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CHAPTBR1

Imn o n uc r xo x

Th e  o r i g i n , f o r u t i o n  a n d  d i s t r i b u t i o n  o f  c o r a l r e e f s  a r e

Th i s  b i o ta  i n c  l u d e ld e te r mi n e d  b y  t h e  b i o lo g y  o f  t h e  r e e f  b i o ta

a vi de  a ss or  tme nt  o f  or ga ni sms, th e  ma s t  a b vi o u l  o f  wh i c h  a r e  t h e

c o ra l s an d th e  c a lc a re o us  alg ae . C o r a l s  o r d i n a r i l y  c o n t r i b u te  t h e

g r e a t e s t : u n a o f  l a t e r i a l  w h i l . ;  a l g a e n e r v e u c e m e n t i u g a g e n t s

Li t e r a tu r e  o n  c o r a l  b i o lo g y  an d  r e e f  s t r u c tu r e  i s  r e vi e wed  b y  S to d d a r  t

( 1969) ,  Yonge (19 63) ,  W ie n; ( 1 9 6 2 ) ,  He l l s (1 95 7a ,  b) ,  md  V au gh an  a nd

'He lla <19a3) .

Th e  c o r a ls  mai n l y  r e sp o n si b le f o r t h e  r e e f  s t r u c tu r e  a r e  t h e

herma ty pi c ( r e e f - b u i 1 d i n g ) c o r n 1 n ,  wh i c h  a r e  d i s t i n g u i s h e d f r o n  t h e

ah e r i a t y p i c (n o n - r e e f -b u i l d i n g ) c o r al s  b y  t h e p re s en c e ( in  h er mnr y p i c

c o r a l s ) o f i n t r a c e l l u l a r  z o o u u t h e l l a e ( d i n o f l a g e l l a te  s y mb i o n t s )

The fo r ma t i o n  o f  mo s t  o r g nn i c  r e e f s  i l  g r e a t l y  de p e n d e n t  o n  e c o lo g i c a

T h e h e r m a t y p i c c o r a l s a r e v e r y s e n s i t i v e t o e n v i r o n m e n t a lf  a c t o r s

c o n d i t i o n s , and 1,11 contrast to  t h e s h a rma ty pi c  c or a l s (1rhi ch are

wi d e l y  d i s t r i b u t e d  i n  t h e  u o r ld  o c e a n s ) th e y  a r e  r e s t r i c t e d  t o  n  n a r r o w
`\

They  are foun d g rowingl a r i t u d i u a l a n d  v e r  t i c a l b a n d i n t h e o c e a n

o n l y  i n  s h a l l o w,  we l l  l i g h te d  w a t e r ( c o n t i n e n ta l  s h e l ve s , l u b ml r i n e

bnnkn, a t a l l n , e t c . ) and i n  t h e  t r o p i c s  o r  a u b t r o p i c s ( o r d i n a r i l y

wi t h i n  t h e  2 0 ° C  mi n i mm te n p z n tu r e  i a o th e r n ) Hi t h i n  t h i s  b a n d

o th e r  f  a c to r s  f u r  t h e r  r e s t r i c t i n g  t h e i r  o c c u r r e n c e  a r e  l n l i n i t y
s

1
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c i r c u l a t i o n , se di men tat i on , t y p e  o f  s u b s t r a te , a n d  n u t r i t i o n For

r e e f f o r m a t i o n t h e s e f  a c t o r s s u a : b y a d e q u a t e t o s u p p o r  t v i g o r o u s

T o f o r m  n t h r i v i n g  r e e f t h e r a t e o f l i m e s t o n e l c c u m u l gc o r a l  g r o wth

t i o n  t h r o u g h  c o r a l ( or  o th er  C aC0 3 de po si ti ng or ga ni sms) growth  must

exc eed th e  r a te  o f  l o s s  t h r o u g h  o r g a n i c (bo r in g o rga nis ms) and in or ga ni c

( s o lu t i o n,  we ve  er o s i o n ) a t t r i t i o n .

An un de rs ta nd in g of  a uc h f  ac to r s i a  i mp or  t an t wh en  c on si de r i ng

r e e f  o r i g i n s , i n  p a r  t i c u la r  t h e  a t o l l a  o f th e  I n d o -P a c i f i c ( l e e  La d d ,

1961, and S todd ard, 1969, f o r  a  r e vi e w o f t h e o r i e s  o n  r e e f  o r i g i n s ) .

W he re  re ef  f o rmat ion  i nvo lved  au bn erg en c e ( i n s ome i ns tan c e s  a p pa re n tl y

15 0 0  n )  c o r a l g r owth ra te  mo a t h a ve  b ee n  hi g h  e n o ug h  ao  t ha t  th e  r a te

of  u pwa rd  r ee f f o rmat i on  was  eq ua l c o th e r a te  o f  s ub me rg en c e T h a t

th e  e c o lo g i c a l f  ac tor s  we re  no t  a lwa y s  ea t i a f  a c ta r y  i l  su g ge a te d  b y

th e oc c u r r en c e  o f  gu y o ta ( f la t- to pp ed  a ea ma un te ) an d  d r o wn e d a tol l a

t y p i c a l l y  a t  a  d e p th  o f  1 0 0 0 - 1 5 0 0  m i n  t h e  I n d o - P a c i f i c Basin (Menard,

196&) .

Al t ho u gh  a c on s id e ra b le  nu mbe r  o f  g r owth r ate  s tud i es  h1 ve b ee n

n ld e  t h e  s tu d i e s  h a ve  u s u a l l y l a c k e d  e i t h e r  c o n t r o l  o f , o r  q u s n t i t a

H o s t u f L h i s p r e v i o u s r e s e a r c ht i ve  d a ta  o n , th e  ec o lo gi c a l f  a c to r s

ha s  b e en  do n e u nd e r  n atu rn l  c o nd i t i o n s whe r e g ro wth  r a tes  we r e d ete r

mi n e d  b y  h e i g h t ,  we i g h t , or  di ameter  measu remen ts made on c oral

A r e v i e w  o f t h e se m e th o d sc o lo n ie s  o ver  a  p er i o d  of  mo n th s  o r  y e a r s

md  th e i r  r e s u l t s  i s  g i v e n  i n  C h a p te r  I I

A la bo ra to r y  metho d re c e nt ly  d avelop ed  b y  Go re au (1959) uses

r a te  o f  5 5 5 .  i n c o r p o r a t i o n  s s  a  r e la t i ve  m e a s u r e  o f  c a l c i f i c a t i o n

This  method hasr a ta  n f  c a n l s  u n d e r  v a r i o u s  e c o lo g i c a l  c o n d i t i o n s

th e  d i s t i n c t  a d v a n t a g e  o f  p e r l i t t i u g  q u m t i t s t i ve  s t u d y  o f  c s l c i f i c a t i o n
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ra te s  d u r i n g  s h o r  t  p e r i o d s o f  t i me ( a n d  h o u r  o r  l e n ) undax s t r i c t l y

I t  h u  t h e  d i s a d va n ta g e s  o f  s tu d y  u n d e r  t h ec o n t r o l l e d  c o n d i t i o n s

un n a tu r a l l s b o r n to r y  c o n d i t i o n s  i n c lu d i n g  t h e  p o s s i b i l i t y  o f  g i vi n g

r e l a t i ve  c n l c i f i c a t i o n  r a te s  r a th e r  t h a n  a b s o lu t e  g r o w th  r a t e s .

Ho we ve r ,  d e lp i t e t h e s e  di s a d va nta g e s  t hi s  me th od  s e e l l t o  b e  t h e

mo s t  p r n c t i c n l  q u a n t i t a t i ve  a p p r o a c h .

I n  my  r e s e a r c h  t h a  e f f e c t  o f te mp er a tur e  on  c or a l  g r o wth  r a te

The  Q1 0 a nd the  te mpe raturewa s  s tu d i e d u s i n g Go r uu ' s  b as i c  me th o d

ad a p tn t i c u  o f  t h e  c n l c i f i c a t i c r n  p r o c e s s  i n  c o r a l s  wa s i n va n t i g a te d

In  c o n ju n c ti o n  wi t h  th i s  s o me  af  t h e  f  a c to r s  we r e(Chapter VI)

ana ly zed  whic h mig ht i n t r o d u c e e r r o r s i n  e s t i m a te s  o f  n a tu r a l  g r o wth

r a t e s  f r o :  t h e  l a b o r n t o r y  o b ta i n e d  c a l c i f i c s t i o n  r a t e s (Ch ap ter s IV

A n  a t t e x p t  i l  u s d a t o  t r s n l l a t e th e  l l b o r a to r y  r a t e s  i n t omd V)

Th e  r e s u l t :  a r e  c o mp a r e d  wi t h  n a tu r a l  g r o wth  r a teg r o wth  r a te !

n c u u r e n e n ts (Chapter  V)

.

\
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CHAPTER II

nzvrsw OF CORAL snows RATE INVESTIGATIUNS

Ea r l y  o b se r va ti o ns  on  gr owth r ate s ar e  r e po r  t ed  by  Da r wi n (1889)

U l n l ( 187 9) , Guppy (188 9) , Ag as si : ( 18 90 ) ,  Ga rd in er (1901, 1903) and

Hood-.Jones (1910) T h e n r e p o r  t ! w e r e g e n e r a l l y b a s e d o n C a s u a l

o b s e r v a t i o n s ; f o r e x a m p l e , o f t h e a \ : c \ m 1 . 11 | t ! . nn o t c o r a l s g r o w i n g o n

s h i p b o t t o m , c n b l e l , a n c h o r s , e t c . , o r i n c h a n n e l s t h a t \ . f¢! 'E p e r i o d

i c a l l y  d r e d g e d . T h e t i m e p e r i o d s i n v o l v e d w e r e g e n e r a l l y s o m e w h a t

i n d e f i n i t e . S om e o f t h e r a t e s o b t a i n e d f r o m t h e l e i n i t i a l o b s e r v a -

t i o n s  w e r e c o n s i d e r a b l y h i g h e r : h e n : h o s e i n d i c a t e d b y m o r e r e c e n t

work

Si nc e 19 00  s ever al i n ve s t i g a tor s  h a ve  a pp l i e d  mo r e r i g o r o u s

Measurements ( b l i g h t ,  we i g h t , di a me ter , leng th)  wer e mademethods

ove r  a  p e r i o d o f  t i me  va ry i n g  f r o m s eve r a l  mo n th s to  s e ve r a l  y e a r s .

Th e  c o r al s  we r e  o r d i n a r i l y  g r a nn  i n  a  mo r e  o r l e s s  n o r ma l  h a b i t a t f o r

th e  sp e c ie s , an d  we r e  e i t h e r  l e f  t  n a tu r a ll y  a t t a c h e d  o r  we r e  a t t a c h e d

t o c e m e n t b l o c k s , t i l e s , e t c Of  t en a L arg e n umbe r  o f  s amp le: ( c o l

ani es )  wer e us ed T h e s e s t u d i e s  h a v e p r o v i d e d v a l u a b l e e s t i m a t e s o f

gr o wth  r a te s  md  a  s u mma r y  i l  p r o vi d e d  i n  Ta b le s  1 - 3

Th e  c h o ic e  o f  s p ar  t i c u la r  c a teg o r y  o r  s p ec i es  c u b e in c lud ed

i n  t h e s e  t s h le s  wa s  b a s e d  e i t h e r  o n  i t s  u s e f u ln e s s ( d u e  t o  i t s  vi d e

d i s t r i b u t i o n ) in  a sk i n g c o lpa r i sa n s  be twee n  two  g eo g r sp h i c sl  s re s s ,

or  bec au se of i t s  p a r  t i c u la r  s i g n i f i c a n c e  a s  s  d o mi n a n t  r e e f - b u i l d i n g

1.
Q
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A d d i t i o n a l s e l e c t i o n  o f d a t a  u a l n e c e s s a r y t o  m a k e t h e r e s u l t sc o r a l

f r o n  a l l th e so ur c e!  a s c ompa ra b le  a s p os si ble T h u s c o l o n i e s t h a t

di e d o r  we re  da ma ge d  d u r in g  a  s tu d y  we re  on i t te d  f r o m the  a na ly s i s

(Bec ause of t h i s  s e le c t i o n  a n d  c e r  t a i n  r e c a l c u la t i o n n  t h e  va lu e s

g i ve n  i n  t h e  t a b le s  d o  n o t  s lwn y e  e xa c t l y  a g r e e  wi t h  t h e  o r i g i n n l

va lu e s . )

Th e  d a ta  i n  t h e tab le s wer e ar r an ged  a pp rc n c i nac i l y  i n as c en di ng

or de r  a c c or di n g to  th e su r f  ac e water  te mp er a tu re s found i n the  re ape c -

t i ve  a r e a s  wi t h  t h e  i n te n t  a f  d e te r mi n i n g  wh e th e r  a  H i g h e r  g r o wth  r a te

a c c o m p a n i e s a  h i g h e r n a t u r a l u n t e r t e m p e r a t u r e Hovtvcr , a d i r e c t

c o mp a r i s o n  o f  t h e  r e s u l t s  o b ta i n e d  b y  t h e  d i f f e r e n t i n ve s t i g a to r s i n

th e i r  r e s p e c t i v e  a r e a s  i n  o f  d o u b t f u l  v a l i d i t y , s i n c e  a  d i ve r s i t y  o f

tec hni que s, s p e c i e s ,  h a b i t a t s , l e n g th s  o f  o b s e r va t i o n s , an d  c o n di t i o n s

of t h e  c o r a l s ( s i z e , age, ap p ar e n t h ea l t h)  we r e i n vo l ve d Ev e n i n

th o s e  c a te go r i e s wi t h the most c on qmlete data (A c r op o ra ,  mas si ve Fo r i t ea ,

br a nc h ed  P et i te s , Po c i l lo p o r a  d a mlc or n i s , Ho n tas t r ea  a nn u lar i s ) i t i s

t o  d e t e c t a t r e n dd i f f i c u l t

Hor a mea ni ng ful  c omp ar i s ons  a re be tween  the gr owth r a f . e s of

d i f f e r e n t  s p e c i e s  o r  c a te g o r i e s  f o u n d in the  na me lo c a l i t y Thus

Ho n tne t r ea  a nn u lar i n ( c a l l e d  Or b i c e l l l  a n n u la r i u  b y  V a u g h a n ) , ac c or ding

co Vaughan (1916) th e do min an t  r ee f spec ies in  t h e  He a t I n d i e s ( a t

ti me s  h o we ve r  r e pla c e d  b y  A c r o p a r l p a lma t | } ,  h a s  a r e la t i ve l y  s lo w

gr owth  r ate c ompa re d wi t h Po r i te u a nd  A c r c p or a s pe c i es  whi c h ar e do mi -

Of  t h e  ma jo r Indo-Pa¢1f1E`~q¢fn a n : r e e f c o r a l s i n t h e I n d o - P a c i f i c

c o r a l s  t h e  A c r n p a r s  e r e  q u i t e  c o n s i s te n t l y  t h e f u t e s t  g r o w i n g  i n  a l l

ar ea s, f o l l owe d  b y  th e  br a n c h e d  a n d  t h e n  t h e  ma s si ve  P o r lt e s  s p e c i e s .

Th e  me ag e r  d a ta  ava i ls b le  o n Hon t ip o r s e nd  Po c i ll o po r e - - a ls o  i mp or  ta n t

1

, r
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r e e f  c o r a l s - p la c e s  t h e i r  g r o wt h  r a t e  b e t we e n  th a t  o f  A c r o p o r a  md

th e  b r mc h e d P e r l  t g ;

D u r i n g  t h e s e  i n va s t i g n t i o n n  t h e  c a p r i c i o u l n u s  o f  g r o wth  r a te

(Hood-Jones, 1910;  May or , 1924; Edmondscin, 1929 )  wa s no ted Rap id

g r o w th  a l t e r n a te s  wi t h  i n a c t i vi t y  i n  n o  a p p a r e n t  p a t t e r n H l y o r

(1926) me n ti o ns  1 ma ss i ve  Pe t i te s  i n  S a moa  wh i c h  g re w 3 7  m i n d ia mete r

in  o ne  y u ar ,  ma d e no  g ro wth  t he  ne xt  a nd  gr ew S f-» i n the l l s t  y e a r

Ednondsor f a measurements (1929) sh o ve d  g r e a t  va r i at i o n  b e twe e n  d i f

f e r en t .  c o lon i e s o f th e  s an e  s p ec i e s  a l l  g ra u i n g  u n d e r  a p p a re n t l y

i d e n t i c a l  c o n d i t i o n s .

Sinc e mont;  of th e valu ea  i n  Ta ble s 1- 3  a r e ave ra g es  'b as e d o n a

f  a i r l y  l a r g e  n u mb e r  o f  o b s e r va t i o n s  t h e  va r i a t i o n  i s  n o t  a o  e vi d e n t

n o r  i s  t h e r e  a n y  i n d i c a t i o n  o f  s o me  o f th e  ma xi mal  r a tes  r e c or d ed .

An n u a l  g r o wth  r a te s  o f  s e ve r a l  e xc e p t i o n a l l y  f  a s t  g r o win g  c o lo n i e s

a r e  l i s t e d  b e lo w:

1NvEs11c.u°onnl/Mi rza HEIGHT vzzcm'
(mx/yr) (rm/yr) (Z/yr)

SPECIES

L e vi s  e t al . (1958)ZBAA c r o n o n c e r v i c o r n i s

Mayor (1924)268 1 3 ] 2786A c r a p o r a : e r a s

Hayor (1925062 L0 sm.P o c i l l o p o n  d u i c a r n i s

1197 Boschna (l936}Hc n t i p o r a  r a me n

fh os e ds ta  e xp r es se d as  wei gh t (2 / y r ) c on ta in so me of the most

r a p i d a p p a r e n t g r o w t h r a t e s a s  w e l l a s t h e g r e a t e s t v a r i a b i l i t y

Th i s  i s  e v i d e n t l y  e  r e f l e c t i o n  o f t h e  e f f e c t  o f  i n i t i a l  c o lo n y  s i z e  o n

me as ur emen ts  e rp re ne d an  p er c e nt . I o r  t h i s  r e a s o n  t h e  h e i g h t , l e n g th ,

di a me ter  n ea lur e me n ts a re  mo r e  me an i ng f u l whe n  d i f f e r en t  s i z e c olo ni e s

.. -
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are compared The are hc r ugvar  i nad e u ate  f or  c o mpa r in g ac tua l C aCO3 Q 3

de p o s i t i o n  b e twe e n  d i f f e r e n t sp e c i e s  o r  g r o wth  f e r n  b e c a u s e  c o r a l

s k e le to n s  va r y  s o  g r e a t l y  i n  s h a p e  md  d e n s i t y

ssrnurras OF THE RATE OF REEF FORMATION

E s t i ma te s  o f  t h e  r a te  o f r e ef f o rmat i on  h ave  b ee n mad e by  le ve ra l

i n ve s t i g a to r s A s ut lla r y i s  g i ve n  i n  Ta b l e  6

T h e r a t e o f r e e f f o r m a t i o n i s m o r e th a n a n e x t e n s i o n o f c o r a l

g r o w t h r a t e s I t i s  al s o  d e te r min e d  b y  p e r c e n t c o ve r a g e  o f  t h e  c o r a l

on  t h e r e e f , c o n t r i b u t i o n s f r o m va r i ou s  oth e r ree f  or gan is ms (mo l-

l u s k s , c a lc ar e ou s a lg ae , br y oz o ln n , e t c . } an d s eve ra l ph y s i c a l an d

chemical f actors I n  T a b l e  6  wh e n  th e  b l l i s  o f t h e  e s t i ma te  i n  g i ve n

nr da s " C o r a l G r o w t h R a t e t h e i n v e s t i g a t o r m a y  h a ve i n c l u d e p h y s i c a l

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

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

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

W hen t h e b a s i s o f t h e e s t i m a t e i s g i v e n a s " C o r a l G r o w t h R a t e s A v e n g e d

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

v a r i o u s o f t h e o t h e r c o m p o n e n t s ( d e p e n d i n g  o n t h e i n v e s t i g a t o r ) d e t e r -

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

sho uld  be  c ons ult ed f o r  t he va r io us c c r qa c rn zntn use d a nd th e a ssu mp

t i o n s ma de i n  e a c h e s t i m a t e T h e l a r g e v a r i a t i o n i n  e s t i m a t e s i s l

r e f l e c t i o n  o f  t h e  d i f f e r e n t  me th o d s  o f  c o mp u ta t i o n  u s e d

Ho s t  o f the  r ate me asu re me nts wer e ma de  o n c or al  c oloni es  g ro wi ng

on th e su r f  ac e of th e  r e e f  i n  wh a t ms y  b e le s s  f  a vo r ab le  s ha l l o w u n te r

(Yonge, 19 50 ) ; the re fo re  msn y  of th e  e st i ma tes  g i ven  i n  Ta b le  4  ms y

be  miu imm ra th er  c hs n sver sg e or  maximum. L i t t l e  q u s n t i t s t i ve  wo r k
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1 lu  b e e n  d o n e  o n  t h e  e f f e c t  o f  d e p th  o n  c o r a l  g r o wt h  a n d  r e e f  f o r ma

t i o n ,  b u t  f r o m c a s u a l  o b s e r va t i o n , Gsr din er (19 03 )  as su med  a  r ate of

$ 5 . 7  ml y r  f o r  r e e f s  s t  s  d e p th  o f  9 - 2 7  l , md  V e r s t¢ 1 1 e ' s  d a ta  o n

so un d in g s nu d e i n th e  D u tc h E as t  I nd i an  Ar c h i pe lag o s ug g es t e ve n

r

Hi n  d a rn  su g ge s t s ome  o f  t h ef  a s te r  g r o wth  i n  d e p th !  exc e e d i n g  5  l

h i g h e s t  r a te s  o f  r e e f  f o r ma t i o n ;  h o we ve r , the y  sh ould be  ac c e pted
n v

He repor ts  both "r ising" and "linking" reefs (onlywi th  c a u t i o n

h i s  d a ta  o n  " r i s i n g "  r e e f s  i s  g i ve n  i n  Ta b le  6 ) , t h e  s i g n i f i c n a c e  o f

Kuenen (1950) qu es ti on s t h e  r e l i a b i l i t y  o fwh i c h  i s  n o t  k n o lm

usi ng  so uu din gs

INVESTIGATIONS OF FACTORS AFFECIIHG cosuu. cnosmr RATES

Some nf the f  a c to r s  th oug ht to  a f f e c t  r a te s  a r e s e xu a l  a c t i v i t y

a n d  p l m u l a t i a n (Vaughan and W ells, 19 6 3) ,  ag e  an d  s i z e o f th e c o ln ny

(Gor c a u | n dGor ea u, 1 9 6 0 0 , a v a i l a b i l i t y  o f  p la n k t o n i c food (Vaughan

an d W el ls , 19fa3), l i g h t (Gorenu, 1959;  Goreau and C-oreau, 19 59 ) ,

l i l t (Shi nn, 19 66 ) , temp erature (Sh in n, 1966; Hs, 193 7) , and perhaps

I n i t i a l  i n v e s t i g a t i o n s  o n  t h e s e  f  a tn l i n i t y  a n d  u a t c r  t u r b u le n c e

to r s  we r e  ma i fmly  c u u a l  o b s er va t i o n s  o f  th o s e  h a b i t a t s in  wh i c h  gr o wth

Thus Ga rdiner (1903) and Yongea p p e a r e d  : o s t  vi g o r o u s  a n d  l u n l r i n n t

(19150) s u g g e s te d  g r t l t e r  g r o wth  r a te s fo r  c o ra l s nt .  mod er ate  d ep th s

Th e c or r elat i on  be twe en  te mp e ra tur e: h m  f o r  t h o s e  i n  s h a l l o w wa t e r

a n d  c o r a l  d i s t r i b u t i o n  h l l  s u g g e s t e d  l n  e f f e c t  n f temper atu re on

gr owth .

