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I N T R O D U C T I O N  

On 4 August 1984. the  396-foot Cyprian-regis tered f r e i g h t e r  

ran aground o f f  the  F lor ida  Keys on Molasses Reef i n  t he  

Key Largo National Marine Sanctuary and remained aground u n t i l  16 

August 1984. The vesse l  was car ry ing  a  cargo of p e l l e t i z e d  

animal feed from Louisiana t o  Portugal. While the vesse l  

received r e l a t i v e l y  l i t t l e  damage and no f u e l  or  o i l  was s p i l l e d .  

the  co ra l  reef  was phys ica l ly  impacted over a  t o t a l  a rea  of 

75.000 m2  (Jaap 1984). 

Molasses Reef l i e s  ine ide  the southeastern boundary of the  

Sanctuary (25'00.7'~. 80'22.4'~) and i s  one of the  most highly 

v i s i t e d  r e e f s  i n  the region. Dozens of r ec rea t iona l  d ive r s  and 

fishermen. numeroue cha r t e r  diveboats.  and two g l a s s  bottom boats  

use the s i t e  on a  d a i l y  basis.  The 12-day grounding and 

associated e f f o r t s  t o  remove the  Wellwood from the  reef  r e s u l t e d  

in  mul t ip le  forms of environmental damage (e.g.. crushing. 

scraping. shading. cable  shear ing  and abrasion. prop wash) a t  a  

sca le  of unprecedented proport ion t o  the  Sanctuary (Bright and 

Andryszak 1984; Fig. 1). Large a reas  of co ra l  formations were 

t o t a l l y  destroyed vhere the vessel 's  h u l l  cut  i n t o  the reef  

framevork. Other p a r t s  of t he  r ee f  suf fered  p a r t i a l  des t ruc t ion  

and may be fu r the r  s t r e s sed  by secondary e f f e c t s  of the  

grounding. Impacts range from complete hab i t a t  des t ruc t ion  i n  an 

approximate 4430-m2 area  t o  sheared and wounded s e e s i l e  organisms 

and dis turbed subs t r a t a  on the  periphery ( ~ a a p  1984). The damage 

sustained i s  expected t o  have long-term ecologica l  and economic 

e f f e c t s .  



Phase 1, a  damage assessment  conducted immediately f o l l o w i n g  

t h e  grounding of  t h e  Wellwond, was made by Sanctuary personnel  

( s e e  J a a p  1984). NOAA's Sanctuary Programs Div i s ion  (SPD) has 

developed a  r e s e a r c h  plan (cover ing  phases 2-81 t o  address  

management and l e g a l  q u e s t i o n s  concerning t h e  e x t e n t  and s e v e r i t y  

of  r e s o u r c e  damage and r a t e s  o f  recovery and r e c o l o n i z a t i o n  of 

dominant r e e f  b io ta .  Th i s  f i n a l  r e p o r t ,  a  survey of a l g a l  damage 

and recovery ,  c o n s t i t u t e s  t h e  i n i t i a l  component of Phase 2 of  t h e  

r e s e a r c h  p lan  and e s t a b l i s h e s  a  format  f o r  f u r t h e r  work i n  

coopera t ion  w i t h  o t h e r  s c i e n t i s t s  and NOAA personnel. 

Few s t u d i e s  of t h i s  n a t u r e  have been conducted. It w i l l  be 

necessa ry  t o  i n v e s t i g a t e  n o t  on ly  t h e  immediate e f f e c t s  of t h e  

grounding, but  a l s o  t h e  long-term e c o l o g i c a l  impl ica t ions .  Reef 

r e g e n e r a t i o n  i s  expected t o  occur ,  a l though i t  may t a k e  decades 

i n  badly  damaged a r e a s  f o r  t h e  r e e f  t o  r e t u r n  t o  pre-wreck 

c o n d i t i o n s  i n  t e rms  of c o r a l  and p e r e n n i a l  a l g a l  cover and 

d i v e r s i t y ,  and even then  s c a r s  may remain. 

The r e c e n t  l i t e r a t u r e  c o n t a i n s  accounts  of damage t o  b i o t i c  

r e e f s  caused by n a t u r a l  e v e n t s  (e.g., hur r i canes ,  typhoons, r e d  

t i d e s ,  low t i d e s ,  tbe rmal  s t r e s s ,  v o l c a n i c  a c t i v i t y ,  and 

ea r thquakes )  and man-made d i s t u r b a n c e s  [e.g., dredging,  b l a s t i n g  

( i n c l u d i n g  n u c l e a r  exp los ions ) ,  o i l  p o l l u t i o n ,  d e l e t e r i o u s  

c o a s t a l  development, sewage, and anchoring] (Johannes 1975; 

Endean 1976). There a r e  ve ry  few accounte i n  t h e  l i t e r a t u r e .  

however, t h a t  d e s c r i b e  damages caused by major s h i p  groundings 



 usta tan 1977; J a a p  1984; Hatcher  1984; Halas  unpubl ished 

r e p o r t s ) .  Even fewer  s o u r c e s  document t h e  recovery  of  p l a n t  and 

animal  communities f o l l o w i n g  t h e s e  d i s t u r b a n c e s  (Pearson 1981; 

H a t c h e r  1984). 

The f a c t o r s  t h a t  a f f e c t  t h e  r a t e  of  r ecovery  o f  d e v a s t a t e d  

r e e f s  a r e  d i s c u s s e d  by Endean (1971) and Pearson (1981). I n  t h e  

c a s e  of a  major s h i p  grounding,  recovery i s  p r i m a r i l y  through 

r e c o l o n i z a t i o n ,  r a t h e r  than  regenera t ion .  Subst ra tum c o n d i t i o n s ,  

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

p reda t ion ,  and r a t e s  of  growth and s u r v i v a l  of  s u c c e s s f u l  

c o l o n i z e r s  a r e  l i k e l y  t o  be p a r t i c u l a r l y  important .  The s o l i d  

r e e f  s u r f a c e  a t  Molasses Reef i s  now p a r t l y  covered w i t h  b locks  

of fragmented dead c o r a l  c o l o n i e s  and a  r u b b l e  o f  c o r a l  s t o c k s ,  

which w i l l  o f f e r  d i f f e r i n g  degrees  of  subs t ra tum t y p e s  and 

s t a b i l i t y  t o  r e c r u i t s .  Algae, no tab ly  m i c r o a l g a l  t u r f s ,  

ca lca reous  forms,  and s h e e t  forms such a s  E n t e r o m o r ~ k  and 

w, a s  w e l l  a s  gorgonians ,  a r e  t h e  more common organisms 

t h a t  a r e  expected t o  be e a r l y  c o l o n i z e r s  on damaged r e e f s ,  but  

too  l i t t l e  is  known of  t h e  r o l e s  of t h e s e  and of  g r a z i n g  a n i m a l s  

 a art 1972; Sammarco, 1980. 1982) on p a t t e r n s  and r a t e s  o f  r e e f  

recovery. The l i t e r a t u r e  i n d i c a t e s  t h a t  r e g e n e r a t i o n  of  a  b i o t i c  

., r e e f  f o l l o w i n g  man-made d i s t u r b a n c e  may be prolonged o r  prevented 

a l t o g e t h e r  because of  permanent change t o  t h e  environment (Lighty  

1982; Hatcher 1984) and/or c o n t i n u a t i o n  o f  ch ron ic ,  l o w - l e v e l .  

d i s t u r b a n c e  (Pearson 1981; Rose and Risk 1984). 

Continued s tudy  o f  r e e f  recovery is  c l e a r l y  needed b e f o r e  

conc lus ions  can be drawn. S p e c i f i c  o b j e c t i v e s  o f  t h e  s tudy 

r e p o r t e d  here (1- 4  September 1984) were a s  f o l l o w s :  



(1) Survey t h e  damaged a r e a  and s e l e c t  a p p r o p r i a t e  s t r a t a  

f o r  q u a n t i t a t i v e  sampl ing of a l g a l  d i s t r i b u t i o n s  and abundances. 

(2) S e l e c t  methodology and des ign  a  s t a t i s t i c a l l y  s u i t a b l e  

sampl ing regime t o  a c c u r a t e l y  a e s e s s  a l g a l  cbanges due t o  t h e  

p h y s i c a l  impact of  t h e  grounding and t o  enable  f u r t h e r  

m o n i t o r i n g  of  subsequent a l g a l  community re -es tab l i shment  and 

development. 

(3) E s t a b l i s h  a  number of exper imenta l  p l o t s  i n  o r d e r  t o  

manipu la te  t h e  t i m i n g  o f  r e c r u i t m e n t  t o  a s s e s s  t h e  f e a s i b i l i t y  of  

a c c e l e r a t i n g  t h e  d i v e r s i t y ,  r a t e e ,  and f i n a l  products  of  t h e  

r e c o l o n i z a t i o n  p r o c e s s  t o  p r e d i s t u r b a n c e  l eve l s .  

P e s c r i ~ t r p n  
. . 

O f L k I . m u u x & B E e a  

S e l e c t e d  f e a t u r e s  of Molasses Reef have been deecr ibed by 

Shinn (1963; geology); Jones  and Thompson (1978; r e e f  f i s h ) ;  

Bohnsack and Bannerot (1982; r e e f  f i s h ) ,  Bohnsack (1983); Schmale 

and Bannerot (1984; r e e f  f i s h ) ;  Dustan (1977; c o r a l  r e c r u i t m e n t  

and m o r t a l i t y ) ;  Ba las  and Jaap  (1983; s tony c o r a l ) ;  and Voes 

(1984; s p e c i e s  inventory) .  Molasses Reef i s  loca ted  on t h e  

margin  of  t h e  r e e f  t r a c t  a t  t h e  s o u t h e a s t e r n  end o f  t h e  Sanctuary 

and r e c e i v e 6  t h e  f u l l  f o r c e  of  waves from open water  seaward o f  

t h e  r e e f  (Shinn 1963). The r e e f  has an e x t e n s i v e  spur and groove 

system w i t h  a  narrow c r e s t  zone of  e lkhorn c o r a l  (- 

and c r u e t o e e  a l g a e  (m, 
-) ex tend ing  downward t o  approximately  7 m i n  depth. 

