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G u zm an , H .M .,  J a c k s o n ,  J . B . C . ,  a n d  W e i l ,  E . 1 9 9 1 .  S h o r t - t e r m  e c o l o g i c a l  
c o n s e q u e n c e s  o f  a  m a j o r  o i l  s p i l l  o n  P a n a m a n ia n  s u b t i d a l  r e e f  
c o r a l s .  C o r a l  R e e f s .  1 0 ( 1 ) :  1 - 1 2 .

H agm an D .K . a n d  G i t t i n g s ,  S .R .  1 9 9 2 .  C o r a l  b l e a c h i n g  o n  h i g h - l a t i t u d e
r e e f s  a t  t h e  F l o w e r  G a r d e n  B a n k s ,  NW G u l f  o f  M e x i c o .  A b s t r . ,  7 t h  
I n t .  C o r a l  R e e f  S y m p . ,  G uam . p .  4 1 .

H a l l o c k ,  P . ,  T a l g e ,  H .K . ,  S m i t h ,  K . , a n d  C o c k e y ,  E .M . 1 9 9 2 .  B l e a c h i n g  i n  
a  r e e f - d w e l l i n g  f o r a m i n i f e r ,  A m p h i s t e g i n a  g i b b o s a .  A b s t r . ,  7 t h  
I n t .  C o r a l  R e e f  S y m p . ,  G uam . p .  4 1 .

H a r r i o t t ,  V .H . 1 9 8 5 .  M o r t a l i t y  r a t e s  o f  s c l e r a c t i n i a n  c o r a l s  b e f o r e  a n d  
d u r i n g  a  m a s s  b l e a c h i n g  e v e n t .  M a r . E c o l .  P r o g .  S e r .  2 1 :  8 1 - 8 8 .

H a t c h e r ,  B .G . 1 9 8 3 .  G r a z i n g  i n  c o r a l  r e e f  e c o s y s t e m s .  P p . 1 6 4 - 1 7 9 ,  i n  
D . J .  B a r n e s  ( e d . ) .  P e r s p e c t i v e s  o n  c o r a l  r e e f s .  B r i a n  C l o u s t o n  
P u b l i s h e r ,  A u s t r a l i a .  2 7 7  p p .

H a y e s ,  R .L .  a n d  B u s h ,  P .G .  1 9 9 0 .  M i c r o s c o p i c  o b s e r v a t i o n  o f  r e c o v e r y  i n  
t h e  r e e f  b u i l d i n g  c o r a l ,  M o n t a s t r e a  a n n u l a r i s ,  a f t e r  b l e a c h i n g  o n  
a  C aym an r e e f .  C o r a l  R e e f s .  8 ( 4 ) :  2 0 3 - 2 0 9 .

H o e g h - G u l d b e r g ,  0 . ,  Mc C l o s k e y ,  L .R . a n d  M u s c a t i n e ,  L . 1 8 9 7 .  E x p u l s i o n  o f  
z o o x a n t h e l l a e  b y  s y m b i o t i c  c n i d a r i a n s  f r o m  t h e  R ed  S e a .  C o r a l  
R e e f s .  5 :  2 0 1 - 2 0 4 .

_ _ _ _ _ 1 a n d  S m i t h ,  G . J .  1 9 8 9 .  T h e  e f f e c t  o f  s u d d e n  c h a n g e s  i n
t e m p e r a t u r e ,  l i g h t ,  a n d  s a l i n i t y  o n  t h e  p o p u l a t i o n  d e n s i t y  a n d  
e x p o r t  o f  z o o x a n t h e l l a e  f r o m  t h e  r e e f  c o r a l s  s t y l o p o r a  p i s t i  1 l a t a  

E s p e r  a n d  S e r i a t o p o r a  h y s t r i x  D a n a . J .  E x p . M ar. B i o l .  E c o l .  1 2 9 :  
2 7 9 - 3 0 3 .

9 4
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H u d s o n ,  J . H . ,  1 9 8 1 .  R e s p o n s e  o f  M o n t a s t r e a  a n n u l a r i s  t o  e n v i r o n m e n t a l  
c h a n g e  In  t h e  F l o r i d a  K e y s .  P r o c .  4 t h  I n t .  C o r a l  R e e f  S y m p . ,  
M a n i l a .  2 :  2 3 3 - 2 4 0 .

H u t c h i n g s ,  P .A .  1 9 8 6 .  B i o l o g i c a l  d e s t r u c t i o n  o f  c o r a l  r e e f s .  C o r a l  R e e f s ,  
4 :  2 3 9 - 2 5 2 .

I m a i , R . , 1 9 9 2 .  T h e  e f f e c t s  o f  h i g h  t e m p e r a t u r e  a n d  h i g h  u v  i r r a d i a n c e  o n  
h e r m a t y p i c  c o r a l s ;  A c r o p o r a  v a l i d a ,  P o c i  1 l o p o r a  d a m i c o r n i s ,

M i  1 l e p o r a  e x a e s a  a n d  M i  1 l e p o r a  i n t r i c a t a .  M a s t e r  t h e s i s ,  G r a d u a t e  
S c h o o l ,  U n i v e r s i t y  o f  t h e  R y u k y u s .  9 0  p p .

J a a p ,  w. c .  1 9 7 9 .  O b s e r v a t i o n  o n  z o o x a n t h e l 1 a e  e x p u l s i o n  a t  M id d le  Sam b o  
R e e f ,  F l o r i d a  K e y s .  B u l l .  M ar. S c i .  2 9 :  4 1 4 - 4 2 2 .

_ _ _ _ _ . 1 9 8 5 .  An e p i d e m i c  z o o x a n t h e l l a e  e x p u l s i o n  d u r i n g  1 9 8 3  i n  t h e
l o w e r  F l o r i d a  K e y s  c o r a l  R e e f s  ะ h y p e r t h e r m i c  e t i o l o g y .  P r o c .  5 t h  
I n t .  C o r a l  R e e f  C o n g r . , T a h i t i .  6 :  1 4 3 - 1 4 8 .

_ _ _ _ _ _ . a n d  W h e a t o n ,  ช .  1 9 7 5 .  O b s e r v a t i o n  o n  F l o r i d a  R e e f  c o r a l s
t r e a t e d  w i t h  f i s h  c o l l e c t i n g  c h e m i c a l s .  F l o r i d a  M a r in e  R e s e a r c h  
P u b l i c a t i o n ,  n o .  1 0 .  17 p p .

