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ABSTRACT 

The c a l c a r e o u s  s k e l e t o n s  of s c l e r o s p o n g e s  p l a y  a  secondary  b u t  not  i n s i g n i f i c a n t  r o l e  a s  
framemrk b u i l d e r s  on modern c o r a l  r e e f s .  They c o n t r i b u t e  t o  and s t r e n g t h e n  t h e  w a l l s  of caves ,  

: tunnels  and c r e v i c e s  i n  r e e f s ,  a r e  impor tan t  a s  framework c o n s t r u c t o r s  on t h e  Jamaican deep f o r e - r e e f  
md f i l l  the i n t e r s t i c e s  of the  reef  even a t  r e l a t i v e l y  s h a l l o w  d e p t h s .  These f a c t s  have l e d  u s  t o  
i n v e s t i g a t e  the  growth r a t e  of t h e  s k e l e t o n  of  s c l e r o s p o n g e s .  

I n  t h e  work r e p o r t e d  h e r e ,  c a l c e i n ,  a  f luorochrome s t a i n  taken up by c a l c i f y i n g  t i s s u e s ,  h a s  
been employed t o  mark newly d e p o s i t e d  a r a g o n i t e  i n  t h e  s k e l e t o n  of C e r a t o p o r e l l a  n i c h o l s o n i  (Hickson).  
Experiments were performed in situ i n  a  r e e f  tunne l  a t  a  d e p t h  of 28 m o f f  Pear  Tree  Bottom, Jamaica. 

n i n g  a  s o l u t i o n  of the dye i n  sea  w a t e r  was t i e d  around e a c h  specimen and removed 
24 hours l a t e r .  I d e n t i c a l  t r e a t m e n t s  were r e p e a t e d  on t h e  same specimens a f t e r  t imes ranging  from one 

Ground s e c t i o n s  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  of h a r v e s t e d  samples of t h e  d r i e d  s k e l e t o n  were 
examined and photographed by f l u o r e s c e n c e  microscopy.  The d i s t a n c e  measured between s u c c e s s i v e  
f l u o r e s c e n t  l i n e s  r e v e a l e d  a  growth r a t e  of l e s s  than 0.2 mm p e r  year .  

Growth l i n e s  a p p a r e n t  t o  t h e  naked eye i n  s e c t i o n s  of n i c h o l s o n i  do n o t  r e p r e s e n t  annual  
a c c r e t i o n s  of a r a g o n i t e .  I t  i s  suggested t h a t  c a u t i o n  1 s  needed i n  the  interpretation of growth l i n e s  
i n  a n c f e n t  sponges wi th  massive c a l c a r e o u s  s k e l e t o n s .  

Le s q u e l e t t e  c a l c a i r e  des sc16rosponges joue un r d l e  s e c o n d a i r e  mais non n b g l i g e a b l e  dans  
l ' i d i f i c a t i o n  d e s  r i c i f s  c o r a l l i e n s  a c t u e l s .  Ces organismes  c o n t r i b u e n t  i 1 ' Q d i f i c a t i o n  e t  au 
renforcement d e s  p a r o i s  de g r o t t e s ,  de t u n n e l s  e t  de c a v i t C s  des  r i c i f s .  11s  c o n s t i t u e n t  d ' i m p o r t a n t s  
b i t i s s e u r s  d e  l a  p e n t e  e x t e r n e  du f r o n t  r 6 c i f a l  de l a  c 8 t e  nord de l a  Jamaique, e t  comblent des  
c a v i t i s ,  mCme h des  profondeurs  r e l a t i v e m e n t  f a i b l e s .  Cec i  nous a  amenis I i t u d i e r  l a  v i t e s s e  d e  
c r o i s s a n c e  du s q u e l e t t e  de sc l6rosponges .  

