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INTRODUCTION 

The term "model" i n  ecosystem a n a l y s i s  r e f e r s  t o  t h e  sys t ema t i c  
concep tua l i za t i on  of t h e  myriad components w i t h i n  a n  ecosystem. A h igh  
degree of mathematical s o p h i s t i c a t i o n  i s  d e s i r a b l e  a s  an  u l t i m a t e  goa l  
of ecosystem a n a l y s i s .  U n t i l  t h a t  s o p h i s t i c a t i o n  can a l s o  o b t a i n  
s u f f i c i e n t  r ea l i sm ,  less s o p h i s t i c a t e d  c o n s t r u c t s  i n  t h e  form of mass- 
balance budgets  provide cons ide rab l e  i n s i g h t  i n t o  t h e  dynamics of eco- 
sys  terns. 

Budgets, l i k e  t h e i r  more complicated coun te rpa r t s ,  involve  t h e  
i d e n t i f i c a t i o n  of  s imple " func t iona l  u n i t s , "  o r  "compartments," w i t h i n  
t h e  ecosystem; budgets a l s o  r e q u i r e  The i d e n t i f i c a t i o n  of l i k e l y  path- 
ways of m a t e r i a l  flow through t h e  system. However, budgets do n o t  
r e q u i r e  t h a t  mathematical f u n c t i o n s  desc r ib ing  t h e  c h a r a c t e r i s t i c s  of 
m a t e r i a l  f l u x  be devised.  Budgets of carbon f l u x  have been developed 
f o r  s e v e r a l  c o r a l  r ee f  systems o r  p o r t i o n s  t he reo f ,  and carbon budgets 
f o r  hypo the t i ca l  r e e f s  w i l l  b e  t h e  primary s u b j e c t  of t h i s  d i s cus s ion .  

GENERAL BUDGETARY CONSTRUCT 

The primary s u b j e c t  of d i s cus s ion  he re  w i l l  be a  c o r a l  a t o l l  of 
hypo the t i ca l ,  bu t  r e a l i s t i c ,  dimensions. Imagine a  c i r c u l a r  a t o l l  wi th  
a  lagoon of 100 km2 a r e a ,  a  r ee f  f l a t  of 20 km2, and a  fore- reef  ( t o  a  
depth of about  50 meters)  of 10 km2. This  a t o l l  would have a  lagoon 
about  11 km i n  d iameter ,  a  r ee f  f l a t  about 500 meters wide, and fore-  
r ee f  about  250 meters wide. Data given by Wiens (1962) sugges t  t h e s e  
dimensions t o  be  r e a l i s t i c .  I n  a d d i t i o n  t o  t r e a t i n g  each of t h e  above 
physiographic  u n i t s  a s  compartments i n  t h e  budgets ,  w e  w i l l  cons ider  t h e  
two f u r t h e r  compartments of carbon d ioxide  and f i x e d  carbon i n  t h e  ocean 
water .  There is  thus  t h e  fo l lowing  5-compartment budget:  oceanic  C02 
and f i x e d  carbon, lagoon, r ee f  f l a t ,  and fo re - r ee f .  

The connec t iv i t y  d e s c r i b e s  m a t e r i a l  t r a n s f e r  from one compartment 
t o  another .  For t h e  most p a r t  i n  a  physiographic  budget,  t h a t  connec- 
t i v i t y  i s  two-way. That is ,  i f  m a t e r i a l  i s  t r anspo r t ed  from any one 
compartment A t o  compartment B ,  i t  probably can a l s o  go from B t o  A. 
Arrows on a  compartment diagram show i n t e r p r e t a t i o n s  of t h e  d i r e c t i o n  of 
n e t  f l u x .  Probably any compartment p a i r  can be  connected. The diagram 
desc r ibes  only t h e  c o n n e c t i v i t i e s  which seem l i k e l y  t o  be  q u a n t i t a t i v e l y  
s i g n i f i c a n t  . 

