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Qualitative Escri 'gtion of the Coral Atol l  Ecosystem;: 

A coral  a t o l l  may be described, i n  toe b r i e fe s t  terms, as a cap of 
limestone of organic or igin on a mountain on 'the f loor  of the ocean, 
r i s ing  t o  o r  only sl.ightly above see level.  Some l i e  on si:al.L~.r banks 
or continental shelves. The cap i s  co~nmonly bowl.-shaped on top with a 
rinp;-like ridge o r  reef surrounding a body of vater  termed a ls.~oon. 
Some par t s  of t h i s  reef may emerge above high t i d e  l eve l  as  i s l e t s .  
These may e i the r  be remnants of former hip$~er reef leve ls  or detri'ml 
accumulations. Mu.cl?. o r  a l l  of the reef smface below mean low-tide 
l eve l  and dorm t o  depths rrliere sun-light penetration is very a t ten~~.a ted  
is composed of cormunities of l iv ing  plants and animals. In  bulk, tit 
l eas t ,  these a re  mostly organisms t h a t  secrete  l i m y  skeletons. 
Accun~ulations of these sliele-tons make up, almost exclusively, the reefs  
and upper pa r t s  of the mountah d.ovn t o  the volcanic (o r  other)  basexent 
rock on which the reefs  or iginal ly  s t a t e d  t o  gcor~. The depth of t h i s  
limestone is kno~m for  only a few a t o l l s  and may vwy from at l e a s t  
1400 meters to,  probably, very much Less. 

The concegt of the ecosystem, f i r s t  proposed by Tansley (1935)) is 
t h a t  of an interact ing system composed of an environment and a l l  of the 
organisms involved w i t h  it. It is normaJily a n  open system because there 
i s  a continuous, though variable, i n f h x  and l o s s  of energy and material. 
Such a system is, of course, an abstraction constructed t o  f a c i l i t a t e  
understanding of the complex processes involved i n  a segment o r  c lass  of 
se@neil'ts 0.f the biosphere. A s  such i ts  extent  is l imited only by 
selection and def ini t ion of the sement  or segments under skddy. Thus 
it may be varied, i n  different  examples,' from the smallest observable 
uni t  of environment in  which organisms l i v e  t o  "he en t i r e  riorld's 
biosphere a s  a ~ ~ l ? o l e  r?ith i t s  t o t a l  environmen'c (mans, 1 5 6 )  As the 
ecosystem is only l imited by the extent of the effec"cve enviroivnent the 
maximum could be, tneoretically,  the en t i r e  universe. iTactically,  
however, the def in i t ion  v i l l  not ord2nmilLy extend t o  the ultimate 
sowces of energy, o r  even of material. It r r i l l  he r e s t r i c t ed  t o  such 
extent as  v i l l  bes t  f a c i l i t a t e  observation and understanding of tl?e 
portion mf nature under imcediate study. This concept, of obvious and 
increasing u t i l i t y  but not too easy t o  lmndle, and never, apparently, 
used by i ts  creator, bas been, i n  recent years, adopted by a nuni~er of 
ecologists (e.g. Pii;elLa,a, 1955; B i l l i n ~ s  and Bliss, 1955; Oosting, 1955; 
nians, 1956; Caiq 1.956; Dansereau, 1957). NO trro have defined or 
foratdated t h e i r  ecosystems i n  exactly s imilar  terms, nor is there 
any c r i t i c a l  need, a t  t h i s  stage, t o  do so. 

In t h i s  paper the cora l  atol.1 ecosystem w i l l  be described i n  t e l ? ~  -- -. - - - - 
of processes involving t ransfer  o r  transformation of energy and material, 
with only incidental  reference t o  Yne actual  organisms involved i n  the 
system o r  t o  the physical structures founc? i n  the environment. ~t is  

.* Presented as  a par t  of a. symposium on Algal Ecology, with Special 
Reference t o  Coral i3eei"s and Atolls, at Che 9 t h  Pacific Science Congxess, 
]3angkol~, Nov. 21, 3.95'7. 



