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ABSTRACT: A highly localized incidence  of skeleta l  malformations (tumors) in the scleract inian 
corals Ptatygyra pini and P. sinensis on an  inshore  f r inging reef at Cockle Bay, Magne t ic  Island 
within the Great  Barrier Reef province is reported. These  tumors are typified by a local ized area of 
increased growth rate resul t ing in roughly circular p ro tuberances  ex tend ing  up to 4.5 cm above  the 
colony's surface. In bo th  species, similar proportions of thei r  populat ions carr ied tumors (24.1% in 
1:'. pini and 18.7 % in P. sinensis). Larger colonies (> 80 cm in diameter) are at least  7 t imes more 
likely to possess tumors than smal ler  colonies (< 40 cm in diameter).  X-radiographs  of the  skeleta l  
malformations indicate  a point  of origin, p resumably  from a s ingle  budded  polyp wi th  subsequent ,  
localized, accelerated growth. The m e a n  radial  growth rate of the  tumorous area was 29 % grea ter  
than that  of the surrounding normal  regions. In contrast  to the  normal  tissue, the tumorous t issue 
exhibi ted proliferation of cells, a t rophied gas t rodermal  cells and  mesenter ia l  f i laments  which  were  
larger and disordered in structure. The env i ronmenta l  condit ions at Cockle Bay are relat ively 
extreme with h igh  turbidity, periodic exposure of the reef flat, abrupt  changes  in sal ini ty dur ing  the 
wet season and  mechanica l  damage  to corals caused by  unpred ic tab le  cyclonic storms. It is 
suggested that  a combinat ion  of env i ronmenta l  stresses coupled with an  injury infl icted on the  
corals are possible stimuli tha t  init iate the  deve lopmen t  of these  abnormal  growth th rough  ei ther  
bacterial  attack or the deve lopment  of an  aber ran t  polyp dur ing tissue repair.  

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

In  t h e  p r e s e n t  s t u d y  w e  r e p o r t  t h e  o c c u r r e n c e  of s k e l e t a l  m a l f o r m a t i o n s  i n  t h e  
m a s s i v e  m e a n d r o i d  co ra l  Platygyra ( F a v i i d a e ) ,  o n  a n  i n s h o r e  f r i n g i n g  r e e f  i n  t h e  G r e a t  

Bar r i e r  Reef  p r o v i n c e .  S k e l e t a l  m a l f o r m a t i o n s  h a v e  b e e n  p r e v i o u s l y  d e s c r i b e d  i n  s o m e  

s c l e r a c t i n i a n  co ra l s  as  n e o p l a s m s  (Squ i r e s ,  1965a,  b) or  t u m o r s  ( C h e n e y ,  1975).  O t h e r s  

h a v e  b e e n  s h o w n  to b e  g r o w t h  r e a c t i o n s  to  i n v a s i o n  b y  p a r a s i t e s  ( C h e n g  & W o n g ,  1974),  

e n d o z o i c  a n i m a l s  (Pa t ton ,  1976) or  c o n t a c t  w i t h  a d j a c e n t  c o r a l s  ( H i l d e m a n n  e t  al., 1975).  

H o w e v e r ,  s o m e  of t h e  s t r u c t u r e s  d e s c r i b e d  i n  t h e  l i t e r a t u r e  as  t u m o r s  a r e  a c t u a l l y  

h y p e r p l a s i a  or u n u s u a l  p r o l i f e r a t i o n s  of t y p i c a l  c e l l u l a r  c o m p o n e n t s  i n  r e s p o n s e  to i n j u r y  

or p a r a s i t i c  i n v a s i o n  (Sparks ,  1972). T u m o r - l i k e  g r o w t h s  h a d  b e e n  o b s e r v e d  p r e v i o u s l y  

in  S c l e r a c t i n i a  f rom t h e  Paci f ic ,  a l t h o u g h  t h e  e t i o l o g y  of t h e s e  g r o w t h s  h a s  r e m a i n e d  

l a rge ly  o b s c u r e  (Squ i re s ,  1965a,  b ;  W h i t e ,  1965;  S o u l e ,  1965;  C h e n e y ,  1975).  

T h e  a b n o r m a l  g r o w t h  f o r m a t i o n s  d e s c r i b e d  h e r e  a p p e a r  o n  t h e  s u r f a c e  of t h e  c o l o n y  

a s  r o u g h l y  c i r c u l a r  p r o t u b e r a n c e s  ( " b u m p s " )  e x t e n d i n g  a b o v e  t h e  c o l o n y ' s  s u r f a c e  
(Fig. 1). W e  h a v e  t e r m e d  t h e s e  b u m p s  as  t u m o r s ,  s i n c e  w e  c o n s i d e r  t h a t  t h e y  r e s u l t e d  

from a n  i n d e p e n d e n t  l o c a l i z e d  a c c e l e r a t i o n  of t i s s u e - g r o w t h .  