The system c o n t a i n s  a t  l e a e t  30 s p e c i e s  o f  c o r a l s  (mainly & 

w, Montaetrea w, Gornonia ventalina) and s e v e r a l  

t i m e s  t h i s  number o f  macroa lga l  taxa. Below t h i s ,  t h e  f o r e r e e f  



i s  s loped,  d ropp ing  from t h e  7-m wate r  dep th  t o  about 17 m ,  and 

composed of hard bottom on which a r e  found green,  brown, b lue-  

green, and r e d  a l g a e ,  s c a t t e r e d  a l c y o n a r i a n s ,  sea  f e a t h e r s  and 

sea  whips, vase  sponges, and o c c a s i o n a l  s m a l l  c o l o n i e s  of  f i n g e r  

c o r a l  ( P o r i t e d ,  b r a i n  c o r a l  (Meandrina), and s t a r  c o r a l s  

(Montastrea). Landward of t h e  r e e f  c r e s t  i s  a  broad f l a t  formed 

of e x t e n s i v e  r u b b l e  a r e a s  t h a t  c o n t a i n  abundant l a r g e  macroalgae  

and numerous a lcyonar ians .  Seagrasses  grow c l o s e  t o  t h e  rubb le  

a r e a  on t h e  shoreward s ide .  

METHODS AND MATERIALS 

Modern e c o l o g i c a l  sampl ing r e p r e s e n t s  a  q u a n t i t a t i v e  

d i s c i p l i n e  des igned t o  produce s t a t i s t i c a l l y  i n t e r p r e t a b l e  

ana lyses  of b i o t i c  d i s t r i b u t i o n  and abundance p a t t e r n s  w i t h i n  

de f ined  h a b i t a t s .  An adequa te ly  l a r g e  number of  samples  must be 

taken f o r  proper  s t a t i s t i c a l  t r e a t m e n t  and t h i s  r e q u i r e s  t h a t  t h e  

method be s imple  and r a p i d  t o  use. Non-dest ruct ive  sampling,  by 

u t i l i z i n g  permanently-marked sampl ing l o c a t i o n s  t h a t  can be 

p r e c i s e l y  r e l o c a t e d  and r e a s s e s s e d ,  p rov ides  a  powerful  t o o l  f o r  

q u a n t i f i c a t i o n  o f  n a t u r a l  and anthropogenic  changes i n  macroa lga l  

s t and ing  stocks.  The p r i n c i p a l  method of n o n - d e s t r u c t i v e  

r e c o r d i n g  of s t a n d i n g  s t o c k s  i s  t h e  photogrammetr ic  t echn ique  o f  

undis turbed sampl ing ( f i r s t  developed f o r  seaweeds by L i t t l e r  

1968, 197 1) t h a t  y  i e l d s  p a r a l l a x - f r e e  samples. T h i s  method has 

become t h e  s t andard  r e q u i r e d  f o r  l a r g e - s c a l e  macroa lga l  s t u d i e s  

con t rac ted  by t h e  United S t a t e s  Department of t h e  I n t e r i o r  (e.g., 

Bureau of Land Management, D.S. Nat ional  Park Serv ice ,  Minera ls  

Management Se rv ice )  f o r  n e a r l y  a  decade. One purpose of t h e  



photogrammetr ic  t echn ique  i s  t o  produce a  permanent h i s t o r i c  

r e c o r d  of photosamples t h a t  d e p i c t  t h e  s t a t u s  of t h e  b i o t a  a t  a  

g iven t ime. A d d i t i o n a l l y .  changes (e.g.. due t o  human 

d i s t u r b a n c e )  can e a s i l y  be documented by d i r e c t  comparison of  

photo-samples t aken  of t h e  same q u a d r a t s  a t  d i f f e r e n t  t imes.  

S e a s o n a l i t y  can a l s o  be demonstra ted by d i r e c t  comparisons of 

photo-samples t a k e n  of  t h e  i d e n t i c a l  q u a d r a t s  over  d i f f e r e n t  

sampl ing per iods .  Th is  system a l s o  p e r m i t s  a  high degree  of  

q u a l i t y  c o n t r o l  because  photo-samples scored  by var ious  

i n d i v i d u a l s  can be reviewed by t h e  t o t a l  r e s e a r c h  s t a f f .  

i n c l u d i n g  s e n i o r  taxonomic personnel.  t o  ensure  s t a n d a r d i z a t i o n  

and accuracy i n  t h e  q u a n t i f i c a t i o n  process.  Such samples can be 

used t o  g e n e r a t e  p r e c i s e l y - d e t a i l e d  and highly-reproducible  

q u a n t i t a t i v e  in format ion .  i.e.. cover and frequency (percentage 

of  sample  p l o t s  i n  which a  given s p e c i e s  occurs).  Since t h e  

f i r s t  t i m e  photographic  sampl ing was a l l u d e d  t o  a s  a  p o s s i b i l i t y  

f o r  e c o l o g i c a l  s t u d i e e  i n  t h e  mar ine  environment (Ernst  1957). it 

has been developed independent ly  (e.g., L i t t l e r  1968. 197 1. 1980; 

Johnston et; d. 1969; Connell  1970); and undergone d i f f u s e  

a p p l i c a t i o n  ( ~ u n d z l v  197 1: Vadas and Manzer 197 1; Dayton et; d. 

197 4; Laxton and Stablum 1974; ~ o r l e ~ i r d  1974; Wilson 1974; Pa ine  

1974; O t t  1975; Drew 1977: Vance 1979; George 1980; Karlson 1980; 

Br igh t  et; &. 1984). The method now r e p r e s e n t s  one of t h e  most 

widespread and s o p h i s t i c a t e d  t echn iques  f o r  permanently r e c o r d i n g  

mar ine  a l g a l  s t a n d i n g  s tocks .  



Random sampl ing  (de te rmined  by some mechan ica l  means) i s  

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

1966). Randomness i s  u s u a l l y  achieved by means o f  a  l i n e  

t r a n s e c t  l a i d  o u t  a l o n g  a  predetermined compass bea r ing ,  u s i n g  a  

t a b l e  of  random numbers t o  de te rmine  t h e  p r e c i s e  sampl ing 

loca t ions .  Although b i a s  i s  e l i m i n a t e d  by random sampl ing,  it i s  

no t  always d e s i r a b l e  f o r  s u b t i d a l  r e e f  work because  of t h e  marked 

p a t c h i n e s s  t y p i c a l l y  p resen t .  S y s t e m a t i c  a s sessment  a t  f i x e d  

i n t e r v a l s  w i t h i n  a  g iven  a r e a  has t h e  advan tage  t h a t  t h e  a r r a y  o f  

samples i s  r e l a t i v e l y  easy  t o  ach ieve  and r e l o c a t e  f o r  r e p e t i t i v e  

study. I n  a d d i t i o n ,  t h i s  ar rangement  o f  p l o t s  may g ive  a  more 

a c c u r a t e  p i c t u r e  o f  macrophyte d i s t r i b u t i o n s  and abundance6 

because samples  a r e  s p r e a d  over  t h e  e n t i r e  a r e a  t o  be analyzed 

( ~ r e i g - S m i t h  196 4; Poo le  1974; Loya 1978); e.g., pa tchy 

randomized sample a r r a y s  superimposed on p a t c h i l y - d i s t r i b u t e d  

organisms c o n t a i n  a  r e l a t i v e l y  g r e a t e r  p o t e n t i a l  f o r  under- o r  

ove res t ima t ion .  Uniform i n t e r v a l s  cannot  be used i f  t h e  b i o t a  

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

o f  t h e  sample a r r a y ) ,  such a s  a  l i n e a r  ar rangement  w i t h i n  a  

narrow zone r e l a t e d  t o  depth  o r  a long  a  r o c k  f i s s u r e .  Haphazard 

techniquee ,  such a e  t h r o w i n g  a  marker o r  d ropp ing  a  q u a d r a t  

wi thou t  looking a t  t h e  sample a r e a ,  a r e  n o t  random and should  be 

avoided because  m a r g i n a l  a r e a s  a r e  prone t o  be under sampled and 

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

o f t e n  w i t h  unde tec ted  b ias .  

Based upon maps o f  t h e  r eg ion ,  a e r i a l  photographs  t aken  by 

NOAA, d a t a  on pre-wreck c o n d i t i o n e  a t  Molasses Reef ( ~ o s e  1984). 

and t h e  f i n d i n g s  from t h e  i n i t i a l  damage assessment  surveys  (Jaap 



1984). a reconnaissance SCUBA e f f o r t  was conducted during 1-4 

September 1984 by a team of s i x  experienced professional  

p h y c o l o g i s t s  (M. L i t t l e r .  D. L i t t l e r .  J. Norr i s .  K. Bucher. S. 

Blair .  R. ~ i m s )  t o  survey the  grounding s i t e .  The i n i t i a l  e f f o r t  

required f i v e  days of f i e l d  t ime (approximately 100 person hours 

of bottom time). 

As a r e s u l t  of the  f i e l d  reconnaissance by our team, s i x  

separa te  a l g a l  hab i t a t  types were recognized i n  close assoc ia t ion  

w i t h  the  s i t e  of the  grounding (Table 1). Five l i nes  

were deployed along predetermined compass headings (100' 

magnetic) from a randomly se lec ted  o r ig in  ( t o  avoid bias)  so as  

t o  t r ansec t  t he  s i x  hab i t a t  types. The s t r a t i f i e d  array along 

these f i v e  t r a n s e c t s  (Table 1. Fig. 2) r e su l t ed  in th i r ty - th ree  

r e p l i c a t e  samples deployed along three  of the t ransec t  l i n e s  i n  

the undisturbed cont ro l  a rea  dominated by stony cora ls  (Fig. 3A). 

t h i r t e e n  among the undisturbed area intercepted by t ransec t  A 

t ha t  was dominated by gorgonian co ra l s  and algae (Figs. 3B and 

4A) .  th i r ty-seven quadrats  on th ree  l i n e s  within the area scraped 

t o  so l id  reef  framework (Fig. 4B). nineteen quadrats within the 

scraped cobble system ( t ransec ted  by th ree  of t he  lines.  Fig. 

5 ~ ) .  twenty-one samples wi th in  the  area primari ly affected by 
. -. 

prop wash ( in tercepted  by two t ransec ts ) .  and th i r t een  quadrats  

deployed along the boulder wal l  (associated w i t h  th ree  l ines.  

