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ABSTRACT 

On Augus t  4 ,  1 9 8 4 ,  a  4 0 0 - f o o t  C y p r i o t - r e g i s t e r e d  f r e i g h t e r  r a n  ag round  on M o l a s s e s  Reef i n  t h e  
Key L a r g o  N a t i o n a l  Mar ine  S a n c t u a r y ,  F l o r i d a ,  USA and r e m a i n e d  ag round  f o r  1 2  d a y s .  Whi l e  t h e  s h i p  
s u s t a i n e d  o n l y  minor  p h y s i c a l  damage and no h a z a r d o u s  w a s t e s  were  s p i l l e d ,  t h e  g r o u n d i n g  and a s s o c i a t e d  
s a l v a g e  e f f o r t s  c a u s e d  s u b s t a n t i a l  damage t o  b e n t h i c  m a r i n e  p o p u l a t i o n s  on t h e  f o r e r e e f .  H a y s t a c k - s i z e d  
c o l o n i e s  o f  M o n t a s t r e a  a n n u l a r i s  were  a b r a d e d ,  f r a c t u r e d  o r  o v e r t u r n e d  when s t r u c k  by t h e  s h i p  a s  i t  
a p p r o a c h e d  t h e  g r o u n d i n e  s i t e .  Where the  s h i p  g r o u n d e d ,  a t  t h e  s e a w a r d  end of t h e  s p u r  and g roove  
t r a c k ,  t h e  r e e f  f o r m a t i o n  was c r u s h e d  and  now resemble:.  a  g r a d e d  roadbed  c o v e r e d  w i t h  a  v e n e e r  of 
c o r a l l i n e  d e b r i s .  A d d i t i o n a l  damages were caused  by c a b l e  d r a g ,  propwash scour  and s h a d i n g .  

The r e c o v e r y  of M o l a s s e s  Reef f o l l o w i n g  t h e  s h i p  g r o u n d i n g  i s  now t h e  s u b j e c t  of a  l a r g e  s c a l e ,  
r m l t  i d i s c i p l  i n e d  r e s e a r c h  program s p o n s o r e d  by t h e  N a t i o n a l  Ocean ic  and A t m s p h e r  i c  A d m i n i s t r a t i o n  which 
manages  t h e  Key L a r g o  N a t i o n a l  Marine  S a n c t u a r y .  A  r e s e a r c h  p l a n  has  b e e n  d e v e l o p e d  i n  an  e f f o r t  t o  
d i r e c t  t h e  m l t i - i n v e s t i g a t o r  program and i n f o r m  t h e  p u b l i c  of t h e  r e s e a r c h  a c t i v i t i e s  and r e s u l t s .  An 
a s s e s s m e n t  of t h e  immed ia t e  impac t  of t h e  g r o u n d i n g  on  a l g a l ,  c o r a l  and f i s h  p o p u l a t i o n s  h a s  b e e n  
c a n p l e t e d ,  and v i a b l e  c o r a l  c o l o n i e s  h a v e  been r e h a b i l i t a t e d .  Reef p o p u l a t i o n  r e c o v e r y  s t u d i e s  h a v e  
b e g u n ,  and  e x p e r i m e n t a l  s t u d i e s  a r e  b e i n g  c o n d u c t e d  t o  i d e n t i f y  f a c t o r s  t h a t  p romote  o r  i n h i b i t  r e e f  
r e c o v e r y .  Aer i  a1  p h o t o g r a p h y  h a s  been o b t a i n e d  and a  pho tomosa ic  i s  b e i n g  produced f o r  g r o u n d t r u t h  
mapping and n l o n i t o r i n g  p u r p o s e s .  The r e s u l t s  o f  t h e s e  i n v e s t i g a t i o n s  w i l l  be  s y n t h e s i z e d  i n t o  a  
management document  t h a t  d i  s c u C s e -  t h ( s  e x t e n t  of damages a s s o c i a t e d  w i t h  t h e  s h i p  g r o u n d i n g  and 
i d e n t i f i e s  s t r a t e g i e s ,  i f  a n y ,  t h a t  woulrl b e  e f f e c t i v e  i n  e n h a n c i n g  o r  h a s t e n i n g  r e e f  r e c o v e r y  f o l l o w i n g  
s u c h  a  d i s t u r b a n c e .  

