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Abstract 
C o r a l  r e e f s  a r e  c u r r e n t l y  i n  d e c l i n e  w o r l d w i d e .  M a s s  b l e a c h i n g  

e v e n t s ,  o c e a n  a c i d i f i c a t i o n  a n d  m o r e  p o w e r f u l  s t o r m s  a r e  t h e  

m a i n  d e s t r u c t i v e  f a c t o r s  g l o b a l l y  h o w e v e r  t h e s e  a r e  m a i n l y  

i n f r e q u e n t  e v e n t s  w h i c h  h e a l t h y  c o r a l  r e e f s  m a y  s u r v i v e  a n d  

r e c o v e r  f r o m .  O t h e r  m o r e  l o c a l i s e d  a n t h r o p o g e n i c  f a c t o r s  s u c h  a s  

p o l l u t i o n ,  s e d i m e n t  r u n  o f f  f r o m  d e v e l o p m e n t  o n  l a n d  a n d  

o v e r f i s h i n g ,  p u t  m o r e  f r e q u e n t  p r e s s u r e  w h i c h  i n h i b i t s  t h e  a b i l i t y  

o f  c o r a l  r e e f s  t o  r e c o v e r  f r o m  f o r  e x a m p l e  p e r i o d s  o f  s u s t a i n e d  

h i g h  t e m p e r a t u r e  o r  s t o r m s .  S c u b a  d i v i n g  i s  a  p o p u l a r  a n d  

e x p a n d i n g  c o a s t a l  a c t i v i t y  w h i c h  u s e d  t o  b e  t h o u g h t  o f  a s  a  n o n  

c o n s u m p t i v e  a n d  s u s t a i n a b l e  u s e  o f  t h e  m a r i n e  e n v i r o n m e n t .  

H o w e v e r  w h e n  a r e a s  a r e  i n t e n s i v e l y  d i v e d  i t  c a u s e s  d e s t r u c t i o n  

o f  s t r u c t u r a l  d i v e r s i t y  a n d  o v e r a l l  r e e f  h e a l t h  d u e  t o  d i v e r  

c o n t a c t s ,  s e d i m e n t  s t i r  u p  s m o t h e r i n g  c o r a l s  e t c .  w h i c h  p u t s  

c o r a l s  u n d e r  c o n s t a n t  p r e s s u r e  m a k i n g  t h e m  l e s s  l i k e l y  t o  s u r v i v e  

o t h e r  d e s t r u c t i v e  f a c t o r s .  A r t i f i c i a l  r e e f s  a r e  o n e  w a y  t o  n o t  o n l y  

p r o v i d e  n e w  h a b i t a t  f o r  c o r a l s  a n d  f i s h ,  b u t  t o  p r o v i d e  

a l t e r n a t i v e  d i v e  s i t e  s i t e s  t o  r e d u c e  d i v i n g  p r e s s u r e  o n  n e a r b y  

n a t u r a l  r e e f .  T h i s  s t u d y  l o o k e d  a t  t h e  e f f e c t i v e n e s s  o f  a r t i f i c i a l  

r e e f s  a r o u n d  K o h  T a o ,  T h a i l a n d ,  i n  t h i s  c a p a c i t y  o f  r e d u c i n g  d i v e  

p r e s s u r e  a n d  t h e  r e a s o n s  w h y  s o m e  s i t e s  w e r e  e f f e c t i v e  a n d  s o m e  

s i t e s  w e r e  n o t .  I t  w a s  f o u n d  t h a t  a r o u n d  2 1 %  o f  d i v e s  o n  K o h  t a o  

a n n u a l l y  a r e  o n  a n  A R  a n d  4 5 %  o f  d i v e r s  v i s i t i n g  K o h  T a o  w i l l  d i v e  

a n  A R .  I t  w a s  f o u n d  t h a t  a r o u n d  3 0 0 , 0 0 0  d i v e r s  c o m e  t o  K o h  T a o  

e a c h  y e a r  a n d  w i t h  t h e  l e n g t h  o f  s t a y  o f  d i v e r s  a n d  n u m b e r  o f  

d i v e r s  a n n u a l l y  i t  w a s  l i k e l y  t h a t  s o m e  o f  t h e  m o r e  p o p u l a r  d i v e  

s i t e s  m a y  b e  r e c e i v i n g  3 0 0 , 0 0 0  d i v e r s  a n n u a l l y .  T h i s  i s  f a r  a b o v e  

t h e  h y p o t h e t i c a l  c a r r y  c a p a c i t y  f o r  h e a v i l y  d i v e d  r e e f s  e l s e w h e r e  

a n d  s u g g e s t s  t h a t  A R ’ s  a l o n e  c a n n o t  r e d u c e  d i v e  p r e s s u r e  t o  

a c c e p t a b l e  l e v e l s  o n  n e a r b y  n a t u r a l  r e e f  s i t e s .  T h e  r e a s o n s  f o r  

t h e  s u c c e s s  o f  s o m e  A R ’ s  a n d  n o t  o t h e r s  w e r e  f o u n d  t o  b e  d u e  t o  

a  c o m b i n a t i o n  o f  f a c t o r s  s h o w n  o n  f i g  6 .  F o r  e x a m p l e  

I n t e r a c t i v i t y ,  s i z e  o f  A R ,  d i s t a n c e  f r o m  d i v e  s h o p s ,  m a r i n e  l i f e  
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Introduction 
C o r a l  r e e f s  a r e  o n e  o f  t h e  w o r l d ’ s  m o s t  d i v e r s e  a n d  b e a u t i f u l  h a b i t a t s .  

T h e y  h a v e  b e e n  a r o u n d  s i n c e  2 2 5  m i l l i o n  y e a r s  a g o  i n  t h e  M e s o z o i c  

e r a ,  s o m e  c o r a l  r e e f s  m a y  b e  u p  t o  2 . 5  m i l l i o n  y e a r s  o l d  a n d  p r o v i d e  

m a n y  b e n e f i t s  ( M o b e r g  &  F o l k e ,  1 9 9 9 ) ,  c o a s t a l  p r o t e c t i o n ,  s e a f o o d ,  

r e c r e a t i o n ,  n e w  m e d i c i n e s ,  b i o d i v e r s i t y  a n d  a e s t h e t i c  v a l u e  t o  n a m e  a  

f e w  ( B r y a n t ,  B u r k e ,  M c M a n u s ,  &  S p a l d i n g ,  1 9 9 8 ) .  C o r a l  r e e f s  a r e  f o u n d  

i n  a l l  t h r e e  o f  t h e  E a r t h ' s  o c e a n s  t h a t  h a v e  p o r t i o n s  i n  t h e  t r o p i c s .  

T h e s e  r e g i o n s  i n c l u d e  t h e  t r o p i c a l  P a c i f i c ,  t r o p i c a l  w e s t e r n  A t l a n t i c  

( a k a  " g r e a t e r  C a r i b b e a n " ) ,  a n d  t h e  I n d i a n  O c e a n  ( i n c l u d i n g  t h e  R e d  

S e a ) .  T h i s  d i s t r i b u t i o n  i s  b y  n o  m e a n s  r a n d o m ,  c o r a l  r e e f  d i s t r i b u t i o n  

i s  m a i n l y  d e t e r m i n e d  b y  a  p a r t i c u l a r  s e t  o f  e n v i r o n m e n t a l  c o n d i t i o n s  

u n d e r  w h i c h  t h e  d o m i n a n t  s p e c i e s  t h a t  b u i l d  t h a t  k i n d  o f  e c o s y s t e m  

t h r i v e  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  

U n f o r t u n a t e l y  i n  r e c e n t  y e a r s  t h e r e  h a s  b e e n  s i g n i f i c a n t  d e c l i n e s  

w o r l d w i d e ,  a  r e p o r t  p u b l i s h e d  i n  2 0 0 8  b y  t h e  G l o b a l  C o r a l  R e e f  

M o n i t o r i n g  N e t w o r k  ( G C R M N )  f o u n d  t h a t  2 0 %  o f  t h e  w o r l d ’ s  c o r a l  

r e e f s  a r e  c u r r e n t l y  t h r e a t e n e d  a n d  p r e d i c t e d  t o  b e  l o s t  i n  t h e  n e x t  2 0  

t o  4 0  y e a r s  a n d  a  f u r t h e r  1 5 %  c r i t i c a l l y  t h r e a t e n e d  w i t h  a  p r e d i c t e d  

l o s s  i n  t h e  n e x t  1 0  t o  2 0  y e a r s ( W i l k i n s o n  &  S o u t e r ,  2 0 0 8 ) .    
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T h i s  l o s s  i s  d u e  t o  a  n u m b e r  o f  f a c t o r s  b o t h  e n v i r o n m e n t a l  a n d  h u m a n .  

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

d i s e a s e s  a r e  t h e  m o s t  p r e v a l e n t  w o r l d w i d e ( R i e g l  e t  a l .  2 0 0 9 ) .  H o w e v e r  

w h e n  c o m b i n e d  o t h e r  l o c a l i s e d  f a c t o r s  s u c h  a s  r a p i d  c o a s t a l  

d e v e l o p m e n t ,  l o s s  o f  f o r e s t s  e s p e c i a l l y  m a n g r o v e s ,  i n c r e a s e d  n u t r i e n t s  

i n  t h e  m a r i n e  e n v i r o n m e n t ,  s n o r k e l l i n g  a n d  s c u b a  d i v i n g  d a m a g e  e t c .  

t h e  e x t r a  p r e s s u r e  m a k e s   c o r a l s  l e s s  l i k e l y  t o  s u r v i v e  b i g g e r  t h r e a t s  

l i k e  s u s t a i n e d  p e r i o d s  o f  h i g h  t e m p e r a t u r e s  b r o u g h t  o n  b y  c l i m a t e  

c h a n g e ( C a r i l l i  e t  a l .  2 0 0 9 ) .   

S c u b a  d i v i n g  u s e d  t o  b e  t h o u g h t  o f  a s  a  n o n - c o n s u m p t i v e  a n d  n o n -

d e s t r u c t i v e  s u s t a i n a b l e  u s e  o f  c o r a l  r e e f s  a n d  t o  a  c e r t a i n  d e g r e e  i t  i s  

i f  d o n e  c a r e f u l l y  w i t h  t h e  p r o p e r  t r a i n i n g ( B a r k e r  &  R o b e r t s ,  2 0 0 4 ) .  

H o w e v e r  w i t h  t h e  i n c r e a s i n g  p o p u l a r i t y  a n d  a c c e s s i b i l i t y  o f  s c u b a  

d i v i n g  t h e r e  a r e  p r o b l e m s  f r o m  u n s u s t a i n a b l e  u s e  a n d  d i v e r s  d a m a g i n g  

c o r a l  r e e f s  t o  a  s i g n i f i c a n t  e x t e n t .  T h i s  c a n  b e  t h r o u g h  c o n t a c t  w i t h  

c o r a l s  c a u s i n g  b r e a k a g e s  ( U y  e t  a l  2 0 0 8 ;  W i l k i n s o n  &  S o u t e r ,  2 0 0 8 ) ,  

s t i r r i n g  u p  s e d i m e n t  w h i c h  s m o t h e r s  c o r a l ( B a r k e r  &  R o b e r t s ,  2 0 0 4 ;  

P r i o r  e t  a l .  1 9 9 5 ;  U y  e t  a l . ,  2 0 0 8 ) ,  a d d i t i o n  o f  n u t r i e n t s  t h r o u g h  

p o l l u t i o n  f r o m  d i v e  b o a t s  ( K o o p  e t  a l .  2 0 0 1 ) ,  f e e d i n g  f i s h  w h i c h  

i n t r o d u c e s  e x t r a  n u t r i e n t s  i n t o  t h e  o l i g o t r o p h i c  e c o  s y s t e m  c o r a l s  

r e q u i r e  w h i l e  a l s o  r e d u c i n g  t h e  a m o u n t  o f  c o m p e t i n g  a l g a e  a n d  

s p o n g e s  e a t e n  b y  t h e  f i s h  ( K o o p  e t  a l .  2 0 0 1 ;  L e d l i e  e t  a l .  2 0 0 7 ) ,  u s e  o f  

s u n s c r e e n  w h i c h  i s  l i n k e d  t o  c o r a l  d i s e a s e s  ( D a n o v a r o  e t  a l .  2 0 0 8 )  a n d  

o t h e r s  s u c h  a s  a n c h o r  d a m a g e  f r o m  b o a t s  ( D i n s d a l e  &  H a r r i o t t ,  2 0 0 4 ) .  

C o r a l  r e e f s  w h i c h  a r e  h e a v i l y  d i v e d  c a n  h a v e  m u c h  l e s s  s t r u c t u r a l  

d i v e r s i t y / o v e r a l l  p r o d u c t i v i t y / h e a l t h  a n d  b i o d i v e r s i t y  b e c a u s e  o f  t h e s e  

f a c t o r s ( P r i o r  e t  a l .  1 9 9 5 ) .  

A r t i f i c i a l  r e e f s  a r e  o n e  w a y  t o  a l l e v i a t e  t h e  p r o b l e m  o f  c o r a l  d e c l i n e  

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

c o l o n i s e d  b y  c o r a l s  ( F a d l i  e t  a l .  2 0 1 2 )  a n d  p r o t e c t i o n  f r o m  p r e d a t o r s  

f o r  s m a l l  f i s h ( C h a r b o n n e l ,  2 0 0 2 ;  R i l o v  &  B e n a y a h u b ,  1 9 9 8 ;  R i l o v  &  

B e n a y a h u ,  2 0 0 2 ) ,  b u t  a l s o  b y  p r o v i d i n g  a l t e r n a t i v e  d i v e  s i t e s  r e d u c i n g  

t h e  d i v i n g  p r e s s u r e  o n  n a t u r a l  c o r a l  r e e f s ( D a v i s  &  T i s d e l l ,  1 9 9 6 ;  F e a r y  

e t  a l .  2 0 1 1 ;  U y  e t  a l .  2 0 0 8 ) .  i n t r o d u c t i o n  o f  a n  a r t i f i c i a l  r e e f  i n  a  

n a t u r a l  r e e f  e n v i r o n m e n t  s h o u l d  r e d u c e  r e c r e a t i o n a l  u s e  o f  t h e  

s u r r o u n d i n g  n a t u r a l  r e e f s ,  a l l  e l s e  h e l d  c o n s t a n t ,  a s  d i v e r s  a n d  o t h e r s  

s h i f t  a  p o r t i o n  o f   t h e i r  u s e  f r o m  t h e  n a t u r a l  r e e f s  t o  t h e  n e w  a r t i f i c i a l  

r e e f .  A r t i f i c i a l  r e e f  s t r u c t u r e s  c a n  b e  s u n k e n  s h i p s  o r  v e h i c l e s ,  

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

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

p r o p o r t i o n  o f  i t s  G D P  i s  t o u r i s m  r e l a t e d  ( R u g g l e s - b r i s e ,  2 0 1 2 ) ,  F o r  

e x a m p l e  b e t w e e n  2 0 1 0  a n d  2 0 1 2  t h e r e  w a s  a  6 . 4  m i l l i o n  i n c r e a s e  i n  

t o u r i s t s  f r o m  1 5 . 9  m i l l i o n  t o  2 2 . 3  m i l l i o n  v i s i t i n g  e a c h  y e a r  

( V a n h a l e w e y k ,  2 0 1 3 ) .  T h e  i s l a n d s  o f  K o h  T a o ,  K o h  P h a n g a n  a n d  K o h  

S a m u i ,  a r e  t h e  t h r e e  m a i n  i s l a n d s  i n  t h e  S u r a t  T h a n i  p r o v i n c e  i n  t h e  

g u l f  o f  T h a i l a n d .  M o d e r n  d a y  K o h  T a o  r e l i e s  o n  d i v i n g  a n d  

s u b s e q u e n t l y  i t s  c o r a l  r e e f s  f o r  i n c o m e .  T h i s  m a k e s  t h e  h e a l t h  o f  t h e  

r e e f  s y s t e m s  a r o u n d  K o h  T a o  i n t e g r a l  t o  t h e  e c o n o m i c ,  s o c i a l  a n d  

e n v i r o n m e n t a l  s u s t a i n a b i l i t y  o f  t h e  i s l a n d  ( W e t e r i n g s ,  2 0 1 1 ) .   K o h  T a o  

i s  o n e  o f  t h e  m o s t  p o p u l a r  p l a c e s  t o  d i v e  i n  T h a i l a n d ,  t h e  i s l a n d  i t s e l f  

b o a s t s  5 0  d i v e  s c h o o l s  a n d  2 5  d i v e  s i t e s  ( R o n g r o n g m u a n g ,  2 0 1 0 )  . T h i s  

p o p u l a r i t y  c o m e s  a t  a  c o s t  h o w e v e r  a n d  t h e  r e e f s  a r e  u n d e r  

c o n s i d e r a b l e  s t r e s s  f r o m  a  n u m b e r  o f  f a c t o r s  i n c l u d i n g  p o l l u t i o n  

i n c r e a s i n g  n u t r i e n t s  i n  t h e  m a r i n e  e n v i r o n m e n t ,  o v e r  f i s h i n g ,  i n t e n s i v e  

s c u b a  d i v i n g  a n d  s n o r k e l l i n g  ( W e t e r i n g s ,  2 0 1 1 ) .  I n  t h e  l a s t  f e w  

d e c a d e s  a r o u n d  5 0 %  o f  t h e  i s l a n d s  r a i n f o r e s t  h a s  b e e n  d e s t r o y e d  

c a u s i n g  i n c r e a s e d  s e d i m e n t a t i o n  o n  t h e  r e e f s  ( W e t e r i n g s ,  2 0 1 1 ) ,  w h i c h  

i s  k n o w n  t o  s m o t h e r  c o r a l s  a n d  i n c r e a s e  p o s s i b i l i t y  o f  i n f e c t i o n  

( B a b c o c k  &  S m i t h ,  2 0 0 0 ) .  R e c r e a t i o n a l  d i v i n g  a n d  s n o r k e l l i n g  i s  

i n t e n s i v e  a r o u n d  K o h  T a o  a n d  k n o w n  t o  p u t  p r e s s u r e  o n  r e e f  s y s t e m s  

a n d  c a u s e  p h y s i c a l  d a m a g e  t o  c o r a l s  ( L e u j a k  &  O r m o n d ,  2 0 0 8 ) .  K o h  T a o  

a l r e a d y  h a s  a  n u m b e r  o f  e s t a b l i s h e d  A R ’ s  i n c l u d i n g  s u n k e n  s h i p s ,  c o r a l  

n u r s e r i e s  a n d  d i v e r  t r a i n i n g  a i d s  w h i c h  a r e  w e l l  u s e d  b y  d i v e  

c o m p a n i e s  o n  t h e  i s l a n d ,  a l o n g  w i t h  m u c h  c o m m u n i t y  i n v o l v e m e n t  i n  

m a r i n e  c o n s e r v a t i o n  w i t h  s a v e  K o h  T a o  a n d  b r a n c h e s  o f  t h a t  s u c h  a s  

t h e  n e w  h e a v e n  r e e f  c o n s e r v a t i o n  p r o g r a m .  