Repor t s  of n e o p l a s m s  i n  c o e l e n t e r a t e s  a n d  p a r t i c u l a r l y  i n  s c l e r a c t i n i a n  c o r a l s  a r e  
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Fig. 1. A colony of Platygyra sinensis (approximately 90 cm in diameter) emersed at spring low tide. 
A tumor of approximately 200 crn 2 (1% of the colony's surface area) can be seen in front of the 

colony 

inf requent  and  their authent ic i ty  has often b e e n  quest ioned.  Squires (1965a) interpreted 
the presence  of 3 abnormal  corallites from the only k n o w n  spec imen of Madrepora 
kauaiensis as neoplasia .  Since tissue was not preserved, the assumpt ion  was derived 
solely from skeletal  examinat ion.  White (1965) and Soule (1965) provide al ternat ive 
in terpreta t ions  to Squires '  suggestions,  They suggested that the abnormal  corallites 
were produced in response to some sedentary  virus, bac te r ium or inver tebra te  (White, 
1965) or ind iv idua l  of another  species growing at tached to the colony (Soule, 1965). 
Squires (1965b) d isagreed with the latter in terpre ta t ion because  examina t ion  of the 
exterior and  interior  of the spec imen  showed no ev idence  of overgrowth by another  
organism. Addit ional ly,  the skeletal  e lements  of the abnormal  corallites were organi- 
cally connec ted  to the colony and  his in terpre ta t ion was that they have been  formed 
asexual ly  by polyps lower on the branch.  

The only  other report we are aware of concern ing  t issue tumors in scleract inian 
corals was g iven  by Cheney  (1975) who descr ibed atypical  growths ("tumors") of the 
coral Acropora formosa in  shal low and  protected areas of the reefs of Guam. He 
in terpre ted these growths as true neoplasms,  and  not just  hyperplast ic  responses to 
macroscopic organisms. Cheney  subjected  large numbe r s  of the Acropora tumors to 
microscopic examinat ion ,  but  did not find any  foreign et iological  agent,  

Abnorma l  growth proliferations in  coelentera tes  have  b e e n  reported following 
damage  or invas ion  to polyps. Kaufman (1980) observed that  gal l - l ike nodules  were 
formed on certain Acropora species in response to preda t ion  damage  by damsel-fishes. It 
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is not yet known  whether  the growth of the Acropora gall  occurs solely in response to the 
damage caused by grazing,  or if another  et iological  agen t  (e.g. a secondary  invader)  is 

involved. 
A different sort of growth aberra t ion  in  sc lerac t in ian  corals in  response to larval  

trematodes was descr ibed by Cheng  & Wong (1974). They  reported the occurrence of 
pinkish nodules  3-5  m m  in diameter ,  encysted  in  polyps of the coral Porites sp. in  
Hawaii.  The nodules  ex tended  1-2 m m  above the surface of the colony and  conta ined  
trematode metacercar iae  of Plagioporous sp. The only histological  al terat ions observed 
were compressed epi thel ial  cells and  p a v e m e n t e d  cyst walls, in  the few cases w h e n  the 
cyst had apparent ly  perforated the gastrovascular  cavity. 

None of the abnormal  growth proliferations, descr ibed so far in  the l i terature for 
scleract inian corals, resembled  the skeletal  malformations encoun te red  in Platygyra 
colonies at Cockle Bay. Our ini t ia l  research objectives were to quant i fy  the occurrence of 
these tumors on corals in the study area, study possible differences be t w e e n  the 
abnormal  growths and  adjacent  normal  colony parts, and  at tempt  to detect  possible 
causative agents  to this phenomenon .  

STUDY AREA AND METHODS 

The study was carried out on the reef flat of Cockle Bay, Magne t i c  Is land (19 ° 9'  S, 
146 ° 50' E), a h igh cont inenta l  i s land in  front of C leve l and  Bay, approximate ly  8 km 
north of Townsvil le .  (For map of the Townsvi l le  area showing  Magne t ic  Is land and  
surrounding area, see Morrissey, 1980.) 

Envi ronmenta l  factors at C leve land  Bay and  nea rby  bays were  summar ized  by 
Collins (1978), Morrissey (1980) and  Bull (1982). Monthly  means  of surface seawater  
temperatures  vary from 21.8 °C in  July  (winter) to 31.2 °C in  J anua ry  (summer) resul t ing  
in an annua l  range  of 9.4 °C (Kenny, 1974). Reef flat areas show greater  var ia t ion in 
diurnal  seawater  tempera ture  reaching  14 °C in  mid -win te r  (Morrissey, 1980). Grigg 
(1972) recorded an a n n u a l  var ia t ion in  sal ini ty  from 27.1%0 to 37.1%0 for one station in 
Cleveland Bay. During periods of m a x i m u m  rainfal l  ( January-February)  sal ini t ies  in  the 
range of 17.0 %0 to 36 %o were measured  by Coll ins  (1978) in  Nel ly  Bay, s i tuated close to 
Cockle Bay. Water turbidi ty  (Secchi disc visibility) in  Nel ly  Bay varies a n n u a l l y  from 
0.8 m to 6.5 m, with an average of 1.8 m (Collins, 1978). The t idal  reg ime for C leve land  
Bay is semi-diurnal  with d iurna l  inequal i ty .  Spring tides a l ternate  regular ly  with neap  
tides. Mean  spr ing tide range  is 2.5 m and  the m e a n  neap  t ide range  is 0.8 m. The reef 
flat at Cockle Bay emerges  per iodical ly  for 3 to 4 h dai ly  dur ing  spr ing  low tides only 
(Fig. 2). There is a seasonal  change  in  the t ime of occurrence of the dai ly  low-water,  
dur ing  spring tides: in  summer  they occur at n igh t  and  in  win te r  dur ing  the afternoon. 