Le 4 aoGt 1 9 8 4 ,  un c a r g o  c h y p r i o t e  s ' b c h o u a  s u r  l e  r C c i f  d e  Molas ses  d a n s  l a  & s e r v e  m a r i n e  
n a t i o n a l e  d e  Key L a r g o ,  aux E ~ a t s  Un i s ,  e r  y  r e s t a  p e n d a n t  1 2  j o u r s .  A l o r s  que l e  n a v i r e  n e  s o u f f r i t  que  
d e  d o m m a g ~ s  m i n e u r s ,  e t  q u ' a u c u n  p r o d u i t  d a n g e r e u x  n e  s e  r C p a n d i t ,  l ' b c h o u a g e  lui-mCme, a i n s i  que t o u s  
l e s  e f f o r t s  d e  s a u v e t a g e ,  c a u s 6 r e n t  d e s  d b g i t s  c o n s i d b r a b l e s  aux p o p u l a t i o n s  b e n t h i q u e s  d e  
l ' a v a n t - r e c i f .  Des c o l o n i e s  d e  M o n t r a s t r e a  a n n u l a r i s  a t t e i g n a n t  l a  h a u t e u r  d ' u n e  meule  d e  f o i n  f u r e n t  
a b l m Q e s ,  b r i s C e s  ou r e n v e r s b e s  l o r s  d e  l q Q c h o u a g e  du n a v i r e .  Quan t  h l ' e n d r o i t  mCme d e  l ' i m p a c t ,  a u  
n i v e a u  d e s  Q p e r o n s - s i l l o n s  d e  l a  p e n t e  e x t e r n e ,  l e  r b c i f  a  b t6  Q c r a s b .  I1 r e s s  a n b l e  a u j o u r d ' h u  i h une  
r o u t e  p a s s b e  al) r o u l e a u  c o m p r e s s e u r  q u i  s e r a i t  comme r e c o u v e r t e  d ' u n e  couche  d e  d b b r i s  c o r a l l i e n s .  L e s  
e s p g c e s  m o b i l e s  f u r e n t  t u b e s  o u  d b p l a c b e s  l o r s  de  l a  d e s t r u c t i o n  du r b c i f .  D ' a u t r e s  d m a g e s  f u r e n t  
c a u s b s  p a r  l e  f r o t t e m e n t  d e s  c l b l e s ,  l e  t o u r b i l l o n  d e s  h b l i c e s ,  l e  dbcapage  e t  l ' o m b r e  p o r t b e  d d s  h l a  
p r b s e n c e  du  n a v i r e .  La r e s t a u r a t i o n  du r e c i f  d e  M o l a s s e s  c o n s b c u t i v e  h 1 '  bchouage du n a v i r e  e s t  
m a i n t e n a n t  l e  s u j e t  d ' u n  programme d e  r e c h e r c h e  m u l t i d i s c i p l i n a i r e  d e  g r a n d e  e n v e r g u r e ,  s u b v e n t i o n n b  p a r  
l e  " N a t i o n a l  O c e a n i c  and Atmosphe r i c  A d m i n i s t r a t i o n "  q u i  a s s u r e  l a  g e s t i o n  de  l a  R Q s e r v e  Mar i t ime  
N a t i o n a l e  d e  Key L a r g o .  Un p r o j e t  d e  r e c h e r c h e  a  b t b  d b v e l o p p b  d a n s  l e  b u t  d e  d i r i g e r  c e  programme 
mu1 t i d i s c i p l  i n a i r e  e t  d ' i n f o r m e r  l e  p u b l i c  d e s  a c t i v i  t i s  e t  d e s  r b s u l  t a t s  d e  c e s  r e c h e r c h e s .  
L ' b v a l u a t i o n  d e  l ' i m p a c t  immbdiat de  l ' b c h o u a g e  s u r  l e s  p o p u l a t i o n s  d ' a l g u e s ,  d e  c o r a u x  e t  d e  p o i s s o n s  
e s t  achevbe  e t  l e s  c o l o n i e s  d e  c o r a u x  v i a b l e s  s e  s o n t  r b t a b l i e s .  L ' b t u d e  du r b t a b l i s s e m e n t  d e s  
p e u p l e m e n t s  du r b c i f  a  commencC, e t  on  c h e r c h e  h i d e n t i f i e r ,  i l ' a i d e  d t e x p Q r i e n c e s ,  l e s  f a c t e u r s  q u i  
f a v o r i s e n t  o u  i n h i b e n t  c e  r e t a b l  i s s e m e n t .  Des p h o t o s  a b r i e n n e s  e t  une c a r t e  p h o t o g r a p h i q u e  d e v r o n t  
p e r m e t t r e  d e  v b r i f i e r  l e s  donnbes  s u r  l e  t e r r a i n  e t  d e  s u r v e i l l e r  e f f i c a c e m e n t  l a  r e c o l o n i s a t i o n  du  
r C c i f .  L e s  r b s u l t a t s  d e  c e s  e n q u 6 t e s  s e r o n t  s y n t h C t i s b e s  d a n s  un document  ob l ' b t e n d u e  d e s  dommages d c s  

l ' b c h o u a g e  du n a v i r e  s e r a  examinbe e t  l e s  s ~ r a t b ~ i e s  i d e n t i f i b e s ,  a f i n  d e  d b f i n i r  c e l l e s  q u i  
P o u r r a i e n t  C t r e  f a v o r a b l e s  h l ' a c c r o i s s e m e n t  d u  r b c i f ,  ou  un r b t a b l i s s e m e n t  p l u s  r a p i d e  d e  c e l u i - c i  
a p r h s  une t e l l e  p e r t u r b a t i o n .  



INTRODUCTION 

S t a t i s t i c s  on b o a t  g roundings  on F l o r i d a  r e e f s  
( i . e . ,  f requency ,  v e s s e l  s i z e  and a r e a  o f  impac t )  
have i n c r e a s e d  i n  r e c e n t  y e a r s  t o  t h e  growing 
a l a r m  of  r e s o u r c e  managers and t h e  g e n e r a l  p u b l i c .  
Most g roundings  i n v o l v e  s m a l l  p l e a s u r e  and com- 
m e r c i a l  b o a t s  o f  <12 m i n  l e n g t h ;  however, s i n c e  
1980,  a  d i s p r o p o r t i o n a t e  number o f  l a r g e r  v e s s e l s  
(15-30 m i n  l e n g t h )  have run aground on F l o r i d a  
r e e f s .  Groundings a r e  a t t r i b u t e d  t o  s e v e r a l  
f a c t o r s ,  i n c l u d i n g  i n c r e a s e d  b o a t i n g  a c t i v i t i e s ,  
i n e x p e r i e n c e ,  neg l igence  and "Acts o f  God." I n  
a d d i t i o n ,  t h e  c l o s e  p r o x i m i t y  o f  F l o r i d a  r e e f s  t o  
h e a v i l y  t r a f f i c k e d  ocean s h i p p i n g  l a n e s  p o s e s  t h e  
t h r e a t  of major  sh ipgroundings .  I n  1984 ,  t h i s  
t h r e a t  became a  r e a l i t y  when a  122 m f r e i g h t e r ,  
t h e  M / V  WELLWOOD, r a n  aground on Molasses R e e f ,  a  
Car ibbean- type  bank r e e f  on t h e  margin of  t h e  
F l o r i d a  r e e f  t r a c t ,  r e s u l t i n g  i n  e x t e n s i v e  damages 
t o  t h e  r e e f  and complex law s u i t s .  

Molasses Reef i s  l o c a t e d  i n  t h e  s o u t h e a s t e r n -  
most  c o r n e r  of t h e  Key Largo N a t i o n a l  Marine 
S a n c t u a r y  which was e s t a b l i s h e d  by t h e  Uni ted  
S t a t e s  Department of Commerce i n  1975 t o  p r o t e c t  
and p r e s e r v e  a  259 s q .  km a r e a  of  bank r e e f ,  p a t c h  
r e e f ,  ha rdground ,  sand f l a t  and s e a g r a s s  h a b i t a t s  
beyond t h e  S t a t e  of F l o r i d a ' s  t e r r i t o r i a l  boundary 
( F i g .  1 ) .  Molasses Reef is l o c a t e d  a p p r o x i m a t e l y  
8 . 4  km from s h o r e  (25O00.7'N, 80°22.4'W) and i s  
comprised of  s e v e r a l  d i s t i n c t  b i o l o g i c a l  z o n e s ,  
i n c l u d i n g  a n  e x t e n s i v e  r e e f  f l a t  a r e a  w i t h  promi- 
n e n t  r u b b l e  h o r n s ,  a  narrow Acropora pa lmata  r e e f  
t o p ,  a  spur-and-grove system dominated by 
a l c y o n a r i a n s  ( s e a  plumes, s e a  f a n s ,  s e a  r o d s )  w i t h  
a  s i z e a b l e  p o p u l a t i o n  of  s c l e r a c t i n i a n  head 
c o r a l s ,  a  b u t t r e s s  zone w i t h  h a y s t a c k - s i z e d  
c o l o n i e s  o f  M_ a n n u l a r i s ,  measur ing  2-3 m i n  
h e i g h t  and between 200-400 y e a r s  i n  a g e  (Hudson 
1981) and a  deep r e e f  (15-20 m w a t e r  d e p t h )  w i t h  
low r e l i e f  spur-and-groove f o r m a t i o n s ,  l a r g e  
a b o r e s c e n t  gorgonians ,  b a r r e l  sponges ,  and s t a r  
and b r a i n  c o r a l s .  

