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H E L G O I ~N D E R  MEERESUNTERSUCHUNGEN 
Helgol~inder Meeresunters .  37, 113-137 (1984) 

A survey  of c e l l u l a r  r e a c t i o n s  to e n v i r o n m e n t a l  s tress  

and d i s e a s e  in C a r i b b e a n  s c l e r a c t i n i a n  cora l s  

Es the r  C. Pe te r s  

Graduate School of Oceanography, University of Rhode Island; 
Narragansett, Rhode Island 02882-1197, USA 

ABSTRACT: Despite growing concern about  the  demise  of coral reefs in many  areas of the world, 
few studies have inves t iga ted  the possibil i ty that  bacter ia-  or vi rus-caused diseases may be  
important  agents  in the d i sappearance  of l iving coral t issue from reefs, and  that  their  occurrence 
and t ransmission may be inf luenced by natural  or man-made  changes  in water  quality, part icular ly 
increased sedimenta t ion  and  turbidity. One  forereef site off St. Croix, U. S. Virgin  Islands, and  three  
shal low-water  reef sites off Puerto Rico were  examined  for var ia t ions  in coral composition, local 
envi ronmenta l  conditions, and  the presence  of possible diseases in the stony corals. Visual  
observations were supp lemented  with s tandard  his topathological  examina t ion  under  the l ight  
microscope of t issues from 257 spec imens  ( represent ing 9 genera  and  13 species), a long wi th  
addit ional  samples  ob ta ined  from the Ne ther lands  Antilles,  the Grenadines ,  the  Florida Keys and  
the Smithsonian Coral Reef Microcosm. This procedure  proved to be  necessary  to accurate ly  
determine the condit ion of the  colony, to detect  the presence  of microorganisms,  and  to correlate 
tissue hea l th  and  microparasi te  infestat ions wi th  apparen t  symptoms. These  lesions var ied wi th  the 
species and  the site. For example,  off Guayani l la  Bay, three  species showed increased or decreased  
mucosecretory cell development ,  and  another  exhib i ted  an  unusua l  microparasi te ,  wh ich  may be  
related to the chronic sed imenta t ion  at this site. Al though colonies of several  species showed  signs 
of "whi te  band  disease"  at  five locations, bacter ia l  colonies composed of Gram-nega t ive  rods were 
present  only in acroporid t issues from the relat ively prist ine St. Croix site and  the Ne ther lands  
Antilles. The distr ibution and  possible mode of occurrence of these  and  other  diseases and  
microparasite infestations suggest  that  acute changes  in microhabi ta t  condit ions or injuries to 
individual  colonies may be  as impor tant  to the  deve lopmen t  of some of these  lesions as are chronic  
adverse envi ronmenta l  condit ions over a par t icular  reef. 

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

W h i l e  a c c u m u l a t i n g  e v i d e n c e  i n d i c a t e s  t h a t  d i s e a s e s  c a u s e d  b y  v i r u s e s ,  b a c t e r i a  

a n d  o t h e r  m i c r o p a r a s i t e s  a r e  i n c r e a s i n g  i n  m a n y  m a r i n e  i n v e r t e b r a t e s  i n  e n v i r o n m e n -  

t a l l y  s t r e s s e d  a r e a s  ( H o d g i n s  e t  al.  1977; B a n g ,  1980;  S i n d e r m a n n  e t  al., 1980),  f e w  

s t u d i e s  h a v e  i n v e s t i g a t e d  t h e  p o s s i b i l i t y  t h a t  s u c h  d i s e a s e s  m a y  a l so  b e  i m p o r t a n t  a g e n t s  

in  t h e  d i s a p p e a r a n c e  of l i v i n g  c o r a l  t i s s u e  f r o m  t r o p i c a l  s h a l l o w - w a t e r  ree fs .  W i d e s p r e a d  

i n t e r e s t  in  t h e  c a u s e s  of c o r a l  m o r t a l i t i e s  h a s  o n l y  r e c e n t l y  d e v e l o p e d ,  n o t a b l y  a t  t h e  

C o r a l  Ree f  P a t h o l o g y  W o r k s h o p  h e l d  a t  t h e  T h i r d  I n t e r n a t i o n a l  C o r a l  Ree f  S y m p o s i u m ,  

M i a m i ,  F l o r i d a  ( M a y  1977). C o r a l s  h a v e  e v o l v e d  u n d e r  r e l a t i v e l y  s t a b l e  a n d  u n i f o r m  

e n v i r o n m e n t a l  c o n d i t i o n s  a n d  a r e  v e r y  s e n s i t i v e  to  n a t u r a l  or  m a n - m a d e  p h y s i c a l  a n d  

c h e m i c a l  c h a n g e s  in  w a t e r  c o n d i t i o n s  ( J o h a n n e s ,  1975;  S h e p p a r d ,  1982).  F a c t o r s  w h i c h  

a d v e r s e l y  a f fec t  t h e  h e a l t h  of t h e  c o r a l s  w i l l  a l s o  a f f ec t  t h e  c o n d i t i o n  of t h e  o t h e r  r e e f  

© Biologische Anstal t  Helgoland,  Hamburg  



114 Esther C. Peters 

dwellers, because of the interactions occurring within this complex ecosystem 
(Odum & Odum, 1955; Goreau et al., 1979). 

Mortalities of reef corals have been  l inked to the decrease in water quality due to 
increased sedimentat ion and turbidity with continuing resuspension and transport of 
sediment.  These problems are the result of poor management  practices in land clearing, 
discharge of wastes, dredging and filling of coastal margins, and mining of corals for 
construction, in the Bahamas, the Florida Keys, Puerto Rico, Samoa, Hawaii, Malaysia, 
Micronesia, the Seychelles  and other locations (Stephenson et al., 1958; Goreau, 1964; 
Johannes, 1972, 1975, 1976; Voss, 1973; Marszalek, 1981; Ricard, 1981). The presence of 
suspended sediments may stress reef corals by reducing incident  light levels essential 
for the symbiotic zooxanthellae (Muscatine, 1973; Rogers, 1979). Corals also expend 
energy operat ing their  epidermal  muco-cil iary system to remove sediments and prevent 
physical  abrasion or burial  (Hubbard & Pocock, 1972; Schumacher, 1979). Studies by 
Dodge & Vaisnys (1977), Bak (1978), Sheppard (1980), and Grigg & Dollar (1981) suggest 
that corals may be more tolerant of short-term sediment  loading (providing muco-ciliary 
action can remove the particles), than of chronic high turbidity, in which reduced light 
levels and the need for constant sediment removal  may exceed the coral's counteractive 
capacity (Stebbing, 1981) and lead to decreased  calcification rates, reduced tissue 
energy replenishment  by the zooxanthellae, or death (Squires, 1962; Dodge et al., 1974; 
Hudson, 1981a). Sedimentat ion tolerance also varies with the species (Marshall & Orr, 
1931; Roy & Smith, 1971; Loya, 1972, 1976; Bak & Elgershuizen, 1976). However, recent 
observations suggest  that adverse water  conditions (due to sedimentat ion or pollutants) 
may also increase the surface layer of natural ly occurring bacteria. These bacteria utilize 
coral mucus as an energy source, and can cause coral mortalities from bacterial  toxins or 
anoxia (Mitchell & Chet, 1975; Garrett  & Ducklow, 1975; Peters, 1978; Rublee et al., 

1980). 
Studies by Antonius (1977) and Dustan (1977) have suggested that the presence of 

"black line disease" (BLD), " 'shut-down-reaction" (SDR), and "plague"  (characteristics 
l ike "white band disease" - WBD), in which coral tissues are sloughed off the skeleton 
within hours to days, might  he associated with chronic increased sedimentat ion and 
temperature extremes on Florida Keys reefs. Despite recent field and laboratory observa- 
tions on BLD (Antonius, 1973; Garrett  & Ducklow, 1975; Ducklow & Mitchell, 1979), 
WBD (Gladfelter et al., 1977; Gladfelter, 1982), and SDR (Antonius, 1977), histopatholog- 
ical techniques at the light microscope level have been  underut i l ized in examining the 
effects of physical  injuries, environmental  stresses, and the role of microorganisms, in 
the survival of the stony corals (Rinkevich & Loya, 1977, 1979; Schumacher, 1979; Peters 
et al., 1981). Histopathology has become an increasingly important  tool for investigating 
the sublethal  effects of environmental  perturbations and diseases in marine organisms, 
and is useful in correlating physicochemical  and physiological  changes with those 
changes seen at the populat ion and community level  (Yevich & Barszcz, 1983). 