Figs. 5B and 6A.B). Thirty-f ive add i t iona l  experimental 

successional  p l o t s  were es tab l i shed  by two independent t r ansec t  



l i n e s  (Table 1, Fig. 2). Since  t h e  s i x  h a b i t a t s  were 

s u b j e c t i v e l y  de te rmined  t o  have t h e  p o t e n t i a l  t o  lead t o  

d i f f e r e n t  s u c c e s s i o n a l  t r e n d s  o r  p a t t e r n s ,  we have chosen t o  

t r e a t  them s e p a r a t e l y  i n  t h i s  r e p o r t .  

Because we e l e c t e d  t o  u s e  s y s t e m a t i c  sampl ing a t  f i x e d  

i n t e r v a l s  f o r  r easons  given e a r l i e r  ( s e e  a l s o  Greig-Smith 196 4, 

Poole 197 4; Loya 1978 f o r  a d d i t i o n a l  j u s t i f i c a t i o n ) ,  an a n a l y s i s  

was made comparing mechan ica l ly  randomized methods f o r  t h e  two 

major  a r e a s  (i.e., damaged so l i d  subs t ra tum and und i s tu rbed  s t o n y  

c o r a l / a l g a l  con t ro l ) .  The r e s u l t s  of t h e  two t e s t s ,  comparing 20 

samples taken randomly w i t h  20 samples s e r i a l l y  spaced a t  1.0-m 

i n t e r v a l s  (Tables  2  and 3) .  y i e l d e d  s u r p r i s i n g l y  s i m i l a r  r e s u l t s  

given t h e  r e l a t i v e l y  s m a l l  sample s i ze .  A l l  dominant t a x a  had 

s i m i l a r  means, reasonably  narrow conf idence  i n t e r v a l s ,  and showed 

no s i g n i f i c a n t  (Pc0.05, ANOVA, Duncan's m u l t i p l e  range t e s t )  

d i f f e r e n c e s  among means. Obviously, t h e r e  were a l s o  no 

s t a t i s t i c a l  d i f f e r e n c e s  f o r  uncommon s p e c i e s  because of t h e  l a r g e  

conf idence i n t e r v a l s  involved. Th i s  t e s t  i n d i c a t e s  t h a t  b i a s  due 

t o  sample u n i f o r m i t y  was no t  a problem i n  e i t h e r  system and 

suppor t s  t h e  use  of  s y s t e m a t i c  a s s e s s m e n t s  a t  f i x e d  i n t e r v a l s .  

Using two teams of phyco log i s t s ,  t h e  permanent t r a n s e c t s  

were e s t a b l i s h e d  so  a s  t o  i n t e r c e p t  u n d i s t u r b e d  c o r a l / a l g a l  

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

impacted by t h e  grounding. The p r e c i s e  l o c a t i o n  of  t h e  upper end 

of each t r a n s e c t  was determined o p t i m a l l y  by consensus of our  

group of mar ine  b i o l o g i s t s  a long  a  b i o l o g i c a l l y  r e p r e s e n t a t i v e  

.. 
p a r t  of t h e  substratum. Severa l  t r a n s e c t  t a p e s  ( ~ e i t z  symlonn 

f i b e r  g l a s s  t apes ,  Ben Meadows Co.), p o s i t i o n e d  w i t h i n  t h e  

1 0  



r ep resen ta t ive  a reas  and a s  d i c t a t ed  by the  steepness of the 

substratum and topography. were l a id  p a r a l l e l  by means of a  

s igh t ing  compass (Suunto Fast-Accuracy Compass. Ben Meadows Co.) 

a t  each study s i t e  from immediately adjacent  t o  the grounding 

area and t r ansec t ing  through it. thus providing locat ions for  a  

minimum of a t  l e a s t  10 samples per community type. To e s t a b l i s h  

permanent sample loca t  ions. holes were d r i l l e d  and eyebolt s  

cemented in to  the  substratum a t  the upper. middle. and lower ends 

of the t r a n s e c t  l i nes ;  t h i s  enables the  prec ise  replacement of 

the  t r a n s e c t s  during subsequent studies.  136 rectangular  

quadrats were placed along f i v e  t ransec t  l i n e s  a t  1.0 m i n t e r v a l s  

providing permanent. s t r a t i f i e d  p lo t s  f o r  sampling temporal and 

s p a t i a l  d i s t r i b u t i o n s  of organisms. Additional samples were 

added a t  1.0 m i n t e r v a l s  t o  the r i g h t  and l e f t  where the l i n e s  

t ransec ted  the  narrow boulder-wall zone. Quadrat locat ions were 

marked permanently w i t h  metal s tuds,  s t a i n l e s s  s t e e l  washers. and 

marine epoxy (Sea Goin' Poxy Putty Multi-Purpose - 1324. 

Permali te  P l a s t i c s  Corp.). The numerical deployment of 

permanently-marked quadrats is  given i n  Table 1. Length of 

t r a n s e c t s  and spacing of quadrats was determined on s i t e  w i t h  

considerat ion of t he  various damaged areas  and equivalent. but 

undamaged, contro 1s. 

A la rge  number of smal l  quadrats i s  usual ly preferable t o  a .  

l e s s e r  number of la rge  p lo t s  per un i t  of equal area sampled 

(Green 1979). s ince  grea ter  sample numbers permit a  be t t e r  

assessment of between-sample v a r i a b i l i t y .  The s i ze  of the p l o t s  

should be commensurate w i t h  t he  s i z e  of the  organisms themselves 



and t h e i r  d e n s i t y  (Kershaw 1973). The number of q u a d r a t s  sampled 

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

t h e  s tudy area.  I n  q u a d r a t  a s sessments ,  t h e  p l o t  should be no 

s m a l l e r  than t h e  l a r g e s t  i n d i v i d u a l  organism t o  be sampled. We 

2 have found a  r e c t a n g u l a r  0.15-m q u a d r a t  t o  be o p t i m a l  f o r  

sampl ing most t r o p i c a l  mar ine  macrophytes. Rectangular  q u a d r a t s  

have t h e  advantage over  square  o r  c i r c u l a r  p l o t s  of equa l  a r e a  

because they tend t o  i n c o r p o r a t e  a  g r e a t e r  d i v e r s i t y  of 

popu la t ions ,  s i n c e  i t  i s  l e s s  p robab le  t h a t  a  r e c t a n g l e  w i l l  f a l l  

complete ly  w i t h i n  a  g iven clump o r  pa tch  of  organisms.  I n  t h i s  

r egard ,  a  number o f  s t u d i e s  (Clapham 1932; Pechanec and S t e w a r t  

1940; Bormann 1953) have shown t h a t  e l o n g a t e  r e c t a n g u l a r  q u a d r a t s  

may f u r n i s h  a  more a c c u r a t e  a n a l y s i s  of  t h e  composi t ion of  a  

popu la t ion  o r  community than  an equa l  number of square  o r  

c i r c u l a r  p l o t s  having t h e  i d e n t i c a l  area.  We a l s o  des igned o u r  

l a b e l l e d  q u a d r a t s  f o r  photogrammetr ic  sampl ing  (30 x 50 cm) t o  

co inc ide  w i t h  t h e  p r o p o r t i o n s  of  t h e  35-mm f i l m  used f o r  

r e c o r d i n g  t h e  data.  These dimensions  pe rmi t  f r aming  of t h e  

sample a t  a  c l o s e  d i s t a n c e  (-15 cm) w i t h o u t  having t o  r e s o r t  t o  

over ly  d i s t o r t i v e  l enses ,  e x c e s s i v e l y  long quadrapods, o r  

suspended d i v e r s  f o r  ho ld ing  t h e  camera. 

The team of D. L i t t l e r  and S. B l a i r  swam t h e  same t r a n s e c t s  

and photographed q u a d r a t s  a t  r i g h t  a n g l e s  t o  t h e  subs t ra tum u s i n g  

NOAA1s Nikonos underwater  cameras w i t h  15-mm l e n s e s  and 4 Oceanic 

Products  3004 s t r o b e s ,  mounted on two s p e c i a l l y - c o n s t r u c t e d  

compact quadrapods. I n  t h e  c a s e  of v e r t i c a l l y  s t r a t i f i e d  

communities,  lower l a y e r s  were photographed a f t e r  upper canop ies  

had been gen t ly  moved as ide .  Each quadra t  had a  numbered 



c o u n t e r  and p l a s t i c  l a b e l  a f f i x e d  t o  t h e  upper r i g h t  co rner  t h a t  

was marked w i t h  a wax p e n c i l  t o  i d e n t i f y  permanently each of t h e  

photosamples. M i n i a t u r e  t a p e  r e c o r d e r s  i n  waterproof  housings  

( w e t m ~ a p e ,  Sound-Wave Systems,  Inc.) and p l a s t i c  (po lye thy lene)  

coa ted  paper ( P o l y ~ a p e r ,  Nalge Company) were used a s  a r a p i d  

method of t a k i n g  f i e l d  n o t e s  on t h e  c o n t e n t s  of t h e  photo- 

samples. The team o f  J. N o r r i s  and K. Bucher s lowly swam t h e  

t r a n s e c t s  and made s k e t c h e s  of s p e c i e s  and subs t ra tum type  and 

d e t a i l e d  a r e a s  of  a l g a l  coverage w i t h i n  each of  t h e  0.15-m 2 

quadrats .  The u n d e r s t o r y  was e s t i m a t e d  a t  t h i s  t i m e  where 

present .  The o n l y  o rgan i sms  removed from t h e  permanent 

und i s tu rbed  q u a d r a t s  were s m a l l  voucher samples taken by M. 

L i t t l e r  and R. Sims f o r  taxonomic purposes. However, t h i s  was 

done r a r e l y  and on ly  when adequa te  voucher m a t e r i a l  was 

u n a v a i l a b l e  e lsewhere .  The recorded  ip eitu in fo rmat ion  was used 

i n  t h e  l a b o r a t o r y  f o r  c r y p t i c  organisms,  dense  unders tory  

l a y e r i n g ,  and t o  min imize  taxonomic and o t h e r  problems 

encountered w h i l e  i n t e r p r e t i n g  t h e  photo-samples. 

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

of  q u a n t i f i c a t i o n  (by e s t i m a t i o n  ip situ). We have found 

( L i t t l e r  1980) t h a t  such approx imat ions  u s u a l l y  cannot be 

r e p e a t e d  p r e c i s e l y  (i.e., o f t e n  exceeding 2 25% f o r  dominant 

organisms)  because o f  p a r a l l a x  and v a r i a b i l i t y  between and w i t h i n  

obse rvers .  Observer d i f f e r e n c e s  a r e  in f luenced  by varying 

degrees  o f  f i e l d  d i s t r a c t i o n s  and s t r e s s e s ,  which can be 

pronounced d u r i n g  cold ,  heavy surge ,  and t u r b i d  condi t ions .  