We examined  all colonies wi th  a d iameter  greater  than  25 cm for presence  of 
skeletal malformations in  an  exper imenta l  plot (35 x 20 m area) on the reef flat. Sizes of 
colonies were measured  as m a x i m u m  horizontal ly  projected length  (Lc), and  a width 
(Wc) which was measured  pe rpend icu la r  to the m a x i m u m  length.  Geometr ic  m e a n  
diameters of colonies (Dc) were calcula ted as Dc ---- (Lc.Wc) 1/2. Surface d imens ions  of the 
tumorous areas were measured  in  a similar  m a n n e r  and  geometr ic  m e a n  diameters  of the 
tumors (t) calculated as Dt ---- (Lt.Wt) 1/2. The or ientat ions  of the tumors on the colonies 
were measured  in  a horizontal  plan,  by compass angles.  
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Fig. 2. Emersion of reef-flat dur ing spring low tide at  Cockle Bay, Magnet ic  Island. Note the fiat, 
dead  tops on some of the colonies. Right-colony with a tumor; second colony from left shows 

exper imenta l  "extensive  les ion"  

T h e  g ros s  m o r p h o l o g y  of t h e  s k e l e t a l  m a l f o r m a t i o n s  is d e s c r i b e d  o n  t h e  b a s i s  of 

o b s e r v e d  e x t e r n a l  s k e l e t a l  f e a t u r e s  a n d  X - r a d i o g r a p h s  of s k e l e t a l  s ec t i ons .  T h e  X- 

r a d i o g r a p h s  w e r e  d o n e  w i t h  a S h i m a d z u  lmf  c a p a c i t o r  d i s c h a r g e  X - r a y  un i t ,  u s i n g  

K o d a k  M i n R  or  Fu j i  M I - N C  f i lms .  S e c t i o n s  of 1.0 to  1.5 c m  t h i c k n e s s  cu t  r a d i a l l y  f rom t h e  

c o l o n i e s  g a v e  g o o d  d e f i n i t i o n  of t h e  a n n u a l  b a n d s  a n d  t h e  o r i e n t a t i o n  of c a l i c e  axes .  

M a t e r i a l  for  m i c r o s c o p i c  e x a m i n a t i o n  w a s  f i x e d  i n  4 % s e a w a t e r  f o r m a l i n  for 24 h, 

r i n s e d  for  h a l f  a n  h o u r  a n d  t r a n s f e r r e d  to 70 % a l c o h o l  for  f u r t h e r  s t u d i e s .  T h e  s k e l e t o n  

w a s  d e c a l c i f i e d  u s i n g  f o r m i c  a c i d  a n d  s o d i u m  c i t r a t e  in  d i s t i l l e d  w a t e r  ( see  R i n k e v i c h  & 

Loya,  1977 for  de t a i l s ) .  T h e  r e m a i n i n g  t i s s u e  w a s  p a r a f f i n  e m b e d d e d ,  s e c t i o n e d  a t  7 ~m 

a n d  s t a i n e d  w i t h  h e m a t o x y l i n  a n d  e o s i n  or  G o m o r i  t r i c h r o m e .  

E x p e r i m e n t a l  l e s i o n s  w e r e  m a d e  o n  s e v e r a l  co ra l  s p e c i e s  i n  t h e  e x p e r i m e n t a l  plot ,  

i n  o r d e r  to t e s t  t h e  p o s s i b i l i t y  t h a t  t h e  a b n o r m a l  g r o w t h s  d e v e l o p e d  as  a r e s u l t  of 

m e c h a n i c a l  d a m a g e .  W e  m a d e  2 s e r i e s  of c i r c u l a r  l e s i o n s  o n  d i f f e r e n t  co lon i e s ,  In b o t h  

se r i e s ,  t h e  t i s s u e  a n d  s k e l e t o n  w e r e  d a m a g e d  u s i n g  a h a m m e r  a n d  ch i se l .  T h e  f i rs t  s e r i e s  

c o n s i s t e d  of 12 to 140 c m  ~ l e s i o n s  w i t h  a v e r a g e  d e p t h  of 0.4 c m  ( " s u p e r f i c i a l  l e s i o n s " ) .  

T h e  s e c o n d  s e r i e s  c o n s i s t e d  of l e s i o n s  of s i m i l a r  s ize ,  b u t  t h e  a v e r a g e  d e p t h  of t h e  w o u n d  

w a s  1.5 c m  ( " e x t e n s i v e  l e s i o n s " ) .  

R E S U L T S  

T h e  i n c i d e n c e  of a b n o r m a l  g r o w t h s  i n  p o p u l a t i o n s  of Platygyra o b s e r v e d  a t  C o c k l e  
Bay,  M a g n e t i c  I s l a n d  is h i g h l y  l o c a l i z e d .  W e  h a v e  n o t  o b s e r v e d  s u c h  a h i g h  o c c u r r e n c e  
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of t u m o r s  i n  n e a r b y  ree f s  or  e l s e w h e r e  d u r i n g  s u r v e y s  of a l a r g e  n u m b e r  of r e e f  f l a t s  of 

the  G r e a t  B a r r i e r  Reef .  T h e  t u m o r s  e x t e n d  u p  to  4.5 c m  f r o m  t h e  c o l o n y ' s  su r f ace .  T h e  

o r i e n t a t i o n  a n d  l e n g t h  of t h e  m e a n d e r s  (va l l eys )  c o m p a r e d  w i t h  a d j a c e n t  h e a l t h y  a r e a s  is 

d i s t i n c t l y  a l t e r e d  (Figs  3, 4). T h e  m e a n d e r s  w i t h i n  t h e  t u m o r s  a r e  u s u a l l y  s h o r t e r  w i t h  

s m a l l e r  n u m b e r s  of m o u t h s  p e r  v a l l e y  (Fig. 3). In  s o m e  cases ,  t h e  t h e c a l  w a l l s  w i t h i n  t h e  

