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TIIE IMPACT OF HUMAN INFLUENCE ON 
TlIE FRINGING REEF OF PULAU IIANTU, SINGAPORE 

D e p t  o f  Z o o l o g y ,  N a t i o n a l  U n i v e r s i t y  o f  S i n g a p o r e ,  
K e n t  R i d g e ,  S i n g a p o r e  0 5 1 1  

ABSTRACT 

Pulau Hantu ( l o  13.6'N, 1 0 j Q  45 'E) ,  l o c a t e d  8 km 
south  of Singapore mainland was t ransformed by a  
m a s s i v e  l a n d  r e c l a m a t i o n  p r o g r a m m e  i n t o  a  
r e c r e a t i o n a l  i s l a n d .  The major p a r t  of the  ree f  
f l a t  was b u r i e d  b u t  t h e  r e e f  s l o p e  r e m a i n e d  
untouched. Line t r a n s e c t  surveys a t  d e p t h s  of  0 ,  3 ,  
6 ,  10 m a long  the  r e e f  s lope  a t  3  s t a t i o n s  around 
the  i s l a n d  i n  1986-88 showed t h a t  the  upper p a r t  of 
the  s l o p e  supported b e t t e r  c o r a l  growth i n  terms of  
c o v e r  a n d  g e n e r i c  r i c h n e s s .  A t o t a l  o f  41 
sc le rac t in ium genera was recorded with Pachyser i s ,  
F u n g i a ,  P o r i t e s  and P e c t i n i a  widely d i s t r i b u t e d .  
Average dead c o r a l  colony s i z e  was l a r g e r  than f o r  
l i v e  c o r a l .  Laminate, f o l i o s e  and submassive growth 
forms of hard c o r a l s  were favoured.  

INTRODUCTION 

P u l a u  Hantu ,  s i t u a t e d  8  km s o u t h  o f  main land  
Singapore (F ig .  I ) ,  a t  p o s i t i o n  l o  13.6'N and 103O 
4 5 . 5 ' E ,  o r i g i n a l l y  c o n s i s t e d  o f  2  smal l  nearby 
i s l a n d s ,  Pulau Hantu Desar ( 2  ha)  and Pulau ilnntu 
Xechil (0 .4  h a )  surrounded by f r i n g i n g  r e e f s  with a  
common reef  f l a t  i n  between. Under a  massive land  
reclamation pro ramme between March 1974 and A p r i l  
1975, 400,000 m 5  of  sand was used t o  i n c r e a s e  t h e  
l and  a r e a  of  t h e  two i s l a n d s  t o  12 .2  ha (F ig .  2 ) .  
The reclamation covered most of  tho r e e f  f l a t  up t o  
an average d i s t a n c e  of  15 m frolo tho  r e e f  edge with 
a  rock bund holding bnck the  sand.  The common r e e f  
f l a t  between t h e  two i s l a n d s  was bur ied  under sand 
and transformed i n t o  a  swimming lagoon. 
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Figorr I .  Hnp of southern i s l a n d s  i n  r e l n r i o n r  ro 
mainland Singlpore. 

Figure  2 .  Hap of  Pulau Ilantu showing the  . ex t en t  o f  
land rec lamat ion  and rhe survry s i r e s .  

O t h e r  f a c i l i t i e s  were added t o  the  i s l a n d s  t o  
i n c r e a s e  t h e i r  r e c r e a t i o n a l  p o t e n t i a l  and t o  d a t e ,  
t h e  i s l a n d s  a r e  extremely popular  with p i c n i c k e r s ,  
e s p e c i a l l y  on weekends. 