I n  t h e  l a b o r a t o r y ,  t h e  developed t r a n s p a r e n c i e s  (Kodachrome 

25) were p r o j e c t e d  onto  a  s h e e t  (27 x 35 cm) of  f i n e - g r a i n e d  

w h i t e  b r i s t o l  paper. The paper c o n t a i n s  a  g r i d  p a t t e r n  of  d o t s  

a t  an average of 2.0-cm randomized i n t e r v a l s  on t h e  s i d e  of  t h e  

r e f l e c t e d  l i g h t ;  t h i s  has been shown ( L i t t l e r  1980) t o  be an  

a p p r o p r i a t e  d e n s i t y  (e.g., -0.5 pe r  cm2) f o r  c o n s i s t e n t l y  

r e p r o d u c i b l e  e s t i m a t e s  of  cover. Sousa (1979) p r e s e n t s  a  

d i s c u s s i o n  of t h e  advantages  o f  t h e  placement of d o t s  a t  uni form 

f i x e d  i n t e r v a l s  v e r s u s  mechan ica l ly  randomized placement o f  do t s .  

B r i e f l y ,  uniform a r rangements  a r e  e a s i e r  t o  l o c a t e  and f a s t e r  t o  

score ,  but  can over-  o r  under -es t ima te  l i n e a r l y - a r r a n g e d  

organisms. Random d o t  p lacements  a r e  confus ing  t o  score ,  can 

over-  o r  under -es t ima te  clumped organisms,  but  a r e  t e c h n i c a l l y  

r e q u i r e d  f o r  s t a t i s t i c a l  a n a l y s i s .  A s t r a t i f i e d - r a n d o m  

arrangement  ( u t i l i z i n g  a  random numbers t a b l e )  was employed a s  a  

compromise. The photographs were a l i g n e d  and focused wi thou t  

r egard  t o  t h e  f i e l d  of d o t s  t o  a s s u r e  unbiased assessments .  The 

percentage cover  v a l u e s  were expressed  a s  t h e  number of "hits*.  

f o r  each s p e c i e s  d i v i d e d  by t h e  t o t a l  number of d o t s  con ta ined  

w i t h i n  t h e  quadrats .  R e p r o d u c i b i l i t y  i s  c o n s i s t e n t l y  high by 

t h i s  t echn ique  and seldom v a r i e s  more t h a n  2 5% f o r  a  g iven t axon  

( L i t t l e r  1980). Species  n o t  abundant enough t o  be scored  by t h e  

r e p l i c a t e d  g r i d  of po in t  i n t e r c e p t s  were ass igned  an a r b i t r a r y  

cover v a l u e  of 0.12, o r  t h e  f i e l d  e s t i m a t e s  were used. 

The method a s  a p p l i e d  h e r e  does n o t  a l l o w  f o r  t h e  complete  

q u a n t i f i c a t i o n  of microalgae ,  e n d o l i t h i c  f l o r a ,  and in fauna  when 

they occur  i n  low abundances. T h e i r  a n a l y s i s  r e q u i r e s  s p e c i a l  

techniques  and e x p e r t i s e  t h a t  comprise  s e p a r a t e  problems o u t s i d e  



the  scope of t h i s  study. For t h i s  reason, the  present d iscuss ion  

i s  r e s t r i c t e d  t o  macro-epiflora that  can be discerned in  the  

f i e l d  w i t h  the  unaided eye. However, it was s traightforward t o  

quantify microbiota (e.g., t u r f s  of fi lamentous algae) when it 

was uniform and present  i n  high abundance. Abundant turf-forming 

microalgae were ex tens ive ly  sampled and component species were 

i d e n t i f i e d  microscopical ly t o  the  lowest taxonomic category 

feas ib le .  Est imates of t h e i r  average abundance6 were made and 

incorporated in  our analysis .  

Analrseepfdata 

Information obtained by t h e  photogrammetric method 

(undisturbed) provides q u a n t i t a t i v e  information on the  

d i s t r i b u t i o n  of s tanding stocks in  r e l a t i o n  t o  depth, d is tance  

along t r ansec t  l i n e s ,  environmental gradients ,  o r  between the 

physical ly damaged areas  and cont ro l  hab i t a t s  before and during 

recovery. The raw t r a n s e c t  data  were summed and means, standard 

deviat ions,  and indices  of d ispers ion  were ca lcula ted  to i n t e r p r e t  

d i f fe rences  i n  populat ions and communities between s i tes .  These 

s t a t i s t i c s  can be used i n  the  fu ture  t o  compare experimental 

t rea tments  a s  w e l l  a s  seasonal  w i th in - s i t e  changes. Species 

cover f luc tua t ions  were ca lcula ted  as  a  funct ion of various depth 
_ ', 

o r  hor izonta l  gradients  throughout the  hab i t a t s  transected. 

Quant i ta t ive  comparisons among populational means and variances 

between h a b i t a t s  were made using nonparametric (one-way ANOVA) and 

parametr ic  (Duncan's mul t ip l e  range t e s t ,  DHRT) comparative 

s t a t i s t i c a l  analyses (Sokal and Rohlf 1981; S t e e l  and Torr ie  

1980). I n  both of these  analyses,  assumptions of normality and 



h o m o s c e d a s t i c i t y  were  met w i t h o u t  t r a n s f o r m i n g  t h e  p e r c e n t  cove r  

da ta .  I n  t h e  a n a l y s i s  o f  v a r i a n c e  (ANOVA), we t e s t e d  t h e  n u l l  

h y p o t h e s i s  t h a t  t h e  means o f  a l l  d a t a  s e t s  from t h e  s i x  d i f f e r e n t  

h a b i t a t s  ( ~ i g .  2) were  d e r i v e d  from t h e  same p o p u l a t i o n  (i.e., 

e q u a l  a t  t h e  95% c o n f i d e n c e  l eve l ) .  H a b i t a t  by h a b i t a t  

compar isons  (Tab le  4) were  a l s o  made by DMRT t o  examine which o f  

t h e  means d i f f e r e d  from one  a n o t h e r  a t  t h e  P<0.05 l e v e l .  

To c h a r a c t e r i z e  o b j e c t i v e l y  b e t w e e n - h a b i t a t  g roup ings  i n  an 

unb ia sed  manner, t h e  u n d i s t u r b e d  cove r  d a t a  f o r  eve ry  macrophy te  

s p e c i e s  from each  q u a d r a t  were  s u b j e c t e d  t o  h i e r a r c h i c a l  c l u s t e r  

a n a l y s e s  ( f l e x i b l e  s o r t i n g ,  unweighted  pa i r -g roup  method) by t h e  

Bray and C u r t i s  (1957) p e r c e n t a g e  d i s t a n c e  s t a t i s t i c  (Smi th  

1976). The p roduc t  o f  t h i s  a n a l y s i s  was a  dendrogram o f  q u a d r a t  

a s semblages  (Fig. 7 )  t h a t  were  t h e n  i n t e r p r e t e d  a c c o r d i n g  t o  

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

method, u t i l i z i n g  non-des t ruc t  i v e  s a m p l i n g  o f  t h e  i d e n t i c a l  

permanent ly  marked q u a d r a t s ,  is  among t h e  most  p o w e r f u l  f o r  

i d e n t i f y i n g  s u b t l e  t e m p o r a l  changes i n  pa tchy b i o t a s  and shou ld  

be employed i n  subsequen t  r e c o v e r y  s t u d i e s .  

RESULTS 

ver* BPd Maior Plant Cover 

T h i s  comple t ion  r e p o r t  r e p r e s e n t s  an  i n i t i a l  e x a m i n a t i o n  o f  

t h e  damage and e s t a b l i s h m e n t  o f  a sampl ing  s t r a t e g y  and 

e x p e r i m e n t a l  des ign .  Consequent ly ,  a n a l y s e s  o f  subsequent  photo-  

s amples  and t ime-dependent  i n t e r p r e t a t i o n s  must  a w a i t  f u r t h e r  

r e s e a r c h  e f f o r t s .  However, we have o b t a i n e d  enough i n f o r m a t i o n  

and i n s i g h t  t o  (1) draw s e v e r a l  c o n c l u s i o n s ,  (2) make 



recommendations concerning moni to r ing  of recovery by p l a n t  l i f e *  

and (3) suggest  s m a l l - s c a l e  p i l o t  exper iments  t o  examine 

p o t e n t i a l  s t r a t e g i e s  f o r  t h e  enhancement of  n a t u r a l  recovery 

processes.  Algae were t h e  f i r s t  organisms t o  co lon ize  t h e  

denuded and p a r t i a l l y  impacted areas .  Because t h e  p l a n t  l i f e  

proved t o  be s u r p r i s i n g l y  d i v e r s e *  a major p o r t i o n  of  t h i s  

i n i t i a l  e f f o r t  has been devoted t o  taxonomic endeavors. 

Consequently* we w i l l  begin by p r e s e n t i n g  our f l o r i s t i c  a n a l y s e s  

based on t h e  e x t e n s i v e  i n i t i a l  c o l l e c t i o n s  of  voucher m a t e r i a l  

g i v e n  i n  T a b l e  5. 

I. Undisturbed Areas Adjacent  t o  t h e  Grounding 

A d i v e r s e  t r o p i c a l  mar ine  f l o r a  r e s i d e s  among t h e  hard 

c o r a l s  and c a l c a r e o u s  a l g a e  forming Molasses Reef (Table 5). 

Based on on ly  t h i s  i n i t i a l  e f f o r t *  a t o t a l  of 73 t a t a  were 

c o l l e c t e d ,  of  which 13 r e p r e s e n t  new r e c o r d s  (Table 6 )  f o r  t h e  

s t a t e  of  F lo r ida .  The long- l ived c a l c i f i e d  greens,  e.g.. 

. . #alimeda w, & m, and U v e r t l c l l l o s a r  and 

c a l c i f i e d  r e d s ,  e.g.* Galaxaura oblonnata, and 

w, a r e  s p a r s e l y  d i s t r i b u t e d  but conspicuous 

components of  t h e  n a t u r a l  f l o r a ,  due t o  t h e i r  r e l a t i v e l y  l a r g e  

s i z e .  