Au c o u r s  d e  c e t t e  Ctude,  l ' a r a g o n i t e  n i o f o r m i e  du s q u e l e t t e  d e  C e r a t o  o r e l l a  n i c h o l s o n i  
(Hickson) a  i t 6  marqu6e b l a  c a l c i i n e ,  un c o l o r a n t  f luorochrome qui  s ' i n c o r p o r e  aux tis:us e n  c o u r s  de 
c a l c i f i c a t i o n .  Les e x p e r i e n c e s  o n t  Q t i  r i a l i s i e s  & dans  un tunne l  s o u s - r i c i f a l ,  h 28 m d e  
Profopdeur au l a r g e  d e  Pear  Tree  bottom, en Jamaique. Des sc16rosponges  o n t  6 t 6  i s o l 6 e s  du m i l i e u  
ambiant p a r  d e s  s a c s  en  p l a s t i q u e  n o u i s  a l e u r  b a s e ,  e t  mises en  pr&sence de c a l c 6 i n e  d i s s o u t e  dens 
l ' e a u  d e  mer pendant  24 h. Des t r a i t e m e n t s  i d e n t i q u e s  o n t  i t 6  r i p i t 6 s  s u r  l e s  m6mes spCcimens a p r b s  une 
~ i r i o d e  d e  temps v a r i a n t  d 'une semaine 21 s i x  mois. Des C c h a n t i l l o n s  du s q u e l e t t e  o n t  C t &  r i c o l t i s ,  e t  
des lames minces p e r p e n d i c u l a i r e s  I l a  s u r f a c e  o n t  4 t h  r i a l i s b e s  p a r  p o l i s s a g e .  Les bandes 
d l i n c o r p o r a t i o n  de l a  c a l c C i n e  o n t  B t C  p h o t o g r a p h i i e s  e n  microscopie  i f l u o r e s c e n c e .  La mesure des 
i n t e r v a l l e s  e n t r e  l e s  bandes f l u o r e s c e n t e s  a  permis d ' i t a b l i r  que l a  c r o i s s a n c e  a n n u e l l e  d e  c e s  
organismes e s t  i n f 6 r i e u r e  b 0 , 2  mm. 

Les  l i g n e s  d e  c r o i s s a n c e  q u i  a p p a r a i s s e n t  I l ' o e i l  nu dans des coupes du s q u e l e t t e  de C, 
n i c h o l s o n i  n e  c o r r e s p o n d e n t  pas  a u  dCpot annuel  d ' a r a g o n i t e .  La prudence e s t  s u g g i r i e  quant  b 
l l i n t e r p r B t a t i o n  des l i g n e s  de c r o i s s a n c e  dVCponges f o s s i l e s  i s q u e l e t t e  c a l c a i r e  m a s s i f .  

* C o n t r i b u t i o n  No. 347 from t h e  Discovery Bay Marine L a b o r a t o r y ,  U n i v e r s i t y  of t h e  West I n d i e s ,  
Discovery Bay, Jamaica ,  W . I .  



MATEXIALS AND HElXODS 

C e r a t o p o r e l l i d  s c l e r o s p o n g e s  s e c r e t e  a  mass ive  
b a s a l  s k e l e t o n  of ca lc ium c a r b o n a t e  l a i d  down i n  
t h e  form of a r a g o n i t e .  These s p o n g e s  c o - o c c u r  
w i t h  hermatypic s c l e r a c t i n i a n  c o r a l s  over  much of 
t h e  r a n g e  of  t h e  l a t t e r  b u t  a r e  n o t  r e a d i l y  
a p p a r e n t  because t h e y  d w e l l  i n  shaded  h a b i t a t s  
c r e a t e d  by t h e  l i v i n g  c o r a l s .  T h e y  a r e  
found deep i n  t h e  r u b b l e  o f  b r a n c h i n g  c o r a l s  
( S c o f f i n  and Hendry, 1984) ,  i n  t u n n e l s  formed by 
t h e  r o o f i n g  o v e r  o f  c h a n n e l s  b e t w e e n  r e e f  
b u t t r e s s e s  (Hartman and Goreau,  1970) and i n  o t h e r  
s p a c e s  l e f t  behind a s  t h e  c o r a l  framework of t h e  
r e e f  grows upward (Dustan and Sacco,  1983).  I n  
t h e s e  l igh t -poor  h a b i t a t s  s c l e r o s p o n g e s  c o n t r i b u t e  
t o  t h e  r e e f  framework by f i l l i n g  i n  s p a c e s  and 
t h u s  s t r e n g t h e n i n g  t h e  framework. On t h e  r e e f s  
t h a t  l i e  o f f  D i s c o v e r y  Bay ,  c e r a t o p o r e l l i d  
s c l e r o s p o n g e s  begin  t o  a p p e a r  a t  t h e  s u r f a c e  of 
t h e  r e e f  near  t h e  lowes t  r e a c h e s  of t h e  f o r e - r e e f  
s l o p e  a t  50 m and i n c r e a s e  i n  abundance on t h e  
deep fore- reef  escarpment a s  h e r m a t y p i c  c o r a l s  
d e c r e a s e  i n  number and d i s a p p e a r  a t  about  100 m. 
C e r a t o p o r e l l a  n i c h o l s o n i  ( H i c k s o n ) ,  t h e  m o s t  
abundant  s c l e r o s p o n g e  on North J a m a i c a n  r e e f s ,  
r e a c h e s  i t s  g r e a t e s t  d e n s i t y  between 92 and 100 m 
and t h e n  d e c r e a s e s  somewhat t o  t h e  base  of  t h e  
deep f o r e - r e e f ,  c o n t i n u i n g  s p a r s e l y  on t h e  i s l a n d  
s l o p e  down t o  d e p t h s  of  a b o u t  185 m ( H a r t m a n ,  
1973).  On t h e  deep f o r e - r e e f  escarpment s c l e r o -  
sponges  a r e  t h e  major c o n t r i b u t o r s  t o  t h e  c a l c a -  
r e o u s  framework (Lang, Hartman and Land, 1975).  