No q u a n t i t a t i v e  s t u d i e s  have been made on the  r e e f  
l i f e  o f  P u l a u  I l a n t u  p r i o r  t o  i t s  p h y s i c a l  
t rans format ion  and comparisons cannot  be made t o  
a s s e s s  t h e  d i r e c t  impact of  t h e  man-made changes. 
The r e s u l t s  of t h i s  s tudy  however, w i l l  e s t a b l i s h  
t h e  b a s i c  r e f e r e n c e  f o r  t h e  r e e f  a t  t h i s  s t a g e ,  
and enab le  monitoring of  f u t u r e  changes t h a t  may 
a r i s e  from s t r o n g  r e c r e a t i o n a l  p r e s s u r e s .  The 
r e s u l t s  can a l s o  be compared with s i m i l a r  surveys 
conduc ted  r e c e n t l y  on o t h e r  non-reclaimed r e e f s  
wi th in  tho  sur rounding  a r e a .  

Surveys were c a r r i e d  o u t  us ing  p a r a l l e l - t o - s h o r e  
100m l i n e  t r a n s e c t s  s e t  a t  t h e  r e e f  edge and a t  
dep ths  of 3 m ,  6m and 10m of t h e  r e e f  s l o p e  a t  3 
s t a t i o n s  l o c a t e d  around the  i s l a n d s  (F ig .  2 ) .  The 
method used i s  f u l l y  descr ibed  i n  D a r t n a l l  & Jones 
( 1 9 8 6 )  c o n s i p t i n g  essentially o f  l a y i n g  a  
g radua ted  100m l i n e  a long  a  f i x e d  depth fo l lowing  
c l o s e l y  t h e  con tours  of  t h e  s lope .  A l l  l i f e f o r m s  
a s  w e l l  a s  a b i o t i c  c h a r a c t e r i s t i c s  t r a n s e c t e d  by 
t h o  l i n e  woro recorded i n  p r e d e t e r m i n e d  codes 
t o g e t h e r  wi th  t h e  a b s o l u t e  amount of  t r a n s e c t i o n .  
The h a r d  c o r a l s  wcre i d e n t i f i e d  t o  t h e  gener ic  
l e v e l  w h i l e  a l l  o t h e r  l i f e f o r m s  w e r e  - n o t  
c l a s s i f i e d  beyond broad taxonomic c a t e g o r i e s .  

S t a t i o n  A i s  s i t u a t e d  j u s t  south of  t h e  only 
c o n c r e t e  j e t t y  which s e r v o s  tho  i s l a n d  complex. 
T h e r e  i s  f r e q u e n t  movement of p r o p e l l a r d r i v e n  
v e s s e l s  around t h i s  a r e a  which a l s o  has l i m i t e d  
mooring f a c i l i t i e s .  S t a t i o n  B i s  s e p a r a t e d  from a  
n e a r b y  paLch r e e f  by a  narrow channe l  of 5001 
width and 18m depth .  S t rong  t i d a l  s t roams occur 
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here  dur ing  t i d a l  changes. The l o c a t i o n  of s t a t i o n  
C i s  d i r e c t l y  a t  t h e  sou thern  en t rance  t o  t h e  main 
].agoon. The semi-d iurna l  t i d a l  f l u s h h e  exchanges 
w a t e r  between t h e  lagoon and t h e  sea  over  t h i s  
s i t e .  

A1 . l  surveys were c a r r i e d  o u t  us ing  SCUBA between 
Aprj.1 1986 and A p r i l  1908. 

RESULTS 

The l i f e f o r m  cover va lues  a s  wel l  a s  t h e  hard  c o r a l  
g e n c r i c  r i c h n e s s  and colony number a r e  shown i n  
Table 1.  Live c o r a l  cover  i s  g r e a t e s t  on t h e  r e e f  
edge and 3m depth  of t h e  r e e f  s l o p e  a t  s t a t i o n s  A 
a n d  B .  A t  s t a t j o n  C ,  l i v e  c o r a l  c o v e r  was 
s u b s t a n t i a l l y  reduced a t  t h e  3m depth .  A l l  s t a t i o n s  
showed low l i v e  c o r a l  cover  a t  [;he 6m and 10m 
depths.  Stat j .on B r e g i s t e r e d  t h e  h i g h e s t  l i v e  c o r a l  
cr iver  a t  a l l  d e p t h s  a s  compared wi th  t h o s e  of 
s t a t i o n  A and C.  Dead c o r a l  cover  was colnparati.vely 
hjel ler  a t  8.11 depths  of s tuLion C than  t h e  o t h e r  
two s t a t i o n s .  The m a j o r i t y  o f  dead c o r a l s  was 
coated wi th  a l e a e .  Recently dead c o r a l s  were few i n  
numbers .  The u p p e r  l e v e l s  o f  t h e  r e e f  s l o p e  
supported a g r e a t e r  d i v e r s i t y  of hard c o r a l s  and 
h igher  colony numbers. 

