
ATOLL RESEARCH B U L L E T I N  

N O *  268 

RECENT HISTORY OF A F R I N G I N G  REEF, B A H I A  S A L I N A  DEL SURJ 

V I E Q U E S  ISLAND,  PUERTO R I C O  

IAN 6 -  MACINTYRE, BILL RAYMOND AND ROBERT STUCKENRATH 

SEPTEMBER 1 9 8 3  



R E C E N T  H I S T O R Y  OF A  F R I N G I N G  R E E F ,  B A H I A  S A L I N A  D E L  S U R J  

V I E Q U E S  I S L A N D ,  PUERTO R I C O  
b Y 

I a n  G.  ~ a c i n t ~ r e ,  l B i l l  ~aymond ,  and Robert  s t u c k e n r a t h 3  

I n t r o d u c t i o n  

The e f f e c t  o f  U.  S. Navy t r a i n i c g  a c t i v i t i e s  on t h e  shallow-water 
r e e f s  a t  t h e  e a s t e r n  end o f  Vieques I s l a n d ,  P u e r t o  Rico,  was 
i n v e s t i g a t e d  dur ing  a  1978 e c o l o g i c a l  survey t h a t  inc luded  t h e  d r i l l i n g  
of  t h r e e  s h o r t  c o r e  h o l e s  i n t o  an  Acropora palmata (Lamarck) r e e f  o f f  
t h e  e a s t  c o a s t  of  Bahia S a l i n a  d e l  Sur ( F i g u r e  1).  Radiocarbon d a t e s  
of  f i v e  c o r e  samples y i e l d  new i n f o r m a t i o n  on t h e  accumulat ion r a t e s  of 
A.  pa lmata  r e e f  s e c t i o n s  and p rov ide  f u r t h e r  evidence t h a t  framework 
communities o f  many s e a - l e v e l  r e e f s  a r e  m i g r a t i n g  leeward over  l o o s e ,  
back-reef sediments .  

General  S e t t i n g  

Bahia S a l i n a  d e l  Sur i s  a  m a l l ,  c rescent-shaped embayment 
(approximate ly  1 km wide and 1 km long)  on t h e  sou th  c o a s t  of  Vieques 
I s l a n d  and c l o s e  t o  i t s  e a s t e r n  end ( F i g u r e  1) .  The T h a l a s s i a  sea-  
g r a s s  and sand and r u b b l e  f l o o r  i n  t h i s  a r e a  do no t  exceed a  d e p t h  of  
7m (Raymond, 1 9 7 8 ) .  Shallow r e e f s  f r i n g e  t h e  promontor ies  on t h e  
e a s t e r n ,  wes te rn ,  and n o r t h e r n  s h o r e s  o f  t h e  bay, and two e x t e n s i v e  
sand beaches border  i t s  n o r t h e a s t e r n  an? nor thwes te rn  c o m e r s .  

The f r i n g i n g  r e e f  o f f  t h e  wes t  s i d e  o f  t h e  bay c o n s i s t s  o f  a  we l l -  
developed Acropora palmata  c o m u n i t y .  Small c o r a l  heads  grow beneath  
t h e  open framework o f  A.  pa lmata ,  which ex tends  t o  a  d e p t h  o f  5m, where 
a  h a l o  o f  sand s e p a r a t e s  t h e  r e e f  from a d j a c e n t  broad beds  of 
T h a l a s s i a .  Th i s  h a l o  of sand may be r e l a t e d  t o  t h e  feed ing  a c t i v i t y  of 
f i s h  and sea  u r c h i n s  (Ogden and Zieman 1 9 7 7 ) .  