I n  t h e  p r e s e n t  work we h a v e  s t u d i e d  t h e  
c a l c i f i c a t i o n  r a t e  of  C e r a t o p o r e l l a  n i c h o l s o n i  i n  
shaded h a b i t a t s  of Jamaican r e e f s  t o  compare t h e  
r a t e  with t h a t  of s c l e r a c t i n i a n  c o r a l s ,  t h e  major 
framework b u i l d e r s  of  Recent  r e e f s .  

Specimens of C e r a t o p o r e l l a  n i c h o l s o n i ,  1 0  t o  
18 cm i n  d i a m e t e r  ( F i g .  1 and 2 ) ,  were l a b e l e d  
s i t u  w i t h  t h e  f l u o r e s c e n t  d y e s ,  t e t r a c y c l i n e  o r  
c a l c e i n ,  i n  a  r e e f  t u n n e l  a t  a  d e p t h  of 28 m a t  
Pear  T r e e  Bottom, 5  km e a s t  of  Discovery  Bay, 
J a m a i c a .  Each specimen was e n c l o s e d  w i t h i n  a  
p l a s t i c  bag ( w i t h  a  volume of 4  1 )  s e c u r e d  around 
i t s  base  w i t h  nylon c o r d  o r  a  r u b b e r  band. Suf- 
f i c i e n t  f l u o r e s c e n t  dye ,  d i s s o l v e d  i n  s e a  w a t e r ,  
was i n j e c t e d  i n t o  each p l a s t i c  bag t o  make a  
f i n a l  c o n c e n t r a t i o n  of 25 o r  100 m g / l  i n  t h e  c a s e  
of c a l c e i n  (F luka  21030) o r  10 o r  100 mg/l i n  t h e  
c a s e  of  t e t r a c y c l i n e  h y d r o c h l o r i d e  (F luka  87130).  
The bags  of  s t a i n  were removed from t h e  sponges  
a f t e r  12 o r  24 hours .  The sponges  were s t a i n e d  
t h r e e  t imes :  on J u l y  9 ,  1984; s i x  d a y s  l a t e r ;  
and on February  1 5 ,  1985,  220 d a y s  l a t e r .  

S k e l e t a l  s a m p l e s ,  w i t h  a t t a c h e d  t i s s u e ,  
about  1 cm3 i n  volume, were removed w i t h  hammer 
and c o l d  c h i s e l  from t h e  p e r i p h e r y  of  t h e  sponge 
specimen on J u l y  1 8 ,  1984, and on February  25, 
1985 and were f i x e d  i n  50% e t h y l  a l c o h o l .  
A sample of one specimen was t a k e n  46 d a y s  a f t e r  
t h e  i n i t i a l  s t a i n i n g .  Following d e h y d r a t i o n  i n  a  
g r a d e d  s e r i e s  o f  a l c o h o l s ,  t h e  s a m p l e s  were 
embedded i n  S p u r r ' s  medium ( S p u r r ,  1969).  Sec- 
t i o n s ,  c u t  p e r p e n d i c u l a r  t o  t h e  s u r f a c e  and 
ground t o  a  t h i c k n e s s  of  10-15 pm were observed  
a n d  p h o t o g r a p h e d  by f l u o r e s c e n c e  m i c r o s c o p y  
( R e i c h e r t  U n i v a r  m i c r o s c o p e ) .  Growth of  t h e  
c a l c a r e o u s  s k e l e t o n  was e s t a b l i s h e d  by measuring 
t h e  l i n e a r  e x t e n s i o n  i n  micrometers  between two 
c a l c e i n  s t a i n e d  l i n e s  a l o n g  growth a x e s  a t  two 
s i t e s :  ( 1 )  t h e  i n f i l l i n g  a r a g o n i t e  a t  t h e  bottom 
of t h e  lumen of t h e  c a l i c l e s  ( F i g u r e s  3  t o  5 )  and 
( 2 )  t h e  a p i c a l  edges  of t h e  w a l l  s e p a r a t i n g  two 
c a l i c l e s  ( F i g u r e  3 ,  4  and 6 ) .  