The objectives of this study were twofold: (1) to survey four Caribbean reefs in order 
to determine the effect of increased sedimentat ion and turbidity on coral health and the 
incidence of these diseases, and (2) to use histopathological  techniques to examine 
corals for the presence of microorganisms which might  be associated with diseases or 
other abnormal conditions, and to determine their effects on the coral tissues (Table 1). 
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Table 1. Abbreviations for diseases, abnormal tissue conditions, and parasitic infestations of 
scleractinian corals 

Disease or condition Abbreviat ion Citation 

"Black line disease" BLD (= BBD) 
(= "black band disease") 
bacteria and cyanobacteria 

"'White band disease" WBD 
Gram-negative 
colonial bacteria 

Similar "'white band disease" SWBD 
ovoid basophilic bodies similar to those found 
in WBD 

Beggiatoa and other bacteria - net formation BN 

"Shut-down-reaction" 

"Stress-related-necrosis" 

SDR 

SRN 

Epidermal cell hyperplasia associated with ECH 
chronic physical irritation 

Tissue changes and necrosis associated with ASN 
sedimentation and algal interactions 

Nematopsis sp. spores NS 

Coccidean spores CS 

Unidentified microparasites (ciliates and amoebae) UMP 

Coral neoplasia NPL 

Antonius {1973) 
Garrett & Ducklow (1975) 
Mitchell & Chet (1975) 
Ducklow & Mitchell (1979) 
Antonius (1981a) 
Antonius (1981b) 
This paper  

Gladfelter et aL (1977) 
Peters et al. (1983) 
This paper  

This paper  

Mitchell & Chet (1975) 
Ducklow & Mitchell (1979) 
This paper  

Antonius (1977) 
Antonius (1981a) 

Dustan (1977)? 
Antonius (1981b)? 
This paper  

This paper  

This paper  

This paper  

This paper  

This paper  

Lauckner (1980) - review 
Bak (1983) 
This paper  

M A T E R I A L S  A N D  M E T H O D S  

R e e f  l o c a t i o n s  

T h e  ree f s  w e r e  first  e x a m i n e d  in  l a t e  J u l y  1980 a n d  w e r e  r e v i s i t e d  in  e a r l y  A u g u s t  

1981. At T a g u e  Bay, St. Cro ix  (17 ° 45 '  4 8 "  N, 64 ° 36 '  2 4 "  W), m o s t  o b s e r v a t i o n s  w e r e  

m a d e  on  the  fo re ree f ,  s e a w a r d  a n d  e a s t  of t h e  r ee f  c res t  " S w i m  C h a n n e l "  (Fig. 1) in  

d e p t h s  of 2 - 8  m. T h e  T a g u e  Bay r e e f  is c o n s i d e r e d  r e l a t i v e l y  p r i s t i n e ,  w i t h o u t  s e d i m e n t  

or p o l l u t a n t  i npu t s ,  e x c e p t  d u r i n g  s e v e r e  t r o p i c a l  s t o r m s  [Rogers  e t  al., 1982). H o w e v e r ,  

m a n y  d i v e r s  v is i t  t h e  r e e f  e a c h  y e a r  (C. S. Roge r s ,  p e t s .  comm. ) .  Off  P u e r t o  Rico,  s i t e  1 
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Fig. 1. Sampling sites. (A) Forereef off Tague Bay, St. Croix. (B) Reefs off Puerto Rico: site 1, E1 
Negro-Bank Reef, 6 km west of Punta Guanajibo; site 2, La Parguera, patch reef northwest end of La 

Media Luna Reef; site 3, forereef west end of Cayo Maria Langa off Guayanilla Bay 

was  a sha l low patch reef  on the E1 Negro-Bank  reefs located approx imate ly  6 km west  of 

Punta Guanaj ibo,  south of M a y a g u e z  (18°08'18"N, 67°14'36"W). This area has been  

lit t le studied,  and lacks the ex tens ive  reefs found at La Parguera,  possibly as a result  of 
r iver  inputs,  which  may  lower  sal ini ty  and increase  turbidi ty  dur ing  the rainy season 

(Loya, 1976; R. J. Z immerman,  pers. comm.). Site 2, at La Parguera,  was a patch reef at 

the nor thwest  end  of La M e d i a  Luna reef, on the l andward  side of Cayo Media  Luna 

(17 ° 56'  24"  N, 67 ° 03' 06"  W). The  reefs at La Parguera  are the most w e l l - d e v e l o p e d  
reefs around Puerto Rico and have  b e e n  ex tens ive ly  s tudied (Almy & Carrion-Torres,  

1963; Glynn  et al., 1964; More lock  et aL, 1977; Rogers, 1977). H i g h  summer  winds  and 

seas p reven ted  examina t ion  of the seaward  reefs here. Site 3 was  loca ted  at the western  

end  of Cayo Maria  Langa, a reef  at the southern seaward  en t rance  to Guayani l la  and 
Ta l laboa  Bays (17 ° 58' 00"  N, 66 ° 45'  28"  W). This coastal  area  has been  chronical ly 

stressed over  the last two decades ,  r ece iv ing  chemica l  and thermal  eff luents from several  

industries,  an oil refinery, and a s t eam gene ra t i ng  plant,  and exper iences  increased  
turbidi ty  and sed imenta t ion  from sh ipping  traffic (Lopez, 1979). Water  depths  at the 
Puerto Rico sites a v e r a g e d  2 to 3 m. Unde rwa te r  vis ibi l i ty  e x c e e d e d  15 m at the Tague  

Bay and E1 Negro  sites. Sed iments  st irred up by summer  winds  reduced  visibi l i ty to 9 m 
at La Parguera.  Unde rwa te r  vis ibi l i ty  at the Guayan i l l a  Bay reef  was at most 3 m. 

F i e l d  o b s e r v a t i o n s  

At each  site, a gene ra l  survey of the coral composi t ion  of the reef was per formed by 
divers  dur ing Augus t  1981 with the aid of f ive 10 m transects  at intervals  of 2 m paral le l  
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to the  reef  crest. Each colony u n d e r l y i n g  the w e i g h t e d  ny lon  l ine  was  i den t i f i ed  to 
spec ies  and  the por t ion of the  colony u n d e r l y i n g  the  l ine  was  m e a s u r e d  to the  nea re s t  cm 
for a coverage  ana lys i s  (Loya, 1972, 1977). The  condi t ion  of each  colony was  noted.  
Hea l thy  colonies  were  cons ide red  to be  those  hav ing  a uni form cover ing  of even ly  
p i g m e n t e d  t issue over  a ske l e t a l  m o r p h o l o g y  a p p r o p r i a t e  for the  species ,  l a c k i n g  sc rapes  
or o ther  lesions.  Photographs  were  t a k e n  of the  reefs,  and  of he a l t hy  and  d i s e a s e d  corals.  

H i s t o p a t h o l o g y  

Smal l  who le  colonies  or por t ions  of co lonies  (both a p p a r e n t l y  he a l t hy  and  d i seased)  
were  r emoved  from the reef  wi th  a masonry  h a m m e r  and  chisel ,  p l a c e d  in n u m b e r e d  
plas t ic  bags  wi th  holes  cut  in them to d ra in  sed iment ,  and  co l l ec ted  in a b u c k e t  before  
removing  them from the water .  Upon re tu rn ing  to shore,  co lon ies  were  f ixed in  He l ly ' s  
solut ion for 20 h and  r insed  in seve ra l  c h a n g e s  of f r eshwate r  for 24 h (Barszcz & Yevich,  
1975). Samples  were  then  p a c k e d  in  p las t i c  b a g s  con ta in ing  d i a pe r s  s o a k e d  in 70 % 
e thanol  for p reserva t ion ,  and  s h i p p e d  to the  Univers i ty  of Rhode  Is land.  S u b s a m p l e s  for 
examina t ion  with  e lec t ron  mic roscopy  t echn iques  were  r e m o v e d  b y  chise l  from sa mp le s  
t aken  back  to the  laboratory ,  and  f ixed  wi th  a cold  g l u t a r a l d e h y d e / f o r m a l d e h y d e  
solut ion (Peters et al., 1983). 