A. Stony Coral /Algal  Area (SC) 

I n  a l l ,  40 t a x a  of  b e n t h i c  marine  a l g a e  were recognized i n  . 

t h i s  u n d i s t u r b e d  "control" h a b i t a t  (Fig. 2). T o t a l  macrophyte 

cover averaged 49.8% (overs to ry  p l u s  unders tory) ,  of which none 

included t h e  weedy y e l l o w - t u r f  assemblage (Table 7). Turfs. 

u s u a l l y  l e s s  than  3-cm t a l l .  a r e  t h e  dominant a l g a e  i n  terms of 



percen t  coverage (14%). c o n s i s t i n g  of patchy complex assemblages  

of p e r e n n i a l  s p e c i e s  o f t e n  growing t o g e t h e r  o r  en tang led  (Fig. 

. . 
3A); t h e  major components a r e  u, AmDhuoa 

spp., and F o l v s i ~ ~  spp. These t u r f  assemblages  o f t e n  grow on 

o r  through an unders to ry  l a y e r  of smooth c r u s t o s e  c o r a l l i n e  a l g a e  

(13% cover). R e l a t i v e l y  u n i a l g a l  s t a n d s  of  Wrannelia a r e  

a l s o  common (2%). F i l amentous  s p e c i e s  of -, -, 

h o n k ,  and form broad expanses  of d e l i c a t e  

t u r f s  and t h e  f o l i o s e  browns Dictvota bartasresii and p, 

a r e  p r e s e n t  i n  low abundance6 (3%). Red-orange 

peyssonnel id  c r u s t s  a r e  a l s o  conspicuous here.  Occas iona l ly ,  

Valonia ventricosa and Anadvomene &&&g a r e  found, t h e  l a t t e r  

o f t e n  o c c u r r i n g  i n  d e p r e s s i o n s  (& was o r i g i n a l l y  

desc r ibed  from B r a z i l ,  and r e p r e s e n t s  a new d i s t r i b u t i o n a l  r e c o r d  

f o r  F lo r ida ) .  A s m a l l  and c r y p t i c  s p e c i e s  of  Botrvocladia. & 

eDinulifera (a new d i s t r i b u t i o n a l  r ecord  f o r  F l o r i d a )  was 

discovered on t h e  u n d e r s i d e s  of c o r a l  rubble.  

B.   or gonian/Algal  Area (GA) 

The a l g a l  f l o r a  of  t h i s  environment i s  q u i t e  r i c h ,  t o t a l i n g  

54 s p e c i e s ,  i n c l u d i n g  DictvoDteris dellcatula and o c c a s i o n a l  

smal l ,  j u v e n i l e  Satnaesum ( p o s s i b l y  S, hvstrix and S, acinarium 

?). T o t a l  macropbyte cover i n  t h i s  h a b i t a t  (Figs. 2, 3B, and 4A) 

averaged 58.9% coverage, w i t h  t h e  o p p o r t u n i s t i c  yellow t u r f  being 

q u i t e  minor (2% cover,  Tab le  7). Crus tose  c o r a l l i n e  a l g a e  and 

mixed t u r f s  aga in  predominate (25% and 14% mean coverage,  

r e s p e c t i v e l y )  wi th  a s i m i l a r  assemblage of s p e c i e s  a s  found i n  



t h e  "Stony Cora l /Alga l  ~ r e a " ;  i n c l u d i n g  C;elidium -# t h e  

. .  . 
s m a l l  a r t i c u l a t e d  c o r a l l i n e s  fraelllsslma and Jania 

. . , w r  and Wurdemannla w. Large 

clumps of t h e  f o l i o s e  browns, bartavrrsii and P, 

divar- (12% coverage) ,  and dense t u r f s  of t b e  purple-red 

arnus (0.8%) a l s o  c h a r a c t e r i z e  t h i s  g o r g o n i a d a l g a l  

h a b i t a t .  Clumps o f  W oDuntia, L 

t r i b u l u s r  Galaxaura -, and L cslindrica a r e  common here  

. . 
and hos t  a  m u l t i t u d e  o f  e p i p h y t e s  (i.e., Grrffltbsra, Csramiumr 

$ ' 0 l p s ~ ~ h o n i a ,  e n c r u s t i n g  c o r a l l i n e s ) .  Other common macroalgae 

i n c l u d e  t h e  wiry-red GelidieUa m, eDinella. and t h e  

. . 
i r i d e s c e n t  b lue-colored w. A dwarf form of 

Dinenia l e s s  t h a n  0.5 cm t a l l  above a  broad expanding 

base,  i s  apparen t  h e r e  t h a t  i s  known t o  be i n d i c a t i v e  of i n t e n s e  

g r a z i n g  p r e s s u r e  (S.M. Lewis & J.N. Norr i s ,  pe r sona l  

obse rva t ion) .  An unusua l  -, L cf.  -r i s  

e p i p h y t i c  o r  e n t a n g l e d  on v a r i o u s  macroalgae. Other e n c r u s t i n g  

a l g a e  p r e s e n t  a r e  t h e  r e d  peyssonnel ids ,  and t h e  brown 

e n c r u s t i n g  form o f  LoboDhora w. Yellow-green t u r f s  (3% 

cover)  composed o f  EnteromotDha -r CladoDhora 

brasilana. and CladoDbora k t e v m  and r e d d i s h  brown t u r f s  o f  

B -, and Centtocerae a l s o  c o n t r i b u t e  t o  t h e  

a l g a l  cover. Two s p e c i e s  o f  BDtrvocladiaB & shankaii and 8, 

occur  h e r e  (both  new r e c o r d s  f o r  Flor ida) .  



11. Damaged Reef Study S i t e s  

A. S o l i d  Subst ra tum Area (SS) 

Th i s  s o l i d  subs t ra tum a r e a  c o n t a i n s  by f a r  t h e  most 

impoverished f l o r a  (Figs.  2 and 4B), w i t h  o n l y  10 taxa.  T o t a l  

macrophyte cover  i s  60.51, which i s  h igher  t h a n  undamaged s i t e s  due t o  

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

(54% cover)  which had r e p l a c e d  l i v e  c o r a l s ,  gorgonians,  sponges, 

macroalgae,  e t c .  t h a t  had been sc raped  away (evidenced by s t r e a k s  o f  

s h i p  p a i n t ,  s e e  photographs i n  J a a p  1984). Th i s  a r e a  was t h e  most  

s e v e r e l y  impacted by t h e  grounding o f  t h e  Wellwood. Here t h e  r e e f  i s  

now more o r  l e s s  f l a t ,  v i r t u a l l y  homogeneous, c o n s i s t i n g  o f  sc raped  

c o r a l  subs t ra tum and sand, looking a l m o s t  b a r r e n  excep t  f o r  t h e  s h o r t  

( l e s s  than  0.5 cm high)  yellowish t u r f "  (54% coverage). Based upon 

microscopic  assessments ,  t h e  major  e l ement  (41% of  t h i s  t u r f )  i s  t h e  

green a l g a  Trichosolen (new t o  F l o r i d a )  t h a t  was on ly  found i n  

t h e  d i s t u r b e d  quadra t s ,  and which appears  t o  be an  o p p o r t u n i s t i c  o r  

e a r l y  c o l o n i z i n g  s p e c i e s  i n d i c a t i v e  of env i ronmenta l  d i s tu rbance .  

Other components o f  t h i s   yellowish t u r f "  a r e  t h e  s i m i l a r  s i z e d  green 

chaetomorDhoides (29%). t h e  r e d  (18%) and 

t h e  green (12%). Occasional  dark  t u f t s  of  t h e  b lue-green 

Calothrir a r e  present .  -, Dinenia simDlex (dwarf form), 

-, o t h e r  b lue-greens ,  and Dolvrhiza compose t h e  

o c c a s i o n a l  r e d d i s h  c reep ing  t u r f s  seen h e r e  (2.5% cover). Crus tose  

c o r a l l i n e  a l g a e  a r e  common i n  t h i s  a r e a  (2.5% cover);  however, t h e s e  

p l a n t s  a r e  n o t  n e w l y - s e t t l e d  but remnants  a t t a c h e d  t o  broken c o r a l  

fragments.  The Chlorophyta comprise  t h e  main cover i n  t h i s  damaged 

s i t e  w h i l e  i n  undis turbed h a b i t a t s  Rhodophyta dominate. 



B. Boulder Wal l  (BW) 

A new more o r  l e s s  v e r t i c a l  r u b b l e - w a l l  h a b i t a t  c o n s i s t i n g  

of smashed and packed c o r a l  b locks  was formed a l o n g  one s i d e  of 

t h e  two f l a t t e n e d  a r e a s  ( s o l i d  s u b s t r a t u m )  a s  t h e  s h i p  ploughed 

i n t o  t h e  r e e f  (Figs.  1 and 2). Damsel f i s h  a l r e a d y  have 

e s t a b l i s h e d  t e r r i t o r i e s  among t h e  nooks and c r a n n i e s  (Figs.  5 B  

and 6A.B) th roughou t  t h i s  wa l l .  I n  a l l ,  3 1  s p e c i e s  of  

macrophytes were encoun te red ,  c o v e r i n g  67.9 % of t h e  subs t ra tum.  

The y e l l o w - t u r f  assemblage  c o n t r i b u t e d  32.4% of  t h e  t o t a l  cover 

(Table 7)  and c h a r a c t e r i z e s  t h e  f l o r a  of t h i s  h a b i t a t ,  t h e  major 

e l ement s  a g a i n  be ing  s m a l l  but  l u x u r i a n t  p l a n t s  o f  TL.ichosolpe 

~arua. E n . -  -. -, and CladoDhora. 
. . t u r f s  (11% coverage)  and s i m i l a r  a s s o c i a t e d  s p e c i e s  a s  

found t h e  "gorgonian area", w i t h  t h e  a d d i t i o n s  o f  Corallina 

cubeasis and Dinenia a (dwarf form),  a r e  f r e q u e n t  h e r e  a s  

well. A s  i n  t h e  o t h e r  s i t e s ,  t h e s e  o f t e n  occur  o v e r  an 

unders to ry  o f  c o r a l  l i n e  c r u s t  s ( 5 %  coverage). Also  p r e s e n t  a r e  

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

ChalPDia garvula, m, and numerous o t h e r  s m a l l  f i l a m e n t o u s  

*Dasva.-~Bntithamnion. r e d s  such a s  

Antithamnionella, and -, a s  well a s  b lue-green t u r f s  

( f i l a m e n t o u s  and r e d d i s h  i n  c o l o r ) ,  m, and some da rk  

. . 
green-blackish  Calothri. cruetacea clumps. Botrvocladia sbankerr 

was encountered  c l o s e l y  a d h e r i n g  t o  t h e  c o r a l  rubble.  