F ig .1 .  F ig .2 .  
L a t e r a l  view of a  d r i e d  specimen of C e r a t o p o r e l l a  S e c t i o n  o f  t h e  same specimen p e r p e n d i c u l a r  t o  t h e  
n i c h o l s o n i ,  c o l l e c t e d  aboard  PC-8 s u b m e r s i b l e  o f f  s u r f a c e  showing t h e  t h i n n e s s  of t h e  l i v i n g  ( h e r e  
Discovery Bay, J a m a i c a ,  a t  a  d e p t h  of  117  m .  d r i e d )  s u p e r f i c i a l  t i s s u e  (- 4 )  compared t o  t h e  
S c a l e  = 5 cm. mass ive  s k e l e t o n .  Note i r r e g u l a r l y  spaced concen- 

t r i c  l i n e s  i n  s k e l e t o n .  The e s t i m a t e d  a g e  of  
t h i s  specimen is 527 ~ 5 0  y e a r s .  S c a l e  = 5 cm. 



RESULTS 

No l a b e l  was d e t e c t e d  u n d e r  f l u o r e s c e n c e  
microscopy i n  specimens incubated  i n  t h e  presence  
of t e t r a c y c l i n e  a t  e i t h e r  c o n c e n t r a t i o n  ( 1 0  o r  
100 mg/l)  and f o r  e i t h e r  i n c u b a t i o n  t ime (12  o r  
24 h o u r s ) .  The same n e g a t i v e  r e s u l t  f o l l o w e d  

I whether t h e  samples  were c o l l e c t e d  1 0  days  o r  220 
days a f t e r  l a b e l i n g .  

I n  t h e  c a s e  of l a b e l i n g  wi th  c a l c e i n ,  d i s t i n c t  
f l u o r e s c e n t  l i n e s  were observed i n  ground s e c t i o n s  

i with f l u o r e s c e n c e  microscopy ( F i g s .  4 ,  5  and 6 )  a t  
e i t h e r  f i n a l  c o n c e n t r a t i o n  of t h e  dye ( 2 5  o r  100 
rng/l) and a f t e r  e i t h e r  i n c u b a t i o n  t ime (12  o r  24 
hours ) .  The i n t e n s i t y  of t h e  l a b e l  i n c r e a s e d  w i t h  
both c o n c e n t r a t i o n  a n d  i n c u b a t i o n  t i m e s .  The  
method i s  s e n s i t i v e  enough t o  d e t e c t  growth i n t e r -  
v a l s  of s i x  days  i n  t h e  s k e l e t o n  of C e r a t o p o r e l l a  
n i c h o l s o n i  ( a  d i s t a n c e  of 5 3 pm; s e e  F i g . 6 ) .  

I TABLE 1 

M e a s u r e m e n t s  o f  t h e  l i n e a r  e x t e n s i o n  of t h e  
s k e l e t o n  were based on t h e  l o n g e s t  t ime  i n t e r v a l s  
(220 d a y s ) ,  however, t o  reduce  e r r o r .  

No a d v e r s e  e f f e c t s  o f  e i t h e r  dye  on t h e  
s c l e r o s p o n g e s  were no ted  a t  t h e  c o n c e n t r a t i o n s  
and t imes  of i n c u b a t i o n  used.  

Table  1  p r e s e n t s  mean v a l u e s  of t h e  l i n e a r  
e x t e n s i o n  o f  t h e  s k e l e t o n  o f  f o u r  specimens 
marked on J u l y  9  and 1 5 ,  1984 and aga in  on Feb- 
r u a r y  1 5 ,  1985 ,  220 days  l a t e r .  Comparison of 
t h e  mean v a l u e s  of t h e  l i n e a r  e x t e n s i o n  of t h e  
s k e l e t o n  of a l l  f o u r  specimens a f t e r  220 days 
shows no  s i g n i f i c a n t  d i f f e r e n c e  be tween  t h e  
measurements made a t  t h e  o u t e r  edge of t h e  c a l i -  
c u l a r  w a l l s  and i n  t h e  zone of i n f i l l i n g  a t  t h e  
base  of  t h e  c a l i c l e s  (Mann-Whitney t e s t ,  p>0.35). 

L i n e a r  Extens ion  Rate  of S k e l e t o n  of 
C e r a t o p o r e l l a  n i c h o l s o n i  

e x t e n s i o n  

e x t e n s i o n  r a t e  111.05 + 11.71 p / 2 2 0  days.  

