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ABSTRACT

T h e  c o r a l  r e e f  a t  Cahuita N a t i o n a l  P a r k ,  C a r i b b e a n  c o a s t  o f
C o s t a  R i c a ,  h a s  b e e n  s t r e s s e d  by s e d i m e n t s  f r o m  w a t e r s h e d s  o f
r i v e r s  t h a t  f l o w  t o  t h e  s e a  n e a r  t h e  P a r k . H i g h  s e d i m e n t  l o a d s
in t h e s e  r i v e r s  a r e  d u e  t o  d e f o r e s t a t i o n  o n  t h e  h i g h l a n d s  a n d  t o
i n a p p r o p r i a t e  a g r i c u l t u r a l  p r a c t i c e s  o n  t h e  c o a s t a l  p l a i n s .
D u r i n g  t h e  l a s t  d e c a d e  n a t u r a l  d i s t u r b a n c e s  - -  c o r a l  b l e a c h i n g  i n
1 9 8 3 ,  Diadema  antillarum  d i e - o f f  in 1 9 8 3  a n d  1 9 9 2 ,  a  7 . 5
e a r t h q u a k e  in 1 9 9 1  - - a n d  o t h e r  anthropogenic  s t r e s s e s  - -
p o l l u t i o n ,  t o u r i s m  - - h a v e  c o n t r i b u t e d  t o  t h e  d e g r a d a t i o n  o f  t h e
c o r a l  r e e f .

A  c o m p a r i s o n  o f  t h e  r e e f  b e t w e e n  t h e  l a t e  1 9 7 0 ’ s  -  e a r l y
1 9 8 0 ’ s  a n d  1 9 9 3  r e v e a l e d  t h e  f o l l o w i n g :  s u s p e n d e d  s e d i m e n t s  a n d
t h e  n o n - c a r b o n a t e  f r a c t i o n  o f  b o t t o m  s e d i m e n t s  h a v e  i n c r e a s e d
f r o m  8  t o  9  mg/1,  a n d  f r o m  4 0  t o  4 8 % ,  r e s p e c t i v e l y ;  live coral
c o v e r  h a s  d e c r e a s e d ,  f r o m  4 0  t o  1 1 % ,  while d e a d  c o r a l ,  a l g a e
c o v e r e d  c a r b o n a t e  s u b s t r a t e  a n d  c o r a l  r u b b l e  h a v e  i n c r e a s e d  f r o m
60 to  89%. T h e s e  c h a n g e s  a r e  a t t r i b u t e d  t o  t h e  i n c r e a s e  in
s e d i m e n t  l o a d s  in t h e  r e e f ,  i n c r e a s e d  vi.sitati.on  t o  t h e  r e e f ,  a n d
t o  n a t u r a l  d i s t u r b a n c e s . I t  is p o s s i b l e  t h a t  t h e  r e e f  will
r e c o v e r  if s e d i m e n t  l o a d s  in the rivers a r e  r e d u c e d .

INTRODUCTION

T h e  Cahuita  co ra l  ree f  is  l o c a t e d  o n  t h e  C a r i b b e a n  c o a s t  o f
C o s t a  Rica, C e n t r a l  America  (9*45’N - 82°48’w)  (Fig. 1 ) . The
fringing  r e e f  is p a r t  o f  Cahuita N a t i o n a l  P a r k .  T h e  r e e f  w a s
c h a r a c t e r i z e d  in t h e  e a r l y  1 9 8 0 ’ s  a s  being  u n d e r  siltation  s t r e s s
b e c a u s e  o f  h i g h  s u s p e n d e d  s e d i m e n t  l o a d s  a n d  r e s u s p e n s i o n  o f
b o t t o m  s e d i m e n t s .  A s  a  r e s u l t , it h a d  l o w  live c o r a l  c o v e r a g e ,
d i v e r s i t y  a n d  c o r a l  g r o w t h  r a t e s  (Cort6s  1 9 8 1 ;  Cort6s a n d  Risk,
1 9 8 4 ,  1 9 8 5 ) .