Photographs  were  m a d e  of each  colony us ing  a Zeiss  Tessovar  low p o w e r  magn i fy -  
ing camera  to record  the  condi t ion  of each  coral  before  deca lc i f ica t ion .  Tissues  were  
w a s h e d  in runn ing  wa te r  for 24 h, and  t r i m m e d  for p rocess ing  b y  s t a n d a r d  t echn iques  
(Yevich & Barszcz, 1982). After  e m b e d d i n g  t i ssues  in Pa rap la s t  (Sherwood Medica l ) ,  
6 ~m sect ions  of oral, abora l  and  l o n g i t u d i n a l  p o l y p  surfaces  we re  cut. S l ides  we re  
s ta ined  with  Harr is '  h e m a t o x y l i n  and  eos in  (H & E), and  H e i d e n h a i n ' s  an i l i ne  b lue  
method  (HAB) for connec t ive  t issue.  Add i t i ona l  s ta ins  u sed  on some sect ions  i n c l u d e d  
modi f ied  Movat ' s  Pen tachrome,  Per iod ic  Acid  Schiff (PAS)-a lc ian  b lue  and  PAS-a lc i an  
b lue -hematoxy l in ,  F u e l g e n - p i c r o a n i l i n e  blue ,  Taylor ' s  modi f i ca t ion  of Brown & Brenn 's  
s tain for Gram-pos i t ive  and  G r a m - n e g a t i v e  bac te r ia ,  H i r a n o - Z i m m e r m a n  m e t h o d  (silver 
stain), and  Grocot t ' s  me thod  for fungi  (Luna, 1968; C. A. Far ley,  pers .  comm.).  Photomi-  
c rographs  were  t a k e n  wi th  a Zeiss  Pho tomicroscope  III. Sa mp le s  for e l ec t ron  mic roscopy  
were  t r ea ted  and  e x a m i n e d  as d e s c r i b e d  in  Peters  et  al. (1983). Othe r  co lon ies  of h e a l t h y  
and suspec ted  d i s ea sed  corals  we re  con t r ibu ted  for d i agnos i s  by  these  me thods  from 
Rincon and  Desecheo  Islands,  Puerto Rico, by  V. P. Vicente ;  from S a n d y  Is land,  Gre-  
nadines ,  West  Indies,  by  M. Goodwin ;  from reefs off Bonai re  and  Kle in  Bonaire,  by  T. 
van ' t  Hof; from Grec i an  Rocks, Key Largo M a r i n e  Sanctuary ,  Flor ida ,  by  J. Halas ;  and  
from the Coral  Reef Microcosm at the  Smi thson ian  Inst i tut ion,  Wash ing ton ,  D. C., by  
W. A d e y  and  J. Johnson.  

Adve r se  changes  in wa te r  condi t ions  were  r epor t ed  on ly  at  the  Microcosm,  inc lud-  
ing  sed imen t  r e suspens ion  and  h igh  nu t r ien t  l eve ls  (Adey, 1983). The  Key Largo reefs 
have  e x p e r i e n c e d  g r a d u a l l y  inc reas ing  s e d i m e n t a t i o n  in recen t  yea r s  as we l l  as t emper -  
a ture  ex t remes  (Dustan, 1977; Hudson,  1981a, b). 
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RESULTS 

Reef  o b s e r v a t i o n s  

The four s ampl ing  sites are pictorial ly compared  in  Figure  2 A-D,  and  the results of 
the t ransect  surveys for each reef are reported in  Tables  2 and  3. Percent  cover of coral 
colonies was h ighes t  at E1 Negro-Bank reef (26.28 %), whi le  the Tague  Bay forereef had 
a greater  n u m b e r  of species and  colonies per  transect.  The Tague  Bay and La Parguera 
sites were most similar  in  n u m b e r  of species per  t ransect  and  area coverage. All of these 
statistics were s ignif icant ly  lower at the Guayan i l l a  Bay site. The most common coral 
occurr ing on all reefs was Porites astreoides, followed by Agaricia agaricites, Montastrea 
annularis, Favia fragum, and  Stephanocoenia michelinH. 

The most noteworthy damage  to corals was  found on colonies of Acropora palmata 
on both the Tague  Bay and  E1 Negro reefs. At Tague  Bay, many  colonies had been  
toppled dur ing  Hurr icanes  Frederic  and  David of 1979 to form a rubble  zone (C. S. 
Rogers, pers. comm.; Rogers et al., 1982), but  others r ema ined  upr ight  and  appeared  
healthy.  Regrowth of damaged  colonies was also evident .  Of the l iving colonies, 
approximate ly  20-50 % of the branches  exhibi ted  signs of WBD, sugges t ing  a major 
ep idemic  was underway.  In addit ion,  colonies of Acropora cervicornis at the base of the 
forereef, and  one colony of Agaricia agariciteshad t issue s loughing  off the skeleton.  Two 
cases of BLD were also found on wide ly  separa ted  spec imens  of Colpophyllia natans 
(seen in  1980) and  Montastrea annularis (seen in  1981). However,  in 1981, the disease 
l ine was present  in  10 colonies of Diploria strigosa with in  a 2 m radius at the reef crest 
swim channel .  

No WBD was observed on any  colonies of A. palmata at E1 Negro in 1980, but  tissues 
were s loughing  off the base of b ranches  of a few small  colonies in  1981. Also, in  1981, 
there was ev idence  that most shal low colonies of A. palmata had  died, but  patches of live 
tissue were rapidly  overgrowing the a lgal -covered skeletons.  Deeper  A. palmata were 
not affected. Al though  BLD was presen t  on three  wide ly  separated colonies of D. strigosa 
and  M. annularis in  1980, no examples  were  found in 1981. The genera l  survey of the La 
Parguera  patch reef did not reveal  any  BLD, but  one colony each of A. cervicornis and  
Diploria labyrinthiformes were s loughing  tissue off their skeletons in  1981. 

A n u m b e r  of colonies on these three reefs were heavi ly  infested with a lgal  mats or 
lawns,  deve loped  by territorial damself ish (principal ly Eupomacentrus dorsopunicans). 
Colonies  of MIontastrea annularis, part icular ly the k n o b b y  variety, were most often 
affected, as wel l  as Porites porites and  Stephanocoenia michelinfi (Fig. 2 E-F). Algal  
" tumors" were  observed in f requent ly  on Acropora palmata colonies. These "tumors" 
consisted of knobs  of coral t issue and  skele ton growing  a round a core of f i lamentous 
algae,  and  were  also caused by damselfish. 

At each of the four reefs examined,  coral t issue on many  mound- type  colonies of 
various species, including/V/,  annularis, Diploria spp., Siderastrea spp., often appeared  
dark, with i l l -def ined polyps at the edge of the colony, next  to accumula t ions  of 
f i lamentous  and  calcareous a lgae  and  sed imen t  on the eroded skeleton.  The type of algal  
accumula t ions  could be  different iated by  the presence  of damselfish,  appearance  of the 
colony edge  zone, and  the locat ion of the a lgal  patch. The only  other vis ible  signs of 
coral distress were the appea rance  of patches  of whit ish fi laments,  composed of bacteria  
(Beggiatoa), on the surface of two Pofites astreoides colonies, one at the E1 Negro site 
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Fig. 2. Reef conditions at the sampling sites. (A) Tague Bay forereef, St. Croix. (B) E1 Negro-Bank 
reef shallows. (C) La Parguera patch reef, coarse sediments  resuspended  by summer winds. (D) 
Guayanilla Bay, Cayo Maria Langa reef, note turbidity, erosion of dead corals, and scarcity of living 
corals. (E) Damselfish with territorial algal lawn on Montastrea annularis colony, La Parguera. (F) 