Algal cover a t  a l l  dep ths  of t h e  t h r e e  s t a t i o n s  was 
dominated by macroalgae except  a t  t h e  10m depth  
t r a n s e c t  of s t a - t i o n  A which was mainly c o r a l l i n e  
a l g a e  and t,)le 3m depth  t r a n s e c t  of s t a t i o n  B which 
was mainly mixed alea.1 assemblages. C o r a l l i n e  a l g a e  
were  n o t  a b u n d a n t  and  even  a t  t h e  lorn d e p t h  
t r a n s e c t  of s t a t i o n  A where they were dominant ,  
they  occupied only 1.89% of t h e  tota .1 l e n g t h  of t h e  
t r a n s e c t .  A l g a l  c o v e r  a l s o  d e c r e a s e d  w i t h  
i n c r e a s i n g  depth.  

The o t h e r  r e e f  fauna  a p a r t  from t h e  hard c o r a l s ,  
d i d  n o t  show t h e  same t r e n d  of decreas ing  va lue  
w1t.h i n c r e a s i n g  dep th ,  a s  was shown by t h e  hard 
c o r a l s .  The r e e f  edge a t  s t a t i o n  A r e g i s t e r e d  t h e  
h i g h e s t  amount of o t h e r  f a u n a ,  most of which was 

s o f t  c o r a l .  The a r e a l  coyer  of o t h e r  fauna was 
g e n e r a l l y  low. The a b i o t i c  component .of mainly 
sand and r u b b l e  showed a c l e a r  i n c r e a s e  from t h e  
sha l lower  t o  t h e  deeper  p a r t s  of t h e  r e e f  s lope  a t  
a l l  s i t e s .  A t o t a l  of 41 genera  of hard c o r a l s  was 
ob ta ined  from a l l  t h e  survey l o c a t i o n s  and t h e i r  
d i s t r i b u t i o n  shown i n  Table 2. Pachyser i s ,  t h e  
most widespread genus, was p r e s e n t  on 11 of t h e  12 
s u r v e y  l o c s l i o n s .  Fungin occur red  i n  10  of t h e  
loca t io l l s  whi le  P o r i t e s  and P e c t i n i a  were p r e s e n t  
i n  9 l o c a t i o n s .  I n  g e n e r a l ,  t h e  s h a l l o w e r  
t r a n s e c t s  suppor ted  a higher. d i v e r s i t y  of hard 
cora1.s .  S t a t i o n  B s u p p o r t e d  t h e  h i g h e s t  t o t a l  
number of c o r a l  genera ( 3 5 ) ,  and a l l  dep ths  of 
t h i s  s t a t i o n  w i t h  t h e  excep t ion  of t h e  6m depth 
were g e n e r i c a l l y  r i c h e r  compared with t h e  o t h e r  
two s t a . t i o n s .  L i m i t e d  i n  d i s t r i b u t i o n  t o  one 
survey l o c a t i o n  only were P o c i l l o p o r a ,  Acropora, 
L e p t o s e r i s ,  P o l y p h y l l i a ,  O u l a s t r e a ,  Trachyphyl l i a ,  
Tubas t raea  and T u r b i n a r i a .  

Generic  dominance i n  terms of percen tage  cover a s  
shown i n  T a b l e  3 ,  i n d i c a t e s  M e r u l i n a  a s  t h e  
widespread dominant genus a t  t h e  r e e f  edge, Pavona 
a t  t h e  3m depth  and Fungia a t  t h e  10m depth .  The 
61n dep th  was dominated by a d i f f e r e n t  genus a t  
each si t ,e .  