- 
S = specimen; X = mean l i n e a r  e x t e n s i o n ;  n  = number of measurements; 
SD = s t a n d a r d  d e v i a t i o n  

F ig .3 .  F ig .4 .  
Ground s e c t i o n  of a  sample t a k e n  a t  t h e  s u r f a c e  The same s e c t i o n ,  viewed by f l u o r e s c e n c e  micro- 
of C. n i c h o l s o n i ,  viewed by phase c o n t r a s t  micro- s c o p y .  The l i v i n g  t i s s u e  s t a n d s  o u t  through 
"copy and showing t h e  s k e l e t o n .  A .  A r a g o n i t i c  a u t o f l u o r e s c e n c e .  Key t o  l e t t e r s ,  same a s  F ig .3 .  
s k e l e t o n .  S.  S u r f a c e  of t h e  l i v i n g  t i s s u e .  S c a l e  = 250 p. Arrows i n d i c a t e  f l u o r e s c e n t  l i n e s  
T. L i v i n g  t i s s u e .  S c a l e  = 250 p. w h e r e  c a l c e i n  h a s  been  i n c o r p o r a t e d  i n t o  t h e  

s k e l e t o n .  



F i g . 5 .  
Zone o f  i n f i l l i n g  a t  t h e  b a s e  o f  a  c a l i c l e ,  v i ewed  
by f l u o r e s c e n c e  m i c r o s c o p y .  
A .  A r a g o n i t i c  s k e l e t o n .  T. L i v i n g  t i s s u e .  
1 ,  2 ,  3 .  F l u o r e s c e n t  l i n e s  where  c a l c e i n  h a s  been  
i n c o r p o r a t e d  i n t o  t h e  s k e l e t o n .  I n t e r v a l  be tween  
1  and 2  = 6  d a y s .  I n t e r v a l  between 2  and  3 = 220 
d a y s .  S c a l e  = 1 0 0 p m .  

DISCUSSION 

T e t r a c y c l i n e  h a s  been  employed s u c c e s s f u l l y  
i n  c a l c i f i c a t i o n  s t u d i e s  o f  s c l e r a c t i n i a n  c o r a l s  
( B a r n e s ,  1971 ,  1 9 8 1 ) ,  e c h i n o i d s  ( K o b a y a s h i  a n d  
T a k i ,  1969 ;  M5rke1, 1 9 7 5 ,  1981 ;  R e g i s ,  1 9 7 9 )  and 
h o l o t h u r o i d s  ( E b e r t ,  1 9 7 8 ) .  However, it was n o t  
i n c o r p o r a t e d  i n t o  t h e  c a l c a r e o u s  s k e l e t o n  o f  
C e r a t o p o r e l l a  n i c h o l s o n i  a t  t h e  c o n c e n t r a t i o n s  
u s e d .  I n  s a m p l e s  i n c u b a t e d  i n  dye  t w i c e  w i t h  a 
s i x  day i n t e r v a l ,  n o  f l u o r e s c e n t  band c o u l d  b e  
d e t e c t e d  i n  t h e  newly d e p o s i t e d  s k e l e t o n .  I t  i s ,  
o f  c o u r s e ,  p o s s i b l e  t h a t  t h e  bands  were  o b s c u r e d  
by t h e  a u t o f l u o r e s c e n c e  o f  t h e  t i s s u e ,  b u t  Sk in -  
n e r  and N a l b a n d i a n  (1975)  n o t e  t h a t  i n  human bone 
t h e  g o l d e n  u l t r a v i o l e t - i n d u c e d  f l u o r e s c e n c e  o f  
t h e  a r e a s  l a b e l e d  by t e t r a c y c l i n e  i s  r e a d i l y  
d i s t i n g u i s h e d  f r o m  t i s s u e  a u t o f  l u o r e s c e n c e .  
F u r t h e r ,  i f  l a b e l i n g  had o c c u r r e d ,  one  would h a v e  
e x p e c t e d  t o  d e t e c t  i t  i n  s a m p l e s  c o l l e c t e d  2 2 0  
d a y s  a f t e r  e x p o s u r e  t o  t h e  f l u o r o c h r o m e ,  b u t  t h i s  

F i g . 6 .  
O u t e r  e d g e  o f  w a l l  o f  c a l i c l e .  
1, 2. F l u o r e s c e n t  l i n e s  w i t h  6  day i n t e r v a l .  
3 .  O u t e r  e d g e  o f  s k e l e t o n  (unmarked by c a l c e i n ) .  
I n t e r v a l  b e t w e e n  1  a n d  2  = 6  d a y s .  I n t e r v a l  
between 2  and  3 = 46  d a y s .  S c a l e  = 1 0 0  pm. 