Banks and mounds o f  -- P c r i t e s  p o r i t e s  (Fa l l a s ) - -which  resemble t h e  
near-shore  banks of P o r i t e s  off t h e  wes t  c o a s t  o f  Barbados (Macintyre 
19f8; and c f f  t h e  s c u t h e a s t  c o a s t  of S t .  Cro ix  (Adey 1975)--  have 
developed around two d i s t i n c t  promontor ies  on t h e  n o r t h  c o a s t  of Uahia 
S a l i n a  ciel S u r ,  Sreall s c a t t e r e d  s t a n d s  o f  Acropora calrm-ta occur  i n  
a s s o c i a t i o n  w i t h  t h e s e  Porites b u i l d u p s .  During t h e  May, 1976 survey 
it was observed t h a t  n a v a l  bombardment had des t royed  t h e  e a s t e r n  end; of 
t h i s  near-shore  community. During a  subsequent  survey fo l lowing  
Hurr icane Eavid ,  Raymond and Dodge (1980) found t h a t  s torm waves had 
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almost completely destroyed t h e  e n t i r e  north-shore P o r i t e s  community, 
a long with most of t h e  A. palmata on t h e  south coas t  of Vieques. - 

The reef  cored during t h i s  s tudy (designated S-5 reef  i n  Antonius 
and Weiner's 1978 survey) j u t s  ou t  ob l ique ly  from about t h e  cen te r  of 
t h e  ea s t e rn  shore of Bahia Sa l ina  d e l  Sur and i s  pro tec ted  i n  p a r t  by 
a  l a r g e  promontory t h a t  forms the  e a s t e r n  entrance t o  t h e  hay and by 
t h e  f r ing ing  reef  ad jacent  t o  t h i s  promontory, which c o n s i s t s  of 
Montastrea,  S ide ra s t r ea ,  and Dip lor ia  c o r a l  heads. Addit ional  protec-  
t i o n  i s  afforded by t h e  A. palmata reef  surrounding Roca Alca t raz ,  an 
i s l a n d  1 km south of S - 5 r e e f  ( f i gu re  1) .  S-5 reef  has  the  cha rac t e r i s -  
t i c  zonation of shallow-water Caribbean r e e f s  dominated by Acropora 
palmata i n  t he  r ee f  c r e s t  and shallow f o r e  reef  (Figures  2 ,  3D,E,F) 
( see ,  f o r  example, Dahl e t  a l .  1974; Adey 1975).  A t  a  depth of 4  m ,  
t he  A. palmata community g ives  way t o  a  mixed coral-head community t h a t  
inc ludes  Montastrea annu la r i s  ( E l l i s  and Solander ) ,  Dip lor ia  s t r i g=  
(Dana), and S ide ra s t r ea  s iderea  ( E l l i s  and Solander ) .  Small s ca t t e r ed  
co lonies  of both Acropora ce rv i co rn i s  (Lamarck) and Acropora p r o l i f e r a  
(Lmarck)  were found i n  t he  shallow f o r e  r ee f  during t h e  1978 survey, 
bu t  subsequently were almost e n t i r e l y  removed by storm surge assoc ia ted  
with Hurricane David (Raymond and Dodge 1980).  The seaward s lope of 
S-5 r ee f  l e v e l s  o f f  a t  a  depth of 8 m ,  where it grades i n t o  t h e  
sediment f l o o r  of t he  bay (Figure 2 ) .  The back r ee f  shoreward of t h e  
r ee f  c r e s t  i s  composed of l a rge  co lonies  of Montastrea annu la r i s  on 
rubble and pavement, which grade i n t o  sand and rubble;  only a  few 
colonies  of M .  a n n u l a r i s  occur a t  t he  inner  l i m i t  o f  t h e  d r i l l - s i t e  
t r a n s e c t  ( ~ i g u r e s  2,  3A, B ,C)  . 