S e v e r a l  n a t u r a l  d i s t u r b a n c e s  h a v e  a f f e c t e d  t h e  r e e f  since
1980. I n  1 9 8 3  a  b l e a c h i n g  e v e n t  a s s o c i a t e d  with high
t e m p e r a t u r e s ,  w a s  r e s p o n s i b l e  f o r  t h e  d e a t h  o f  c o r a l s ,  mainly
A c r o p o r a  palmata  (Cort6s  e t  a l . ,  1 9 8 4 )  . A l s o  in 1 9 8 3 ,  t h e r e  w a s
m a s s i v e  m o r t a l i t y  o f  t h e  s e a  u r c h i n  Diadema  antillarum  (Murillo
a n d  Cort&s, 1 9 8 4 ) ,  d u e  t o  a  w a t e r - b o r n e  p a t h o g e n  (Lessios e t  a l . ,
1984) . I n  1 9 9 1  a  7 . 5  e a r t h q u a k e  ( R i c h t e r  s c a l e )  a f f e c t e d  t h e
entire C a r i b b e a n  c o a s t  o f  C o s t a  R i c a  (Cort6s  e t  a l . ,  1 9 9 2 ) .
Finally,  t h e r e  w a s  a n o t h e r  d i e - o f f  o f  Diac?ema  in 1 9 9 2  (unpubl.
data ) . P a r a l l e l  t o  t h e s e  n a t u r a l  d i s t u r b a n c e s ,  visitation t o  t h e
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Park  increased  3  fo ld  be tween 1982 and 1991. A d d i t i o n a l l y ,
d u r i n g  t h i s  e n t i r e  p e r i o d ,  s i l t a t i o n  h a s  c o n t i n u e d .

I n  t h i s  p a p e r  I  c o m p a r e  d a t a  o n  c o r a l  c o v e r  a n d  s e d i m e n t s
c o l l e c t e d  i n  1 9 9 3  w i t h  t h e  r e s u l t s  o b t a i n e d  b y  Cort6s ( 1 9 8 1 ) ,  a n d-.
put  fo r th  poss ib le  causes  fo r  the  degradation- o f  t h i s  c o r a l  reer.
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Figure  1 :  Location  o f  t h e  s t u d y  r e e f .

METHODS

To provide  comparable  da ta ,  the  methods  used  by  Cort6s
(1981)  to  s tudy the  reef  a t  Cahuita  w e r e  e m p l o y e d  in 1 9 9 3 .
T r a n s e c t s  w e r e  d o n e  a n d  s a m p l e s  w e r e  c o l l e c t e d ,  in b o t h  p e r i o d s ,
in t h e  s a m e  a r e a  a n d  d e p t h  r a n g e . S i x t e e n  l i n e  t r a n s e c t s  ( 1 0  m
l o n g )  w e r e  d o n e  a n d  t h e  d i s t a n c e  c o v e r e d  b y  e a c h  c o r a l  s p e c i e s
a n d  o t h e r  s u b s t r a t e s  w a s  r e c o r d e d . C o r a l  c o l o n y  s i z e s  ( l e n g t h )
w e r e  c a l c u l a t e d  f r o m  t h e  t r a n s e c t  d a t a . I n  t h e  l a t e  7 0 ’ s  a n d
e a r l y  8 0 ’ s  t h e  d e n s i t y  o f  Diadema  anitillarum  was  d e t e r m i n e d  using
1  mz q u a d r a t s . I n  1 9 9 3 ,  a l l  o f  t h e  i n d i v i d u a l s  e n c o u n t e r e d  w e r e
coun ted  and  the  a rea  c o v e r e d  w a s  c a l c u l a t e d . Surface suspended
sed iments  were  de te rmined  by  f i l t ra t ion  o f  1  l i t e r  samples  on to
p r e w e i g h e d  Millepore  0.45 pm HA f i l ters. The non-carbonate
fract ion of  bot tom sediments was determined by dissolut ion of
carbonates  w i th  d i lu ted  HC1. F i n a l l y ,  r e c o r d s  o f  v i s i t a t i o n  t o
the park expanding from 1982 to 1991 (Bermtidez,  1992)  were
a n a l y z e d .