J o h a n n e s ,  R .E .  a n d  W ie b e ,  W .J . 1 9 7 0 .  A m e t h o d  f o r  d e t e r m i n a t i o n  o f  c o r a l  
t i s s u e  b i o m a s s  a n d  c o m p o s i t i o n .  L i m n o l .  O c e a n o g r .  1 5 :  8 2 2 - 8 2 4 .

J o k i e l  P . L . ,  1 9 8 8 .  I s  p h o t o a d a p t a t i o n  a  c r i t i c a l  p r o c e s s  i n  t h e
d e v e l o p m e n t ,  f u n c t i o n  a n d  m a i n t e n a n c e  o f  r e e f  c o m m u n i t i e s ? .  P r o c .  
6 t h  C o r a l  R e e f  S y m p . ,  A u s t r a l i a .  1 : 1 8 7 - 1 9 2 .

_ _ _ _ _ . a n d  C o l e s ,  S . L .  1 9 7 4 .  E f f e c t s  o f  h e a t e d  e f f l u e n t  o n  h e r m a t y p i c
c o r a l s  a t  K a t e  p o i n t ,  O a h u . P a c .  S c i .  2 8 :  1 - 1 8 .
. a n d  C o l e s  S . L .  1 9 7 7 .  E f f e c t s  o f  t e m p e r a t u r e  o n  t h e  m o r t a l i t y  
a n d  g r o w t h  o f  H a w a i ia n  r e e f  c o r a l s .  M a r. B i o l .  4 3 :  2 0 1 - 2 0 8 .

_ _ _ _ _ _ . a n d  C o l e s ,  S . L .  1 9 9 0 .  R e s p o n s e  o f  H a w a i ia n  a n d  o t h e r  I n d o -
P a c i f i c  r e e f  c o r a l s  t o  e l e v a t e d  t e m p e r a t u r e .  C o r a l  R e e f s .  8 ( 4 ) :  
1 5 5 - 1 6 2 .

_ _ _ _ _ . a n d  Y o r k ,  R . H . ,  J r .  1 9 8 2 .  S o l a r  u l t r a v i o l e t  p h o t o b i o l o g y  o f  t h e
r e e f  c o r a l  P o c i 1 l o p o r a  d a m i c o r n i s  a n d  s y m b i o t i c  z o o x a n t h e l l a e .  
B u l l .  M ar. S c i .  3 2 :  3 0 1 - 3 1 5 .

_ _ _ _ _ _ . a n d  Y o r k ,  R . H . ,  J r .  1 9 8 4 .  I m p o r t a n c e  o f  u l t r a v i o l e t  r a d i a t i o n
i n  p h o t o i n h i b i t i o n  o f  m i c r o a l g a l  g r o w t h .  L i m n o l .  O c e a n g r .  2 9 :  1 9 2 -  
1 9 9 .
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K e r r ,  R . A . 1 9 8 8 .  T h e  w e a t h e r  i n  t h e  w a k e  o f  E l N i n o .  S c i e n c e  2 4 0 : 8 8 3 .
K i n z i e  R .A . I l l ,  J o k i e l ,  P .L .  a n d  Y o r k ,  R . H . ,  J r .  1 9 8 4 .  E f f e c t s  o f  l i g h t  

o f  a l t e r e d  s p e c t r a l  c o m p o s i t i o n  o n  c o r a l  z o o x a n t h e l l a e  
a s s o c i a t i o n s  a n d  o n  z o o x a n t h e l l a e  i n  v i t r o .  M ar. B i o l .  7 8 :  2 3 9 — 
2 4 8 .

K l e p p e l ,  G . S . ,  D o d g e ,  R .E .  a n d  R e e s e ,  C . J .  1 9 8 9 .  C h a n g e s  i n  p i g m e n t a t i o n  
a s s o c i a t e d  w i t h  t h e  b l e a c h i n g  o f  s t c n y  c o r a l s .  L i m n o l .  O c e a n o g r .  
3 4 ( 7 ) :  1 3 3 1 - 1 3 3 5 .

K n a p , A .H . 1 9 8 7 .  E f f e c t s  o f  c h e m i c a l l y  d i s p e r s e d  o i l  o n  t h e  b r a i n  c o r a l ,  
D i p l o r i a  s t r i g o s a .  M ar. P o l l .  B u l l .  1 8 ( 3 ) :  1 1 9 - 1 2 2 .

L a n g , L . c .  1 9 7 3 .  I n t e r s p e c i f i c  a g g r e s s i o n  b y  s c l e r a c t i n i a n  c o r a l s .  I I .  
Why t h e  r a c e  i s  n o t  o n l y  t o  t h e  s w i f t .  B u l l .  M a r . S c i .  2 3 :  2 6 0 -  
2 7 9 .

_ _ _ _ _ 1 W i c k l u n d ,  R . I .  a n d  D i l l  R .F .  1 9 8 8 .  D e p t h -  a n d  h a b i t a t - r e l a t e d
b l e a c h i n g  o f  o r g a n i s m s  n e a r  L e e  s t o c k i n g  I s l a n d ,  Exum a C a y s ,  
B a h a m a s . P r o c .  6 t h  I n t .  C o r a l  R e e f  S y m p . , A u s t r a l i a .  3 :  2 6 9 - 2 7 4 .

L e s s e r ,  M .P . ,  s t o c h a j , W .R . ,  T a p l e y ,  D . w . , a n d  S h i c k ,  J .M . 1 9 9 0 .
B l e a c h i n g  i n  c o r a l  r e e f  a n t h o z o a n s :  e f f e c t s  o f  i r r a d i a n c e ,  
u l t r a v i o l e t  r a d i a t i o n ,  a n d  t e m p e r a t u r e  o n  t h e  a c t i v i t i e s  o f  
p r o t e c t i v e  e n z y m e s  a g a i n s t  a c t i v e  o x y g e n .  C o r a l  R e e f s .  8 ( 4 ) :  2 2 5 — 
2 3 2 .

L o y a ,  Y . 1 9 7 2 .  C o m m u n ity  s t r u c t u r e  a n d  s p e c i e s  d i v e r s i t y  o f  h e r m a t y p i c  
c o r a l s  a t  E i l a t ,  R ed  S e a .  M ar. B i o l .  1 3 ( 2 ) :  1 0 0 - 1 2 3 .