Hawaii I n s t i t u t e  of Marine Biology, Un ive r s i t y  of Hawaii, 
Kaneohe , Hawaii, USA 



Clea r ly ,  t h e r e  is n e t  f l u x  from oceanic  C02 t o  a l l  t h r e e  reef  
compartments i n  t h e  form of CaC03 p r e c i p i t a t i o n .  We assume t h a t  n e t  
o rgan ic  carbon f l u x  is i n  t h e  same d i r e c t i o n ,  t h a t  i s ,  t h a t  a t o l l s  a r e  
sites of n e t  C02 uptake i n  the  form of primary product ion.  This  po in t  
w i l l  be d i scussed  i n  more d e t a i l  l a t e r  i n  t h e  p re sen t a t i on .  With 
r e s p e c t  t o  CaC03, most of t h e  o the r  arrows a r e  f a i r l y  obvious. CaC03 
i s  s t r i p p e d  o f f  t h e  r ee f  and is t r anspo r t ed  e i t h e r  t o  t h e  lagoon o r  t o  
t h e  oceanic  f i x e d  carbon pool,  and m a t e r i a l  i s  a l s o  l o s t  from t h e  fo re -  
r ee f  t o  t h a t  pool.  Deposi ts  of fore- reef  m a t e r i a l  p i l e d  on r ee f  f l a t s  
argue t h a t  t h e r e  i s  n e t  t r a n s f e r  from t h e  fore- reef  t o  t h e  r ee f  f l a t .  
It  seems l i k e l y  t h a t  t h i s  d i r e c t i o n  of n e t  t r a n s f e r  i s  equa l ly  v a l i d  
f o r  o rganic  carbon. Ma te r i a l  c a r r i e d  from t h e  fore- reef  t o  t h e  r ee f  
f l a t  o r  de l i ve red  t o  t h e  lagoon has  a r e l a t i v e l y  good chance of set- 
t l i n g  o u t  i n  t h e s e  environments; m a t e r i a l  t r anspo r t ed  oceanward i s  
l i k e l y  t o  d r i f t  away from t h e  a t o l l .  Thus, t h e  fore- reef  is i n h e r e n t l y  
an  i n e f f e c t u a l  t r a p  f o r  p a r t i c u l a t e  m a t e r i a l  i n  comparison wi th  t h e  
r e e f  f l a t  o r  lagoon. 

CaC03 BUDGET 

The next  s t e p  i s  t o  quan t i fy  t h e  t r a n s f e r  r a t e s  a s s o c i a t e d  w i th  
t h e  arrows and the  accumulation (o r  l o s s )  r a t e s  i n  t h e  boxes. F i r s t  
cons ider  CaC03-C (F igure  1 ) .  Lagoon CaC03 product ion r a t e s  have been 
measured between about 5 and 10  moles m-2yr-1 (Smith and P e s r e t ,  1974; 
Smith and J o k i e l ,  1975).  The h ighe r  va lue  i s  used he re .  Thus, t h e  
hypo the t i ca l  lagoon produces 10  X l o 8  moles C/yr. The product ion  r a t e  
i n  shal low,  wel l - f lushed environments such a s  r e e f  f l a t s  has  been 
measured t o  be about  40 t o  50 moles m-2yr - l  (Smith, 1973; Kinsey, 1972) .  
Again, t h e  h igher  va lue  i s  taken f o r  a t o t a l  r e e f - f l a t  product ion of 
10 X 108 moles C/yr. No CaC03 product ion r a t e  d a t a  a r e  a v a i l a b l e  f o r  
fo re - r ee f s .  Such environments have h i g h  s t and ing  c rops  of  ca lcareous  
organisms, so  a product ion r a t e  comparable t o  t h a t  of t h e  r ee f  f l a t  is 

8 assumed--a t o t a l  product ion of 5 X 10  moles C/yr. CaC03-mediated l o s s  
from t h e  C02 pool  is simply t h e  sum of t h e  f l u x e s  t o  t h e  r ee f  compart- 
ments, o r  25 X l o 8  moles C/yr. 