Table 1 summarizes the data f rom Cort6s  (1981) and the
r e s u l t s  o b t a i n e d  i n  t h i s  s t u d y . P e r c e n t  l i v e  c o r a l  c o v e r a g e  i s
s i g n i f i c a n t l y  l o w e r  i n  1 9 9 3  t h a n  i n  p r e v i o u s  s u r v e y s  b y  Cort&s
( 1 9 8 1 ) ,  w h i l e  o t h e r  s u b s t r a t e s  i n c r e a s e d ,  i n c l u d i n g  d e a d  c o r a l ,
a lgae  covered  carbonate  subs t ra te  and  cora l  rubb le . The number
o f  cora l  spec ies  encounte red  in  the  t ransec ts  surveyed was  the
same (Table 1) . However,  Acropora  cervicornis  was recorded in
1980, but not in  1993,  whi le the opposite occurred with
Colpophyll~a  natans  ( T a b l e  2 ) . The  s ize  o f  Porites  astreoides
d u r i n g  b o t h  s u r v e y s  i s  n o t  s i g n i f i c a n t l y  d i f f e r e n t  ( T a b l e  1 ) ,  b u t
P. astreoides  i.s more  abundant  now than 10 years  ago  (Tab les  2 ) .
The average size and abundance of  Agaricia  agaricites  have
decreased (Tab les  1  and 2)f  but it is  s t i l l  the  predominant  cora l
spec ies  a t  Cahuita  (Table 2) . Siderastrea  siderea  is c u r r e n t l y
r e p r e s e n t e d  b y  larger c o l o n i e s  ( T a b l e  1 )  a n d  its a b u n d a n c e  h a s
i n c r e a s e d  ( T a b l e  2 ) . T h e  a b u n d a n c e  o f  Porites  porites  has
decreased (Tab le  2 ) .

The  dens i ty  o f  Diadema  antillarum  was a b o u t  3 o r d e r s  o f
m a g n i t u d e  l o w e r  in 1 9 9 3  ( T a b l e  1 ) . S u s p e n d e d  s e d i m e n t s  a r e
significantly  higher  in 1 9 9 3  ( T a b l e  1 ) . P e r c e n t a g e  o f  t h e  non-
c a r b o n a t e d  f r a c t i o n  o f  b o t t o m  s e d i m e n t s  is  a lso  h igher  (Tab le  1 ) .

V i s i t a t i o n  t o  Cahuita  N a t i o n a l  P a r k  i n c r e a s e d  f r o m  j u s t  o v e r
31,000 in 1982 to over 100,000 persons in 1991.

DISCUSSION

H i g h  s e d i m e n t  l o a d s  i s  a s s o c i a t e d  w i t h  l e s s  l i v e  c o r a l  a n d
r e d u c e d  cora l  r e c r u i t m e n t  ( R o g e r s ,  1 9 9 0 ) . A t  Cahuita,  l i v e  c o r a l
c o v e r  d e c l i n e d  in  the  las t  decade wh i le  sed iments  loads  have
i n c r e a s e d  ( T a b l e  1). A lso ,  ve ry  few rec ru i t s  were  encounte red  a t
Cahuita,  e x c e p t  f o r  P .  astreoides. I n  s o m e  l o c a l i t i e s ,  e . g .
F a n n i n g  I s l a n d  (MaragosJ  1 9 7 4 ) ,  l a r g e r  c o l o n i e s  a r e  f o u n d  i n  m o r e
t u r b i d  a r e a s . Cort6s  (1981)  no ted  tha t  co lon ies  o f  some mass ive
s p e c i e s  a t  Cahuita  were  la rger  than  in  o ther  a reas . In  1993,
Siderastrea  s i d e r e a  c o l o n i e s  w e r e  l a r g e r  t h a n  i n  t h e  e a r l i e r
s u r v e y  ( T a b l e  1 ) .