Usi ng  n  mo re  e xp er i ne ntsl  ap pr oa c h Step he nso n md  S tep he ns on

(1933) and Hey or (1 9 % )  o b s e r ve d  d i f f e r e n c e s  i n  t h e  g r o wth  o f  two

h a lv e s  o f  t h e  i n e  i n i t i e l  c o r a l  c o lo n y  w h e n  th e  h a l ve s  we r e  p la c e d

s
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W i th  a  s i mi l ar  t e c hn i q u e  S h i n n (1966) showedi n  d i f f e r e n t  h a b i t a t s

Sensonnlt l u t  e xt r e le  t e mp e r a t u r e s  a n d  e xc e s s i ve  s i l t  i n h i b i t  g r o w th

f l u c tu a t i o n s  i n  r a te  we r e  s u g g e s te d  b y  t h e  wo r k  o f  S h i n n (1 9 66 ) ,  b u t

wer e n ot f o u n d  b y  L ewi n  a t  a l (1968)  or  Ednondlc rn (1929) Geogrsph

i c a l  d i f f e r e n c e s  i n  g r o wth  r a te  a r e  p r o b a b le { L e \ r i n  e t  a l . , 1968)

b u t  d i f f i c u l t  t o  ve r i f  y .

Exp e r i me n ta l  e vi d e n c e  f o r  t h e  e f f e c t  o f  s i z e  a n d  a g e  o f  e  c o lo n y

o n  i t s  g r o wt h  o r  c a l c i f i c a t i o u  r a te i s gi ve n by  S tep he ns on  a nd

Stephenson ( 1 9 3 ) md  Go r u u  a n d  Go r e lu (1960a) F o r  m a n y c o r a l s

Using GSC!th e r e  i n  a n  e x p o n e n t i a l  d e c r e me  o f  r a te  w i t h  s i z e

Goreau and Goreau (1959) ob ta i ne d  n o  c o nc lu s i ve  e vid e nc e th a t  d e p th

a f f e c t s  c a l c i f i c a t i o n  r a te ,  b u t t h e y  d i d  s h o w a  d r a s t i c  e f f e c t  o f

l i g h t  o n  t h e  r a te . F o r  s e ve r a l  s p e c i e s  t h e  l i g h t s d a r k  c a l c i f i c a t i o n

r a t i o  wa s  g r e a te r th an  1 0. A  r e la t i o n  b e twe e n  n u t r i t i o n  a n d  g r o wth

S om e e v i d e n c e s u g g e s t s t h a t c o n c e n t r a t e d f u n d i n gi s n o t o b v i o u s

s l o v l  c a l c i f i c a t i o n  r a t e (A .  A . Rath  and  D. Cr ab tr ee , p e r n o n l l  c u n -

mu n i c n t i on ) .

- )
\ v \



CHAPTER 111

BASIC 1~u1'ER1.\1.s AND Hsruous

I r r mon uc f rou

/ Hethoda c ommo n to most of th e  e xp e r i me nts  a r e  d e s c r i b e d  i n  t h i s

c h ap ter . Ma jo r  va r i a t i o n s  a r e a l s o  d i s c u s s e d  h e re  a n d  a r e  a u mu r i z e d

H e t h o d s r e s t r i c t e d t o a p a r  t i c u l a rf or  e ac h expe r i me nt in  Ta b le  S

ty pe  of  expe r ime nt  a r e d i s c u s se d i n  l a te r  c h a p t e r s

T h e b a s i c m e t h o d u s e d wa s e  m o d i f i c a t i o n o f t h a t d e v e l o p e d b y

Goreau (1959) I t i n vo l ve d  t h e  g r o wth  o r i n c u b a t i o n  o f  c o r a l s  i n  s e s

u n t e r c o n t a i n i n g t h e r a d i o a c t i v e i s o t o p e " 5 C a , a n d p e r m i t t e d t h e

d e te r mi n a t i o n  o f  c a l c i f i c a t l o n  r a t e a  o ve r  l h o r l  p e r i o d s  o f time  un der

la b o r a to r y  c o n d i t i o n s . Co r a l  c o l le c te d  o n  th e  r e e f  u aa  b r o u g h t to

th e  l a b o r a to r y , pu t i n to  a n  i n c u b a t i o n  ve a le l  c o n ta i n i n g  c h e  r a d i o -

ac t i ve  a e a  wa te r , an d  i n c u b ate d o r  g re s m u nd e r  c on t ro l le d l i g h t  a n d

te mpe r atu re  c o n di t i o n s  f o r  s ome  p e r i o d o f ti me - - ne ve r  mo re  t ha n 26

Az  th e  e n d o f the in c ub a ti o n  p e r i o dh o u r s a n d o f  t e n 1 h o u r o r l e s s

samples were ta k en  to  de ter min e Lh e  q u an t i t y  o f  A 5 5 8 i n c o rp o r a ted  i n to

P r e p a r a t i o n o f t h e s a m p l e s f o r & 5 C . a s s a y i n v o l v e d
the  c ora l sk ele  c an

ti s su e  re mova l ( b y  a l k a l i n e  h y d r o l y s i s ) , si z e  d e te r mi n a t i o n (b y  e i t h e r

yActi1?itwe ig h t or  su r f  ac e a re a) , a n d  s o lu t i o n  o f  t h e  s k e le to n  i n  HC l

of t h e  A S C ,  i n  t h i s  a c i d  s o lu t i o n  u a !  me a s u r e d  u s i n g  a  l i q u i d  s e i n

T h e q u m t i t y o f 5 6 ; i n c o r p o r a t e d  w a l u s e dt i l l a t i o n  l p e c t r o me te r

t o d e t e r m i n e t h e r e l a t i v e o r  a b s o l u t e g r o w t h r a t e

10
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RESEARGI LDCALITIES

Re s e a r c h  U l l  d o n e  a t  two  l o c a l i t i e s  i n  t h e  I n d o - P a c i f i c H o st

u s e  d o n e  e t  t h e  Hn la i i  I n s t i t u te  o f  Ma r i n e  B i o lo g y (HIHB) lo c a ted  o n

Coc o nut I sl and i n Kane ohe Bay ,  Oa hu, Ha wai i . The  ep ec i le ns  we re

c o l l e c te d  a t  s e ve r a l  o f t h e  mo r e  l u x u r i l n t  p a t c h  r e e f s  f o u n d  i n

A t  t h e  o t h e r  l o c s l i t y , E n i u e to k  A to l l , th e  c o r a l !  we r eKuxedm Bny

c o l l e c t e d  i n  t h e  l a g o o n  ju s t  o f f s h o r e f r om th e  En i ve to k  Ha r i n e B i olo g y

Labo rator y {EHBL) . Th e s e c o ra l s  we r e  f o u n d a t ta c h e d to  va r i ou s  pi p e s

md  c a b le s  o c c u r r i n g  i n  t h i s  a r e a  o n  t h e  s h a l l o w s a n d y  b e n c h  t h a t

f o r ms th e p e r ip h e ry  o f th e l ag oo n C o r a l ;  a t  b o th  l o c a l i t i e s  we r e

c o l l e c t e d  f r o m d e p t h s  o f  l e n  t h a n  1 2  I

ax:PzR1xnr1A1. URGAN I SHS

hr s sp e c i es  we re  u se d - - Po c i l lo po r e de mi c or ni e (L i n n a eu s )  md

2.  d gmi c or n i s ( F i s 1 ) w a s c h o s e n b e c a u s e} '_or i t¢s c onpresaz Da n a

i t  i s  wi d e l y  d i s t r i b u te d  t h r o u g h o u t the I n d o - P a c i f i c  t r o p i c a l  a c e m,

i t s  g r o wt h  f o r m p e r mi te  a  s i mp le  u e th o d  o f  s a lp le  t a k i n g , a n d  l  c o n -

si d e ra b le a mo un t .  n f  p hy s i olo g i c a l  an d  ec o lo gi c a l r e s ea r c h h u  zln vnl ve d

c o mp re ss :  (F ig . 2)  u a:  u s ed  b ec a u s e t h e  g e u u;  P o r i t e lt h i s  s p e c i e s 2
: L l  I  ma jo r  r e e f  b u i l d e r  t h r o u g h o u t  t h e  t r o p i c a l  o c e a n s , su d  t h e s pe c ie s

3 . c n n p re s s s i s  th e  do mi n an t  c o r a l { c o q:o | 1 ng pe rha ps  80 1 or  mo re of

t h e  c o r a l  o n  : a n y  o f  t h u  p a t c h  r e e f s ) in Kaneohe Bay c o t m r e ssar

g d u d q o r n i s  1 |  a n  i n p a r f o r a te  h i g h l yvu  | . ] . | o  e a s i l y  l a l p l e d

b r a n c h e d  c o r a l  wi t h  r e la t i ve l y  n u l l  c o l o n i e s (u a u nl l y  n o t  mo r e  t h a n

20 -2 5 c m i n  d ia le te r ) ,  whe re as  _ g c o m p r e s s : i s a  p e r f o r u z e c o r a l  w i t h

f i n g e r - l i k ;  b r a n c h e s  md  c o lo n i e s  o f  t e n  |  l a t e r  o r  mo r e  i n  d i a me te r

L
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D i f f e r e n t  c o lo n i e s  o f  a  s i n g l e  l p e c i e s  o f  c o r a l  a r e  mo r p h o lo g i

d n mi c o m i l  c o lo n i a l  I  g e n e r a l l y  a vo i d e dc a l l y  va r i a b  l e Ui t h  P

e x t r e m e o f p i g m e n t a t i o n  a n d a i z e . A l t h o u g h  v e r y l a r g e c o l o n i e s  w e r e

n o t o r d i n a r i l y s e l e c t e d  b e c a u s e o f e v i d e n c e ( G o r e a u  a n d  G o r e a u , 1 9 6 0 3 )

w h i c h c o r r e l a t e s r e d u c t i o n o f g r o w t h r a t e s  w i t h i n c r e a s e d c o l o n y s i z e

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

n u m b e r  o f s a m p l e s r e q u i r e d f o r t h e e x p e r i m e n t . T h e g r o w t h f o r a o f

d a m i c o r n i s v a r i e s f r o m  a f r a g i l e , f i n e l y b r a n c h e d f o r m  t o n. r o b u s tP

Bo th f or ms wer e  u n c d  b ut  us u al l y  o nl y  o n ef  a r m  w i t h t h i c k b r a n c h e s

No  c vi d c n c e  o f  a  c or r e la t i o n b e twe e nf o r m  w i t h i n a n y o n e  e x p e r i m e n t

c o lo ny  mor p h o lo g y  n n d  c n l c i f i c nt i o n r a te wa s o b vi o u s i n  t h e  c o l o n i e s

used, a l t h o u g h  l a r g e  v a r i a t i o n s  i n  c a l c i f i c a t i o u  r a t e  b e t v z z n  c o lo n i e s

were  ob served.

c ompre ssa we re selec ted i f they  had a  s u f f i c i e n tColo nie s o f P

number  of la r ge  b ra n c he s  wi t h f l a t t e n e d ( r a th e r tha n r oun ded  or  he mi

Th i s  e n a ble d  t h e ta k in g  o f  c o re  sa mple s ( f r o m th esp h e r i c a l ) ends

br anch end)  with unifor m sur f ace ar eas

PREPARATION OF CORAL FOR IHCUBATION

C o r a l s  w e r e c o l l e c t e d n o t m o r e t h a n 1 2 h o u r s ( u s u a l l y l e n s t h a n

W hole  c olo nies were to o  l a r g e tofo  ho u rs )  p r i o r  to  an  exp er i me n t

use i n  t h e  i n c u b a t i o n  ve s s e l ; th e r e f o r e , por  ti o ns or  bran c he s were

re mo ve d  s r l r h e  p a i r  o f  wi r e  c u t t e r s . Th es e we r e he ld  up r i gh t i n  t h e

i n c u b a t i o n  ve s le l  b y  u s e  o f  e n  a c e ta te  a n d  p le xi g la s  r a c k  o r  h o ld e r

In "Collection Method 1" cognlete colonies were brought.( n g 3

to th e l ab o ra tor y  wh er e th e br a nc he s wer e r e moved ,  p la c e d i n th e

ra c ks , a n d  i n c u b a t i o n  vu  b e g u n . Th i s me th o d ,  h o ue ver ,  us e  f o u n d to
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be  un s a ti s f  a c tor y  wh e n  d i f f e r e nt  s ec t i on s  of  a n e xpe r i me n t ( suc h as

th e t eq mer s tu r e exp er i me n ts )  h ad  to  be  do n e on  c o n se c ut i ve  d a y s ,  s i nc e

d i f f e r e n t  c o lo n i e s  h a d  t o  b e  u s e d  f o r  d i f f e r e n t  p a r  t s  o f the same

exper iment (n es te d expe r i me ntal  d es ig n)  , i n t r o d u c i n g  a n  e xt r a  v a r i a b le

c_crg§greasa, s i n c e  t h e s e  c o lNe i t h e r  c o u ld  t h i s  n e th o d  b e  u s e d  f o r g

In "Collection Methodc m i e s a r e t o o l a r g e t o  b r i n g t o t h e l a b o r a t o r y

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

W hen  usi ng thi s  methodi n  t h e  r a c k s , and brou ght to  t h e  l a b o r a to r y

c o lo n ie s  b e in g  u se d  s e ve r a l  t i me s fo r  d i f f e r e n t  p a r  ts  o f  a n  e xp e r i me n t

we r e  ma r k e d  wi t h  a  b u oy  o r  t a g  p r i o r  t o  t h e i n i t i a l  c o l l e c t i o n C a r e

ue s ta ke n to  a vo id  d amag e th ro ug h ne c h en ic al  a br as io n,  u nn ec ee sn ry

e xp o s u r e  t o  a i r , or  e xp o s ur e  t o e xtr e mes  o f li g h t  a n d  t e mp e r a tu r e

d u r i n g  c o l l e c t i o n  a n d  h a n d l i n g .

SEA WATER PREPARATION

Se ve r a l  h ou r s  p r i o r to  a n exp er imen t th e  s e a  \ - a c e r  f o r  th e  i n c u

ba ti o n wa s  p re p ar ed  by  a d di n g 55 0 5 to  50 0 o r  90 0  ml (de pen din g o n t he

exp er imen t) of  s e a u n te r  c o n ta i n e d i n  t h e in c u b a t i on  ve s s e l T h e

wa te r  wa s  s t i r r e d th o ro u gh ly  a nd  th a n a ll o we d to  s ta n d  u n t i l t h e  e x-

pe r i me nt  b eg an  to  p er mi t c o mplete mi xi ng  a n d an y  sh or  t - te rm c he mi c a l

Th e s ea  wa te r  was  o b ta in e d f r o m th eeq ui li b r i um c h an ge s to oc c ur

la b o ra to r y  s ea  wate r  s y s te m (a n  op e n  s y s te m us i n g n a tu r a l : e a wa te r )

and  t he  5 55|  f r o m Ne w E ng la nd  Nu c lea r  or I n te rn a t i o n a l  C h e mi c a l a n d

Nu c le ar  i n  t h e  f o r m of  { ' 5C a C 1 2 i n  a 0 . 5  N HC I  a c i d s o lut i o n

c o n c e n tr a t i o n s o f  ! a 5C .  we re  0 .5 - 1. 0  p c , pe r  ml  u f  se a  wa te r .

U su a l

Th e  to ta l

AmU1.1nI ..  of  c clc iun added never  exceeded 11  o f t h e  n a tu r a l  c a l c i u m i n
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Samples (5 0  A )  o f th e  se a  un te r  we r e t a k en  f or  a n  a c c ur a tese a  w a t e r

d e te r m i n a t i o n  o f  i t s  r a d i o n c t i v i t y  u s i n g  a  l i q u i d  s c i n t i l l a t i o n  s p e c

t r a m e t e r

IHCUBATIOR

At th i s  p o i n t th e  r a c k  o f  c o r a l  b r a n c h e s  wa s  e i t h e r  p la c e d  d i r -

e c t l y  i n to  t h e  r a d i o a c t i ve  s e n  wa te r  a n d  t h e  i n c u b a t i o n  b e g u n , o r  i t

was passed th r o u g h  s  p e r i o d  o f  a c c l i ma t i o n  i n  n on - r a d i o a c t i ve  s e a

Th i s  p e r io d  wa s  ge n e ra l l y f o r  e i t h e r  0 . 5  o r 1.0  ho ur  an d wasw a t e r

to  s c c l i ma te th e  c o r a l s to  t h e  i n c u b a t i o n  c o n d i t i o n s  u n d  p a r t i c u ln l y

tn  a voi d a ny  a ver sh o ot  a r  t i f  ac t (Gra i ng er , 1958) or  o th e r  an o mal i e s

du e to  s ud de n  s tr es s su c h as  t empe r atur e sh oc k Th e  l c c l i ma t i o u

pe r i o d  wa s  u s e d  ml i n l y  i n  t h e temper atu re exp er i me nts  wh ere  extr e me

temper atures  were i n vo l ve d C o n d i t i o n s  d u r i n g  t h i s  a c c l i ma t i o n  p e r i o d

we r e  i d e n t i c a l  t o  t h e  i n c u b a t i o n  c o n d i t i o n s , exc ept c h e :  d u r i n g  t h i s

pe r io d the  t emp er atu re  wa s c ha ng ed gr adu al ly t o  t h a t  o f th e  i n c u b a t i o n

Ac  th e en d  o f th e  a c c l i ms ti o n  p e r i o d th e  r a c k  c o n ta i n i n gtemperature

th e  exp e r ime n tal  o r ga n i a m wa s t r a na f e r re d  t o t h e in c u b a t i on  ve s s e l

c o n ta i n i n g  t h e  r a d i o a c t i ve  s e a  u n te r I n c u b a t i o n  t i me wa s  q u i t e  va r

ia b le  de p e nd i ng  o n t he  exp e r i men t , bu t  o f  te n  wa s  0. 5  o r  1. 0  ho u r I n

c ub at io nn  wer e us ual ly  c on du c ted  b etwee n 10 :3 0 AH a nd 2: 30  P H to  a vo id

p o s s i b l e  d i u r n a l  r h y th m s  i n  c a l c i f i c e t i o n  r a te ( se e C ha pte r  V ) .

Ph y s i c a l c o n di ti on !  u nd e r  wh ic h  a n e xp er i me nt  wa s pe r fo rmed  we re  de te r

min ed  by  t he in c u ba t io n s y s te m Thr ee ty p c s of  sy s tems were  emplo y ed

I n  t h e  f i r s t  s y s te m ( I n c u b a t i o n  S y s te m 1 , F i g z.) s  g la s s  s t a i n i n g

di s h  wa s u s e d  f o r  t h e in c u b a t i on  ve s s e l I t  w a s  f i t t e d  w i t h  a  p l e x i g l n

to p ,  b o r e d  wi t h  two  h o le s an d  f i t t e d  wi t h  r u b b e r  s h o p p e r s On e he ld  a
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th e r i o le t e r , t h e  o th e r  1  g l a n s  t u b e  t h r o u g h  wh i c h  a i r  v u  b u b b le d  i n to

th a  i n c u b a t i o n  l e a  u n te r  t o  a i d  c i r c u l s t i o n  a n d  ma i n ta i n  c o n s ta n t  p H

Fo r  t e mp e r a tu r e  c o n tr o l  t h e  i n c u b a t i o nmd  n  h i g h  o xy g e n  te n s i o n

Th e  c o ra l sve s s e l  vu  p la c e d  i n  a  t e q a e r a tu r e  r e g u la t e d  u n te r  b a th

in  t h e  ve s s el  h a d  3 6 0 ° i l l u m i n a t i o n  f r o n  a mb i e n t  l i g h t ,  b u t the  ma in

l i g h t  s o u r c e  u u  s i t u a te d  2 3  c m b e lo w th e  b o t t o m o f  t h e  i n c u b a t i o n

ve s s e l  a n d  c o n s i s te d  o f  f o u r  c o o l  6 0  wa t t  f l u o r e s c e n t  b u lb s  c o ve r e d
v

A  ma jo r  c r i t i c i s m o f  t h i s  s y s te mwi t h  a  t r a n s l u c e n t  p l u t i c  s h i e l d

wa s  t h e  p o s i t i o n  o f  t h e  l i g h t

In "Incubation Systeu 2" (Pig 5) th e  1 i . g h t\ s ou r c e  wa s  s i tu a ta d

in  1  s e mi c i r c le  s h o ve  t h a  i n c u ba t i o n  ve s s e l  . md  c o n s i s te d  o f te n  2 0

A p i ec e  of  whi t e  c a r d bo a r d b e h in d  th e  bu lb swa t t  f l u o r e s c e n t  b u lb s

The downward i r r adianc e was 6,700 pwf  c mzse r v e d I 5 a  r e f l e c t o r

I n c u b a t i o n  ve u e l s ,  a e r a t i o n , c i r c u l a t i o n , an d  te mp er a tu re  r eg u lat i o n

we r e  i d e n t i c a l  t o  " i n c u b a t i o n  S y s te m 1 " .

The th i r d  s y s te m ( i nc u ba t i on  S y s te m 3 , P i g . 6)  us a de si gn ed co

be por  t able e nd  pr ovide d e  meth od fo r  d o i n g  e xp e r i me nts  u n d e r  i d e n t i c a l

F r o u  t h e  t a p  o f  a nc o n d i t i o n s  a t  d i f f e r e n t  g e o g r a p h i c a l  l o c a t i o n s

in c ub a ti o n h ou s in g (c o ns tr uc te d f r om c o r r ug ated  c ard bo ar d)  was  s us

p e n d e d  th e  l i g h t  s o u r c e - a  Gn e r a l  E l e c t r i c 300 uatt: C001-Bean Lump

{PAR56}2HFL) si tu ated  | 52  c m away  f r o m th e c o ra l i n  t h e  i n c u b a t i o n

Th e  wh i t e  i n te r i o r  n f t h e  h o u s i n g  g a v e  r e f l e c t i o n  f r o m a l lve s s e l

Lig ht .  in te ns it y wa s c on t r ol le d wi th  a  va t i lb le  t r a ns fo r merd i r e c t i o n s

Th e  : u n c u t  wa s  ma i n ta i n e d  a t  2 . 5  s q m F o r t h e s e e x p e r i m e n t s t h e

dmmvn rd  i r r a di anc e vu  3U,0 0' lJ ) .N/C mz Te mp e r a tu r e  vu  c o n t r o l l e d

b y  me m ;  o f  a  wa te r  h l t h  t h e te lp er n tu re  o f  wh i c h wa s r e g ula te d ma n ua l l y

b y  vo r k i n g ' t h e  h u t  o f  t h e  G E  l i g h t  s o u r c e (s up p le men ted  wi th  ho t  wa te r
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f o r  h i g h te lp e r a tu r e in c ub a ti o ns ) ng a i n s t  c o o l i n g  wi t h  i c e  c u b e s T h e

p le xi g lu  i n c u b a t i o n  v e s s e ls  we r e  o f two  s i z e s  a n d  s u f f i c i e n t  r e s p e c -

t i ve l y  t o  h o ld  t h e  5 0 0  ml  a n d  9 0 0  ml  q u a n t i t i e s  o f  s e e  wa te r  u s e d .