T h e s e  f a c t o r s  m a k e  K o h  T a o  a  p r i m e  l o c a t i o n  f o r  a  s t u d y  o n  t h e  

e f f e c t i v e n e s s  o f  A R ’ s  a s  a l t e r n a t i v e  d i v e  s i t e s .  W h e n  i t  c o m e s  t o  

r e d u c i n g  p r e s s u r e  o n  h e a v i l y  d i v e d  n a t u r a l  c o r a l  r e e f s  i t  i s  u n k n o w n  

w h i c h  A R ’ s  a r e  b e i n g  u s e d  t h e  m o s t  f r e q u e n t l y  b y  s c u b a  d i v e r s  a n d  t h e  

o p i n i o n s  d i v e r s  a n d  d i v e  c o m p a n i e s  h a v e  a b o u t  t h e m  o n  K o h  T a o .  T h i s  

s t u d y  i s  a i m e d  a t  f i n d i n g  o u t  h o w  e f f e c t i v e  A R ’ s  o n  K o h  T a o  a r e  a t  

r e d u c i n g  d i v e  p r e s s u r e  b y  i n v e s t i g a t i n g  h o w  m a n y  p e o p l e  u s e  A R ’ s  o n  

K o h  T a o ,  w h i c h  s i t e s  a r e  u s e d  t h e  m o s t   a n d  t h e  f a c t o r s  w h i c h  

c o n t r i b u t e  t o w a r d s  A R ’ s  s u c c e s s e s  o r  f a i l u r e s  o n  K o h  T a o .  O n c e  t h i s  i s  

k n o w n  t h e i r  e f f e c t i v e n e s s  a t  s o l v i n g  t h i s  p r o b l e m  m a y  b e  c r i t i c a l l y  

a n a l y s e d  a n d  i m p r o v e m e n t s  m a d e  f o r  e x i s t i n g  A R ’ s  a n d  i n  t h e  p l a n n i n g  

o f  n e w  A R ’ s  w o r l d w i d e .  
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C o r a l  r e e f  e c o l o g y  a n d  c o r a l  b i o l o g y  

C o r a l  r e e f s  a r e  o n e  o f  t h e  w o r l d ’ s  m o s t  d i v e r s e  a n d  b e a u t i f u l  h a b i t a t s .  

T h e y  h a v e  b e e n  a r o u n d  s i n c e  2 2 5  m i l l i o n  y e a r s  a g o  i n  t h e  M e s o z o i c  

e r a ,  s o m e  c o r a l  r e e f s  m a y  b e  u p  t o  2 . 5  m i l l i o n  y e a r s  o l d  a n d  p r o v i d e  

m a n y  b e n e f i t s  ( M o b e r g  &  F o l k e ,  1 9 9 9 ) ,  c o a s t a l  p r o t e c t i o n ,  s e a f o o d ,  

r e c r e a t i o n ,  n e w  m e d i c i n e s ,  b i o d i v e r s i t y  a n d  a e s t h e t i c  v a l u e  t o  n a m e  a  

f e w  ( B r y a n t  e t  a l . ,  1 9 9 8 ) .  C o r a l  r e e f s  a r e  f o u n d  i n  a l l  t h r e e  o f  t h e  

E a r t h ' s  o c e a n s  t h a t  h a v e  p o r t i o n s  i n  t h e  t r o p i c s .  T h e s e  r e g i o n s  i n c l u d e  

t h e  t r o p i c a l  P a c i f i c ,  t r o p i c a l  w e s t e r n  A t l a n t i c  ( a k a  " g r e a t e r  

C a r i b b e a n " ) ,  a n d  t h e  I n d i a n  O c e a n  ( i n c l u d i n g  t h e  R e d  S e a ) .  T h i s  

d i s t r i b u t i o n  i s  b y  n o  m e a n s  r a n d o m ,  c o r a l  r e e f  d i s t r i b u t i o n  i s  m a i n l y  

d e t e r m i n e d  b y  a  p a r t i c u l a r  s e t  o f  e n v i r o n m e n t a l  c o n d i t i o n s  u n d e r  

w h i c h  t h e  d o m i n a n t  s p e c i e s  t h a t  b u i l d  t h a t  k i n d  o f  e c o s y s t e m  t h r i v e  

( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  

C o r a l s  a r e  m e m b e r s  o f  t h e  p h y l u m  C n i d a r i a  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  

Y o n g e ,  1 9 6 3 ) .  T h e y  a r e  u s u a l l y  c o l o n i a l ,  m a d e  u p  o f  m a n y  g e n e t i c a l l y  

i d e n t i c a l  p o l y p s  c o n n e c t e d  b y  l i v i n g  t i s s u e  ( c a l l e d  t h e  c o e n o s a r c )  

( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) ,  a l t h o u g h  s o m e  s p e c i e s ,  f o r  

e x a m p l e  m u s h r o o m  c o r a l  ( F u n g i a  f u n g i t e s ) ,  c o n s i s t  o f  a  s i n g l e  l a r g e  

p o l y p  ( H o e k s e m a ,  1 9 8 9 ) .  E a c h  p o l y p  h a s  a  c u p  l i k e  s h a p e  w i t h  a  r i n g  o f  

t e n t a c l e s  s u r r o u n d  a  c e n t r a l  o p e n i n g  k n o w n  a s  t h e  p h a r y n x  w h i c h  

s e r v e s  a s  b o t h  m o u t h  a n d  a n u s .  T h e  t e n t a c l e s  a r e  t i p p e d  w i t h  s t i n g i n g  

c e l l s  ( n e m a t o c y s t s )  w h i c h  a r e  u s e d  f o r  c a t c h i n g  p r e y  a n d  d e f e n c e .  

C o r a l s  c a n  b e  s p l i t  i n t o  t w o  d i s t i n c t  g r o u p s ,  h a r d  c o r a l s  

( s c l e r a c t i n i a n s )  a n d  s o f t  c o r a l s  ( g o r g o n i a n s )  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  

Y o n g e ,  1 9 6 3 ) .   H a r d  c o r a l s  s i t  o n  a n  e x t e r n a l  s k e l e t o n  m a d e  o f  t h e  

c o r a l s  s e c r e t i o n s  o f  c a l c i u m  c a r b o n a t e  w h i c h  f o r m s  t h e i r  s t r u c t u r e s  

( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .   T h e r e  a r e  a  n u m b e r  o f  g r o w t h  

f o r m s  d i f f e r e n t  c o r a l s  t a k e  e a c h  o f  w h i c h  i s  b e t t e r  s u i t e d  t o  d i f f e r e n t  

e n v i r o n m e n t a l  c o n d i t i o n s ,  F o l i a t e  o r  b r a n c h i n g  c o r a l s  f o r  e x a m p l e  c a n  

s u r v i v e  h i g h e r  s e d i m e n t a t i o n  b e c a u s e  s e d i m e n t  f a l l s  m o r e  e a s i l y  i n  

b e t w e e n  t h i n  b l a d e s  o r  b r a n c h e s ,  w h e r e a s  l a r g e  r o u n d  c o r a l s  s u c h  a s  

b r a i n  c o r a l s  w i l l  s u r v i v e  b e t t e r  i n  a r e a s  o f  s t r o n g  c u r r e n t  w h e r e  

d e l i c a t e  b r a n c h e s  m i g h t  b r e a k  ( P a n d o l f i  &  G r e e n s t e i n ,  1 9 9 7 ) .   

C o r a l s  a r e  p a r t i a l l y  c a r n i v o r o u s  a n d  u s e  t h e i r  t e n t a c l e s  t o  t r a p  

z o o p l a n k t o n  w h i c h  t h e y  t h e n  f e e d  o n .  M o s t  h a r d  c o r a l s  o n l y  e x t e n d  

t h e i r  t e n t a c l e s  a t  n i g h t  w h e n  z o o p l a n k t o n  i s  m o s t  a b u n d a n t .  T h e  r e s t  
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o f  t h e i r  n u t r i e n t s  t h e y  g a i n  f r o m  a  s y m b i o t i c  r e l a t i o n s h i p  w i t h  

z o o x a n t h e l l a e  a l g a e  t h a t  l i v e  w i t h i n  t h e  c o r a l s  t i s s u e  ( J o n e s  &  E n d e a n ,  

1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  T h e s e  z o o x a n t h e l l a e  c o n v e r t  c a r b o n  d i o x i d e  f r o m  

s e a w a t e r  i n t o  s u g a r s  a n d  f a t s  s o m e  o f  w h i c h  a r e  g i v e n  t o  t h e  c o r a l ,  i n  

r e t u r n  t h e  z o o x a n t h e l l a e  u s e  t h e  c o r a l s  w a s t e  p r o d u c t s  f o r  g r o w t h  a n d  

g e t  a  s a f e  p l a c e  t o  l i v e  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .   

H a r d  c o r a l s  a r e  s l o w  g r o w i n g ,  s o m e  o n l y  a  f e w  c e n t i m e t r e s  a  y e a r  

( H u b b a r d  &  S c a t u r o ,  1 9 8 5 )  a n d  m a y  t a k e  a  n u m b e r  o f  y e a r s  t o  r e a c h  

s e x u a l  m a t u r i t y ,  b r a i n  c o r a l s  ( D i p l o r i a  l a b r y n t h i f o r m i s )  f o r  e x a m p l e  

m a y  t a k e  8  y e a r s  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  C o r a l s  c a n  

r e p r o d u c e  a s e x u a l l y  b y  b u d d i n g  w h i c h  i s  h o w  c o l o n i e s  g r o w ,  b u t  t o  

s t a r t  n e w  c o l o n i e s  t h e y  r e p r o d u c e  s e x u a l l y  b y  r e l e a s i n g  g a m e t e s  

( I n d i v i d u a l  p o l y p s  m a y  b e  m a l e  o r  f e m a l e  o r  b o t h )  ( J o n e s  &  E n d e a n ,  

1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  A  c o r a l s  r e p r o d u c t i v e  o r g a n s  a r e  l o c a t e d  i n s i d e  i t s  

b o d y  c a v i t y  a n d  l i e  o n  t h e  m e s e n t e r i e s ,  t h e  f e r t i l i s a t i o n  o f  t h e  e g g  b y  

m a l e  s p e r m  m a y  o c c u r  i n t e r n a l l y  w i t h i n  t h e  f e m a l e  c o r a l  p o l y p  o r  

e x t e r n a l l y  i n  t h e  w a t e r  c o l u m n  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  

C o r a l s  w h i c h  f e r t i l i s e  i n t e r n a l l y  a r e  k n o w n  a s  b r o o d e r s  a n d  t h o s e  

w h i c h  f e r t i l i s e  e x t e r n a l l y  a r e  k n o w n  a s  b r o a d c a s t e r s  ( J o n e s  &  E n d e a n ,  

1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) .  T h e  z y g o t e  f o r m e d  w i l l  e v e n t u a l l y  b e c o m e  a  f r e e  

s w i m m i n g  p l a n u l a  w i t h  l i m i t e d  p o w e r s  o f  l o c o m o t i o n .  P l a n u l a e  o f  

b r o a d c a s t i n g  s p e c i e s  t e n d  t o  s p e n d  m u c h  l o n g e r  i n  t h e  w a t e r  c o l u m n  

a n d  t h e r e f o r e  t r a v e l  g r e a t e r  d i s t a n c e s  t h a n  t h o s e  o f  b r o o d e r s ,  

p l a n u l a e  o f  b r o o d e r s  a r e  r e l e a s e d  w h e n  m a t u r e  a n d  a l r e a d y  c o n t a i n  

z o o x a n t h e l l a e .  C o r a l  p l a n u l a e  a r e  f e d  o n  b y  m a n y  f i s h  s p e c i e s  a n d  

i n v e r t e b r a t e s  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  L e s s e r ,  2 0 0 4 ;  Y o n g e ,  1 9 6 3 ) .   

T h e  s e t t l e m e n t  a n d  s u c c e s s  o f  c o r a l  p l a n u l a e  i s  d e p e n d e n t  o n  a  

m u l t i t u d e  o f  f a c t o r s .  C r u s t o s e  c o r a l l i n e  a l g a e  f o r  e x a m p l e  i s  k n o w n  t o  

n o t  o n l y  g i v e  o f f  c h e m i c a l s  w h i c h  c a u s e  c o r a l  p l a n u l a e  t o  d e s c e n d  a n d  

a t t a c h  t o  a  s u r f a c e  b u t  a l s o  t o  r e d u c e  l e v e l s  o f  m a c r o  a l g a e  w h i c h  

i n d i r e c t l y  c a u s e  c o r a l  r e c r u i t  m o r t a l i t y  ( V e r m e i j  e t  a l .  2 0 1 1 ) .  C h e m i c a l  

s t i m u l i  f r o m  d e a d  c o r a l  a l s o  c a u s e  i n c r e a s e d  c o r a l  r e c r u i t m e n t  

( K i t a m u r a  e t  a l .  2 0 0 7 ) .  T h e  w a t e r s  i n  w h i c h  t h e y  a r e  s i t u a t e d  a r e  m o r e  

s u i t a b l e  i f  t h e y  a r e  o l i g o t r o p h i c  ( H a l l o c k  &  S c h l a g e r ,  1 9 8 6 ) ,  c o r a l s  a r e  

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

m a c r o  a l g a e  a n d  s p o n g e s  ( D i a z - P u l i d o  e t  a l . ,  2 0 0 9 ;  M c C o o k  e t  a l  2 0 0 1 ;  

V e r m e i j  e t  a l . ,  2 0 1 0 ) .  W h e n  m a n y  c o r a l  p l a n u l a e  s e t t l e  a n d  b e c o m e  

s e s s i l e  t h e y  h a v e  a n  o p t i m u m  l e v e l  o f  l i g h t  w h i c h  t h e y  a r e  a t t u n e d  t o  

( C o l e s  &  J o k i e l ,  1 9 7 8 ;  G r o t t o l i  &  W e l l i n g t o n ,  1 9 9 9 ;  M u n d y  &  B a b c o c k ,  

1 9 9 8 )  i f  t h e  d e p t h  o r  c l a r i t y  o f  t h e  w a t e r  a  c o r a l  i s  s i t u a t e d  c h a n g e s  
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t h e n  l i g h t  i n t e n s i t y  c h a n g e s  w h i c h  c a n  a f f e c t  t h e  c o r a l  n e g a t i v e l y  f r o m  

i t s  o p t i m u m  r a t e  o f  p h o t o s y n t h e s i s ,  t h i s  i s  a n  i m p o r t a n t  f a c t o r  t o  

c o n s i d e r  w h e n  c o l l e c t i n g  c o r a l  f r a g m e n t s  t o  t r a n s p l a n t  o n t o  a r t i f i c i a l  

r e e f s .  M o s t  h a r d  c o r a l s  r e q u i r e  s t a b l e  s u b s t r a t e  f o r  r e c r u i t m e n t  s u c h  

a s  h a r d  r o c k  ( J o n e s  &  E n d e a n ,  1 9 7 3 ;  Y o n g e ,  1 9 6 3 ) ,  d y n a m i c  

e n v i r o n m e n t s  l i k e  s a n d  o r  s m a l l  r u b b l e  a r e  n o t  s u i t a b l e .   

T h e  h e a l t h  o f  c o r a l  r e e f  e c o s y s t e m s  i s  i m p o r t a n t  f o r  c o r a l  s u r v i v a l ,  

W i t h o u t  s t a b l e  t e m p e r a t u r e ,  p H ,  l i g h t / d a r k  c y c l e s ,  w a t e r  f l o w ,  

s a l i n i t y ,  a n d  c h e m i c a l  c o m p o s i t i o n  o f  s e a  w a t e r ,  c o r a l  r e e f s  c o u l d  n o t  

e x i s t ,  b u t  w i t h o u t  a  s t a b l e  t r o p h i c  c a s c a d e ,  c o r a l  r e e f s  c o u l d  n o t  

s u r v i v e .   