Molasses Reef i s  by  f a r  t h e  most p o p u l a r  r e e f  
i n  t h e  S a n c t u a r y .  I ts s p e c t a c u l a r  sha l low-water  
c o r a l  f o r m a t i o n s ,  abundant  f i s h  l i f e  and e x c e l l e n t  
underwate r  v i s i b i l i t y  a t t r a c t  SCUBA and s n o r k e l  
d i v i n g ,  hook-and-l ine f i s h i n g  and g l a s s  bo t tom 
b o a t  t o u r s .  Sanc tuary  r e g u l a t i o n s  p r o h i b i t  
s p e a r f i s h i n g ,  specimen c o l l e c t i n g ,  a n c h o r i n g  on 
c o r a l  and o t h e r  a c t i v i t i e s  t h a t  c o u l d  p o s s i b l y  
d i m i n i s h  t h e  v a l u e  of t h e  r e e f  a s  an  e c o l o g i c a l ,  
r e c r e a t i o n a l ,  r e s e a r c h  and a e s t h e t i c  r e s o u r c e .  

S h o r t l y  a f t e r  midnigh t  on August 4 ,  1984,  t h e  
C y p r i o t - r e g i s t e r e d  f r e i g h t e r  M/V WELLWOOD grounded 
on Molasses Reef .  The f r e i g h t e r  had been t r a v e l -  
l i n g  n o r t h  i n  t h e  F l o r i d a  C u r r e n t ,  w i t h  a  c a r g o  of 
p e l l e t i z e d  an imal  f e e d ,  when it s t r a y e d  o f f  c o u r s e  
and r a n  aground ( F i g .  2 ) .  Attempts t o  remove t h e  
s h i p  took  p l a c e  a t  every  ( d i u r n a l )  h i g h  w a t e r  f o r  
12 days  u s i n g  a  combinat ion of  t h e  s h i p ' s  back ing  
p r o p u l s i o n ,  f i v e  t u g b o a t s  and two 4000-ton beach- 
i n g  a n c h o r s .  Only a f t e r  a l l  of t h e  f u e l  and 750 
t o n s  o f  ca rgo  were l i g h t e r e d  was t h e  s h i p  p u l l e d  
f r e e  . 

The M/V WELLWOOD was n o t  damaged and completed 
i t s  voyage a f t e r  t h e  e p i s o d e .  However, t h e  r e e f  
s u s t a i n e d  c o n s i d e r a b l e  damage. The U n i t e d  S t a t e s  
t h r o u g h  t h e  Department o f  J u s t i c e  h a s  f i l e d  a  
c l a i m  a g a i n s t  t h e  s h i p  and t h e  s h i p ' s  owners,  
o p e r a t o r s  and m a s t e r ,  and t h e  Department  o f  
Commerce, which manages t h e  S a n c t u a r y ,  h a s  i n i t i -  
a t e d  a  major  r e s e a r c h  e f f o r t  t o  s u p p o r t  t h e  
l i t i g a t i o n  and t h e  development o f  management 
s t r a t e g i e s  t o  promote r e e f  recovery .  A  rev iew of  

t h e  l i t e r a t u r e  a t  t h e  t ime  of  t h e  g rounding  
r e v e a l e d  r e p o r t s  o f  c a t a s t r o p h i c  damage t o  c o r a l  
r e e f s  from n a t u r a l  c a u s e s ,  such  a s  h u r r i c a n e s ,  
typhoons ,  vo lcan ism,  A c a n t h a s t e r ,  m e t e o r o l o g i c a l  
phenomena, and from human p e r t u r b a t i o n s ,  i n c l u d i n g  
p o l l u t i o n ,  d r e d g i n g ,  d y n a m i t i n g ,  c o a s t a l  deve lop-  
ment [ s e e  rev iew by Coles  ( 1 9 8 4 ) ] ,  b u t  no r e p o r t s  
o f  s h i p g r o u n d i n g s .  Consequent ly ,  a  r e s e a r c h  p l a n  
was d e s i g n e d  t o  o b t a i n  i n f o r m a t i o n  t h a t  was 
l a c k i n g  on t h e  impac t  o f  t h e  s h i p g r o u n d i n g ,  t h e  
p r o c e s s e s  i n  r e e f  r e c o v e r y  and t h e  management of 
t h e  damaged ecosys tem.  I n  t h i s  p a p e r ,  t h e  r e -  
s e a r c h  agenda i s  d e s c r i b e d  and t h e  p r e l i m i n a r y  
r e s e a r c h  r e s u l t s  a r e  d i s c u s s e d .  

METHODS 

A e r i a l  Photography  and Groundt ru th  Mapping 

A e r i a l  r e c o n n a i s s a n c e  was conducted immedi- 
a t e l y  a f t e r  t h e  g rounding  t o  document t h e  s h i p ' s  
p r e s e n c e  on t h e  r e e f  and ,  a f t e r  t h e  s h i p  was 
removed, t o  a c c u r a t e l y  l o c a t e  t h e  g rounding  s i t e  
i n  r e l a t i o n  t o  t h e  e n t i r e  Molasses Reef complex.  
Low a l t i t u d e  c o l o r  photography  (1:2400 s c a l e )  was 
o b t a i n e d  f o r  c o n s t r u c t i n g  a  mosaic of t h e  r e e f  
from which t h e  major  p h y s i o g r a p h i c  f e a t u r e s  o f  t h e  
c o r a l  r e e f  w i l l  be s c r i b e d  o n t o  a  c l e a r  a c e t a t e  
o v e r l a y .  B i o t i c  z o n a t i o n  w i l l  b e  i n t e r p r e t e d  from 
t h e  photography  based  on t e x t u r a l  and c o l o r  
c o n t r a s t s  and g r o u n d t r u t h i n g  by r e e f  e c o l o g i s t s .  
Photo e n l a r g e m e n t s  o f  t h e  g rounding  s i t e  w i l l  b e  
made f o r  u s e  i n  m o n i t o r i n g  l a r g e  s c a l e  r e c o v e r y  
p r o c e s s e s .  