Fig. 3. Close-up of a tumor from the  colony shown in Figure 1. Note the  change  in l eng th  and  
orientation of meanders  (valleys) within the tumorous area compared  with its edges  and  adjacent  

normal  areas 

t u m o r o u s  a r e a  a re  m u c h  t h i c k e r  t h a n  n o r m a l  t h e c a e  (Fig. 5). T h e  v a l l e y s  o n  t h e  b o u n d a r y  

b e t w e e n  t h e  t u m o r o u s  a r e a  a n d  a d j a c e n t  n o r m a l  a r e a  a r e  c o n d e n s e d  a n d  d i f f e r  i n  t h e i r  

m o r p h o l o g y  b o t h  f rom t h e  a b n o r m a l  a n d  n o r m a l  m e a n d e r s ,  A l t h o u g h  v a l l e y s  a r e  n o t  

c o n t i n u o u s  ac ros s  t h e  b o u n d a r y  b e t w e e n  a b n o r m a l  a n d  n o r m a l  a r eas ,  s e p a r a t i o n  is o n l y  

by  a n o r m a l  t h e c a l  wal l .  V e r o n  e t  el.  (1977) i n d i c a t e d  t h a t  t h e  n u m b e r s  of m o u t h s  or 

c e n t e r s  p e r  v a l l e y  a re  v a r i a b l e  in  b o t h  P. pini  a n d  P, sinensis. A l t h o u g h  d i f f e r e n t  i n  t h e i r  

m o r p h o l o g y ,  t h e  v a l l e y  g r o w t h  f o r m s  w i t h i n  t h e  t u m o r o u s  a r e a s  a n d  in  t h e  n o r m a l  p a r t s  

of t h e  co lon ie s ,  a r e  b o t h  w i t h i n  a r a n g e  a c c e p t a b l e  for  t h e  s p e c i e s ,  

T h e  f r e q u e n c y  of a b n o r m a l  g r o w t h  f o r m a t i o n s  w a s  r e c o r d e d  o n  a l l  m a s s i v e  co ra l s  

(with a m e a n  d i a m e t e r  ~ 25 cm) i n  t h e  e x p e r i m e n t a l  p l o t  (700 m 2) o n  t h e  r e e f  f la t  

(Table  1). Of t h e  7 co ra l  s p e c i e s  r e c o r d e d ,  w e  f o u n d  t u m o r s  o n l y  in  c o l o n i e s  of P, pini  a n d  

P. sinensis, w i t h  s i m i l a r  p r o p o r t i o n s  of t u m o r s  in  e a c h  (i.e. 2 4 . 1 %  i n  P. p in iand 18.7 % i n  

P. sinensis, w h i c h  h a d  o n e  or  m o r e  tumors ) .  In  b o t h  s p e c i e s  t h e  a v e r a g e  s i ze  of c o l o n i e s  

w i th  t u m o r s  is s i g n i f i c a n t l y  l a r g e r  t h a n  t h e  a v e r a g e  s i ze  of c o l o n i e s  w i t h o u t  t u m o r s  

(t-tests, p < 0.01). 
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Fig. 4. C l o s e - u p  of a t u m o r  on  a co lony  of Platygyra pini. Note  the  u n u s u a l l y  th ick  a n d  l a rge  theca l  
wa l l s  of t he  t u m o r o u s  a r ea  

Fig, 5. A b l e a c h e d  s k e l e t o n  of par t  of a co lony  of Platygyra pim, T h e  p r o t u b e r a n c e  on  t he  co lony ' s  
su r f ace  e x t e n d s  2.5 cm o u t w a r d s  f rom the  co lony  
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Table 1. Frequency of skeletal malformations (tumors) in massive corals {with mean diameter  :>25 
cm) in a 700 m 2 reef-flat area (standard deviations of coral sizes are given in parentheses)  

Species Total No. of No. of Coral size (Dc) in cm 
colonies colonies without with 

with tumors tumors tumors 

Platygyrapini 108 26 61.3 (29.4) 87.3 (26.4) 
P. sinensis 64 12 48.4 (22.9) 67.6 (26.4) 
Symphylliarecta 55 0 65.2 (24.8) - 
Lobophyllia hemprichi 5 0 59.3 (24.7) - 
Poritessp. 3 0 74.0 (35.0) - 
Platygyra daedalea 2 0 29.5  (3.0) - 

Favia favus 1 0 35 .0  - 

A n  a n a l y s i s  of t u m o r  i n c i d e n c e  as  a f u n c t i o n  of co ra l  s i ze  ( g e o m e t r i c  m e a n  d i ame te r}  

is g i v e n  in  F i g u r e  6 for P. plni a n d  in  F i g u r e  7 for P. sinensis. As s ize  i n c r e a s e s ,  c o l o n i e s  

wi th  a b n o r m a l  g r o w t h s  r e p r e s e n t  a n  i n c r e a s i n g  p r o p o r t i o n  of t h e  total .  In  b o t h  s p e c i e s  

the  h i g h e s t  p r o p o r t i o n  of t u m o r s  w a s  f o u n d  in  c o l o n i e s  of 81 to 100 c m  in  d i a m e t e r .  