M a r s h , J . A .  1 9 7 0 .  P r im a r y  p r o d u c t i v i t y  o f  r e e f  b u i l d i n g  c a l c a r e o u s  
r e d  a l g a e .  E c o l o g y .  5 1 :  2 5 5 - 2 6 3 .

M u l l e r - P a r k e r , G. 1 9 8 7 .  S e a s o n a l  v a r i a t i o n  i n  l i g h t - s h a d e  a d a p t a t i o n  o f  
n a t u r a l  p o p u l a t i o n  o f  t h e  s y m b i o t i c  s e a  a n e m o n e  A i p t a s i a  p u l c h e l l a  

( C a r l g e n ,  1 9 4 3 )  i n  H a w a i i .  J .  E x p . M a r. B i o l .  E c o l .  1 1 2 :  1 6 5 - 1 8 3 .
M u s c a t i n e ,  L . ,  1 9 7 1 .  E n d o s y m b i o s i ร o f  a l g a e  a n d  c o e l e n t e r a t e s .  I n  H .M . 

L e n h o f f ,  L . M u s c a t i n e  a n d  L.v. D e v i s  ( e d s . ) .  E x p e r i m e n t a l  
C o e l e n t e r a t e  B i o l o g y .  U n i v e r s i t y  o f  H a w a i i  P r e s s ,  H o n o l u l u ,  p p .  
2 5 5 - 2 6 8 .

_ _ _ _ _ . a n d  C e r n i c h i a r i ,  E . 1 9 6 9 .  A s s i m i l a t i o n  o f  p h o t o s y n t h e t i c
p r o d u c t s  o f  z o o x a n t h e l l a e  b y  r e e f  c o r a l .  B i o l .  B u l l .  1 3 7 : 5 0 6 - 5 2 3 .
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_ _ _ _ _ _ 1 M c C lo s k e y ,  L . R . ,  a n d  M a r ia n ,  R .E .  1 9 8 1 .  E s t i m a t i n g  t h e  d i a l y
c o n t r i b u t i o n  o f  c a r b o n  f r o m  z o o x a n t h e l l a e  t o  c o r a l  a n im a l  
r e s p i r a t i o n .  L i m n o l .  O c e a n g r .  2 6 :  6 0 1 - 6 1 1 .

N e u d e c k e r ,  ร .  1 9 8 3 .  G r o w th  a n d  s u r v i v a l  o f  s c l e r a c t i n i a n  c o r a l s  e x p o s e d  
t o  t h e r m a l  e f f l u e n t s  a t  G uam . P r o c .  4 t h  I n t .  C o r a l  R e e f  S y m p . , 
M a n i l a .  1 : 1 7 3 - 1 8 0 .

O l i v e r ,  ป . 1 9 8 5 .  R e c u r r e n t  s e a s o n a l  b l e a c h i n g  a n d  m o r t a l i t y  o f  c o r a l s  o n  
t h e  G r e a t  B a r r i e r  R e e f .  P r o c .  5 t h  I n t .  C o r a l  R e e f  C o n g r .  4 :  2 0 1 -  
2 0 6 .

P a r s o n s ,  T . R . ,  M a i t a ,  Y . a n d  L a i n ,  C .M . 1 9 8 4 .  A m a n u a l o f  c h e m i c a l  a n d  
b i o l o g i c a l  m e t h o d s  f o r  s e a w a t e r  a n a l y s i s .  P erg a m o m  P r e s s .  1 7 3  p p .

P a t t o n ,  W .K . 1 9 7 6 .  A n im a l a s s o c i a t e s  o f  l i v i n g  r e e f  c o r a l s .  P p . 1 - 3 6 ,  i n  
0 . A . J o n e s  a n d  R . E n d e a n  ( e d s . ) .  B i o l o g y  a n d  g e o l o g y  o f  c o r a l  
r e e f s .  V o lu m e  3 :  B i o l o g y  2 .  A c a d e m ic  P r e s s ,  I n c .  L o n d o n . 4 3 5  p p .

P e a r s o n ,  R .G . 1 9 8 1 .  R e c o v e r y  a n d  r e c o l o n i z a t i o n  o f  c o r a l  r e e f s .  M ar. 
E c o l . P r o g .  S e r .  4 :  1 0 5 - 1 2 2 .

P e t e r s o n ,  G .L .  1 9 7 7 .  A s i m p l i f i c a t i o n  o f  t h e  p r o t e i n  a s s a y  m e th o d  o f
L o w r y  e t  a l . ,  w h ic h  i s  m o r e  g e n e r a l l y  a p p l i c a b l e .  A n a l .  B io c h e m .  
8 3 :  2 4 6 - 3 5 6 .

P h o n g s u w a n ,  N . 1 9 9 0 .  S u r v e y  a n d  e s t a b l i s h i n g  b a s e - l i n e  d a t a  o f  c o r a l  
r e e f s  i n  t h e  A n d am an  S e a .  P r o c e e d i n g  t h e  S e m in a r  o n  F i s h e r i e s  
1 9 9 0 ,  D e p a r t m e n t  o f  F i s h e r i e s ,  p p .  1 3 3 - 1 4 7 .  ( i n  T h a i ) .

_ _ _ _ _ _ . 1 9 9 1 .  R e c o l o n i z a t i o n  o f  a  c o r a l  r e e f  d a m a g e d  b y  a  s t o r m  o n
P h u k e t  I s l a n d ,  T h a i l a n d .  P h u k e t  m a r . b i o l .  C e n t .  R e s .  B u l l .  5 6 : 7 5 -  
8 3 .

_ _ _ _ _ , S a t a p o o m i n ,  บ . ,  a n d  C h a n s a n g ,  H. 1 9 9 2 .  T h e  s t u d y  o n  f f e c t  o f
s e d i m e n t a t i o n  fr o m  o f f - s h o r e  m i n i n g  t o  c o r a l  r e e f s  a t  t h e  e a s t w e s t  
a r e a s  o f  P h u k e t  I s l a n d .  T e c h i n i c a l  r e p o r t  p r e s e n t e d  t o  t h e  
O f f s h o r e - M i n i n g  O r g a n i z a t i o n ,  ( i n  T h a i ) .