O t h e r  f a c t o r s  m a y  a l s o  c o n t r i b u t e  t o  t h e  d e g r a d a t i o n  o f  t h e
c o r a l  r e e f  a t  Cahuita. The bleaching event in 1983 caused close
t o  4 0 %  c o r a l  m o r t a l i t y ,  e s p e c i a l l y  o f  Acropora  s p p .  (Cort6s e t
a l . ,  1 9 8 4 ) . A. palmata  abundance is lower now and A. cervicornis
has  no t  been observed  recent ly  (Tab le  2 ) . Other species have
recovered  f rom the  b leach ing  event . The  mass ive  d ie -o f f s  o f
Diadema  antillarum  h 1983 and 1992 (Murillo  and Cort&s,  1 9 8 4 ;
unpublish. d a t a )  h a v e  r e s u l t e d  i n  t h e  s m a l l  s u r v i v i n g  p o p u l a t i o n s
( T a b l e  1 ) . T h e  r e d u c t i o n  in  u rch in  numbers  has  resu l ted  in  an
i n c r e a s e  i n  macroalgae  cover  near  o r  on  cora l  co lon ies
(unpublish. d a t a ) ,  a s  w a s  o b s e r v e d ,  a f t e r  1 9 8 3 ,  i n  o t h e r
C a r i b b e a n  r e e f s  ( C a r p e n t e r ,  1 9 9 0 ) . The  inc rease  in  macroalgal
c o v e r  h a s  a n e g a t i v e  e f f e c t  o n  c o r a l s  (Liddell  and Ohlhorst~
1 9 8 6 ;  Lapointe,  1 9 8 9 ) .  A t  Cahuita,  macroalgae  a r e  s m o t h e r i n g
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Table 1

Comparison between data col lected at  Cahui ta Nat ional  Park in the
l a t e  1 9 7 0 ’ s  - ear ly 1980’s and in 1993.

1. Percen t  Cover
L i v e  c o r a l ”

Other  subs t ra te ’

2 .  Cora ls
Number of species
i n  t r a n s e c t s

C o l o n y  s i z e s  ( c m )
P .  astreoicies

A .  agaricites

S .  siderea

3 .  D e n s i t y ” o f  Diadema
Diadema antillarum

4. Sediments
suspended sediments

(mg/1)

% n o n - c a r b o n a t e
f r a c t i o n  o f

b o t t o m  s e d i m e n t s

Cort6s  1981

4 0 . 4  * 5 .6
(4 - 80)

5 9 . 6  3 5 .6
(20 -  96)

10

4 - 33 ind/m2

8 . 4  ~ 1.6
( 0 . 8 -  54 .0 )

n = 34

4 0 . 1  * 1 0 . 4
( 2 . 8  -  ~8.9]

n =

T h i s  s t u d y

1 1 . 2  * 2 .4 b

(o -  34)

8 8 . 8  f  2 .4 b

(66 - 100)

10

9*4 ~ 5*4
= 21

14.:  * 1 2 . 2
= 45

32.;  A 2 4 . 0
n = 17

1 0  ind/1,000  mz

9.1  & 208b
( 3 . 6 -  22 .1 )

n = 18

4 7 . 8  t  8 .9 d

( 4 . 9 -  81 .1 )
n = 9

a. m e a n  + s t a n d a r d  e r r o r  o f  t h e  m e a n  a n d  r a n g e  in p a r e n t h e s e s .
=  1 6  l i n e a r  t r a n s e c t s  ( 1 0  m  l o n g )

b. ~ifferences  between years  are  significant  (ANOVA p  < 0 . 0 5 )
c. Mainly d e a d  c o r a l ,  a l g a l - c o v e r e d  c a r b o n a t e  s u b s t r a t e  a n d  c o r a l

r u b b l e
d.  Dif ferences  between years  are  not  significant  (ANOVA p  > 0 . 0 5 )

All



T a b l e  2

p e r c e n t a g e  o f  e a c h  s p e c i e s  of the  total live coral e n c o u n t e r e d  i n
1 6  t r a n s e c t s .