Its faunal  zonat ion ind ica t e s  t h a t  S-5 reef  has  developed under 
moderate wave-energy condi t ions  (Geis te r  1977).  The a l g a l  r i dges  o r  
Palythoa-Millepora r e e f - c r e s t  communities c h a r a c t e r i s t i c  of high wave- 
energy r e e f s  a r e  absent  here ,  a s  a r e  Acropora ce rv i co rn i s  o r  P o r i t e s  
p o r i t e s  communities i n  low wave-energy r e e f s .  Wave a g i t a t i o n  does 
appear t o  be s t rong  enough t o  prevent  any s i g n i f i c a n t  accumulation of 
t he  f r a g i l e  Acropora ce rv i co rn i s  e i t h e r  i n  the  deeper fore- reef  s lope 
o r  i n  t h e  pro tec ted  back-reef sand f l a t s ,  

Core Descript ions 

Three core  holes  were d r i l l e d  a t  50-m i n t e r v a l s  along a t r a n s e c t  
c ros s ing  S-5 reef  and ad jacent  t o  t h e  e a s t e r n  c o a s t  of Bahia Sa l ina  
d e l  Sur (Figure 1)--two i n t o  the  r ee f  c r e s t  i n  a water depth of akout 
0 , 5  rn and one i n t o  t h e  shallow fore-reef  s lope  i n  a  water depth of 2 m 
below mean sea l e v e l  (Figure 2 )  . 

Core hole  1, d r i l l e d  i n  four  i n t e r v a l s  i n t o  the  reef  c r e s t  t-o a  
depth of 6.4 m ,  y ielded the  following ma te r i a l :  

1. 0-.61 m.--This i n t e r v a l  cons is ted  of f r e s h  sec t ions  of 
Acropora palmata with a  comparable amount of fragments 
bored and encrusted by Bon?otrena rubrum, c o r a l l i n e  a lgae ,  
and se rpu l id s .  



2 .  .61-1.83m.--This section was made up of fresh and bored 
sections of Acropora palmata and Diploria strigosa, along 
with some encrusted (by Eornotrema rubrum and coralline algae) 
rubble consisting of A. palmata, Diploria sp., and Porites 
porites. 

3. 1.83-3.35--Sections of A. palmata and Diploria clivosa were 
found throughout and cave-in rubble at the top of this 
interval. 

4. 3.35-6.40 m.--Only cave-in rubble was collected from this 
interval. On-site observations indicated that the drill 
had dropped through a section of sand at this point. 

Core hole 2 consists of one core interval drilled to a depth of 
1.83 m below the surface of the reef. Except for a 6-cm core of bored 
and encrusted Diploria striyosa, the material here was mainly A. 
~almata bored to various degrees by sponges, molluscs, and worms and 
encrusted by Eornotrena rubrum, coralline algae, and serpulids. -- 

Core hole 3, dri-lled to a depth of 4.88 m below the surface of the 
reef, consists of three core intervals: 

1, 0-1.83 me--This interval is characterized by extensive 
submarine lithification, so that core sections are 
predominently ayglcn-erate lirn~stcne. These cores, which 
are identical to those described from the shallow fore 
reef off Galeta Point, Fanama (Macintyre 19771, consist 
of extensively bored and cemented agglo~erations of 
crustose coralline algae, Millepora sp., Porites sp., 
and Acropora palmata. The multicyclic boring and submarine 
lithification have in some places destroyed much of the 
original skeletal framework, which has been replaced .by 
magnesium calcite cement, Other material collected from 
this interval consists of bored, infilled, and cemented 
A. palrata and other coral debris, -- 

2, -- 1-83-3-35 m.--Core sections contaized mainly Acropor~almata-, 
both fresh corals and smples &~red by sponges, woms, and 
molluscs, Lxtenslve cave-in rratee~al w s  present at the 
top of this irterval. 

3. 3.35-4.88 m.--Extensive cave-in rcbble occurred in t'r.is 
interval. Two cores of bored Acropora palsata vere also 
collected here. 