C. Prop-Wash Area (PW) 

A t o t a l  of 22  taxa of marine algae were found in the prop- 

washed environment, w i t h  63.9 % mean coverage. The green a lga  - Darva* - rhaetomorDhoides. PalvsiDhonia 

and a l l  components of the dominant "yellowish turf". 

comprise the  major a l g a l  cover (2U) i n  t h i s  habi ta t  along w i t h  

two species  of c rus tose  c o r a l l i n e  algae (20% cover). Also common 

(17% cover). a r e  mixed species  t u r f s  composed of Gelidium 

Dusillum.u-.w-.-. 
. .  . 

and -. Present i n  lower abundances a re  smal l  clumps of 

cruetacea.Gelldlella 
. . 

t he  dark blue-green Calothrrx acerosa. and 

w. Other blue-greens. a r e  occasional ly present 

. . 
along w i t h  sporadic clumps of w. 

D. Cobble Area (CAI 

There are.  including the  t r a c e  species,  18 taxa present. 

represent ing  67.4% mean a l g a l  cover in  t h i s  habi ta t  ( ~ i g s .  2 and 

5A). w i t h  the major i ty  of t h i s  (64.3%) comprised of the  

oppor tunis t ic  yellow t u r f  (Table 7). However. t h e  t u r f  here i s  

dominated by Tricbosolen ~ a t v a  and the two CladoDhora species. The 

c rus tose  c o r a l l i n e s  account fo r  about 3% cover [purple c rus t  

(w 2.1% and pink c rus t  (Porolithon) 0.6%1. Present a l s o  

. . 
a r e  occasional  t u f t s  of Gelrdlum and U k t h r i ~ .  



t i v a  

The q u a n t i t a t i v e  d a t a  (Tables  4  and 7) c l e a r l y  show a  

s t a t i s t i c a l l y  g r e a t e r  (P<0.05. ANOVA. DMRT) abundance of  dominant  

long- l ived p e r e n n i a l  a l g a l  s p e c i e s  i n  t h e  two und i s tu rbed  a r e a s  

( c o r a l / a l g a l  and gorgonian a l g a l )  r e l a t i v e  t o  t h e  s o l i d  s u b s t r a t u m  

a r e a  and t h e  cobble  h a b i t a t .  For example. t o t a l  a l g a l  cover.  

exc lud ing  o p p o r t u n i s t i c  y e l l o w - t u r f  forms. averaged 49.8% i n  t h e  

s tony c o r a l / a l g a l  c o n t r o l  a r e a  and 56.7% i n  t h e  g o r g o n i a n / a l g a l  

c o n t r o l  area .  I n  marked c o n t r a s t .  t h e s e  s p e c i e s  were reduced t o  

only 5.8% cover i n  t h e  s o l i d  subs t ra tum area .  t h a t  had been crushed 

and scraped t o  r e e f  framework by t h e  ship.  and 3.0% cover  i n  t h e  

scoured cobble  h a b i t a t .  The prop-washed and bou lde r -wa l l  a reas .  

which had r e c e i v e d  an i n t e r m e d i a t e  l e v e l  o f  s c r a p i n g  o r  p h y s i c a l  

shear ing.  showed a  r e d u c t i o n  t o  about h a l f  t h e  n a t u r a l  l e v e l  of  

a l g a l  s p e c i e s  coverage (21.0% and 32.4% cover. r e s p e c t i v e l y .  Table  

7). These v a l u e s  were s i g n i f i c a n t l y  g r e a t e r  (P<0.05 ANOVA. DMRT) 

than  t h o s e  from t h e  d i s t u r b e d  s o l i d  subs t ra tum and cobb le  a r e a s  bu t  

no t  s t a t i s t i c a l l y  (P>0.05. Table  4) d i f f e r e n t  from t h e  c o n t r o l  

a r e a s .  

Conversely. t h e  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  

compris ing t h e  ye l low t u r f  (i.e.. Trichosolen ~arya. hUumx& 
. .. 

PolPsiDhonia sp.. and CladoDhora sp.) were a b s e n t  

i n  t h e  s tony c o r a l / a l g a l  c o n t r o l  a r e a  and covered only  2.2% i n  t h e  

gorgon ian /a lga l  c o n t r o l  area.  These s p e c i e s  showed d r a m a t i c  

i n c r e a s e s  i n  t h e  d i s t u r b e d  s o l i d  subs t ra tum h a b i t a t  (54.7% cover) .  

t h e  scraped cobble a r e a  (6 4.3%). t h e  prop-washed a r e a  (21.0%). and 

t h e  boulder  w a l l  (32.4%). A l l  o f  t h e  d i f f e r e n c e s  between t h e  mean 



cover o f  ye l low t u r f  i n  und is tu rbed  versus  damaged h a b i t a t s  were 

s t a t i s t i c a l l y  s i g n i f i c a n t  (Table 4 )  a t  t h e  P<0.05 l e v e l  of 

p r o b a b i l i t y  (ANOVA, DMRT). Dominant a l g a e  i n  t h e  surrounding 

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

(P<0.05) i n c l u d e  s p e c i e s  o f  U t v o t a ,  C;elldlum . . 
Dueillurn. 

-, t h e  u n i d e n t i f i e d  red  t u r f ,  and Prannelia areus (Table 

7). GdJJhm . . 
t u r f  and t h e  p u r p l e  c r u s t o s e  c o r a l l i n e  ( w l i t h o n )  

were a l s o  markedly reduced i n  a l l  d i s t u r b e d  h a b i t a t s  except i n  t h e  

prop-wash a r e a ,  due t o  t h e  tough wiry n a t u r e  of  t h e  former and t h e  

s tony  t e x t u r e  of  t h e  l a t t e r ,  which r e s i s t e d  hydrodynamic s h e a r i n g  

e f f e c t s  (i.e., prop wash) bu t  no t  mechanical  scraping.  Both of 

t h e s e  two t a x a  a l s o  p e r s i s t e d  i n  t h e  boulder-wal l  h a b i t a t  because 

numerous l a r g e  f ragments  t h a t  were moved remained i n  an u p r i g h t  

p o s i t i o n  and tended t o  r e t a i n  some of t h e  normal community 

components (Figs. 5B and 6A,B). However, t h i s  boulder-wal l  

community w i l l  p r e d i c t a b l y  become a l t e r e d  w i t h  t i m e  because it 

r e p r e s e n t s  e x c e l l e n t  damself  i s h  h a b i t a t .  Damself ish  a r e  known 

(Montgomery 1980; Brawley and Adey 1977; Hixon and Brostoff  1982; 

Sammarco, 1983) t o  e x e r t  s t r o n g  i n £  luences  on a l g a l  community 

development by e l i m i n a t i n g  c e r t a i n  l a r g e  forms, whi le  enhancing and 

guarding o t h e r  s p e c i e s  w i t h i n  t h e i r  t e r r i t o r  ies .  

Th i s  i n i t i a l  a ssessment  of  t h e  136 samples r e l i e s  heav i ly  on 

t h e  c l u s t e r  p a t t e r n s  r e v e a l e d  i n  Figure  7, based on t h e  p l a n t  

s p e c i e s  composi t ion and percen tage  cover. I t  i s  i n t e r e s t i n g  t o  

compare t h e  sample assemblages  i n  view of t h e i r  l o c a t i o n s  w i t h i n  t h e  

s i x  d i f f e r e n t  a r e a s  t r a n s e c t e d .  When a l l  o f  t h e  sample p l o t s  were 

s u b j e c t e d  t o  h i e a r c h i c a l  c l u s t e r  a n a l y s i s  (Bray-Curtis  s i m i l a r i t y  

c o e f f i c i e n t ,  unweighted pai r -group method), t h e  r e s u l t a n t  dendrogram 



( ~ i g .  7) s t a t i s t i c a l l y  c o r r o b o r a t e d  t h e  f i n d i n g s  based on t h e  

p a r a m e t r i c  and nonparametr  i c  a n a l y s e s  j u s t  d e s c r i b e d  (Tables  4 and 

7). The most conspicuous  f e a t u r e  i s  t h a t  t h e  q u a d r a t s  w i t h i n  t h e  

und i s tu rbed  c o n t r o l  a r e a s  (both  t h e  s tony  c o r a l / a l g a l  and 

gorgon ian /a lga l  communi t ies)  c l u s t e r e d  t i g h t l y  t o g e t h e r ,  bu t  a t  

r e l a t i v e l y  v a r i a b l e  l e v e l s  o f  c o e f f i c i e n t s  o f  s i m i l a r i t y  (Fig. 7). 

This  v a r i a t i o n  i s  due t o  t h e  patchy n a t u r e  o f  t h e  n a t u r a l  

und i s tu rbed  environment ,  which i s  r i c h  but  ve ry  non-uniform i n  t e r m s  

of t h e  predominant p l a n t  cover. C o n t r a s t i n g l y ,  a l l  but  one of t h e  

q u a d r a t s  w i t h i n  t h e  d i s t u r b e d  s o l i d  subs t ra tum and cobb le  h a b i t a t s  

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

(Fig. 7)r due t o  t h e i r  more uni form domina t ion  by t h e  y e l l o w  t u r f ' s  

e a r l y  s u c c e s s i o n a l  spec ies .  