The average colony s i z e s  of both l i v e  and dead 
c o r a l s  a r e  conipared i n  Table 4. Dead c o r a l  colony 
s i z e s  were g e n e r a l l y  l a r g e r  than  t h o s e  of l i v e  
c o r a l .  Live c o r a l  colony s i z e  showed a d e c r e a s e  a t  
t h e  deeper  p a r t s  of t h e  ree f  s l o p e .  Dead c o r a l  
colony s i z e  a t  s t a t i o n  B increased  wi th  dep th  bu t  
f o r  s t a t i o n s  A and C ,  l a r g e r  c o l o n i e s  were p r e s e n t  
on t h e  upper t r a n s e c t s .  S i z e  v a r i a t i o n  however was 
wide, r e s u l t i n g  i n  l a r g e  s tandard  d e v i a t i o n s .  

DISCUSSION 

The r e e f  community a t  P u l a u  Hantu  h a s  been  
s u b j e c t e d  t o  human i n f l u e n c e  of v a r i o u s  s o r t s ,  t h e  
most s e r i o u s  of which was land  rec lamat ion  which 

Table 1 .  Lifeform cover,  hard c o r a l  g e n e r i c  r i c h n e s s  and colony number a t  a l l  su rvey  
l o c a t i o n s  of  Pulau Hantu r e e f  

--------------------------------------------------------------------------------------*--------- 

Hard c o r a l  Live c o r a l  Lifeforms cover (%) 
g e n e r i c  colony no. ............................................. 

S t a t i o n  Depth r i c h n e s s  per  per  100m Live Dead Algae Other  Abio t ic  
(m) 100m l i n e  l i n e  c o r a l  c o r a l  fauna component 
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Table 2. Distribution of hard coral  genera arrong the  t r m s e c t  depths of a l l  s ta t ions  surveyed (+ = plesent,  - = absent) 

STATION A B C 

FAMTLY GExEm (m) 0 3 6 10 0 3 6 10 0 3 6 10 

P o c i l l o p r a  

Leptoseris 

Pachyseris 

Pamna 

Fungia 

H e r p l i t h a  

Heliofungia 

Fdakacia 

Polyphyllia 

Cycloseris 

PaRITIDAE 

FAVIIDAE 

Goniopra 

Porites 

Cyphastrea 

Diploastrea 

Echinopra 

Favia 

Favites 

Gmiastrea 

Hydnophora 

mntas t rea  

Platygyra 

Leptastrea 

Oulastrea 

Euphyllia 

Physcqra 
P l e r c q r a  
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Table 3. Dcmi~nt hard cnral genera af l o c a t i h  sumeyed (values 
in brackets irdicate the cover of that genus against 
total live mral a v e r  for that particular location) 

SI'ATIm A SATION B STATICN C 

rn 
(m) 

Table 4. Average mlony sizes of live 3rd dead wrals 

Colony size + 9) (sample nwrbcr) in on 

Station Depth(m) Live 
coral 

Dead 
wral  

permanently smothered t h e  major p o r t i o n  of t h e  r e e f  
f l a t .  I n  a d d i t i o n ,  t h e  a c t i v i t i e s  o f  v i s i t o r s  
e s p e c i a l l y  on weekends provide a  continued pressure  
on t h e  r e e f  s lope  and what remains of t h e  r e e f  
f l a t .  A s tudy  on t h e  r e e f  community p r i o r  t o  t h e  
l a n d  r e c l a m a t i o n  programme was r e s t r i c t e d  t o  a  
l i s t i n g  of  s p e c i e s  (Chuang,  1 9 6 1 )  b u t  i t  i s  
s u s p e c t e d  t h a t  t h e  l i s t  of 19  genera of s tony  
c o r a l s  was n o t  exhaust ive a s  i t  is  u n l i k e l y  t h a t  
t h e  c o r a l  c o m m u n i t y  c o u l d  h a v e  i n c r e a s e d  
s u b s t a n t i a l l y  a f t e r  t h e  reclamation.  