A p p r o x i m a t e l y  50 % of all  Platygyra c o l o n i e s  > 80 c m  in  d i a m e t e r  h a v e  at  l e a s t  o n e  

tumor  fo rma t ion .  In s m a l l  Platygyra c o l o n i e s  {25-40 c m  d iamete r} ,  t h e  i n c i d e n c e  of 

a b n o r m a l  g r o w t h s  is 0 % in  P. pini a n d  6.6 % in  P. sinensl$. Thus ,  l a r g e r  c o l o n i e s  
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Fig. 6. Frequency of tumor occurrence in different size classes (geometric mean diameter) of 
Platyffyra pini. Black bars represent  colonies with tumors. Blank bars represent  colonies without 

tumors 
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Fig. 7. Frequency of tumor occurrence in different size classes of Platygyra sinensis. See Figure 6 for 
explanation 

(> 80 cm in diameter)  are at least  7 t imes  more  l ike ly  to possess tumors than smaller  

colonies  (< 40 cm in diameter}. No tumors w e r e  de tec ted  in very  small  colonies  {e.g. 
< 25 cm in diameter) .  M e a n  sizes of tumors on P. p in i  were  Dt = 11.6 _ 7.6 cm (n = 26) 

and  on P. s inens l s  Dt = 13.2 __ 10.6 cm (n = 19}. Only  one tumor per  colony was 

recorded  in P. s lnens i s  whereas  in P. p ln i  there  w e r e  some colonies with more than one 

tumor (one colony had 4 tumors, 4 colonies  had  2 tumors and the rest had  1 tumor each}. 
There  is no s ignif icant  d i f ference  in the av e r a g e  colony size carrying abnormal  

growths b e t w e e n  P. p in i  and P. s inens i s  (t-test, p > 0.05). Calcula t ion  of the ratio 

b e t w e e n  the surface area  of the tumor  and the surface area  of its colony revea ls  that in P. 

s inens i s  the  tumorous area  occupies  an ave rage  of 1.2 % of the colony 's  surface area, 
whi le  in P. p in i  it is only 0.6 %. No s ignif icant  correlat ion was found b e t w e e n  the sizes of 

tumors (Dt) and the sizes of colonies  (Dc) on which  they occurred.  

X-rad iographs  of the abnormal  ske le ton  and sur rounding  normal  skeleton (Fig. 8) 
c lear ly  indica te  a point  or ig in  for the tumor and su b se q u e n t  local ized,  acce le ra ted  
growth.  Assuming  that  the growth bands  are annual ,  as shown for other  corals in the 

Great  Barrier Reef (Isdale, 1977} the age  of the tumor  was es t imated  by count ing the 
n u m b e r  of dark bands  over  wh ich  the growth inc remen t  was measured .  The  dark (low 

density) bands  of the ske le ton  occur dur ing  the winter ,  wh i l e  the l ight  (high density} 
bands  occur  dur ing  the summer  (Isdale, 1977). We h a v e  measu red  skele ta l  growth rate 

from point  origins of tumors to the extant  surface, and compared  it with ad jacent  heal thy 

parts (Table 2). All measu remen t s  represen t  radial  g rowth  rates. In all the X-radio- 
g raphed  abnormal  skeletons,  g rowth  rate  was  h ighe r  than  in ad jacen t  normal  areas. The 
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Fig. 8. X-radiograph of a section of Platygyra pini (actual size) with annual growth bands. Normal 
part of the colony (left); tumorous part (right) 

mean  rad ia l  g r o w t h  ra te  of a b n o r m a l  s k e l e t o n s  w a s  29 % g r e a t e r  t h a n  that  of n o r m a l  
areas ( range  2 0 - 4 1 % ,  T a b l e  2). O b s e r v a t i o n  of r ad i a l  l i ne s  of c a l i c e  a x e s  i n d i c a t e  that  

the tumors also h a v e  a g r e a t e r  c i r c u m f e r e n t i a l  g r o w t h  ra te  t h a n  the  res t  of t he i r  co lon ies ,  

causing a b u n c h i n g  up  of n o r m a l  ca l i ce s  at  t he  p e r i p h e r y .  In n o n e  of t he  X - r a y e d  

colonies was  t h e r e  a n y  i n d i c a t i o n  of i n f a u n a l  i nvas ion ,  or r e g r o w t h  af te r  d e a t h  or  

damage  at t he  po in t s  of o r ig in  of t he  tumors .  
Compar i son  of l i gh t  m i c r o s c o p e  sec t ions  of t i s sues  f rom n o r m a l  a n d  t u m o r o u s  a r ea s  

showed p ro l i f e ra t ion  of ce l ls  in  a l l  par t s  of t he  t u m o r o u s  t issues .  T h e  m e s e n t e r i a l  
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Table 2. Skeletal growth rate in abnormal areas vs adjacent normal areas of different Platygyra 
colonies. Age (years) represents the number of annual growth bands over which the growth 

increment was measured 

Age (years) Radial growth (ram) Percent increase in 
Normal area Tumor growth of tumor 

18 122 167 36.9 
20 127 159 25.2 
10 81 97 19.8 
5 28 34 21.4 
5 36 51 41.7 

f i laments  a p p e a r e d  larger,  more  d i sordered  in structure and more b ranched  than the 

normal  ones. The  gas t rodermal  cells  l in ing  the cal icoblas t ic  ep i the l ium were  r educed  in 

size (atrophied), wi th  vacuo la ted  and u n e v e n  appea rance  compared  with the normal  
tissues. A de ta i l ed  SEM study of the  ce l lu la r  componen t s  of the tumorous t issues is in 
progress  (Loya et al., in prep.). The cal icoblas t ic  layers and zooxanthe l lae  densi t ies  were  

s imilar  and there  was  no ev idence  of infauna  or paras i tes  in the abnormal  areas. 