Algal tufts on surface on Stephanocoenia michelinii  colony, E1 Negro 
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Table  2, Statistics ca lcu la ted  for five t ransects  at each  of the three  reef sites, Puerto Rico, and  the 
T a g u e  Bay forereef, St. Croix, as ave rage  va lues  pe r  transect .  S tandard  deviat ions  in paren theses .  
H '  N = S h a n n o n - W e a v e r  index  of diversity. H 'c /H 'ma x = Pie lou ' s  e v e n n e s s  index, a measu re  of the 

deg ree  of d o m i n a n c e  in a sample .  (After Loya, 1976) 

Locat ion Total  No. No. No. Cover  H '  N H'c/H'ma x 
spec ies  spec ies  colonies  % 

T a g u e  Bay 7 5.00 18.00 13.96 1.316 0.818 
(1.00) (6.04) (6.62) (0.163) (0.033) 

E1 N e g r o - B a n k  Reef 5 3.40 15.40 26.28 0.921 0.779 
(0.89) (4.04) (11.26) (0.293) (0.091) 

La Pa rguera  11 4.40 8.40 10.02 1.130 0,629 
(2.19) (4.51) (7.22) (0.640) (0,355) 

Guayan i l l a  4 1.60 2.20 0,90 0.347 0,354 
(0.89) (1,30) {0,43) (0.491) (0,485) 

Tab le  3. Relative a b u n d a n c e  of coral  spec ies  at the  T a g u e  Bay forereef,  St. Croix, and  the  three  reef 
sites, Puer to  Rico. Index  for relat ive a b u n d a n c e  of corals: ave r age  n u m b e r  of colonies per  10 m 
t ransec t  is b e t w e e n  0.1-1.0 = rare; 1.1-2.0 = sporadic;  2.1-4.0 = common;  4.1-7.0 = abundant ;  
over  7.1 = dominant ;  after Loya (1976). - -  = not found  u n d e r l y i n g  the t ransect  and  not  observed  

wi th in  the total t ransec t  area. obs. = obse rved  wi th in  the total t ransect  area  of the reef site 

Spec ies  T a g u e  Bay Et Neg ro  La Parguera  Guayan i l l a  

Acropora cervicornis - - rare - 

Acropora palmata rare abundant - rare 

Agaricia agaricites dominan t  rare rare rare 
Colpophyll ia natans obs. - rare - 
Dichocoenia s tokesi i  - - obs. - 
Diploria labynnthi forrnes  - - obs. - 
Diploria strigosa - rare  rare  obs. 
Eusmil l ia  fastigiata - - rare - 
Favia fraffum rare  obs.  rare obs. 
Montastrea annularis obs. obs. c o m m o n  obs. 
Montastrea cavernosa - - rare - 
Porites astreoides a b u n d a n t  sporadic  rare sporadic  
Porites porites common dominant - - 
Siderastrea radians - - rare rare 

Siderastrea siderea rare obs. rare - 

Stephanocoenia  miche l in i i  rare obs.  obs. obs. 

a n d  o n e  a t  t h e  G u a y a n i l l a  s i t e  ( n o t e d  i n  s e p a r a t e  y e a r s ) ,  a n d  o n  o n e  c o l o n y  of  D i p l o r i a  

l a b y r i n t h i f o r m e s  f r o m  T a g u e  B a y  ( s e e n  i n  1980).  

Histo logica l  e x a m i n a t i o n s  

This survey revealed several surprises, particularly the presence of microparasites 

within healthy-appearing, as well as necrotic, coral tissues. 
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R e p r o d u c t i o n  

Table  4 contains  the observat ions of gonad  development ,  and/or  the presence  of 
p lanu la  larvae in the colonies examined  for each site. Data for both years were 
combined,  with note made  of s ignif icant  differences b e t w e e n  years for some of the 
samples collected. The largest  n u m b e r  of samples  of Acropora cervicornis and  Acropora 
palmata were collected in  1981 for another  s tudy (see below), and  revea led  that  not  all  
colonies from this site developed gonads  concurrent ly.  Three colonies of A. palmata from 
E1 Negro (1981) conta ined  p l anu l a  larvae and  were lack ing  gonads,  whi le  others 
contained ova and  sperm. Colonies  of this species collected from the Guayan i l l a  Bay site 
may have b e e n  immature,  s ince these colonies were all small  (<12 cm high) and  all 
other species collected from this site con ta ined  gonads.  The colonies of A. cervicornis 
from La Parguera were necrotic. Presence of gonads  in  both species from Tague  Bay did 
not correlate with WBD symptoms (76 and  38 % of d iseased A. cervicornis and  A. 
palmata, respectively, had deve lop ing  gonads).  The data also suggest  differences in  
gonad deve lopment  and  spawn ing  b e t w e e n  different species on the four reefs, and  
be tween  the reefs, especial ly  for Porites astreoides at the Guayan i l l a  Bay site. Differ- 
ences in the collections from 1980 and  1981 indica te  ind iv idua l  var iabi l i ty  and  effects of 
seasonal cycles on reproduction.  

C o r a l - a l g a l  i n t e r a c t i o n s  

Colonies infested by  damself ish algal  l awns  exper ienced  cel lular  erosion a nd  tissue 
necrosis as algae invaded  the skele ton (Fig. 3 A-B). Al though the degene ra t ion  of the 
tissue may have b e e n  ini t ia ted by the damselfish,  in  some cases the a lgae  were in  direct 
contact with calicoblast  t issue which exhib i ted  a "bl is ter ing"  necrosis of the cells (ASN). 
This ASN was observed in  colonies of Diploria strigosa, Sidereastrea siderea, a nd  
S. radians, as wel l  as in Montastrea annularis, Porites porites, and  Stephanocoenia 
michelinii, from all the reef sites, and  in  the Grenad ines '  samples  of M. annularis, 
Diploria clivosa, D. strigosa, Meandrina meandrites and  S. siderea. The da rkened  edge 
of t issue (Fig. 3 C) adjacent  to sed iment -a lga l  accumula t ions  on the skele tons  of mound-  
type colonies of Colpophyllia natans, D. strigosa, Favia fragum, ?vI. annularis, Porites 
astreoides, S. radians, S. siderea, and  S. michelinii, as wel l  as the b r a n c h i n g  corals 
Acropora cervicornis and  P. porites, had  changed  from the normal  ep idermal  structure 
(tall columnar  cells uniformly in terspersed with mucus-secretory cells) to a hyperplas ia  
(ECH) of the co lumnar  ep idermal  cells (Fig. 3 D). Various colonies from all four locations 
were affected by this process. Addi t ional ly ,  e longa ted  a lgal  f i laments,  with a basophi l ic  
wall, conta in ing  spherical  bodies,  were found in  the t issues of colonies of Porites spp. 
and S. radians from E1 Negro and  Guayan i l l a  Bay in  1981 (Fig. 3 E). The coral t issue 
responded by deve loping  a hyperplas ia  of co lumnar  cells and  fibrocytes in an  at tempt to 
wall  off these algae. 

One  unexpec ted  f inding  was the occurrence of basophi l ic  shea thed structures, 
which appeared  to be associated with the bo r ing  g reen  skeletal  a lga  Ostreobium sp. 
(Fig. 3 F). These modif ied f i laments  appear  to compress the cal icoblast  layer of t issue 
(consisting of the gastrodermal  cells, mesogloea,  and  calicoblast  epi thel ium) and  distort 
the normal  structure of the tissues. F i laments  can also be seen  in cross-section as they 
invade  the gastrodermal  cells. These  structures were  found in  colonies of Agaricia 
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agaricites, Diploria labyrinthiforrnes, D. strigosa and  Montastrea annularis from the 
Puerto Rican reefs only. Lukas (1973) did not  be l i eve  that  these endol i th ic  a lgae  could 
penet ra te  the l iv ing coral tissue, a l though she had  observed the f i laments  to ex tend  to 
the edge of the coral skeleton.  Upon v i ewing  these slides, she could not  de te rmine  the 
na ture  of these algal  structures (pers. comm.). Addi t iona l  s tudies  on this p h e n o m e n o n  
are now underway.  