Ho le s  b o r e d  i n  t h e  t o p s  h e ld  e  g la s s  t u b e  f o r  a e r a t i o n  a n d  c i r c u l a t i o n

ln d a  t he r mo me ter . A  ma g n e t i c  s t i r r e r  p r o vi d e d  a d d i t i o n a l  c i r c u l a t i o n

i n  t h e  i n c u b a t i o n  ve s s e l  p lu s  c i r c u la t i o n  o f t h e  b a th  u n te r .

Posr -znc unxr lon PROCESSING OF coiuu.

Th e  pr o c es s i ng  a nd  a n aly s i s  o f  b o th  5 . dn mi c o rn i s  a nd  3 . caupressa

in vol ve d r a pi d  te r min n t i o n  of  " °5 C a i n c o r p or a t i o n  an d  sa mp li n g fo l l o we d

by  re mova l o f ti s s u e  f r o m th e  s a mp le s  a n d  t h e  r i n s i n g ,  d r y i n g , s o l u t i o n ,

a n d C a a c t i v i t y d e t e r m i n a t i o n  o f t h e s a m p l e s I n n d d i t i o n t h e s a m p l e s

o f  3 . dami c orn i s were weig hed

I n c u b a t i o n  w a s t e r m i n a t e d b y i m m e r s i n g t h e c o r a l i n f r e s h  w a t e r .

T h i s u s u a l l y i n v o l v e d s l a r g e  q u a n t i t y o f u n t e r (1 2 0 0  m i l o r  m o r e ) f o r

a t l e a s t 1 m l n t o  d i l u t e t h a t f o f r c a  a d h e r i n g t o t h e s u r f  a c e o f t h e

c o r a l w h i c h h l d  n o t b e e n i n c o r p o r a t e d i n t o t h e c o r a l s k e l e t o n .

Samples  o f  3. da mi c o r n i s  wer e  t ak e n  b y  c u t t i n g  t i p s  f r o m b r a nc h e s

Ef for  ts were made to ma ke  the t i p s  u n i f o r m. A1wit h lr ir e c ut te r s

th o u g h t h e s i z e v a r i e d f r o m 3 - 7 2 m g , t h e r a n g e f o r a n y o n e e x p e r i m e n t

wa s s m a l l e r . I n  § . c o m p r e s s ; o n l y o n e s m p l e f r o m e a c h b r a n c h  w a s

t a k e n . T h i s  w a s i n t h e f o r m  o f e 5 . 8  n m  d i a m e t e r c o r e t a k e n f r o m t h e

e n d o f t h e  b r a n c h  w i t h a l 2 c o r k  b o r e r . T h e c o r e s t a k e n  w e r e l o n g

e n o u g h t o p e n e t r a t e t h e t i s s u e o n t h e e n d s u r f  a c e o f t h e  b r a n c h .

I n  3 . c o up r es s a a f  t er  n q ale a wer e ta k e n  t h e  t i s s u e  u n removed,

wh i l e  i n  g . ds mic o rn i s t h e s amp le s  we r e o rd i nn r i ly  dr i ed  a nd  we i gh e d

S mp le n  d r i e d  a t  1 0 5 '  C  f o r  1  h r  g a ve  s  c o n s ta n t  we i g h tf i r s t
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Us u a l l y th e  a n lple  wa sTi u u e  r e mo va l  wa s  b y  a l k a l i n e  h y d r o l y s i s

tr e a te d f o r  7  mi n  i n  5 . 0  m l  o f  0 . 5  o r  1 . 0  N N1 0 8  i n  n  b o i l i n g  wa te r

Uly d to ly sa te wa s sa ve d i f  a  p r o ta i u  d e te r u i n a t i c r n  wa s  t o  b eba th

Th i s  u s a  s u f f i c i e n t f o r  t i s s u e  r e mo va l i n  t h emade; se e C ha p tn r  I V. )

i n p e r f o r a te  s p e c i e s  3 . d e n i c n r n i i , b u t  5 . compress;  needed more

Th e  p r oc a du r e was  th e  s a me  exc ep t  t h at  i t  wa sr i g o r o us  t r e atme n t

per formed twi c e , a n d  a f  t e r  e a c h  t r e a tme n t  i t  vu  t h o r o u g h ly  s h a k e n

Tis sue  r emo va l wsn fo l l owe d  b y  a  t h o ro u g hw i t h a V o r  t e x  J r . M i x e r

r i n s i n g  o f t h e  s a mp le s  2 - 5  t i me s  wi t h  a p p r o xi ma te l y  2  n l  o f  wa te r .

W i th  3 . c o mp re s s;  t h i s  u ns  do ne  af  t er  ea c h  tr ea tme nt  wi th  t he  Na OH.

( Ho n i t o r i n g  o f  t h e f i n a l  r i u e e a  e 1 \ r a y s  i n d i c a te d  l o u  l e ve l s  o f  r a d i o -

e c t i v i t y . ) Th e  s k e le ta l  s u n p le s  we r e  t h e n  d r i e d .

F o r  : n a y  o f th e i nc o rp o ra ted  '5 C a a  P ac k ar d  Tr iC a rb  Li q ui d

The  s ke le ta l samplesS c i n t i l l a t i o n  S p e c t r o me te r , Model  2002 ,  was  used

we r e  p r e p a r e d  f o r  a n y  b y  b e i n g  c o mp le t c l y  d i s s o l ve d  i n  0 . 5  m l  o f 3 H

HC I .  f o r  t he  3 . d mi c o r n i s  s a mp le s  a n d  1 . 0  o r  2 . 0  ml (de pe ndi ng  on  t he

A l i q u o ts  o f  0 . 2 0CEIP ressa samplesle n g t h  o f th e c o re s) f o r  t h e  3

0 . 2 5 , an d  0. 5 0  ml  r e sp e c t i ve l y  we r e ta k e n  f r o m th es e  s o lut i o n s  sn d  p u t

i n  l i q u i d  s c i n t i l l a t i o n  v i a l s  a l o n g  w i t h th e  s c i n t i l l a t i o n  s y s te m.

Th e  f i r s t (Co unt ing  Sy ste m 1 ) , developedT h i s sy s t e m  w a s o f w e t y p e s

by  Lu t va k (1959) for  c ou nti ng  4 553  s ample s,  was c o nq mse d of  f».0  ml

e th y l  a l c o h o l  t o  6 . 0  m l  o f  a  O A I  d i p h e n y l o xs z o l e  s o l u t i o n  i n  t o lu e n e

The other  sy s temF i ve  ml  o f t h i s  f l u i d  we r e  a d d e d  to  e a c h  vi a l

(C ou n ti n g Sy l te n  2 ) i n v o l v e d  a d d i n g  4 . 0  1 1  o f  d i s t i l l e d  u n t e r c o  th e

sa mp le  a nd  1 0 ml  o f I n s t ; - G e l (Pac kard In s t r ume n t  C o . , i n c . ) T h i s

u n  s h a k e n ( f o r mi n g  3  t h i c k  g e l ) and c oun ted. A l l  c o r a l  s xxp le s  we r e

c o un te d to  1 0 ,0 00  c ou nts (e xc ep t  f o r  s amp les  o f l o u  a c t i vi t y  wh i c h  we r e
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c o un ted  f o r  10 0  mln ) to  g i ve  e q u i v a l e n t  s t a t i s t i c a l  a c c u r a c y  f o r  a l l

B e c a u s e o f  h i g h  a c t i v i t y t h e s e s  u n t e r s a m p l e s  w e r e u s u a l l ysu r p lu s

Fi n a l c o u nts  on  e a c h  a mp le  we r e  c o r r ec te dc o u n t e d t o 5 0 , 0 0 0  c o u n t !

f o r  ba c k gr ou nd  a nd  r ad io ac ti ve  d ec ay

cA1.cU1.»\TIONs

Host o f th e  r e s u l ts  we r e  e xpr e s s e d  i n t e r ms  o f t h e  q u a n t i t y  o f

Ca C0 3 de po si te d pe r  un i t  o f  su r f  a c e  a re a pe r  ho ur (ng CaC03}ml2fhr )

d a m i c o r n i s t o  su r f  a c e(The  c o n ve rs i on  of  we ig h t me a su r emen t :  i n 3

ar e a i s d i sc u ss e d i n  t h e  n e xt  c h a p te r . ) T h e e q u s t i o n

ng  C A CO 3 ( c o r a l )

n g CA CO 3 ( s e s u n t e r )

CPM ( s e a  u n t e r )
CPI*I ( c o r a l )

was u sed t o c on ver  t th e  r ela t i ve  C P H ( c o un ts  pe r  min u te ) t o  a b s o lu te

The term ng CACD3 (s ea  vate r ) ]C PH ( s en  water ) i s  t h eng CS EO;  u ni ts

ra t i o  o f  C 30 0 3  to C P M i n  t h e i n c ub a t i o n s e n  wa te r ( s v ) , CPH ( c or al) i s

t h e  a c t i v i t y  o f th e  c or a l  s amp le , :nd ng CACO3 ( c o r a l ) i s t h e  q u a n t i t y

of  C10 03  de po si t ed ln  t h e  c o r a l  s a mp le .

T h e se n  w a t e r C 1 0 0 3 c o n c e n t r a t i o n  w a s c a l c u l a t e d f r o m  s t a n d a r d

va lu e s  o f  C a  c o n c e n t r a t i o n  i n  s e a  u n te r  wi t h  a  s a l i n i t y  o f  3 5 ° / o o

This uns 0.613 mg Ca/g su giving 1.056 mg CaC03{m1 su(cumin, 1965)
( I t l a  a s s u me d  t h a t  a l l  C a  i s  e i t h e r  i n  t h e  f o r m o f  C a C 0 3  o r  i s  r e a d i l y

a va i l a b le in au c h fo r m th r o u g h  e q u i l i b r i u m r e a c t i o n s . )
\

Th e de te ra ai nn io n of  C FM ( nr ) and CPH ( c o r a l )  wa s  wi t h  t h e  l i q u i d

s c i n t i l l a t i o n  s p e c t r o me te r  a s  a l r e a d y  d e s c r i b e d S e a  w a t e r c a u se s

I n Co un tin g Sy ste m 1 the  C ou ntma rs  q ue nc hi n g th an  t he  c o ra l sa mp le s

i n g  e f f i c i e n c y  r a t i o , se a  u a ter z c or a l,  was  0 .8 9 0 I n C o u n t i n g S y s t e s

2 1:  uns 0 .98-s



19

s l e mx n c  n a m mu i s

S a mp l i n g  o f  t h e  c o r a l  o c c u r r e d  a t  t h r e e  p o i n t s - - t h e  s e le c t i o n

o f  c o l o n i e s ,  b r m c h e l  w i t h i n  c o lo n i e s , and t i p s  o r  c o r e s  f r o !  t h e

Th e  c o lo ni e s  us e d  f o r  t h e s e e xpe r i l ea ta  we r e n o t  a  r an d o mb ranches

Hhs the r  usings a mp le  o f  t h e  c o lo n i a l  o f  e i t h e r  o f t h e  wo  l p e c i e s

Co ll e c t i on  Me tho d 1 o r  2  th e  c o lo ni e s  u s e d i n  a n  e xp e r i n en r  we r e

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

de s c r i b e d  mo r p h o lo g i c a l  c r i t e r i e .

d a n d c o r n i l  c o lo n i e s  s e le c te d  f o r  t e s t i n gThe branc hes f rom I f

we r e  t h o s e  t h a t  h a d  n  s u f f i c i e n t  n u m b e r  a f  t i p s ( f o r  l a t e r  s a mp l i n g )

md  th a t we r e  n o t  o bvi o u s ly  d a mag e d  o r  u n h c al t h y . Tips  we re c ho sen

fo r  t h e i r  un i f o mi t y  o f  s h a p e - - s tub b y  a n d  o dd  s h n p e s  wer e  a vo i d e d

A f  t e r  s tu d i e s  i n ve s t i g a t i n g  g r o wth  g r s d i e n t s  i n  3whe n p os sib le

da n i c o rn i e  c olo n i e s ( C h a p te r  V ) ,  n o te  c a r e f u l  s e le c t i o n  vu  ma d e .

Br a n c h es  f o r  a  g i ven  e xp er i me n t we r e  or d i n a r i l y  r emo ve d  f r o m ai u d l l r

p o l i t i c a l  i n  a  c o lo n y  a n d  o n l y  t h e  mo l :  a p i c a l  t i p s  w e r e  c h o s e n I t

vu  h o p e d  th a t  t h i s  s e le c t i o n  wo u ld  d e c r e a s e  va r i a b i l i t y
o

I n  5 . c o mp r e s s :  t h e  p o si t i o n  wi th i n  t h e  c o lo n y  u ns  n o t  c on s i d e r e d

T h i s  w a s i m p o r  t a n tl n  i r p o r  t xn t  i n  t h e  l h a p e  I n d  l i z e  o f  t h e  b r a n c h

Al l  c o r e s we re  t ak eni n  o b t ; i n i n g  c o r e s  wi t h  u n i f o r m s u r f a c e  a r e a s

f r o m th a  e n d  o f  b r a n c h e s  l i n c l  s i d e  c o r e :  a h o u u d  s i g n i f i c a n t l y  l o ve r

c n l c i f i c a t i o n  r a t e : ( s ee  C ha pter  V ) .

Llcm HEASURDIENTS

Downwar d i r r a dianc e ( a t  t h e  a p p r o xi ma t e  p o s i t i o n  o f  t h e  c o r a l s

v u d e te r a d n d  i n  I n c u b a t i o n  S y l t e n s  2  n n d  3dur i  ng an  i n c u bat i o n)

u s i n g  . n  S p e c t r o r a d i o n te r  Hn d e l  S R { I n l t n me n t . a t i o n  S p e c i a l i t i e s
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Th e  r e i u l  t l  a r eCo mp a ny )  wi th  5  r emo te  f i b e r  o p t i c  p r o b e a t t l c h n e u t

7  a lo n g  wi t h  me a s u r e me n ts  n d :  o f  d i r e c t  s u n l i g h tp l o t t e d  i n  F i g

(1: 30 -2 :0 0 PH on  A ug us t 6, 1970) an d  un d e rwa ter  a t } .  l  d ep th (A. A

I n te g r a t i o n  o f  t h e  c u r ve s f rom A00 qsRoth , per so nal c ommu nic at i on)

to 75 0 u p gave do wnwar d i r r adi an c e (in pwf  c nz) of  &G,000 ( d i r e c t  l u n

l i g h t ) ; 26,000 (u nd er wa te r  at 1 m) ; 6, 70 0  ( I nc u ba t i o n S y s tem 2) ; m d

30,000 ( I nc ub at io n  S y s te m 3) .

Th e  wa ve le n g th  o f  ma xi ma  i n te ns i t y  f o r  I n c u ba t i o n  S y s te m 2

( f l u o r es c e n t l i g h t s )  mo r e  c lo s e l y  c o i n c i d e s  wi t h  s u n l i g h t than does

Sy stem 3 [GE  C o o l- B e n l a mp ) , bu t t h e  t o ta l  i n t e n s i t y  o f  S y s t e m 3  i s

more c omparable to  n a tu r a l  d a y t i n e  l u x i n u m  l i g h t  l e ve l s No adequate

measure was mad e for  Sy stem 1. i t s  i n t e n s i t y  wo u l d  h a ve  b e e n  l e n than

Th e  o p t i mu m l i g h t  i n te n s i t y  f o r  p h o to s y n th e s i sei t he r  Sy s tems  2 o r 3

(o f t h e  z o o n n t h e l l a e ) a n d  c l l c i f i c a t i o n  p r o c e s s e s  i n  c o r a l s i s  n o t

known; Hn l l d a l (1968) di d  s ho w s a tu r a t i on  o f  o xy g e n p r o d uc t i o n ( wi t h

mo no c hr o ma t i c  li gh t : - 6 60  np ) at 95,000 ergsf c mzf  aer ; ( 9,50 0 pw/ c uz) bu t

n o  i n h i b i t i o n  u p  t o  a t  l e n t 225 ,00 0 a rgs / c mzf lec (22,500 }Nf  c m2) .

I d e a l l y  t h e  l i g h t  i n te n s i t y  o f  S y s te m 2  c o u l d  h l v z  b e e n  i n c r a a s e d

in  S y ste m 3  b y  u si n g  mor e  f lu o r e s c e n t  b ulb s  r a th e r  t h a n  c h a n g in g  t o

Thi s wa s no t do ne  b ec aus e i t  wou ld  h ave ma dean inc an desc ent l i g h t

t h e  s y s te m to o  b u l k y  f o r  e a s y  t r u u p o r  t a t i o n



GIAPTER IV

INVESTIGATION O? PARAMETERS FOR nxrnzsswc CALCI?1C.AT10?l

INTRODUCTION

B o th  f i e ld  a n d  l a b o r a to r y  s tu d i e s  o f  g r o wth  r a te s i n  c o r a l ! la c k

pr e c i s io n  b c c a u se  of  i na d eq u ate  me th o d:  of  meu u r i n g a nd  exp re s si n g

Di s c ou n t in g  s uc h  ph e n ome n a  u  g ro wth g r a di e n t!  wi t h i ngr o wth  r ate s

c o l o n i e s ( s e e C h a p t e r V ) c a l c i f i c s t i o n i s p r o b a b l y s l i n e a r f u n c t i o n

o f s u r f  a c e a r e s ; h e n c e , i t m a y  o f  t e n  b e b e s t e x p r e s s e d i n : s z a n o f

The i r r e gula r  s ur f  ac es  an d sh apes  ho weve r ,  make thes u r f  a c e a r e a

d i r e c t  n e n u r e me n t  o f  s u r f  a c e  : r e a  d i f f i c u l t ; th e r e f o r e  oth e r  p a r a

G o r e l u co n s  i d e r e dme te rs  h ave us ua ll y  be en  u se d (Goreau, 1959)

or g s n i c  ni t r o g e n [d ete rmin e d by  th e mic r o- Kje ld ah l  meth od ) to  b e

th e  mo st  sa t i sf  ac tor y .

The  s ur f  a c e  a rea  o f  g. c o mp r e s s ;  vu  s i mp le to  : e n s u r e  a n d  i t
\

wa s  u n d  u  t h e  p a r a me t e r  f o r  e xp r e s s i n g  c a l c i f i c a t i o n  r a te s i n  a l l

F o r  g . d a m i c o r n i a , h o w e v e r , i t i n iexp e r i me n ts  wi t h  g . compressa

t i z l l y  s e e me d  th a t the re  was  no  s de qu ate metho d for  o btai ni ng su r f  a c e

e r e a  d i r e c t l y ; th e r e f o r e , oth e r  p a r a me te r :  we r e  i n ve s t i g a te d  1 |  p o s -

These weres i b le  e l t e r n e t i ve  me th o d s  o f  e x p r e s s i n g  c a l c i f i c a t l o n
\

t a t l l  s n n p le  w e i g h t . , s k e le t a l  we i g h t , ti s su e wei gh t; ( t o ta l  s a mp le

we i g h t  : s i nu s  s k e le t sl  we i g h t ) md  t i s s u e  p r o t e i n  we i g h t T h e se

weight  measu rement ;  were  c ompa red wi th I .  "c ompu ted"  s ur f  ac e area

21
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( b u e d  o n  t h e  t o t a l  | | Q 1 |  w e i g h t  l u s u r e l e n t ) . Th a  me th o d f or  ex-

p r e s s i n g  c l l c i f i c s t i o n  v u  c o n s i d e r e d  b e n t th a t  g a ve t h e  l e n t  v a r i n b l e

renul c s

HATERIALS AND Hrruons

Fo l i a -C i o c l lt a n u  Me th o d fo r  P r o te i n  De te r mi n n t i o n

A a o d i f i c at i o n  o f  th e  F o l i a -C i o c a l r e au  me th o d (L0\ - 'YY et al

19 5 1 )  wa s  u le d f o r  p r o te i n  de te r mi n a t i o n . Rea ge nts c o ns i s te d of

0 . 1 2 1  s o d i u n  ( o r  p o t l s l i u l ) t l r  t r n te  l o lu t i o n  u d e  u p  i n  n  0 . 0 6 1I

8.01 1452 603 s olut i on; I I I . Fo l i a r e ag e n t59 2 0  s o lu t i o n ; I I0150

A t  t h e  t i l e  o f  a n  a s s a y , s o lu t i o n . :  I  a n d  I I  ve r a(1 Pheno1:2 H203
c o mbi n e d i n e q ue l  p e r  t :  t o  f o r m th e P ro te in  Re a g en t . A  p r o te i n  s ta n -

da rd  s to c k ao lu ti o n ua e pr e pa re d f r o m Bo vi n e Albu ai n  P owde r (F r a c t i o n

V) an d  h a d  a f i n a l  c o n c e n t r at i o n  o f  2 0 0 - 6 0 0  , u g  p r o te i n f n l - de p e n d i n g

on  th e  p r ep a r a t i o n D u r i n g  a n  a a e a y  t h i s  s ta n d a r d  s o lu t i o n  vu  o r d i n

ar i l y  t r ea te d wi th  NaOH in  t he  s an e  ma n n er  a e th e  l a mple s a n d t hr e e

c o n c e n t r a t i o n s  o f  t h i s  a l k l l i n e  t r e a te d  s to c k  s o lu t i o n  we r e  p r e p a r e d

b y  d i l u t i o n :

l u

6 p a r  t s w a t e r1  p l r  t  s t a c k  s o lu t i o n

r |3 I | l l : 2

05 l l l a l l

Th e s e  thr e e  d i l ut i o n :  wer e  u s e d to  pr e pa r e e  s tan d ar d  c u r ve

Th e  s o lu t i o n s  t o  b e  as s a y e d we r e  pr e p a r e d b y  s olu t i o n  o f  t h e

c o r a l  t i u u z th r o u g h  n l k a l i n e  h y d r o l y s i s , an d  5  ml  of  Pr o te i n Rea g en t

vu  A d d e d  to  0 . 5  m l  l l i q u o t s  o f  b o t h  s ta n d a r d :  md  l s l p l e l In cu b lt in n

f o r  o o o  h o u r  a t  r o o m t e q a e n tu r a  vu  f o l l o w e d  b y  t h e  a d d i t i o n  o f  0 . 5

A  o f  F o l i o  r l l g e n t  a n d  i m a c d z ln te  t h o r o u g h  l i xl n g . Th i r t y  mi n u te s
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la te r  t h e  o p t i c a l  d e n s i t i e s  o f th e  s o lut i o ns  wer e  r e a d a t  6 5 0  n m on  n

P r o t e i n c o n c e n t r a t i o n s f o r t h eBec kman DU or  DBG spec trophotoleter

ti s s u e  s o lu t i on s  we r e  r e a d f r o :  t h e  n tn n d n r d  c u r ve

S i n c e p r o l o n g e d t r e a t m e n t w i t h s t r o n g  a l k a l i  i a y r e d u c e t h e

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

m e t h o d ) , w h e n h y d r o l y z i n g t h e c o r a l t i s s u e s  s u f f i c i e n t l y r i g o r o u s

t r e a t m e n t t o c o q a l e t e l y r e l o v e a n d s o l u b i l i z e t h e c o r a l t i s s u e wa s

n e c e s s a r y , b u t n o t s o r i g o r o u s a s t o s i g n i f i c a n t l y d e c r e a s e t h e

A  t r e u m e n t  w i t h  5  m l  o f 1 N o r  0 . 5  N N| 0H f o rne u u r e z b  l a  p r o te i n

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

ve r i f  y  t h e  e f f e c t i ve n es s  o f  t h i s  p r o c e d u r e  si x s a mp le  t i p s  f r o m a .