Damage Assessment  

Within h o u r s  of t h e  g rounding  and o v e r  t h e  
c o u r s e  o f  19 d a y s ,  S a n c t u a r y  p e r s o n n e l  u s i n g  SCUBA 
surveyed  Molasses  Reef t o  measure and map a r e a s  o f  
damage and t o  c h a r a c t e r i z e  r e s o u r c e  c o n d i t i o n s .  
Survey  s t a k e s  were d r i v e n  i n t o  bedrock  a l o n g  t h e  
inbound p a t h  of t h e  s h i p  and a  g r i d  system was s e t  
up a t  and a d j a c e n t  t o  t h e  g rounding  s i t e .  A  
combina t ion  o f  v i s u a l  i n s p e c t i o n s ,  o v e r l a p p i n g  
35 mm photography ,  and v i d e o  photography  was 
u t i l i z e d  t o  document s u b s t r a t e  t y p e  and c o n d i t i o n .  
D i r e c t i o n  was de te rmined  by s h i p b o a r d  and under -  
w a t e r  compass and d i s t a n c e  was measured u s i n g  
metered t r a n s e c t  l i n e s  s t r u n g  between permanent  
s t a k e s .  The grounding  s i t e  was c l o s e d  t o  v i s i t o r s  
w h i l e  s u r v e y s  were i n  p r o g r e s s .  L a t e r ,  a f t e r  t h e  
r e e f  was reopened ,  a d d i t i o n a l  a r e a - i n t e n s i v e  
s u r v e y s  were conducted u s i n g  p h o t o g r a p h i c  t r a n -  
s e c t s  a f t e r  L i t t l e r  (1980) and B r i g h t  e t  a l .  
(1984) t o  q u a n t i t a t i v e l y  a s s e s s  t h e  e f f e c t  o f  t h e  
g rounding  on t h e  c o m p o s i t i o n ,  d i s t r i b u t i o n  and 
abundance o f  a l g a l  and c o r a l  p o p u l a t i o n s ,  and a  
r e e f - p l a t e  damage s u r v e y  was conducted t o  document 
t h e  l o c a t i o n  and e x t e n t  o f  r e e f - p l a t e  f r a c t u r i n g  
and t o  a s c e r t a i n  a  p r a c t i c a l  method f o r  s t a b i l -  
i z i n g  damaged s u b s t r a t e  t o  a i d  i n  t h e  r e -  
c o l o n i z a t i o n  o f  hard  and s o f t  c o r a l s  (It. Hudson, 
p e r s .  comm.). 

R e s t o r a t i o n  and Moni tor ing  o f  S u r v i v i n g  Coral  
C o l o n i e s  

An immediate concern  a t  t h e  t ime  of  t h e  
g rounding  was o v e r  t h e  f a t e  of l a r g e  c o r a l  
c o l o n i e s ,  s u c h  a s  Montas t rea  -- a n n u l a r i s ,  t h a t  were 
f r a c t u r e d ,  d e t a c h e d ,  o v e r t u r n e d ,  b leached  o r  
b u r i e d  by t h e  s h i p g r o u n d i n g  b u t  were s t i l l  a l i v e ,  
and a  d e c i s i o n  was made t o  r e h a b i l i t a t e  t h o s e  
c o l o n i e s  t h a t  appeared  t o  have a  good chance  of 



s u r v i v i n g .  Consequent ly ,  s h a t t e r e d  heads  of  s t o n y  
c o r a l s  were p ieced  back t o g e t h e r ,  l i v i n g  f ragments  
were r e s c u e d  from t h e  r u b b l e  and o v e r t u r n e d  
c o l o n i e s  were r i g h t e d  u s i n g  mechanica l  and a i r - b a g  
d e v i c e s .  Detached a l y c o n a r i a n s  were r e s t o r e d  t o  
an  u p r i g h t  p o s i t i o n  by wedging h o l d f a s t s  i n t o  
c r e v i c e s .  

Reef Recovery S t u d i e s  

I n v e s t i g a t i o n s  a r e  i n  p r o g r e s s  t o  s t u d y  t h e  
major  p r o c e s s e s  of r e e f  recovery  t h a t  w i l l  be 
o p e r a t i n g  a t  t h e  M/V WELLWOOD grounding  s i t e  
i . . ,  r e g e n e r a t i o n  and r e p a i r  o f  s u r v i v i n g  
s c l e r a c t i n i a n  and a l c y o n a r i a n  c o r a l  c o l o n i e s  and 
r e c r u i t m e n t  and e s t a b l i s h m e n t  of  c o r a l s  and o t h e r  
c o l o n i z i n g  o r g a n i s m s ) .  The f a t e  of  s u r v i v i n g  
macrobenthos i s  be ing  monitored t h r o u g h  f i e l d  
o b s e r v a t i o n s ,  photography and s y s t e m a t i c  s t u d i e s .  
Haystack c o l o n i e s  of  M- a n n u l a r i s ,  which were 
v a r i o u s l y  i n j u r e d  when s t r u c k  by t h e  s h i p  a s  i t  
approached t h e  grounding s i t e ,  a r e  b e i n g  moni tored  
u s i n g  a  q u a d r a t  g r i d  method and macrophotography 
t o  document whole co lony  s u r v i v o r s h i p .  To s t u d y  
t i s s u e  r e g e n e r a t i o n  c a p a c i t y  i n  t h i s  c o r a l  
s p e c i e s ,  s t a i n l e s s  s t e e l  s p i k e s  have been  d r i v e n  
i n t o  t h e  s u r f a c e  of  f r e s h l y  exposed c o r a l  s k e l e t o n  
n e a r  t h e  b o r d e r  of  l i v i n g  t i s s u e .  S t a t i o n s  a r e  
moni tored  q u a r t e r l y  u s i n g  c lose-up  photography  t o  
measure t i s s u e  advance o r  r e t r e a t  and t h e  n a t u r e  
of  c o l o n i z i n g  organisms .  C o n t r o l  c o l o n i e s  have 
been  e s t a b l i s h e d  f o r  a n a l y z i n g  n a t u r a l  changes a t  
l i v i n g  t i s s u e  b o r d e r s .  A l i m i t e d  p h o t o g r a p h i c  
s u r v e y  of  t h e  recovery  of  t h e  v a s e  sponge 
Xes tospongia  muta i n  deep r e e f  a r e a s  i s  a l s o  b e i n g  
per formed.  j 

To a u a n t i t a t i v e l v  moni tor  s u c c e s s i o n a l  a l e a l  - 
and c o r a l  community r e e s t a b l i s h m e n t  and deve lop-  
ment ,  permanent  t r a n s e c t s  have been e s t a b l i s h e d  s o  
a s  t o  i n t e r c e p t  b o t h  damaged and undamaged p o r -  

I t i o n s  of t h e  r e e f  a t  t h e  grounding s i t e  ( F i g .  3 )  

and t h e  photogrammetric q u a d r a t  t e c h n i q u e s  of  
B r i g h t  e t  a l .  (1984) and L i t t l e r  (1980) a r e  b e i n g  
used  t o  sample t r a n s e c t s  (weekly f o r  t h e  f i r s t  two 
months and monthly t h e r e a f t e r  f o r  a l g a e  and 
q u a r t e r l y  f o r  c o r a l s ) .  I n  a d d i t i o n ,  randomly 
p l a c e d  t r a n s e c t s  a r e  b e i n g  photo-surveyed  q u a r -  
t e r l y  t o  moni tor  changing p a t t e r n s  of  t h e  r e e f  
b i o t a  i n  d i s t u r b e d  and u n d i s t u r b e d  a r e a s .  Under- 
w a t e r  t a p e  recorded  and w r i t t e n  f i e l d  n o t e s ,  
s k e t c h e s  o f  q u a d r a t  p l o t s  and l i m i t e d  voucher 
c o l l e c t i o n s  supplement photography.  