I n  agreement w i t h  the s t a t i s t i c a l  comparison t e s t s ,  t h e  prop- 

wash and bou lde r -wa l l  d i s t u r b e d  q u a d r a t s  were d i s p e r s e d  ( ~ i ~ .  7 )  

among both t h e  und i s tu rbed  and phys ica l ly - sc raped  q u a d r a t  

assemblages  owing t o  t h e  v a r y i n g  degree  o f  impact  t h a t  t h e y  

experienced.  For example, a  number of  p l o t s  w i t h i n  t h e s e  l a s t  two 

h a b i t a t s  r e t a i n e d  some o f  t h e  long- l ived  s p e c i e s  c h a r a c t e r i s t i c  o f  

t h e  und i s tu rbed  h a b i t a t s ,  whereas o t h e r s  r e c e i v e d  d i s t u r b a n c e s  

s u f f i c i e n t  t o  c a u s e  domina t ion  by t h e  weedy y e l l o w - t u r f  forms. A s  

'men t ioned ,  because  of t h e  r e l a t i v e l y  high s p a t i a l  h e t e r o g e n e i t y  and 

concomitant  r a p i d  c o l o n i z a t i o n  by d a m s e l f i s h e s ,  we a n t i c i p a t e  t h a t  

s u c c e s s i o n a l  p a t t e r n s  w i l l  d i f f e r  g r e a t l y  w i t h i n  t h e  bou lde r -wa l l  

s u b s t r a t a ,  u n l e s s  d i s p e r s i o n  by u n p r e d i c t a b l e  s torm a c t i v i t y  occurs .  



Based on t h e  c l u s t e r  a r r a y  (Fig. 7). an  argument could be 

made f o r  grouping t h e  und is tu rbed  s tony c o r a l / a l g a l  and 

g o r g o n i a d a l g a l  h a b i t a t s  a s  a  s i n g l e  c o n t r o l  system. and t h e  

scraped s o l i d  subs t ra tum and cobble zones a s  a  s i n g l e  extreme 

p h y s i c a l l y  d i s t u r b e d  system. Th is  would i n c r e a s e  t h e  sample s i z e  

and narrow t h e  s t a t  i s t i c a l  conf idence i n t e r v a l s  accordingly.  

However. it may be necessa ry  d u r i n g  r e c o l o n i z a t i o n  s t u d i e s  t o  

m a i n t a i n  t h e  s e p a r a t e  autonomies  of t h e s e  systems. because we 

cannot  y e t  p r e d i c t  what s u c c e s s i o n a l  e v e n t s  may occur owing t o  

i n h e r e n t  m i c r o h a b i t a t  d i f f e r e n c e s .  The prop-wasb and boulder-  

w a l l  sys tems c l e a r l y  w i l l  con t inue  t o  war ran t  s e p a r a t e  t r e a t m e n t  

due t o  t h e i r  v a r y i n g  degrees  o f  i n t e r m e d i a t e  d i s tu rbances .  

CONCLUSIONS 

1. The e f f e c t s  of  t h e  grounding by t h e  f r e i g h t e r  

caused e x t e n s i v e  a l t e r a t i o n s  i n  t h e  d i s t r i b u t i o n  and abundance 

p a t t e r n s  of  a l g a l  communities on t b e  sba l low spur  system of 

Molasses Reef. Key Largo Marine Sanctuary. 

2. The n a t u r a l  a l g a l  communities of t h e  sbal low f o r e r e e f .  

a l tbough  dominated by s m a l l  p e r e n n i a l  forms i n d i c a t i v e  of  h igh 

g r a z i n g  a c t i v i t y ,  were s u r p r i s i n g l y  r i c h  i n  s p e c i e s  (73 taxa.  13 

o f  wbich were p rev ious ly  unknown i n  F l o r i d a  waters) .  

3. Long-lived p e r e n n i a l  p l a n t s  were a lmos t  t o t a l l y  removed i n  

t h o s e  a r e a s  scraped by t h e  h u l l ;  wbereas. a l l  but  t h e  wiry  

and s tony forms were sbeared away i n  prop-washed a r e a s  not  d i r e c t l y  

c o n t a c t e d  by t h e  ship. The abundance8 o f  long-lived forms i n  a d j a c e n t  '1 

? 

a r e a s  not  a f f e c t e d  ( c o n t r o l s )  were s t a t i s t i c a l l y  g r e a t e r  (P<0.05, ANOVA. , 

DMRT) than  t h o s e  i n  t h e  two a r e a s  p h y s i c a l l y  scraped by t h e  grounding. 
$ 

i 
i 



4. Conversely,  a l l  four  of  t h e  mechan ica l ly -d i s tu rbed  

h a b i t a t s  had s i g n i f i c a n t l y  g r e a t e r  ( ~ < 0 . 0 5 )  abundance6 of  a  weedy 

mic ro f i l amentous  y e l l o w - t u r f  assemblage ( W c h o s o l ~  ~arra. 

Enteromorpha sp., and CladoDhora 

sp.) t h a t  had a l r e a d y  become e x t e n s i v e  (up t o  64.3% mean cover )  

w i t h i n  two weeks f o l l o w i n g  t h e  grounding. 

5. The number of  r e p l i c a t e  samples i n  t h e  p h y s i c a l l y  sc raped  

a r e a s  probably can be dec reased  a s  a  c o s t - s a v i n g  measure d u r i n g  

f u t u r e  s t u d i e s  because of  t h e i r  r e l a t i v e l y  high l e v e l  of 

s i m i l a r i t y .  Th i s  i s  n o t  t h e  c a s e  i n  t h e  more patchy n a t u r a l  

h a b i t a t s  c o n t a i n i n g  abundant s tony c o r a l / a l g a l  and 

gorgon ian /a lga l  communit i e s .  

RECOMHENDATIONS 

1. Due t o  t h e  s u r p r i s i n g l y  d i v e r s e  and complex n a t u r e  of  

t h e  a l g a l  communities a t  Molasses Reef. a  high l e v e l  of  taxonomic 

e f f o r t  needs t o  be sus ta ined .  T h i s  would p r i m a r i l y  n e c e s s i t a t e  

e x p e r t i s e  i n  d e a l i n g  v i t h  mic ro f i l amentous  algae.  

2. A b roadsca le  q u a n t i t a t i v e  d e s c r i p t i o n  of permanent 

pho to - t ransec t s  should be made t o  document a l g a l  community 

s t r u c t u r e  throughout  t h e  major  zonat  i o n a l  h a b i t a t e  of  Molasses 

Reef. Major h a b i t a t s  and b i o t i c  zones should be determined by 

a e r i a l  photography and then eubsampled appropr ia te ly .  Th i s  would 

provide  a  much-needed inven to ry  and b a s e l i n e  from vh ich  t o  

a s c e r t a i n  changing p a t t e r n s  of  t h e  r e e f  b io ta .  i n c l u d i n g  p o s s i b l e  

human-induced a l t e r a t i o n s .  

3. Because of  t h e  high degree  of p a t c h i n e s s  i n  t h e  a l g a l  

communities of Molasses Reef, t h e  same permanent. f ixed-p lo t .  



n o n - d e s t r u c t i v e  methods should be u t i l i z e d  t o  moni tor  recovery 

p a t t e r n s .  Cons idera t ion  should be given t o  lumping t h e  s tony 

c o r a l / a l g a l  and gorgon ian /a lga l  c o n t r o l  q u a d r a t s  a s  w e l l  a s  t h e  

sc raped  s o l i d  and cobble  a r e a s  t o  improve t h e  s t a t i s t i c a l  

con£ idence l i m i t s  d u r i n g  f u t u r e  analyses.  However, m i c r o h a b i t a t  

d i f f e r e n c e s  and subsequent succesa iona l  even t s  may preclude t h i s .  

4. Exper imenta 1 manipu la t ions  invo lv ing  t h e  t i m i n g  o f  

r e c r u i t m e n t  would p rov ide  powerful  p r e d i c t i v e  i n s i g h t s  i n t o  

s e a s o n a l  p a t t e r n s  and a v a i l a b i l i t y  of  spores  a s  w e l l  a s  examine 

t h e  e f f i c a c y  of  enhancing recovery t o  p red i s tu rbance  l e v e l s  by 

c o n t r o l l i n g  r e c o l o n i z a t i o n  events.  Th i s  t y p e  of  s tudy hae 

c ~ o n s i d e r a b l e  p o t e n t i a l  f o r  p rov id ing  managers w i t h  u s e f u l  

i n f o r m a t i o n  and i s  s t r o n g l y  recommended. 

5. Cons idera t ion  should a l s o  be given t o  conducting l i m i t e d  

c o n t r o l l e d  t r a n s p l a n t  exper iments  w i t h i n  t h e  p h y s i c a l l y  damaged 

h a b i t a t s .  Th i s  would examine t h e  f e a s i b i l i t y  of  d i r e c t l y  r e -  

e s t a b l i s h i n g  long- l ived s l o w - r e c r u i t i n g  organisms a s  w e l l  a s  

augmenting t h e  number o f  v i a b l e  r e c r u i t s  f o r  s p e c i e s  t h a t  

d i s p e r s e  o v e r  r e l a t i v e l y  s h o r t  d i s t ances .  

6. Because t h e  n a t u r a l  a l g a l  assemblages  a r e  i n d i c a t i v e  of 

h e r b i v o r e - c o n t r o l l e d  sy s tems,  c o n s i d e r a t  ion  should be given t o  

moni to r ing ,  and p o s s i b l y  manipula t ing,  t h e  p a t t e r n s  of  f i s h  

r e c r u i t m e n t  and g raz ing  i n t e n s i t y  i n  und is tu rbed  vs. damaged 

h a b i t a t s  d u r i n g  t h e  recovery procese. 
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Table  3 .  Comparison o f  s e r i a l  and random quadrats  f o r  t h e  
s o l i d  substratum d i s t u r b e d  area  (~=20). 

Taxa 
Ser i a  1 Random 
Array Array 

Yellow t u r f  54.650 52.565 Mean Value 
11.052 7.304 95% Confidence I n t e r v a l  
5.281 3.490 Standard Error 

Purple  c r u s t o s e  c o r a l l i n e  0.285 3.490 
( B v d r o l i t  hon) 0.586 4.167 

0.280 1.991 

. . 
e l l d l u m  t u r f  

Pink c r u s t o s e  c o r a l l i n e  0.430 0.550 
(-lit h w )  0.667 1.140 

0.319 0.545 

. . Gelldlum red  t u r f  0.000 0.005 
0.000 0.010 
0.000 0.005 



Table 4. Duncan's mu l t ip l e  range t e s t  (DMRT) r e s u l t s  f o r  a l l  
s i x  a reas  sampled. S ign i f i can t  d i f f e r ences  a t  the  95% 
confidence l eve l  a r e  indicated by a s t e r i sks .  (A) r ep re sen t s  
DMRT f o r  the dominant yellow tu r f  present i n  most areas.  
(B) represents  DMRT fo r  a l l  o ther  taxa present  i n  the 
samples. 

