11 a n d  1 2 ,  r e s p e c t i v e l y .  T h e  c h l o r o p h y l l  p e r  s u r f a c e  
a r e a  i n  r e c o v e r e d  c o r a l s  w e r e  d i f f e r e n t  a m o n g  s p e c i e s  w i t h  d e s c e n d i n g  
r a n k s  a s  f o l l o w s ;  L .  e d w a r d s i ,  p .  d i g i t a t a  a n d  พ . a m p l i a t a ,  พ. 
e l e p h a n t o t u s  a n d  p .  a l c i c o r n i s .  I n  t e r m s  o f  c h l o r o p h y l l  p e r  a l g a l  c e l l  
t h e  r a n k s  w e r e  a s  f o l l o w s ;  L .  e d w a r d s i ,  พ. a m p l i a t a ,  p .  a l c i c o r n i s  a n d  
P s a m m o c o r a  d i g i t a t a ,  a n d  พ . e l e p h a n t o t u s .  T h e  r e l a t i v e  i n c r e m e n t  o f  
c h l o r o p h y l า - a  c o n t e n t  i n  r e c o v e r e d  c o r a l s  w e r e  89% t o  99% c o m p a r e d  t o  
b l e a c h e d  c o r a l s  w h e r e a s  t h e  i n c r e m e n t  v a l u e s  o f  c h l o r o p h y l า - a  p e r  
z o o x a n t h e l l a e  w e r e  r a n g e d  l o w e r  ( i e .  54% t o  8 6 % ).

E x c e p t  f o r  M. e l e p h a n t o t u s ,  n o t  o n l y  d i d  b l e a c h e d  c o r a l  
c o n t a i n e d  f e w e r  z o o x a n t h e l l a e  b u t  a l s o  t h e  z o o x a n t h e l l a e  o f  b l e a c h e d  c o r a l  
c o n t a i n e d  l e s s  p i g m e n t .  F u r t h e r  a s s u m e d  t h a t  m e a s u r e s  o f  p i g m e n t  c o n t e n t  
i n  c o r a l s  a t  t h e  f i r s t  s a m p l i n g  t i m e  a n d  d u r i n g  r e c o v e r e d  p e r i o d  w e r e  
r e p r e s e n t a t i v e  f o r  b l e a c h e d  a n d  n o r m a l  c o n d i t i o n s ,  r e s p e c t i v e l y .  T h e  
d e t e r m i n a t i o n  o f  t w o  c o n t r i b u t a r y  l o s s  f a c t o r s ,  i n c l u d i n g  l o s s  o f  
z o o x a n t h e l l a e  f r o m  c o r a l  a n d  l o s s  o f  p i g m e n t  f r o m  z o o x a n t h e l l a e ,  w a s  
p r e s e n t e d  i n  T a b l e  1 3 .  T h e  a n a l y s i s  w a s  a d o p t e d  t h e  f o r m u l a t i o n  p r o v i d e d  
b y  K l e p p e l  e t  a l . , 1 9 8 9 .  T h e  p r o p o r t i o n a l  c o n t r i b u t i o n s  o f  l o s s  o f  
z o o x a n t h e l l a e ,  c ,  a n d  l o s s  o f  p i g m e n t  p e r  z o o x a n t h e l l a e ,  p ,  w e r e  r e l a t e d  
b y

p ะ Wc . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ( 1 )
w h e r e  พ i s  a  r a t i o  r e l a t i n g  t h e  r a t i o s  o f  p i g m e n t  c o n t e n t  p e r  
z o o x a n t h e l l a e  i n  n o r m a l  ะ b l e a c h e d  c o r a l s  a n d  o f  z o o x a n t h e l l a e  cm - 2  i n  
n o r m a l ะ b l e a c h e d  c o r a l s  ( T a b l e  1 3 ) .  T h e n  t h e  q u a n t i t y  o f  p i g m e n t  l o s t ,
~ Q , d u r i n g  b l e a c h i n g  i s ;

A q = p A  q + c  A q . . . . . . . . . . . . . . . . . . . . . . . ( 2 )s u b s t i t u t i n g  Wc f o r  p ,
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Table II Comparison of chlorophyll-a concentration during the first 
sampling time and recovery period for each coral species. 
Values in parentheses are number of replicates.