B a c t e r i a - a s s o c i a t e d  d i s e a s e s  

The total n u m b e r  of colonies collected for each species is shown in  Table  5 a long 
with the n u m b e r  of colonies in  which  necrosis, t issue changes,  and  microorganisms were 
observed in  each species and  at each location. Colonies  of Agaricia agarlcltes and  
Diploria strigosa exhibi ted  increased  muco-secretory cell deve lopmen t  at the Gua-  
yani l la  reef site (Fig. 4 A-B). Pavia fragum from E1 Negro and  Guayan i l l a  showed s imilar  
responses of the epidermis,  bu t  were more variable.  Changes  were also seen  in  coral 
tissues from the Coral Reef Microcosm (Fig. 4 C). Three of these colonies possessed 
abundan t  active mucosecretory cells, but  other samples  exhib i ted  loss of mucus  cells 
from the epidermis  (Fig. 4 D). Al though t issue on all  of these colonies  had appea red  
superficially normal  at the t ime of collect ion (except for s loughing  of t issue a round  the 
base of each colony or branch),  all  of the t issues were  in  va ry ing  stages of degene ra t ion  
and  necrosis. This same condi t ion was found in  colonies of Agropora palmata, 
A. cervicornis and  Diploria labyrinthiformes collected from La Parguera  and  E1 Negro. 
None of these necrotic corals con ta ined  vis ible  microorganisms,  a nd  only  the spec imen  
of D. labyrinthiformes showed deve lop ing  gonada l  tissue. 

In contrast, all of the colonies of Acropora palmata and  80 % of the A. cervicornis 
colonies examined  from the Tague  Bay reef, i nc lud ing  those that appeared  heal thy  
without signs of WBD (Fig. 4 E), con ta ined  ovoid basophi l ic  bodies  up to 40 ~m or more 
in diameter,  sur rounded by a refractile wal l  (Fig. 4 F). These Gram-nega t ive  bodies  were 
found throughout  the tissue r e m a i n i n g  on the skeleton,  scattered in  the mesen te r ies  and  
calicoblast t issue of the gastrovascular  canals.  Examina t ion  of these bodies  by electron 
microscopy revealed  that they are composed of rod-shaped bacter ia  in  a colony, sur- 
rounded by coral cells (Peters et al., 1983). Microscopic counts of colonies per  area of 
tissue showed that the n u m b e r  of bacter ia l  colonies was s ignif icant ly  h igher  in d iseased 
corals, a l though number s  in both obviously d iseased and  apparen t ly  hea l thy  corals 
over lapped (diseased range  0.1 - 1.8, ~ = 0.62, versus hea l thy  range  0.0 - 0 . 8 ,  ~ = 0.37, 
p < 0.005, n = 25, two sample  t-test). There  was no correlat ion be t w e e n  presence  or 
absence of gonads  and  n u m b e r  of bacter ia l  colonies per  un i t  of tissue. These  bacter ia  
were also found in  samples  of Acropora spp. from Bonaire (with indica t ions  of disease), 
the Grenad ines  and  the Florida Keys. Similar  ovoid basophi l ic  bodies  were  also found in  
Agaricia agaricites in  which t issue was s lough ing  from the base  of the colony, a nd  in 
one-third of the apparen t ly  hea l thy  colonies of A. agaricites and  Stephanocoenia 
michelinii, from widely  separate  locations on the four reefs. Two-thirds  of the Porites 
astreoides examined  conta ined  s imilar  ovoid basophi l ic  bodies  in  the mesogloea  of the 
tentacles. These bodies did not appear  to be  associated with any necrosis and  differed 
from the WBD-associated bacter ia l  colonies in  that the "rods" wi th in  the body are larger  
(Fig. 5 A), crescent-shaped,  and  break  apart  from one another  very easi ly in  these 
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Fig. 3. Coral lesions associated with physical  injuries from a lgae  and  sedimentat ion.  Scale bars = 
50 ~.m (A) Cross-sect ion of portion of hea l thy  polyp of Stephnocoenia  michelinii ,  stained with H & E, 
La Parguera.  (B) Cross-sect ion of polyp d a m a g e d  by algal  erosion, H & E, La Parguera. (C) Gross 
appea rance  of sed iment -a lga l  border of Montastrea annularis  colony, note da rkened  tissue, Tague  
Bay. (D) Photomicrograph of ep idermal  celt hyperp las ia  next  to sed imen t -a lgae  accumulat ion,  hat. 
annularis, H & E, E1 Negro. (E) Fibrocytic hyperp las ia  in t i ssue of Siderastrea radians chronically 
irritated by algae,  H & E, Guayani l la  Bay (F) Unident i f ied  endoli thic  a lgae-associa ted  structure 
invad ing  gas t rodermis  of Diploria strigosa t h rough  calicoblastic epi thel ium, H & E, Desecheo 
Island. al ~ algae;  c = calicoblastic epi thel ium; e : epidermis;  g : gastrodermis;  sk : former 

posit ion of skeleton; sp = spermary  
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Fig. 4. T i s s u e  c h a n g e s  a n d  nec ro t i c  cond i t ions .  Sca le  ba r s  = 50 ~m. (A) P h o t o m i c r o g r a p h  of h e a l t h y  
t i s sue  f rom Agaricia agaricites, H & E, E1 Negro .  (B) E p i d e r m a l  e ros ion  of A. agaricites, H & E, 
G u a y a n i l l a  Bay.  (C) H e a l t h y  a p p e a r i n g  l~lontastrea annularis wi th  t i s sue  s l o u g h i n g  off t he  b a s e  of 
t h e  colony,  af ter  f ixat ion,  Cora l  Reef  Mic rocosm.  (D) P h o t o m i c r o g r a p h  of a b n o r m a l  t i s sue  f rom 
s imi la r ly  af f l ic ted  M. cavernosa, H & E, Cora l  Reef  Mic rocosm.  (E) S l o u g h i n g  of t i s sue  f rom b r a n c h  
of Acropora palmata in " w h i t e  b a n d  d i s e a s e " ,  T a g u e  Bay. {F) Ovo id  G r a m - n e g a t i v e  bac te r ia l  
co lon ie s  in  t i s s u e s  of d i s e a s e d  A. palmata, H & E, Bonai re .  e = e p i d e r m i s ;  g = ga s t rode rmi s ;  m = 
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preparations,  They have not yet  b e e n  examined  by electron microscopy to de te rmine  
their true nature.  

Colonies of Colpophyltia natans, Diptoria strigosa and  Montastrea annularis, from 
the four reef sites and  Key Largo, were collected in  order to examine  the effects of BLD 
microorganisms on the coral t issue (Fig. 5 B). Necrosis of t issue occurred only at the 
disease line, which con ta ined  a variety of microorganisms,  i nc lud ing  ciliates, 
cyanobacter ia l  f i laments,  spiral and  rod-shaped bacter ia  (Fig. 5 C). The  r e ma i nde r  of the 
coral tissue was healthy, with gonads  and  p l anu l a  larvae present  (Table 3}. However,  the 
M. armularis sample  from Tague  Bay showed patches  of necrotic t issue over the ent i re  
surface of the sample.  

O t h e r  m i c r o p a r a s i t e s  

Besides the bacteria,  a n u m b e r  of protozoans were found in  otherwise apparen t ly  
heal thy coral tissue. Th ick-wal led  ovoid capsules  (14 ~m x 17-20 ~m) were  found in  the 
calicoblast ep i the l ium of Porites porites colonies (Fig. 5 D). One  sample  of this species 
from the Coral Reef Microcosm was especial ly  infested. _These have tenta t ive ly  b e e n  
identif ied as a sporozoan, Nematopsis sp. (C. A. Farley, pets. comm.). These spore 
capsules s tain in tense ly  red with HAB, l ight ly with PAS, and  not at all by  the F ue l ge n  
technique (although this stain may not have worked properly due to decalcif icat ion of 
the coral tissue). These sporozoans appeared  to cause an  hyper t rophy of the cal icoblast  
epi thel ial  cells, with an  increase  in  eosinophi l ic  in t race l lu lar  granules .  They  are clas- 
sified in the family Porosporidae, with a life cycle previously  reported to inc lude  
crustacean and  mollusc hosts (Kudo, 1966). Another  type of spore was observed in  the 
lobes of the mesenter ia l  f i laments  in Diploria strigosa and  Porites astreoides in 1981 from 
the Tague  Bay, E1 Negro, and  Guayan i l l a  sites (Fig. 5 E), and  also found in  mesenter ia l  
f i laments of Montastrea cavernosa and  Meandrina meandrites from Rincon, Puerto Rico. 
These latter spores, 6-7 ~m × 12 ~m, with 3 or more basophi l ic  bodies  in  each, are 
Fue lgen  positive, and  have b e e n  tenta t ively  ident i f ied as coccidean spores (F. Kern and  
C. A. Farley, pets. comm.). No other stages of these sporozoan life cycles were  observed. 