He ig h ts  r a ng e d f r o mdmi c o r ni a  c o lon y  we re  dr i e d a nd  we i gh e dF.
Ti s s u e  u a l  r e mo ve d  wi t h  5  n l  o f  0 . 5  H N3 0 3  i n  a11 . 8  t o  7 5 . 1  n g

Al i q u o ts  of  t h e  h y dr o l y s a te  we r e  r e n ove d  a t  Aha i  li n g  wa te r  b a th

S t a n d a r d s h i d i d e n t i c a l t r e a t7 , ll a, a n d  2 1  g i n  o f  a u c h  t r e n n e n t

Pr o te i n a s sa y s o f th e  h y dr o ly s ate  we re  ai d em e n t

Th e  t i a a u e  o r  p r o te i n  c o n te n t i s  n o t  n e c es s a r i l y  a n a c c u r a te

in d i c a to r  o f  s u r f  ac e  ar e a o r  a n a de q ua te p a ra mete r  f or  exp re s si n g

c a lc i f i c n t i o n  r a te , ain c e  so me  c o ra ls ( p a r  t i c u la r l y  t h e  p e r f o r a te

c o r a l s ) h a v e  t i u u e th a t  p e n e t r a te s  i n to  t h e  c o r a l l u m ( " i n te r n a 1 "

Th e  e xte n t  o f t h i s  i n t z n u lti s s u e ) as  we l l  a s  c o ve r in g  i t s  s u r f  a c e

In expe r i me nt P2  s amplesda mic o r ni s  wa s  i n ve st i g ate dt i s s u e i n  P

da mi c or n i s  c o lo ny  we re  d r i e d  a nd  t r ea te d  wi t h  9  mlremoved f r o l  s  2

Te n  la n p le n  we re  t r e a te d  f o rof  0 . 5  N NJ OH i n  n  b o i l i n g  wa te r  b a th

T adn, nin e az mples  f or  11 |  ad n, a n d  s e v e n  f o r  2 8  l i n Sk e1 et ;1

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

i n t e r n a l  t i s s u e  s e v e r a l  o f th e  si mp le ;  f r o m z a c h t i me  g ro u p  we r e p u l
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Th e  we i g h t :va r i n d  t o  |  p o v d c r  wi t h  l o r  t l r  a n d  p s l t l e ( i n  T a b l e  6 )

o f  t h e  p u l ve r i z e d  n n p le s  we r e  d e t e r l i n e d  a n d  a l l  n q a le a  w e r e  t r e a t e d

A f  t e r  c a n t r i f uwi t h  0 . 5  l l  Na OH f o r  1 0  d n  i n  a  b o i l i n g  w a te r  b a th

g l t i o n  o f  t h e  p o wd e r e d  l a l p le s  a l i q u o ts  o f  u c h  l s q a l e  l o l u t i o n  we r e

I n  l  l i l d l n r  e x p e r i m e n t {e.1rp¢r iuent P3}r a l o v e d  f o r  p r o t e i n  u u y

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

Qu er y  di sk  o n a  D re : - e1  Moto  Too l Mo de l 27 0 ) - - r athe r  th a n by  ; 1k 11 in e

The  pr oc e du re f or  ea c h  exper ime nt i s  e u n m r i z e d  i n  T a b l e  6hy dr o ly l  i s

C o q u r i s o n Va r i o u s P a r n n ete r s  f o r  E xp re s s i n g C n lc i f i c a t i on  Ra te

Oth e r  p a r l l e te r i - mo r e  r a p i d l y  me a s u r e d th a n  t i s s u e  p r o te i n

Hea su re i l nt s we re  mad e on  c or al  s ampleswe i g h t - - we n  i n ve n t i g n t s d

that had been incubated in 55Ca lnr ifihtd nl unter I n  exp e r i men ts

P8  a n d  P 5  to ta l  s a n p le  we i g h t , s k e le t a l  we i g h t , d r y  t i s s u e  w e i g h t ,

a n d  p r o te i n  we i g h t  we r e  I n s u r e d ; i n  e xp e r i me n t  P 6  o n l y  t o ta l  : a mp le

A1 1  s amp le s i n  P5  we re  f r o!  a  si n g len i g h t  a n d  p r o t e i n  we i g h :

S i x | ; q > 1 e  t i p s f r o m e ac h  o f  t h re e  c o lo n ie s  we re  us e d i n P 6c olony

an d  e i gh t  te mple s f r om es c h o f th r e e  c o lo ni e s  i n  e xpe r i men t  P 6

bn t i o n  pr o c e d u r e f o r  e a c h  e r p a r in e n t  i s s u mma r i z e d  i n  Ta h l t  5 .

l n c u

The

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

t h e me  p a r a me te r :  vu  u s e d  a s  t h e  b n i s  o f  c o n p l r h o n  b e tw e e n  th e

d i f f e r e n t  p a t s : - s te r n .

E l t i n a t i o n  9 ;  S u r f mt e  A r e a  f r o m To ta l  S le  He i g h t

F r o u  t h a n  a xp a r i n a n ts (Pia-P6) i t  a e e n s d  t h a t  t o ta l  a ; q : 1 e  we i g h t

u u  a s  u t i l f s c t o r y  n  p n r l l e t e r  f o r  e x p r e s s i n g  c a l c i f i c a t i o n  u  m y  o f

th e othe r  metho ds  1 - r h ln  u si ng  n n- p l e s  o f  l i m i l u l i z e  md  s h n p e I t  wa s

n o t i c a d  t h o u g h  th n t  w i t h  i n c r e a s i n g  I a lp l e  we i g h t  c a l c i f i c n t i o n  r a te



Z5

Th i s  c o u ld  b e  b tc n u le  o f  g r o wthp e r  u n i t  we i g h t  d e c r e a s e d  s l i g h t l y

g r a d i e n t  p h s u n le n n  a lo n g  t h e  a xi s  o f  n  t i p , a n d / o r  b e u u n  u l c i f i c a t i o n

Li t e  i n  A  f u n c t i o n  o f  s u r f  ac e  a r e a  ra th e r  c h sn  we i g h t T h e l a t t e r  u l l

i n ve l t i g a te d  b y  d eve lo p i n g  a  r e l s t i o n  b e twe e n  th e  wei g h t  a n d  l u r f  a c e

To  d o  t h i s ,  w e i g h t , l e n g th , an d d in : - : te ra r e a  o f  g . dn ni c o rn i s  s amples

ne uu re n en ts  ma de  by  A . A. Ra th ( p e n o n n l  c o n u n i c n t i o n )  o n  3 0 6  g

Th e  i d e xl i z e d  sh a p e  o f  t h e s ed mi c o r n i s  c o r a l  l a lp l e s  w e r e  u s e d

s u p le l  vu  c o n s i d e r e d  t o  b e  a  h e mi s p h e r e ( d i s ta l  p o r  t i o n  o f t h e  t i p

sample) plu s  a  c y l i n d e r  ( pr o xi ma l  p o r  t i o n ) an d th e su r f  a c e  a re a ua l

c n l c u ln te d  a s :

Su r f  a c e  a re a of  s a mp le  I  S ur f  ac e a re a of  c y l i n de r  +

Sur f  ac e area of  h emisphere

Zf rh  +  2 41

2* i r ( h  +  r )

2111

( d l

( u h e je  r  l  r a d i u s  o f  c y l i n d e r  md  h e n i l p h c r e , h  l  h e i g h t

o f  c y l i n d e r , 1 I -  le n g th  o f  s amp le , an d  d  -  d i a me te r  o f  s a mple )

Th e  r e lat i o n b e twe e n th e s u r f  a c e  ar e a  ( a s  c a l c u la te d  by  t he  a bo ve

Eonsuls) an d  we ig h t o f t h e le  a mp le ;  i n  e xp r e s s e d  b y  t h e  e q u a t i o n

Surfscs area I 62.3(1.0 - e-0.0298\.eight)

Ob vi o u s l y  t h i s  r e 1 1 ! : i o n  i l  n o t  va l i dB.Th i s  r e h t i o n  1 |  s h o wn  i n  P i g

f o r  n q le  s i z e !  s u c h  b e y o n d  t h e  r a n g e ( 5 7  l g )  o f  t h e  s a q mle  s i z e s  o n

wh i c h  i t  i s  b a s e d  s i n c e  s u r f  a c e  a r e a  i s  n o t  l i mi t e d  t o  6 2 . 3  m2  a s the

S u r f  a c e  a r e a  a s  c xl c u la te d  f r o :  t h i s  e q u a t i o n  i se q u a t i o n  i n p l i e s
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compared : ln Table 7  wi t h  t h e  o th e r  p a r me te r s  a s  a  me th o d  f o r  e xp r e s s i n g

c a lc i f i c n t i n n

RESULTS AFD mscusslorz

Re s u l t s  o f  e xp e r i me n ts  P l , P2, an d  P 3 a r e  g i ve n  i n  Tab le  6 A

sma l l  d i f f e r e n c e  b e twe e n  s p p l r e n t  p r o te i n  c o n te n t  o f t h e  h y d r n l y u te a

Abo ut 951  off r o m t h e f o u r d i f f e r e n t t r e a t m e n t t i r e s i s s e e n i n P 1

t h e m a x i m u m  vn l u e i s o b t a i n e d a f  t e r t h e fa l i n t r e a t n e n t , a n d c o n t i n u e d

t r e a t m e n t b e y o n d 7 m i n s ee m s t o c n u s e a : m a l l d e c r e a s e i n t h e a p p a r e n t

Of th e  f o u r  t r e a tme n t t i me s  i n ve s t i g a te d  t h e 7 minp r o t e i n c o n t e n t

tr ea tmen t a ppea red th e mo s :  sa t i s f  a c tor y

Exp e r i me nt  P 2  a l so  i n d i c ate s  t h a t l i t t l e i f  m y  a d d i t i o n a l  p r o te i n

1|  a c c es s i b le ( n o n - p u lv e r i a e d  l u p l e l ) to  h y d r oxid e  t r e atmen t b ey on d

Sin c e the  me c ha nic al abr asi on remove d o nly  su r f  ac e t i s s u e (and711111

henc e s ur f  ac e  pr ote in) expe r ine nt P 3 sh owed th a t  mo a t  o f  t h e  p r o te i n

ac c e s s i ble  i n  t he  n o n - p ulve r i z e d a n mp lea  i a  s u r f  a c e  p ro te i n - - th e  a l k a

li n e  h y d ro l y s a te  c o n ta i n e d l i t t l e  p r o te i n  w h e n  th e r e  wa s  p r i o r t i s s u e

P u lv e r i z i n g  t h e  s k e l e t a l  a mp le ;  d o e :  a p p u e n t l yre mo va l by  s br as io n

r e l e a s e  mg  a m o u n ts  o f  u i d i t i o n a l ( i n te r n a l ) pro tei n \ r hi c h may  be s

Sinc e s ur f  ac e p rotein  i n  g_ d a m !c o n s t i t u e n t o f t h e o r g a n i c  m a t r i x

c orni s c omposes  probab ly  more tha n 95 2 of t h e  t o t a l  p r o t e i n (c ospare

pr o te i n  c o n te n t .  o f  P 1  s amp le :  wi t h  p r o tei n  c o n ten t  o f  p ul ve r i z e d s a mp le s

in  P Z) and  i n an y  c a se th e  i n t e r n a l  p r o te i n  i s  n o t  r e a d i l y  a c c e s s i b le

to  t h e  n l k a l i n e  h y d r o l y s i s , t h e  p r o t e i n  c o n te n t  o f | .  s m p l e l h o u ld  b e  a

I n  Ta b le  7  i t  i s  c o mp a r e d  wi t hr e l i a b l e u t i m a t e o f i t s s u r f  a c e a r e s

o th e r  p a r me te r s  a l  s  m e th o d  f o r  e xp r e s s i n g  c z l c i f i c a t i o n
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1| . b 1 e  7  g i ve s  t h e  r e lu lt a  f o r  e xp er i me n ts  P h , P5,  and P6 The

{S£ and nrd  De vi ati onh lea n) ' 100] i lCoefficient of Variat ion IC. V

Th e  r e s u l t s  i n d iu s e d  u  a n  i n d n x o f  t h e  s u i t a b i l i t y  o f  5  p a r a me t e r

c a te than th e  p a r  t i c u l a r  p a r x n e t e r  u s e d  ma k e s  r e l s t i ve l y  l i t t l e  d i f

Th i s  e vi d e n t l y  r e s u l t . :  f r o m g r o wth  r a tef e r e n c e i n t h e C . V . v a l u e s

g r a d i e n t s  e x i s t i n g  a l o n g  t h e  u i a  o f  l  t i p  s a i p l e G r o w t h o c c u r s n o

mu c h  mo r e  r a p i d l y  i n  t h e  d i s ta l ( h emis ph er i c nl ) p o r  t i o n  o f  t h e  t i p  t h a n

i n  t h e  p r o xi ma l ( a lmo s t  c y l i n d r i c a l ) po r ti o n t ha t  ( 1 30 0 3 d np o ai t i o n  o c -

c u r r i n g  i n  t h e  c y l i n d r i c a l  p o r  t i o n  h a s  r e la t i ve l y  l i t t l e  e f f e c t  o n  t h e

Thus th e  s i z e (we ig ht or  s ur f  a c eto t a l  c a l c i f i c a t i o n  r a t e  o f t h e  t i p

area) o f the t i p - a n lo n g  a s  t h e  f ; | t  g r o wi n g  d i s ta l  p o r  t i o n  1 |  c o m-

p le te l y  i n c lu d e d - - i s  n o t  o f  ma j o r  s i g n i f i c a n c e  i n  d e te r mi n i n g  t h e

Th e  g r o wth  g r a d i e n t  ma s k s  t h e  ef f e c t  t h a tamount of  CaC03 d eposi ted

Si nc e th e c h oi c esi z e  h a s o n  t h e q u a n t i t y  o f  C aC O3  d e po s i t e d  p e r  t i p

o f  3  p a r a m e te r  m a k e s  r e la t i v e l y  l i t t l e  d i f f e r e n c e i n  t h e  C . V. v l l u e l

t h e  va r i a b i l i t y  o f  t h e  r e s u l t s  a p p e a r s  n o t to  be  an  ar  ti f  a c t o f the

me th o d  of  e xp r e sn i c n  h $  r a th e r  an  i n h e r en t  p r o p er  t y  o f t h e  c o r a l .

Th i s  a g r e e s  wi t h  t h e  r e s u l t s  o f  Go r e a u (1 9 5 9 )  wh o  g e t  s i mi l a r l y  h i g h

va r i a b i l i t y  u s i n g  p r o t e i n  n i t r o g e n  e l th e meth od  of  e xpr e ss i on .

I n  t h u  f o l l o wi n g  e xp e r i m e n t s  c a l c i f i c a t i o n  : a te  r e s u l t s  f o r  g .

d a m i c o r n i a e x p e r i m e n t s  w i l l  b e e x p r e s s e d i n t e r m s o f t h e " c o n p u t e d lr

The C. v. va lues for "Surf  ace Area" were u lou u. ifsu r f  a c e a r e a

n o t  s l i g h t l y l o ve r  t h a n , f o r  a n y  o f th e  o the r  p a r ame te r s,  a nd  i t  ma d e

compress: exper  tdmi c o mi s  exp e r i me n ts  a n d  . 5c o q mr i s o n l  b e twe e n  5

:e n t s  c o nve n i e n t i f  b oth  we r e  e xp re s s ed  i n t e rms  of  s ur f  ac e  ar e a .

Go r u u (1959) exp r e s s e d  c a l c i f i c at i o n  r a te i n  p g  C ai n ;  NI ! 1 1 u n i t s T o

c o a p u s  h i s  v1 1 u e |  wi t h  my  r e s u l t s ,  va lu e s  e xp r e s s e d  i n  n g  C a C 0 3 l : ! 2 f h r
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un i t s  c m b e  c o n ve xL a d  a p p r o xi ma te l y  t o  p g  C a f n g  N/ h r  u n i t s  b y  d i vi d i n g

T h e r e i s a p p r o x ib y  6  f o r  3 . dn mi c o r n i l a n d  b y  6 0 f o r 3 c o m p r e ss :

ma te l y  1 . 5  p g  N ln s z  i n  t h e  2 . d n i c o m i a  l g n p l u n  md  2 ! »  p g  N / $ 2  i n

_§'. c oqaressa  samples, u s u n l n g  t h a t  t h e  n i t r o g e n  w e i g h t  i s  1 6 1  o f  t h e

Th e  t y p i c s l l y  l o w e r  r a te s  o f  c a l c i f i c s t i o nto  u l  p r o te i n  we i g h t

ob ta i ne d b y  Go r ea u  p ro b ab ly  r e su l te d f r o m h i s la r g e r  s a mp le s i z e s (100

mg  vs. ap pr ox. 15 mg) .md  lon g e r  i n c u b a ti o n  p er i o d s ( se e Ch apter  V ) .
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ESTIHATIUN OF cnosrm mm:  non CALCIFICATION RATES

INTRODUCTION

E r r o r s  i n t r o d u c e d  b y  t h e  l a b o r a to r y  s i t u a t i o n  c o u ld  r e l u l t  i n

mi s le a d i n g  c a l c i f i c a t i o n  r a te s  a n d  i n a c c u r a te  e l t i n a te a  o f  g r o wth

Th ey  mi g ht .  b e  c u r s e d b y  c h a ng e s i n t he  i n t r i n si c ( o r  r e a l )r a t a !

c a lc i f i c a t i o n  r a te  d u e  t o  h a n d l i n g  o r  b y  a b r u p t ( a n d  p o s s i b l y  u n la t i s

f  ac tor y ) c h a n g e s  i n  t h e  g r o wth  e n vi r o n me n t  o n  t r a n s f e r  t o  t h e  l n b o r -

Gr o wth  g r a d i e n t :  wi t h i n  n  c o r a l  c o lo n y , 65 0 .  d e po s i t i o n
stor y

thr ou gh  i no rg sn ic  e xc ha ng e, an d  i n ap p ro p r i a te  me tho d s o f  e xp r es s in g

c a lc i f i c s t i o n  ( d i s c u s s e d in  C ha p ter  I V)  may  c a us e  er r o r s  i n t h e

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

Di u r n a l f l u c tu a t i o n  i n  c s l c i f i c s t i c m  r a t e i s  s n  s d d i t i o n s l ,  p o t e n t i a l

ln u r c e  o f  e r r or  wh e n  e s t i ma ti n g  l a n g - te r m g r o wth  r a te s fr om shor  t

P r a c t i c a l l y , k n o w le d g e  o f  d i u n u l  f l u c tu ;t e r m  c a l c i f i c a t i o n r a t e s

t i o n s  i s  a l s o  n e c e s s a r y  i f i n c u b l t i o n a  a r e  t o  be  p e r f o r me d  a t  s e v g f

ti me s  o f  t h e  d a y .

funn' ALQ; AKD HETHODS \__

To  i n ve s t i g a te  c h mg e s  th a t  o c c u r i n  t h e  i n c r i n n i c  c a l c i f i c a t i o n

ra ta  du e to  th e  e xpe r i me n ta l  me th o d th e c o r re la ti o n be twe en  C 10 0

D e g r e e  o f  l i n e a r i t y  o fd e p o s i t i o n a n d i n c u b a t i o n t i m e  w a s a x m i n e d

a  r a te - t i n s  c u r ve  s h o u ld  p r o vi d e  i n f o ma t i o n  o n  t h e  u g n i t u d e  o f  a n y

29
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c h a n g e  th a t  o c c u r s  i n  t h e  i n t r i n l i c  c n l c i f i c a t i o n  r a te  d u r i n g  u m  i n

I n  t h e  f i r s t ( exp er imentYou r  expe r i me nt !  we re  p er fo rn ndc u b s ti o n

L l ) , r a te s i n  : n a p les  r e mo ve d ( f r o m b r an c he s o f  a  3 . d a ld c o r n i s  c o l

ony ) nc  vs r i u u n i n c u b a t i o n  t i me s ( f r o:  1  t o  21 1  ho u rs )  we r e  c o q nr e d

Calcification rates in 3. compress: saaplesE xp e r i n e n t  L 2  wa s  l i n i l a r

t a k e n  a t  d i f f e r e n t  i n c u b a t i o n  t i me s ( f r om S to 6 0 a dn)  we re c ompar ed c o

le a  i f  m y  i n i t i a l  h s  i n  5 5 6 ;  i n c o r p o r a t i o n  m i g h t  h e  o b s e r ve d I n

e xp a r i mc n t l  L 3  md  I A th e  c o r a l s  we r e e xp o s e d  to  a  su d d e n  a t r e n  o r

dr a s t i c  c h a n g e  i n  e n vi r o n me n ta l  c o nd i t i o n s  n r  t h e  c ome n c e a e n t  o f  t h e

Th e  e f f e c t  o f t h i s  l t r e u  v u  o b s e r v e d  i n  t h e  c a l c i f i c ain c u b lt  i o n

t i o n  r a t e  o f  s u u p l e u  t a k e n  l t .  d i f f e r e n t  i n c u b n t i a n  t i me : T h e s t r e s s

i n  exp er i le n t.  L3  wa s th e  s u d d e n  e xp o su r e  t o  l i g h t  o f  b r a n c h e s  o f  3 .

c ouprgs whic h ha d be en k ept i n  t h e  d s r k  f o r  8  h o u r s (6:30 PH-2:50 AH)

gy gi c ar n iu )I n  U s  t h e  s t r u t ( usin g 3.p r e vi o u s  t o  t h e  i n c u b a t i o n

c o n s i s te d  o f  n n  i mme d i a te  i n c r e u e  o f  6 ' C  f r o m th e  r e e f  t e xp e r n tu r e to

th a  i n c u b at i o n t e mpe r a tu r e .

Unless th e  l i vi n g  c o e n o u r c  f o r ms  a n  e f f e c t i ve  b n r r i e r  t o  e r -

change, 65 6 .  d e p os i t i o n  b y  i n nr g mic  e xc h mg e ma y  p r od u c e  a p p ar e n t c a l

c i f i c s t i o n  r a t e s  t h a t  u e  g r e a t e r : h m t h e  r e a l  r a te s  s i n c e  4 5 6 ;  a n y

The amountb e  d e p o s i t e d  i n  t h e  c o r a l l u m wi t h o u t  n o t  g r o wth  o c c u r r i n g

o f  e xc h m g e  : c r o s s  b o th  t h e  l i vi n g  a n d  d e a d  c o e n o n r c  vu  s tu d i e d The

q u u u t i t y  o f  c xc h m g e  : c r o n the l i vi n g  c o e n o u r c  wa s  i n ve s t i g a t e d  b y

i n i t i n l l y  i n c u b a t i n g  k n l c i f i c n t i o n  i n c u b a t i o n ) th e  c o r a l  i n  5 5 6 |

Af ;  theen r i c h e d  le a  wa te r ( 3 . 0  h r  i n c u b a t i o n  i n  E l ; 0 . 5  h r  i n  E 2 )

t c n i m l t i o n  o f th i s i n c u b at i o n a c ne  c o r a ls  wer e  r e move d  a n  s a i ple s

( c o n t r o l s ) an d  t h e  r e a r  we r e  t r a n s f e r r e d  t o  a  ve s s e l  c o n ta i n i n g  n u n

ra d i o a c ti ve  s e a  wa te r  f o r  a  s e c o n d  i n c u b a t i o n (exc ha nge  in c ub ati on)
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Ca  c o n te n t o f  t h e  sn lp le l  t nk e n  a f  t er  t h e  e xc h a n g e  i n c u b a t i o n  w

c o mpa r e d wi t h  th a t o f t h e  c o n t r o l  s x q a le s .