I To s t u d y  t h e  e f f e c t s  of season  on r e c o v e r y  
p r o c e s s e s  and t o  i d e n t i f y  organisms t h a t  may be 
s e n s i t i v e  t o  r e c r u i t m e n t  c o n d i t i o n s ,  s e l e c t e d  
q u a d r a t s  were e s t a b l i s h e d  f o r  t r e a t m e n t  by  
s c r a p i n g  and w i r e  b r u s h i n g  t o  d e l a y  t h e  i n i t i a t i o n  
o f  r e c r u i t m e n t .  Because t h e  t r e a t m e n t s  a r e  
s t a g g e r e d  o v e r  t h e  c o u r s e  of a  y e a r ,  a l t e r n a t e  
c l i m a x  communities may r e s u l t  i n  s t u d y  p l o t s .  

To a s s e s s  c o r a l  s p a t  r e c r u i t m e n t  and o t h e r  
e p i b e n t h i c  growth ,  permanent p h o t o s t a t i o n s  were 
e s t a b l i s h e d  on t h e  h o r i z o n t a l  and v e r t i c a l  s u r -  
f a c e s  of  b a r e  M- a n n u l a r i s  s k e l e t o n  which was 
exposed  due  t o  s p l i t t i n g  of  c o r a l  heads  by t h e  M/V 
WELLWOOD upon grounding .  Photography i s  examined 
m i c r o s c o p i c a l l y  and q u a n t i t a t i v e  comparisons a r e  
made q u a r t e r l y  t o  r e v e a l  s e a s o n a l  c o r a l  r e c r u i t -  
ment and m o r t a l i t y  p a t t e r n s  and t o  a s s e s s  a s p e c t s  
o f  c o m p e t i t i o n  w i t h  o t h e r  c o l o n i z i n g  organisms  and 
d i s t u r b a n c e  by g r a z e r s  and t e r r i t o r i a l  f i s h .  
R e c r u i t m e n t  r a c k s  c o n t a i n i n g  n a t u r a l  (clam s h e l l )  
and a r t i f i c i a l  ( p l e x i g l a s s )  s e t t l i n g  p l a t e s  were 
e s t a b l i s h e d  f o r  s i m i l a r  a n a l y s e s ,  a l t h o u g h  t h e  

f requency  of  sampling a l s o  i n c l u d e s  monthly 
samples.  

A c o r a l  t r a n s p l a n t a t i o n  experiment i s  b e i n g  
planned t o  a s s e s s  t h e  f e a s i b i l i t y  of a r t i f i c i a l l y  
r e s t o r i n g  s c l e r a c t i n i a n  and a l c y o n a r i a n  c o r a l  
p o p u l a t i o n s  t o  approximate ly  t h e i r  p re -grounding  
d i s t r i b u t i o n  and abundance.  

Reef F i s h  R e c o l o n i z a t i o n  

Underwater f i s h  surveys  a r e  b e i n g  conducted 
monthly u s i n g  a  modi f ied  v e r s i o n  of t h e  Bohnsack & 
Bannerot  (1983) random p o i n t - c o u n t  census  t o  
a s s e s s  r e e f  f i s h  abundance,  biomass and t r o p h i c  
s t r u c t u r e  a t  t h e  grounding s i t e  and i n  a d j a c e n t  
undamaged a r e a s .  F i s h  s p e c i e s  a r e  graded i n t o  
t h r e e  c l a s s e s  i . . ,  j u v e n i l e ,  i n t e r m e d i a t e ,  
a d u l t )  based on c o l o r a t i o n  and s i z e  i n  o r d e r  t o  
make i n f e r e n c e s  about  t h e  d i s t r i b u t i o n  of biomass 
w i t h i n  t h e  community and t h e  t i m i n g  of  r e c r u i t m e n t  
e v e n t s .  T r o p h i c  c a t e g o r i e s  a r e  based on observed  
and r e p o r t e d  food h a b i t s .  For  each  p o i n t - c o u n t  
r e p ' l i c a t e ,  s u b s t a t e  complexi ty  i s  e s t i m a t e d  
f o l l o w i n g  t h e  c h a i n  l i n k  method of  Risk  (1972) and 
abundances of  major e p i f a u n a l  groups ( s c l e r a c -  
t i n i a n s ,  a l c y o n a r i a n s ,  h y d r o c o r a l s  and sponges)  
a r e  de te rmined .  An o v e r a l l  s p e c i e s  l i s t  f o r  e a c h  
monthly sampl ing  t r i p  i s  compiled u s i n g  Jones  & 
Thompson (1978) r a p i d  v i s u a l  t e c h n i q u e ,  and t ime 
l a p s e  photography i s  o b t a i n e d  i n  damaged and 
c o n t r o l  a r e a s  t o  s t u d y  a s p e c t s  o f  r e e f  f i s h  be-  
h a v i o r .  S e v e r a l  f r a c t u r e d  a n n u l a r i s  heads a r e  
monitored v i s u a l l y  t o  de te rmine  f requency  and t y p e  
of  use ( e . g . ,  f e e d i n g ,  spawning o r  t e r r i t o r y )  by 
r e e f  f i s h .  

RESULTS 

Damages t o  Molasses Reef a r e  e x t e n s i v e  b u t  
v a r i a b l e  w i t h  l o c a t i o n ,  d e p t h ,  and a f f l i c t e d  t a x a ;  
however, t h r e e  d i s t i n c t  zones of  damage a r e  
e v i d e n t  ( F i g .  4 ) :  t h e  inbound p a t h  of  t h e  s h i p  a s  
it t r a v e l e d  o v e r  t h e  b u t t r e s s  zone on i t s  approach 
t o  t h e  grounding  s i t e  (Area A); t h e  grounding 
s i t e ,  which i s  t h e  seabed a t  and a d j a c e n t  t o  where 
t h e  s h i p  grounded and remained f o r  12 days  
(Area B);  and t h e  deep r e e f  a r e a  which was un- 
a v o i d a b l y  damaged d u r i n g  e f f o r t s  t o  remove t h e  
s h i p  (Area C). 