Large ciliates were often found feeding  in  associat ion with necrotic tissue, but  also 
occasionally found on the surfaces of hea l thy  corals (Fig. 5 F). Colonies  of Porites 
astreoides and  P. porites conta ined  a cil iate (C. A. Farley, pers. commun.) ,  in  the 
gastrodermal cells l i n ing  the gastrovascular  canals  in  these species (Fig. 6 A). This 
ciliate exhibits one macronucleus  and  one or more micronuclei ,  and  is most easi ly seen 
with the HAB w h e n  the cytoplasm stains l ight  blue.  Another  cil iate was found in  the 
epidermis  of one colony of Acropora palmata from Tague  Bay, which was or ig inal ly  
collected to look at a scraped les ion on its surface. The entire ep idermis  of this sample  
was necrotic and  s loughing,  with these ciliates e m b e d d e d  in  the cell layer  (Fig. 6 B}. 
Amoebae  were found in  the cal icoblast ic  ep i the l ium of both Siderastrea spp. from 
Guayani l l a  Bay. The concentra t ion  of amoebae  obl i tera ted the caticoblast  cells (Fig. 6 
C}. One colony of Colpophyllia natans from the Grenad ines  con ta ined  worm-l ike  
organisms (P. Yevich, pers. comm.) e m b e d d e d  in a layer  of en la rged  necrotic gastroder- 
mal  ceils (Fig. 6 D). Addit ional ly,  spherical  basophi l ic  bodies  were occasional ly  
observed in the mesenter ia l  f i laments  of M. annularis and  P. porites colonies from all 
locations except La Parguera.  More recent  observat ions on the ciliates ( U M P ~ I  and  
UMP~2,  Figs 6A and  6B} indicate  that these structures are p robab ly  nematocysts  in  
various stages of deve lopment  (#1) or degene ra t ion  (~1 and  ~2). 
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Fig.  5. Coral  d i s e a s e s  and  microparas i tes .  Sca l e  bars = 50 ~m. (A) Basoph i l i c  b o d y  s imi lar  to that 
found in "'white b a n d  d i s e a s e "  coral  t i s sue  from c o l o n y  of Porites astreoides, HAB, La Parguera.  (B) 
"Black l ine  disease'" on  c o l o n y  of Diploria strigosa, E1 Negro .  {C) M i c r o o r g a n i s m s  of "black l ine 
d i s ease"  and  necrot ic  coral  t i ssue ,  D. strigosa, HAB, E1 Negro .  (D) Nernatopsis sp. spores  in 
ca l i cob las t i c  e p i t h e l i u m  of P. porites, HAB, E1 Negro .  (E) U n i d e n t i f i e d  c o c c i d e a n  spores  in m e s e n t e -  
rial f i laments  of P. astreoides, H & E, E1 Negro .  (F) Ci l ia tes  a s s o c i a t e d  wi th  necrot ic  D. strigosa 
t i ssue,  H & E, Coral  Reef  Microcosm.  c = ca l i cob las t i c  ep i the l ium;  g = gastrodermis;  nct  = necrot ic  
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Fig. 6. Additional microparasites of corals, and skeletal abnormalities. Scale bars = 50 Izrn. (A} 
Unidentified ciliate (@1) in gastrodermal cells of Porites porites, HAB, E1 Negro. (B) Unidentified 
ciliate (#2} destroying epidermis of Acropora patmata, HAB, Tague Bay. ~C) Unidentif ied amoebae  
(4P3) infesting calicoblastic epi thel ium of Siderastrea radians, H& E, Guayanilla Bay. (D) 
Endoparasitic worm in gastrodermal tissue of Colpophyllia natans, H & E, Grenadines,  (E) Speci- 
men of A. palmata with skeletal tumor, Key Largo Marine Sanctuary. iF) Photomicrograph of A. 
patmata tumor tissue. Note lack of zooxanthellae in gastrodermis, and changes  in tissues surround- 
ing the gastrovascular canals, HAB, Key Largo. c ~ calicoblastic epithelium; g = gastrodermis; sk 

= former location of skeleton 
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C o r a l  t u m o r s  

Ske l e t a l  abno rma l i t i e s  were  found in s a m p l e s  of Acropora palmata col lec ted  from 
Grec i an  Rocks, Key Largo (Fig. 6 E). H i s topa tho log ica l  examina t ion  of the  t issues 
r e v e a l e d  r a p i d  p ro l i fe ra t ion  of the  ca l i cob las t  l aye rs  of the  gas t rovascu la r  canals,  
p r o d u c i n g  a b u l g i n g  porous  ske le ton  ove rg rowing  the  polyps .  A l though  an e p i d e r m a l  
cel l  l aye r  covers  the  surface of this  area,  the  cel ls  differ  s t ruc tura l ly  and zooxanthe l lae  
are  absen t  from the gas t rode rmis  in al l  a reas  of this  growth  (Pig. 6 F). Because  of the  
a p p e a r a n c e  of uncon t ro l l ed  growth,  des t ruc t ion  of polyps ,  changes  in cel l  s tructure and 
funct ion,  a n d  sp read  of the  a b n o r m a l  ske l e t a l  g rowth  a long  a branch,  this  condi t ion 
a p p e a r s  to be  a t rue n e o p l a s i a  of the  coral  (Cheney,  1975; Bak, 1983; J. C. Harshbarger ,  
pers.  comm.).  These  tumors  wi l l  be  d i scussed  more  ful ly  in a future paper .  

DISCUSSION 

Except  for an ea r l i e r  note  (Peters et  al., 1983), this  is the  first repor t  of bac te r ia l  
co lon ies  and  pro tozoal  mic roorgan i sms  l iv ing  wi th in  coral  t issues,  and  the first observa-  
t ions tha t  some of these  mic roorgan i sms  m a y  b e  harmful  to the  corals.  Al though  
Lauckne r  (1981) r epor t ed  no s tudies  on vi ra l  or bac t e r i a l  d i seases  in the  cnidar ians ,  he 
b e l i e v e d  such d i s ea se s  w o u l d  be  found, e s p e c i a l l y  s ince  Burkho lder  8, Burkholder  
(1958) could  not  demons t r a t e  an t imic rob ia l  ac t iv i ty  in t issues  of Acropora palmata, 
Porites porites and  Montastrea sp. C o m m e n s a l  and  pa ras i t i c  p ro tozoans  have  b e e n  
r epo r t ed  from other  cn ida r i ans  (Lauckner,  1981; T. Jacques ,  pers.  comm.), but  the only 
p rev ious  repor ts  of pa ra s i t e s  in corals  were  on d a m a g e  to t i ssues  of the  Pacific PoNtes 
spp. by  t r ema tode  me tace r ca r i a e  (Cheng & Wong,  1974), and  endopa ra s i t i c  copepods  in 
a n u m b e r  of Indo-Paci f ic  and  C a r i b b e a n  spec ies  (Stock, 1975; Butter, 1979; Herriot t  
& Immerman ,  1979; o ther  l i t e ra tu re  r e v i e w e d  in Lauckner ,  1980). 