Yellow t u r f  only A l l  o the r  taxa 
(A ( B )  

Areas Areas 
SC GA SS CA PW BW SC GA SS CA PW BW 

Areas 
Stony co ra l / a lga l  SC SC t t 

~ o r g o n i a n / a l g a l  GA G A t * 
Solid substratum SS * * t .* S S 
Cobble CA * * *  t * C A 
Prop wash PW * * P W t t 

Boulder wall  BW * * * BW t t 



Table  5 .  Marine a l g a e  i n  t h e  v i c i n i t y  o f  t h e  Bellwood grounding, 
m o l a s s e s  r e e f :  undis turbed ( c o n t r o l )  s i t e s  ( SC = s toney  c o r a l / a l g a l  
area ,  GA = gorgon ian /a lga l  area )  v s .  d i s t u r b e d  (damaged) s i t e s  
(SS = s o l i d  substratum area ,  BW = boulder w a l l ,  PW = prop wash 
a r e a ,  CA = c o b b l e  a r e a ) .  

CHLOROPHYTA SC GA SS BW PW CA 
EnteromorDha W g m p r p h o i d a  x x x x x  

PHAEOPHYTA 
Ecto- c f .  

LQ.kQ&=- 
.. 

~ a u ~ h a n i e l l a ' ~  s t a g e  o f  Padina 

-?acinarium 

Sareassum?hvstrix 

X 

X X X X  

X X X 

X X X X 



RHODOPBYTA 

Galaxaura- 

Galaxauraobloneata 
.. 
~ a l k e n b e r g i a ' .  s t a g e  o f  AsDaranoDsis 

a .  Gelldlellaacerosa 
. . 

e 1 ~ d z . m  p u s i u  

BurdemaMia miniata 

c r u s t s  

Fosrella or  

c o r a l l i n e  c r u s t  (purp le .  Bvdrolithon) 

c o r a l l i n e  c r u s t  (p ink .  Porolithon) 

BvDneasDinella 

HvDnea 

Botrpoc lad ia  shanksll 
. . 

X X x X X X 

X X X X X  

X 

X X X X 

X 

X X 

X X 

X 

X X X 

X X X 

X X 

X 



X  X  X X X  

Taenromananum X  X  

D a s v a w  

X  

X  

C h o n d d  x x x x x x  

Dieenia a "dwarf form" x x x 

BernosiDboniasecunda X  X  X X X  

-tenella X  

X  X  X X X X  

X  X  X X X X  

CYANOPBYTA 
!Ab lk ix -  X  X X X  X  

Blue-nreens  x x x x 



Table 6 .  L i s t  o f  marine a lgae  new t o  F lor ida .  

CHLOROPHYTA 
Anadvom- sald- Joly  & Olivera 

Neomeris pucosa Howe 

hosolen p m  (Dawson) Taylor 1962 

Udotea v e r t l c l l l o s a  
. . A .  & E . S .  Gepp 

PHAEOPHYTA 
novae ho l landlae  - Sonder 

.. 
~ a u ~ h a n i e l l a "  s tage  o f  Padina 

RHODOPBYTA . . Dawson 

Botrvoc ladk sDinulifera Taylor & Abbott 1973 

Betit- oedeniae Abbott 

l o t  hamniqg ? 



Table 7 .  Hean Percent Cover(+-standard e r r o r )  for  the predominant hab i t a t e  sampled on 
Holaesee Reef 31 Auguet - 4 September 1984. 

-- 
u-d I'd 

Taxa Stony Coral Gorgonian So 1 id  Disturbed Prop Wash Boulder Wall 
- 1 Subetrat  . . urn - - W e  

elidiyg) tu r f  14.027(3.143) 14.431(1.803) 2.346(0.856) 0.147(0.096) 17.733(3.867) 10.062(4-270) 
Purple cruetoee c o r a l l i n e  12.788(3.163) 24.200(3.158) 2.424(1.099) 2.116(0.76 1) 18.914(2.914) 3.677( 1.463) 
P o l ~ e i ~ h o n i a  tu r f  5.188(2.325) 0.223(0.223) 
Gelidium/Dictvotp tu r f  4.097 (2.404) 
Polyeiphonia/Gelidiuol tu r f  3.600( 1.853) 0.346(0.346) 0.246(0.246) 
Wrannelia 2.127(0.825) 0.823(0.596) 0.062(0.059) 0.076(0.076) 0.031(0.013) 
Red tu r f  l.a15( 1.806) 0.046( 0.041) 0.015(0.010) 
Cruetose c o r a l l i n e  1.339(0.574) 0.005(0.004) 0.077(0.077) 
Dictyota 1.203(0.503) 7.962(2.517) 0.003(0.003) 0.005(0.005) 0.115(0.083) 
Green t u r f  0.752(0.54) 1.685(0.869) 0.074(0.074) 3.867(2.740) 17.792(5.876) 
Pey eeonnelia 0.670(0.473) 0.058(0.053) 0.014(0.008) 0.285(0.181) 
Dictyota ba r t ayree i  0.42 l(0.287) 5.754(2.3!#2) 0.081(0.076) 0.008(0.008) 
Gelidium pusillum 0.403(0.321) O.Oll(0.005) 0.500(0.352) 
Brown tu r f  0.273(0.273) 
C o e l o t h r i i  0.206(0.128) 0.008(0.008) 0.008(0.008) 
Halimeda goreaui i  0.185(0.132) 0.146(0.138) 
 pol^ eiphonia 0.127(0.121) 0.07 l(0.067) 
Bluegreene 0.097(0.088) 0.016(0.009) 0.010(0.007) 0.015(0.010) 
Hvpnea 0.085(0.085) 
Pink cruetoee c o r a l l i n e  0.073(0.070) 1.238(0.601) 0.530(0.336) 0.605(0.293) 1 . 1 4 1 2 8 1  1.569(1.275) 
Pa lkenbergia 0.073(0.073) 
Amphiroa t r i l o b a  0.061(0.033) 0.023(0.012) O.OlO(0.007) 0.108(0.100) 
Anadyomene 0.052(0.042) 
Hvpnea s p i n e l l a  0.042(0.042) 
Micro-turf 0.042(0.042) 
Galaxaura 0.009(0.005) 0.023(0.012) 
Epiphyte - algae  0.006(0.004) 
Herpoeiphonia 0.003(0.003) 0.005(0.004) 0.005(0.005) 0.008(0.008) 
W r a n ~ e l i a  tu r f  0.003(0.003) 
Yellow t u r f *  2.200(4.376) 54.686(5.173) 64.331(5.401) 21.029( 10.059) 32.454( 19.966) 
Gelidium red t u r f  0.003(0.003) 1.038(1.038) 
Calothr ix  0.132(0.097) 0.490(0.227) 
Creeping red O.Oll(0.005) 0.119(0.072) 
Dark Brown t u f t s  0.092(0.092) 
Dictyota dichotoma 0.008(0.008) 
Dark Browne/Creene 0.005(0.005> - - 
Purple f leehy cruet  0.005(0.005) - -  - 

Total  cover 49.767 56.739 5.824 3.02 

~5s. was comprised of 41% 
l a x  p - ~ d  

r * i -  ,, . ,  * -- -.". - -'in ". 



Figure  1. Locat ion  o f  t h e  Wellwood grounding s i t e  (4-16 August 
1984) on t h e  sha l low f o r e r e e f  o f  Molasses Reef, Key Largo 
Na t iona l  Marine Sanctuary  (modi f i ed  from Br igh t  and Andryszak- 
1984). Area A i s  t h e  pa th  o f  t h e  s h i p  d u r i n g  i n i t i a l  
grounding. Area B i s  t h e  major  grounding s i t e .  Area C i s  t h e  
a r e a  o f  damage by towing cables .  See Fig. 1 f o r  d e t a i l  o f  
a l g a l  s tudy  area.  



Figure 2. Approximate tranrect and quadrat locat ion8 (SC - 
undirturbed rtony cora l /a lga l  area; GA - undisturbed 
gorgonian/algal area; SS - disturbed s o l i d  rubrtratum area; 
CA - dirturbed cobble area; PW - disturbed prop warh area; 
BW - disturbed boulder w a l l  area) r e l a t i v e  t o  the grounding 
s i t e  o f  the  fre ighter  &I&QQ& Transects D. and E are experimental 
successional quadrats. 



Figure 3 .  Representat ive  0.15-1112 photo-quadrats taken in (A) the 

undisturbed stony c o r a l / a l g a l  area and (B) the 

gorgonian/a l g a l  area. Rephotographed and enlarged from 

c o l o r  t ransparenc ies .  





F i g u r e  L. R e p r e s e n t a t i v e  0.15-n? ~ t ~ o t o - ~ u a d r a t s  t a k e n  ir, ( A )  t h e  

g o r g o n i a n / a l g a l  a r e a  a n d  ( B )  t h e  d i s t u r b e d  s o l i d  s u b s t r a t u r c .  

a r e a .  R e p h o t o g r a p h e d  a n d  e n ? a r  ged f r o m  c o l o r  

t r a n s p a r e n c i e s .  





Figure  5 .  R e p r e s e n t a t i v e  0.15-m2 ~ h o t o - q u a d r a t s  taken i ~ .  ( A )  t h e  

d i s t u r b e d  cobble  a r e a  and ( B )  t h e  d i s t u r b e d  boulder w a l l  

a r e a .  Rephotographed and en la rged  from c o l o r  

t r a n s p a r e n c i e s .  





F i g u r e  6. R e p r e s e n t a t i v e  0.15-m:! p t ~ o t o - ~ u a d r a t s  t a k e n  i n  (A 

B )  t h e  d i s t u r b e d  b o u l d e r  w a l l  a r e a .  R e p h o t o g r a p h e d  a n d  

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





F i g u r e  7 .  Eendrcgram d i s p l a y  of  d i f f e r e n t i a !  c l c s t e r i n g  of  t h e  

136 ~ h o t c ; - q u a d r a t s  ba sed  o c  c o v e r  abundances  o f  t h e  v a r i o u ~  

s p e c i e s  d u r i n g  t h e  1 - 4  S e p t e ~ b e r  1984 a s s e s s m e n t .  

Uumbers a t  t h e  bottolii  r e p r e s e n t  a r e a  d e s i g n a t i o n  (1-6) .  

hyphen,  and q u a d r a t  number. Deployment  o f  t h e  s amp le  a r r a y  

i s  r e f e r e n c e d  i n  T a b l e  1 a n d  F i g .  2 .  
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