Of m a t e r i a l  e n t e r i n g  the  fore- reef  compartment, we assume a su f -  
f i c i e n t  amount remains t o  account f o r  a n e t  v e r t i c a l  a c c r e t i o n  of about  
1 nun/yr. This  is equ iva l en t  t o  about  1 X l o 8  moles C/yr.  This  f i g u r e  
is based p r imar i l y  on 14c age d a t i n g  t o  o b t a i n  depos i t i on  r a t e s  on t h e  
fore- reef  i n  Jamaica (Land, 1974) .  It t h u s  appears  t h a t  4 x l o 8  moles/ 
y r ,  o r  80% of the  m a t e r i a l  produced i n  t h e  fore- reef  i s  l o s t  from t h a t  
environment. We assume t h a t  75% of t h i s  l o s s  i s  t o  t h e  ocean and t h e  
remainder i s  t o  t h e  r e e f  f l a t .  

Transport  from t h e  fore- reef  p lu s  CaC03 product ion on the  r ee f  f l a t  
8 account f o r  11 X 10 moles C/yr i n p u t  t o  t h e  r ee f  f l a t .  The upward 

growth of th.e r ee f  f l a t  i s  obviously l i m i t e d  by s e a  l e v e l ,  and long-term 
world-wide s e a  l e v e l  p r e s e n t l y  does n o t  show a change of more than  about  
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f 1 mm/yr. For t h e  budget ,  we assume t h a t  t h e r e  i s  a  1 m / y r  deposi- 
8  t i o n  r a t e  on the  r e e f  f l a t ,  o r  2 X 10  moles C/yr. We f u r t h e r  assume 

t h a t  75% of  t he  l o s s  from t h e  reef  f l a t  is  t o  t h e  lagoon, and t h a t  t h e  
remainder is  exported t o  t he  ocean. 

Deposi t ion i n  the  lagoon is n o t  o r d i n a r i l y  l i m i t e d  by s e a  l e v e l .  
Moreover, a v a i l a b l e  d a t a  (Smith -- e t  a l . ,  1971; Smith and J o k i e l ,  1975) 
sugges t  t h a t  sediment l o s s  from t h e  lagoon t o  t h e  open ocean i s  small ;  
w e  assume t h i s  l o s s  t o  be 5% of t h e  t o t a l  lagoon i n p u t .  Thus, about 
16  X l o 8  moles C/yr remain i n  t h e  lagoon and about 1 X 10' moles/yr a r e  
l o s t  t o  t h e  ocean. 

Export of CaC03 t o  t h e  open ocean is  obta ined  by summing terms. 
For t h e  budget a s  a  whole t o  balance,  t h e  sum of t h e  numbers i n  t h e  
va r ious  compartments must equa l  0. 

What a r e  t h e  i no rgan ic  budgetary c h a r a c t e r i s t i c s  of our  hypothet i -  
c a l  a t o l l ?  The lagoon is  obviously t h e  major r e p o s i t o r y  f o r  CaC03, 
account ing f o r  about  65% of t h e  t o t a l  i no rgan ic  carbon f i x e d .  The l o s s  
from t h e  a t o l l  i s  t h e  next  p rocess  i n  q u a n t i t a t i v e  importance, a t  25%, 
and t h e  fore-reef  and r e e f - f l a t  a r e a s  are small s i n k s  f o r  inorganic  
carbon, account ing f o r  only about 10% of t h e  t o t a l  product ion.  