The M/V WELLWOOD was t r a v e l l i n g  n o r t h e a s t ,  
a lmos t  p a r a l l e l  t o  t h e  f o r e r e e f  b u t  on a  s l i g h t l y  
converging c o u r s e ,  when it e n t e r e d  t h e  S a n c t u a r y  
w a t e r s  and c o n t a c t e d  l a r g e  & a n n u l a r i s  c o r a l  
heads i n  Area A which p r o t r u d e  s e v e r a l  m e t e r s  
above t h e  r e e f  s u b s t r a t e  i n  w a t e r  d e p t h s  a v e r a g i n g  
8  m. A t  l e a s t  12 c o l o n i e s  of & a n n u l a r i s  were 
v a r i o u s l y  o v e r t u r n e d ,  c r u s h e d ,  f r a c t u r e d  o r  
abraded by t h e  s h i p .  Other c o r a l s  damaged o r  
d e s t r o y e d  i n  t h i s  zone inc luded  M i l l e p o r a  
complanata,  Acorpora c e r v i c o r n i s ,  & palmata ,  
A g a r i c i a  a g a r i c i t e s ,  Colphophi l ia  n a t a n s ,  P o r i t e s  
p o r i t e s ,  ma fragum, S i d e r a s t r e a  s i d e r e a ,  -- - 
Gorgonia v e n t a l i a ,  and a v a r i e t y  of  gorgonians .  

The u l t i m a t e  grounding  occur red  when t h e  s h i p  
c o n t a c t e d  t h e  lower end of c o r a l  s p u r s  i n  approxi -  
mate ly  6 m o f  water  (Area B).  The s h i p ' s  h u l l  c u t  
deep i n t o  t h e  l i m e s t o n e  outc roppings  when i t  
grounded and t h e n  p i v o t e d ,  bow t o  p o r t  and s t e r n  
t o  s t a r b o a r d ,  t o  i t s  f i n a l  r e s t i n g  p o s i t i o n .  The 
l a t e r a l  movement f l a t t e n e d  t h e  broad t o p s  of s p u r  
f o r m a t i o n s ,  o b l i t e r a t i n g  n e a r l y  a l l  e p i b e n t h i c  
l i f e  i n  t h e  a r e a  of  c o n t a c t  and c r e a t i n g  l a r g e  
amounts of  r u b b l e  and d e b r i s .  I n  a d d i t i o n  t o  t h e  
s p e c i e s  l i s t e d  f o r  Area A ,  o t h e r s  v a r i o u s l y  i m -  
p a c t e d  by t h e  grounding  inc luded  ML cavernosa ,  



Dichocoenia s t o k e s i i ,  Meandrina m e a n d r i t e s  and P. -- -- 
a s t r e o i d e s .  I n  sand c h a n n e l s  between t h e  s p u r s ,  -- 
b e n e a t h  t h e  s h i p ,  m o r t a l i t y  was l e s s  t h a n  t o t a l ,  
a l t h o u g h  mar ine  l i f e  was d i s t i n c t l y  a f f e c t e d  by 
s h a d i n g ,  p r o p  wash s c o u r  and r u b b l e  f i l l .  

The q u a n t i t a t i v e  d a t a  from a l g a l  and c o r a l  
t r a n s e c t s  i n d i c a t e  t h a t  t h e  M/V WELLWOOD grounded 
i n  a  t r a n s i t i o n  zone between t h e  s h a l l o w  upper  
f o r e r e e f  ( j u s t  seaward of  t h e  A. a l m a t a  r e e f  
t o p ) ,  which i s  dominated by t h e  s P c l e r a c t i n i a n  
A g a r i c i a  a g a r i c i t e s ,  P s e u d o p t e r o g o r g i a  s p p .  ( s e a  
f a n s )  and l o n g - l i v e d  p e r r e n i a l  a l g a l  s p e c i e s ,  and 
a  deeper  f o r e r e e f  zone which i s  dominated by l a r g e  
head c o r a l s  and a l c y o n a r i a n s  o t h e r  t h a n  Psuedop- 
t e r o g o r z i a  s p p .  ( i . e . ,  s e a  rods  and s e a  p lumes) .  
The d a t a  show s u b s t a n t i a l l y  lower p o p u l a t i o n s  o f  
s c l e r a c t i n i a n  and a l c y o n a r i a n  c o r a l s  and macro- 
a l g a e  i n  t h e  g rounding  a r e a  (Area B  i n  F i g .  4)  
t h a n  i n  a d j a c e n t  a r e a s  e x t e n d i n g  t o  t h e  e a s t  and 
w e s t ,  and a s  e x p e c t e d ,  t h e r e  a r e  g r e a t e r  numbers 
of  dead a l c y o n a r i a n  s k e l e t o n s  i n  t h e  a r e a  b e n e a t h  
t h e  s h i p  t h a n  i n  t h e  a d j a c e n t  c o n t r o l  a r e a s .  No 
s c l e r a c t i n i a n s ,  few h y d r o c o r a l s  and o n l y  one 
a l c y o n a r i a n  were d e t e c t e d  a l i v e  a t  t h e  h u l l  s i t e  
immedia te ly  a f t e r  t h e  g rounding .  A l l  b u t  w i r y  and 
s t o n y  forms o f  a l g a e  were s h e a r e d  away by p r o p  
wash and s c l e r a c t i n i a n s  were v a r i o u s l y  a f f e c t e d  by 
s h a d i n g  and r u b b l e  s c o u r .  

S t a t i s t i c a l  e v i d e n c e  i n d i c a t e s  t h a t  t h e  
impac ts  o f  t h e  g rounding  on c o r a l  p o p u l a t i o n s  may 
have d i f f e r e d  depending  on t h e  c o r a l ' s  g rowth  
form, s i z e  and s y s t e m a t i c  a f f i l i a t i o n .  Smal l  
s c l e r a c t i n i a n  head c o r a l s  s u f f e r e d  l i t t l e  mor- 
t a l i t y  b e n e a t h  t h e  s h i p  where t h e  h u l l  d i d  n o t  
t o u c h  t h e  bo t tom.  However, p o p u l a t i o n s  of  
a l c y o n a r i a n s  i n  g e n e r a l ,  and s e a  plumes i n  p a r t i -  
c u l a r  were s i g n i f i c a n t l y  d imin ished  i n  t h e s e  
a r e a s .  I n  a d d i t i o n ,  p r o p  wash caused s i g n i f i c a n t  
m o r t a l i t y  of  a l c y o n a r i a n s  b e n e a t h  t h e  s t e r n  o f  t h e  
s h i p ,  and t r a n s p o r t e d  t h e i r  s k e l e t a l  remains  o u t  
of t h e  immediate a r e a  and i n t o  s u r r o u n d i n g  
d e p r e s s i o n s .  C o l o n i e s  o f  M .  a n n u l a r i s  e x p e r i e n c e d  
s u b s t a n t i a l  l o s s  o f  z o o x a n t h e l l a e  where t h e y  were 
i n  t h e  shade  o f  t h e  s h i p  f o r  12 d a y s ;  o t h e r  
s c l e r a c t i n i a n  c o r a l s  d i d  n o t  s u f f e r  a s  g r e a t  a  
d e g r e e  o f  z o o x a n t h e l l a e  l o s s .  