P i e l o u ,  E . c .  1 9 7 7 .  M a t h e m a t i c a l  e c o l o g y .  J o h n  W i l e y  & S o n s ,  I n c . ,  New 
Y o r k .  3 8 5  p p .

R o b e r t s ,  L . 1 9 8 7 .  C o r a l  b l e a c h i n g  t h r e a t e n s  A t l a n t i c  r e e f s .  S c i e n c e s .  
2 3 8 :  1 2 2 8 - 1 2 2 9 .

R o g e r s ,  c .s .  1 9 7 9 .  T h e  e f f e c t  o f  s h a d i n g  o n  c o r a l  r e e f  s t r u c t u r e  a n d  
f u n c t i o n .  J .  E x p . M ar. B i o l .  E c o l .  4 1 :  2 6 9 - 2 8 8 .
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R o w a n , R . a n d  P o w e r s ,  D .A . 1 9 9 1 .  A m o l e c u l a r  g e n e t i c  c l a s s i f i c a t i o n  o f  
z o o x a n t h e l l a e  a n d  t h e  e v o l u t i o n  o f  a n i m a l - a l g a l  s y m b i o s e s .  
S c i e n c e .  2 5 1 :  1 3 4 8 - 1 3 5 1 .

S a l v a t ,  B . 1 9 9 2 .  T h e  1 9 9 1  b l e a c h i n g  e v e n t  i n  t h e  S o c i e t y  I s l a n d s ,  F r e n c h  
P o l y n e s i a .  A b s t r . , 7 t h  I n t .  C o r a l  R e e f  S y m p . , G uam . p .  9 3 .

S i e b e c k ,  0.  1988.  E x p e r i m e n t a l  i n v e s t i g a t i o n  o f  uv t o l e r a n c e  i n
h e r m a t y p i c  c o r a l s  ( S c l e r a c t i n i a ) . M ar. E c o l .  P r o g .  S e r .  4 3 :  9 5 -  
1 0 3 .

S m i t h ,  D.c .  1 9 7 9 .  From  e x t r a c e l 1 u l a r  t o  i n t r a c e l l u l a r :  t h e  s t a b l i s h m e n t  
o f  s y m b i o s i s .  P r o c .  R. S o c .  L o n d . B . 2 0 4 :  1 1 5 - 1 3 0 .

S t e e n ,  R .G . a n d  M u s c a t i n e ,  L . 1 9 8 7 .  Low t e m p e r a t u r e  e v o k e s  e x o c y t o s i s  o f  
s y m b i o t i c  a l g a e  b y  a  s e a  a n e m o n e .  B i o l .  B u l l .  1 7 2 :  2 4 6 - 2 6 3 .

S z m a n t ,  A .M . a n d  G a s s m a n , N . J .  1 9 9 0 .  T h e  e f f e c t s  o f  p r o l o n g e d  " b l e a c h i n g "  
o n  t h e  t i s s u e  b i o m a s s  a n d  r e p r o d u c t i o n  o f  t h e  r e e f  c o r a l ,  
M o n t a s t r e a  a n n u l a r i s .  C o r a l  R e e f s .  8 ( 4 ) :  2 1 7 - 2 2 4 .
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T h e L u g o l ’ s  I o d i n e  S o l u t i o n i s  p r e p a r e d
1 .  P o t a s s i u m  i o d i n e 10 g .2 .  I o d i n e  c r y s t a l 5 g .3 .  A c e t i c  a c i d  ( g r a c i a i ) 10 ml
4 .  D i s t i l l e d  w a t e r 1 0 0 ml

T h e s o l u t i o n  i s  s t a b l e  f o r a t  l e a s t o n e
F o r  p r e s e r v a t i o n ,  r a t i o  o f  1 : 1 0 0  ( v o l u m e  o f  
v o lu m e )  i s  u s e d .

m i x i n g  t h e s e  c h e m i c a l s

y e a r  i n  a n  a m b e r  b o t t l e ,  
t h e  s o l u t i o n  p e r  s a m p le
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APPENDIX B 
P r o t e i n  A n a l y s i s

I n  t h i s  s t u d y  t h e  m o d i f i e d  L o w r y  e t  a l .  
w a s  u s e d  f o r  s o l u b l e  p r o t e i n  a n a l y s i s .  T h e  s c h e m e  
d e s c r i b e d  a s  f o l l o w s ;
I .  S t o c k  R e a g e n t

1 .  C o p p e r - t a r t a t e - c a r b o n a t e  (C T C ) . A s o l u t i o n  o f  a b o u t  20% s o d iu m  
c a r b o n a t e  i s  a d d e d  s l o w l y  w h i l e  s t i r r i n g  t o  a  s o l u t i o n  o f  c o p p e r  s u l f a t e -  
t a r t a t e  t o  g i v e  f i n a l  c o n c e n t r a t i o n  o f  0 .1 %  c o p e r  s u l f a t e  ( p e n t a h y d r a t e ) , 
0 .2%  p o t a s s i u m  t a r t a t e ,  10% s o iu m  c a r b o n a t e .  T h i s  s o l u t i o n  i s  s t a b l e  f o r  
a t  l e a s t  2 m o n t h s  a t  room  t e m p e r a t u r e  ( 2 0  ° C )

2 .  10% S o d iu m  d o d e c y l  s u l f a t e  (S D S )
3 .  0 . 8  N S o d iu m  h y d r o x i d e
4 .  F o l i n - C i o c a l t e u  p h e n o l  r e a g e n t .  O b t a i n e d  f r o m  K o c h - L i g h t  L t d .  

a s  2 N s o l u t i o n .
I I .  W o r k in g  S o l u t i o n s

1 .  B o v i n e  s e r u m  a lb u m i n  ( B S A ) ,  0 . 5  m g / m l . F r e s h  p r e p a r a t i o n  i s
u s e d .