Coral Species
Chlorophyll- a Concentration ( ug/cm^ 2) Increment 1 

(%)
First sampling time Recovery period

Avg. Sid. Avg. Sid.

Lilho phyllon eelwa rdsi 0.996 0.291 18.569 5.527 94.6
(3) (12)

Mendina ampliata 0.070 0.036 9.588 * 1.920 99.3
(3) (15)

Mycedium elephantoms 0.769 0.226 6.807 2.612 88.7
(3) (24)

Peciinia alcicornis 0.189 0.129 4.554 1.504 95.8
(3) (15)

Psammocora digitala 0.490 0.444 11.178 * 1.798 95.6
____ (20)

* denotes s t a t i s t i c a l l y  equal mean value (AN0VA; M ultip le  
range t e s t :  LSD method)



Table 12 Comparison 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.

Coral Species
Chlorophyll-a Concentration ( pg/cell) Increment

(%)First sampling time Recovery period
~~Avg. Std. Avg. Std.

Lithophyllon edwardsi 2.100 0.154 4.594 0.971 54.3
(3) (12)

Merulina ampliata 0.438 0.193 3.141 3.141 86.1
(3) (18)

Mycedium elephantotus 1.366 0.062 1.552 1.552 ND. **
(3) (28)

Pectinia alcicornis 1.006 1.056 2.692 * 2.692 62.6
(3) (18)

Psammocora digilala 0.810 0.434 2.616 * 2.616 69.0
____ฅ —

* denotes s t a t i s t i c a l ly  equal mean value (ANOVA; M ultiple range te s t:  
LSD method).

** ND.; not permit to  determine sin ce  the m ultiple range t e s t  showed 
no d iffer en t mean values among time-matched samples.



52

T a b l e  1 3 .  A . R a t i o s  o f  m ean  p i g m e n t  c o n t e n t  z o o x a n t h e l l a e - 1 ( p g  c e l l - 1 ) 
a n d  m ean  p i g m e n t  c o n t e n t  cm - 2  i n  n o r m a l  ( N )  a n d  b l e a c h e d  ( B )  
c o r a l s ,  a n d  w e i g h t i n g  f a c t o r ,  พ.
B . A n a l y s i s  o f  p i g m e n t  l o s s  i n c l u d i n g  t o t a l  l o s s  a n d  l o s s e s  
a s s o c i a t e d  w i t h  c o n t r i b u t a r y  p r o c e s s e  .
L i t . ะ L i t h o p h y l  I o n  e d w a r d s i ,  M e r .ะ M e r u l i n a  a m p l i a t a  

H y c . ะ M y c e d i u m  e l e p h a n t o t u s ,  P e c . ะ P e c t i n i a  a l  c i  c o r n  i s  

P s a . ะ P s a m m o c o r a  d i g i t a t a .

L i t . C o r a l  S p e c i e s  M e r . M y c. P e c P s a .
A . R a t i o sP ig m e n t  z o o x a n t h e l 1 a e - 1 N ะ B r a t i o 2 . 1 9 7 . 1 7 1 .  14 2 . 6 8 3 . 2 3Z o o x a n t h e l l a e  cm - 2  N ะ B r a t  i 0 7 . 6 8 1 8 . 3 0 8 . 1 4 2 . 7 6 9 . 0 2* พ 0 . 2 8 0 . 3 9 0 . 1 4 0 . 9 7 0 . 3 6B . A n a l y s i s  o f  p i g m e n t  l o s s  T o t a l  l o s s  ( u g  cm - 2 ) 1 7 . 5 7  9 .,5 2  6 . 0 4  4 . 3 7 1 0 . 6 9C o n t r i b u t i o n  t o  p i g m e n t  l o s s1 .  l o s s  o f  z o o x a n t h e l l a e( c )%c 78 72 ( 1 0 0 ) 51 7 4u g  cm - 2 1 3 . 7 0 6 . 8 5 6 . 0 4 2 . 2 3 7 .9 12 .  l o s s  o f  p i g m e n t  z o o x a n t h e l l a e  ( p )%p 22 2 8 ( 0 ) 4 9 2 6u g  cm - 2 3 . 8 7 2 . 6 7 2 . 1 4 2 . 7