D e v e l o p i n g  oocytes w e r e  present  in the samples  of both the normal  and tumorous areas, 

in 3 of the 4 colonies  of P. pini e x a m i n e d  in Ju ly  1981. Examina t ion  of tissue sections 

from boundar ies  b e t w e e n  normal  and abnormal  areas  showed  comple te  tissue fusion, 

wi th  no indica t ions  of a l lograf t  morphology.  Fur thermore ,  d is turbance  des igned  to el ici t  
t en tacu la r  contract ion resul ted  in a cont inuous  w a v e  of react ion through both abnormal  

and normal  regions.  
All  colonies  in the area are  pe r iod ica l ly  exposed  to air at spr ing low tides and, as a 

result,  m a n y  have  flat, dead  tops (Fig. 2). The  p reva i l i ng  winds  en te r ing  C leve l and  Bay 

are easter ly  or south eas ter ly  for most of the year  and an easter ly swell  is usual ly  present.  
Never the less ,  the compass  ang les  to wh ich  the tumors faced showed  no signif icant  

g roup ing  wi th  respec t  to d i rec t ion  (Rayleigh-test ,  p > 0.05). 
In a t tempts  to inves t iga te  causa t ive  agents  for the abnormal  growth formations,  we 

fo l lowed the r egene ra t ion  rate in the expe r imen ta l  colonies  wi th  superf ic ia l  and exten-  

s ive lesions.  The  superf ic ia l  d a m a g e  was  des igned  to represen t  natura l  damage ,  such as 

graz ing  act ivi ty of fishes scraping off the tissue and under ly ing  ske le ta l  e lements  (Bak & 
S teward -Van  Es, 1980). The  ex tens ive  d a m a g e  was d e s i g n e d  to represen t  deep  scars 

inf l ic ted upon  corals by co ra l lum-feed ing  fish inges t ing  cons ide rab le  amounts  of CaCO 3 

(Randall, 1974; Neudecker ,  1979), or mechan ica l  d a m a g e  caused  after major  storms 

(Collins, 1978). Whi le  comple te  r egene ra t ion  of a lmost  all  of the superficial  lesions was 
obse rved  wi th in  3 months,  only a neg l i g ib l e  propor t ion  of the ex tens ive  lesions hea l ed  

after 12 months,  wi th  the vast  major i ty  showing  very  low rate of r egenera t ion  (Loya et al., 

in prep.). F i lamentous  a lgae  with  t rapped  sed imen t  covered  the scars wi th in  3 to 4 weeks  
after inf l ict ion of the lesions. We did not  observe  the d e v e l o p m e n t  of abnormal  growths 

in any  of the comple te ly  r e g e n e r a t e d  lesions.  
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DISCUSSION 

Abnormal  skeletal  growths (tumors) of Platygyra pini and  P. sinensis in  Cockle Bay 
are typified by localized and  increased  skeletal  growth. The tumors extend out of the 
colony's surface and  differ in  their  morphology from su r round ing  normal  regions (Figs 
3-5). The X-radiographs indica te  that  the tumors or iginate  in  one small  area of the 
colony (Fig. 8), p re sumab ly  from a s ingle  polyp, which  divides  to give rise to the 
abnormal  growth pro tuberance  on the colony. This proliferat ion is i n d e p e n d e n t  and  
faster than  the normal  rate of skeletal  growth of the su r round ing  coral areas (Fig. 8). 
Whether  the faster growth of tumors descr ibed here results from nut r ien ts  d rawn from 
nearby  normal  tissue, as sugges ted  by C h e n e y  (1975) for Acropora formosa remains  to be  
shown. To date we have not observed any adverse  effects of the tumors on the Platygyra 
colonies. 

Al though skeletal  malformations have b e e n  previously  descr ibed in a variety of 
scleract inian corals, none  fall wi th in  any  of Anton ius ' s  (1981a) categories of coral 
diseases. Antonius  (1981a, b) d i s t ingu ished  4 different coral diseases:  (a)"Bacter ia l  
infections": Bacteria develop on mucus  secreted by the corals in response to envi ron-  
mental  perturbat ion.  The increased bacter ia l  activity reduces  the level  of dissolved 
oxygen at the surface of the coral to zero, resu l t ing  in  its death. (b) "Black b a n d  disease":  
Although the macroscopic appea rance  of the disease is s imilar  (a dark b a n d  su r round ing  
and constantly en la rg ing  an  area of d e n u d e d  coral skeleton),  its microbiological  na tu re  
and etiology have r ema ined  largely obscure (see Anton ius  1973, 1977, 1981a; Garret  & 
Ducklow, 1975; Ducklow & Mitchell,  1979b). The coral t issue is destroyed at a rate of 
several cent imeters  per week.  While  small  colonies are ki l led in this way  wi th in  days or 
weeks, in large colonies the infections have a t endency  to disappear.  (c) "White b a n d  
disease": Appears  as an interface across a coral colony, separa t ing  l iv ing  t issue from 
white skeleton, advanc ing  up to several  mi l l imeters  per  day (no pa thogen  has b e e n  
found yet). (d ) "Shu t -down react ion":  A complete,  spontaneous  d is in tegra t ion  of the 
coral tissue, in response to considerable  env i ronmen ta l  stress. 

The X-radiographs and  histological  sections of Platygyra from Cockle Bay have not 
shown any indicat ions  of in fauna  or parasi tes  associated with the tumor  formations. 
Therefore, the ini t ia t ion of these abnormal  growths cannot  be  a t t r ibuted to a vis ible  
foreign agent.  The possibil i ty remains  that virus or bacter ia l  attack might  have caused 
abnormal  development .  Garret  & Ducklow (1975) and  Ducklow & Mitchell  (1979b) have 
characterized degenera t ive  diseases of bacter ia l  or igin  in  sc lerac t in ian  corals from the 
Atlantic and  impl ica ted  such diseases as s ignif icant  causes of coral mortality, bu t  they 
did not report abnormal  growth in these corals. 