In a r ev i ew  of coral  pa tho logy ,  Anton ius  (1981a) s u g g e s t e d  that  the  t issue s lough ing  
obse rved  in WBD was  a phys io log ica l  reac t ion  to some stress. He could  not f ind any  
mic roorgan i sms  which  migh t  be  r emov ing  the t issue,  the  d i sease  could  not  be  sp read  by  
inocu la t ion  techniques ,  and  the coral  d id  not  recover  w h e n  t rea ted  wi th  ant ib io t ics  
(Antonius,  1981b). The  h i s topa tho log ica l  examina t ions  pe r fo rmed  he re  demons t r a t ed  
tha t  unusua l  G r a m - n e g a t i v e  bac te r i a l  colonies  were  p resen t  in  Acropora and  Agaricia 
spp. wh ich  show s igns  of WBD. These  bac t e r i a  were  also found in a p p a r e n t l y  hea l thy  
co lonies  on the  s ame  reefs. W h e t h e r  these  bac te r ia  a re  r e spons ib l e  for this  d i sease  has  
ye t  to be  proven,  but,  if t hey  are,  it  is poss ib le  that  a t h re sho ld  concent ra t ion  in colonies  
is neces sa ry  before  the  t i ssue  b e g i n s  s loughing.  These  bac t e r i a  m a y  be  imperv ious  to 
t r ad i t iona l  ant ibiot ics ,  or, w h e n  the d i sease  f ina l ly  b e c o m e s  apparen t ,  the  t issue d a m a g e  
is i r revers ib le .  This  migh t  e x p l a i n  Antonius '  observa t ions .  Other  co lonies  of Acropora 
palmata and  A. cervicornis, as we l l  as colonies  of Diploria labyrinthiformes and Mon- 
tastrea annularis in this  s tudy  d id  not  have  ob se rva b l e  mic roorgan i sms  wi th in  thei r  
t issues,  ye t  necros is  was  evident .  S imi la r  s l ough ing  of coral  t i ssues  from severa l  spec ies  
of Microcosm corals  r e v e a l e d  d e g e n e r a t i v e  c h a n g e s  in cel l  morpho logy  and  function, 
wh ich  migh t  b e  r e l a t ed  to the  h igh  nu t r ien t  or s e d i m e n t a t i o n  leve ls  in the  tank.  Antonius  
(1981b) also r epor t ed  t issue s lough ing  in colonies  of Montastrea annularis and Diploria 
strigosa, and  Dus tan  (1977) o b s e r v e d  this  in  co lon ies  of Mycetophyllia ferox, which they 
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correlated with env i ronmen ta l  stress. However,  the corals were not  examined  histologi- 
cally. 

I propose the term "Stress-Related-Necrosis" (SRN) to differentiate cases in  which 
corals show signs of WBD and  in  which degenera t ive  changes  in  cell  s tructure are 
observed in  the absence  of obvious pa thogens  (as de te rmined  by microscopic examina-  
tion of the fixed and  e m b e d d e d  tissues), from WBD, in  which ovoid Gram-nega t ive  
bacterial  colonies are found in the coral tissues. However,  future studies u t i l iz ing 
electron microscopy or other t echn iques  may  find a virus or bacter ia  associated with this 
disorder. Dustan (1977) reported successful inocula t ions  of apparen t ly  hea l thy  colonies 
of Mycetophyllia ferox, M. larrnarkiana and  Colpophyllia natans with t issue from 
"plague"- infec ted  colonies of M. ferox and  C. natans, sugges t ing  species-specific 
differences in  resistance, or perhaps  different pa thogens  responsib le  for the necrosis and  
s loughing of tissue. SRN may be a revers ible  condit ion.  Antonius  (1981b) no ted  that it 
was rarely lethal  for the whole  colony in  Diploria strigosa, Montastrea annularis, and  
M. ferox. Gladfelter  et al. (1977) noted  an  occasional  reversal  of t issue s lough ing  in  
Acropora palmata afflicted with WBD, with tissue regrowth. These colonies may  not 
have b e e n  infected with the bacteria,  or may  have recovered from the infection. In all  
these cases of s loughing  tissue, t issue is lost first from the basal  edge  of the colony. This 
tissue may be metabol ica l ly  older, or may  be more shaded and  less l ikely to be  in  a 
favorable posit ion for zooxanthel lar  nu t r i en t  acquisi t ion.  Thus, necrosis and  s loughing  of 
the tissue occurs first in  this region. 

During this study, no vis ib le  s igns  of diseases were  found on the shal lower  reefs of 
Guayani l l a  Bay. However,  there had b e e n  a not iceable  loss of l iv ing  coral cover and  
erosion of reef structure. Both were d e p e n d e n t  on the to lerance of ind iv idua l  colonies, as 
well  as the species, to chronic turbidi ty  and  sed imenta t ion  (Morelock, 1979). Histo- 
pathological  examina t ion  of the corals at this site revealed  s igns of stress, i nc l ud i ng  
increased mucus-secretory activity and  ep ide rmal  cell erosion. Only  one possible  case of 
bacterial  colonization, indica ted  by a whit ish film of Beggiatoa fi laments,  was seen. 
Laboratory studies by Ducklow & Mitchel l  (1979) and  Rublee  et al. (1980) ind ica ted  that 
mucus product ion and  surface bacter ia l  popula t ions  increased  with increas ing  turbidi ty  
or other irritants, l ead ing  to the deve lopmen t  of anoxic  condi t ions  on the surface of the 
coral, and the appearance  of the su l fur - reducing  bac te r ium Desulfovibrio. Finally,  
heterotrophic sulf ide-oxidizing Beggiatoa f i laments  form a net  over the necrotic t issue 
(Mitchell & Chet, 1975). Another  unusua l  f ind ing  was the presence  of amoebae  that 
destroyed the calicoblastic ep i the l ium in  four colonies of Siderastrea spp., found only  at 
this site. While  skeletal  growth may  be lower here  because  the tu rb id i ty - reduced  l ight  
levels are adversely affecting the zooxanthel lae-coral  calcification system, the proto- 
zoans may also interfere with this process. Al though w e a k e n e d  by  constant  heavy  mucus  
product ion and  microparasites,  it appears  that the corals r e m a i n i n g  at GuayaniUa  Bay 
are still able  to meet  their  metabol ic  energy  expendi tures .  All  species, except  the 
Acropora palmata, conta ined  deve lop ing  gonads  (al though the v iabi l i ty  of any  p l anu la  
larvae produced is unknown) .  Rinkevich & Loya (1977) and  Peters et al. (1981) reported 
reduced or absence  of gonad  deve lopment  in  corals exposed to chronic oil pollut ion,  and  
suggested that other env i ronmen ta l  stress condi t ions  might  inh ib i t  reproduct ion in  
corals. 

As found in this study, reefs unde r  chronic sed imenta t ion  stress may not be totally 
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des t royed  (Roy & Smith,  1971). The  p re sence  of y o u n g  Acropora palmata ind ica tes  that  
r ec ru i tmen t  from a d j a c e n t  reefs m a y  occur. However ,  More lock  et al. (1979) noted  that  
the  subs t ra te  he re  has  b e e n  covered  by  a l g a e  and  s e d i m e n t  accumula t ions ,  which  
r educes  the  po ten t i a l  se t t l ing  si tes for p l anu lae ,  a n d  also d a m a g e s  e s t ab l i shed  colonies.  
The  h i s topa tho log ica l  obse rva t ions  revea l  that  e d g e  zone coral  t i ssues  deve lop  an 
e p i d e r m a l  cel l  hype rp la s i a ,  p r o b a b l y  due  to chronic  i r r i ta t ion  (Chevil le ,  1976). This is 
i n f luenced  by  colony m o r p h o l o g y  as  wel l  as  s e d i m e n t  load ing .  Colonies  are  cons tant ly  
s w e e p i n g  par t i c les  wh ich  fall  on the i r  surfaces to the  e d g e  of the  t issue, w h e r e  they  may  
be  r e m o v e d  by  wa te r  currents .  If the  s ed imen t  is not  removed ,  it m a y  become  a substra te  
for a lga l  coloniza t ion .  W a l k e r  & O r m o n d  (1982) no ted  tha t  i nc r ea sed  a lga l  g rowth  m a y  
inc rease  the  s e d i m e n t  load  e x p e r i e n c e d  by  corals,  by  t r a p p i n g  s e d i m e n t  on e n h a n c e d  
f i l amentous  a lga l  growth.  Schumache r  (1979) found that  the  n u m b e r  of funct ioning 
mucus  cel ls  dec rea se s  wi th  i nc rea s ing  s e d i m e n t  load  a n d  are  not  r ep laced .  Eventual ly ,  
the  cel ls  at the  colony b o r d e r  m a y  die.  H u g h e s  & Ja c kson  (1980) no ted  that  par t ia l  colony 
mor ta l i t i es  are  diff icult  to de tec t  in situ, un less  t ime-se r i e s  pho tographs  are  examined ,  
b e c a u s e  ske l e ton  wh ich  a p p e a r s  as  a resul t  of the  d e a t h  of coral  t issue is r ead i ly  
ove rg rown  by  a lgae .  As this p h e n o m e n o n  also af fec ted colonies  on the  other  reefs 
e x a m i n e d  in this  study,  a long  wi th  Beggiatoa nets  and  ou tb reaks  of d i sease  and  
microparas i tes ,  t hese  observa t ions  sugges t  that  p e r h a p s  loca l ized  c ha nge s  in wate r  
qua l i ty  m a y  also be  impor t an t  in cont ro l l ing  the  h e a l t h  of corals  on reefs. Fur thermore ,  
the  in te rac t ion  of p a t h o g e n s  and  microparas i t es  wi th  phys i ca l  stress and  in jur ies  may  be 
as impor t an t  in r e g u l a t i n g  na tu ra l  popu la t ions  of corals  as in o ther  inver tebra tes  
(Anderson  & May,  1981), and  m a y  also be  in f luenced  b y  spec ies - spec i f i c  suscep t ib i l i ty  to 
invas ion  by  a pa thogen .  