It i s  poss ib l e  t o  i n v e s t i g a t e  t h e  consequences o f  changing the  
compartment s izes - - tha t  is  a l t e r i n g  t h e  s i z e  of t h e  a t o l l .  A t o l l  r e e f  
f l a t s  and s lopes  a r e  f a i r l y  cons tan t  i n  width (Wiens, 1962),  s o  a l t e r -  
i n g  t h e  a t o l l  s i z e  p r imar i l y  involves  manipulat ion of lagoon diameters .  
For t h e  fo l lowing  a n a l y s i s ,  t h e  lagoon a r e a  has  been va r i ed  by powers 
of 10,  and t h e  r e e f - f l a t  and fore-reef  a r e a s  have been ad jus t ed  t o  
main ta in  cons t an t  width.  A l l  p roduc t ion  r a t e s  per  u n i t  a r e a  and depo- 
s i t i o n a l  r a t e s  on t h e  fore-reef  and r ee f  f l a t  a r e  he ld  cons t an t ;  
p r o p o r t i o n a l  p a r t i t i o n i n g  of f l u x  from one compartment t o  another  is  
maintained.  A s  t h e  a t o l l  s i z e  dec reases ,  t h e  lagoon depos i t i on  r a t e  
i n c r e a s e s ,  and the  carbon l o s s  i n c r e a s e s  towards 50% (Figure  2 ) .  A s  
t h e  lagoon f i l l s  i n  (or  diminishes  i n  h o r i z o n t a l  dimensions t o  O), t h e  
depos i t i on  r a t e  w i l l  then n e c e s s a r i l y  vanish ;  t h e r e  w i l l  be  no f u r t h e r  
lagoon product ion;  a l l  excess  sediments w i l l  then be  exported from t h e  
a t o l l .  

The change of s e a  l e v e l  a l s o  has  dramatic  e f f e c t s  on t h e  expected 
d e p o s i t i o n a l  c h a r a c t e r i s t i c s  of an a t o l l .  To c o n s t r u c t  t h e  budget s o  
f a r ,  w e  have assumed t h a t  t h e  r e e f - f l a t  depos i t i on  r a t e  i s  p ropor t i ona l  
t o  t h e  r a t e  of s ea - l eve l  change. Fore-reef depos i t i on  is  1 mm/yr b u t  
i n  our  budget i s  n o t  c o n t r o l l e d  by changing s e a  l e v e l .  Lagoons accept  
most of t h e  sediments de l ive red  t o  them. Modifying t h e  budget t o  
account f o r  s ea  l e v e l  change thus  merely involves  a l t e r i n g  r e t e n t i o n  
on t h e  r ee f  f l a t .  

Figure 3 shows t h e  r e s u l t s  of such a l t e r a t i o n s .  Up t o  a  sea- leve l  
r ise of  about  5  mm/yr, depos i t i on  on t h e  r ee f  f l a t  would keep pace wi th  
t h a t  r i s i n g  sea l e v e l .  On a  f a s t e r  rise, reef  f l a t  depos i t i on  r a t e  
would s t a b i l i z e ,  i f  t h e  environment r e t a i n e d  a l l  of  i t s  products.  The 
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fore- reef  grows upward a t  1 mm/yr, r e g a r d l e s s  of t h e  r a t e  of  s ea  l e v e l  
change. The lagoon depos i t i on  r a t e  would i n c r e a s e  on a  f a l l i n g  s ea  bu t  
would a d j u s t  t o  a  depos i t i on  r a t e  s i m i l a r  t o  t h a t  of t h e  fore-reef  
dur ing  a  per iod  of r a p i d l y  r i s i n g  s ea  l e v e l .  This  s imple d e p o s i t i o n a l  
model would break down a s  t h e  a t o l l  physiography is  a l t e r e d  away from 
i t s  s t a r t i n g  geometry due t o  t h e  change of s e a  l e v e l  and d e p o s i t i o n a l  
regime. 

ORGANIC CARBON BUDGET 

Let  us now t u r n  our  a t t e n t i o n  t o  t h e  o t h e r  major a spec t  of an a t o l l  
carbon budget: t h e  product ion and consumption of o rgan ic  carbon com- 
pounds. W e  w i l l  u se  our same hypo the t i ca l  a t o l l  f o r  t h e s e  c a l c u l a t i o n s ,  
a s  w e l l  a s  t h e  same f i v e  compartment box model t o  r ep re sen t  t h a t  a t o l l .  