was n o t  s o .  F a i l u r e  of  t e t r a c y c l i n e  t o  l a b e l  t h e  
s k e l e t o n  o f  C e r a t o p o r e l l a  is mos t  l i k e l y  e x p l a i n -  
e d  by o n e  of t h e  f o l l o w i n g :  t h e  u s e  o f  t o o  weak 
a  s o l u t i o n ,  t h e  s l o w  g rowth  rate o f  t h e  s c l e r o -  
s p o n g e ,  t h e  f a c t  t h a t  no  g rowth  was o c c u r r i n g  a t  
t h e  t i m e  o f  s t a i n i n g  ( s e e  E b e r t ,  1 9 7 8 ) ,  p e r h a p s  
b e c a u s e  o f  i n h i b i t i o n  o f  m i n e r a l i z a t i o n  c a u s e d  by 
t o o  h i g h  a  c o n c e n t r a t i o n  o f  t h e  d y e  ( H a r r i s ,  
1 9 6 0 ) ,  o r  f a d i n g  of  t h e  d y e  d u r i n g  p r e p a r a t i o n  of  
t h e  s p e c i m e n s .  I n c u b a t i o n  o f  t h e  s c l e r o s p o n g e  
i n  a s o l u t i o n  of  t e t r a c y c l i n e  c a u s e d  no  a p p a r e n t  
harm t o  t h e  o r g a n i s m ,  a l t h o u g h  i t  is  n o t  known 
what  e f f e c t  i t s  a n t i b i o t i c  p r o p e r t i e s  m i g h t  h a v e  
h a d  o n  t h e  i n t e r c e l l u l a r  s y n i b i o t i c  b a c t e r i a  
c h a r a c t e r i s t i c  o f  t h i s  sponge .  

C a l c e i n  was f i r s t  s y n t h e s i z e d  by D i e h l  and  
E l l i n g b o e  (1956)  a s  a n  i n d i c a t o r  f o r  EDTA t i t ra-  
t i o n  o f  c a l c i u m  i n  t h e  p r e s e n c e  o f  magnesium. 
S u z u k i  a n d  Mathews (1966)  f i r s t  u s e d  it a s  a n  
i n t r a v j t a l  f l u o r e s c e n t  t a g  i n  niammalian b o n e s ,  
n o t i n g  t h a t  i t s  g r e e n  f l u o r e s c e n c e  c o n t r a s t s  w i t h  
t h e  y e l l o w  f l u o r e s c e n c e  of  t e t r a c y c l i n e .  Use o f  
b o t h  d y e s  makes it p o s s i b l e  t o  mark l a y e r s  o f  
bone  s e q u e n t i a l l y .  C a l c e i n  h a s  s i n c e  been used  



i n  s t u d i e s  o f  bone  d e p o s i t i o n  and remodel ing  
(Rahn and P e r r e n ,  1970,  who used a  v a r i a n t  pro- 
ducing a  b l u e  f l u o r e s c e n c e ;  Vignery a n d  B a r o n ,  
1980). Its use i n  s t u d i e s  of c a l c i f i c a t i o n  i n  
marine i n v e r t e b r a t e s  h a s  no t  been r e p o r t e d  pre-  
v i o u s l y ,  t o  our knowledge. 

E x t r a p o l a t i o n  of t h e  growth r a t e  of C. n i -  
c h o l s o n i  r e p o r t e d  f o r  t h e  e x p e r i m e n t a l  per iod  
g i v e s  a  mean annual  growth r a t e  of 184.2 t 19.4 
)y: f o r  t h e  s k e l e t o n .  A l i n e a r  e x t e n s i o n  of 1 mm 
will occur  i n  5 2/5 y r s .  Measurements were made 
i n  midsummer and midwinter  and hence sample t h e  
g o w t h  r a t e  a t  bo th  ex t remes  of t h e  s e a  w a t e r  
t empera ture  r a n g e  i n  Jamaica .  They do  n o t ,  how- 
e v e r ,  p r o v i d e  i n f o r m a t i o n  on p o s s i b l e  s e a s o n a l  
v a r i a t i o n  o f  c a l c i f i c a t i o n  r a t e s .  The l a r g e  
specimen i l l u s t r a t e d  i n  F i g u r e s  1  and 2 is  16 cm 
i n  d iameter  and 9.7 cm i n  h e i g h t .  I t  is e s t i m a t e d  
t o  be 527 + 50 y r s  o l d  a c c o r d i n g  t o  t h e  growth 
r a t e  g i v e n  above. 