Exc ha n g e a c ro s s t h e d e ad  c o e n ou r c  wa s e xami n ed  by  i ni t i al l y

k i l l i n g  t h e  c o r a l  i n  c o ld  wa te r - a t  l e a s t  0 . 5  h o u r  a t  5 ° C  o r  c o ld e r .

Ac c ording c o Edmondson (1928) th i s  i s  s u f f i c i e n t t o  k i l l th e se  c or a l

The  de ad c or al was tr a n s f e r r e d  t o  n n  i nc u b a t i o n  ve s s e l  c o nspec ies

Branc hes were r emoved and samplesu i n i n g  r a d i o a c t i v e  s e a  u n t e r

ta k en  af  t er  0. 5  ho u r  o f i n c ub a ti o n

G r o w t h g r a d i e n t e x p e r i m e n t s i n v o l v e d c o m p a r i n g  c a l c i f i c a t i a n r a t e s

i n su zp le s r emoved f r o m se ve r a l p o s i t i o n s  wi t h in  a  c olo n y  o r  1 1 0: 1 5  a

c oqgrensa, grn die nt s wer e e xa min ed (exUi th i n  b r a n c h e s  o f  Ebranc h

pe r i ne nt  G1) by  c o mp a r in g  c a l c i f i c - a t i o n  r ate s  i n  c o re  s a lp le s ta ke n f r om

:h e  s i d e  o f  a  b r a n c h ( P o s i t i o n  I )  wi t h  r a te s  i n  c o r e  s a mp le :  t a k e n  f r o m

F o u r  t y p e s  o f  n n p l i n g  p o s i t i o n sth e a nd  of  a  br a nc h ( P o s i t i o n  I I )

Ty p e  IA- - l at e r a l t ipsdn nd c omi s c olo ni e s we r e d es i gn a te dwi th i n  P

f r o n p er i p he r al  b ra n c h e s ( i . e . , branc hes around th e  o u t si d e  me r gi n  o f  e

c o lo ny ) , Ty p e  I B - - t c r n i n l l  t i p s f r om pe r i p he ra l  b ra n c h es , Ty p e  I I A -

l e te r a l  t i p s  f r o m c e n t r a l  b r e n E h e e ,  Ty p e  I I B - te r mi n e l  t i p s  f r o m c e n t r a l

I n  e xp e r i me n t  G2  c e l c i f i c a t i a n  r a te s  o f  n n p l e s  r e mo ve d f romb r a n c h e s

eac h  of th a n  f ou r  p o s i t i o n s  we r e  c omp a r e d

D i u r n a l  c h mg e s  i n  c a l c i f i c a t i o n  r a te  we r e  s tu d i e d  b y  c u mp n r i n g

n t e l  o b u i n e d  d u r i n g  i n c u b a t i o n ;  a t  va r i o u s ti me J  o f the day I d e n t i

da n 1 c o mi n we re  p er f o rme d  i n  du p l i c a teul 0.5 hour incubation!  of _El

( an  c o ns ec u ti ve day s) at  9 : 00  A H, 12:0 0 no on, md  3 :0 0  PH i n e xpe r i me n t

In  e xp e r i me n t D 2  0 . 5  h o u r  i n c u b a t i o n :  u n d e r  c o n d i ti o n :  o f  b o thD1

An inc ubali g ht  an d  de r k we re  pe r f or med  at  b oth  n o o n a nd  mid n ig h t

ti o n  ve s s e l  d a r k e n e d  wi t h  b la c k  p n in t  a n d  t a p e wa s  u s e d  f o r  t h a  d a r k

F o r  a l l  i n c u b a t i o n ; th e  c o r | 1 |  we re  ml in ta in e d  un d e ri n c u b a t i o n :

1



32

No  p er i o d o fo r d i n s r y  n a t u r a l  l i g h t  c o n d i t i o n s  u n t i l  t h e  i n c u b l t i o n

C o r a l s  i n  t h e  d u hn c c l i m a t i o n  p r i o r  t o  t h e  i n c u b a t i o n  vu  p r o vi d e d

i n c u b a t i o n  a t  n o o n  a n d  t h e  l i g h t i n c u b at i o n  at  n i gh t  we re  s u dd e n ly

Co ra lsexpo s ed  to  n ew li gh t .  c o n di ti o n!  a t  i nc u ba ti o n c o n ne nc e c len t

us e d  i n  th e  d a r k  mi d n i g h t i n c u b at i o n  we r e  p ro te c ted  f r o m l i g h t wh e n

t r a n s f e r r e d  t o th e  i n c u b a ti o n  ve s s e l a n d  t h r o u gh o u t  t h e  i n c u b a t i o n .

c o mp r e s s ;  l i g h t  a n d  d a r k  i n c u b a t i o n :  a t  n i g h t  we r e  p e rwi t h  P

Si :  b ra n c h e s we r e  u s e d  i n  t h e d a r k  i n c u b at i o n ,formed (expe r imen t D3)

The darkAl l  b r an c h es  we r e  f r om the  su r e  c o lo n yth r e e  i n  t h e l i g h t

i n c u ba ti on  wa s f r om 12 :6 0 AH to  1 :1 0 AH, th e  l i g h t i n c u b at i o n  f r o m

O t h e r w i s e t h e p r o c e d u r e  w a s t h e s a m e a s : h u f o r2:60 A H c o 3 :10 AH

d u l i c n r n i s (axp er iment D2)th e  d a r k  a n d  l i g h t  mi d n i g h t i n c u b a t i o n ;  o f §

RESULTS AND DI scassmn

Re s u l t s  o f  e xp e r i me n t !  L 1 - L 6  a r e  g i ve n  i n  F i g s . 9- 1 2  r e s pe c t i ve l y

A l l  e x p e r i me n ts  s h o w a t  l e u r  1  s m e l l  c h a n g e  i n  c a l c i f i c a t i o n  r a te

wi t h  i n c u b a t i o n  t i me ( p o s i t i ve  o r  n e g a t i ve  s lo p e s  o f  t h e  d a s h e d  l i n e s )

b u t  o n l y  i n  t h e  c u e  o f  L 1 i s thi s c h an ge (slope 1*  0) s t a t i s t i c a l l y

A t  2 4  h o u r s  t h e  c a l c i f l c l t i o n  r a t e (as  r e ads i g n i f i c a n t (P (  U.001)

f r om th e re g r e s s io n  l i n e )  wa s  o n ly  a b o u t IL M of i t s  o n e  h o u r  vo lu e

Ap p a r e n t l y  a  r e d u c t i o n  o f  c n l c i f i c n t i o n  r a te  ma y  o c c u r  d u r i n g  l o n g

Some of  Goresu's (1959)in c u b at i on  p e r i o ds  u n de r la b o r a to r y  c o n d i t i o n s

Th e r ea s on  ma y  b e  p l I  c hmg el  i n  th ere s u l t . :  s h o we d  |  s i mi l a r  r e d u c t i o n

i n c u b a t i o n  u n te r ,  wu t :  p r o d u c t  b u i l d u p , re du c e d oxy g e n te ns io n,  o r

u n s a t i s f  a c to r y  c i r c u la t i o n , l i g h t , an d  t e mp e r atu re  c o n d i t i on s .

I n sho r  t i n c u b a t i o n :  t h e r e  i s  n o  i n d i c a t i o n  o f  a  d e c r e u a  i n  r a te

wi t h  t i me  n o r  o f  a n  i n i t i a l  l a g  i n  ( d c .  d a p o s i t i o n , in _g c o n p r e l l a
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In  an o th e r  e xp e r i men t (n ot f ur  th er  di sc u sse d) s i m i l e :10uns
Th is  e vi de nc e i n d i c a t e !d m i c o m i sr u u i u  we r e  o b ta i n e d  wi t h  _ F l

th a t  t he  1 0 5 53  i s  tr a n s p or te d  ve r y  r ap i d l y (wi t hi n  o ne  mi nu te ) ac ross

th e  c o e n os a r c  a n d  d e p o l i t e d i n  t h e  sk e le to n , th u s  ma k i n g  ve r y  l h o r t

i n c u b a t i o n : f e u i b l e - m d  p r e f e r a b le  t o  t h e  l o n g  i n c u b a t i c n s .

Th e  a b s e n c e  o f  a n y  a p p a r e n t  e f f e c t :  o f  " l i g h t "  s t r e s s  o n  c a l c i f i

l l ) ag r e e s wi t h  o th e rc ompress; (e xp er imen t L3 , Fi gc a t i o n r a t e i n  P

data {Gor en u, 1959) th a t i n d i c a te th e  i n d e pe n d e n c e  o f  c g l c i f i c a t i o n

In  e xpe r i men t  I A ( F i g . 12) no  o ve rr a te f r o m  l i g h t i n  t h i s  s p e c i e s

sho ot  ar  t i f  ac t d ue to  t h e  a p p l i c a t i o n  o f  h i g h  t e q a e r a tu r e  s t r e s s  wa s

ob vi o us , tho ug h i t  h as  be en  r ep or  t ed fo r  o th e r  o r g a n i s m: (Gra in ge r ,

A n y a n o m a l i e s d u e t o t e m p e r a t u r e a c r e s ! i f p r e l e n t  w e r e e i t h e r1958)

masked by th e  v a r i a b i l i t y  o f  t h e r e s u l t s  o r  o c c u r r e d  s o  r a p i d l y  t h a t

t h e i r  r e s u l t s  we r e  n o t  a p p a r e n t .

Th e  r e s u l t s  o f th e e xc h an g e e xp er i me n ts  ar e  g i ve n i n Tab le B

Th e  e xc h an g e  r a te va lu e s  f o r  e xp e r i ms n ts  22 - E 5  a r e b u e d  o n r e s u l t s

I n  E l , however , the  e xc ha ng e ra teof  0 .5  h ou r  exc h an ge lu c u b n i o u n
|

i s  a n  e s t i ma te , r and f r o n  a  r e g r e s s i o n  l i n e ,  b a s e d  o n  u n p le s (67

(Th is wasun mple s  s l t og e tha r ) l l k e n  o v e r  a  p e r i o d  o f  e i g h t  h o u r s

nec essary bec ause t h e  v a r i l b i l i t y  o f t h e  n q n le a  wa s  a u c h  t h a t  b y  i t s e l f

F o r t h o s e :  e x p e r i m e n t sth e  0 . 5 h ou r i n c u b a t i o n  u u  n o t  n e mi n g f u l . )

i n vo l vi ng  exc h a ng e a c r os s th e  l i ve  c o e n o u r c th e  va lue :  g i ven  u n d e r

" C a 1 c i f i c a L i o u  Ra te "  a r e  t h e  r a te s  o h tn i n e d  d u r i n g  t h e  c a 1 c i f i c | \ Qn

The "Exchange Rate" is the observed reductioni n c u b a t i o n  ( c o n t r o l s )

( f r o m  t h i s  c a l c i f i c a t i o n  r a t e ) t h a t  o c c u r r e d  i n  t h e  e xp z r i n e n tn l

I n  n e i t h e r c a s e , h o w e ve r , w a sn a p le s  d u r i n g  t h e  e xc h a n g e  i n c u b l t i o n

th e  r e d u c t i o n  l t a t i l t i c n l l y  l i g n i f i c n u t (Pc  0.25 f o r  E l ; ?< .0 . 75  f o r  E2 )
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Th e  c n l c i f i c a t i a n  r l t e l  g i ve n  f o r  t h e  r e s t  u f th e  e xc h a ng e  a xpe r i l e ntn

we r e  r l t e s  o b ta i n e d  d u r i n g  o th e r  e xp e r i n e n ts  b u t  u n d e r  i n c u b a t i o n

c o n d i t i o n s  l i m i l l r  t o th a n  o f  t h e  e xc h a n g e  i n c u b a t i o n  wi t h  wh i c h  t h e y

P r o b a b ly  e xp z r i n e u t  B 6  g i v e s  t h e  n o n :  r e l i a b le  va lu eare compared

I n  t h i !  e xf o r  e xc h a n g e  a c r a l l th e de ad  c oe n os ar c  i n  5 . d mi c o r n i a

per ti nent th e  u n e  c o lo n i e s  we r e  u s e d to  o b ta i n  b o t h  t h e  c a l c i f i c a t i o n

Th e  r es u l t s a g r ee  wi th  t h e wo r k o f  Go r e s u a n dan d e xc h nn g z r at :

Th ey  sh o we d tha t  whi l e c on si d er a bleGoreau (1 96 0b )  on  o th er  s pe c i es

exc hange oc c ur red in  ba r e  c o ra l  sk e le to ns  a nd  ac r o ss  th e  de a d c o en o -

N o  c o r r e c t i o n s f o ru r e , 1 : i s  s l i g h t  a c r o s s th e  l i vi n g  c o e n o s a r c

in o rg a ni c  e xc hmg e wer e  de e mn d  n e c es s ar y  i n  a n y  o f  t h e f o ll o wi n g e x

per imen ts

Th e  g r o wth  f o r m o f  a  c o r a l  c o lo n y  i n d i c a te s  t h e  n a tu r e  o f  t h e

A branc hed c olonyg r o wt h  r a te  g r a d i e n t !  e xi s t i n g  wi t h i n  t h e  c o lo n y

sh o u ld  h a ve  t h e  h i g h e s t  g r o wth  r a te  a t t h e  t i p  o f  a  b r a n c h ; i n  f  a n,

le a f - s ha p ed , o r  e n c r u s t i n g  c o lo n i e s , th e  g r e a te s t  r a te s  a r e  a r o u n d  th e

p e r i p h e r y  o f  t h e  c o lo n y ; a n d  mu l i ve  o r  s p h e r o i d a l  c o lo n i e s  s h o u ld

Th e  gr o wth  r ate  gr a d ie n ts h o w l i t t l e  o r  n o  g r o wt h  r l t e  g r a d i e n t s

exp er ime nt (C l ) u s i n g  g . c ompre ss;  do es sho w A  di f f e ren c e (P»r.0.005)

b e twe e n  t h e  c n l c i f i c a t i o n  r a te  o f  s n lp le  c o r e s  t a k e n  f r o m th e  e n d  o f

1 b r a n c h  a s  op p o s e d to  c or e s  t lk e n  f r o m th e s i d e (Ta ble  9 ) En d c nr u

c a l c i f i e d  f i ve  t i l e s  m o r e  r a p i d l y  t h a n  t h e  a i d e  c a r e s . I n  2 . _ 5 -

c o r n i l ( expe r imen t G2) n o  s i g n i f i c a n t  d i f f e r e n c e (P ¢ O. 2 5 )  val  o b s e r ve d

b e twe e n  c a l c i f i c a t i o n  r a te !  i n  e a n p le  t i p :  r e mo v e d  f r o m p e r i p h e r a l

bra uc h ea  an d tho se  re mo ved  f r om c ent ra l b ra nc h es ( i . e . , IA  a n d  I B  vs .

I I A  a n d  I I B ) , b u t  a  d i f f e r e n c e (Pr . 0.00 05) d i d  e xi s t  b e twe e n  th e

la t e r a l  s a mp le  t i p a  a n d  t h e  t e r mi n a l  t i p s ( I A  a n d  I I A  va . IB and I I B ,
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Su lp le s  f r o m th e te r mi n a l  p o s i t i o n  c a l c i f i e d  a l mo s ts u  T s b l i  1 0 )

s i :  t i m e s  a s  n p i d l y  u  t h a n  f r o m  t h e  l a t e r a l  p o s i t i o n
g

D i u r n a l f l u c t u a t i o n : i n  c a l c i f i c l t l o n r a t e i n  3 . d n m i c o r n i s a r e

I n  e x p e r i me n t  D 1  vl r i l b i l i t y  t e n d s tolu f l l a r i z e d  i n  Ta b le s  1 1  : n d  1 2

ma s k  my  c h a n ge s  i n  c n l c i f i c a c i o u  r a te th at  may  o c c ur  f r om 9 :0 0 AH to

3: 0 0  P H ( Tlb le  1 1 ) . Th e r e  vu  1 t e n d e n c y ( P€0 . 10 ) to wa rd s  a d e c r e u e

in  r a te  f r om 9 : 0 0 A H to  3 : 00  P H. Sinc e th i s  exp er ime nt  ue s  d on e ,  wor k

Vmdermeulen (p er so na l c c r mr mmni c n ia n)  hu  ver i f i e d th i s  i n t e rb y . )

pr et a t ion , and A. A. Roth (per s onal conls nicat ion) hu  s ho w n  n in il a r

in experiment ; D2 (Table 12) ther ed i u r n a l  f l u c t u a t i o n s  i n  A c r n p o r a

u n  a  d i f f e r e n u e (P-C 0.0DD5) be twe e n  r a te s  et  no o n  e n d mi dn i gh t , those

a t  n o o n  b e i n g  t wi c e  a n  t e p i d  l e  t h o s e  a t  n i g h t . The  d i f f e re nc e  b etwe en

l i g h t  a n d  d a r k  c a l c i f i c e t i n n  r a t e s  vu  n o t  s i g n i f i c a n t (P<  0 .25 ) .

Th e r e  u n  n o  s i g n i f i c a n t  d i f f e r e n c e (PC 0.90) b t t ve e n  d u h  a n d

l i g h t i n c u b l t i o u l  l t  n i g h t . i n  5 . c ompress: (1580 ; r _ 150 ug C1603/ :nz/hr

+  SE M f or  t h e ds r k  i n c u b at i o n  c ompa r ed  u i th  1 . 73 9 1 1 08  f o r  th e l i g h t

Ne i t h e r  d i d  t h e  d i f f e r e n c e  b e tw e e n  th e s e  n i g h t  r a te :  mdinc ub lt io n)

th e  d a y  r a te s  a p pe a r  s i g n i f i c a n t g . c z o mp r e su  i n e vid e nt l y  mo r e i n

dmlidepe nden t of t h a  d a i l y  c y c l e  a n d  t h e  i i g h t  c o n d i t i o n s t h m  i l  3

c o r a l s

Exc apt f o r  t h e  d i u r n a l  f l u c tu a t i o n s  i n  r a t e i n  3 . dami c or uia  no

i i g n i f i c n n t  e r r o r s  a p p e a r  t o  b e  i n t r o d u c e d  b y  t h e la b o r a to r y  s i t u a t i o n

i f  t h e  i n c u b a t i o n  p e r i o d  i s shor  t and i f samples are r emoved f r o |  a p -

I t  s h o u ld  b e  p o s s i b lep r u p r i a te  p o s i t i o n s  wi t h i n  t h e c o lo n y  a t br a nc h

th e n  wi t h  a p p r o p r i a t e  c a l c u la t i o n s  t o  u l t i m a te  c o r l l  g r o wt h  r a te s  f r m

th e  c l l c i f i c n t i o n  r a t e s . Th e  c s l c u la t i o n l  a r e  s i m p le  f o r  § . c oqzressa

De n si t y  o f t h e  g . c o mp r e s s ;  s k e le to n  1 |  1  mg / m3  o r  1  I 3  C J C O1 13



36

n s u l i n g  t h a t  t h e  s k e le to n  i n  c c mp o s e d  o n l y  o f  C | C 0 3 . Ul i ng  22 5 0 n g

C a C 0 3 h n 2 f h r  1 |  a  t y p i c d  c a l c i f l c n t i o n  r a te  f o r  a n  e n d  c o r e  s a mp le

f r o m 1  br a n c h  o f  3 . conpressn ( u e  Ta b l e  9 ) t h u  g r a n th  r a t e  o f  t h a t

br a n c h  i s  c al c u ln te d  a n

2.25 x 103 ns c1co3.fm2fhr
G r o w t h R a t e

x 106 ng C.| C03, fmn3
1 . 0

2.25 x 10"3 amfhr

19.7 mf yr

A: che same ti me th e l a bo r ato r y  e xpe r ime n ts  wer e  b e i ng  d un e ,

n a tu r a l  g r o wt h  r a te a  o f  2 3  b r a n c h e s  o n  f i ve  d i f f e r e n t  c o lo n i e a  o f  3

c ompreaaa in K aneohe Bay  we re measured u sing a method  developed by

Th e  r a tes  ob ta in e d f o r  t h e  i n d i vi d u a l  b r a n c h e s  d u r i n gShinn (1966)I

The : e m was 2!ath e  f o u r  mo n th s  o f  t h e  s tu d y ranged f r om B-33 mmf y r

Pr e vi o u s ly  o b ta i n ed  va lu e s fo r  n a tu r a l  g r o wth  r a te s  i n  b r n n c h e dmf yr

Th e  g r owth  r ate  o f 19 .7P o r i t s l (Ta ble  2 ) g i ve  c o n p a r a b le  r e s u l t s

mf y r  e s t i a n t e d  f r o m  th e  c n l c i f i c n t i o n  r a te  a p p e a r s  t o  b e  i n  g o o d

ag r e e me n t :  wi t h  t he  n n tur xl  g ro wth  r a te s .

C l l c i f  i c a t i o nSimilar calculntionn can be nad: for g_. danulcornis

r a t e s  o f  3 .  d m i c o mi l  mu s t f i r s t  h e  c o n ve r  t e d  s o  t h a t the y  a re  expr ess ed

i n  : e r a l  o f  t h e  c r o s s - s e c t i o n a l  a r e :  o f  t h e  u a p l e t i p  r a th e r th a n  i n

A  t y p i c xl  r a t e  o f c a l c i f i c n i o n  o b t a i n e dte rms o f  th e s ur f  ac e  a re a

wi th  I n c u b a t i o n  S y a te l  3 ( r a te :  ob tai n e d whe n  us i n g t hi s  ay a te m we r e

2- 3  ti me s h i gh e r th an  i n  I n c ub a ti on  Sy s te m 2 ) at  i n c ub a t i o n  t e mp e ra tu r e s

of 25°C-27'C vu 500 ng CaCO3fm2fhr (where :nz is surfmce area) Sur

f  ac e a re a ave ra ge d a bo ut  1 8  n z pe r t i p  a n d  c r o n - a e c t i o n a l  a r e a  i a
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e s t i ma te d  a t  a p p r o xi m a te l y  3  1 C a l c i f i c a t i o u  r a te  i n  t e r n  o f  t h e

c r o n - s e c t i o n a l n e s  w o u l d  b e

1 8 : 1

C a lc i f i c a t i o n  Ra te
rnnn na ¢". | f §0 :. .. .2lhf1
\ . v v " o " ' " " 3 " " . - - 2

3 . 0  x 1 0 3  n g  C a C 0 3 / s n z l h r
l m

De n s i ty  o f th e  3 . da mi c o r n i s  s k e le to n  i s 1. 7  mg } m3  o r  ap p r o xi n n te l y

1 . 7 mg c;co3!m3 Th e  g r o w th  r a te  i s  c a l c u la te d  u

3.0 x 10 3 n s Ca C03 fm| 2 )hr

1.7 x 106 n g CaC0 3f :m3Growth  Rate

1.75 x 1o'3 mfhr

15.14 mmf yr

I f  g r o w th  r a t e  a t  n i g h t  i s  1 / 2  o f i t s  d a y  v a lu e (ei pe r imen t D 2)

15 . a mf  y rGrowth Rate - 2f3

10.3 mlyr

c o mp ;e i x§ o r  wi t hTh is  va lue  i s  s o me wha t lo u c omp ar ed  wi t h g

pr e vi o us  me a s ur e me n ts  o n g ro wth  r ate !  i n g . dami c or ni s (Ta ble 2)

Edmondson (1929) gu i  l f o  l n f  y r  ba se d  o n s i x s a mp le s f r om Hawai i .