2 .  R e a g e n t  A . M ix  e q u a l  p a r t s  o f  s t o c k  CTC, NaOH, S D S , a n d  แ 2 0 .  
T h i s  k e e p s  a t  l e a s t  2-3  w e e k s  a t  ro om  t e m p e r a t u r e  (20 ° c ) .  T h e  p r e s e n c e  
o f  a  s m a l l  a m o u n t  o f  d a r k  p r e c i p i t a t e ,  o r  a  w h i t e  f l o c c u l a t e  p r e c i p i t a t e  
( S D S ) ,  d o s e  n o t  e f f e c t  c o l o r  d e v e l o p m e n t  i f  s h a k e n  w e l l  b e f o r e  u s e .  SDS  
w i l l  c o m e  o u t  o f  s o l u t i o n  m o r e  r e a d i l y  a t  c o l d e r  t e m p e r a t u r e ,  b u t  
r e d i s o l v e s  u p o n  w a r m in g  o r  d i l u t i o n .  F r e s h  R e a g e n t  A i s  p r e p a r e d  w h en  t h e  
d a r k  p r e c i p i t a t e  a c c u m m u la t e  o r  w h en  t h e  v i s c o s i t y  b e c o m e s  e x c e s s i v e .

3 .  R e a g e n t  B . O ne v o lu m e  o f  F o l i n - C i o c a l t e u  p h e n o l  r e a g e n t  ( 2  N 
s o l u t i o n )  i s  m ix e d  w i t h  f i v e  v o l u m e s  o f  d i s t i l l e d  w a t e r .  I t  i s  s t a b l e  a t  
room  t e m p e r a t u r e  ( 2 0  ° C )  i n  a n  a m b e r  b o t t l e .

m e t h o d  ( P e t e r s o n ,  1 9 7 7 )  
o f  p r o c e d u r e  w a s  b r i e f l y
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I I I .  A s s a y  P r o c e d u r e
B r i n g  1 . 0  ทาไ s a m p l e  ( c o r a l ’ s  t i s s u e  h o m o g e n a t e  o r  s t a n d a r d  s a m p l e ,  

BSA ) .  A dd 1 . 0  ml o f  R e a g e n t  A , m ix  a n d  a l l o w  t o  s t a n d  f o r  10 m i n u t e s  a t
room  t e m p e r a t u r e .  Add 0 . 5  ml o f  R e a g e n t  B a n d  m ix  i m m e d i a t e l y .  A f t e r  3 0
m i n u t e s ,  r e a d  a b s o r b a n c e  a t  7 5 0  nm. R e a d  w i t h i n  2 h o u r s .  C o l o r  l o s s  i s
a b o u t  1 a n d  5% p e r  h o u r e  a t  ro om  t e m p e r a t u r e  ( 2 0  ° C )  a n d  3 7  ๐ c ,
r e s p e c t i v e l y .
I V . S t a n d a r d  C u r v e

E l e v e n  d i f f e r e n t  s t a n d a r d  c o n c e n t r a t i o n s  ( 5 - 2 5 0  u g  B SA ) a r e  
p r e p a r e d  f r o m  0 . 5  m g /m l BSA a n d  c o n d u c t i n g  a s  p r o c e d u r e  I I I .  F i v e  
r e p l i c a t e s  o f  e a c h  c o n c e n t r a t i o n s  a r e  u t i l i z e d  t o  d e t e r m i n e  t h e  s t a n d a r d  
c u r v e .  T h e  l i n e a r  r e g r e s s i o n  i s  f i t t e d  b y  m e t h o d  o f  l e a s t - s q u a r e  a n a l y s i s  
o f  t h e  l o g - l o g  d a t a .  T h e  u n k n o w n  p r o t e i n  i s  c a l c u l a t e d  f r o m  t h e  f o l l o w i n g  
e q u a t i o n ,

P r o t e i n  ( u g )  = ( I  X A 7 5 0 ) ^  - - - - - - - - - - - - -  [ 1 ]
w h e r e  I  i s  t h e  r e c i p r o c a l  o f  t h e  i n t e r c e p t  a n d  ร i s  t h e  r e c i p r o c a l  o f  t h e  
s l o p e  o f  t h e  l i n e .

F rom  t h i s  s t u d y  t h e  r e s u l t s  o f  a n a l y s i s  w e r e  p r e s e n t e d  i n  T a b l e  B -  
1 a n d  F i g .  B - 1 .  T h e  m e t h o d  o f  l e a s t - s q u a r e  a n a l y s i s  p r o d u c e d  a n  e s t i m a t i o n  
o f  c o n s t a n t s  o f  t h e  e q u a t i o n  [ 1 ]  o f  1 . 3 9 0  a n d  4 9 . 6 3 4  f o r  ร a n d  I ,  
r e s p e c t i v e l y .



Table B-1. The re su lts  fo r  analysis o f p ro te in  statdard curve 
using standard p ro te in : Bovine serum albumin ( bsa) .

BSA
concentration 

(น B)

Absorbance (Abs) at 750 nm 
for each replicate sample

Average
Abs.
avg1 2 3 4 5

5 0.048 0.05 0.058 0.084 0.078 0.0636
25 0.216 0.186 0.205 0.214 0.218 0.2078
50 0.321 0.32 0.323 0.317 0.357 0.3276
75 0.447 0.449 0.459 0.459 0.473 0.4574100 0.57 0.574 0.548 0.56 0.557 0.5618
125 0.672 0.667 0.676 0.656 0.638 0.6618
150 0.763 0.777 0.766 0.642 0.68 0.7256
175 0.862 0.883 0.881 0.752 0.685 0.8126200 0.936 0.931 0.933 0.843 0.802 0.889
225 0.919 0.988 1.023 1.035 1.036 1.0002
250 1.087 1.075 1.083 1.13 1.035 1.082
275 1.186 1.17 1.181 1.02 1.097 1.1308
300 1.222 1.242 1.23 1.161 1.122 1.1954
325 1.304 1.28 1.245 1.213 1.49 1.3064
350 1.338 1.324 1.34 1.323 1.171 1.2992
375 1.418 1.363 1.402 1.376 1.427 1.3972
400 1.424 1.351 1.434 1.438 1.42 1.4134

For 5-250 ug BSA
Regression Output:

Constant -1.696
Sid Err of Y Est 0.0085
R Squared 0.9995
No. of Observations 11
Degrees of Freedom 9

X Coefficient(s) 0.7192
Std Err of Coef 0.0053
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Fig.B-1. Regression lin e  shoeing the co rre la tio n  between 
BSA concentration and i t s  absorbance values.
(Log transformed values).
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APPENDIX c