* พ = N :B  r a t i o  o f  p i g m e n t  z o o x a n t h e l 1 a e - 1 /  N :B  r a t i o  o f  z o o x a n t h e l 1 a e  cm - 2 . * *  I n  r e s p e c t  t o  a n  ANOVA; m u l t i p l e  r a n g e  t e s t ,  t h e  t o t a l  p i g m e n t  l o s s  i n  พ. 
e l e p h a n t o t u s  c o u l d  b e  s o l e l y  c o n t r i b u t e d  b y  l o s s  o f  z o o x a n t h e l  l a e  (%c ะ 1 0 0 ,%p ะ 0 ) .
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an d A  Q = Wc A q + c  A q ......................................... ( 3 )

c = 1 /  (พ + 1) ............................... (4)

T h e  r e s u l t  s h o w e d  t h a t  t h e  p i g m e n t  l o s s  i n  b l e a c h e d  c o r a l  w a s  
c o n t r i b u t e d  m a j o r l y  b y  l o s s  o f  z o o x a n t h e l l a e ,  o f  a b o u t  50% -80%  r e d u c t i o n ,  
a n d  t h a t  l o s s  o f  l o s s  o f  p i g m e n t  z o o x a n t h e l  l a e  w e r e  l o w e r ,  o f  a b o u t  20% - 
50% r e d u c t i o n .

3 . 3  P r o t e i n  C o n t e n t
T h e  c o r a l  t i s s u e  p r o t e i n  c o n t e n t s  ( c o r a l  i n c l u d i n g  

z o o x a n t h e l l a e )  f o r  e a c h  c o r a l  s p e c i e s  d u r i n g  e a c h  s a m p l i n g  w e e k s  w e r e  
m e a s u r e d  ( F i g .  1 2 ) .  A t  t h e  f i r s t  s a m p l i n g  w e e k  ( 1 5 t h )  t h e  p r o t e i n  c o n t e n t s  
am on g  c o r a l  s p e c i e s  w e r e  s t i l l  lo w  r a n g i n g  f r o m  0 . 5  m g /c m 2  ( f o r  p .  

a l c i c o r n i s )  t o  1 . 7  m g /c m 2  ( f o r  L .  e d w a r d s i ) .  R e c o v e r y  i n  p r o t e i n  c o n t e n t s  
v a r i e d  a m o n g  c o r a l  s p e c i e s .  M .  e l e p h a n t o t u s  w a s  a m o n g  t h e  f i r s t  t h a t  h a d  
r e c o v e r e d  t h e  p r o t e i n  c o n t e n t  b y  t h e  w e e k  o f  1 7 t h ,  f o l l o w e d  b y  M.  

a m p l i a t a ,  p .  a l c i c o r n i s  p .  d i g i t a t a  b y  t h e  2 1 s t ,  a n d  l a t e  u n t i l  t h e  2 7 t h  
b y  L .  e d w a r d s i  ( A p p e n d i x  ว - 4 ;  ANOVA, M u l t i p l e  R a n g e  T e s t ) .

A v e r a g e  v a l u e s  o f  p r o t e i n  c o n t e n t s  i n  r e c o v e r e d  c o r a l s  w e r e  
c o m p a r e d  w i t h  t h e  b l e a c h e d  c o r a l s  a t  t h e  1 5 t h  w e e k  a s  p r e s e n t e d  i n  T a b l e
1 4 .  D e s c e n d i n g  r a n k s  f o r  p r o t e i n  c o n t e n t  a m o n g  r e c o v e r e d  c o r a l s  w e r e  a s  
f o l l o w s ;  L .  e d w a r d s i ,  p .  d i g i t a t a ,  M .  a m p l i a t a ,  M .  e l e p h a n t o t u s ,  a n d  p .  

a l c i c o r n i s .  I n c r e m e n t s  i n  p r o t e i n  c o n t e n t  o f  r e c o v e r e d  c o r a l s  w e r e  43% t o  
74% r e l a t e d  t o  b l e a c h e d  o n e s .