No ne th e le ss  c h e c a lPlayer (1924) got  s oles- : h at  hi gh er  va lu es in Samoa

c ompress;  andu n i f i c a t i o n  r a te s  o b t a i n e d  i n  t h e  l n b o r a ta r y  f o r  b o th  g

g . d s m i c n r n i s  d o  g i ve  r e u o tu b l y  g o o d  e l t i u r e s  o f th e  n a tu r a l  g r o wth

r a t e s



CHAPTER VI

TBIPERATURE .um CALCIFICATION RATE

1N1'RODUCT1gN

Ob s e r v a t i o n s  o n  t h e  d i s t r i b u t i o n  o f  h e r mty p i c  c o r a l s  h a ve  l o n g

s u g g e s te d  a  r e la t i o n  b e t we e n  te q n e n tu r e  a n d  t h e  d i s t r i b u t i o n  o r

Alth ough  some he rmaty pi cIu xu r i o u s n e ss  o f  r e e f s (V a u g h n , 1919)

c o r a l | p ec : | . ¢ |  c m s u rvi ve s h or  t  e xp os u r e s t o  l o w te n pe r s tu r e a (Mayer \

1914, 1918; Edmondson, 1928) and  s ome c o ra l he ad pa tc he s or  p at c h

r e e f s  n y  f o r a  a t  c o ld e r  t e n p e r e tu r e e (Yabe and Sugiy ana, 1932;  Mac

In t y r e  a n d ? i 1 k e y , 19 6 9 ) ,  vi g o r o us  r e e f f  a r . nat i o n d oe s not  o c c u r  i n

ar ea l wh er e th e mi ni ma l en nu nl  t ea gp er etur e dr op !  be lo w 18 °C ( Ha l l ,

Th e  n e xi u m e n d u r n b le  t e q s e n tu r e  h u  u s u a l l y  b e e n  c o n s i d e r e d19571)

a s  a p p r o xi l a tq l y  3 6 ° C ( He l l s , 1 9 5 ` ! b ) ,  b u t  i t  va r i e s  w i t h  s p e c i e s

(E dlon dlon , 1928; May er , 19110, an d  u n d er  c e r  ta i n  c o nd i t i o n !  i t  ma y

be  lamevhn t hi gh er  ( Ki ns ma n, 196 4) .

Se ve r al  c o mpo n e n ts n a y  b e  r e sp o n s i ble  f o r  t h e  a f f e c t o f  t emp e r ;

I t  ma y  r e s u l t  f r o m  1  d i r e c t  a f f e c t  o nt u r e o n  c o r a l  d i s t r i b u t i o n

I n  t h i s  w a y  i t  c o u l d  a f f e c tt h e  I n te l  o f  p h y s i o lo g i c a l  p r o c e s s e s

rep ro duc ti on (Y ong e, 19 60 ) , f u nd i ng  re s po n se ! (Edmondson, 19 28 ) , and

A  s e c o n d  wa y  : l t  n i g h :  a f f e c t  c a l c i f i c n t i u n  i s  t h r o u g hc x l c i f i c a t i c n

R z l a t i v e l y  l i t t l ei t s  e f f e c t  o n  t h c  l o l u b i l i t i u  u f  C 0 2  a n d  C | C 0 3

i n  k n o wn  a b o u t  t h e  e f f e c t  o f  t e q n a r n tu r e  o n  t h e  r a te  o f  p h y a i o lo g i u l

F i e ld  o b s e r vs t i o n s (Shi nn, 1966) an d  g ro wth  r i n gp r o c l l l u  i n  c o r a l

38
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n n n u ls t i o u l (Hn, 1937) have sho wn  th at te n p e r n tu r e  d o e s a f f l c t  g r o wth

On ly  r ec e n t l y (Cox, 1971; C h u a n , 197 1) ,  ho wever , hi ve  an yr a t e

c o n t r o l l e d  l n b o r lt o r y  e xp e r i n c n t s b e a n  p c r f n r n e d

E v e n  l e s l : l s k o o l - m  a b o u t t e q a e r a t u r e a d a p t a t i o n i n c o r a l s , a l -

t h o u g h i t  m a y  b e as s um e d f r o m  t h e i r  d i s t r i b u t i o n  p a t t e r n t h a t t h e y d o

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

t e l p e r a t u r e a ) . H e y e r ( 1 9 1 8 ) d i d o b s e r v e t h a t i n  g e n e r a l t h o s e c o r a l a

t a k e n f r o m  w a r m  w a t e r (S a m o a ) r e a i a t e d h o t  w a t e r  n o b e t t e r t h a n , a n d

t o l e r a t e d c o l d  w a t e r  a a  w e l l a a , t h o s e t a k e n f r o m c o o l e r  w a t e r ( F l o r i d a )

H o w e ve r , a c c o r d i n g t o  M a y e r ( 1 9 1 6 ) t h e d e g r e e o f r e a i a t a n c e o f a  p a r  t i -

c u l a r c o r a l a p e c i e a t o e x t r e m e t e m p e r a t u r e  . 5 5  c o r r e l a t e d  w i t h i t s

r o h a h i t a t , w h i l e E d m on d s o n ( 1 9 2 8 ) ah o l r e d n o  a u c h  c o r r e l e t i o n  w i t h

habi . tat

Bec auaa of th e ob vi ou s i q so r  ta nc e of  t empe ra tu re i n  t h e  d i l t r i

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

a f f e c t  o f  t e q s e r n tu r e  o n  p h y s i o lo g i c a l  r a te  p r o c e s s e s T h e  c l l c i f i

c a t i o n  p r o c e l l  vu  c h o s e n  b e c n u n  o f the ba si c  impor  ta nc e of  C1003

d e p o l i t i o n  i n  r e e f  f o r a u t i o u .

HATELRIALS AND I-mruons

Fi ve  t e mp e r atu r e  e xp e r i le n t l  we r e  do n e  u s i n g  3 dumi c or ni s and

r w o u i : h P Ta ble  5  su mma r i z e s t he  la ter i nln  a n d meth od sc m l v r e ssn

u n d Ea c h  e xp e r i me n t  c o n ta i n e d  f r o !  5  t o  1 2  d i f f e r e n t  i n c u b a t i o n ;

r n p r e l a n t i n g  a s  a m y  d i f f e r e n t  t e mp e r a tu r e : B e c a u s e  o f  l i mi t a t i o n :

o f  e q u i p me n t  o n l y  o n e  i n c u b a t i o n  ( l t  o n : t e n p e n tu r e )  c o u ld  b e  p a r

formed eac h day . Th a t  l e m:  c h i t .  wi t h  C o l l e c t i o n  He th o d  1 { n xp e r i

n e n t :  T1  a n d  T b )  d i f f s r e u t  c o lo n i e s  we r e  u s a d  f o r  e a c h  t c i p s r l t u r s
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Thus, i n  e xp e r i me n ts  T1  md  Th  t h eo f  m e xp e r i me n t (ne sted de sig n)

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

wi th  C o l l e c t i o n  Me th o d  2  a l lu t h o s e u s e d a t m o t h e r t e q m e r x t u r e

i n c ub a t i o n ;  wi t hi n  on e  exp e r i me nt  wer e  on  t he  s an e  c o lo ni e s

I n  e xp e r i l e n t I l  s amp les  we re  r emo ved  l t t h r e e  d i f f e r e n t i nc ubn

To  d o  t h i s , a  b r a n c h  vu  u k e n  f r o m th e  i n c u b a t i o n  ve s s e l ,t i o n  t i me s

a m p l e ti p s  r q n i d ly  r e mo ve d , an d th e br ua c h  r etur ne d t o  t h e  v e u e l  f o r

f ur  the r  i nc uh at i on

Th e  in c u ba t i on  t emp e ra tu re s  a re  g i ve n  i n  th e  gr a p hs  o f t h e  r e s u l t s

T h e s e q u e n c e n f t e m p e r a t u r e s u s e d f o r  e a c h  e x p e r i n e n t v u r a n d o m i z e d

This  un s d one to  a vo i d  p o s s i b le  c o r r e lausi ng  r an do m numbe r  ta ble:

t i o n  o f  t h e  r e s u l t s  wi t h  a n y  u n c o n t r o l l a b le  n a tu r a l  e n vi r o n me n ta l  ve r

i a h le s (e. g. ,  moon  p has e, and c hange: i n  n a tu r a l  wa te r  t e mp e r a tu r e ) ,

unc ons c io us  c h ang es i n  te c hn iqu e, o r  s e le c t i o n  o f  c o r a l  c o l o n i e s  o r

b r n m ch e s

Th e  e xp e r i me n ts  we r e  pe r f o r me d  a t s e ve ra l  d i f f e r e nt  t i me s  o f the

d s n i c o r n i l ) a t d i f f e r e n t g e o g r a p h i c a l l o c a l i t i e sy ear  and (for g_

T h e n a t u r . | . 1 l u r f  a c e  w a t e r t e q a e r a t u r e a t t h e( 1 l n vg i i . m d E n i u e t o k )

t i m e  a n d  l o c a l i t y  o f  c o l l e c t i o n  i s i n d i c a te d  f o r  e a c h  exp e r i me n t  i n

F i g . 13.

RESULTS

Th e  c a l c i f i c a t i a n  r a te s  a r e  g i ve n  i n  P i g . l f a  f o r  g . d n l c o r n i u

On ly  t h a  r e s u l t !  o f  0 . 5  h o u r  i n c u h nand  : ln Fi g. 1 5  f o r  E c o m p r e ss :

I n  e xp e r i me n t  I 1  i n c u b a t i o n :  u e r e  f o r  1 . 0  h o u rt i o n !  a r a  p l o t t e d

15  md  1 5  a n d  i n  Ta b le  1 3and 1.5 hours as well (Table 13) I n  F i g s

th e  l a rg e :  s ta n d a r d e r r o r !  r e p re s e n t  va r i a ti o n  b oth  b e twe e n  c o lo n i c !  a n d

b l t v c m  r e p l i c a t e s  d n h i n  c o l n n d u .
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Th a  c n l c i f i c l t i o n  r a te s  o b s e r ve d  i n  e xp e r i l e n t  T 1  l r e  : s c h  l o we r

(F i g . 14) th a n  i n  t h e  o th e r  3 . d mi c o r n i l  e xp e r i me n ts Th i n  n i g h t  b e

1  r e l u l t  o f th e  d i f f e r en t  c o un t i n g p r o c e d u r e ( s e a  C h a p te r  I I I ) , th a

la r g e r  s i z e  u s e d ( lu r f  a c e  a r e a  s ve r lg e d  3 3  3 2 ,  vs 1 8  Q 2  i n  t h e

othe r tempe ra tur e expe r imen ts ) , o r  t h e  d i f f e r e n t  i n c u b a t i o n  s y s te m.

Ap p r o p r i a te  c o r r e c t i o n s  s h o u ld  l u ve  e l i mi n a te d  t h e  d i f f e r e n c e  i n  c o u n t

i n g  pr o c ed u r e  n s  1 s o ur c e  of  e r r o r . Th e  d i f f e r e n c e  i n  l i z e  c o u ld  s i g

n i f i c a n t l y  r e d u c e th e  a p p a r e n t  c a l c i f i c n t i o n  r a t e  i f  c s l c i f i c a t i o n

o c c u r s  o n l y  o r  ma i n l y  i n  t h e  d i s ta l  h e n i s p h e r i c a l  p o r  t i o n  o f  s  e z a p le

t i p (ne e Ch ap te r  IV ) . Th e  me jor  d i f f e re n c e  i n t h e  i n c u b s t i o n s y s te m

i n vo l ve d  t h e  t y p e , i n t e n s i t y ,  s o d  p o s i t i o n  o f t h e  l i g h t  s o u r c e (see

Ch s p te r  I I I )  a n d  t h i s ma y  b e  r es p o n s i b le f o r  t h e  l o v vs lu e s .

Th e  i n te r p r a tn c i o n  o f  t h e  r e s u l t s  d e p e n d s  c n  xn  ma ly s i l  o f

va r i an c e (snovs) stu d y . Th e  mi n  o b je c t i ve s  o f th i s  a n a ly s i s  we r e

1 ) to c ompare responses ( f e t a l ) a t  d i f f e r e n t  t e mp e r a tu r e s , 2) t o

de f i n e  an d  l o c al i z e  " pe a k e "  or  t e mp er a tu r e  u p t i me , and 3) to c ompare

r e s p o n s e s  o f  c o r a l  p o p u ls t i o n e  wi t h  d i f f e r e n t  h i s to r i e s ( t h e  t e n p e r -

: t u r e  h i s to r y ,  wh i c h  d i f f e r e d  d u e  t o  s e a s o n  e n d f o r  l o c a t i o n , i s  t h e

immedi ate c o nc ern, bu t  oth e r  a s p e c t s  c an n o t  b e  e li n d n ate d ) To reduc e

th e  d i f f e r en c e s  b e twe en  th e va r ia n c e : ( l n  a s s u m p t i o n  o f  mo v;  i n  t h n t

va r i a n c e s  : r e  e q u a l ] th e  l o g a r i t h n s  o f  th e  d a ta  we r e  u s e d The f i xe d

a f f e c t !  : n o va  n o d a l (Mo d e l  I , s e e  S t e e l  md  To r r i e , 1 9 6 0 )  u n  u s e d

fo r  a l l  c o mp a r i s o n s ; henc e, i n fe re nc es  c a n be  mad e  o nl v f o r th e  p n r  t i

c u l u t e l p e r a t u r u , c o lo n i e s ,  e t c . ,  u s e d  i n  n n  e xp e r i n e n t

A n  mo v:  vu  p e r f o r me d  s e p l r a te l y  o n  e a c h  t e q a e r a tu r e  e xp s r i n c n t .

I n  a l l  a x p e r i n a n ts th e r e  wa s  n  s i g n i f i c a n t  d i f f e r e n c e  i n  c n l c i f i c a t i o n

r a tu  b e tw e e n  te q a e r s t u r e l ( P L 0 . 0 0 0 5 ) . Or d i n a r i l y  a  d i f f e r e n c e ( a t
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Ho  s i g n i f i c a n t  d i f f e r e n c ele u r  P < . 0 . 0 5 ) be twe e n  c o lo ni e s  vu  f o u n d

signinbe twe e n le n g ths  o f  i nc u b a t i on  t i me ( P <  0 . 1 0 )  vu  f o u n d  i n  T1

c anc e of t h e  c o lo n y  x t e n p e r e t u r e  i n te r a c t i o n  u n  t e s te d  i n  t h o s e  e x p e r i

me n t s  wh e r e  t h e  s a n e  c o lo n i e s  we r e  u s e d  l t  a l l  t e lp e r e tu r e s .  , I r  vu

n o t  s i g n i f i c a n t (P - c  0. 1  f or  T6 ;  P < 0 .2 5  f or  T? ) f  a r  e i t h e r  o f th e  3 .

c c : p r e s s e e xp e r i me n ts  b u t we e  e i gn i f i c mt (P< 0.0005) f o r  a l l  t h e  3 .

Th e  s i g n i f i c m t i n te r a c t i o nda ai c o rn i s  expe r i me nts (T2, T3, md  TS )

tern means th a t  t h e c u rves  o f c h e  i n d i vi d u a l  c o lo n i e s  d i d  n o t  a g r e e

c lo s e l y  wi t h  e a c h  Oth e r .

An  a no vs  s tu d y  wi th in  e ac h te mp er atur e of  T1 ( t r e a tme n ts  =  t i me s ,

Th e s e P  valu e s  a r e  g i ve n i n  Ta b le 13b lo c k s  I  c o lo n i e s )  vu  a l s o  ma d e

Ty p i c a l l y  t h e r e  i s  a  r e d u c t i o n  o f  c a l c i f i c a t i o n  r a t e  wi t h  i n c r e a s i n g

in c ub a ti o n ti me  bu t t h i s  i s  s i g n i f i c a n t ( s i xth  c o lumn ) on ly f o r  t h e

Th i s  ma y  r e su l t  e i t h e r  f r o m a n a d ju stme n tm o r e e x t r e m e t e m e r a t u r a s

o f th e  c or a l  to  t h e  n e w te mp e ra tu r e (n o t c o mp le te d  du r in g  th e  1. 0  ho u r

ac c l ima t i on  p e r i o d ) o r - n o t e  l i k e l y - - f r o m d e t e r i o r a t i o n  o f t h e  c o r a l

ph y s i o lo g y  p e rh a p s  le a d i n g  e ve n tua l l y  t o d e a th

W i thi n nac h of the  t empe ra tu re  expe r i me nts on e o r  mo re  " pe ak s"

Some ar e p xo mi nen n wh i le  o th er :  a re l i t t l eor  mn xi na  ar e  p re s en t

A  m u l t i p l e c o m p a r i s o n s t e n t - - D u n < ; a n ' | Ne w  } h 1 } . t i p 1 emo re  th an  plate au s

R u g ;  T u t (Dumcan, 1955; S te e l  a n d  To r r i e , 1 9 6 0 ) - i s  u s e d to  d e f i n e

md  lo c a l i z e  t h e  s i g n i f i c a n t  n a x i n l , i . e . , t h o s e  l l l xi n l  w h i c h  r e s u l t

` \f r o m o th e r  t h a n  c o lo n y  . md  r e p l i c a te  va r i a t i o n

F r a n  t h e s e r u u l t lFi g s . 1 6  a n d  1 7  g i ve  t h e  r e s u l t s  o f  t h i s  t e s t

ea c h maxi mm c a n  b e  g i ve n  a  te mpe r atu re  r a n ge  wh i c h  i n c lu d es  al l cen-

p e r a tu r e l  i mm e d i a te l y  t o  e i t h e r  s i d e  o f the  ap par ent t e q le r a tu r e  o p t i - "

lm w h o s e  r a te s  a r e  n o t  s i g n i f  L c a n t l y  d i f f e r e n t  f r o !  t h e  r a te  a t th e
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Th o s e  r a te :  n o t  n i g n i f i c m t l y  d i f f e r e n t f r o n  t h ea p p : r e n  t  l m x i l m

a p p a r e n t  ma xi m m b u t  s e p a r a te d  f r o m i t  b y  r a t i o  t h a t  a r e  s i g n i f i c a n t l y

d i f f e r e n t  n r e  n o t  i n c lu d e d Any  two maxima  no separ ated  are as sured

t o  b e  wo  d i s c r e t e  ma x i m

Te mp er a tu re  r a ng es  of  maxi ma  s o  d ef i n e d ar e g i ven  i n  Tab le 16 .

Two  f a i r l y  d i s c r e te  r e g i o n s  o f  o p t i mu m te~p e r a tu r e  e xi s t , on e c en ter -

i n g  a r ou n d 2 7' C  t h e  o the r  s r ou n d 3 1' C , one

de p en d i ng  o n t h e n s tu r sl  wate r  t e mpe r a tu r e

ad sp te d. No  mlxin s we re  s ep ar ab le i n  t h i s

s l t h o u g h  i n s p e c t i o n  o f the  gr aph ( F i g . 16)

sa ne  two te mpe ra tu r e r e g io ns .

or  th e  oth e r  b e in g  do mi na n t

to  u h i c h  t h e  c o r a l  i s

f  as hi on  i n expe r i me nt  Th,

sug ge sts ma xima in  t he se

Th e s e  r e s u l t !  s u g g e s t  t h a t  c o r a l  p o p u l a t i o n s  wi t h  d i f f e r e n t  h i s

to r i e s  r e s p o n d  d i f f e r e n t l y  t o  t e mp e r a tu r e To  ve r i f y  t h i s  l n  a n o vs

stu dy  u al  d on e  be twe e n  e xp er i men ts  p e r f o r me d  at  d i f f er e n t s e la a n s o r

I n  t h i s  a n a l y s i s  T 2 ,  T3 , . md  T5  o f  t h e  3lo c a l i t i e s danulcornin

expe r iments  we re u sed ( i t  u e s  n o t  f e a s i b le  t o  u s e  e xp e r i me n ts  wi t h  t h e

ne s te d  de s ig n , L e . , T1 and Tin) . B o th  o f  t h e  Z. c ompres s:  expe r iments

A nu mbe r  o f  di f f e ren t c o mpa r i s ons wer e made (Tab le  1 5)ve r s  u le d

Yn r  e a c h c o qz mr i s o n  o n l y  d a ta  f r o m te mpe r a tu r e s u s ed  i n a l l e xpe r i

ments  bei ng c ompa red were i nc luded

T h a a n o v n r e s u l t : a r e g i v e n i n  T a b l e 1 5 Th e P  valu es  o f imp or -

ta nc e ar e th os e f o r  " Hi l t o r y "  a n d  " Hi s to r y  x Te mp e r a tu r e "  i n te r a c t i o n .

A  s i g n i f i c a n t  P  v l l u e  f o r  " Hi s to r y "  i n d i c a te s  a  s i g n i f i c a n t  d i f f e r e n c e

behr ten _the lean r esponses ( n a m o f  c l l c i f i c l t i o n  r a t e s  a t  a l l  t e mp e r

: t u r e s  g i ve n ) o f  c o r a l s  wi t h  d i f f e r e n t  h i s t o r i e s S i g n i f i u n t  " Hi s t o r y

x 1 e l p e 1 a tu r a "  i n t e r a c t i o n  i n d i c a th s  i n  xd d i t i o n  a  d i f f e r e n c e  i n  s l o p e s
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b e tw e e n  h i s to r i e s - o f  t h e  l i n e s  c o n n e c t i n g  t h e  m e m r a t e !  a t  d i f f e r e n t

ta qa e ra tu r es , L e . , n g r e a te r  h i s to r y  r es p o n s e  a t  o n e temper ature  th en

a t  a n o th e r .

da mi c o r n i a  b o th  t h e  " Hi s to r y "  d i f f e r e n c e  a n d  " Hi s to r y  xY o : P

T e m p e r a t u r e " i n t e r a c t i o n a r e s i g n i f i c a n t i n  C o m p a r i s o n I E v i d e n t l y

t h i s  1 |  a  r e s u l t  u i n l y  o f t h e  s i g n i f i c a n t  d i f f e r e n c e  o c c u r r i n g  a t  t h e

h i g h e r  t e l p e r a tu r e l ( C o q n r i a o n  I I I ) s i n c e  n o  d i f f e r e n c z  1 |  : h mm f rom

25`°C to 29°C (Compar ison 11) f o r  e i t h e r  " H i a ta r y " (mean rates) or

H i s t o r y an T e m p e r a t u r e " i n t e r a c t i o n ( s l o p e s ) T h a t i n , i n t h e t e l p e r

atu r e  r e g i on  o f  t h e  27 ' C  op t i mum n o  d i f f er e n c e is s hown  between  Hawai i

At  t h e  h i g h e r  t e mp e r a tu r e s  s i g n i f i c a n t  d i f f e r e n c e s  a r ea n d E n i w e t o k

i n d i c a te d  f o r  a l l  c o a p a r i s o a s ( I I I , I V , V ) ; however , nn  Ha wa i i  a mn e r

e xp e r i me n t  i s  a va i l a b le  f o r  c o n t r a s t . Experiment Tia (P i g . 11%) sugg ests

th a t  d u r i n g  a u u a e r  i n  H lu l i i th e r e s po ns e t o te mp e ra tu re  ma y  be  qu i t e

s i mi l a r  t o  E n i ve ta k

c o mu re s s s s h ove d  |  mar k e d r e du c t i o n  i n  meln  c a l c i f i c nt l u n3.
r a te (n o te  "Hi sto r y "  f o r  C omp ar i so n  V Z. Table 15)  between summer  and

wi n ter  e xpe r i men ts , bu t  t h e two  temp e r a tur e  u p ti me  a r e l e s s  ob vi o u s

( r e f l e c te d  i n  t h e  l e s s  s i g n i f i c n n t  P  v l l u e  f o r  " H i s t o r y  z  Te a p e r xtu r e

i n t e r a c t i o n , Co m p a r i so n V I ) t h a n i n  _ g d n m i c o r n i l T h i s i s p e r h a p s a n

a r t i f  a c t r e s u l t i n g f r o m  t o o f e w  s a m p l e t e q a e r n t u r u

Q1 0  L l  o f  t e n  u s e d  i n  e xp r e l l i n g  t h e  r e s u l t s  o f  t e xp e r a tu r e  e xp e r i

I n  th e se  exp e r i men ts t he  p re s en c e o f t h e  wo  o p t i ma  a n d  t h el e n t :

va r i s h i l i t y  o f  t h e  r e lu l t a  ma k e  Q 1 0  va lu e s  l e s s  me mi n g f u l  a n d  mo r e

Th e  01 o ' °  f o r  th o s e  t e u pa r n z ur e  r an g e s  t h a td i f f i c u l t  t o  c l l c u l l t e

s e a r e d  : o s t  s i g n i f i u n t  i n  t h e  i n t e r p r e t a t i o n  u f  t h e  r e s u l t :  a r e  g i ve n

Pr o m th e  l o wer  t e u p e r a tu re l  u p  t o  2 7 'C  t h e  t r e n d ( i n  3in  Ta b le  1 6
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da l i c o r n i s e xpe r i men ts ) 1 |  i n c r a n i n g  q w "  w i t h  i n c r e a s i n g  n n tu r a l

L i k e w i s e , f r o n  t h e 3 1 ' C  a p t i u u n  t a h i g h e r t e m p e r ;water taiper atur e

tu r e s (T3 and TS) th e  Q1 0  i n c r e u e s (h er e si gn i f  y i ng  a  d ec re as in g

s lo p e )  wi t h  i n c r e a s i n g  n a tu r a l  u n te r  t e mp e r a tu r e .