Radiocarbon Dates 

Five radiocarbon dates were obtained from fresh sarcples of 
Acropora palmata, which had been collected from the Gase of core 
intervals so as to reduce the error in estimating the depths of 
recovery for the dated, sarn~les. Even so, it is not known whether the 



l a s t  mater ia l  t o  be cored i s  i n  p l ace  a t  t h e  base of t h e  core i n t e r v a l ,  
s i n c e  a  core b a r r e l  can punch through a  s ec t ion  of t h e  reef  and ca r ry  a  
sample below i t s  r e a l  depth of recovery. The lack  of any s i g n i f i c a n t  
d i f f e r ence  i n  t h e  two d a t e s  from core  hole  3 ,  t he  poor recovery i n  t h e  
l a s t  core i n t e r v a l ,  and t h e  dr i l l -worn condit ion of t h e  lower sample 
dated suggest t h a t  t h i s  core  sample was c a r r i e d  below i t s  t r u e  depth of 
recovery. Radiocarbon d a t e s  and t h e  accumulation r a t e s  f o r  t h e  i n t e r -  
vening reef  s ec t ions  a r e  given i n  Table 1. 

TABLE 1 

RADIOCARBON DATES AND ACCUMULATION RATES, 
BAHIA SALINA DEL SUR REEF 

Estimated I n t e r v a l  
Depth of of Reef 

Core Depth Recovery Sec t ion  Radio- Accumulation 
I n t e r v a l  below Reef Dated carbon Rate  

Sample (m 1 Surface  (m) (m) Date (m/1000 y r s )  

Hole 1: 
-- 

Core 1 0-.61 .61 0-0.61 190590 3 . 2 1  

Core 1 

Core 2 

Hole 2: 
Core L 0-1.83 1 .83 0-1.83 860290 2.13 

Hole 3: 
Core 2 1-83-3.35 3.35 0-3-35 2020+70 1.66 

Core 2 1.88-3.35 3.35 2020270 
3.35-4.88 i< 

Core 3 3.35-4.88 4 .88 2020170 

*Est imates  i n . ~ l l i d a t e d  owing t o  poor recovery i n  t h i s  core  
i n t e r v a l .  



Summary and Conclusions 

Excluding t h e  lowest s ec t ion  of core  hole  3 (where t h e  es t imates  
were discounted a s  i n v a l i d )  we ca l cu la t ed  t h a t  t he  Acropora palmata 
framework of S-5 reef  has an average accumulation r a t e  of about 2m/1000 
yea r s ,  which i s  lower than the  average of 3.9m/1000 years  repor ted  f o r  
t h e  A. palmata f a c i e s  of t he  f r i ng ing  reef  o f f  Galeta  Poin t ,  Panama 
(Macintyre and Glynn 1976).  This  d i f f e r ence  can be a t t r i b u t e d  t o  t h e  
changing r a t e s  of sea- level  r i s e  i n  t h e  l a t e  s t ages  of t h e  Eolocene 
t ransgress ion .  Sea-level curves e s t ab l i shed  f o r  severa l  a r eas  i n  t h e  
A t l a n t i c  and F a c i f i c  oceans show a d i s t i n c t  decrease i n  t h e  r a t e  of 
sea- level  r i s e ,  from 3,000 t o  4,000 years  B.P. (Macintyre and Glynn 
1976) .  A s  pointed ou t  i n  t he  study of  Galeta Reef, accumulation 
r a t e s  t he re  decreased considerably about t h i s  per iod of time because 
changing sea l e v e l s  reduced the  a v a i l a b i l i t y  of v e r t i c a l  space f o r  
r ee f  development. Wherever A.  palmata communities have experienced 
r ap id  changes i n  sea l e v e l ,  however--for example, a t  t h e  she l f  edge o f f  
F lor ida  7,000 t o  9,500 years  ago (Lighty e t  a l .  1978)--the mean 
accumulation r a t e s  have been estimated a t  6 .6  m/1000 yea r s ,  the  
maximum r a t e  reported being 10.7 m/1000 years .  