T h r e a t s  t o  c o r a l  r e e f s  

C o r a l  r e e f s  h a v e  s e e n  a  d e c l i n e  w o r l d w i d e  o f  a r o u n d  1 9 %  s i n c e  1 9 5 0  

( W i l k i n s o n  &  S o u t e r ,  2 0 0 8 )  t h i s  h a s  b e e n  f r o m  a  c o m b i n a t i o n  o f  

n a t u r a l  a n d  a n t h r o p o g e n i c  f a c t o r s .  I n  2 0 0 4  t h e  l a r g e s t  e a r t h q u a k e  i n  

4 0  y e a r s  s t r u c k  n e a r  t h e  i s l a n d  o f  S u m a t r a  r a i s i n g  s o m e  a r e a s  o f  c o r a l  

r e e f  o u t  o f  t h e  w a t e r  a n d  k i l l i n g  t h e m ,  t h e  r e s u l t i n g  t s u n a m i s  c a u s e d  

m a s s i v e  d a m a g e  t o  c o r a l  r e e f s  i n  s u r r o u n d i n g  c o u n t r i e s .   G l o b a l  c o r a l  

b l e a c h i n g  e v e n t s  c a u s e d  b y  s u s t a i n e d  p e r i o d s  o f  h i g h  o c e a n  

t e m p e r a t u r e s ,  f o r  e x a m p l e  t h o s e  o f  1 9 9 8 ,  2 0 0 5  a n d  2 0 1 0 ,  h a v e  a l s o  

h a d  d e v a s t a t i n g  e f f e c t s .  I n  2 0 0 5  t h e  h e a t  i n d u c e d  b l e a c h i n g  a f f e c t e d  

8 0 %  o f  c o r a l s  i n  t h e  C a r i b b e a n  c a u s i n g  m o r t a l i t y  o f  o v e r  4 0 %  i n  m a n y  

a r e a s  ( W i l k i n s o n  &  S o u t e r ,  2 0 0 8 ) ,  a n d  i n  2 0 1 0 / 1 1  u n p r e c e d e n t e d  h i g h  

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

c o v e r  i n  W e s t e r n  A u s t r a l i a  f r o m  2 2 %  t o  a  m a x i m u m  o f  8 3 . 9 %  i n  s o m e  

a r e a s  ( M o o r e  e t  a l . ,  2 0 1 2 ) .   W i t h  t h e  i n c r e a s i n g  s e v e r i t y  a n d  f r e q u e n c y  

o f  t h e s e  h e a t  i n d u c e d  b l e a c h i n g  e v e n t s  i t  i s  i m p o r t a n t  t h a t  c o r a l s  a n d  

c o r a l  e c o s y s t e m s  a r e  h e a l t h y  a n d  t h e r e f o r e  h a v e  a  b e t t e r  c h a n c e  a t  

s u r v i v i n g  ( A n t h o n y  e t  a l .  2 0 0 9 ) .  

I n c r e a s i n g  l e v e l s  o f  C O 2  i n  t h e  a t m o s p h e r e  a n d  s u b s e q u e n t  d i s s o l u t i o n  

i n t o  t h e  o c e a n s  h a s  r e s u l t e d  i n  a  m o r e  a c i d i c  m a r i n e  e n v i r o n m e n t  w i t h  

l e s s  a v a i l a b l e  c a r b o n a t e  i o n s  f o r  t a k e  u p  b y  c a l c i f y i n g  m a r i n e  

o r g a n i s m s  ( K a n i e w s k a  e t  a l .  2 0 1 2 ) .   M a s s  c o r a l  e x t i n c t i o n s  i n  t h e  p a s t  

h a v e  b e e n  l i n k e d  t o  a c i d i c  o c e a n s  ( V e r o n ,  2 0 0 8 )  a  c o n c e r n  f o r  c o r a l s  

w o r l d w i d e .   T h e  l a c k  o f  a v a i l a b l e  c a r b o n a t e  i o n s  m e a n s  s l o w e r  b i o  

m i n e r a l i s a t i o n  o f  h a r d  c o r a l s ,  b u t  a l s o  d r i v e  m a j o r  c h a n g e s  i n  g e n e  

e x p r e s s i o n ,  r e s p i r a t i o n ,  p h o t o s y n t h e s i s  a n d  s y m b i o s i s  o f  t h e  c o r a l  

( K a n i e w s k a  e t  a l .  2 0 1 2 )  n e g a t i v e l y  a f f e c t i n g  i t s  o v e r a l l  h e a l t h .  A c i d i c  

o c e a n s  a l s o  a c c e l e r a t e  r e e f   b i o - e r o s i o n  b y  s p o n g e s ,  s p o n g e s  e r o d e  
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a n d  k i l l  c o r a l s  o n  a  c e l l u l a r  l e v e l  b y  a  p r o c e s s  o f  b i o - c h e m i c a l  

d i s s o l u t i o n ,  w h e n  t h e  P H  o f  t h e  s u r r o u n d i n g  w a t e r  i s  l o w e r  t h e r e  i s  

l e s s  o f  a  P H  g r a d i e n t  w i t h  t h e  s i t e  o f  d i s s o l u t i o n  m a k i n g  t h e  p r o c e s s  

q u i c k e r  w i t h  l e s s  m e t a b o l i c  c o s t  b y  t h e  s p o n g e  ( F o r m  e t  a l .  2 0 1 2 ) .  

A n t h r o p o g e n i c  p o l l u t i o n  o f  t h e  m a r i n e  e n v i r o n m e n t  f r o m  n u t r i e n t  r i c h  

s e d i m e n t ,  s e w a g e ,  f e r t i l i s e r s  e t c .  d e t r i m e n t a l l y  e f f e c t s  c o r a l  r e e f s  

( H a l l o c k  &  S c h l a g e r ,  1 9 8 6 ;  K o o p  e t  a l .  2 0 0 1 ) .  C o r a l s  r e q u i r e  a n  

o l i g o t r o p h i c  e n v i r o n m e n t  t o  s u r v i v e  a n d  i n  a r e a s  w i t h  h i g h  n u t r i e n t s  

t h e y  c a n  b e c o m e  o u t c o m p e t e d  b y  f a s t e r  g r o w i n g  m a c r o  a l g a e  ( M c C o o k  

e t  a l .  2 0 0 1 ) ,  e v e n  i n  e c o s y s t e m s  w i t h  h i g h  l e v e l s  o f  h e r b i v o r e s  

n u t r i e n t  e n r i c h m e n t  g i v e s  t h e  a l g a e  a n  a d v a n t a g e  t h a t  c a n  l e a d  t o  a  

s h i f t  t o w a r d s  a  m a c r o  a l g a e  d o m i n a t e d  e n v i r o n m e n t .  ( L i t t l e r  e t  a l .  

2 0 0 6 ; V e r m e i j  e t  a l .  2 0 1 0 )  w h i c h  i s  a  l e s s  p r o d u c t i v e  a n d  b i o - d i v e r s e  

h a b i t a t  t h a n  a  c o r a l  r e e f .  N u t r i e n t  e n r i c h m e n t  c a n  a l s o  i n c r e a s e  t h e  

s e v e r i t y  o f  c o r a l  d i s e a s e s  ( B r u n o  e t  a l .  2 0 0 3 ) .  L a r g e r  m a r i n e  p o l l u t i o n  

s u c h  a s  d e r e l i c t  f i s h i n g  g e a r  ( D F G )  c a n  s m o t h e r  a r e a s  o f  c o r a l ,  b r e a k  

m o r e  f r a g i l e  c o r a l s  a n d  t r a p  m a r i n e  o r g a n i s m s  r e s u l t i n g  i n  s o m e  c a s e s  

w i t h  c o r a l  d e a t h  ( C h i a p p o n e  e t  a l .  2 0 0 5 ;  D o n o h u e  e t  a l .  2 0 0 1 ;  

Y o s h i k a w a  &  A s o h ,  2 0 0 4 ) .  

O v e r  f i s h i n g  d a m a g e s  t h e  c o r a l  r e e f  e c o s y s t e m  b y  r e m o v i n g  h e r b i v o r e s  

w h i c h  p r e d a t e  o n  a l g a e  a n d  a c t  a s  o n e  f o r m  o f  c o n t r o l  o n  a l g a l  g r o w t h  

( D i a z - P u l i d o  e t  a l .  2 0 0 9 )  o r  b y  r e m o v i n g  p r e d a t o r s  w h i c h  c o n t r o l  t h e  

n u m b e r s  o f  m a r i n e  o r g a n i s m s  w h i c h  f e e d  d i r e c t l y  o n  t h e  c o r a l  ( D u l v y  

e t  a l .  2 0 0 4 ;  V e r l e c a r  e t  a l .  2 0 0 7 ) .  C o r a l  r e e f s  r e q u i r e  a  s t a b l e  t r o p h i c  

c a s c a d e  a n d  w h e n  t h i s  i s  d i s t u r b e d  t h r o u g h  t h e  e x c e s s i v e  r e m o v a l  o f  

c e r t a i n  s p e c i e s  i t  c a n  n e g a t i v e l y  i m p a c t  t h e  e c o s y s t e m .  T h y r e s s o n  e t  

a l .  ( 2 0 1 3 )  L o o k e d  a t  t h e  t r a d e  i n  c o r a l  r e e f  f i s h  i n  Z a n z i b a r  a n d  f o u n d  

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

s m a l l e r  f i s h  m e a n i n g  b o t h  g r o w t h  o v e r f i s h i n g  a n d  r e c r u i t m e n t  

o v e r f i s h i n g  i s  p o s s i b l e .  T h e  t r a d e  i n  l a r g e r  r e e f  f i s h  i s  h o w e v e r  

d i s p r o p o r t i o n a l l y  m o r e  d a m a g i n g ,  f o r  e x a m p l e  g r a z i n g  o f  a l g a e  b y  

p a r r o t  f i s h  h a s  b e e n  s h o w n  t o  i n c r e a s e  e x p o n e n t i a l l y  w i t h  i n d i v i d u a l  

f i s h  s i z e  ( T h y r e s s o n  e t  a l .  2 0 1 3 ) .  R e c r e a t i o n a l  f i s h i n g  o n  c o r a l  r e e f s  

a l s o  t a r g e t s  l a r g e r  f i s h  a n d  c a n  s i g n i f i c a n t l y  d a m a g e  t h e  p o p u l a t i o n  o f  

t h e  s p e c i e s  t a r g e t e d ,  m o r e  s o  t h a n  c o m m e r c i a l  f i s h i n g  i n  s o m e  c a s e s  

( G a o  &  H a i l u ,  2 0 1 1 ) .   

I n v a s i v e  s p e c i e s  a n d  p o p u l a t i o n  b o o m s  o f  c e r t a i n  s p e c i e s  c a n  

d e t r i m e n t a l l y  e f f e c t  c o r a l  e c o s y s t e m s ,  f o r  e x a m p l e  t h e  i n v a s i o n  o f  t h e  

i n d o - p a c i f i c  l i o n f i s h  t o  r e e f s  a c r o s s  t h e  w e s t e r n  a t l a n t i c ,  C a r i b b e a n  
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a n d  g u l f  o f  M e x i c o  ( C o  e t  a l .  2 0 1 2 ) .  O u t b r e a k s  o f  c r o w n  o f  t h o r n s ,  

w h i c h  c a n  b e  e s p e c i a l l y  d a m a g i n g  t o  c o r a l  r e e f s  ( K a y a l  e t  a l .  2 0 1 2 ) ,  

h a v e  b e e n  l i n k e d  t o  i n c r e a s e d  n u t r i e n t s  i n  t h e  o c e a n  f r o m  

a n t h r o p o g e n i c  a c t i v i t y  ( B r o d i e  e t  a l .  2 0 0 5 ) .    

C o a s t a l  d e v e l o p m e n t  a n d  d e s t r u c t i o n  o f  h a b i t a t  s u c h  a s  m a n g r o v e s  o r  

f o r e s t  w h i c h  t r a p s  s e d i m e n t  i s  a  c o n c e r n  f o r  m a n y  r e e f s  w o r l d w i d e  

( B a b c o c k  &  S m i t h ,  2 0 0 0 ;  B o n i l l a  e t  a l .  2 0 1 0 ;  C a r i l l i  e t  a l .  2 0 0 9 ;  

D a v e n p o r t  &  D a v e n p o r t ,  2 0 0 6 ) .  C o a s t a l  d e v e l o p m e n t  c a n  c a u s e  

p r o b l e m s  f r o m  i n c r e a s e d  n u t r i e n t s  a n d  s e d i m e n t  r u n o f f  a m o n g  o t h e r s  

( D a v e n p o r t  &  D a v e n p o r t ,  2 0 0 6 ; H a w k i n s  &  R o b e r t s ,  1 9 9 4 ;  M a r a g o s ,  

1 9 9 3 ) .  S e d i m e n t  r u n o f f  a f f e c t s  c o r a l s  b y  s m o t h e r i n g  t h e m ,  m e a n i n g  

c o r a l s  m u s t  u s e  e n e r g y  t o  c r e a t e  m u c u s  t o  r e m o v e  i t ,  r e d u c e s  t h e  

w a t e r  c l a r i t y  a n d  c a n  i n c r e a s e  n u t r i e n t s  i n  t h e  w a t e r  w h i c h  l e a d s  t o  

e x c e s s  a l g a l  g r o w t h  a n d  p r o m o t e s  c o r a l  d i s e a s e s  ( B a b c o c k  &  S m i t h ,  

2 0 0 0 ;  B r u n o  e t  a l .  2 0 0 3 ;  F a b r i c i u s ,  2 0 0 5 ;  H a a p k y l ä  e t  a l .  2 0 1 1 ;  R o g e r s ,  

1 9 8 8 ) .    

E f f e c t s  o f  S c u b a  d i v i n g  o n  c o r a l  r e e f s  

 

S C U B A - d i v i n g  h a s  b e e n  f o u n d  t o  b e  o n e  o f  t h e  f a s t e s t  g r o w i n g  c o a s t a l  

t o u r i s m  a c t i v i t i e s ,  a n d  t o d a y ,  t h e r e  a r e  n i n e  t i m e s  m o r e  c e r t i f i e d  

d i v e r s  t h a n  t h e r e  w e r e  i n  1 9 8 0  ( P A D I ,  2 0 1 1 ) .  T h e r e  i s  m u c h  r e s e a r c h  

o n  h o w  i n t e n s i v e  s c u b a  d i v i n g  c a n  d e t r i m e n t a l l y  a f f e c t  c o r a l  r e e f s  

( B a r k e r  &  R o b e r t s ,  2 0 0 4 ;  R o u p h a e l  &  I n g l i s ,  1 9 9 7 ;  U y  e t  a l . ,  2 0 0 8 ;  

Z a k a i  &  C h a d w i c k - F u r m a n ,  2 0 0 2 ) .  D a m a g e  c a n  o c c u r  t h r o u g h  c o n t a c t s  

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

c o r a l s  ( L e u j a k  &  O r m o n d ,  2 0 0 8 ) .  T h e  c o r a l  h a s  t o  u s e  u p  e n e r g y  

r e s e r v e s  t o  r e p a i r  i t s e l f  m a k i n g  i t  l e s s  l i k e l y  t o  s u r v i v e  o t h e r  

e n v i r o n m e n t a l  s t r e s s e s  ( A n t h o n y  e t  a l . ,  2 0 0 9 )  a n d  t h e  b r o k e n  a r e a  a c t s  

a s  a n  o p e n i n g  f o r  c o r a l  d i s e a s e s  ( U y  e t  a l . ,  2 0 0 8 ;  Z a k a i  &  C h a d w i c k -

F u r m a n ,  2 0 0 2 ) .   D i v e r s  m a y  a l s o  s t i r  u p  s e d i m e n t  w h i c h  c o v e r s  c o r a l s  

m a k i n g  t h e  c o r a l  u s e  u p  e n e r g y  r e s e r v e s  c r e a t i n g  m u c u s  t o  r e m o v e  i t  

( R o g e r s ,  1 9 8 8 )  a n d  h e l p s  c o r a l  d i s e a s e s  f r o m  t h e  s e d i m e n t  g e t  i n t o  

b r o k e n  c o r a l  ( B a b c o c k  &  S m i t h ,  2 0 0 0 ;  U y  e t  a l . ,  2 0 0 8 ) .  O v e r  t i m e  t h e s e  

e f f e c t s  c a n  a c c u m u l a t e  d e c r e a s i n g  s t r u c t u r a l  d i v e r s i t y  o f  t h e  r e e f ,  

s t r u c t u r a l  d i v e r s i t y  w h i c h  i s  i m p o r t a n t  h a b i t a t  t o  s u p p o r t  t h e  d i v e r s i t y  

o f  o r g a n i s m s  l i v i n g  o n  t h e  r e e f  ( R i n k e v i c h ,  2 0 0 5 ) .   T h e  a m o u n t  o f  

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

d a m a g i n g  h a s  b e e n  r e s e a r c h e d  b y  W a l t e r s  &  S a m w a y s  ( 2 0 0 1 )  w h e r e  

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

e x p e r i e n c e ,  t h i s  w a s  a l s o  f o u n d  i n  a n o t h e r  s t u d y  b y  B a r k e r  &  R o b e r t s  

( 2 0 0 4 ) .  T h e  M o r p h o l o g y  o f  t h e  c o r a l s  i n  a n  a r e a  i s  a n  i m p o r t a n t  f a c t o r  

w h e n  c o n s i d e r i n g  h o w  m u c h  d a m a g e  w i l l  b e  d o n e  b y  d i v e r s ,  f o r  

e x a m p l e  a r e a s  w i t h  m o r e  t h i n  o r  b r a n c h i n g  c o r a l s  w i l l  l i k e l y  b e  m o r e  

d a m a g e d  t h a n  a r e a s  w i t h  m a i n l y  t h i c k  c o r a l s  s u c h  a s  b r a i n  c o r a l s  

( R o u p h a e l  &  I n g l i s ,  1 9 9 7 ) .   D i v i n g  m a y  c a u s e  o t h e r  d e t r i m e n t a l  i m p a c t s  

s u c h  a s  t h e  u s e  o f  s u n s c r e e n s  a n d  o t h e r  p e r s o n a l  c a r e  p r o d u c t s  b y  

d i v e r s ,  w h i c h  p r o m o t e s  c o r a l  d i s e a s e s  ( D a n o v a r o  e t  a l .  2 0 0 8 ) ,  a d d i t i o n  

o f  n u t r i e n t s  t h r o u g h  p o l l u t i o n  f r o m  d i v e  b o a t s  ( K o o p  e t  a l .  2 0 0 1 ) ,  

f e e d i n g  f i s h  w h i c h  i n t r o d u c e s  e x t r a  n u t r i e n t s  i n t o  t h e  o l i g o t r o p h i c  e c o  

s y s t e m  c o r a l s  r e q u i r e  w h i l e  a l s o  r e d u c i n g  t h e  a m o u n t  o f  c o m p e t i n g  

a l g a e  a n d  s p o n g e s  e a t e n  b y  t h e  f i s h  ( K o o p  e t  a l .  2 0 0 1 ;  L e d l i e  e t  a l .  