S u r f a c e  A r e a  A n a l y s i s
W e ig h t  m e a s u r e m e n t s  o f  r e c t a n g u l a r  c u t t i n g  p e i c e s  a t  3 9  d i f f e r e n t  

s i z e s  o f  a lu m in u m  f o i l s  w e r e  p r e s e n t e d  i n  T a b l e  C - 1 .  T h e  r e g r e s s i o n  l i n e  
( F i g .  C - 1 )  s h o w s  s t r o n g  c o r r e l a t i o n  ( r 2  ะ 0 . 9 9 )  b e t w e e n  f o i l  w e i g h t  a n d  
i t s  s u r f a c e  a r e a ,  a n d  p e r f o r m e d  t h e  r e l a t i o n s h i p ,

Y = 0 . 0 0 4 5 7 5  (X )  + 0 . 0 0 5 3 7  - - - - - - - - - - - - - - - -  [ 2 ]
w h e r e  Y i s  t h e  w e i g h t  ( g )  o f  a n y  f o i l  p i e c e s  a n d  i t s  s u r f a c e  a r e a  o f  X 
(c m 2 ) .  T h e  e q u a t i o n  2 w a s  u s e d  t o  c a l c u l a t e  t h e  s u r f a c e  a r e a  o f  c o r a l  
s a m p l e  b y  r e l a t i n g  t h e  w e i g h t  o f  f o i l  w r a p p e d  o v e r  a  c o r a l  s k e l e t o n .

I t  i s  i m p o r t a n t  t o  n o t e  t h a t  t h e  f o i l  u s e d  f o r  d e t e r m i n a t i o n  o f  
s t a n d a r d  c u r v e  a n d  w r a p p in g  o v e r  t h e  c o r a l  s k e l e t o n  s h o u l d  b e  t h e  sa m e  
r o l l ,  h ew  s t a n d a r d  c u r v e  s h o u l d  b e  m a d e w h e n e v e r  t h e  new  r o l l  C;T~ a lu m in u m  
f o i l  i s  u s e d .



Table C-1 Summary of f o i l  peices of known area and th e ir  

weights.

F o i l  a r e a W e i g h t  ( g )  f o r  e a c h  r e p l i c a t e A v e r a g e  
w e i g h t  ( g )( c ๓  ) 1 2 3 4 5

0 . 0 0 6 1 0 . 0 0 6 3 0 . 1 X 1 6 4 0 . I X 1 6 4 0 . 0 0 6 6 0 . 0 0 6 3 61 . 2 0 . ( X ) 6 5 0 . ( X ) 6 8 0 . 1 X 1 6 6 0 . 0 0 6 9 0 . 0 0 6 4 0 . 0 0 6 6 41 . 5 0 . 0 1 0 0 0 . 0 1 0 0 0 . 0 1 0 1 0 . 0 1 0 6 0 . 0 1 0 3 0 . 0 1 0 2 0
1 . 8 0 . 0 1 0 3 0 . 0 1 0 1 0 . 0 1 0 4 0 . 0 1  ( X I 0 . 0 1 1 2 0 . 0 1 0 4 0

2 0 . 0 1 3 2 0 . 0 1 3 0 0 . 0 1 3 1 0 . 0 1 2 7 0 . 0 1 2 8 0 . 0 1 2 9 6
2 . 2 5 0 . 0 1 4 4 0 . 0 1 3 8 0 . 0 1 4 3 0 . 0 1 3 9 0 . 0 1 4 6 0 . 0 1 4 2 0

2 . 5 0 . 0 1 3 0 0 . 0 1 3 4 0 . 0 1 3 6 0 . 0 1 3 6 0 . 0 1 3 8 0 . 0 1 3 4 83 0 . 0 1 9 2 0 . 0 1 8 9 0 . 0 1 8 8 0 . 0 1 8 7 0 . 0 1 9 3 0 . 0 1 8 9 83 . 5 0 . 0 1 9 8 0 . 0 1 8 7 0 . 0 1 8 8 0 . 0 1 9 4 0 . 0 1 8 7 0 . 0 1 9 0 84 0 . 0 2 6 0 0 . 0 2 5 1 0 . 0 2 5 4 0 . 0 2 5 7 0 . 0 2 5 4 0 . 0 2 5 5 24 . 5 0 . 0 2 4 9 0 . 0 2 4 9 0 . 0 2 4 4 0 . 0 2 4 5 0 . 0 2 4 6 0 . 0 2 4 6 65 0 . 0 3 1 6 0 . 0 3 2 1 0 . 0 3 2 2 0 . 0 3 1 8 0 . 0 3 2 0 . 0 3 1 9 45 . 5 0 . 0 2 9 8 0 . 0 3 0 2 0 . 0 2 8 9 0 . 0 2 9 1 0 . 0 3 0 1 0 . 0 2 9 6 26 0 . 0 3 9 2 0 . 0 3 9 3 0 . 0 3 7 7 0 . 0 3 8 7 0 . 0 3 9 0 0 . 0 3 8 7 8
6 . 2 5 0 . 0 3 9 9 0 . 0 3 8 5 0 . 0 3 9 5 0 . 0 3 9 0 . 0 3 9 8 0 . 0 3 9 3 46 . 5 0 . 0 3 4 6 0 . 0 3 5 2 0 . 0 3 5 7 0 . 0 3 5 0 0 . 0 3 5 9 0 . 0 3 5 2 87 0 . 0 4 4 6 0 . 0 4 4 2 0 . 0 4 4 0 0 . 0 4 4 1 0 . 0 4 4 2 0 . 0 4 4 2 2

7 . 5 0 . 0 4 8 3 0 . 0 4 8 5 0 . 0 4 7 8 0 . 0 4 7 4 0 . 0 4 7 0 . 0 4 7 8 0
8 0 . 0 4 4 5 0 . 0 4 3 0 0 . 0 4 3 3 0 . 0 4 3 6 0 . 0 4 3 7 0 . 0 4 3 6 29 0 . 0 5 6 7 0 . 0 5 7 0 0 . 0 5 6 8 0 . 0 5 7 3 0 . 0 5 5 7 0 . 0 5 6 7 01 0 0 . 0 5 4 7 0 . 0 5 4 7 0 . 0 5 4 9 0 . 0 5 4 3 0 . 0 5 4 6 0 . 0 5 4 6 41 0 . 5 0 . 0 6 5 2 0 . 0 6 4 9 0 . 0 6 5 2 0 . 0 6 5 6 0 . 0 6 6 1 0 . 0 6 5 4 0