Despi te  t h e i r  very h igh  g ros s  product ion r a t e s ,  c o r a l  r e e f s  have a  
g ros s  product ion  t o  r e s p i r a t i o n  r a t i o  remarkably near  1 .0 .  It i s  l i k e l y  
t h a t  r e e f s  somewhat t o  e i t h e r  s i d e  of t h i s  u n i t y  P / R  r a t i o  can be  found. 
Our own exper ience  has  been p r imar i l y  wi th  a t o l l  which seem t o  be  very 
s l i g h t  n e t  producers  of carbon, s o  w e  g ive  our  hypo the t i ca l  a t o l l  a  n e t  
community product ion  r a t e  of about 4 m o l e s  m-2day-1, o r  about  1 .5  moles 
m'2yr-1. This  corresponds t o  a  P/R r a t i o  of 1.007 i f  t h e  g ros s  produc- 
t i o n  r a t e  of t h e  community is  6  g  C m-2day-1. This  v a l u e  is very  c l o s e  
t o  t h e  n e t  p roduct ion  r a t e  r epo r t ed  by Smith and J o k i e l  (1975) f o r  t h e  
lagoon a t  Canton A t o l l .  Lagoons a r e  p a r t i c u l a r l y  u s e f u l  f o r  e s t a b l i s h -  
i ng  t h e  n e t  p roduct ion  of a  reef  system, because they i n t e g r a t e  r e e f  
community metabolism over a  long t i m e  and a  l a r g e  a r e a .  

F igure  4  summarizes t h e  organic  carbon budget.  Reef sediments 
commonly average about  0.5% by weight o rgan ic  carbon (Smith and J o k i e l ,  
1975) .  This  amounts t o  about  5% of  t h e  t o t a l  carbon i n  t h e  sediments,  
s o  o rgan ic  carbon r e t a i n e d  by each of t h e  a t o l l  compartments i s  f i x e d  
a t  t h i s  percentage  of t h e  i no rgan ic  carbon re ten t ion ,which  has  a l r eady  
been e s t a b l i s h e d .  There i s  no p a r t i c u l a r  b a s i s  t o  argue f o r  anything 
o t h e r  than  an  even d i v i s i o n  of carbon t r a n s p o r t  from each a t o l l  compart- 
ment t o  i t s  v a r i o u s  p o s s i b l e  s i n k s .  The budget t u r n s  o u t  no t  t o  be  
p a r t i c u l a r l y  s e n s i t i v e  t o  t h i s  p o i n t .  