It is possible that the s t imulus  in i t i a t ing  the local ized accelerated growth of the tumors 
originated from a given combina t ion  of env i ronmen ta l  stresses possibly coupled with 
some sort of in jury  infl icted on the corals. The en v i r onme n t a l  condi t ions  in  Cockle Bay 
are relat ively extreme with h igh turbidity,  per iodical  exposure of the reef flat dur ing  
spring low tides, abrupt  changes  in  sea-water  sal ini ty  dur ing  the wet  season and  
mechanica l  damage  to corals caused per iodical ly  but  unpred ic t ab ly  by extensive cyc- 
lonic storm surge and  wave action. 

Morse et al. (1977, 1981) sugges ted  that tumor igenes i s  in  octocorals may be influ- 
enced by, or depend  upon,  cer ta in  env i ronmen ta l  conditions.  They  reported that tumor-  
like growths in Gorgonia ventaHna, conta ined  an infes t ing f i lamentous  g reen  alga. The 
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i nc idence  of a lga l  tumors  in  the  g o r g o n i a n  popu la t i ons  obse rved  b y  the authors  at 
Bonai re  and  Tr in idad  was  h igh ly  loca l i zed  and  c lea r ly  non-uniform.  All  thei r  observa-  
t ions of tumors  in G. ventalina occurred  at reefs mani fes t ly  exposed  to env i ronmenta l  
stress (e.g. h i g h l y  loca l i zed  storm d a m a g e  or chronic  exposure  to condi t ions  of low 
sa l in i ty  and  h igh  turbidi ty) ,  The  h igh ly  loca l i zed  occur rence  of abno rma l  growths  in 
Platygyra colonies  at Cock le  Bay and  the  env i ronme n ta l  s t resses  encoun te red  in this 
local i ty ,  c lose ly  r e s e m b l e  the  pa t t e rn  and  d i s t r ibu t ion  of env i ronmen ta l  condi t ions  
r epo r t ed  by  Morse  et  al. (1977) for G. ventalina. Morse  et  al. (1981) sugges t ed  that  this 
non-un i fo rm d is t r ibu t ion  m a y  ref lect  e i ther  a d e p e n d e n c e  upon  some, as yet, un iden-  
t i f ied  env i ronmen ta l  or eco log ica l  factor(s) cont ro l l ing  infes ta t ion  and  tumorigenes is ,  or 
g e n e t i c a l l y  d e t e r m i n e d  d i f fe rences  in c lonal  sens i t iv i ty  or res i s tance  a m o n g  popu la t ions  
of the  gorgonian .  

The  ser ies  of e x p e r i m e n t a l  les ions  inf l ic ted  on  Platygyra colonies  were  d e s i g n e d  to 
test  the  in f luence  of phys i ca l  in jury  on the  ra te  and  form of regenera t ion .  None  of the  
corals  in the  "super f ic ia l  les ion"  ser ies  p r o d u c e d  a b n o r m a l  growth  formations,  dur ing  
3 months  in wh ich  they  ful ly recovered.  As no ted  before,  f i l amentous  a l g a e  co lon ized  the 
e x p e r i m e n t a l  scars  3 to 4 w e e k s  af ter  inf l ic t ion of the  lesions.  Phagocy t ic  amoebocy te s  
are  k n o w n  to r e spond  to invas ion  of fore ign ma te r i a l  in coe len te ra t e s  (Sparks,  1972) and  
are  invo lved  in w o u n d  repa i r  and  r e g e n e r a t i o n  (Pat terson & Landolt ,  1979). Fur thermore ,  
t hey  have  b e e n  i m p l i c a t e d  in  morphogene t i c  control  of t i ssue  d i f ferent ia t ion  (Prey, 1968; 
in Morse  et al., 1977). It is, therefore,  poss ib l e  that  d e v e l o p m e n t  of an abe r ran t  polyp,  
g iv ing  r ise to a b n o r m a l  growth,  may  be  more  l i ke ly  to occur  dur ing  the process  of t issue 
repai r ,  than  du r ing  norma l  g rowth  of u n i n j u r e d  t issue.  S ince  the  "ex tens ive  les ions"  had  
not  comp le t e ly  h e a l e d  du r ing  the 12 months  of the  s tudy,  it is p r ema tu re  to d raw any 
conclus ions  on the i r  even tua l  outcome.  

Ano the r  poss ibi l i ty ,  a l t hough  of lesser  l ike l ihood ,  is that  the  Platygyra popu la t ion  at  
Cock le  Bay is gene t i ca l ly  i so la ted  and  has  the  po ten t i a l  to p roduc e  tumors  e i ther  
spontaneous ly ,  by  s ing le  po lyp  mutat ion,  or th rough  the ac t ion of m u t a g e n i c  agen t  such 
as  U.V., du r ing  low t ide.  Trop ica l  reg ions  are  k n o w n  to have  a h igh  inc idence  of 
neop la s t i c  sk in  g rowth  in mammals ,  due  to the  h igh  leve l  of U.V. i r rad ia t ion  (Urbach et  
al., 1974; Ladds  & Entwist le ,  1977). 