1 1 0 . 0 5 9 5 0 . 0 5 9 1 0 . 0 5 8 6 0 . 0 5 8 3 0 . 0 5 9 6 0 . 0 5 9 0 2
1 2 0 . 0 7 5 1 0 . 0 7 6 6 0 . 0 7 4 2 0 . 0 7 6 2 0 . 0 7 5 3 0 . 0 7 5 4 8

1 2 . 2 5 0 . 0 7 7 9 0 . 0 7 7 6 0 . 0 7 8 1 0 . 0 7 7 8 0 . 0 7 6 3 0 . 0 7 7 5 4
1 4 0 . 0 8 8 1 0 . 0 8 8 5 0 . 0 8 8 4 0 . 0 8 8 5 0 . 0 8 9 0 0 . 0 8 8 5 0
1 5 0 . 0 8 1 2 0 . 0 8 0 8 0 . 0 8 0 8 0 . 0 8 1 3 0 . 0 8 0 7 0 . 0 8 0 9 6
1 6 0 . 1 0 2 6 0 . 1 0 1 4 0 . 1 0 2 3 0 . 1 0 1 9 0 . 1 0 1 5 0 . 1 0 1 9 4
1 8 0 . 1 1 3 7 0 . 1 1 4 2 0 . 1 1 3 0 0 . 1 1 4 0 0 . 1 1 3 6 0 . 1 1 3 7 0

2 0 0 . 1 2 6 8 0 . 1 2 6 9 0 . 1 2 7 0 0 . 1 2 6 4 0 . 1 2 6 7 0 . 1 2 6 7 6
2 0 . 2 5 0 . 1 2 8 1 0 . 1 2 8 1 0 . 1 2 7 9 0 . 1 2 8 6 0 . 1 2 7 1 0 . 1 2 7 9 6

2 2 5 0 . 1 2 7 8 0 . 1 2 7 7 0 . 1 2 7 3 0 . 1 2 8 1 0 . 1 2 7 4 0 . 1 2 7 6 5
2 5 0 . 1 3 4 0 0 . 1 3 4 4 0 . 1 3 3 4 0 . 1 3 3 7 0 . 1 3 4 0 0 . 1 3 3 9 0
2 8 0 . 1 4 8 8 0 . 1 4 8 6 0 . 1 4 8 6 0 . 1 4 8 8 0 . 1 4 8 5 0 . 1 4 8 6 6
3 0 0 . 1 5 9 2 0 . 1 6 2 8 0 . 1 6 1 8 0 . 1 6 1 5 0 . 1 6 2 0 0 . 1 6 1 4 6
3 2 0 . 1 7 1 9 0 . 1 7 2 0 0 . 1 7 2 4 0 . 1 7 2 3 0 . 1 7 1 7 0 . 1 7 2 0 6
3 5 0 . 1 8 7 4 0 . 1 8 7 6 0 . 1 8 7 4 0 . 1 8 7 0 0 . 1 8 7 1 0 . 1 8 7 3 0
3 8 0 . 2 0 3 1 0 . 2 0 5 3 0 . 2 0 3 6 0 . 2 0 3 6 0 . 2 0 4 0 . 2 0 3 9 2
4 0 0 . 2 1 4 4 0 . 2 1 3 8 0 . 2 1 3 0 0 . 2 1 3 0 0 . 2 1 3 7 0 . 2 1 3 5 8

R e g r e s s i o n  O u t p u t :
C o n s t a n t 0 . 0 0 4 5 7 5 1
S i d  E r r  o f  Y  E s t 0 . 0 0 6 0 5 9 1
R  S q u a r e d 0 . 9 9 0 0 8 2
N o .  o f  O b s e r v a t i o n s 3 9 1
D e g r e e s  o f  F r e e d o m 3 7
X  C o e f f i c i c n t ( s ) 0 . 0 0 5 3 7 /
S i d  E r r  o f  C o e f . 8 . 8 4  E - 0 5 1
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Foil w e ig h t  & S u r fa c e  a r e a  
r e la t io n s h ip

F ig . C-1. Regression lin e  showing co rre la tio n  between 
f o i l  weight and i t s  surface area.



APPENDIX D \O 0

S u m m ary  o f  C o r a l  T i s s u e  B i o m a s s  A n a l y s i s
Table D -l. R esults on zooxanthellae d e n s it ie s  o f  cora l t is s u e s .

Thick v e r t ic a l l in e s  jo in  mean values that are not 
s ig n if ic a n t ly  d if feren t (ANOVA; M ultiple range t e s t ) .

Coralspecies Samplingperiod
Zooxanthellae density 
Cell X 10 ~ 6 / cm ~ 2 Average std.

L. edwardsi 1 0.469 0.120
2 0.326 0.130
3 2.863 0.231
4 2.781 0.765
5 3.400 0.727
6 3.545 1.088
7 4.302 0.995
8 3.988 1.028
9 4.937 1.834

M. am pliât a 1 0.156 0.011
2 0.273 0.179
3 1.603 0.233 .
4 2.219 0.830
5 2.756 0.738 1
6 2.657 0.289
7 3.722 0.083
8 3.118 0.696
9 2.661 0.268

M. elephantoms 1 0.565 0.166
2 3.382 1.285
3 6.019 1.446
4 5.988 0.565
5 5.186 0.503
6 4.905 1.662
7 3.147 0.402
8 3.499 0.940
9 4.681 1.599 1

p. alcicornis 1 0.564 0.411
2 0.395 0.477
3 0.731 0.411
4 1.102 0.578
5 1.669 0.490
6 1.424 0.235
7 1.673 0.085
8 1.740 0.063
9 1.717 0.178

p. digitata 1 0.492 0.219
2 1.417 0.462
3 4.643 0.720
4 4.021 0.541
5 4.869 0.739
6 4.107 0.714
7 5.090 0.381
8 3.877 0.260
9 4.450 0.497 1
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D = P e c t i n i a  a l c i c o m i s  
E = Psarrm ocora d i g i t a t a

F ig .  D - l .  M u l t ip l e  B o x -a n d - W h isk er  p l o t  sh o w in g  r a n g e  o f  d a ta  f o r
z o o x a n t h e l l a e  d e n s i t i e s  i n  t im e -m a tc h e d  sa m p le s  o f  c o r a l
t i s s u e s .