Although it i s  n o t  p o s s i b l e  t o  a s s e s s  t h e  a c t u a l  
impact of t h e  reclamation on t h e  c o r a l  community, 
i t  can be i n f e r r e d  from t h e  r e s u l t s  t h a t  t h e  
d e e p e r  z o n e s  o f  t h e  r e e f  s l o p e  have  become 
u n f a v o r a b l e  t o  c o r a l  g rowth  j u d g i n g  from t h e  
frequency and s i z e  of l i v e  and dead c o r a l s  a t  t h e s e  
a r e a s .  

S t a t i o n  B appeared t o  support  t h e  b e s t  l i v e  c o r a l  
cover and d i v e r s i t y  throughout the  var ious  depths  
of t h e  r e e f  s lope .  The s t r o n g  t i d a l  c u r r e n t s  h e r e  
make t h i s  a r e a  l e s s  p o p u l a r  w i t h  swimmers and 
d i v e r s  and t h i s  may be the  reason f o r  t h e  b e t t e r  
c o r a l  growth here .  

The c o n d i t i o n s  a t  Pulau Hantu seem t o  support  
laminate and f o l i o s e  growth forms a t  a l l  l e v e l s  of 
t h e  r e e f  s l o p e  a s  w e l l  a s  submass ive  f o r m s  
( F u n g i a )  a t  t h e  d e e p e r  zones.  Branching forms 
appeared t o  be r a r e .  Tilmant and Schmahl (1983) i n  
t h e i r  3 - y e a r  s t u d y  o f  c o r a l  d a m a g e  on 
r e c r e a t i o n a l l y  used r e e f s  w i t h i n  Biscayne National  
Park,  F l o r i d a ,  found t h a t  damage was g r e a t e s t  i n  
b r a n c h i n g  s p e c i e s  of  Acropora and P o r i t e s .  In  
t h e i r  r e v i e w  on t h e  e f f e c t s  of s t r e s s  on r e e f  
c o r a l s ,  Brown and Howard (1985) po in ted  out  t h a t  a  
number of case s t u d i e s  such a s  t h o s e  by Sheppard 
( 1 9 8 0 ) ,  D o l l a r  and Grigg (1981), Hudson e t  a 1  
(1982) revea led  an apparen t  l a c k  of s e r i o u s  damage 
a r i s i n g  from man ' s  i n f l u e n c e  and t h a t  t h e r e  
e x i s t e d  a  v a r i a b i l i t y  i n  t h e  response of d i f f e r e n t  
c o r a l s  t o  t h e  s t r e s s e s  even a t  t h e  same s i t e .  

The Pulau Hantu r e e f  s lope  i s  s u b j e c t  t o  d i f f e r e n t  
t y p e s  of d i s t u r b a n c e s  such a s  sedimentat ion and 
r e c r e a t i o n a l  a c t i v i t i e s ,  and t h e  r e e f  community 
t h a t  i s  p r e s e n t  now i n d i c a t e s  t h e  community 
s t r u c t u r e  w h i c h  i s  a b l e  t o  w i t h s t a n d  s u c h  
i n f l u e n c e s .  I t  would appear t h a t  t h e  lamina te ,  
f o l i o s e  and submassive growth forms a r e  t o l e r a n t  
of t h e s e  c o n d i t i o n s .  

Based on g e n e r i c  d i v e r s i t y  and l i v e  c o r a l  cover,  
t h e  u p p e r  p a r t s  o f  t h e  r e e f  s l o p e  remain  
comparable t o  t h a t  of r e e f s  i n  r e l a t i v e l y  c l e a r e r  
waters  such a s  i n  Sichang I s l a n d ,  Gulf of Thailand 
( S a k a i  e t  a l ,  1986) and Cape Rachado, Malaysia 
(Goh & Sasekumar, 1980).  The r e e f  l i f e  of Pulau 
Hantu i s  a l s o  comparable t o  t h e  o t h e r  r e e f s  w i t h i n  
t h e  v i c i n i t y  where sed imenta t ion  load  i s  high but  
r e c r e a t i o n a l  p r e s s u r e  low (Chou, 1988). 
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