R e c o v e r y  p e r i o d  o f  e a c h  t i s s u e  c o m p o n e n t s  f o r  e a c h  c o r a l  
s p e c i e s  w e r e  s u m m a r iz e d  i n  T a b l e  1 5 .  V a r i a t i o n s  o f  r e c o v e r e d  t i m e  f o r  e a c h  
t i s s u e  c o m p o n e n t s  w e r e  f o u n d  b o t h  w i t h i n  a n d  a m o n g  c o r a l  s p e c i e s .  I n  
g e n e r a l ,  p o p u l a t i o n  d e n s i t y  o f  z o o x a n t h e l l a e  i n  c o r a l  t i s s u e s  w e r e  f i r s t  
r e c o v e r e d  a n d  f o l l o w e d  b y  c h l o r o p h y l l - a  c o n c e n t r a t i o n s ,  e i t h e r  p e r  c e l l  o r  
p e r  s q u a r e  c e n t i m e t e r ,  a n d  l a s t  f o r  p r o t e i n  c o n t e n t .  R a t e  o f  r e c o v e r y  o f
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C o r a l  R e c o v e r y  
P r o t e i n  C o n t e n t

C\J
E๐
๐)
E
I
๐ol

F i g .  18.  A v e r a g e  p r o t e i n  c o n t e n t s  i n  t i m e - m a t c h e d  s a m p l e s  
o f  c o r a l  t i s s u e s .
L i t . =  L i t h o p h y l l o n  e d w a r d s i ,  M e r . =  M e r u l i n a  a m p l i a t a , 

M y c . =  M y c e d i u m  e l e p h a n t o t u s ,  P e c . =  P e c t i n i a  a l c i c o r n i s ,
P s a . =  P s a m m o c o r a  d i g i t a t a .
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T a b le  14 C om p arison  o f  p ro te in  con ten t du rin g the first sam p lin g  tim e 
and recovery p eriod  for each  coral sp ec ies.
V a lu es  in p aren th eses  are num ber o f  rep licates.

C oral S p ec ies
P rotein  C o n ten t ( m g/cm  ~  2) 1

First sam pling tim e R e c o v e r y  period Increment
(%)A vg. Std. A vg . Std.

Lithophyllon edwardsi ใ . 654 0 .075 3.301 * 1.356 4 9 . 9
(3) (1 2 )

Merulina ampliata 0 .756 0 .049 2 .917  * 0 .582 7 4 . 1
(3) (1 8 )

Mycedium elephantotus 1.330 0 .057 2 .323 0 .519 4 2 . 7
(3) (2 4 )

Pectinia alcicornis 0 .499 0.051 1.442 0 .278 6 5 . 4
(3) (1 8 )

Psammocora digitata 1.428 0 .248 2 .974  * 0 .499 52.0
(3) (1 8 )

* denotes statistically equal mean value (ANOVA; Multiple range test: 1SD method).
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t i s s u e  c o m p o n e n t s  am o n g  c o r a l  s p e c i e s  w e r e  d e s c e n d i n g  r a n k e d  a s  f o l l o w s :  
H .  e l e p h a n t o t u s ,  p .  d i g i t a t a ,  s i m i l a r l y  M .  a m p l i a t a  a n d  p .  a l c i c o r n i s ,  a n d  

L .  e d w a r d s  7.

T a b l e  1 5 .  T im in g  f o r  r e c o v e r y  o f  t i s s u e  b i o m a s s  f o r  e a c h  b l e a c h e d  c o r a l  s p e c i e s .
I C o r a l  s p e c i e s ๆ I W e e k s a f t e r  o n s e t o f  b l e a c h i n g “ าe v e n t

I Z o o x . / c m  _1_ _ _ _ _ _ _ 2  C h l . a / c m 2 C h i . a / z o o x . p r o t . / c m 2
L .  e d w a r s i I 19 27 2 7 27
M .  a m p l i a t a I 21 2 3 21 21 I
M .  e l e p h a n t o t u s I 17 17 N .D . 21
p .  a l c i c o r n i s I 21 2 3 21 21 I

I_ _ p .  d i g i t a t a I 19 19 17 21 I
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