E f f o r t s  t o  remove t h e  M/V WELLWOOD caused  
damages t o  e p i f l o r a  and fauna  t h a t  cou ld  n o t  b e  
a v o i d e d .  I n  t h e  a r e a  a d j a c e n t  t o  t h e  h u l l  ground- 
i n g  s i t e ,  c o l o n i e s  o f  M .  a n n u l a r i s ,  C .  n a t a n s  and 
Dendrogyra -- c y l i n d r u s  were o v e r t u r n e d ,  f r a c t u r e d  o r  

-- 

a b r a d e d ,  and i n  t h e  deep  r e e f  a r e a  (Area C i n  
F i g .  4 )  hundreds o f  c o l o n i e s  of  Xes tospongia  muta,  

a n n u l a r i s  and o t h e r  s t o n y  c o r a l s  and a l c y o -  
n a r i a n s  were damaged o r  d e s t r o y e d  d u r i n g  s a l v a g e  
o p e r a t i o n s .  

M o t i l e  i n v e r t e b r a t e s  and r e e f  f i s h  i n h a b i t i n g  
t h e  g rounding  s i t e  were k i l l e d  by t h e  impact  o r  
f l e d  t h e  s c e n e  when t h e  g rounding  o c c u r r e d .  While 
t h e  s h i p  was on t h e  r e e f ,  o p p o r t u n i s t i c  p r e d a t o r y  
f i s h  (snook,  b a r  j a c k ,  s n a p p e r s  and g r o u p e r s )  
roamed t h e  r e e f  i n  s e a r c h  o f  d i s p l a c e d  p r e y .  
Three  weeks a f t e r  t h e  g rounding ,  l e s s  t h a n  one 
h a l f  of  t h e  123  s p e c i e s  o f  f i s h  p r e v i o u s l y  
r e p o r t e d  f o r  Molasses Reef had r e t u r n e d  t o  t h e  
g rounding  s i t e ,  and most of  t h e s e  were of  a  s i n g l e  
s i z e  c l a s s ,  i n d i c a t i n g  r e c r u i t m e n t  from l a r v a e  o r  
immigra t ion  from o t h e r  p a r t s  o f  t h e  r e e f .  Expo.sed 
s u r f a c e s  of  M_ a n n u l a r i s  were observed  t o  be  used  
f o r  a l g a l  gardens  by t h r e e  s p o t  d a m s e l f i s h ,  
spawning p a t c h e s  by s a r g e n t  majors  and f e e d i n g  
a r e a s  by b lueheads  and ocean  s u r g e o n s .  

A t  t h e  t i m e  o f  t h i s  w r i t i n g  ( i . e . ,  7  months 
a f t e r  t h e  g r o u n d i n g ) ,  t h e r e  a r e  v e r y  few r e s u l t s  
t o  r e p o r t  f o r  t h o s e  s t u d i e s  t h a t  a r e  t ime  

dependent .  O p p o r t u n i s t i c  s u c c e s s i o n a l  s p e c i e s  o f  
m i c r o f i l a m e n t o u s  y e l l o w - t u r f  a l g a e  have  shown 
d r a m a t i c  i n c r e a s e s  i n  d i s t u r b e d  a r e a s .  R e c r u i t -  
ment o f  c o r a l l i n e  and o t h e r  a l g a e  and o t h e r  
e p i f a u n a  t o  t h e  s u r f a c e  of f r e s h l y  exposed r e e f  
r o c k ,  c o r a l  s k e l e t o n s  and u n c o n s o l i d a t e d  s e d i m e n t s  
i s  s i g n i f i c a n t  th roughout  t h e  damaged a r e a s .  No 
change i n  t h e  n a t u r e  of  random and permanent  c o r a l  
t r a n s e c t s  h a s  been  d e t e c t e d  ( i . e . ,  a  s i g n i f i c a n t  
d i f f e r e n c e  i n  s c l e r a c t i n i a n  and a l c y o n a r i a n  
p o p u l a t i o n s  between d i s t u r b e d  and u n d i s t u r b e d  
a r e a s  s t i l l  e x i s t s ) ,  e x c e p t  f o r  e v i d e n c e  of  
movement o f  u n c o n s o l i d a t e d  s e d i m e n t s .  No c o r a l  
p l a n u l a e  have s e t t l e d  on M_ a n n u l a r i s  r e c r u i t m e n t  
s t a t i o n s ;  however, one a r t i f i c i a l  s e t t l i n g  p l a t e  
o u t  of  60 examined f o r  t h e  p e r i o d  between November 
1984 and March 1985 y i e l d e d  a  s i n g l e  c o r a l  
r e c r u i t .  The r e s u l t s  of  e n c r u s t i n g  growth s t u d i e s  
a r e  v a r i a b l e ;  i n  some i n s t a n c e s ,  l i v i n g  t i s s u e  
a l o n g  f r a c t u r e  edges  r e g r e s s e d  due t o  m o r t a l i t y  
and d i s i n t e g r a t i o n  f o r  s e v e r a l  months f o l l o w i n g  
t h e  g rounding  b u t  s t a b l i z e d  p r i o r  t o  t h e  November 
1984 sampl ing  and i n  o t h e r  c a s e s ,  l i v i n g  t i s s u e  
h a s  made some advance a c r o s s  t h e  f r a c t u r e  s u r f a c e .  I 

F o r  many o f  t h e  c o r a l  c o l o n i e s  t h a t  s u f f e r e d  from 
z o o x a n t h e l l a e  l o s s ,  t h e r e  was subsequent  m o r t a l i t y  
of  a f f l i c t e d  t i s s u e ,  y e t  seven  months a f t e r  t h e  
g rounding ,  s u r v i v i n g  c o l o n i e s  had s t a b i l i z e d  and 
t h e  t i s s u e  t h a t  d i d  n o t  d i e  had r e g a i n e d  
z o o x a n t h e l l a e .  The h u l l  s i t e  c o n t i n u e s  t o  d i f f e r  
from c o n t r o l  a r e a s  i n  t h e  number o f  r e e f  f i s h  
s p e c i e s  and number o f  i n d i v i d u a l s  and t h e r e  i s  
p r e l i m i n a r y  e v i d e n c e  t h a t  s e a s o n  a f f e c t s  t h e s e  
numbers,  e s p e c i a l l y  l a t e  w i n t e r  when a l l  a r e a s  
e x h i b i t e d  a  d e c r e a s e  i n  abundance.  Xes tospongia  
m x  i n  deep r e e f  a r e a s  appear  t o  be  r e g e n e r a t i n g  
l o s t  t i s s u e .  