2 0 0 7 )  a n d  o t h e r s  s u c h  a s  a n c h o r  d a m a g e  f r o m  b o a t s  ( D i n s d a l e  &  

H a r r i o t t ,  2 0 0 4 ) .    

A r t i f i c i a l  r e e f s  

T h e  E u r o p e a n  A r t i f i c i a l  R e e f  R e s e a r c h  N e t w o r k  ( E A R R N )  d e f i n e s  a n  

a r t i f i c i a l  r e e f  a s  a  s u b m e r g e d  s t r u c t u r e  p l a c e d  o n  t h e  s u b s t r a t u m  

( s e a b e d )  d e l i b e r a t e l y ,  t o  m i m i c  s o m e  c h a r a c t e r i s t i c s  o f  a  n a t u r a l  r e e f .  

A n  a r t i f i c i a l  r e e f  c a n  b e  a n y t h i n g  w h i c h  p r o v i d e s  e x t r a  s t r u c t u r e  i n  t h e  

o c e a n  e n v i r o n m e n t  b e  i t  a  s u n k e n  s h i p ,  a n  o i l  r i g ,  c o n c r e t e  b l o c k s  o r  

m e t a l  f r a m e s .  H o w e v e r  S o m e  s t r u c t u r e s  a n d  m a t e r i a l s  h a v e  b e e n  

f o u n d  t o  b e  b e t t e r  s u i t e d  t o  t h e i r  p u r p o s e  s u c h  a s  c o n c r e t e  w h i c h  c a n  

b e  m a d e  i n t o  m u l t i p l e  s h a p e s  a n d  m i m i c s  n a t u r a l  r o c k  i n  m a n y  

r e s p e c t s  ( B a i n e ,  2 0 0 1 ;  R e l i n i  e t  a l .  2 0 0 7 ) .  A  p o s i t i v e  a s p e c t  t o  t h e  

d e v e l o p m e n t  o f  a r t i f i c i a l  r e e f s  f o r  n o n - c o n s u m p t i v e  p u r p o s e s  i s  t h a t  

t h e y  c a n  b e  b u i l t  i n  d e g r a d e d  o r  o t h e r w i s e  u n u s e d  h a b i t a t s ,  t h u s  a r e a s  

t h a t  a r e  r e l a t i v e l y  u n p r o d u c t i v e  o r  h a v e  p o o r  n a t u r a l  r e s o u r c e  

d e v e l o p m e n t  a t  p r e s e n t  m a y  b e  i d e a l  l o c a t i o n s  f o r  t h e  c o n s t r u c t i o n  

a n d  d e p l o y m e n t  o f  a r t i f i c i a l  r e e f s  a s  d i v e  t o u r i s m  d e s t i n a t i o n s .  T h e  

u s e  o f  d e g r a d e d  m a r i n e  c o m m u n i t i e s  f o r  t h e s e  n o n - c o n s u m p t i v e  

a c t i v i t i e s  s e r v e s  t o  d e c r e a s e  t h e  u s e  a n d  p r e s s u r e s  o n  n e a r b y  m o r e  

p r o d u c t i v e  a n d  p r i s t i n e  h a b i t a t s  w h i l e  d i v e r s i f y i n g  a n d  i n c r e a s i n g  t h e  

l o c a l  e c o n o m i c  b a s e  ( B r o c k ,  1 9 9 4 ) .  T h e r e  i s  a  n o t i c e a b l y  h i g h e r  

n u m b e r  o f  A R ’ s  u s i n g  c o n c r e t e  w o r l d w i d e  h o w e v e r  i t  i s  i m p o r t a n t  t o  

n o t e  f o r  t h i s  s t u d y  t h a t  i n  K o h  T a o  a n d  T h a i l a n d  i n  g e n e r a l  m e t a l  

s t r u c t u r e s  a r e  m u c h  m o r e  a b u n d a n t  d u e  t o  c o n c r e t e  A R ’ s  b e i n g  

r e l a t i v e l y  e x p e n s i v e  t o  c r e a t e  a n d  t r a n s p o r t   ( K h e a w w o n g j a n  &  K i m ,  

2 0 1 2 ) .  B a i n e  ( 2 0 0 1 )  f o u n d  c o n c r e t e  t o  b e  u s e d  f o r  m o s t  o b j e c t i v e s  

i n c l u d i n g  i n c r e a s i n g  f i s h  a s s e m b l a g e ,  l o b s t e r  h a b i t a t  a n d  e v e n  f o r  

p r e v e n t i o n  o f  t r a w l i n g .  A r t i f i c i a l  r e e f s  m a d e  f r o m  c o n c r e t e  b l o c k s  w i t h  
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m u l t i p l e  s i z e d  h o l e s  h a v e  b e e n  f o u n d  t o  b e  t h e  m o s t  e f f e c t i v e  f o r  

g e n e r a l l y  i n c r e a s i n g  b i o d i v e r s i t y  ( R e l i n i  e t  a l .  2 0 0 7 ) .  I t  h a s  b e e n  f o u n d  

t h a t  a r t i f i c i a l  s t r u c t u r e s  w i t h  m u c h  m o r e  h e i g h t  a n d  s t r u c t u r a l  

d i v e r s i t y  h a v e  m u c h  m o r e  b i o d i v e r s i t y  a s s o c i a t e d  w i t h  t h e m  ( H a c k r a d t  

e t  a l .  2 0 1 1 ;  G  R i l o v  &  B e n a y a h u b ,  1 9 9 8 ;  R i l o v  &  B e n a y a h u ,  2 0 0 2 ) .  

A r t i f i c i a l  r e e f s  m a y  a l s o  h a v e  m o r e  b i o d i v e r s i t y  a s s o c i a t e d  w i t h  t h e m  

t h a n  c o m p a r a t i v e  n a t u r a l  r e e f s  ( H u n t e r  &  S a y e r ,  2 0 0 9 )  a n d  i n c r e a s e  

t h e  b i o d i v e r s i t y  o f  h a b i t a t s  a r o u n d  t h e m  ( P i c k e r i n g  e t  a l .  1 9 9 9 ) .  

S p i e l e r  e t  a l .  ( 2 0 0 1 )  s t a t e s  t h a t  “ To use artif icial substrate effectively in 

coral reef restoration certain basic  knowledge is required: (1) what is  the 

artif icial substrate expected to accomplish relat ive to the goals of the 

restoration effort and (2) what are the expected interactions of the selected 

substrate’s composit ion, texture ,  orientation, and design with the damaged 

environment and the biota of interest ”  F o r  e x a m p l e  i f  y o u r  t a r g e t  i s  

i n c r e a s i n g  f i s h  n u r s e r i e s  t h e n  s t r u c t u r a l l y  d i v e r s e  c o n c r e t e  m a y  b e  

y o u r  b e s t  o p t i o n ,  w h e r e a s  i f  t h e  o b j e c t i v e  i s  r e d u c i n g  d i v e  p r e s s u r e  

e l s e w h e r e  t h e n  a  s u n k e n  w r e c k  o r  o t h e r  s t r u c t u r e s  p r e f e r r e d  b y  d i v e r s  

m a y  b e  m o r e  a p p r o p r i a t e .   A r t i f i c i a l  r e e f s  a r e  u s e d  f o r  i n c r e a s i n g  

m a r i n e  b i o d i v e r s i t y ,  p r e v e n t i n g  i l l e g a l  t r a w l i n g ,  i n c r e a s i n g  f i s h  s t o c k s ,  

e n h a n c i n g  m a r i n e  p r o d u c t i v i t y  a n d  s m a l l - s c a l e  c o a s t a l  f i s h e r i e s ,  a n d  

d e v e l o p i n g  r e c r e a t i o n a l  d i v i n g  ( D a v i d  e t  a l .  2 0 1 1 ;  F a b i  e t  a l .  2 0 1 1 ) .  

A l t h o u g h  t h e r e  i s  m u c h  l i t e r a t u r e  o n  h o w  t o  r e h a b i l i t a t e  c o r a l  

e c o s y s t e m s  w i t h  A R ’ s  ( E d w a r d s  e t  a l .  2 0 1 0 )  t h e r e  i s  l i t t l e  c u r r e n t  

l i t e r a t u r e  o n  w h e t h e r  c o r a l  r e e f s  a r e  s u c c e s s f u l l y  m e e t i n g  t h e i r  

o b j e c t i v e s .  O n e  s u c h  r e v i e w  b y  B a i n e  ( 2 0 0 1 )   f o u n d  t h a t  o u t  o f  t h e  3 0  

c a s e  s t u d i e s  i n  w h i c h  p e r f o r m a n c e  w a s  r e v i e w e d  o n l y  5 0 %  a c h i e v e d  

t h e i r  t a r g e t s ,  h o w e v e r  c u r r e n t  A R ’ s  m a y  b e  p e r f o r m i n g  b e t t e r .  

E f f e c t i v e n e s s  o f  a r t i f i c i a l  r e e f s  w i t h  r e l a t i o n  t o  r e d u c i n g  d i v i n g  

p r e s s u r e  h a s  b e e n  s t u d i e d  b y  P o l a k  &  S h a s h a r  ( 2 0 1 2 )  h o w e v e r  t h e i r  

s t u d y  o n l y  t o o k  i n t o  a c c o u n t  o n e  s m a l l  c o n c r e t e  f i s h  n u r s e r y  a r t i f i c i a l  

r e e f  w h i c h  w a s  a e s t h e t i c a l l y  l a c k i n g  a n d  a s  a  r e s u l t  m a d e  l i t t l e  e f f e c t  

o n  t h e  t i m e  s p e n t  o n  n a t u r a l  r e e f .  T h e  s t u d y  d i d  f i n d  t h a t  t h e  A R  

c h a n g e d  t h e  b e h a v i o u r  o f  l e a r n e r  d i v e r s  n o t  a d v a n c e d  d i v e r s  h o w e v e r ,  

a  f a c t  i m p o r t a n t  f o r  K o h  T a o  a s  i t  h a s  a  h i g h  n u m b e r  o f  l e a r n e r  d i v e r s .   

L e e w o r t h y  e t  a l .  ( 2 0 0 6 )  s t u d i e d  t h e  e f f e c t s  o n  r e c r e a t i o n a l  u s e  o f  

n a t u r a l  r e e f  a f t e r  t h e  d e p l o y m e n t  o f  a  l a r g e  w r e c k  t h e  “ S p i e g e l  G r o v e ”  

i n  t h e  F l o r i d a  k e y s  n a t i o n a l  m a r i n e  p a r k ,  t h e y  a  f o u n d  a  s i g n i f i c a n t  

d i f f e r e n c e  o f   - 1 2 . 7 %   d i v e r s  a n d  - 2 5 . 7 %  s n o r k e l e r s  o n  n a t u r a l  r e e f  

a f t e r  t h e  d e p l o y m e n t .  T h e r e  i s  m u c h  l i t e r a t u r e  o n  t h e  s u b j e c t  o f  A R ’ s ,  

i n  p a r t i c u l a r  w r e c k s ,  s u c c e s s f u l l y  b e i n g  u s e d  t o  r e d u c e  d i v e  p r e s s u r e  
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( D a v i s  &  T i s d e l l ,  1 9 9 5 ;  M a c D o n a l d  e t  a l  1 9 9 9 ;  v a n  T r e e c k  &  

S c h u h m a c h e r ,  1 9 9 9 ;  W i l h e l m s s o n  e t  a l .  1 9 9 8 ;  W o r a c h a n a n a n t  &  

W o r a c h a n a n a n t ,  2 0 1 2 ) .   

S t u d y  s i t e ,  K o h  T a o ,  T h a i l a n d  

K o h  T a o  i s  o n e  o f  a  c h a i n  o f  i s l a n d s  n e a r  t h e  w e s t e r n  s h o r e  o f  t h e  g u l f  

o f  T h a i l a n d  a p p r o x i m a t e l y  2 1 k m 2  i n  s i z e .  I t  r e c e i v e s  a r o u n d  3 0 0 , 0 0 0  

v i s i t o r s  a n n u a l l y  ( S c o t t ,  2 0 0 9 )  h a s  o v e r  4 0  d i v e  s h o p s  a n d  w a s  

r e s p o n s i b l e  f o r  4 6 %  o f  a l l  P A D I  s c u b a  d i v e  c e r t i f i c a t i o n s  i n  2 0 0 9  

( T e r l o u w ,  2 0 1 2 ) .   B e c a u s e  o f  i t s  h i g h  n u m b e r s  o f  s c u b a  d i v e r s  a n d  

o t h e r  r e c r e a t i o n a l  r e e f  a c t i v i t i e s  a l m o s t  t h e  e n t i r e  e c o n o m y  o f  t h e  

i s l a n d  r e l i e s  o n  t h e  s u r r o u n d i n g  c o r a l  r e e f s  ( W e t e r i n g s ,  2 0 1 1 ) .   

F o r m e r l y  t h e  i s l a n d  w a s  c o v e r e d  i n  t r o p i c a l  r a i n f o r e s t  b u t  h a s  s u f f e r e d  

r a p i d  d e f o r e s t a t i o n  i n  t h e  l a s t  c o u p l e  o f  d e c a d e s  d u e  t o  r a p i d  

d e v e l o p m e n t ,  a n d  a s  o f  2 0 0 5  o n l y  5 1 %  o f  t h e  f o r e s t  r e m a i n e d  

( W e t e r i n g s ,  2 0 1 1 ) .   

K o h  T a o ’ s  i n c r e a s i n g  p o p u l a r i t y  w i t h  t o u r i s t s ,  s c u b a  d i v e r s  i n  

p a r t i c u l a r ,  h a s  b e e n  b e n e f i c i a l  t o  i t s  e c o n o m y  b u t  h a s  c a u s e d  a  

n u m b e r  o f  e n v i r o n m e n t a l  i s s u e s  f o r  t h e  c o r a l  r e e f s .  W a s t e  w a t e r  a n d  

s e w a g e  f r o m  c o a s t a l  d e v e l o p m e n t  l e a d i n g  t o  e u t r o p h i c a t i o n  a n d  

i n c r e a s e d  a l g a l  c o v e r  i n  s o m e  a r e a s ;  I n e x p e r i e n c e d  s n o r k e l e r s  a n d  

d i v e r s  p h y s i c a l l y  d a m a g i n g  c o r a l s ;  S o i l  e r o s i o n  c a u s e d  b y  d e f o r e s t a t i o n  

a n d  d e v e l o p m e n t  w h i c h  h a s  l e d  t o  s e d i m e n t a t i o n  o n  c o r a l  r e e f s  

( W e t e r i n g s ,  2 0 1 1 )  a n d  o v e r f i s h i n g  o f  t h e  s u r r o u n d i n g  w a t e r s  

d i s t u r b i n g  t h e  e c o s y s t e m  b a l a n c e  ( T e r l o u w ,  2 0 1 2 ) .   

T h e r e  h a v e  b e e n  t w o  m a j o r  b l e a c h i n g  e v e n t s  a f f e c t i n g  K o h  T a o  i n  t h e  

p a s t  1 5  y e a r s .  I n  1 9 9 8  g l o b a l  b l e a c h i n g  c a u s e d  m a s s  m o r t a l i t y  o n  t h e  

r e e f s  s u r r o u n d i n g  K o h  T a o ,  h o w e v e r  i t  w a s  f o u n d  t h a t  c o r a l  r e c o v e r y  

w a s  h i g h  i n  m o s t  a r e a s  e x c e p t  t h o s e  e x p e r i e n c i n g  a d d i t i o n a l  s t r e s s e s  

s u c h  a s  w a s t e  w a t e r  a n d  s e d i m e n t a t i o n  ( T e r l o u w ,  2 0 1 2 ) .   I n  2 0 1 0  K o h  

t a o  s u f f e r e d  a n o t h e r  s u c h  e v e n t  w i t h  t e m p e r a t u r e s  r i s i n g  t o  3 1 - 3 3  

d e g r e e s  C e l s i u s  i n  A p r i l - J u n e ,  a n d  t h e  w o r s t  a f f e c t e d  s i t e s  o n  K o h  T a o  

h a v i n g  a r o u n d  9 8 %  b l e a c h i n g  a n d  7 0 %  m o r t a l i t y  ( T e r l o u w ,  2 0 1 2 ) .   

K o h  T a o  h a s  a  n u m b e r  o f  c o n s e r v a t i o n  o r g a n i s a t i o n s  i n c l u d i n g  t h e  

c o m m u n i t y  b a s e d  s a v e  K o h  T a o  m a r i n e  b r a n c h ,  w h i c h  i n  c o n j u n c t i o n  

w i t h  a  n u m b e r  o f  t h e  i s l a n d s  d i v e  s h o p s  h a v e  i m p l e m e n t e d  p r o j e c t s  t o  

r e s t o r e  d a m a g e d  r e e f s  a n d  r e d u c e  d i v i n g  p r e s s u r e ,  s u c h  a s  m a n y  c o r a l  

n u r s e r i e s  a n d  A R ’ s  f o r  a l t e r n a t i v e  d i v e  s i t e s  ( M a r i n e  c o n s e r v a t i o n  K o h  

T a o ,  w e b s i t e ) .   
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Method 
T o  a s s e s s  e f f e c t i v e n e s s  o f  a r t i f i c i a l  r e e f s  a s  t o o l s  f o r  t h e  r e d u c t i o n  o f  

d i v i n g  p r e s s u r e  o n  n a t u r a l  r e e f s  i n  K o h  T a o  t w o  g e n e r a l  a s p e c t s  w e r e  

s t u d i e d :   

1 .  T h e  n u m b e r  o f  

d i v e r s  u s i n g  A R ’ s  i n  

c o m p a r i s o n  t o  t o t a l  

n u m b e r  o f  d i v e r s  

a n d  t h e  r e l a t i v e  

a m o u n t  o f  u s e  f o r  

e a c h  o f  t h e  s i x  m a i n  

A R ’ s  a r o u n d  K o h  T a o  

( 2  w r e c k s ,  t h r e e  

a i m e d  a t  i n c r e a s i n g  

c o r a l s / b i o d i v e r s i t y ,  

a n d  o n e  d e s i g n e d  a s  

a  p l a y g r o u n d  f o r  

l e a r n e r  d i v e r s ) .   