A l t h o u g h  th e  d a t a  f o r  3 c o mp r e ss :  ; r e n o t  a s c o n c lu s i ve , the

r e s u l t s  i n d i c a te t h a t  i t  a s  w e l l  u  P d ln i c o r n i l  ml y  h a ve tw o  o p t i l u l

The ulci f icat ion rnte for g. compress;  i l severa l timestemper ;  tures

gr e a te r  t h a n f o r  3 .  d a mi c o r n i n ;  h o we ve r  t h e  e f f e c t  o f  t e mp e r a tu r e  o n

th e  c a l c i f i c a t i o n  r a te  o f  5 . c o lp r e a s a  i s  a pp a r e n t l y  l e a n ( i n  Ta b le 16

c ompa re  e xp er imen t T?  wi t h expe r i me nt !  T1  a nd  T2 over the  17 °C  to  27 °C

ra ng e) . Th e  l o v r a te s  o b ta i n e d  i n  t h e  wi n te r  s u g g e s t  t h l t  g c o m p r e u a

d a u  n o t  a d a p t  n s  w e l l  t o  l o u  t e mp e r a tu r e s  a s  d o c s  2 . da n ic o rn i s

DISCUSSION

Th e  o p ti l u n  t emp e r a tu r e  r a ng e  g i vz n  f o r t h e  f o r ma t i o n  o f  c o r a l

reef! is 25°C to 29°C {He11|, 195711) Us i n g a n nu a l  g r o wth  li n e s Ha

(1937) s h o ve d  a n  i n c r e a s e  i n  g r o wt h  r a te  w i t h  t e mp e r a tu r e  a t  l e n t  u p

tC| 2 1 ' C Shinn (1966) re p or  t ed  f as tes t  gr o wth  i n  A c r o p or a  c e r vi c o rn i s

nt  28 ° C to 3 0° C - - b o th  hi g he r  a n d l o we r  t e mp e ra tur e s  r e ta r de d  g r owth

F r o u  l a b o r a to r y  s tu d i e s  i n  B n u i i ,  C o x (19 71)  ob tai ned  an  op timum

tluperature of 30°C for Hontipora verrucosa H . Fi s k  ( p e r s o n a l1.

c oz. .mi c u:1 an) in  Hn i ue to k  sh o ve d  a n  o p ti n u a  at  3 1 ° C to  3 3' C  f o r

P r e l i mi n a r y  s tu d i e s  i n  Ha wa i i (Clau sen, 1971)A c r o p o n f o x m o n

s h o ve d  J  t e lp e r a tu r e  a p t i n u n  a t  s p p r o x i l a te l y  2 5 ' C  f o r  3 . d a l i c o r n i s .

Th e  mo r e  r e c e n t wo r k  r e p o r  t ed  h e r e  s u g g e s ts  t h a t  i t  i l  c l o s e r  t o  2 7 ' C

.md  th a t a  s e c on d  o p t i n n m my  o c c u r  at  31 ° C c o l p r e n a sh o w s aP
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Th e s e l a b or a tor y  s tu d i es  s u gg e s t a  p os s i bl y  h ig h e ra i n i l a r  p a t t e r n

te we r s tur a  o p t imu m th an  h u  p r evi o u s l y  b e e n  ac c e p te d

Sinc e the  op ti ntm temp era tu re r a nge  re po r  t ed  he re wa s b as ed on

th e  s tu dy  o f  s  s i n g le  p h y s i o lo g i c a l  p r o c e s s u s i n g  e  ve r y  s h o r  t i n c u -

ba t i o n  p e r i o d  i t  ma y  n o t  r e p r e s e n t  a n  o p t i mu m f o r  p hy s i o lo g i c a l  p r o -

c e s s e s  i n  g e n er a l  o r  o ve r  l on g e r  g ro wth  p er i o d s . Co r a l s  k e p t  o n  s

ua ts r  t s b le ma y  d i e  af  t e r  l o n g e xp os u r e ( se ve ra l we ek s) to 3 1°C

(P. J o k ie l ,  p er s on a l  c o mmu ni c at i on ) . Edmondson (1923) repo r  t ed the

d e a th  o f  § . d m i c o r u i s ( c a l l e d  b y  h i m 3 c e sp i to s a)  a f  t e r  60  mi n

exp o su r e  t o  35 ° C  ln d  a f  te r  5 h r  a t  32 ° C 3 . c oq ar ena  was  de ad  af  t er

3  h r  l t 32°C Ho we ve r  th e  exp e r i me nta l  s i t ua t i on  u nd e r  wh i c h  t he s e

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

E d lo n d n o n  i n  h i s  s tu d y  e vi d e n t l y  d i d  n o t  t u e  i n t o  c o n s i d e r a t i o n  t h e

na tu r a l t z n p e rn tu r a  r e g i me to  whi c h  h i s  c o r al s  we r e  s d a pts d Kinsman

(1965) h u  f o u n d  c o r a l s  g r o w i n g  i n  t h e  P e r s i a n  Gu l f  i n  : r e n  wh e r e  t h e

un te r  t e mp e r a tu r e  a t  t i me !  e xc a a d i  h 0 ' C . Co r a l s a d n p te d  t o h i g h

te mp e r a tu r e s  my  b e  : b la  t o  s u r vi ve  c o n n i de r n b l y  h i g h e r  t e q a e r s tu r e s

th an  pr e vi o un ly  r e c or d ed .

Ad lp t ; t i on  to  a c h a ng i ng  en vi r o nmen tal  c o mpa n an t ( s uc h as  t ampe r :

tu r e )  ma y  b e  s ho r  t . - t e r n  ( p he n o ty p i c  a d n p ta t i o n - g p p l i e d  t o  a n  i n d i vi -

du l l  o r g a ni s m) o r  l a n g - t e n  ( g a n o ty p i c  a d a p t a t i o n - s p p l i e d  t o  a  p o p u -

Th e  f o r n e r  wo u ld  b e i n d u c e d  b y  d a i l y  a n d  s s u c n n l  c h mg a ll l t i o n )

i n  t h e  e n v i r o n n e n t , t h a  l a t t e r  b y  g e o g r a p h i c  o r  l a t i t u d i n a l  e n vi r o n -

Ia n ta l  c h a n g e s . Du r in g  a d ap tat i on  t he  r a te- t eq a er a tur e  c u r va  ma y  b a

t r a n a la ta d ( to  t h e  r i g h t  o r  l a f  t ,  o r  u p  o r  d o wn ) o r  r o ta ta d (c lo c k wi se

or  c onm:¢:c 1oc ir :| . r1n} . Thua th a  o p t i l r l  t e xl p a r a tu r e , t h a  r a ta  a t tha

op t i mu m ta q mra tu r a , an d  t h a  Q10  la y  b a  a l t z r a d .
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Th e  s i g n i f i c a n t  Hi s to r y  x  ' I e z p e r a tu r e  i n te r a c t i o n  i n d i c n tu  t h a t

a d a p ta t i o n  o c c u r :  i n  b o th  c o r a l  a p e c i u I n  3 . d u l i c o r n i l t h e  a xi s

ta n c e  of  a  c a un te r c lo c k wi s e r o ta t i o n  ( i nc r e a s i ng  Qlg ) o f  t h e  r a te -

te lp e r a tur e  c u r ve ( f r o n  l o ve r  t e lp e r a tu r e s  u p  t o  t h e  2 7 ° C  o p t i n u~)

in  g o i n g  f r o m c o ld to  va r :  a d a p te d  c o r a l  c o lo n i e s  1 |  i n d i c a te d (e x-

p e r i me n ts  Tl ,  T2 ,  Té , an d  T5  i n  Ta b le  1 6 ) . I n  t h e  h i g h e r  t e mp er a tu r e

range ( f r a n 2 7 °C  to h i g he r  te q a er a tur e s ) th e r e  1 |  b o th  s  d i s c r e te

s h i f  t  i n  o p t i mu~ te mp e r a tu r e  a n d  e c o u n te r c lo c k vi l e r o ta t i o n  o f  t h e

ra te - t e lp er a tu re  c u r ve  wh e n  go i n g  f r o m c o ld to  va r !  a d a p te d  c o r a l s .

Th e  c o u n te r c lo c k d s e  r o ta t i o n ( i n c r e a si n g  Qm) c an be o bserved { i n

Tab le 16 )  whe n c ompar in g T1 md T2 ( f r om 27° C u p i n e xpe r in ente \ . r 1 th-

ou t the 31°C optimum) and T3 and T5 ( f r o n  3 1 °C  u p  i n  e xp e r i n en ts  wi t h

the 31°C optilul) Be c a u s e  o f  i n s u f f i c i e n t  d a ta  t h e n a tu r e  o f  a d a p

t a t i o n i n  P . c o q r e s n a i s n o t a s o b v i o u s A d i sc r e ta  s hi f  t i n  o p t i n r l

tempe ra tu re  may  o c c ur - - f u r  th er  c o nc lu ni on l ar e un ua r r nn ta d at t h i s

p o i n t .

Al t h o u g h a  s h i f  t  i n  t h e r a te - t emp e r a tu re  c u r ve ( t r a n s la t i o n ) i n

a u a u a l  n ath o d  o f  a da p ta t i o n , a  d i l c r e te  s h i f  t  o f the temperature

op t i mu m i l  n mu lu s l . I l oe nz y n es  ma y  be  i nvol ve d Baldwin md  Hoc h ac hkn

(1970) fo u n d  two  sc e t y l c h o l i n e l t e r a s e s ( i l o z n z y i e s ) i n  t h e  t r o u t

Th e  "wa n a"  var i a nt  o f t h e  l n xy h s  i s  f o u n d  i n  wi r :S1 1 10  gn i r d n ar i i

a d a p t e d t r o u t a n d i t f u ~ c t i o n s o p t i m a l l y a t 1 7 ° C , w h e r e s : t h e " c o l d "

v a r i a n t i s f o u n d i n c o l d a d o p t e d t r o u t a n d f u n c t i o n s b e s t a t 2 ' C .

T h e r e 1 | n t e l p a r a t u r e - d e p e n d e n t t r s n s i t i o n  o f t h e  e n z y u n h e t u e a n t h e

t w o  v a r i a n t s .

A  c o q n r a b l e  l y l t t m  i n  5 d u d c o r n i s  wo u ld  r e q u i r e r w e n z y n e l

t h a t  f u n c t i o n  mo a t  e f f i c i e n t l y  a t  2 7 ' C  a n d  3 1 ° C  r e s p e c t i ve l y The
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1,3

op t imu m te q ae r a tu r e  f o r  z a c h  e nz y u n wo uld  b e  lh l r pl y  de f i ne d , : hun

gi vin g  d i sc r e te  ma xima . A t  n o d e r l t e  n a tu r a l  wa te r  t e n p e r a tu r a l  b o th

en zy mes  wo u ld  be  pr e se n t md two  n xin n  wo uld  b e  o b se r ve d A t e x t r e m e

n a t u r a l  w a t e r t e m p e r a t u r e l o n l y  a s i n g l e en z y m e a n d  l u i m m  w o u l d  b e

p r e s e n t .

Mu l t i p le  me ta b o l i c  p a twa y s  s o me t i me s  e xi s t f o r  p e r f o r mi ng  t h e

D i s c r e t e s h i f  t s i n  m e t a b o l i c p r o c e s s e s m i g h t r e s u l tsane fu n c t i o n

f r o m two suc h pa th way s th at f u n c t i o n  o p t i ma l l y  a t  two  d i f f e r e n t  t e mp e r

E i t h e r w i t h i s o e n z y m e s o r a l t e r n a t e p a t h w a y s e n z y t e : w i t hs t u r e n

di f f  c r en t te mp e r a tu r e  mxi nn  a r e  i n vo l ve d

I t  c a n n o t  b e  s ta te d  f r o m  th e  r e s u l t s  e xa c t l y  h o U lo n g  i t takns

fo r  t he s e  c or a 1 | " to  a d a pt  t o  s n e w te q a e r atu r e  r e g i me

sever al  wee ks (c o mp a re  T3  wi t h T2 i n F ig s . 13 and  lla)

1 c i s p r o b a b l y

Shor t -term

ad a pta t i o n  u s u al l y  o c c u r s i n  d n y s  o r  wee k s (Pr oss er , 1958) I n t h e se

expe r ime nts l on g - ter m c h an ge s  i n  n a tu ra l  wa te r  t emp er atu re  du e to

geographic lo c a t i o n  ( e xp e r i me nt  TS )  h xve  e f f e c t s c o n p e r e ble  t o  t h e

sh or  t- t er m s ea s on a l n atu ra l u nte r  t emp er atu re  c h mge s F r o u  t h e s e  d a t a

th e  e f f e c t :  o f  g e n o ty p i c  a d a p ta t i o n  c a n n o t  b e  s e p a r a te d  f r o m th a n  o f

ph en o ty p i c  ad ap tat i on .

LOU tempe ratur e i s  an  o bvio us l i m i t i n g  f s c t o r  i n  c a r g l  d i s t r i

Hig h t eqz rer ntu re,  ho wever , my  o n l y  r a r e l y  b e  l i mi t i n g  i nb u t i o u

the  pr ese nt oc e ans i f  t h e  3 1 ° C  o p t i mu m i s  g ~ e r a l l y  vl l i d Ho w e ve r

c a lc i f i c n t i o n  r a te s  o b tn i n e d  a t  3 1 ° C  a r e  n o t  mu c h  g r e a te r  : h m : h o le

at 27°C W h i le  t h e  c o r a l s  | | y  s u r vi ve ( a n d  t h r i ve )  a t  h i g h  h e lp e r s

tu r e ! th e  g r o wth  r i t e  i s  n o t  g r e a t l y  e n h n n c e d On  th e  o the r  h a nd , i f

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

r e e f f o r m a t i o n  m i g h t  b e l o n n d u t f q t e r t h a n i t c o m m on l y i n

r
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I n  t h e  p u t  a n  e q u a to r i a l  b e l t  ma y  l u ve  e xi l t e d  v h z r e  t h e  v n t a r

reg ular ly  e xc ee de d 30 'C U n l e s s c o r a l s c a n a d a p t t o h i g h e r t e u p e r a

c u r u  t h an  t h o s e  r e p r e s en te d  i n  I 5  s u c h h i g h  wate r  t e up e r a tu r es  wo u ld

be  d e le te r i o u s to  c or a l  gr o wth a n d  r e e f f o r ma t io n T h e a b se n c e o f

P e l e o z o i c r e e f c o r a l s ( n c : t h e s l ! ! n p r e s e n t r e e f c o r a l s ) f r o m t h e

t r o p i c s h a s i n f  a c t b e e n a t t r i b u t e d t o  e x c e s s i v e u n t e r t e q n e r n t u r e s

( C a i 1 1 e u x , 1 9 5 1 ) .

Th e  p r e le u t  e xi s te n c e  o f  c o r a l s in are as of  unc ommonly  h igh

te qp er atur e (Pe rs ian  Gulf  a nd Re d S en ) , though, suggests th a t  t o le r a n c e

to  h i gh  te mpe r atu re s (>3 2° C}  ma y  develop C o r a l s f r o m : h u e a r e a s

s h o u l d b e s t u d i e d t o p r o v i d e n c o q s l e t e p i c t u r e o f a d a p t a t i o n t o  h i g h

t c q a e r l t n r e s .
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SUHHARY AND CONCLUSIONS

F r o m  f i e l d n t u d i e l v a r i o u s z n v i r o n n e n u l f  a c t o r s a r e k n o w n t o

On ly  r e c e n t l y  th o u g h  h x:  A  l a bo r a to r ya f f e c t th e  g r o wth  o f  c o r a l s

me tho d  b e en  de velo pe d  wh ic h  p e rn i ts  e q ua n ti t at i ve  stu dy  un d er  c o n

C o r a l s  u e  i n c u b a t e d  f o r  s h o r t  p e r i o d !  o f  t i met r o l l e d c o n d i t i o n s

Th e  r a te  o f  5 5 5 5  i n c o r p o r a t i o n  i si n  s e ;  u n t e r c o n t a i n i n g  " * 5 C a
J

Thi !  metho d h as th e  d i sus e d  a n  a  me a s u re  o f  c n lc i f i c a t i o n  r a te

ad van tag e  of  stu d y  u nd e r  t h e u n na tur a l la b o r a to r y  c on d i t i o n s  b u t

app ea rs  t o be th e  mo a t  p r a c ti c a l  q u a n t i t a ti ve  a p p r o a c h .

I t  a l s o  a f f e c t s  r a te sTe q a e r n c u r e  a f f e c t s  c o r a l  d i l t r i b u t i o n

L i t t l e a t t e n t i o n  h u b e e n g i v e n t o t h eof  ph y s  i olog i c al  p ro c e ss es

r e la t i o n  b e twe e n  c o r a l  d i s t r i b u t i o n  : n d  e f f e c t  o f  t e mp e r a tu r e  o n

Us i ng  th e ll bo r stu r y  me tho d  me nt i on e d a bo ve I stu d i e dr e a c t i o n r a t e s

t h e  e f f e c t s o f  t e n p e r a tu r e  o n  c s l c i f i c a t i u n  r a t e  i n  t h e  t wo  s p e c i e s

CACO3 deposi tion was c hoseno f  c o r a l  g . d s n i c o r n i s  m d  g c o m r e l s s

I u n e d i a te  e f f e c t sbec ause of  i ts basi c . :  impor  tanc e i n  r e e f  f o r ma t i o n

o f  t e mp e r a tu r e  o n  a a l c i f i c a t i o n  r a te  we r e  a tu d i e d , aa  we l l  a a t e u p e r a

tur e ad ap ta ti on  t o se as on al an d ge og ra ph ic  c ha ng ea i n  n a tu r a l  wa te r

Th e  r e s u l t s  c an  b e  a u xn a r i za d  a n  f o l l o w:rea per atu re

Gr o wth  r i t e s { c l1 c u 1 l t ¢ d  f r o n  t h e  c a l c i f l c a t i o n  r l t e l ) ab -

tn i ne d  i n  t he  l ab o r ato r y  d u r i n g s h or  t .  i n c u b a ti o n  p e r io d s

1 .

we r e  c o q u r a b l e  t o  : h o s e  o b ta i n e d  i n  t h a  f i e ld Th i s

so



5 1

su g g e s t :  t h a t  t he  l a b o r a to r y  I e th o d  1 |  a d e q u a te to  p r o vi d e

r e l i a b le  d a ta  o n  c a l c i f i c a t i o n  p r o c e s s e s .

Si g n i f i c a n t  er r o r s  n a y  b e i n t r o d u c e d  d u r i n g  l o n g  i n c u b a t i o n :

( s i g n i f i c a n t  d e c r e a s e  i n  r a te  u i t h  t i me ) , bu t  ve r y  l h o r  t

2 .

i n c u b a t i o n : ( e v e n  l e n  : h m  1 5  n n ) a r e  f e a s i b le No

ap p a r e n t l a g  i n  6 5 c |  d e po s i t i o n  wa s  o b ler ve d  a t the commence

me nt  o f  an  e xp er imen t

In or ga ni c  e xc ha ng e of  f | 5c a aa ro n th e  l i vi n g  c n e n o s a r c  va l
3.

n o t  s i g u i f  i a m :

A  s i g n i f i c a n t  d i f f e r e n c e i n  c l l c i f i c a t i o n  r a t e  o c c u r r e d

be twe e n s a mp les  t a k e n f r o m d i f f e r en t  p o s i t i o n s  a lo n g  1 c o r a l

6 .

Fo r  b a th  s pe c ie s , sa mple s f r o m te rmi na l ( d i s t a l )branc h

p o s i t i o n s  c n l c i f i e d  s e ve r a l ti me s  l or e  r n p i dl y  t h a n  s a mp le s

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

Th e  c l l c i f i c a t i r m r a te s  o b ta i n e d f o r  g . damic orn i l  le emed

r e h t i ve l y  i n d e p e n d e n t  o f  my  l i z e  p a r a me t e r s ( sur f  a c e e re:

5

Th i s  p r o b a b ly  i s  a  r e s u l t  o fu e i g h t , e t c . )  o f  t h e  s a mp le s

growth  grad ient pheno mena.

I n  g . dn mic o r ni s  no  s ig n i f i c an t  di f f er e nc e  wa s  ob s e rve d

betwe en  r ates oh tn i r se d a t 9: 00  A H, 12: 00 noo n,  and  3: 00 PH

Hovnve r , r a te s  o b ta i n e d  a t 12:00 noon and 12:00 nnidnight

we r e  s i g n i f i c a n t l y  d i f f e r e n t .

6

Th i s  e f f e c tTmp e r l t u r e  h a s  a  l u r k a d  e f f e c t  o n  t h e  r a te1

va r i u  d e p e n d i n g  o n  t h e  h i s to r y  o f  t h e  c o u l ( i . e . , cenpera

3. dudcornis  shoud both a 27°Ctu re  ad a pta ti o n o c c u rs )

an d  a  3 ] . 'C  o p t i n m te q a e r a tur e - - o n e  or  t h e  o the r  b e i n g

d o z i n mt  d a p e n d i n g  o n  t h a  n a tu r a l  wa t e r  t e q e r i t u r e  t o  w h i c h
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TABLE 7

Th a  C mz f f i c i e n ts  o f  V a r i n t i o n IC. v . - (S tmd a rd  D evi st i n n/ Haa n ) 100]
o f  c l l c i f i c a t i o n  r a t e s ( o f  g . dmnic o rniu) z x p r e s n d  u  r a t e f  a n p l e  t i p
(Column 3) c c mpn re d wi t h th e C. V. o f th e  s a me  r a te !  u p r e s s e d i n  t e r n
o f  s e ve r a l  d i f f e r e n t  p a r a me te r s (Co lu mn  fa -8 ) .