For the  reefs s tud i ed  here,  it appea r s  that  da i ly  and  seasona l  var ia t ions  in sed imen-  
ta t ion  and  tu rb id i ty  a re  more  l i ke ly  to occur  than  acu te  sa l in i ty  or t e m p e r a t u r e  pe r tu rba-  
tions. For example ,  s ed imen ta t i on  rates  are  increased ,  on the  d e e p e r  reefs of the E1 
Neg ro -Bank  (Loya, 1976), by  ra iny  season  r iver  inputs  of s ed imen t s  which  do not 
a ccumula t e  on the sha l lower  reefs. However ,  win te r  s torms as soc ia t ed  with  north- 
wes t e r ly  fronts m a y  r e s u s p e n d  these  sediments ,  and  m a y  have  con t r ibu ted  to the  dea th  
of A. palmata colonies  in 1980. Corals  were  ac t ive ly  s h e d d i n g  s e d i m e n t  at the  La 
Pa rgue ra  pa t ch  reef  du r ing  this s tudy,  bu t  h igh  winds  and  seas,  common  on s u m m e r  days  
a long  the  southern  coast  of Puerto  Rico (Almy & Carr ion-Tor tes ,  1963), are  r e d u c e d  in 
the  winter .  The  amoun t  and  dura t ion  of stress e x p e r i e n c e d  b y  an  i nd iv idua l  coral  colony 
du r ing  these  in f requen t  ep i sodes  of s ed imen ta t i on  a n d  turb id i ty ,  as wel l  as dur ing  
in t ense  t rop ica l  s torms (Endean,  1976; Connel l ,  1978), wi l l  b e  af fec ted b y  su r round ing  
i r regu la r i t i e s  in reef  t o p o g r a p h y  and  s e d i m e n t  deposi ts .  These  hab i t a t  var ia t ions  change  
wi th  t ime,  a n d  wi th  the  growth,  dea th ,  and  eros ion of n e i g h b o r i n g  colonies  (Dana, 1976). 

The  effects of these  sma l l - s ca l e  mic rohab i t  d i s tu rbances  are  eas i ly  seen  in coral-  
a lga l  in teract ions .  Bes ides  the  d e v e l o p m e n t  of e p i d e r m a l  cel l  h y p e r p l a s i a  in response  to 
s e d i m e n t - a l g a e  accumula t ions  a long  the marg ins  of colonies,  a major  cause  of loss of 
l iv ing  coral  t i ssue  from the  T a g u e  Bay, E1 N e g r o  and  La Pa rgue ra  reefs was  the  
w i d e s p r e a d  d e v e l o p m e n t  of te r r i tor ia l  a lga l  l awns  by  damse l f i sh  (Brawley & Adey,  1977; 
Kaufman,  1977; Lobel,  1980). These  fish con t inuous ly  r emove  coral  t issue, to p rov ide  a 
ba r e  subs t ra te  wh ich  is co lon ized  by  a lgae .  Normal ly ,  t issue may  r e ge ne ra t e  to cover 
smal l  les ions  very  qu ick ly  (Bak & S t e w a r d - v a n  Es, 1980). Sammarco  & Wi l l i ams  (1982) 
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found that  damself ish  inc reased  the number s  of rarer  corals such as Favia b e c a u se  this 

species is more resistant  to a lgae.  From his s tudies  of Pacific damself ish,  Potts (1977) 
concluded that  the a lgal  mat caused  corals to e x p e n d  ene rgy  to keep  surfaces clean,  and  

death fo l lowed the exhaust ion  of me tabo l i c  reserves  dur ing  per iods  of m i n i m u m  nutr ient  

availabili ty,  
Fish and other  organisms which  prey  on corals (Robertson, 1970; Ott  & Lewis, 1972; 

Antonius,  1973; Glynn,  1973; Endean,  1976; Brawley & Adey,  1982) may  be  respons ib le  

for the spread of some of the d iseases  and microparasi tes .  In part icular ,  microorganisms 
caught  in the mucus  layer  of the f ishes '  mouths  could  be  spread  as they feed  on coral 
t issue (D. Spoon, pers. comm.). Glaclfelter et al. (1977) and Frydl (1979) noted  that  

parrotfish feed on Porites astreoides, Acropora palmata, Diploria strigosa and Mon- 
tastrea annularis. All of these  species  are affl icted by parasites,  WBD and BLD. 

BLD is rarely encoun te red  (1-2 % incidence)  on reefs  th roughout  the Ca r ibbean  and 
off Bermuda  (Antonius, 1973; Garret t  & Duckow,  1975). The  h igh  i nc idence  of this 
disease at the reef  crest swim channe l  at T a g u e  Bay may  have  b e e n  due  to heavy  w a v e  

surge sed iment  resuspension,  and natura l  predators,  as we l l  as from coral  in jur ies  due  to 

diver  traffic, thus suppor t ing observat ions  that  env i ronmen ta l  stress (Antonius, 1977; 
Dustan, 1977; Ducklow & Mitchel l ,  1979) and tissue injur ies  (Antonius, 1981b) may  

increase the occurrence  of this disease.  WBD was first repor ted  by Gladfe l te r  et al. (1977) 

from St. Croix reefs we l l  before  the hur r icane  damage ,  but  it appears  that  phys ica l  
injuries and stress may  also in f luence  this disease.  Knowlton et al. (1981) obse rved  that  

hu r r i cane -damaged  A. cervicornis off J ama ica  that  may  have  b e e n  k i l l ed  by a d i sease  
(symptoms of WBD), which  they b e l i e v e d  may  have  b e e n  present  on the reef, and its 

spread was acce le ra ted  by stress. In exper iments  off Curagao, Bak & Criens  (1981) 
f ragmented  Acorpora spp. and found that  despi te  an ini t ial  increase  in cover, all 

f ragments  came down  with a d isease  in which  t issues s loughed  off the ske le ton  three  

months later. F ragmen ted  colonies  of Madracis mirabilis w e r e  unaffected.  The  histo- 

pa thologica l  observat ions  in this s tudy ind ica te  that  the WBD-associa ted  bac ter ia l  

colonies may be present  in corals for some t ime before signs of the d isease  are visible.  In 
addit ion to f inding the amoebae  in Siderastrea spp. at Guayan i l l a  Bay, the occurrence  of 

the colony of P. porites, which  was most  heav i ly  infested wi th  Nematopsis sp. spores in 
the Coral Reef Microcosm sugges ts  that  env i ronmen ta l  stress may  l ikewise  affect the 

infestation of some microparasi tes .  Anderson  & May  (1981) noted  that  occul t  infect ions 
of pa thogens  or parasites,  wh ich  can  exist  in apparen t ly  hea l thy  hosts but  increase  in 

numbers  and cause mortal i ty  or dec reased  reproduc t ive  potent ia l  w h e n  the host  organ-  

ism is stressed, are little understood.  
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