2 .  T h e  o p i n i o n s  o f  

d i v e r s  a n d  d i v e  

c o m p a n y ’ s  o n  t h e  

A R ’ s  a r o u n d  K o h  

T a o ;  w h e t h e r  t h e y  

e n j o y  d i v i n g  A R ’ s ,  

w h e t h e r  t h e y  w o u l d  

c o n t r i b u t e  t o  f u t u r e  

p r o j e c t s ,  e t c .   

T h e  s t u d y  s i t e  o f  K o h  T a o  

i n  T h a i l a n d  ( f i g  2 . )  w a s  

c h o s e n  d u e  t o  i t s  h i g h  

n u m b e r  o f  d i v e r s ,  

e s t a b l i s h e d  a r t i f i c i a l  r e e f s  

a n d  i t s  h i g h l y  a c t i v e  

c o n s e r v a t i o n  

o r g a n i s a t i o n s .  F o r  t h i s  

s t u d y  t h e  h e l p  o f  o n e  s u c h  o r g a n i s a t i o n  t h e  ” N e w  h e a v e n  r e e f  

c o n s e r v a t i o n  p r o g r a m ”  w a s  i n v o l v e d  i n  t h e  d e v e l o p m e n t  o f  s u r v e y s ,  

a n d  g a v e  c r e d i b i l i t y  w h e n  a p p r o a c h i n g  d i v e r s  a n d  d i v e  s h o p s  w i t h  s a i d  

s u r v e y s .  A  t h r e e  m o n t h  i n t e r n s h i p  w i t h  t h e  n e w  h e a v e n  r e e f  
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c o n s e r v a t i o n  p r o g r a m ,  s t a r t i n g  J u n e  2 n d  2 0 1 2  f i n i s h i n g  A u g u s t  2 0 t h  

2 0 1 2 ,  w a s  u s e d  t o  g a i n  i n  d e p t h  u n d e r s t a n d i n g  o f  t h e  a r t i f i c i a l  r e e f s  

a r o u n d  K o h  T a o ,  h o w  w e l l  t h e y  a r e  w o r k i n g  a n d  t h e  e f f o r t s  i n v o l v e d  i n  

t h e i r  s u c c e s s e s ,  w i t h  t h e  o b j e c t i v e  o f  b e i n g  b e t t e r  a b l e  t o  a n a l y s e  a n y  

r e s u l t s  g a i n e d  a n d  t h e i r  c o n t e x t .  I n  t h i s  t i m e  p e r i o d  s u r v e y s  w e r e  

d i s t r i b u t e d  a n d  c o l l e c t e d .  T h e  m a p  o f  K o h  T a o ,  s h o w n  i n  f i g  2 . ,  s h o w s  

t h e  l o c a t i o n  o f  K o h  T a o  a n d  t h e  6  A r t i f i c i a l  r e e f s  o f  s p e c i f i c  i n t e r e s t  t o  

t h i s  s t u d y ;  H M S  S a t t t a k u t ,  M V  T r i d e n t ,  S u a n  O l a n ,  T a n o t e  r e e f  b a l l s ,  

T h e  B i o r o c k  a n d  B o u y a n c y  W o r l d .  L o c a t i o n s  s h o w n  o n  F i g  2 .   
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A r t i f i c i a l  r e e f  s t u d y  s i t e s  

H M S  S a t t a k u t  a n d  M V  t r i d e n t   

T h e  H M S  S a t t a k u t  ( s u n k  J u n e  1 8 t h  2 0 1 1 )  a n d  

M V  t r i d e n t  ( s u n k  S e p t e m b e r  2 0 1 0 )  w e r e  b o t h  

s u n k  w i t h  t h e  i n t e n t i o n  o f  c r e a t i n g  n e w  d i v e  

s i t e s  a n d  p r o m o t i n g  t h e  h e a l t h  o f  t h e  m a r i n e  

e n v i r o n m e n t  b y  c r e a t i n g  n e w  u n d e r w a t e r  

h a b i t a t .  W r e c k s  a r e  k n o w n  t o  b e  f a v o u r i t e s  o f  

d i v e r s ,  a n d  t h e r e f o r e  m o r e  l i k e l y  t o  b e  u s e d  

a s  d i v e  s i t e s ,  w h i c h  i s  w h y  t h e s e  t w o  w r e c k s  

w e r e  c h o s e n  f o r  t h i s  s t u d y .  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  M V  t r i d e n t  i s  d e e p ,  l y i n g  a t  2 9  

t o  3 6  m e t r e s  a n d  h a s  o c c a s i o n a l  s t r o n g  

c u r r e n t s ,  m a k i n g  i t  u n s u i t a b l e  f o r  b e g i n n e r  

d i v e r s .  H o w e v e r  K o h  T a o ’ s  d i v e  s h o p s  o f f e r  

m a n y  a d v a n c e d  d i v i n g  c o u r s e s  i n c l u d i n g  t e c h  

d i v i n g ,  w r e c k  d i v i n g  a n d  n i t r o x ,  i n  w h i c h  t h e  

M V  t r i d e n t  w o u l d  b e  u s e f u l .  T h e  H M S  

S a t t a k u t  i s  c l o s e r  t o  t h e  m a i n  b o d y  o f  d i v e  s h o p s  o n  t h e  w e s t  o f  t h e  

i s l a n d  a n d  l i e s  a t  a  s h a l l o w e r  1 8  t o  3 0  m e t r e s ,  m a k i n g  i t  m o r e  

a c c e s s i b l e  f o r  b e g i n n e r  d i v e r s .   

Buoyancy World  

B u i l t  i n  c o n j u n c t i o n  w i t h  s a v e  

K o h  T a o  m a r i n e  b r a n c h  a n d  8  

d i v e  s c h o o l s  i n  2 0 0 9 ,  b u o y a n c y  

w o r l d  i s  d e s i g n e d  a s  a  b u o y a n c y  

t r a i n i n g  s i t e  f o r  b e g i n n e r  d i v e r s  

a n d  c o r a l / f i s h  n u r s e r y .  

B u o y a n c y  w o r l d  c o n t a i n s  a  

n u m b e r  o f  s t r u c t u r e s  i n c l u d i n g  

a r t  a n d  s c u l p t u r e s ,  b u o y a n c y  

t r a i n i n g  s w i m  t h r o u g h s ,  f i s h  a n d  

c o r a l  n u r s e r i e s ,  e t c .  B u o y a n c y  

w o r l d  i s  l o c a t e d  n e x t  t o  t h e  

h i g h l y  u s e d  “ t w i n s ”  d i v e  s i t e ,  

w h i c h  a l l o w s  n o n  l e a r n e r  d i v e r s  w h o  a r e  n o t  p r a c t i c i n g  d i v i n g  s k i l l s  t o  

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

  



| 15 

 

Robert Scott Nichols, Bsc Conservation Biology, University of Cumbria, Submitted April 2013 

T h e  B i o r o c k  

C o m p l e t e d  i n  2 0 0 9 ,  t h e  B i o r o c k  

a r t i f i c i a l  r e e f  s t r u c t u r e  u s e s  l o w  

v o l t a g e  d i r e c t  e l e c t r i c a l  c u r r e n t  t o  

s t i m u l a t e  c a l c i u m  c a r b o n a t e  

d e p o s i t i o n ,  h e r e b y  s t r e n g t h e n i n g  t h e  

c o r a l  s k e l e t o n  a n d  i n c r e a s i n g  c o r a l  

g r o w t h  r a t e s .  I t  h a s  h a d  d i f f i c u l t i e s  

h o w e v e r  d u e  t o  t h e  c o s t s  i n v o l v e d  

w i t h  f i x i n g  a n y  p r o b l e m s  w i t h  t h e  

t e c h n o l o g y ,  a n d  a t  t h e  t i m e  o f  t h e  

s t u d y  w a s  n o t  f u n c t i o n i n g  a n d  h a d  n o t  

b e e n  f u n c t i o n i n g  f o r  a  n u m b e r  o f  

m o n t h s .  T h e  s i t e  h a s  m u c h  m a r i n e  l i f e  

n e a r b y  a n d  t h e  B i o r o c k  i t s e l f  i s  

i n t e r e s t i n g  f o r  d i v e r s ,  h o w e v e r  t h e  

l a c k  o f  a  m o o r i n g  l i n e  f o r  d i v e  b o a t s ,  

d i s t a n c e  f r o m  o t h e r  n a t u r a l  r e e f  d i v e  

s i t e s  m a k i n g  i t  t o o  f a r  f o r  o n e  c o m b i n e d  d i v e  a n d  a m o u n t  o f  b o a t  

t r a f f i c  n e a r b y  m a y  m a k e  i t  u n p o p u l a r  a s  a  d i v e  s i t e .  T h e  s i t e  i s  f o c u s e d  

m o r e  t o w a r d s  c o r a l  g r o w t h  a n d  r e h a b i l i t a t i o n  r a t h e r  t h a n  a  d i v e  s i t e .   

 

Suan Olan 

S u a n  O l a n ,  l o c a t e d  i n  A o  l e u k  b a y ,  i s  a  

m i x t u r e  o f  c o r a l  n u r s e r i e s  a n d  a r t i f i c i a l  

r e e f  s t r u c t u r e s  d e s i g n e d  f o r  c o r a l  

t r a n s p l a n t a t i o n /  d i v e r  t r a i n i n g  a i d s ,  

a l o n g  w i t h  o t h e r  s t r u c t u r e s  s u c h  a s  t h e  

c o n c r e t e  m i n i  w h e r e  a g g r e g a t i o n s  o f  

f i s h  c a n  b e  f o u n d .  R e c e n t l y  j o i n i n g  u p  

t h e  d i f f e r e n t  s t r u c t u r e s  o f  t h e  s i t e  a r e  

b o t t l e  n u r s e r i e s ,  c o n c r e t e  b l o c k s  w i t h  

e m p t y  b o t t l e s  s e t  i n  a n d  c o v e r e d  w i t h  

c o r a l  f r a g m e n t s .  I t  h a s  s o m e  p r i s t i n e  

s h a l l o w  c o r a l  r e e f s  n e a r b y  a n d  t h e  s i t e  

i t s e l f  i s  p e r f e c t  f o r  l e a r n e r  d i v e r s  a n d  

h a s  c o n c r e t e  t u b e s  f o r  s w i m m i n g  

t h r o u g h .  H o w e v e r  i t  i s  l o c a t e d  f a r  f r o m  

t h e  m a j o r i t y  o f  d i v e  s h o p s ,  i t  h a s  o n l y  

v e r y  r e c e n t l y  g o t  a  d i v e  b o a t  m o o r i n g  l i n e  a n d  t h e  b o t t l e  n u r s e r i e s ,  
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m a k i n g  i t  e a s y  t o  n a v i g a t e ,  a r e  a l s o  v e r y  n e w  a n d  a t  t h e  t i m e  o f  t h e  

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

 

  

T a n o t e  b a y  r e e f  b a l l s  

T a n o t e  b a y  s u f f e r e d  e x c e s s i v e  

s e d i m e n t a t i o n  d u e  t o  a c t i o n s  o n  l a n d  

a n d  t h e  T a n o t e  r e e f  b a l l s  w e r e  s e t  u p ,  

a s  p a r t  o f  t h e  s a v e  K o h  T a o  c o r a l  

n u r s e r y  p r o g r a m ,  t o  p r o v i d e  m o r e  h a r d  

s t r u c t u r e  f o r  c o r a l s  t o  g r o w  o n  a n d  f i s h  

t o  u s e  a s  s h e l t e r .   T h e  s i t e  c o n s i s t s  o f  

1 4 6  h o l l o w  c o n c r e t e  h e m i s p h e r e s  w i t h  

n u m e r o u s  c o r a l s  a t t a c h e .  T h e  r e e f  b a l l s  

a r e  q u i t e  b a r r e n ,  h o w e v e r  t h e r e  a r e  

m a n y  j u v e n i l e  s w e e t l i p s ,  a  f a v o u r i t e  

f o r  d i v e r s ,  a n d  g o o d  s h a l l o w  n a t u r a l  

r e e f  n e a r b y .  T h e  s i t e  i s  l o c a t e d  

r e l a t i v e l y  f a r  f r o m  t h e  m a i n  b o d y  o f  

d i v e  s h o p s  w h i c h  a r e  o n  t h e  w e s t  o f  

t h e  i s l a n d .  I t  i s  a i m e d  a t  c o r a l  r e e f  a n d  

f i s h  r e h a b i l i t a t i o n  r a t h e r  t h a n  a s  a  d i v e  

s i t e .   

 

 

T h e s e  6  s i t e s  w e r e  c h o s e n  b e c a u s e  t h e y  a r e  t h e  m a i n  a r t i f i c i a l  r e e f s  

a r o u n d  K o h  T a o  a n d  p r o v i d e  e x a m p l e s  o f  A R ’ s  b u i l t  s p e c i f i c a l l y  f o r  

d i v e r s ,  s p e c i f i c a l l y  f o r  c o r a l / f i s h  r e h a b i l i t a t i o n  a n d  s o m e  w i t h  a s p e c t s  

o f  b o t h .  T h e r e  a r e  a  n u m b e r  o f  c o n f o u n d i n g  f a c t o r s  w h i c h  m a y  m a k e  a  

p u r e l y  n u m e r i c a l l y  b a s e d  v a l u e  o f  e f f e c t i v e n e s s  o f  t h e s e  s i t e s  

u n r e l i a b l e ,  f o r  e x a m p l e  s o m e  a r e  f u r t h e r  f r o m  t h e  m a i n  b o d y  o f  d i v e  

s i t e s  m e a n i n g  t h e  m a j o r i t y  o f  d i v e  s h o p s  w i l l  s a v e  m o n e y  o n  f u e l  b y  

v i s i t i n g  n e a r e r  d i v e  s i t e s ,  s o m e  d o n ’ t  h a v e  m o o r i n g  l i n e s  f o r  d i v e  

b o a t s  a n d  a n y  n u m b e r  o f  o t h e r  u n k n o w n  f a c t o r s .  A l s o  f a c t o r s  s u c h  a s  

d i v e  s h o p s  w i l l i n g n e s s  t o  f u n d  a n d  d i v e r ’ s  e n j o y m e n t  o f  t h e  A R ’ s  m a y  

c o u n t  t o w a r d s  e f f e c t i v e n e s s  a s  a  t o o l  f o r  r e d u c i n g  d i v e  p r e s s u r e .  F o r  

t h e s e  r e a s o n s  q u e s t i o n n a i r e s  w e r e  d e s i g n e d  t o  a s s e s  n u m e r i c a l  v a l u e  
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o f  u s e  o f  t h e  A R ’ s  a s  d i v e  s i t e s  a n d  o t h e r  a s p e c t s  f o r  e x a m p l e  d i v e r s  

e n j o y m e n t  o f   A R ’ s  a n d  w h a t  d i v e  s h o p s  a n d  d i v e r s  t h i n k  m a t t e r s  f o r  

t h e m  w i t h  r e l a t i o n  t o  A R ’ s .    

T w o  s e p a r a t e  q u e s t i o n n a i r e s  w e r e  d e s i g n e d ,  o n e  f o r  d i v e r s  a n d  o n e  f o r  

d i v e  s h o p s  t o  g a i n  n u m e r i c a l  v a l u e s  o f  d i v e r s  u s e ,  o p i n i o n s  a n d  

p r e f e r e n c e s .  T h e  d i v e  s h o p  s u r v e y s  w e r e  d i s t r i b u t e d  t o  e v e r y  d i v e  

s h o p  p o s s i b l e  c o n s i d e r i n g  t i m e  a n d  t r a n s p o r t  c o n s t r a i n t s ,  w i t h  a l l  t h e  

l a r g e s t  d i v e  s h o p s  p r i o r i t i s e d .  T h e  d i v e r  s u r v e y s  w e r e  h a n d e d  o u t  t o  

s o m e  o f  t h e  l a r g e r  d i v e  s h o p s  w h i c h  a g r e e d  t o  h e l p ,  m a i n l y  o n  t h e  

w e s t  s i d e  o f  t h e  i s l a n d .  I n  t o t a l  2 9  o f  t h e  4 3  d i v e  s h o p s  w e r e  s u r v e y e d .   

Q u e s t i o n n a i r e s  c a n  h a v e  p r o b l e m s  d u e  t o ;  q u e s t i o n s  w h i c h  l e a d  t h e  

r e s p o n d e r  t o w a r d s  a  m o r e  f a v o u r a b l e  a n s w e r ,  r e s p o n d e r s  g i v i n g  m o r e  

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

s o c i a l l y  a c c e p t a b l e  r e s p o n s e ,  r a t h e r  t h a n  t h e i r  t r u e  f e e l i n g s  o n  t h e  

s u b j e c t ,  n o t  c o n c e n t r a t i n g  o n  a n s w e r s  w h e n  s u r v e y s  t a k e  t o o  l o n g  t o  

c o m p l e t e .  F o r  t h e s e  r e a s o n s  s u r v e y s  d i d  n o t  i n c l u d e  t h e  s a v e  K o h  T a o  

l o g o ,  w e r e  s h o r t  a n d  s t r a i g h t  f o r w a r d  a n d  d e s i g n e d  s o  t h a t  q u e s t i o n s  

d i d  n o t  l e a d  t h e  r e s p o n d e r  o n  a s  m u c h  a s  p o s s i b l e .  H i g h  s e a s o n  ( D e c  

t o  F e b  a n d  J u n e  t o  e n d  o f  a u g u s t )  a n d  l o w  s e a s o n  ( t h e  o t h e r  6  m o n t h s )  

h a v i n g  v e r y  d i f f e r e n t  n u m b e r s  o f  d i v e r s  w e r e  s e p a r a t e d  i n  t h e  s u r v e y .   

A  d a t a b a s e  w a s  c r e a t e d ,  t o t a l  c o u n t  f r o m  t h e  s u r v e y  r e s u l t s  a n a l y s e d  

a n d  p e r c e n t a g e  f i g u r e s  e x t r a p o l a t e d  f r o m  r e s u l t s .  W r i t t e n  s u r v e y  d a t a  

w a s  p u t  i n t o  t h e  d a t a b a s e  a n d  l i n k e d  t o  t h e  n u m e r i c a l  r e s u l t s  f o u n d .   