111

Table D-2. R esults on chlorophyll-a  content (ug) per u n it  surface
area (cm^) o f c o r a ls . Thick v e r t ic a l l in e s  jo in  mean values  
th at are not s ig n if ic a n t ly  d if fe r e n t  (ANOVA; M ultiple range te s t;

L. edwardsi

M. ampliata

Coralspecies

M. elephantotus

p. alcicornis

p. digitata

Samplingperiod
1 0.996 0.291
2 1.170 0.763
3 8.213 1.068
4 8.968 2.119
5 10.525 2.066
6 15.943 3312
7 21.047 3.031
8 18.179 1.990
9 19.107 9.198

1 0.070 0.036
2 0.304 0.129
3 3.041 0.383
4 5.506 1.897
5 8.598 1.927
6 7.685 0.741
7 10.091 0.364
8 10.658 2.455
9 10.906 0.527

Chlorophyll-a content pg/ cm''2 Average____ std.

1 0.769 0.226
2 9.203 2.969
3 7.427 1.143
4 8.200 0.353
5 5.415 0.494
6 4.870 1.095
7 3.152 0.362
8 6.534 1.189
9 9.658 2.458

1 0.189 0.129
2 0.971 1372
3 1.325 1.295
4 2.557 1.288
5 4.914 2.441
6 2.993 0.300
7 4.459 0.721
8 4.653 0.199
9 5.753 0.825

1 0.490 0.444
2 4.222 1.103
3 10.096 0.537
4 9.196 1940
5 12.023 1.326
6 12.358 1.333
7 11.020 0.921
8 11.647 0.765
9 11.908 0.861

I I
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F i g .  D -2 . M u l t ip l e  B o x -a n d -W h isk er  p l o t  sh e w in g  r a n g e  o f  d a t a  f o r
c h l o r o p h y l l - a  c o n t e n t s  i n  t im e -m a tc h e d  sa r r p le s  o f  c o r a l
t i s s u e s .



T a b le  D -3 R esults ๐ท chlorophyll-a content (pg) per zooxanthellae c e l l  
from coral t is s u e , Thick v e r t ic a l  l in e s  jo in  mean values th at  
are not s ig n if ic a n t ly  d if fe r e n t  (ANOVA; m ultip le range t e s t ) .

Coral
species Samplingperiod

Chlorophyll-a per Zooxanthellae 
pg/ cellAverage std.

L. edwardsi 1 2.100 0.154-
2 3.235 0.909
3 2.865 0.265
4 3.292 0.406
ร 3107 0.050
6 4.715 0.755
7 5.055 0.784
8 4.849 1.168
9 3.758 0.477 1

M. ampliata 1 0.438 0.193
2 1.905 1.343
3 1.904 0.051
4 2.506 0.069
5 3.171 0.293 16 2.897 0.058
7 2.711 0.039
8 3.412 0.103
9 4.151 0.558

M. elephantoras 1 1.366 0.062
2 2.820 0.287 13 1.260 0.121
4 1.389 0.203
5 1.046 0.057
6 1.035 0.131
7 1.004 0.042
8 1.921 0.201
9 2.128 0.297

p. alcicornis 1 1.006 1.056
2 0.916 1.278
3 1.417 0.706
4 2.338 0.075
5 Z866 0.754
6 2.148 0.326 1
7 2.684 0.527
8 2.678 0.153
9 3.437 0.866

p. digitata 1 0.810 0.434
2 3.036 0.210
3 2.209 0.225
4 2.232 0.405
5 2.533 0.474
6 3.045 0.225
7 2.180 0.256
8 3.010 0.189
9 2.687 0.104 1
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A = Lithophyllon edwardsi  
B = Merulina ampliata 
c = Mycedium elephantotus 
D - B sctin ia  a lc ic o m is  
E = Psarmpcora d iq ita ta

Sampling time
F i g .  D -3 . M u l t ip l e  B o x -a n d -W h isk er  p l o t  sh o w in g  r a n g e  o f  d a t a  f o r

z o o x a n t h e l l a e  p ig n e n t  ( c h l o r o p h y l l - a  ) i n  t im e -m a tc h e d
sa m p le s  o f  c o r a l  t i s s u e s .



Table D-4. R esults on protein  content o f  coral t is s u e . Thick v e r t ic a l  
l in e s  jo in  mean values th at are not s ig n if ic a n t ly  d iffe r e n t  
(ANOVA; M ultiple range t e s t ) .

Coralspecies Samplingperiod
Protein content 

ug / cm ~ 2 Average std.
L. edwardsi 1 1.654 0.075

2 1.746 0.546
3 2.237 0.452
4 2.171 0.269
5 2.158 0.372
6 2.839 0.706
7 2.817 0.676
8 3.057 0.032
9 4.490 2.116

M. ampliata 1 0.756 0.049
2 1.371 0.269
3 1.742 0.318
4 2.346 0.700
5 2.788 0.420 16 2.454 0.438 1
7 3.280 0.267
8 3.280 0.028
9 3.355 0.299

M. elephantotus 1 1.330 0.057
2 2.136 0.682
3 2.227 0.281
4 2.560 0.092
5 1.958 0.255 1
6 2.357 0.522 1
7 1.997 0.4% 1
8 2.468 0.032
9 2.883 0.581

p. alcicornis 1 0.499 0.051
2 0.823 0.136
3 0.941 0.418
4 1.063 0.311
5 1.497 0.252
6 1.490 0.066
7 1.363 0.209 !8 1.504 0.011
9 1.733 0.112

p. digitata 1 1.428 0.248
2 1.756 0.400
3 2.274 0.259
4 3.026 0.524
5 2.582 0.274
6 3.198 0.388
7 2.612 0.505 18 3.138 0.249
9 3.287 0.461
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A = Lithophyllon edwardsi 
B = Merulina anpliata  
C = Mycedium elephantotus 
D = Ftectinia a lc ic o m is  
E = Psarnmocora d ig ita ta

M i l t i p l e  B o x -a n d -W h isk e r  p l o t  sh o w in g  r a n g e  o f  d a t a  f o r
p r o t e i n  c o n t e n t s  i n  t im e -m a tc h e d  sa m p le s  o f  c o r a l  t i s s u e s

Fig. D-4
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