The very  s low growth r a t e  of t h e  c a l c a r e o u s  
s k e l e t o n  of C e r a t o p o r e l l a  n i c h o l s o n i ,  t h e  most 
abundant of t h e  Caribbean s c l e r o s p o n g e s ,  is con- 
s i s t e n t  w i t h  t h e  h y p o t h e s i s  t h a t  t h e  f o r e b e a r s  
of Recent s c l e r o s p o n g e s  have been outcompeted a s  
reef  b u i l d e r s  by t h e  more r a p i d l y  c a l c i f y i n g  
s c l e r a c t i n i a n  c o r a l s .  While s t i l l  c o n t r i b u t i n g  
impor tan t ly  t o  t h e  framework of modern r e e f s ,  t h i s  
c o n t r i b u t i o n  is  now s e c o n d a r y  t o  t h a t  o f  t h e  
c o r a l s .  The open framework of s c l e r a c t i n i a n  r e e f s ,  
permeated by t u n n e l s ,  c a v e s  and c r e v i c e s ,  c r e a t e s  
an  environment where  r e l i c t  r e e f - d w e l l e r s  may 
p e r s i s t  and s t i l l  c o n t r i b u t e  t o  t h e  r e e f  s t r u c -  
t u r e .  The significance of t h e  symbio t ic  r e l a t i o n -  
s h i p  between c o r a l s  and z o o x a n t h e l l a e  and  i t s  
importance i n  f o s t e r j n g  more r a p i d  c a l c i f i c a t i o n  
a l s o  c r e a t e s  a  depth- l imi ted  d i s t r i b u t i o n  w h i c h  
a l lows  t h e  slow-growing, z o o x a n t h e l l a - f r e e  s c l e r o -  
sponges t o  r e a c h  t h e  peak of t h e i r  importance on 
t h e  deep f o r e - r e e f  environment where h e r m a t y p i c  
c o r a l s  a r e  a b s e n t .  

Among both hermatypic and ahermatypic s c l e r -  
a c t i n i a n  c o r a l s ,  t h e  r a t e s  o f  s k e l e t a l  g r o w t h  
g r e a t l y  exceed t h o s e  of C e r a t o p o r e l l a .  The growth 
r a t e s  of two of  t h e  most imoor tan t  s c l e r a c t i n i a n  .~~ ~ ~~ 

framework b u i l d e r s  on Caribbean r e e f s  a s  w e l l  a s  a  
c o r a l  t h a t  o c c u r s  w i t h  o r  wi thout  z o o x a n t h e l l a e  
may be c i t e d  a s  e x a m p l e s .  T u n n i c l i f f e  ( 1 9 8 0 )  
r e p o r t e d  a  mean l i n e a r  branch e x t e n s i o n  of 1 2 . 2  
cm/yr i n  Acropora c e r v i c o r n i s  (Lam.) a t  Discovery 
Bay, J a m a i c a .  I n  t h e  m a s s i v e  c o r a l  Montas t rea  
a n n u l a r i s  ( E l l i s  & S o l . )  Dustan (1975) r e p o r t e d  
mean upward e x t e n s i o n  r a t e s  of 1 .6  t o  6 .7  m / y r  
depending upon d e p t h  a t  t h e  same l o c a t i o n .  Dodge 
(1981) r e o o r t e d  mean erowth r a t e s  of 7 .9  t o  10 .5  
m m / y r  f o r L  M, annular<s  a t  Vieques, P u e r t o  Rico.  
Reed (1981) found t h a t  mean annual  l i n e a r  ex ten-  
s i o n  of  t h e  branches  of Ocul ina  v a r i c o s a  Lesueur 
was 1 . 1 3  cmIyr  a t  6  m where t h e  c o r a l  has dino- 
f l a g e l l a t e  symbionts  and was 1.61 cm/yr a t  80  m 
where t h e  c o r a l  e x i s t s  i n  an  aposymbiotic  s t a t e .  
The mass ive  s h a p e  of t h e  c a l c a r e o u s  s k e l e t o n  of  
C e r a t o p o r e l l a  i s  s i m i l a r  i n  form t o  t h a t  of 
& a n n u l a r i s ,  t h e  o f t e n  mound shaped s c l e r a c t i n i a n  
c o r a l  c i t e d  above.  D e s p i t e  t h i s  s i m i l a r i t y ,  t h e  
annual  e x t e n s i o n  r a t e  of C e r a t o p o r e l l a  is s t i l l  
only a b o u t  10 % t h a t  of t h e  s lowes t  r a t e s  r e p o r t e d  
f o r  c o l o n i e s  of Montas t rea .  