Cort6s  1981 This study % change

Agaricia  agaricites
Siderastrea  siderea
Porites  porites
Porites  astreoides
Diploria  s t r i g o s a
Acropora palmata
Millepora complanata
Diploria  clivosa
Montastrea  annularis
Acropora cervicornis
Colpophyllia natans

54.6%
15.6
1 3 . 0

6 . 5
3 . 4

;::
0 . 7

:::
0

39.7%
31.1

3 . 8
1 1 . 0

0 . 8
1 .9
3 . 7
2 . 8
2 . 8
0
2 . 2

-  1 4 . 9
+  1 5 . 5

-  9e2
+  4 . 5
-  2 0 6
-  1 . 2
+  1 . 3
+ 2*1
+  2 . 4
- 0 . 1
+ 2 . 2

c o r a l s  a n d  m a y  a f f e c t  l a r v a l  s e t t l e m e n t . T h e  A p r i l ,  1 9 9 1
e a r t h q u a k e  c a u s e d  c o a s t a l  u p l i f t  a n d  s l u m p i n g  o f  p a r t  o f  t h e  r e e f
f r o n t  (Cort6s e t  a l . ,  1 9 9 2 ) . T w o  o f  t h e  m o s t  a f f e c t e d  s p e c i e s
w e r e  A. agaricites and P. porites,  b e c a u s e  o f  t h e i r  p r e d o m i n a n c e
o n  t h e  r e e f  f r o n t  (Cort6s  a n d  R i s k r 1 9 8 4 ) . D e n s i t i e s  o f  b o t h
spec ies  have  d ropped (Tab le  2 ) . Large  areas  o f  the  ree f  a re  now
covered  by  rubb le  o f  these  two spec ies ,  tha t  i s  se rv ing  as  a
s u b s t r a t e  f o r  P.  a s t r e o i d e s ,  w h i c h  e x p l a i n s  i t s  i n c r e a s e  i n
d e n s i t y  ( T a b l e  2 ) .

The above na tura l  d is tu rbances  have a f fec ted  o ther  ree fs  on
the  Car ibbean coas t  o f  Cos ta  R ica ,  wh ich  a re  no t  under  s i l ta t ion
s t r e s s . These reefs seem to have recovered f rom these
d i s t u r b a n c e s  (Cort&s  and Guzmtin,  1 9 8 5 ;  Cort6s,  1 9 9 2 ;  pers. o h s . ) .

R e c r e a t i o n a l  activities  m a y  h a v e  a  d e l e t e r i o u s  impact o n
c o r a l  r e e f s . C o r a l  t r a m p l i n g  b y  r e e f  w a l k e r s ,  v o l u n t a r y  o r
i n v o l u n t a r y  p h y s i c a l  c o n t a c t  w i t h  c o r a l s ,  a n d  b o a t  d a m a g e  a r e
c a u s e s  o f  c o r a l  stress  a n d  d e a t h  (Tilmant,  1 9 8 7 ;  Neil, 1 9 9 0 ) .  ln
t h e  F l o r i d a  K e y s  a  significant  linear c o r r e l a t i o n  o f  r e e f  u s e  a n d
i n c i d e n c e  o f  physical  d a m a g e  w a s  f o u n d  (Tilmant  a n d  Schmahl,
1981) . T h e  n u m b e r  of  v i s i t o r s  t o  Cahuita N a t i o n a l  P a r k  h a s
i.nereased d r a m a t i c a l l y  a n d  t h e y  w a l k  o n  t h e  r e e f ,  b r e a k  corals
and cause boat damages.