Number  of
Samples C o e f f i c i e n t o f V a r i a t i o n  U s i n g  V n r i o u s P a r a m e t e r sExpe r in zn t

P r o t e i n  S u r f  a c eS k e l e t a l T i s su e

H e i g h t
To t a l

Weight Ar 21Weight' H e i g h tRate

61.76 767070s s18Pia

1126110 120n o3 1s sP5

97 9s10598ZAF6
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TABLE g

Exper iment G1. C n l c i f i c u t l o n  u t e s  a t two  d i f f e r e n t  p o s i t i o n s  o n
br an c h es  o f  P. c u mr es s a . Vn lue s  e r e g i ve n f o r  e ac h  c o lo n y  s ep a r a t e l y
a n d f o r t h e  : c a n s o f b o t h c o l o n i e s . V s l u e s a r e b a n d o n t h r e e b r a n c h e s

k e n f r o !  e a c h p o s i t i o n  o n  e a c hf r o m e ac h  c o lon y . A s i n g le  c o r e  wa s  t a
branc h ( to ta l  s a mp le s p e r  po s i t i o n 1 -  6 )

Rate ( n g  c a c o a f n - Z i m)  3  s m

Colony  2Colony 1 Me a nP o s i t i o n

£483 + 72665 + 29 503 + 1111I (Side Cores)

2257 +  126 2306 + 1052352 +  168I I (End Cores)

TABLE 10

Exp er iment  6 2. C s lc i f i o s t i o n  r a te s  a t  d i f f e r e n t  p o s i t i o n s ( d e f i n e d  i n
te xt ) i n  c o l o n i e s  o f  E . ds mi c o rn i s . Vl l u e s  a r e  g i ve n  f o r  e xc h  c o lo n y
se pe r ate ly  sn d f o r  t h e  me a n s  o f  a l l  c o lo n i e s . Values  ar e bas ed on
two samples r emoved f r o m e a c h  c o lo ny  s t e s c h p o s i t i o n f  to t sl  s a mp le s
p e r  p o s i t i o n  "  6 ) .

Rana (ng CaC03f\mn2:"hr) 1 SEM

Colo ny  3 Be a nColony  1 Colony  2P o s i  t  i o n

+++ 8 2 + 21IA

372 +  102561 +  257M 0  + 86foli c  +  M3I B

++101  + 19+I I A

711 + 32 557 + za275 + 29385 + 56I I B
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TABLE 11

Exper iment B l . C a lc i f i c a t i o n  r a te s  o b ta i n e d  a t t h r e e  d i f f e r e n t timea
o f th e da y  wi th  g . . da mi c o r n i l . Va lu e !  a r e  g i ve n  f or  e a c h c o lo ny  s e p -
a r a te l y  a n d  f o r  t h e  me a n s  o f  a l l  c o l o n i e s . Va lue ;  a r e b as e d o n e ig h t
samples r emoved f rom e ac h c olony ( f o u r  a a wle s  o n  ea c h  o f  two  d a y s ) a t
eac h t ime ( to ta l  s a mp le s  p e r  t i me  I 2-G).

2Rate (ng  ClC0 3fn : l I h r )  j_ SEP!

C o l o n y 3 M e a nColo ny  2Colo ny  1T i m e

201 +  29361 1 42179 + 705 s + 1 s9:00 AH

1so +  23210 +  5214.9 + azs 9 + 1 712:00 Noon

111 +  22139 +  55133 +  32a 1 + 1 33:00 PH

TABLE 12

Expe r i me nt  n z. C a l c i f i c a t i o n  r a t e !  o b t a i n e d  a t two  d i f f e r e n t  t i m e ;
of  day  a nd und er two  d i f f e r e n t l i g h t  c o n d i t i o n s  w i t h  3 . damic or ni s.
Va lue s  ar e  gi ve n f o r  e a c h  c olo n y  s e pa r a te l y  a n d f o r  t h e  me a n s  o f  a l l
c o lo ni e a . Valu es a re b ased on  ai :  sa mple s removed f r om eac h c olony
wi th i n  ea c h  t i me - c o n d i t i o n  c ate g o r y ( t o ta l  s a mp le s  wi t h i n  e a c h  c a te -
tor y  - '  1 8)  .

Rate (ns caco3;m2n1r) 1 sms

C o l o n y 3 He n r iCo lony 2Colony 1Condit ionT i m e

7 + 1 7 1 3 5 +211 +  3?7 7 + 1 1L i g h tHo o n

+ 2 6 97 + 1 1122 +  19¢ | 0 + l 1D a r k

++75 + 2 5+Mi dn i gh t L i g h t

+ 1 2 6 5 +120 + az.+Dark
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TABLE 1-a

Tempersture na
i n  3 . da ni c or ni a (Tl -TS ) an d g. c ompress:
(T6- T7) . See te xt  f o r  d e ta i l s  o n  m e th o d
o f  d e te r n i n n t i o n .

: a n g e l  o f  s i g n i f i c a n t  n l x i

Temperature Rznge { ' C )
Fi. rat Second

E x p e r l n e n t

HAx1.\l'Lm H a x i l u m

725-29T1

zz.-23T2

30-  <32T3

26-28 30-J LTS

726- <29T6

29-  >32T7
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TABLE 16

Th e  Q1 0 va lu es  o ve r  va r i o us  t e mpe r a tu re  r a n g es  i n  th e  d i f f e r e n t
te up e rs tur e e xp e r i me n ts . I n  e s c h  c s s e  e l l  p a i n t s  wi t h i n  t h e
te q a er s tur e  r e n g e g i ve n  we r e  u s e d a s  t h e  b s s i s  o f th e  Q1 0 e e t i -
mates. Q1 0  wa s  c s l c u la t e d  f r o n  t h e  s lo p e s  o f  s t r s i g h t l i n e s
- f i t t e d  b y th e  l e a s t  s q u a r e s  u e th o d  t o  t e mp e r a tu r e - l o g  r a te  p lo t s
- - o f  t h e  d a t s  g i v e n  i n  P i g s . 16 en d 15 ( lo g  Q1 9  l

lo g  K 9  -  10 3  K 1
T2  -  T1 ) . Th e  sve r sg e  na tu ra l  s ur f  ac e  un te r  t e lp e r e10

tu r e  d u r i n g  t h e  t i me  o f  e s c h  e xp e r i me n t  i s  g i ve n .

N l t u r l l
Temp

Range { ' C }
Water

T w ( ' c J Q10Exper iment

4 . 1O - 222 .6T1

3 . 10 - 2 122.8T2

1 51 - 226 .3r a

214.70 - 228.0T5

0.o¢.a0 - 3 422.6T1

0.21.0 - 322 .8r z

0.0171 - 321..aT3

0.-so0 - 32a.oT5

1 . 31 - 326 .0T7



d s m l c u r n i s c o l o n ySk e le to n o f  B  EFi g u r e  1

. J

l

compressa c olonyA  p o r  t i o n  o f  a  l i vi n g  5Fi gu re  2
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Rack ( c o n ta i n i n g  b r a n c h e s  o f  3 .  d mi c o mi a )  u n d  t n  ma i n t a i n
th e c o ra l  b ra nc he s i n  a n  u p r i g h t  p o s i t i o n  d u r i n g  i n c u b a t i o n .

Fi g u re  3

In c ub a ti o n  S y ste n 1 . L i g h t  s o u r c e  i s  d i r e c t l y un d er  th e
uk Branc he s of  P d a mi c c r n i s  a r e  vi s i b le i nu n t e r  h a t h  t l . _ .

t h e  i n c u b a t i o n  ve s s e l  o n  t h e  l e f  t . Se e  t e xt f o r  f u r  th e r

d e t a i l s .

Fi gu r e 4
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See te x t  f o r  d e t a i l sI nc ubnt i on Sy stem 2Figure 5

S ee t e x t f o r d e t a i l si nc ub ati on  S y stem 3Fi gu r e 6

a
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Da mvn r d  i r r a d i an c e a l :  var i o us  s mve le n g th l  a s  me a su r e d i n
In c ub s ti o n S y n tax 2 ( I ) , i n  S y l t e l  3 ( I ) ,  a md e r u n r e r  a t  a
de p th  of  1  m (X ) , and i n  d i r e c t  s u n l i g h t ( i ) . See te x t  f o r
f u r  t he r  e xp la n at i o n .

Fi gu r e 7figure 1. Downward irrad.iance at varioua wavelength& aa me.uured in 
Incubation Syate11 2 (• ), in Syate11 3 (• ), underwater at a 
depth of 1 11 (x), and in direct 1unlight (• ). See text fo r 
further expl anation . 
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Re la t i o n  b e twee n  we ig h t an d  s u r f  ac e s re a  i n  3 . demi c or ni s
s a mp le  t i p s . Plot  b as ed  o n 30 15  s amp le s- -e ac h plot te d po in t
( exc ept f o r  t h e  l s s t ) i s the mean of 10  a dja c e nt  s n~p l e s .
Th e s mo o th  c u r ve  dr awn  th ro u gh  th e  p o in ts  i s  de s c r i be d  b y

th e  e q ua t i o n :
S u r f  a c e  a r e a  l  6 2 . 3 ( 1 . 0  -  e _ 0 0 2 9 B u e i 8 h ) .

Fi gu r e 8

\
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Er p ar i la n t 1 .1 . Qua nti ty  of  Ca CO i n c o r p o r a te d  i n to  3 .
d a l i c o r n i a  a mp le :  a t  d i f f  a t e n t  i n c u b a t i o n  t i l e s . Ve r  ti c a l

h a r !  r e p r e s e n t  1  1  s ta n d a r d  e r r o r  o f  t h e  l e a n . Lin ea f i t t e d
b y  t h e  l e a n t  s q u a r e !  l c t h o d . Nu mb er !  i n pa re n th es es  ar e th e
nu mb er  o f  a a np le a  o n  wh i c h t h at  p o in t  i a  b as e d .

Fi gu r e 9

E x p e r i m e n t L 2 Q u a n t i t y  o f CaCO i n c o r p o r a t e d i n t o
5 . c o m p r e s s ; e n m p l e s a t d i f f e r e n g i n c u b a t i o n t i l e s . P l o t t e d

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

t i l e . V e r  t i c a l b e r s r e o r e s e n t  + 1 l t n n d e r d e r r o r  o f t h e

Fi g ur e  1 0

L i n e s  f i t t e d  b y  t h e  l e n s ;  l q u a r e s  u e th o dl e a n

\ .
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E xp e r i l e n t  L 3 . Quan ti t y  o f  C aCO i n c o r p o r a te d  i n to
g . c o mr p r u n  s mp le s  s t  d i f f e r e n g  i n c u b a t i o n  t i me ;  d u r i n g

e xp o s u r e  t o  " l i g h t "  s t r e s s . Th e  p lo t t e d  p o in t s  a r e  b a s e d
o n  t h r e e  l n p l e  c o r e s  f o r  e n c h  i n c u b l t i o n  t i l e . . The
ve r  t i c s l  b e r s  r e p r e s e n t  2  1  s t md a r d  e r r o r  o f  t h e  n m.
L i n e c  f i t t e d  b y  t h e  l e n t  s q u a r e s  I e t h o d .

Fi g ur e  1 1

Exp er iment  L b. Qu nn ti ty  o f  Ca C0 3 in c o rp or ated i n t o
P. d a n i c o r n i s  s a mp le s  a t  d i f f e r e n t  i n c u b a t i o n  t i me s
e p o n u r e  t o  t e mp e r a tu r e  s t r e s s . Th e  p l o t t e d  p o i n t s
based o n 12 s amples ( s i x f r o m e a c h  o f  two  c o lo n i e s )

du r in g
ar e
f o r

Fi gu re  1 2

Th e  ve r  t i c a l b ar s  r e pr e se n t j g 1a n c h i n c u b l t  : l o n t i n a

L i n e s  f i t t e d  b y  t h e  l e a s ts tmd a r d  e r r o r  o f  t h e  me a n
lq u l r e a  l e th n d
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Nu tu r a l  s u r f  a c e  u n te r  t e n p e n tu r e  a t the ti me a nd  p la c e o f
c o l l e c t i o n  o f  t h e  c o r e l e . 1 h e  s o l i d  l i n e  r e p r e s e n ts  wa te r
ne u ur e n er n te  mad e  i n  hn e oh e  la y , Hlve i i ,  d u r i n g  1 9 7 0 ; th e
da s h e d  l i n e , En i ve to k l a go o n  i n  J e n u nr y , 1971, a t t h e  t i me
of  exp er i men t  TS . On ly  o n e  t er p e r e tu r e  n e u u r e n e n t ( t h e
si n g le  p o i n t  I  )  u s e  ma d e  d u r i n g  e xp e r i me n t T1  i n  He r s h ,
1968. Th e  d a t e s  o f  t h e  d i f f e r e n t  t mp e r a tu r e  e xp e r i me n ts
a r e  i n d i c a te d  a lo n g  t h e  b o t t o m e d g e  o f  t h e  f i g u r e .

Fi gu re  1 3
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R e l a t i o n  b e t w e e n i n c u b a t i o n t e m p e r a t u r e s a n d  m e a n  c a l c i f i -

c a t i o n r a t e s i n t h e  f i v e t e a p e r a t u r e  e x p e r i m e n t s  w i t h

E , . A 1 1  i n c u b a t i o n !  w e r e f o r  0 . 5  h o u r . E r r o r

b a r e e q u a l  1  1 s t a n d a r d e r r o r  o f t h e  l e a n . A v e r a g e

n a t u r a l  w a t e r t e m p e r a t u r e d u r i n g t h e t i m e o f t h e  e x p e r i m e n t

i a g i v e n i n p a r e n t h e s e s . E x p e r i l e n t T 5  w a s d o n e  a t

E n i w e t o k , t h e o t h e r a i n  H a w a i i . I n e x p e r i m e n t s  T 2 , T 3 , a n d

T 5 e a c h  p o i n t i a b a a e d  o n f o u r  a a n p l e t i p s r e m o ve d f r o n e a c h

o f a i x c o l o n i e s ( t o t a l a a l p l e a p e r i n c u b a t i o n  l Z A ) . T h e

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

e x p e r i m e n t . I n e x p e r i m e n t s T 1 e n d T b t h e t h r e e c o l o n i e a

u a e d a t o n e t e l p e r a t u r e  w e r e n o t t h e a a m e  a a t h o s e t h r e e

n e e d a t a n o t h e r t e m p e r a t u r e . I n  e x p e r i l e n t T 1 a n d  T h

p o i n t a a r e  b a a e d  o n f o u r e n d a i x  a a m p l e a r e a p e c t i v e l y f r o m

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

i n  e x p e r i m e n t T 1 l 1 2 , a n d i n e x p e r i m e n t T 6 l 1 8 ) . A l l

d a t a f o r t h e 0 . 5  h o u r i n c u b a t i o n  a t 2 3 ' C i n e x p e r i m e n t T 1

w e r e l o a t . T h e p o i n t p l o t t e d i e a n  e a t i m a t e  c a l c u l a t e d

f r o n t h e  r e a t o f t h e  d a t a ( i n c l u d i n g t h e 1 . 0  a n d 1 . 5  h o u r

d a t a ) b y  a a t a t i s t i c e l  u e t h o d .

Fi gu re  1 6
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Re la t i on  b e tue e n  i nc u b a t i o n  t e mpe r a tu re s  a n d l e a n  c a l c i -
f i c a t i o n  r a t e s in  t h e  two  te mp er a tu r e  exp e r i me nts  wi t h
5 . compressa. I n c u b a t i o n :  we r e  f o r  0 . 5  h o u r . Er r o r  b a r s
e q u a l  i  1  s ta n d a r d  e r r o r  o f the mean. Aver a ge  n a tu ra l
sur f  ac e water te mp e ra tur e  d ur i ng  th e ti me  o f  th e  e xp e r ime n t
i s  g i ve n  i n  p a r e n th e s e s . I n  e xp e r i men t  T5  e a c h p o i n t  i n
bas ed  o n thr ee  c or e samples  r emove d f r om e ac h  o f  f o ur
c o lo n ie s ( t o t s l sa mp le s  p e r  i n c u b a t i o n  l  1 2 ) . Eac h  po int
i n  e xp er imen t T?  i s ba ee d on  t hr ee  c or e ee mp le a re mo ve d
f rom eac h of two c o lon ie s ( t o ta l  s a mp le s  p e r  i n c u b a t i o n  l
6 ) . The same  c olonie s ue re u sed f o r  a l l  i n c u b a t i o n s  w i t h i n

one  e xp er imen t.

Fi gu re  1 5
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Re s u l t :  o f  t h e  e p p l i c a t i o n  o f  D u~c a n ' |  Ne w Hu lt i p le  Ran g e
Tent to  t h e  3 .  d e l i c o r n i e te np e ra tur e e xp e r i me n ts . Grnphs
ar e  b a s e d o n  t h e  ma le  d a t :  a s  u s e d i n  F i g . l b . The denhed
l i n e n  a r e  r a n g e :  c o u p u te d  i n  D u n c ; n ' |  Te n t - n o t  c o n f i d e n c e
i n t e r v n l s . Th e  l o g n r i t h~s ( n a tu r a l )  o f  t h e  r a te s  a r e
p lo t t e d  h e r e  b e c a u s e  t h e y  we r e  r e q u i r e d  i n  t h e  s te t i n t i c n l
an a ly s i s o n  wh i c h  t he  r an g e :  a r e b a se d . He nn a no t  i nc lu de d
wi th i n  t h e  r a n g e  o f  a  d a s h e d  l i n e  a r e  e i g n i f i c e n t l y
d i f f e r e n t (P< 0.05) f r o m th e me an  thr ou gh  whi c h  t ha t da sh ed
l i n e  p a s s e s . No t i c e  d i f f e r e n t  s c a le  o n  o r d i n n te  f o r

e xp e r i me n t  Tl .

Fi gu re  1 6
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Re s u l t s  o f th e  a p pl i c a t i o n  o f  D u n| : a n' |  Ne w Mul t i p le Ran g e
Te s t  t o  t h e  3 . c ompre ss :  t emp er atu re  exper iments. Graphs
ar e  b a s ed  on  t he  ss me  d a ta  a s u se d  i n  Fi g . 15 . I n t e r p r e -
t a t i o n  o f  t h e s e  g r a p h s i s  t h e  s n e  a s  i n  F i g . 16 .

F i g u r e 1 7
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Te s p e n tu r a  a f f e c t s  c o r a l  d i s t r i b u t i o n  a n d  i t  s l s o  a f f e c t s  r a te s

L i t t l e  a t t e n t i o n  h a l  b e e n  g i ve n  t h o u g h ,of  p h y s i o log i c a l p r o c e s s e s

to  t h e  r e la t i o n  b e twe e n  t h e  b u i c  e f f e c t  o f  t e m p e r a tu r e  o n  r e a c t i o n

r a te s  a t  t h e  mo le c u l a r  l e v e l  a n d  i t s  e f f e c t  o n  c o r a l  d i s t r i b u t i o n  l t

i n c u b a t i n g  c o r a l  s i mp le :  i n  : e l  w a te r  c o n ta i nt h e  o r g m i a d c  l e v e l

i n g 50 |  a n d  u s in g  r a te  o f  ! ' 5 C . |  i n c or p o r a t i o n  al  |  me a s u r e o f  c a l c i -

f l c a t i o n  r a t e , I  l t u d i e d  t h e  e f f e c t s  o f t e m p e r a tu r e  o n  c s l c i f i u t i a n

C10 03 de pos i ti oni n  two  c o r a l  s p e c i e s ,  3 . d n i c o m i l  a n d 5 c o u p r e ssa

wa s  c h o se n  b e c au s e o f  i t s b u i c  i n p o r  t nn c e i n  r e e f  f o r m a t i o n I m e d i n t e

e f f e c ta  o f t c lp e r a tu r e  o n  c a l c i f i c a t i o n  r a t e  we r e  a tu d i e d , a a  we l l  a a

te lp e ra tur e a da p ta t i o n t o s ea so n al  an d  g eo g ra p hi c  c ha n ge a i n  n a t u r a l

te q n c r a tur e .

Te mp e r a tu r e  h u  l  : u r k e d  e f f e c t  o n  ' r s t e - - l n  e f f e c t .  t h l t .  v n r i e s

d e p e n d i n g  o n  t h e  t e lp e r a tu r e  h i s to r y  o f t h e  c o r a l ( i . e . , t e i p e r a tu r e

3 . dmi c o r n i s  s ho we d b o th  a  2 7 ° C a n d |  31 ' Cad ap tat i o n  o c c u rs )

te mp e ra tu r e o p t imu m- -o n e  o r  t h e  o th e r  b e i ng  d o l i n mt  de p e n di n g  on  t h e

n a tu r a l  u n te r  t e n p e r a tu r e  t o  wh i c h th e  c o r a l  vu  a d a p te d n
c ompress;

my  a l s o  h a ve  t wo  a p r i l :  b u t  t h e  d a ta  . u r e  n o t  a s  c o n c lu s i ve The I

n p t i m m te q mr a t u r e n  n y  i n d i c s te  tw o  i s o - l n z y le l  o r  tw o  a l t e r n a te

me ta b o l i c  p a th w a y s  i n vo l ve d  L n  t h e  c l l c i f i c a t i o n  p r o c e s s .

Th e  l a b o r s to r y  I l t h o d  f o r  s tu d y  a f  g r o wth  i n  4 : 0 1 1 1 1  le e n l to  b e

A p os s i ble  di s ad va nta g e o ft h i  m u s t  p r l c t i c l l  q u a n t i t s t i v l  n p p r o a c h
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Q.

thi s ne zh od ho we ve r , i s  t h a t  c l l c i f i c a t i o n  r s t e t  o b t a i n e d  i n  t h e

Pouib ll source!l a b o r a t o r y  l a y  n o t  b e  c mq l r a b l e  t o  n n t u r a l  r a t a !

o f  e r r o r  i n  e s t i ma t i n g  g r o wt h  r a te :  f r o n  t h e  h b o n t o r y  c n l c i f i c n t i o n

r a te s  we r e  i n v u c i g a r a d . Du r i n g  l u n g  i n c u b a t i o n : ( s w o r d  h o u r s  o r

ho r s ) a  s i g n i f i c a n t  d e c r e u e  i n  r a te  U1 8  o b s e r ve d Ho w e ve r  , v e r y

sh o r  t  i n c u b at i on :  p r ove d f ea s ib le a nd  we r e u se d In o r g an i c  a xc h mg s

o f  - B S C ;  : c r o n  t h e  l i vi n g  c o e n o l l r c  w a s  n o t  s i g n i f i c a n t Ti n s  o f  d i y I

l i g h t  c o n d i t i o n s , a n d  p o s i t i o n  o f  | ; n p 1 e |  w i t h i n  t h e  c o lo n y  n y

\ Tc r n i n a l  p a r  t !  o f  b r a n c h e s  c a l c i f i e da f f e c t  u l c i f i c l t i o n  r s  t e

3 .  d a l i c o r n i s  c a l c is e vc r n l  t i n s :  m o r e  r a p i d l y  t h i n  l a te r a l pnr  tn

Th e  c n l c i f i c a t i o n  r a tef i e d  l e n  r a p i d l y  l t  n i g h t  t h a n  : L n  t h e  d a y

o f  3 . d mn i c o r n i s  s a i l e d  : o r e  s e n s i t i ve  t o  e c o lo g i c a l  f  a c t o r !  t h ln

.11 c o u p r u  n

B e i n g  : wa r e  o f  t h a n f a c to r s  I  e s t i m a t e d  g r o wt h  f r o !  t h e  c l l c i
In

f i c ; t i o 1 : \  r l t u  a n d  f o u n d  th a t  r l t u  o b ta i n e d  i n  t h e  l a b o r a t o r y  we r e

c o q u r a h l e  t o  : h o le  : l n  t h e  f i e l d

a
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