It is d i f f i c u l t  t o  know t h e  e x t e n t  t o  which 
t h e  s k e l e t a l  growth d a t a  f o r  C e r a t o p o r e l l a  n i c h o l -  

can  be used t o  i n t e r p r e t  t h e  growth r a t e s  of 
a n c i e n t  sponge  groups  wi th  massive b a s a l  c a l c a -  
r e o u s  s k e l e t o n s .  C e r a t o p o r e l l a  and its r e l a t e d  
genera  have been u n i t e d  i n  an o r d e r  Cera topore l -  

l i d a  by Hartman and Goreau (1972) who postu-  
l a t e  t h a t  t h e  group a r o s e  from t h e  C h a e t e t i d a  
( s e e  a l s o  West and C l a r k ,  1984).  
T h i s  group might be expected t o  be c l o s e s t  t o  
C e r a t o p o r e l l a  i n  g r o w t h  r a t e .  L u s t i g  (1971) 
i n t e r p r e t e d  growth bands i n  Pennsylvanian  Chae- 
t e t e s  s p p . ,  each band comprising a  l i g h t  and d a r k  
r e g i o n  i n  t h e  s k e l e t o n ,  a s  annual  a c c r e t i o n s  and 
noted  t h a t  t h e s e  average  2  mm i n  thi .ckness.  Such 
a  r a t e  of growth compares f a v o r a b l y  w i t h  t h e  
l o w e s t  growth r a t e s  recorded  f o r  Montas t rea  
a n n u l a r i s  by Dustan (1975) b u t  i s  more t h a n  l o x  
f a s t e r  t h a n  t h e  r a t e  f o r  C e r a t o p o r e l l a .  Concen- 
t r i c  g r o w t h  b a n d s  a r e  e v i d e n t  i n  c a l c a r e o u s  
s k e l e t o n s  of C e r a t o p o r e l l a  s e c t i o n e d  perpendi-  
c u l a r  t o  t h e  s u r f a c e  ( F i g u r e  2 )  but a r e  b e l i e v e d  
t o  o r i g i n a t e  i n  t h e  o r g a n i c  m a t r i x  of t h e  s k e l -  
e t o n  (Hartman and Goreau, 1970);  they  seem t o  
mark a  g r e a t e r  than  annual  p e r i o d i c i t y .  These 
bands,  each  comprising a  l i g h t  band of  v a r i a b l e  
w i d t h  and  a  narrow dark  band, range  i n  t o t a l  
width from 0 . 4  t o  2.4 nun. 

I n  a n o t h e r  a n c i e n t  group of sponges w i t h  a  
mass ive  b a s a l  c a l c a r e o ~ ~ s  s k e l e t o n ,  t h e  stromato- 
p o r o i d s ,  c o n c e n t r i c  growth bands,  c a l l e d  l a t i l a -  
minae (Lecompte, 1956) ,  have been i n t e r p r e t e d  a s  
e v i d e n c e  of  annual  environmental  c y c l e s  ( S t e a r n ,  
1984) .  Meyer (1981) has  r e l a t e d  t h e  l a t i l a m i n a e  
of s e v e r a l  s p e c i e s  of Devonian s t r o m a t o p o r o i d s  t o  
t h e  presumed annual  growth bands (marked by de- 
c r e a s e s  i n  d i s s e p i m e n t  s i z e )  o f  in te rgrown s p e c i -  
mens of f a v o s i t i d s .  In  t h i s  way he h a s  d e t e r -  
mined t h e  v e r t i c a l  l i n e a r  growth of t h e s e  stroma- 
t o p o r o i d s  t o  vary  from 1 . 3  t o  3  mm per  y e a r ,  a  
r a t e  comparable t o  t h a t  of c h a e t e t i d s  and t o  t h e  
lower r a t e s  of t h e  Recerit massive s c l e r a c t i n i a n  
Montas t rea  a n n u l a r i s  but c o n s i d e r a b l y  f a s t e r  t h a n  
t h a t  of C e r a t o p o r e l l a .  The p e r i o d i c i t y  of t h e  
growth bands of p a s t  groups of sponges wi th  mas- 
s i v e  b a s a l  c a l c a r e o u s  s k e l e t o n s  is sti l l  uncer- 
t a i n .  We have shown t h a t  t h e  annual  v e r t i c a l  
e x t e n s i o n  o f  t h e  c a l c a r e o u s  s k e l e t o n  of  t h e  
R e c e n t  s c l e r o s p o n g e  C e r a t o p o r e l l a  n i c h o l s o n i  
is much l e s s  than  t h e  growth hands apparen t  t o  
t h e  naked e y e  i n  s e c t i o n s  of t h e  s k e l e t o n .  T h i s  
o b s e r v a t i o n  should i n s p i r e  c a u t i o n  i n  i n t e r p r e t -  
i n g  t h e  p e r i o d i c i t y  of growth bands i n  e x t i n c t  
o rganisms  of t h i s  n a t u r e  a s  r e p r e s e n t i n g  annual  
a c c r e t i o n s  of calcium c a r b o n a t e .  
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