The da t e s  from t h e  Vieques cores  suggest t h a t    hallow-water 
Acropora palmata framework t h a t  i s  l e s s  than 2,000 years  o ld  can be 
expected t o  have accumulation r a t e s  around 2m/1000 yea r s .  In  add i t i on ,  
the  penet ra t ion  of more than 3 m of sand a t  t he  base of core  hole 1 
lends support t o  Shinn ' s  (1980) observat ion t h a t  some shallow-water 
A.  palmata framework nay acc re t e  leeward over back-reef sands "by 
c o r a l s  e s t ab l i sh ing  themselves on s t o n - d e r i v e d  rubble pe r iod ica l ly  
t ranspor ted  onto t h e  leeward s ide  of t h e  reef  f l a t "  (p. 651) .  
Observations of S-5 reef  before and a f t e r  Hurricane David i n d i c a t e  
t h a t  both dead and l i v i n g  A .  palmata, along with c o r a l  head d e b r i s ,  
migrated severa l  meters over t h e  back-reef sands i n  t h i s  a rea .  
Furthermore, t he  extensive and mul t i cyc l i c  cementation p re sen t  a t  t h e  
top  of t he  shallow fore-reef  core hole  3 i s  a c h a r a c t e r i s t i c  
assoc ia ted  with slowly accumulating reef  f a c i e s  (Macintyre, 1977) .  

This combination of r e l a t i v e l y  l i t t l e  present-day reef  growth i n  
ow fo re  reef  and leeward migration of t h e  r ee f  f l a t  i n d i c a t e s  

t h a t  S-5 reef  i s  i n  a mature s tage  of r ee f  d e v e l o p ~ ~ e n t ,  extending 
l a t e r a l l y  i n t o  the  Bahia Sal ina d e l  Sur.  

Acknowledgments 

Thanks go t o  Robin King, Mike Wolfe and Greg McIntosh, a s  wel l  
a s  t h e  Navy E.O.D.  d i v e r s  of Roosevelt Roads, P.R. f o r  a s s i s t i n g  wi th  
t h e  f i e l d  work. Also, thanks t o  t he  Navy he l i cop te r  p i l o t s  who a i r -  
l i f t e d  t h e  coring equipment from San Juan t o  Vieques. 

W. T. Boykin's a s s i s t ance  with d r a f t i n g  is  g r a t e f u l l y  
acknowledged. 



References  

Adey, W. H. 1975. The a l g a l  r i d g e s  and c o r a l  r e e f s  o f  S t .  Croix:  T h e i r  
S t r u c t u r e  and Holocene development. A t o l l  Res. B u l l . ,  
187 : 1-67. 

Antonius ,  A. and A.  Weiner. 1978. A q u a n t i t a t i v e  b i o l o g i c a l  and h e a l t h  
assessment  o f  s e l e c t e d  c o r a l  r e e f s  i n  Vieques (Puer to  Rico)  
and t h e  U. S. V i r g i n  I s l a n d s .  Report  submi t t ed  t o  EG&G/U.S. 
Navy/U.S. Dept.  of J u s t i c e ,  1978. 

Dahl,  A. L. ,  I .  G .  Macintyre ,  and A .  Antonius.  1974. A comparat ive  
survey o f  c o r a l - r e e f  r e s e a r c h  s i t e s .  A t o l l  Res. B u l l .  
172 :37-l2O. 

G e i s t e r ,  J. 1977. The i n f l u e n c e  o f  wave exposure  on t h e  e c o l o g i c a l  
zona t ion  o f  Caribbean Cora l  Reefs .  Pages 23-99, D. L. 
T a y l o r ,  E d i t o r ,  P roceed ings ,  Th i rd  I n t e r n a t i o n a l  Coral  Reef 
Symposium, Vo1m.e 1, Miami, F l o r i d a :  R o s e n t i e l  School of 
Marine and Atmospheric Sc ience .  