A  c o p y  o f  t h e  s u r v e y  f o r m s  u s e d  i n  t h e  s t u d y  i s  s h o w n  i n  a p p e n d i x  I .   

C o m p l e t e d  s u r v e y  f o r m s  ( i n  d a t a b a s e  f o r m )  u s e d  i n  t h e  g e n e r a t i o n  o f  

d a t a  a n d  i t s  s u b s e q u e n t  a n a l y s i s  a r e  p r e s e n t e d  i n  t h e  e l e c t r i c  r e s o u r c e  

i n  A p p e n d i x  I I .  
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Results 

Dive company survey results  

Twenty nine dive shops were questioned and from that the total number of 

divers annually around Koh Tao was found to be in the region of 299,390 a nd 

that around 45% of those  divers had dived on an artif icial reef or spent part 

of their t ime on one. If  each of  the divers  spent an average of 7  days on Koh 

Tao (Scott 2013) ,  doing 2 dives a day (a day’s fun diving  on Koh Tao 

generally involves 2 dives) and spent 21% of dives (found from diver 

surveys) of their dives on an AR, then that is around 880,207 dives in which 

AR’s are used instead of natural reef sites annually.   

Of the divers on AR’s it  was found that 41% were recreational dives and 59% 

were taught courses. A high number of taught courses was expected 

however the reason for a relatively high number of recreational divers may 

be due to HMS Sattakut, which was found to be the most vis ited artif icial  

reef, as wrecks are known to be p opular with recreational divers (Davis & 

Tisdell ,  1995; MacDonald et al  1999; van Treeck & Schuhmacher,  1999;  

Wilhelmsson et al.  1998; Worachananant & Worachananant, 2012) .  
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Of the dive shops surveyed 90% felt  l ike they had benefited from the 

artif icial  reefs around Koh Tao. Wil l ingness to contributed Manpower was 

relatively high no matter the number of divers per week  (and therefore 

economic wealth of  the dive business) however a general  increase in the 

number of dive shops will ing to contribute  was observed with an increase in 

number of divers. One of the notes on one of the smaller businesses survey 

stated that their small team may ma ke it  diff icult  to help with AR projects 

which may go towards explaining this result as some  small businesses may 

have been answering more realistically than others.  When it  came to 

wil l ingness to pay money towards future AR projects there was a general  

increase in those who would contribute with an increase of economic wealth 

however the relationship was not l inear, a higher percentage of  the dive 

shops designated as middle income were wil l ing to contribute money. Of the 

top 6 dive shops with the highest n umber of divers three were wil l ing to 

contribute money and three were not. It  should be noted that the three of 

those wil l ing to pay have the most divers by a signif icant margin. The same 

pattern is observed when will ingness to provide materials is asked, with the 

middle sized dive businesses having a  much higher will ingness to contribute.  

This result wil l  be due to other factors such as the individual disposition of  

dive shop owners towards marine conservation.  

To the question of which  type of art if icial  reef is  most  important to dive 

companies 36% answered fish nurseries, 36% answered coral nurseries and 

28% answered training aids.  This shows nothing definit ive of  which is  most  

important but suggests that a compromise of all  three, such as in the case of  

buoyancy world, is most appropriate.  
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Of the 6 artif icial reef sites usage questioned Buoyancy world and HMS 

Sattakut stood out with  391 and 416 dive boats being taken by Koh Tao dive 

companies to these sites each month, accounting for 41.1% and 43.7% of t he 

total use of the 6 AR’s surveyed. The next most used AR was Suan Olan 

which was visited 79 times (8.3% of the total  usage), then Tanote 33 visits 

(3.5% of total),  MV Trident 23 trips (2.4% of total) and lastly Biorock with 10 

trips (1.1%). This suggests  that out of these 6 AR’s, Bouyancy world and HMS 

Sattakut are the most effective at reducing diving pressure as they are the 

most used by dive companies.   
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Notes from Dive company surveys  

One of the dive shops stated that wrecks were the most important to  them, 

a statement which l inks to the result of  HMS Sattakut being the most well  

used of the AR’s surveyed. Another statement was that Suan olan is too 

small  for fun divers and courses can just go to Buoyancy world which is  

closer, the results show buoyanc y world as one of the highest used sites and 

this statement suggests its location may be an important factor for this. MV 

Trident was described as “too deep and bad current”, MV trident was found 

to be one of the least used dive sites and this may be an im portant factor 

why. Tanote reef balls  was stated as “too small for fun divers and courses,  

and too far”, Tanote reef bal ls  were found to be one of  the least used sites,  

it  is  located on the opposite side of the island to the main body of dive 

shops which would suggest this statement has signif icance. Another 

statement was that “Artif icial reefs should be near natural reef as fun divers 

don’t want to spend all  their t ime on an AR” most of the AR’s surveyed are 

near some natural reef so whether or not this l inks in with the data is 

unknown however.  

Diver survey results  

Of the 28 divers surveyed the most common dive qualif icat ion was instructor 

or higher, the average total dive count was 538, the average dive count on 

Koh Tao was 354 and the average number of  dives on AR’s on Koh Tao was 

73. This is because almost all  of the surveys ended up in the hands of 

employees of the dive shops rather than the customers, therefore these 

surveys should be considered  mainly the opinions of the employees of Koh 

Tao’s dive companies. Accordingly 79% of the dives on AR’s were found to be 

scuba courses and only 21% found to be recreational  dives, which makes 

sense as most instructors will  be teaching rather than simply leading dives.  

The high number of divers that have  dived buoyancy world, which is  

designed for teaching divers,  can be explained by the signif icant number of  

instructors surveyed.  

 

Of those surveyed 85% said their experiences of AR’s were “good” or “very 

good” and 96% said they would l ike to dive an AR again. Thi s suggests that in  

general  Koh Tao’s  AR’s are performing well when it  comes to user 

satisfaction. When asked whether they would pay for a dive solely on an 

artif icial  reef only 40% answered yes, however when asked if  they would pay 

for a dive with only part of the time spent on an AR 84% answered yes.  This 

suggests AR’s should be near natural reef so that it  is possible to switch 
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between the two surroundings and l inks in with the dive company survey 

notes in which the same statement was made by a dive instr uctor.  

Interact ive structures  (wrecks, swim throughs etc.)  were found to be the 

most favoured for 65.2% of surveys. Coral/f ish nurseries and sculptures 

were equal with 17.4% of surveys each favouring them. Buoyancy world and 

HMS Sattakut are highly  interactive in nature and were found to be the most 

well  used, which l inks in with these results. Of those surveyed 80% had 

dived HMS Sattakut and 48% had dived buoyancy world, the highest number,  

with the third most used  dived site being Suan olan at 38% . This f its in with 

the order of use of AR’s from the dive company survey.   

When asked which improvements to artif icial reefs were most wanted the 

most frequent answer was more corals (38.9% of surveys) with increased 

fish l ife being second (27.8%). Of the two most frequently dived sites HMS 

Sattakut has only a few young corals but a lot of f ish l ife and buoyancy 

world has a  small number of coral covered structures but is lac king in f ish 

l ife which may l ink in to those results.  Maintenance and more interesting 

structures were the next most answered result at 17.4% of surveys each.  

Notes from diver Surveys  

One diver stated that he would only dive large AR’s,  a statement which l inks 

in with the dive company notes where Suan olan and Tanote reef balls were 

both described as being too small to dive.  Another diver stated that the 

wreck was not very good due to bad visibil ity. Koh Tao sometimes has very 

pronounced Thermoclines which can be  full  of sediment  making it  diff icult  to 

see up to a metre ahead, this may be the reason for this statement. Another 
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survey in which only HMS Sattakut had been dived stated specif ically the 

thermocline was the issue, which may confirm this.  

When asked what they l iked best about AR’s a common answer was “it’s  

something different”, however common answers when asked what was 

disliked most was “it  gets boring” and “lack of marine l ife”.  This suggests 

that to make people want to dive again and therefore increase effectiveness 

of AR’s as tools for reduction of dive pressure elsewhere, AR’s m ust focus on 

becoming more diverse and interesting not only to look at but with regards 

to the marine l ife on them.  

One comment stated that “it  should al l  be at 12m” in reference to two of the 

AR’s dived, Suan olan and buoyancy world. 12m is the maximum d epth to 

which complete beginner scuba divers doing, for example,  PADI discover 

scuba can go. Novice divers are some of the most damaging to natural reef 

as they lack buoyancy control. This  12m depth may be impractical  to 

implement however.  Lack of  maintenance of current AR’s was another issue 

raised in a number of surveys, including f ishing vessel damage.  

 

 

 

 

 

 

 

  



| 24 

 

Robert Scott Nichols, Bsc Conservation Biology, University of Cumbria, Submitted April 2013 

 



| 25 

 

Robert Scott Nichols, Bsc Conservation Biology, University of Cumbria, Submitted April 2013 

Discussion 
A r o u n d  2 9 9 , 3 9 0  p e o p l e  d i v e  K o h  T a o  a n n u a l l y  f r o m  t h i s  s u r v e y ,  

h o w e v e r  d u e  t o  t h e  f a c t  t h a t  a  s m a l l  n u m b e r  o f  K o h  T a o ’ s  d i v e  s h o p s  

w e r e  n o t  i n v o l v e d  i n  t h i s  s u r v e y  a n d  t h a t  m a n y  d i v e  b o a t s  c o m e  f r o m  

K o h  S a m u i  a n d  K o h  P h a n g a n g  a n d  a r e  t h e r e f o r e  n o t  i n c l u d e d  i n  t h i s  

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

f o u n d  t h a t  K o h  T a o  h a s  o v e r  3 0 0 , 0 0 0  v i s i t o r s  a n n u a l l y  ( S c o t t ,  2 0 0 9 )  

a n d  t h a t  m o s t  o f  t h e  t o u r i s m  a n d  e c o n o m y  o f  t h e  i s l a n d  i s  d i v e  b a s e d  

( W e t e r i n g s ,  2 0 1 1 )  t h e r e f o r e  t h i s  r e s u l t  i s  u n s u r p r i s i n g .  C a r r y i n g  

c a p a c i t y  o f  c o r a l  r e e f s  f o r  d i v i n g  i s  d i f f i c u l t  t o  a s s e s s  b u t  a n  i m p o r t a n t  

c o n c e p t  f o r  c o n s e r v a t i o n ,  p r e v i o u s  s t u d i e s  h a v e  f o u n d  t h a t  a f t e r  a  

c e r t a i n  n u m b e r  o f  d i v e s  d a m a g e  t o  c o r a l s  i n c r e a s e s  g r e a t l y  a n d  t h a t  

t h e  s u s t a i n a b l e  n u m b e r  o f  g u i d e d  d i v e s  p e r  s i t e  i s  a r o u n d  5 0 0 0  

a n n u a l l y  ( H a r r i o t t ,  D a v i s ,  &  B a n k s ,  1 9 9 7 ;  J u l i e  P .  H a w k i n s  e t  a l . ,  1 9 9 9 ;  

Z a k a i  &  C h a d w i c k - F u r m a n ,  2 0 0 2 ) .  I t  c a n  b e  a s s u m e d  t h a t  d i v e r s  c o m i n g  

t o  K o h  T a o  w i l l  d i v e  a  n u m b e r  o f  s i t e s  a n d  t h a t  t h e  m o s t  p o p u l a r  s i t e s  

m a y  h a v e  3 0 0 , 0 0 0  d i v e r s  o n  t h e m  a n n u a l l y ,  a b o u t  5 0 , 0 0 0  g u i d e d  d i v e s  

p e r  y e a r  i f  i t  i s  a s s u m e d  t h a t  e a c h  g u i d e d  d i v e  i n v o l v e s  6  p e o p l e ,  f a r  

a b o v e  t h e  p r o p o s e d  s u s t a i n a b l e  l e v e l  o f  d i v i n g  f o r  o t h e r  a r e a s  

( H a r r i o t t  e t  a l . ,  1 9 9 7 ;  J u l i e  P .  H a w k i n s  e t  a l . ,  1 9 9 9 ;  Z a k a i  &  C h a d w i c k -

F u r m a n ,  2 0 0 2 ) .  S t u d i e s  h a v e  f o u n d  t h a t  n o v i c e  d i v e r s  a r e  s o m e  o f  t h e  

m o s t  l i k e l y  t o  d a m a g e  c o r a l s  a n d  s t i r  u p  s e d i m e n t  d u e  t o  t h e i r  l a c k  o f  

b u o y a n c y  s k i l l s  ( B a r k e r  &  R o b e r t s ,  2 0 0 4 ;  H a r r i o t t  e t  a l . ,  1 9 9 7 ;  W a l t e r s  

&  S a m w a y s ,  2 0 0 1 )  t h e r e f o r e  d u e  t o  K o h  T a o ’ s  h i g h  n u m b e r  o f  d i v e r s  i t  

i s  p r o p o s e d  t h a t  a l l  d i v e s  i n v o l v i n g  n o v i c e  d i v e r s  a r e  r e q u i r e d  t o  d i v e  

a n  a r t i f i c i a l  r e e f  a n d  b e  a l l o w e d  o n  a r e a s  o f  n a t u r a l  r e e f  o n l y  w h e n  

t h e i r  b u o y a n c y  i s  t o  a n  a c c e p t a b l e  s t a n d a r d  t h a t  i t  i s  f e l t  t h e y  w i l l  n o t  

a c c i d e n t l y  c a u s e  d a m a g e  t o  c o r a l s .  H o w e v e r  f o r  t h i s  t o  b e  f e a s i b l e  K o h  

T a o ’ s  a r t i f i c i a l  r e e f s  m u s t  t a k e  i n t o  a c c o u n t  t h i s  s u r v e y s  n o t e s  a n d  

b e c o m e  l a r g e r ,  m o r e  i n t e r e s t i n g ,  h a v e  m o r e  m a r i n e  l i f e  a n d  b e c o m e  

m o r e  n u m e r o u s  s o  t h a t  n o v i c e  d i v e r s  o n  s c u b a  c o u r s e s  e n j o y  t h e i r  

d i v e s  a n d  d o  n o t  b e c o m e  d i s s a t i s f i e d  w i t h  d i v i n g  A R ’ s .   

4 5 %  ( 1 3 5 , 3 0 4  a n n u a l l y )  o f  d i v e r s  o n  K o h  T a o  w e r e  f o u n d  t o  h a v e  d i v e d  

a n  a r t i f i c i a l  r e e f  o n  K o h  T a o ,  a n d  f r o m  d i v e r  s u r v e y s  2 1 %  o f  t o t a l  d i v e s  

w e r e  o n  a n  A R .  T h i s  m e a n s  t h a t  K o h  T a o ’ s  a r t i f i c i a l  r e e f s  d i v e r t  a r o u n d  

2 1 %  o f  a l l  d i v e s  f r o m  n a t u r a l  r e e f  d i v e  s i t e s  a n n u a l l y .  T h i s  f i g u r e  m a y  

b e  d i f f e r e n t  d u e  t o  t h e  u n k n o w n  s i t e  u s e  a n d  n u m b e r  o f  d i v e r s  c o m i n g  

f r o m  n e i g h b o u r i n g  i s l a n d s  h o w e v e r .  A  s i m i l a r  s t u d y  b y  L e e w o r t h y  e t  a l .  

( 2 0 0 6 )  f o u n d  a f t e r  t h e  d e p l o y m e n t  o f  A R ’ s  3 4 %  o f  a l l  d i v e s  i n  t h e  a r e a  

w e r e  o n  a n  a r t i f i c i a l  r e e f ,  t h e  l o w e r  f i g u r e  o f  2 1 %  o n  K o h  T a o  m a y  b e  
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d u e  t o  o n l y  2  o f  t h e  A R ’ s  s u r v e y e d  b e i n g  h i g h l y  v i s i t e d  a n d  L e e w o r t h y  

e t  a l ' s .  ( 2 0 0 6 )  s t u d y  s i t e  i n  t h e  F l o r i d a  k e y s  h a v i n g  a  s i g n i f i c a n t l y  

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

d i v e r s  a n d  d i v e  b o a t s  o n  m o o r i n g  l i n e s  a  k e y  i s s u e  f o r  K o h  T a o ’ s  A R ’ s .  

2 1 %  i s  a  s u b s t a n t i a l  p e r c e n t a g e  o f  t h e  t o t a l  d i v e s ,  h o w e v e r  a s  K o h  

T a o ’ s  n u m b e r  o f  d i v e s  p e r  s i t e  i s  w a y  a b o v e  t h e  h y p o t h e t i c a l  c a r r y i n g  

c a p a c i t i e s  f o u n d  i n  o t h e r  s t u d i e s ,  i n c r e a s i n g  t h e  n u m b e r  o f  A R  d i v e  

s i t e s  m a y  n o t  b e  e f f e c t i v e  e n o u g h  t o  r e d u c e  p r e s s u r e  t o  s u s t a i n a b l e  

l e v e l s .  I f  t h i s  i s  t h e  c a s e  t h e n  r e d u c i n g  t h e  i m p a c t  o f  d i v e r s  t h r o u g h  

p r o p e r  t r a i n i n g  s o  t h a t  z e r o  c o n t a c t s  o c c u r  i n  c o m b i n a t i o n  w i t h  A R ’ s  

f o r  m i t i g a t i o n  e f f e c t s  a n d  t r a i n i n g  u s e s  m a y  b e  e s s e n t i a l  f o r  K o h  T a o .  