While t h e  magnitude of t he se  va r ious  numbers might be a l t e r e d  some- 
what, t he  budget c l e a r l y  p r e d i c t s  a  s u b s t a n t i a l  expor t  of even t h e  mini- 
s c u l e  n e t  excess  o rgan ic  carbon produced by t h e  a t o l l .  Moreover, t h e  
p r o p o r t i o n a l  o rganic  carbon expor t  from t h e  t h r e e  r ee f  s u b u n i t s  i s  
cons iderab ly  h igher  than t h e  i no rgan ic  carbon expor t .  It i s  tempting 
t o  a s c r i b e  t h i s  d i f f e r e n t i a l  t r a n s p o r t  t o  an a r t i f a c t  of t h e  budget;  
t h a t  does n o t  s e e m  t o  be  t h e  case .  Broecker and Takahashi (1966) ob- 
se rved  such a  budgetary discrepancy f o r  t h e  Bahama Banks; t hey  suggested 
t h a t  they had f a i l e d  t o  o b t a i n  a  mass ba lance  among t h e  terms. Smith 
and J o k i e l  (1974) a s c r i b e d  a  s i m i l a r  d i sc repancy  a t  Canton A t o l l  t o  d i f -  
f e r e n t i a l  t r a n s p o r t  of o rgan ic  m a t e r i a l ,  and evidence f o r  d i f f e r e n t i a l  
t r a n s p o r t  can be  r econs t ruc t ed  f o r  t h e  Enewetak windward r ee f  f l a t  
(Smith, 1973; Johannes and Gerber,  1974; Marshal l ,  1965).  What a r e  t h e  
mechanisms ? 
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Perhaps t h e  most conspicuous mechanism is t h e  r e l a t i v e  e a s e  wi th  
which the  biomass i s  d is lodged  by mechanical o r  b i o l o g i c a l  e ros ion .  
Indeed, t h i s  dislodgement and subsequent t r a n s p o r t  of o rgan ic  m a t e r i a l s  
a r e  appa ren t ly  of cons ide rab l e  importance t o  t h e  feed ing  p a t t e r n s  of 
r ee f  organisms (Smith and Marsh, 1973).  Even though e ros ion  of CaC03 
a l s o  occurs ,  t h i s  heavier  m a t e r i a l  is l i k e l y  t o  s e t t l e  more r ap id ly .  
The second mechanism t o  be considered may be  a s  impor tan t ,  o r  perhaps 
more so--the f l u x  of d i s so lved  organic  m a t e r i a l .  Lacking any tendency 
t o  se t t le  ( s h o r t  of adso rp t ion  t o  o t h e r  m a t e r i a l s ) ,  t h e  d i sso lved  
o rgan ic  compounds a r e  r e a d i l y  t r anspo r t ed  from t h e  system. Thus, 
d e s p i t e  i n i t i a l  concerns about  a  model sugges t ing  s i g n i f i c a n t l y  g r e a t e r  
f l u x  of o rgan ic  than of i no rgan ic  reef  p roducts ,  we conclude t h a t  
r e s u l t s  t o  t h e  con t r a ry  would be  a l l  t h e  more s u r p r i s i n g .  

OTHER BUDGETS 

The d i scus s ion  so  f a r  has  involved carbon; b u t  t h e  carbon budgets ,  
by imp l i ca t i on ,  t e l l  u s  a  g r e a t  d e a l  about o t h e r  m a t e r i a l s .  For example, 
some c a t i o n s  such a s  Mg o r  Sr  have budgets which a r e  very s i m i l a r  t o  
t h a t  of CaC03. I n  p o l l u t e d  systems, one might p r e d i c t  pathways of t h e  
p o l l u t a n t  (e .g . ,  t r a c e  meta l s )  from a  knowledge of t h e i r  co-occurrence 
w i th  carbon compounds. A l t e r n a t i v e l y ,  p o l l u t a n t  d i s t r i b u t i o n  i n  t h e  
ecosystem might c a r r y  s i g n i f i c a n t  c l u e s  about chemical behavior  of t h e  
m a t e r i a l s  i n  ques t ion .  

N e t  n u t r i e n t  budgets must look somewhat l i k e  t h e  o rgan ic  carbon 
budget ,  a l though t h e r e  may be  d i f f e r e n c e s  i n  t h e  d e t a i l s  of g ross  
sou rces ,  s i n k s ,  and in t r a sys t em p a r t i t i o n i n g .  Let  us  b r i e f l y  cons ider  
two r e c e n t  n u t r i e n t  budget s t u d i e s  which have provided e x c i t i n g  i n s i g h t s  
i n t o  c o r a l  r e e f s .  Webb e t  a l . ,  (1975) r epo r t ed  on t h e  f l u x  of n i t rogen  
through t h e  windward r ee f  f l a t  community of Enewetak A t o l l .  The r ee f  
appa ren t ly  expor t s  a l l  forms of f i x e d  n i t rogen ,  y e t  t h a t  community main- 
t a i n s  i t s  g ros s  o rgan ic  carbon product ion  t o  r e s p i r a t i o n  r a t i o  near  1 .0 .  
The most obvious conclusion from t h e  observa t ion  i s  t h a t  t h e  community 
must o f f s e t  t h e  n i t r o g e n  expor t  wi th  an equ iva l en t  r a t e  of n i t rogen  
f i x a t i o n .  Subsequent s t u d i e s  (Wiebe e t  a l . ,  1975) no t  only v e r i f i e d  
t h i s  hypothes i s  b u t  a l s o  i s o l a t e d  s e v e r a l  of t h e  important  n i t rogen-  
f i x i n g  organisms i n  t h e  community. The h igh  n i t rogen - f ix ing  capac i ty  
of t h a t  community has  countered i t s  l o c a t i o n  i n  the  nitrogen-poor ocean 
waters  of t he  Marshal l  I s l a n d s  by e x p l o i t i n g  an a l t e r n a t i v e ,  and l a r g e ,  
n i t r o g e n  r e s e r v o i r  ( a i r ) .  