L i g h t y ,  R. G , ,  I .  G. Macintyre ,  and R. Stuckenra th .  1976. Submerged 
e a r l y  Holocene k a r r i e r  r e e f  sou th -eas t  F l o r i d a  s h e l f ,  Mature 
275~59-60.  

Macintyre ,  I .  G .  1968. P re l iminary  mapping of t h e  i n s u l a r  s h e l f  o f f  
t h e  P e s t  c o a s t  of Barbados, W.I. Caribbean Jour .  S c i . ,  
8  : 95-100. 

Macintyre ,  I .  G .  an3 P .  W. Glynn. 1976. Evo lu t ion  of modern Car ibbean 
f r i n g i n g  r e e f ,  Ga le ta  P o i n t ,  Panama. Am. Assoc. Petroleum 
G e o l o g i s t s  B u l l .  60:1054-1072. 

Macintyre ,  I .  G ,  1977, D i s t r i b u t i o n  o f  submarine cements i n  modern 
Caribbean f r i n g i n g  r e e f ,  G a l e t a  P o i n t ,  Panama. J o u r .  o f  Sed. 
P e t r o l o g y ,  47:503-516, 

Ogden, 2, C, a r d  J. C ,  lieixan. 1977, Eco log ica l  a s p e c t s  of c o r a l  
r e e f - s e a g r a s s  bed c o n t a c t s  i n  t h e  Caribbean.  Pages 377-382, 
I n  D. L. T a y l o r ,  e d i t o r ,  Proceedings ,  Third  I n t e r n a t i o n a l  
Cora l  Reef Symposium. Volume 1, Miami, F l o r i d a :  R o s e n t i e l  
School o f  Marine and Atmospheric Sc ience .  

Raymond, B i l l ,  1378, The marine sediments  of a Naval Bombing range ,  
Vieques,  P u e r t o  Hico: Report  submit ted  t o  EG&G, U.S. Navy, 
IT. S.  Dept. o f  J u s t i c e ,  Dec. 1978. 

Raymond, W .  F. and R .  E. Dodge. 1980. 1979 Hurr icane damage t o  c o r a l  
r e e f s  o f  Vieques.  Report  submi t t ed  t o  U.S. Kavy. 

Shinn,  E .  A .  1980. Geologic h i s t o r y  o f  Grecian r o c k s ,  Key Largo 
Cora l  Reef Marine Sanc tua ry .  B u l l .  Mar. S c i .  30:646-656. 



F i g u r e  1, Index map showing l o c a t i o n  of Vieques I s l a n d ,  Bahia S a l i n a  d e l  

Sur ,  t h e  d i s t r i b u t i o n  of f r i n g i n g  r e e f s  i n  t h i s  bay, and t h e  l o c a t i o n  of 

t h e  three core h o l e s  d r i l l e d  i n  t h i s  s t u d y ,  
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Figure  2 .  - Schematic c r o s s - s e c t i o n  of  S-5 r e e f  a long  t h e  core-hole  t r a n s e c t ,  

showing ckominant ree f  components on the s u r f a c e  and t h o s e  recovered  from 

the c o r e  holes, 



F i g u r e  3 .  Bottom photographs  of S-5 r e e f  t aken  a long  t r a n s e c t  

shown i n  F i g u r e  2 .  A .  I s o l a t e d  c o l o n i e s  of Montas t rea  a n n u l a r i s  - -- 

on sand and r u b b l e  bottom, a t  5  m a long  t r a n s e c t .  B ,  and C. Back- - - 

r e e f  M. a n n u l a r i s  c o l o n i e s  a t  30 and 50 m ,  r e s p e c t i v e l y .  D ,  E, - 

and - F.  A. pa lmata  community on t h e  r e e f  c r e s t  i n  t h e  v i c i n i t y  of 

c o r e  h o l e  1 and 2 ,  and on t h e  sha l low f o r e - r e e f ,  n e a r  c o r e  h o l e  3 .  