A  s t u d y  o f  c o n s e r v a t i o n  d i v e  b r i e f i n g s  e f f e c t  o n  c o n t a c t s  w i t h  c o r a l s  

b y  C a m p  &  F r a s e r  ( 2 0 1 2 )  f o u n d  t h a t  r e c e i v i n g  a  h i g h e r  l e v e l  o f  

c o n s e r v a t i o n  e d u c a t i o n  d i d  i n f l u e n c e  d i v e r  b e h a v i o u r  i n  t h e  w a t e r  a n d  

r e d u c e  t h e  f r e q u e n c y  o f  d i v e r  c o n t a c t s  w i t h  c o r a l s .  T h e r e  a r e  

n u m e r o u s  d i v e  c o m p a n i e s  o n  K o h  T a o  c u r r e n t l y  o f f e r i n g  m a r i n e  

c o n s e r v a t i o n  c o u r s e s  a n d  P A D I  e c o l o g i c a l  d i v e r  q u a l i f i c a t i o n s  i n c l u d i n g  

t h e  N e w  h e a v e n  r e e f  c o n s e r v a t i o n  p r o g r a m  w h i c h  h e l p e d  s i g n i f i c a n t l y  

w i t h  t h i s  s t u d y .  I t  m a y  b e  t h a t  t r a i n i n g  a n d  m a r i n e  c o n s e r v a t i o n  

e d u c a t i o n  p r o m o t i n g  d i v i n g  w h i c h  d o e s  n o t  n e g a t i v e l y  i m p a c t  c o r a l s  

s h o u l d  b e  a  p r e - r e q u i s i t e  o f  b e i n g  a l l o w e d  t o  d i v e  o n  K o h  T a o ,  a n d  

w o r l d w i d e ,  i f  c o r a l  r e e f s  a r e  n o t  t o  d e g r a d e  f r o m  i n t e n s i v e  d i v i n g .   

T h e  t w o  s i t e s  f o u n d  t o  b e  t h e  m o s t  u s e d ,  a n d  t h e r e f o r e  m o s t  e f f e c t i v e  

t o  r e d u c e  d i v e r  p r e s s u r e  e l s e w h e r e ,  w e r e  B u o y a n c y  w o r l d  a n d  H M S  

S a t t a k u t .  W r e c k  d i v i n g  i s  k n o w n  t o  b e  a  f a v o u r i t e  f o r  r e c r e a t i o n a l  

d i v e r s  t h e r e f o r e  t h e  r e s u l t  i s  u n s u r p r i s i n g  i n  t h e  c a s e  o f  H M S  S a t t a k u t .  

M V  T r i d e n t  h o w e v e r  w a s  f o u n d  t o  b e  o n e  o f  t h e  l e a s t  u s e d  A R ’ s .  T h e  

r e a s o n s  f o r  t h i s  b e i n g  i t s  d e p t h ,  s t r o n g  c u r r e n t s  a n d ,  t o  a  s m a l l  

d e g r e e ,  i t s  f u r t h e r  d i s t a n c e  f r o m  t h e  m a i n  b o d y  o f  d i v e  s h o p s  o n  t h e  

w e s t  o f  K o h  T a o .  O n e  d i v e  c o m p a n y  s u r v e y  s t a t e d  t h a t  i t  i s  o n l y  v i s i t e d  

f o r  “ s p e c i a l i s t  d i v e s ” .  B e c a u s e  o f  t h e s e  f a c t o r s  M V  T r i d e n t  i s  t h e r e f o r e  

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

f a c t o r s  f o u n d  i n  t h i s  s u r v e y  t o  b e  i m p o r t a n t  f o r  A R ’ s  a s  d i v e  s i t e s ;  i t  i s  

c l o s e  t o  t h e  m a i n  b o d y  o f  d i v e  c o m p a n i e s ,  i t  i s  c l o s e  e n o u g h  t o  a  

p o p u l a r  n a t u r a l  r e e f  d i v e  s i t e  t h a t  o n e  d i v e  m a y  i n c o r p o r a t e  b o t h  A R  

a n d  r e e f ,  i t  h a s  n u m e r o u s  i n t e r a c t i v e  s t r u c t u r e s  w h i c h  w a s  f o u n d  t o  b e  

t h e  f a v o u r i t e  a s p e c t  o f  A R ’ s  a n d  i t  i s  s h a l l o w  e n o u g h  f o r  b e g i n n e r  

d i v e r s  i n  m o s t  a r e a s .   

S u a n  O l a n  w a s  t h e  t h i r d  m o s t  u s e d  o f  t h e  A R ’ s  s u r v e y e d  b u t  h a d  

s u b s t a n t i a l l y  l e s s  u s e  b y  d i v e r s  a l t h o u g h  i t  s h a r e s  m a n y  o f  t h e  
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c h a r a c t e r i s t i c s  o f  b u o y a n c y  w o r l d .  T h e  d i f f e r e n c e  i n  r e s u l t s  m a y  b e  

d u e  t o  S u a n  O l a n s  i n c r e a s e d  d i s t a n c e  f r o m  t h e  m a i n  b o d y  o f  d i v e  

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

i m p o r t a n t ,  a n d  i t s  r e l a t i v e l y  s m a l l  s i z e ,  a n o t h e r  n e g a t i v e  f a c t o r  

s u r v e y s  f o u n d  t o  b e  i m p o r t a n t .  A t  t h e  t i m e  t h e s e  s u r v e y s  w e r e  d o n e  

S u a n  O l a n  d i d  n o t  h a v e  a  m o o r i n g  l i n e  d i r e c t l y  o v e r  t h e  A R  a n d  a n  

a c c u r a t e  m a p  ( w i t h  a n g l e s ,  d e p t h s  a n d  d i s t a n c e s )  w a s  n o n - e x i s t e n t  

m a k i n g  i t  d i f f i c u l t  t o  u s e .  S u a n  O l a n  m a y  h a v e  g o t  a  s m a l l  p e r c e n t a g e  

m o r e  u s a g e  i f  t h e  d i v e  s h o p s  i n  l e s s  e a s i l y  a c c e s s i b l e  a r e a s  o f  t h e  

i s l a n d  o n  t h e  e a s t  c o a s t  o f  K o h  T a o  h a d  b e e n  s u r v e y e d .  W h e n  S u a n  

O l a n  i s  i m p r o v e d  f o r  d i v e r  u s e  t h e n  i t  m a y  b e  u s e d  m u c h  m o r e  

f r e q u e n t l y  a n d  t h e r e f o r e  b e  a  m u c h  m o r e  e f f e c t i v e  t o o l  f o r  r e d u c i n g  

d i v e  p r e s s u r e .  E s p e c i a l l y  b y  t h e  d i v e  s h o p s  o n  t h e  s o u t h  a n d  e a s t  

c o a s t s  o f  K o h  T a o ,  w h i c h  w i l l  i n c r e a s e  t h e i r  u s e  o f  A R ’ s  f o r  S c u b a  

c o u r s e s  a s  t h e  o t h e r  m a i n  a l t e r n a t i v e ,  b u o y a n c y  w o r l d ,  i s  s a t u r a t e d  

w i t h  d i v e r s  a n d  f u r t h e r  a w a y  t h a n  S u a n  O l a n .  

B i o r o c k  a n d  T a n o t e  r e e f  b a l l s  h a v e  s i m i l a r  i s s u e s  w i t h  l a c k  o f  s i z e ,  

m o o r i n g  l i n e s  e t c .  B e c a u s e  t h e s e  t w o  s i t e s  a r e  a i m e d  a t  e n v i r o n m e n t a l  

r e s t o r a t i o n  r a t h e r  t h a n  a s  d i v e  s i t e s  i t  m a y  b e  a p t  t o  j u d g e  t h e m  o n  

t h e i r  e c o l o g i c a l  b e n e f i t s  w h i c h  t h i s  s t u d y  d o e s  n o t  a d d r e s s .  H o w e v e r  

a s  t o o l s  f o r  r e d u c i n g  d i v e  p r e s s u r e  b o t h  t h e s e  s i t e s  a r e  i n e f f e c t i v e .   

T h e  s t r u c t u r e s  o n  A R ’ s  f o u n d  t o  b e  m o s t  f a v o u r e d  w e r e  i n t e r a c t i v e  

s t r u c t u r e s  s u c h  a s  s w i m  t h r o u g h s ,  w r e c k s  e t c .  B u o y a n c y  w o r l d  a n d  

H M S  S a t t a k u t  a r e  b o t h  h i g h l y  i n t e r a c t i v e ,  w h i c h  m a y  b e  o n e  f a c t o r  a s  

t o  w h y  t h e i r  u s a g e  i s  s o  h i g h .  T h i s  i s  i m p o r t a n t  t o  n o t e  b e c a u s e  t h e  

m o r e  e n j o y a b l e  d i v i n g  a n  A R  i s  t h e  m o r e  l i k e l y  i t  i s  t o  b e  u s e d  b y  

d i v e r s  a n d  t h e r e f o r e  r e d u c e  d i v i n g  o n  o t h e r  s i t e s .  F r o m  t h i s  i t  i s  

r e c o m m e n d e d  t h a t  e x i s t i n g  a n d  f u t u r e  A R ’ s  d e s i g n e d  p r i m a r i l y  a s  d i v e  

s i t e s  b e c o m e  a s  i n t e r a c t i v e  a s  p o s s i b l e  t o  m a x i m i s e  u s e r  e n j o y m e n t .  

H o w e v e r  a s  t h e  r e s u l t s  o f  d i v e  c o m p a n i e s  s u r v e y s  s h o w  i n c r e a s e d  

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

s t r u c t u r e s  s o m e  d e s i g n e d  f o r  c o r a l s  a n d  f i s h  n u r s e r i e s  a n d  s o m e  

d e s i g n e d  t o  b e  i n t e r a c t i v e  f o r  d i v e r s  w o u l d  b e  m o s t  s u i t a b l e .  B u o y a n c y  

w o r l d  h a s  t h i s ,  h o w e v e r  m a n y  o f  t h e  n e g a t i v e  f a c t o r s  o f  K o h  T a o ’ s  A R ’ s  

w e r e  f o u n d  t o  b e  l a c k  o f  c o r a l s / m a r i n e  l i f e  a n d  b o r e d o m  o f  d i v e r s  a n d  

a s  o n e  o f  t h e  m o s t  u s e d  s i t e s  i t  i s  l i k e l y  i n  r e f e r e n c e  t o  b u o y a n c y  

w o r l d .  T o  i n c r e a s e  e n j o y m e n t ,  a n d  t h e r e f o r e  u s e  b y  d i v e r s ,  s t r u c t u r e s  

m a y  n e e d  t o  b e  m o r e  i n n o v a t i v e  i n  t h e  w a y  t h e y  c a n  b e  i n t e r a c t e d  

w i t h  a n d  t h o s e  s t r u c t u r e s  d e s i g n e d  f o r  c o r a l  t r a n s p l a n t s  b e  b e t t e r  

d e s i g n e d ,  m a i n t a i n e d  a n d  m o r e  n u m e r o u s  t o  s u b s t a n t i a l l y  i n c r e a s e  
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m a r i n e  l i f e .  T h i s  i s  r e c o m m e n d e d  f o r  a l l  A R  p r o j e c t s  ( a p a r t  f r o m  

W r e c k s )  w h i c h  a r e  d e s i g n e d  f o r  t e a c h i n g  s c u b a  c o u r s e s .   

I f  t h i s  i n v e s t i g a t i o n  i n t o  t h e  e f f e c t i v e n e s s  o f  A R ’ s  w a s  r e p e a t e d  a g a i n  

t h e n  a  n u m b e r  o f  r e f i n e m e n t s  w o u l d  b e  m a d e ;  A s  t h e  a v e r a g e  l e n g t h  

o f  s t a y  o f  d i v e r s  o n  K o h  T a o  i s  a r o u n d  7  d a y s  ( S c o t t  2 0 1 3 )  t h e n  a s k i n g  

d i v e  s h o p s  t h e  n u m b e r  o f  d i v e r s  p e r  m o n t h  o r  p e r  a n n u m  w o u l d  b e  

m o r e  a p p r o p r i a t e ,  a t  t h e  t i m e  o f  t h e  s u r v e y  i t  w a s  a s s u m e d  t h e  

a v e r a g e  w a s  l e s s  t h a n  a  w e e k  a n d  t h e r e f o r e  a s k i n g  d i v e r s  p e r  w e e k  

w o u l d  b e  s i m p l e r  f o r  d i v e  s h o p s  t o  a n s w e r  i m m e d i a t e l y .  I n s t e a d  o f  

a s k i n g  n u m b e r  o f  v i s i t s  p e r  s i t e  a t  t h e  6  a r t i f i c i a l  r e e f s  s u r v e y e d ,  

d i v e r s  p e r  s i t e  p e r  m o n t h  s h o u l d  b e  a s k e d  b e c a u s e  t h e  d i v e  s h o p s  h a v e  

s i g n i f i c a n t l y  d i f f e r e n t  s i z e d  d i v e  b o a t s ,  s o m e  w h i c h  h o l d  1 0 - 2 0  d i v e r s  

s o m e  5 0 +  t h e r e f o r e  v i s i t s  p e r  s i t e  g i v e s  l e s s  a c c u r a t e  r e s u l t s .  D u e  t o  

t h e  s i g n i f i c a n t  d i f f e r e n c e  i n  u s e  b e t w e e n  s i t e s  h o w e v e r  r e s u l t s  m a y  

n o t  d i f f e r  d r a m a t i c a l l y  a n d  a r e  s t i l l  r e l a t i v e l y  g o o d  r e p r e s e n t a t i o n s  o f  

u s e .  N u m b e r  o f  d i v e r s  v i s i t i n g  o n e  o f  t h e  p o p u l a r  n a t u r a l  r e e f  s i t e s  p e r  

m o n t h / a n n u m ,  s h o u l d  h a v e  b e e n  i n c l u d e d  t o  g i v e  a  c o m p a r i s o n  t o  

j u d g e  t h e  a c c u r a c y  o f  e s t i m a t e d  n u m b e r  o f  d i v e r s  o n  p o p u l a r  s i t e s  a n d  

t o  c o m p a r e  u s a g e  w i t h  t h e  A R ’ s .  W h e n  a s k i n g  w h a t  t y p e  o f  a r t i f i c i a l  

r e e f  i s  m o s t  i m p o r t a n t ,  w r e c k s  s h o u l d  h a v e  b e e n  i n c l u d e d ,  w h i c h  

w o u l d  h a v e  s i g n i f i c a n t l y  a l t e r e d  t h i s  q u e s t i o n s  r e s u l t s ,  a s  a  w r e c k  w a s  

t h e  m o s t  u s e d  A R .  

 C o n c e r n  h a s  b e e n  r a i s e d  i n  t h e  p a s t  a s  t o  w h e t h e r  a r t i f i c i a l  r e e f s  h e l p  

f i s h e r i e s  b y  i n c r e a s i n g  f i s h  s t o c k s  o r  w h e t h e r  t h e y  c a u s e  a g g r e g a t i o n s  

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

( B o h n s a c k  &  S u t h e r l a n d , 1 9 8 9 ; S a t a , 1 9 8 5 )  l e a d i n g  t o  a r g u m e n t s  a g a i n s t  

t h e  i m p l e m e n t a t i o n  o f  a r t i f i c i a l  r e e f s .  H o w e v e r  i f  a r t i f i c i a l  r e e f s  a r e  

u s e d  f o r  r e c r e a t i o n a l  d i v i n g  i t  w o u l d  p r o v i d e  e c o n o m i c  i n c e n t i v e  t o  

d i s c o u r a g e  t h e i r  u s e  i n  c o m m e r c i a l  f i s h i n g  a n d  a l l o w  t h e m  t o  h e l p  

i n c r e a s e  f i s h  n u m b e r s  i n  t h e  s u r r o u n d i n g  w a t e r s .  T h e  r e s u l t s  f r o m  t h i s  

s t u d y  c o u l d  h e l p  w i t h  m a k i n g  d i v i n g  A R ’ s  i n  s u c h  a r e a s  m o r e  a p p e a l i n g  

t o  d i v e r s  a n d  t h e r e f o r e  m o r e  f e a s i b l e  a s  d i v e  s i t e s .  

 R e c o m m e n d a t i o n s  f o r  f u t u r e  w o r k  w o u l d  b e ;  W o r k  o u t  h o w  e f f e c t i v e  

e c o l o g i c a l  d i v e r  q u a l i f i c a t i o n s  a r e  a t  r e d u c i n g  t h e  d a m a g e  d o n e  t o  

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

e n o u g h  o f  a n  i m p a c t  t o  m a k e  t h e  l a r g e  n u m b e r  o f  d i v e r s  o n  K o h  T a o  

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

s i m i l a r  s u r v e y s  o f  r e g u l a r  d i v e r s  s u c h  a s  W a l t e r s  &  S a m w a y s  ( 2 0 0 1 )  

a n d  B a r k e r  &  R o b e r t s  ( 2 0 0 4 ) .   
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U s e  r e c o m m e n d a t i o n s  o n  A R ’ s  f r o m  t h i s  s u r v e y  f o r  e x a m p l e  m a k i n g  

t h e m  b i g g e r ,  m o r e  i n t e r a c t i v e ,  b e t t e r  m a i n t a i n e d  w i t h  m o r e  m a r i n e  

l i f e ,  c l o s e  t o  d i v e  s h o p s ,  r e l a t i v e l y  s h a l l o w  e t c . ,  a n d  r e p e a t  s u r v e y s  t o  

s e e  i f  t h e r e  i s  a  s i g n i f i c a n t  i n c r e a s e  i n  u s a g e  o f  A R ’ s .  A  s t u d y  b y  

L e e w o r t h y  e t  a l .  ( 2 0 0 6 )  l o o k e d  a t  t h e  n u m b e r s  o f  d i v e r s  o n  n e a r b y  

n a t u r a l  c o r a l  r e e f  s i t e s  b e f o r e  a n d  a f t e r  t h e  i n t r o d u c t i o n  o f  a n  A R ,  

t h e n  w o r k e d  o u t  t h e  r e d u c t i o n  i n  d i v e r s  i t s  i n t r o d u c t i o n  c a u s e d  a l o n g  

w i t h  a n y  e c o n o m i c  f a c t o r s  i n d i c a t i n g  t h e  i n c r e a s e  i n  b u s i n e s s  g a i n e d  

f r o m  t h e  n e w  A R .  U s i n g  t h i s  a p p r o a c h  t o  s h o w  b o t h  t h e  m i t i g a t i o n  

e f f e c t  a n d  c o s t  v e r s u s  b e n e f i t  i s  r e c o m m e n d e d .  T h i s  c o u l d  t h e n  b e  

u s e d  t o  g u i d e  p l a n n i n g  o f  f u t u r e  A R  p r o j e c t s  w o r l d w i d e .  