There i s  no such a l t e r n a t e  phosphorus pool ,  and t h e  phosphorus 
conten t  of ocean wa te r s  impinging upon Enewetak A t o l l  i s  a l s o  low. 
P i l s o n  and Betzer  (1973) determined t h a t  t h e  Enewetak r e e f - f l a t  com- 
munity r e t a i n s  phosphorus wi th  g r e a t  t e n a c i t y .  These au tho r s  quoted 
Sargent  and Aust in  (1949) a s  a n t i c i p a t i n g  d i u r n a l  o s c i l l a t i o n s  of 
phosphorus uptake and r e l e a s e  i n  synchrony wi th  oxygen product ion and 



consumption. That  synchrony does  n o t  e x i s t ,  and P i l s o n  and B e t z e r  
p o i n t  o u t  t h a t  i f  i t  d i d ,  t h e  r e e f  community would have a requirement  
o f  up t o  150% of t h e  a v a i l a b l e  phosphorus on a midday low t i d e  i n  o r d e r  
t o  match t h e  rate of o r g a n i c  carbon p r o d u c t i o n .  

Subsequent s t u d i e s  (Pomeroy -- e t  - a l . ,  1974) s u g g e s t  t h a t  t h e  s t r o n g  
r e t e n t i o n  and i n t e r n a l  c y c l i n g  of phosphorus r e p r e s e n t s  a complex 
p a t t e r n  o f  l eakage  by some members of t h e  r e e f  community and e f f e c t i v e  
phosphorus c a p t u r e  by o t h e r s .  T h i s  p a t t e r n  speaks  t o  t h e  complexi ty  
of t h e  phosphorus c y c l e  on a c o r a l  r e e f .  

SUMMARY 

To summarize b r i e f l y ,  we hope t h a t  we have accomplished s e v e r a l  
o b j e c t i v e s  w i t h  t h e s e  budgetary  a n a l y s e s .  We have d e r i v e d  a  CaC03 
p r o d u c t i o n ,  t r a n s p o r t a t i o n ,  and d e p o s i t i o n  model which appears  cons i s -  
t e n t  w i t h  a v a i l a b l e  d a t a  and w i t h  t h e  c h a r a c t e r i s t i c s  of c o r a l  a t o l l s .  
A similar budget  f o r  o r g a n i c  carbon s u g g e s t s  t h a t  w h i l e  a t o l l s  show a 
v e r y  low n e t  p r o d u c t i o n  r a t e ,  t h e y  e x p o r t  most of t h e  o r g a n i c  material 
they  do produce.  N u t r i e n t  budge t s  have proven u s e f u l  i n  s u g g e s t i n g  t h e  
e x i s t e n c e  of v a r i o u s  s t r a t e g i e s  of n u t r i e n t  f l u x  and c y c l i n g  i n  t h e  
a t o l l  ecosystem. 

Such budge ta ry  a n a l y s e s  are by no means ends  i n  themselves ,  b u t  
t h e y  do p r o v i d e  a u s e f u l  b a s e  on which t o  b u i l d  f u r t h e r  s t u d i e s  of c o r a l  
r e e f  p r o c e s s e s  and w i t h  which t o  e v a l u a t e  t h e  q u a n t i t a t i v e  s i g n i f i c a n c e  
o f  t h o s e  p r o c e s s e s .  
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