Other  p rob lems have  been de tec ted  recent ly  in  Cahu i ta .
Heavy  meta l  concent ra t ions  in  cora l  and  sed iments  a re  h igher  a t
Cahuita  than  a t  o ther  cora l  ree fs  surveyed in  bo th  Panama and
C o s t a  R i c a  (Guzm&n and Jim6nez,  1 9 9 2 ) . T h e s e  m e t a l  p o l l u t a n t s
a r e  a s s o c i a t e d  w i t h  n a t u r a l  ( s o i l  e r o s i o n )  a n d  a n t h r o p o g e n i c
( d o m e s t i c  a n d  i n d u s t r i a l  s e w a g e ,  o i l ,  p e s t i c i d e s )  s o u r c e s  (Guzm&n
and  Jim6nez,  1 9 9 2 ) .

The sed iment  p rob lem a t  Cahu i ta  was  found to  be  s ign i f i can t
(Cort6s  1 9 8 1 ) ,  a n d  i t  i s  n o w  o b v i o u s  t h a t  o n  t o p  o f  t h e  s i l t a t i o n
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(,-,
s t r e s s  t h e r e  a r e  n a t u r a l  d i s t u r b a n c e s  a n d  o t h e r  a n t h r o p o g e n i c
d i s t u r b a n c e s  d e g r a d i n g  t h e  r e e f . B u t  t h e r e  i s  s t i l l  h o p e  f o r  t h e
C a h u i t a  r e e f ,  s i n c e  t h e r e  i s  s t i l l  s o m e  l i v e  c o r a l  c o v e r  a n d  a
r e l a t i v e l y  l a r g e  n u m b e r  o f  c o r a l  s p e c i e s . Recru i tment  on to
a r t i f i c i a l  s u b s t r a t e  r a i s e d  a b o v e  t h e  r e e f  h a v e  b e e n  o b t a i n e d
(unpublish.  d a t a ) ,  h e r b i v o r o u s  f i s h  a r e  p r e s e n t  ( P h i l l i p s  a n d
P4rez-Cruet,  1 9 8 4 ) ,  a n d  Diadema  has d e m o n s t r a t e d  t h a t  i t s
p o p u l a t i o n s  m a y  r e c o v e r  (pers. observ.). I t  i s  p o s s i b l e  t h a t  t h e
r e e f  w i l l  r e c o v e r  i f  s e d i m e n t  l o a d s  i n  t h e  r i v e r s  a r e  r e d u c e d  b y
r e - e s t a b l i s h i n g  t h e  r i v e r i n e  f o r e s t  a n d  b y  r e d u c i n g  d e f o r e s t a t i o n
o n  t h e  h i g h l a n d s .

CONCLUSION

The coral  reef  at  Cahuita  h a s  b e e n  c o n t i n u a l l y  s t r e s s e d  b y
h igh  sed iment  loads . Dur ing  the  las t  decade,  degradat ion  o f  the
ree f  has  con t inued,  compounded by  acu te  na tu ra l  even ts  - -  co ra l
b l e a c h i n g ,  Diadema  d ie -o f fs  and ear thquake - -  and  to  o ther
a n t h r o p o g e n i c  s t r e s s e s  - -  p o l l u t i o n  a n d  t o u r i s m . Because of  the
c h r o n i c  s i l t a t i o n  s t r e s s  a t  Cahuita,  t h i s  r e e f  h a s  n o t  b e e n  able
to  recover  f rom na tu ra l  d is tu rbances  as  has  been observed  in
o t h e r  r e e f s  i n  t h e  a r e a . I f  s e d i m e n t  l o a d s  a t  Cahuita  a r e
reduced,  the  ree f  may  recover .

Work at  Cahuita  Nat iona l  Park  has  been poss ib le  thanks  to
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Universidad  de Costa Rica (1979 to the present)  and McMaster
U n i v e r s i t y  ( 1 9 7 9 - 1 9 8 1 ) . A.C.  Fonseca, C. Jim6nez  and E. Ruiz
h e l p e d  w i t h  d a t a  c o l l e c t i n g  a n d  s a m p l e  a n a l y s i s .  C r i t i c a l
reviews by G. Muller-Parker,  C. Jim6nez  and R.  So to  improved the
m a n u s c r i p t . Log is t i c  suppor t  over  the  years  by  the  Servicio  de
Parques  Nacionales  i s  g r e a t l y  a p p r e c i a t e d .
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