A R ’ s  h a v e  m u l t i p l e  p u r p o s e s  t h e  m a j o r i t y  o f  w h i c h  a r e  t o  i n c r e a s e  

m a r i n e  f i s h / i n v e r t e b r a t e  s t o c k s  o r  g r o w i n g  c o r a l s .  T h e y  m a y  h o w e v e r  

s e r v e  a  d u a l  p u r p o s e  a s  d i v e  s i t e s  t o  r e d u c e  d i v e  p r e s s u r e  a n d  p o s s i b l y  

e a r n  m o n e y  f r o m  d i v i n g / s p o r t s  f i s h i n g / s n o r k e l l i n g  t o  p a y  s o m e  o f  t h e  

c o s t s  o f  c r e a t i n g  t h e m  a n d  c r e a t e  j o b s  f o r  l o c a l  p e o p l e .  U s i n g  

r e c o m m e n d a t i o n s  f r o m  t h i s  s u r v e y  m a y  h e l p  i n c r e a s e  t h e  u s e  o f  t h e s e  

A R ’ s  f o r  r e c r e a t i o n a l  d i v i n g  a n d  p r o d u c e  g r e a t e r  e c o n o m i c  b e n e f i t s  

f r o m  t h e s e  A R ’ s .  H o w  d a m a g i n g  a c t i v i t i e s  s u c h  a s  s p o r t s  f i s h i n g ,  

s n o r k e l l i n g  a n d  d i v i n g  a r e  t o  A R ’ s  a r e  s h o u l d  b e  l o o k e d  i n t o  h o w e v e r .  

D u e  t o  t h e  n u m b e r  o f  r e c e n t l y  t r a n s p l a n t e d  b r o k e n  c o r a l s  a n d  f a l l e n  

f r a g m e n t s  o n  K o h  T a o ’ s  A R ’ s  i t  i s  d i f f i c u l t  t o  t e l l  t h e  d a m a g e  d o n e  

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

r e c o r d i n g  c o n t a c t s  a s  h a s  b e e n  d o n e  i n  o t h e r  s t u d i e s  ( B a r k e r  &  

R o b e r t s ,  2 0 0 4 ;  W a l t e r s  &  S a m w a y s ,  2 0 0 1 ) .   

I n  g e n e r a l  d i v e  c o m p a n i e s  o n  K o h  T a o  f e e l  t h e y  h a v e  b e n e f i t e d  f r o m  

A R ’ s  ( 9 0 %  o f  d i v e  c o m p a n i e s  s u r v e y e d )  a n d  f u t u r e  p r o j e c t s  o n  K o h  T a o  

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

m a n p o w e r  a n d  m a t e r i a l s .  W i t h  8 3 %  o f  d i v e  s h o p s  s u r v e y e d  w i l l i n g  t o  

c o n t r i b u t e  m a n p o w e r ,  3 8 %  w i l l i n g  t o  c o n t r i b u t e  m o n e y  a n d  5 2 %  

w i l l i n g  t o  d o n a t e  m a t e r i a l s .  T h i s  m a k e s  f u t u r e  A R  p r o j e c t s  o n  K o h  T a o  

f e a s i b l e  e v e n  w i t h o u t  o u t s i d e  i n v e s t m e n t .  H o w e v e r  a l t e r n a t i v e  s o u r c e s  

o f  i n c o m e  c o u l d  p o s s i b l y  b e  f o u n d  f r o m  g o v e r n m e n t s  a n d  N G O ’ s .  

C o m p a n i e s  m a y  a l s o  c o n t r i b u t e  m o n e y ,  f o r  e x a m p l e  S u a n  O l a n  w a s  

p a r t i a l l y  f u n d e d  b y  c a r  c o m p a n y  M I N I  a n d  c o n t a i n s  a  c o n c r e t e  m i n i .  

S c u b a  e q u i p m e n t  c o m p a n i e s  i n  p a r t i c u l a r  a s  m a r i n e  c o n s e r v a t i o n  i s  

i m p o r t a n t  t o  m a n y  o f  t h e i r  c u s t o m e r s ,   o r  c o m p a n i e s  w h i c h  a r e  s e e n  

a s  n e g a t i v e l y  e f f e c t i n g  t h e  e n v i r o n m e n t  s u c h  a s  o i l  c o m p a n i e s  w h i c h  

m a k e  s u b s t a n t i a l  f i n a n c i a l  h a n d  o u t s  t o  e n v i r o n m e n t a l  p r o j e c t s  t o  t r y  

t o  m i t i g a t e  n e g a t i v e  o p i n i o n  o f  t h e m .   
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T h e r e  a r e  m a n y  p l a c e s  w o r l d w i d e  w h e r e  t h e  c o m b i n a t i o n  o f  i n t e n s i v e  

d i v i n g  a n d  c o n c e r n  f o r  u n s u s t a i n a b l e  d i v i n g  p r a c t i c e s  m a k e  c o n d i t i o n s  

w h i c h  s u i t  t h e  i n t r o d u c t i o n  o f  a r t i f i c i a l  r e e f s  a s  a l t e r n a t i v e  d i v e  s i t e s ,  

a n d  s u b s e q u e n t l y  w o u l d  b e n e f i t  f r o m  t h e  f i n d i n g s  i n  t h i s  s t u d y .  E i l a t  

i n  t h e  n o r t h e r n  r e d  s e a  f o r  e x a m p l e  h a s  a  s i m i l a r  p r o b l e m  o f  c o r a l  r e e f  

d e g r a d a t i o n  d u e  t o  t h e  l e v e l  o f  d i v e r s  b e i n g  f a r  a b o v e  t h e  c a r r y i n g  

c a p a c i t y  f o r  t h e  n a t u r a l  r e e f  d i v e  s i t e s  ( R i n k e v i c h ,  2 0 0 5 )  w i t h  s o m e  o f  

t h e  m o r e  p o p u l a r  d i v e  s i t e s  r e c e i v i n g  i n  t h e  r e g i o n  o f  3 0 , 0 0 0  d i v e s  p e r  

y e a r ,  l e s s  t h a n  K o h  T a o  b u t  u n s u s t a i n a b l y  d a m a g i n g .  A r t i f i c i a l  r e e f s  

h a v e  a l s o  b e e n  u s e d  a r o u n d  E i l a t ,  f o r  e x a m p l e  P o l a k  &  S h a s h a r  ( 2 0 1 2 )  

s t u d i e d  t h e  e f f e c t s  o f  o n e  s m a l l  a r t i f i c i a l  r e e f  o n  t h e  b e h a v i o u r  o f  

d i v e r s  a n d  i t s  e f f e c t  o n  r e d u c i n g  t i m e  s p e n t  o n  n a t u r a l  r e e f ,  f i n d i n g  

t h a t  i t  h a d  o n l y  a  s m a l l  e f f e c t .  T h e y  c o n c l u d e d  t h a t  i t s  s m a l l  s i z e  a n d  

l a c k  o f  t a k i n g  i n t o  a c c o u n t  d i v e r  p r e f e r e n c e s  m a y  h a v e  b e e n  t h e  m a i n  

f a c t o r s  f o r  i t s  r e l a t i v e l y  s m a l l  e f f e c t .  R e s u l t s  o f  d i v e r  p r e f e r e n c e s  a n d  

a s p e c t s  o f  s u c c e s s f u l  s i t e s  f r o m  t h i s  s t u d y  o f  K o h  T a o  m a y  h e l p  

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

i n f o r m a t i o n  o n  m a r i n e  c o n s e r v a t i o n  g i v e n  t o  d i v e r s  b e f o r e  a  d i v e  t h e  

g r e a t e r  c a r e  w a s  t a k e n  b y  d i v e r s  t o  a v o i d  c o n t a c t  w i t h  c o r a l s ,  w h i c h  

l i n k s  i n t o  r e c o m m e n d a t i o n s  f r o m  t h i s  s t u d y  o f  K o h  T a o  a b o u t  t h e r e  

b e i n g  m a n d a t o r y  e c o l o g i c a l  d i v e r  q u a l i f i c a t i o n s  d u e  t o  A R ’ s  n o t  h a v i n g  

e n o u g h  o f  a n  e f f e c t  i n  r e d u c i n g  d i v e  p r e s s u r e  i n  a r e a s  o f  v e r y  

i n t e n s i v e  d i v i n g .  
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Conclusion     
A R ’ s  o n  K o h  T a o  t a k e  a  s i g n i f i c a n t  n u m b e r  o f  d i v e r s  o f f  n a t u r a l  r e e f  

( a r o u n d  2 1 %  o f  d i v e s ,  5 9 %  o f  w h i c h  a r e  s c u b a  c o u r s e s  w h i c h  a r e  l i k e l y  

b e g i n n e r  d i v e r  t h e r e f o r e  m o s t  d a m a g i n g )  a n d  c a n  b e  c o n s i d e r e d  

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

o f  s c u b a  d i v e r s  v i s i t i n g  a n n u a l l y ,  a r o u n d  3 0 0 , 0 0 0 ,  i t  i s  i m p o s s i b l e  f o r  

A R ’ s  o n  K o h  T a o  t o  m i t i g a t e  t h e  n e g a t i v e  e f f e c t s  o f  i n t e n s i v e  s c u b a  

d i v i n g  a n d  o t h e r  s o l u t i o n s  t o  r e d u c i n g  d i v e r  d a m a g e  i n  c o m b i n a t i o n  

w i t h  A R ’ s  m u s t  b e  f o u n d .  

T h e  m o s t  e f f e c t i v e  A R ’ s  a t  r e d u c i n g  d i v i n g  p r e s s u r e  o n  K o h  T a o  w e r e  

t h e  w r e c k  o f  H M S  S a t t a k u t  a n d  t h e  A R  d e s i g n e d  f o r  t r a i n i n g  d i v e r s  

c a l l e d  B u o y a n c y  w o r l d ,  a c c o u n t i n g  f o r  4 3 . 7 %  a n d  4 1 . 1 %   o f  t h e  t o t a l  

u s e  o f  t h e  6  A R ’ s  s u r v e y e d .  T h e  r e a s o n s  f o r  t h e i r  s u c c e s s  b e i n g ;  t h e i r  

r e l a t i v e l y  s h o r t  d i s t a n c e  f r o m  t h e  m a i n  c o n c e n t r a t i o n  o f  d i v e  s h o p s  

s u r v e y e d  a n d  p o p u l a r  d i v e  s i t e s ,  w h i c h  c u t s  t i m e  a n d  f u e l  c o s t s  f o r  

d i v e  c o m p a n i e s .  T h e i r  d e p t h  a n d  c u r r e n t  b e i n g  w i t h i n  a c c e p t a b l e  

l e v e l s ,  b u o y a n c y  w o r l d  i s  m a i n l y  f o r  b e g i n n e r  d i v e r s  a n d  i s  r e l a t i v e l y  

s h a l l o w ,  H M S  S a t t a k u t  i s  d e e p e r  b u t  s t i l l  w i t h i n  t h e  3 0 m  m a x i m u m  f o r  

r e l a t i v e l y  s i m p l e  d i v i n g .  M V  T r i d e n t  i s  s i m i l a r  t o  H M S  S a t t a k u t  b u t  i s  

2 9 m  t o  3 6 m  i n  d e p t h  a n d  h a s  s t r o n g  c u r r e n t s  m a k i n g  i t  m u c h  m o r e  

d i f f i c u l t  t o  d i v e ,  w h i c h  s i g n i f i c a n t l y  n e g a t i v e l y  a f f e c t e d  i t s  u s e .  T h e  

i n t e r a c t i v e  n a t u r e  o f  B u o y a n c y  w o r l d  a n d  H M S  S a t t a k u t ,  w i t h  m a n y  

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

f a c t o r  s u r v e y s  f o u n d  t o  b e  t h e  f a v o u r i t e  p a r t  o f  d i v i n g  A R ’ s .  T h e  

r e l a t i v e l y  l a r g e  s i z e  c o m p a r e d  t o  o t h e r  A R ’ s  o n  K o h  T a o ,  a  f a c t o r  f o u n d  

t o  b e  i m p o r t a n t  f o r  A R ’ s  t o  b e  u s e d  a s  d i v e  s i t e s  i n  t h e  s u r v e y  n o t e s .   

A r e a s  f o r  i m p r o v e m e n t  o f  A R ’ s  t o  i n c r e a s e  d i v e r  u s a g e  a n d  t h e r e f o r e  

i n c r e a s e  e f f e c t i v e n e s s  a t  r e d u c i n g  d i v e  p r e s s u r e  a r e ;  A  c o m b i n a t i o n  o f  

m o r e  i n t e r e s t i n g  a n d  i n t e r a c t i v e  s t r u c t u r e s ,  s u r v e y  n o t e s  f o u n d  

b o r e d o m  o f  d i v i n g  A R ’ s  t o  b e  a n  i s s u e  a n d  t h a t  i n t e r a c t i v e  s t r u c t u r e s  

w e r e  t h e  m o s t  f a v o u r e d .  M o r e  m a r i n e  l i f e ,  m a n y  o f  t h e  A R ’ s  o n  K o h  

T a o  h a v e  o n l y  a  c o u p l e  o f  s t r u c t u r e s  w i t h  t h r i v i n g  n u m b e r s  o f  c o r a l s  

a n d  o t h e r s  s u c h  a s  b u o y a n c y  w o r l d  h a v e  f e w  f i s h  i n  t h e  i m m e d i a t e  

a r e a ,  t h e s e  w e r e  f o u n d  t o  b e  t h e  m a i n  i m p r o v e m e n t s  w a n t e d  i n  t h e  

d i v e r  s u r v e y s .  T h e  r e l a t i v e l y  s m a l l  s i z e  o f  s o m e  A R ’ s  w a s  f o u n d  t o  b e  

a n  i s s u e  i n  t h e  s u r v e y  n o t e s ,  t h e r e  n e e d s  t o  b e  n a t u r a l  r e e f  n e a r b y  t o  

g o  t o  f o r  p a r t  o f  t h e  d i v e ,  h a v i n g  n a t u r a l  r e e f  n e a r b y  b e i n g  a n o t h e r  

f a c t o r  f o u n d  t o  b e  i m p o r t a n t  i n  t h e  s u r v e y  n o t e s ,  h o w e v e r  i f  A R ’ s  w e r e  
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i m p r o v e d  w i t h  r e c o m m e n d a t i o n s  f r o m  t h i s  s t u d y  t h e n  h a v i n g  n a t u r a l  

r e e f  n e a r b y  m a y  n o t  b e  a n  i s s u e .   

 I n  g e n e r a l  d i v e  c o m p a n i e s  o n  K o h  T a o  f e e l  t h e y  h a v e  b e n e f i t e d  f r o m  

A R ’ s  ( 9 0 %  o f  d i v e  c o m p a n i e s  s u r v e y e d )  a n d  f u t u r e  p r o j e c t s  o n  K o h  T a o  

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

m a n p o w e r  a n d  m a t e r i a l s .  W i t h  8 3 %  o f  d i v e  s h o p s  s u r v e y e d  w i l l i n g  t o  

c o n t r i b u t e  m a n p o w e r ,  3 8 %  w i l l i n g  t o  c o n t r i b u t e  m o n e y  a n d  5 2 %  

w i l l i n g  t o  d o n a t e  m a t e r i a l s .  T h e r e f o r e  f u t u r e  A R  p r o j e c t s  o n  K o h  T a o  

a r e  h i g h l y  f e a s i b l e  a n d  l i k e l y  t o  i n v o l v e  h e l p  f r o m  m u c h  o f  t h e  d i v e  

c o m m u n i t y  o n  t h e  i s l a n d .   
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Appendix 
Appendix I.  

Dive Company Survey, artificial reefs around Koh Tao 

 

 

1. Company Name _____________________________________________ 

 

2. On average, how many divers per week 

 

high season_______ 

 

low season _______ 

 

 

3. On average, how many divers spend time on an artificial reef per week 

 

High season_______ 

 

Low season_______ 

 

4. On average how many of those are 

 

Fun dives_____ 

 

Courses   _____ 

 

5. On average how often do you visit these AR's per month 

 

Hin fai biorock______ 

 

Bouyancy world (twins)________ 

 

Suan Olan (Hin ngam)_______ 

 

MV Trident_______ 

 

HTMS Sattakut_______ 

 

Tanote reef balls_______ 

 

6. Which type of artificial reef is more important (circle appropriate) 

Fish nurseries : Coral Nurseries : training aids : underwater sculptures  

 

7. Do you as a company feel you benefit from artificial reefs around Koh Tao? Y/ N 

 

8. If future artificial reef projects arise would you as a company be willing to contribute  

 

manpower Y/N  

 

Money Y/N 

 

Materials Y/N 
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Diver survey, Koh Tao 

 

1. What is your current highest scuba qualification? 

2.  Total Dive count? 

3. Total dive count around Koh Tao 

4. Total dives on artificial reefs around Koh Tao (even if only for a short part of your dive)? 

5. Which artificial reef sites have you dived around Koh Tao? 

6. How would you rate your experience on the artificial reef 

             Very good|Good| Average|Bad|Very bad 

7. What was your favorite structure on the artificial reef you dived? 

8. Would you dive on an artificial reef again? Y/n 

9. What improvements would you most like to see on the artificial reef you dived? 

A. More Fish 

B. More corals 

C. More interesting structures 

 D. Other ________________________              

10. What did you like best about diving the artificial reef? 

11. What did you like least about diving the artificial reef?  

12. Would you pay to dive solely on an artificial reef? Y/n 

13. Would you pay for a dive in which part of the time is on an artificial reef? Y/n 

 

14. What was the purpose of your dive on the artificial reef? (Fun dive or learning/ course) 

15. Have you ever heard of Biorock technology? Y/n 
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Appendix II. 

Electronic resource. 