G o l d b e r g  & M a k e m s o n  (1981) r epor ted  a tumorous  condi t ion  affect ing the ske le ton  
of the  g o r g o n i a n  coral  Pseudoplexaura sp. The  inc idence  of in fec ted  colonies,  wh i l e  not 
s tr ict ly dens i ty  d e p e n d e n t  was  a s soc ia t ed  wi th  pa tch  reef  a reas  w h e r e  the  coral  dens i t ies  
were  g rea t e r  t han  0.7 pe r  m 2. The  tumor  cons is ted  of masses  of f i l amentous  g reen  a lgae  
that  s e p a r a t e d  the  n o r m a l l y  t igh t ly  opposed  l a m i n a e  of the  g o r g o n i a n  skele ton.  The  axis 
e p i t h e l i u m  was  found to be  anap la s t i c  and  a p p a r e n t l y  disfunct ional .  An  abnormal  
pro l i fe ra t ion  of m e s o g l e a l  amoebocy t e s  and  ax ia l  s tem cana ls  was  also noted.  The 
authors  i n d i c a t e d  tha t  l a rge r  Pseudoplexaura colonies  (>  80 cm high) a re  2.5 t imes  as 
l i ke ly  to possess  tumors  as smal le r  ind iv idua ls .  

Recent ly ,  Bak (1983) r epor t ed  an  abnorma l  process  of calcif ication,  such as 
r e g e n e r a t i n g  les ions  and  neop l a s i a  s i tua ted  nea r  the  t ips  of colonies  of Acropora 
palmata, which  s u p p r e s s e d  normal  l i nea r  growth.  Branches  hav ing  neop las i a  at a l a rger  
d i s tance  than  25 cm from the t ip d id  not g row s ign i f ican t ly  dif ferent ly  from controls. He 
i n t e rp re t ed  this as  ind ica t ion  of a funct ional  m i n i m a l  a r ea  terms of ene rgy  supply .  

The  re la t ionsh ip  b e t w e e n  size (mean co lony  d iamete r )  and  l i ke l ihood  of possess ing  
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t u m o r s  is of i n t e r e s t ,  s i n c e  s i ze  is m o s t  p r o b a b l y  c o r r e l a t e d  w i t h  age ,  as  s h o w n  for  o t h e r  

s c l e r a c t i n i a n  c o r a l s  (Loya,  1976b) .  T h e  P l a t y g y r a  c o l o n i e s  a t  C o c k l e  Bay  w e r e  t h e  l a r g e s t  

w e  h a v e  e n c o u n t e r e d  a m o n g s t  p o p u l a t i o n s  of h i g h  a b u n d a n c e ,  o n  t h e  r e e f  f l a t s  of t h e  

G r e a t  B a r r i e r  Ree f  {Fig. 2). S o m e  c o l o n i e s  w e r e  u p  to  120 c m  i n  d i a m e t e r .  T h e  i n c i d e n c e  

of a b n o r m a l  g r o w t h s  w i t h i n  p o p u l a t i o n s  of b o t h  P. p i n i  a n d  P. s i n e n s i s  is  a t  l e a s t  7 t i m e s  

h i g h e r  in  o l d e r  c o l o n i e s  ( >  80  c m  i n  d i a m e t e r )  t h a n  i n  y o u n g e r  c o l o n i e s  ( <  40  c m  i n  

d i a m e t e r ) ,  T h i s  m a y  e x p l a i n  t h e  l o w  o c c u r r e n c e ,  or  a l m o s t  c o m p l e t e  a b s e n c e  of s u c h  

a b n o r m a l  g r o w t h s  in  o t h e r  l o c a l i t i e s  i n  t h e  v i c i n i t y  of M a g n e t i c  I s l a n d  or  o t h e r  r e e f  f l a t s  

o n  t h e  G r e a t  B a r r i e r  Reef ,  w h e r e  t h e  v a s t  m a j o r i t y  of P l a t y g y r a  c o l o n i e s  a r e  v e r y  sma l l .  It 

is l o g i c a l  to a s s u m e  t h a t  o l d e r  c o l o n i e s  h a v e  h a d  a h i g h e r  c h a n c e  of e n c o u n t e r i n g  t h e  

e x a c t  c o m b i n a t i o n  of e n v i r o n m e n t a l  c o n d i t i o n s  i n d u c t i v e  to t h e  d e v e l o p m e n t  of s u c h  

t umor s .  F u r t h e r m o r e ,  l a r g e r  c o l o n i e s  a r e  e x p o s e d  for  l o n g e r  p e r i o d s  of t i m e  d u r i n g  

s p r i n g  l o w  t ides ,  h e n c e  t h e y  p r o d u c e  l a r g e  a m o u n t s  of m u c u s  a s  a p r o t e c t i v e  l aye r .  A n  

i n c r e a s e d  r a t e  of m u c u s  p r o d u c t i o n  a l s o  o c c u r s  i n  r e s p o n s e  to s e d i m e n t a t i o n  or  h i g h  

t u r b i d i t y  { H u b b a r d  & Pocock ,  1972; Loya,  1976a ;  D o d g e  & V a i s n y s ,  1977),  w h i c h  a r e  

e n v i r o n m e n t a l  s t r e s s e s  t h a t  t yp i fy  C o c k l e  Bay.  D u c k l o w  & M i t c h e l l  (1979a)  i n d i c a t e d  

t h a t  b a c t e r i a l  p o p u l a t i o n s  i n  co ra l  m u c u s  r e s p o n d  to s t r e s s e s  a p p l i e d  to t h e  h o s t  c o r a l  b y  

h i g h e r  p o p u l a t i o n  l e v e l s  in  t h e  m u c u s .  It s t i l l  r e m a i n s  to  b e  s h o w n  w h e t h e r  s p e c i f i c  

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

{death)  of p a r t  of t h e  c o l o n y  a n d  i n d u c e  d e v e l o p m e n t  of a b n o r m a l  g r o w t h ,  d u r i n g  t h e  

r e g e n e r a t i o n  p r o c e s s  of t h e  t i s sue .  
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