DISCUSSION 

The damages caused by t h e  g rounding  of  t h e  M / V  
WELLWOOD a r e  s i g n i f i c a n t ,  and p r e l i m i n a r y  r e s u l t s  
i n d i c a t e  t h a t  t h e  p r o c e s s e s  involved  i n  r e c o v e r y  
a r e  v a r i a b l e  and t h e  r a t e s  a r e  s l o w .  Recovery 
w i l l  depend upon a  complex i n t e r a c t i o n  of geo- 
l o g i c a l ,  b i o l o g i c a l  and e c o l o g i c a l  p r o c e s s e s ,  some 
of  which may be a i d e d  by r e e f  managers .  Whether 
Molasses  Reef r e c o v e r s  t o  p regrounding  c o n d i t i o n s  
remains t o  b e  s e e n .  Unl ike  r e c o v e r y  from hur -  
r i c a n e s  i n  t h e  F l o r i d a  Keys, which i s  r a p i d  
because  o f  widespread  s c a t t e r i n g  o f  l i v e  c o r a l  
f r a g m e n t s ,  s u c h  a s  Acropora c e r v i c o r n i s  and 
pa lmata  ( S h i n n ,  1976) ,  a s e x u a l  p r o p o g a t i o n  by 
f r a g m e n t a t i o n  i s  n o t  l i k e l y  t o  be s i g n i f i c a n t  a t  
t h e  M / V  WELLWOOD grounding  s i t e  because  few 
f ragments  o f  r e e f - b u i l d i n g  c o r a l s  and a l c y o n a r i a n s  
s u r v i v e d  t h e  g rounding .  The t i m i n g  o f  r e c o v e r y  i n  
t h i s  a r e a  i s  u n c e r t a i n  because  b e f o r e  t h e  b a r r e n  
s u b s t r a t e  i s  r e n d e r e d  s u i t a b l e  f o r  c o l o n i z a t i o n ,  
t h e  r e e f  p l a t e  must be  s t a b i l i z e d  and r u b b l e  and 
d e b r i s  must be  c o n s o l i d a t e d  and undergo a  p e r i o d  
o f  b i o l o g i c a l  c o n d i t i o n i n g  ( s e e  Schuhmacher, 1977 
f o r  a  d e s c r i p t i o n  o f  t h e  phases  of  c o l o n i z a t i o n  
p r i o r  t o  c o r a l  r e c r u i t m e n t ) .  Because of t h e  h i g h  
m o r t a l i t y  r a t e  f o r  c o r a l  l a r v a e  and j u v e n i l e s  and 
t h e  low p r i o r i t y  of  s e x u a l  r e p r o d u c t i o n  i n  many of 
t h e  c o r a l  s p e c i e s  impacted by t h e  g rounding  ( e . g . ,  
M. a n n u l a r i s )  (Highsmi th ,  1982) r e c r u i t m e n t  
p o t e n t i a l  i s  u n c e r t a i n .  The recovery  p o t e n t i a l  o f  
i n j u r e d  c o r a l s  i s  a l s o  v a r i a b l e .  Whether c o l o n i e s  
r e g e n e r a t e  l e s i o n s  comple te ly  o r  p a r t l y  o r  a r e  
t o t a l l y  d e s t r o y e d  by cont inued  r e t r e a t  o f  l i v i n g  
b o r d e r s  o r  invaded  by d i s e a s e  w i l l  depend upon 
co lony  t y p e ,  f ragment  s i z e  and r e g e n e r a t i v e  
c a p a c i t y  a s  w e l l  a s  t h e  k ind  and d e g r e e  o f  f o u l i n g  



F i g u r e  1 : Loca t ion  map. 
Key Largo  N a t i o n a l  Marine S a n c t u a r y  

F i g u r e  2 : M / V  WELLWOOD grounded on Molasses 
Reef Key Largo N a t i o n a l  Marine S a n c t u a r y .  

F i g u r e  3 : A l g a l  t r a n s e c t  i n  Area B .  F i g u r e  4 : Grounding s i t e  o f  t h e  f r e i g h t e r  
Note f l a t t e n e d  r e e f  p l a t f o r m  which i s  WEL1,WOOD. Showing i s  t h e  p a t h  o f  t h e  s h i p  

r e m i n i s c e n t  o f  a  f r e s h l y  graded  road bed .  d u r i n g  t h e  i n i t i a l  g rounding  (Area A) ,  t h e  
major  g rounding  s i t e  and e n v i r o n s  (Area B) , and 

t h e  deep  r e e f  salvage-damaged a r e a s  (Area C ) .  



of exposed skeleton at tissue borders and the 
competitive ability of surviving colonies, new 
recruits and other colonizing organisms. (Bak, 
Brouns & Heyes, 1977; Bak & Steward-Van Es, 1980). 
Interestingly, & annularis which is the most -- 
severly affected coral species, is well-adapted to 
regenerating lesions, but produces very few 
juveniles, whereas & agaricites, also impacted, 
has a high rate of recruitment, but the regener- 
ation of lesions is poor (Bak & Engel, 1979). 
Organisms with minor injuries will probably 
survive, while those with extensive tissue 
necrosis, bleaching or major skeletal damage will 
be more prone to disease, overgrowth and death. 
Stochastic events may lead to alternate succes- 
sional communities which inhibit the recruitment 
or regrowth of desirable species, and recovery may 
be prolonged or prevented altogether by chronic 
low-level disturbances, such as damages due to 
anchors, storms or additional groundings. 

The grounding of the M/V WELLWOOD has re- 
focused attention on a problem that has persisted 
in the Florida Keys since the time of the Spanish 
explorers. Managers may not be able to stop all 
groundings but they may succeed in lowering the 
statistics through a variety of management strat- 
egies aimed at educating the boating public and 
protecting fragile resources (e.g., mooring 
buoys). And they may be able to mitigate damages 
by applying some of the lessons learned from the 
M/V WELLWOOD. 
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