recognized t h a t  i n  a complete accouxt of sv.c:i a systein these aspects, 
also, would be described ful ly .  For preser t  purposes lit may Suffice 'to 
say t h a t  the b io t ic  co~nsonent of the systeu is composed of phytoplanliton 
am3 zooplankton; f ree- l iving but  b o t t o m . d w l 1 . i ~  anima.1~ and other 
heterotrophic organisms of ma2y sorts;  an enormous aggi'egation of sess i le  
o r  f ixed organ:sms representing nost classes of algae, a few seed pl.ani;s, 
and prac t ica l ly  dl phyla of invertebrate animals; and a diverse assort-  
ment of land animals. and plants.  > m ~ y  of the marine organislas secrete 
skeletons of CaC3 vhich are added t o  the rmter ia l  of the substrat~m. 3 
This process forms a lattice-work of limestone i n  :?hicil f ree  skeletons or 
loose fragnents lodge. By several  pocesses  these m y  become borided in  
such a m y  as  t o  form a ra ther  hard and res i s tan t  rock. This i s  b n i l t  
up in  the f o m  of a ridge o r  reef usv.al!.y enclosing a shdlow body of 
lrater o r  lagoon and r i s ing  variously t o  sor;i.c~?hat belor?, near, o r  jus t  
above high-tide level .  Th5.s reef i s  oririnarily Tather flat-topped, o? 
varying vidth, with i r regular9t ies  o r  i s l e t s  extending above high-t5.de 
level .  ilaves comminly :)reali on the outer rnmgin a.116 riater f lovs froin 
the sea  t o  the lagonii and back t o  the sea  over the f l a t  o r  gent]-y slosing 
reef surface o r  through gaps i n  it. The flow may be in  and out with the 
t ides ,  or i n  over the r&ndvard and out over the leevard sides.  The 
isJ.e-Ls are  coi-m1on1.y colq>osed i n  par t  o r  >rhoLLy oT loose porous litxestone 
debris and are  mostly covered by vegetation t h a t  includes representetives 
of a l l  major gfo~tps of land plants.  Tile land faunas are  made up of a 
la rge  number of species of insects  and o t k r  ax-thropods, ~iomff i ,  land 
molluscs, a f i r?  r ep t i les ,  some birds,  and a few m a i d s ,  including r a t s  
and man. iarger  i s l e t s  may contain lritl:in ,their poroi~s s t ructures  a 
body of fresh ground water f loa t ing  on the un&eer1ying s a l t  it.:a.C,er ad, 
retarlled by f r i c t ion  from f r ee  diffusion with it. 

These a t o l l  structures are  found i n  most regions of tke  t r ap ica l  md, 
more rarely,  subtro.Fical seas. Temperatures range generally between 7 5 O  
and 85' 3'. or  in  f u l l  sun on land, higher, decreasing of course with 
increasing depth i n  the sex. General clijnates range from re la t ive ly  &y, 
perhaps 600 mm. precipitation, t o  vet,  5000 im. or more. The a t o l l s  are  
i n  trade vind, dol&wn, and monsoon be l t s .  insola-tion i s  generally highjl, 
cloudiness LOTT t o  moderate. 

~ o s t  a t o l l s  are inhabited b$ human belngs, some by re la t ive ly  large 
populations. These e x e r t a  generally apprecia'ole, of ten profound, 
influence on the functioning of t h e  ecosystem. O f  specif ic  importcame 
in  t h i s  cannection . axe the economic a,ctivi.l;ies of planting coconv.ts, 
harvesting, drying, and, exportirig cocorui neat, and importing i n  
exchange various foods ajld other miter ia ls .  

Zith Ynis descriptio:.~ of the general p;.lysical. and biological. 
s i tuat ion,  we may proceed t o  clescrib8 i n  more formal terns,  the a'hstrac- 
t i o a  cai led the coral  a t o l l  ecosystem. This m?y be outlined a s  foLlows 
in  12 sections, l e t t e r ed  A t o  L. 

E. Nourishment or inflov. 

C . Prociuct Lon. 



I?. Excretion. 

G. Accumulation. 

I. Miscella~eous otiler effec.ts and processes. 

J. Losses. 

L. Trends. 

A. Nedia: The media i n  riliich %he system ex i s t s  are  two--a layer of -- 
sea ~ ~ t i t e r  and a s~lpe~imposed layer of a i r .  These, by the na twe of the 
earth-system i t s e l f ,  are  constantlg changed by sea a d  air circulation. 
!t%rough them, o r  by means of them, a . l l  exchange, gain and loss, of 
matter and energy takes place. These two media are  the most universal 
and pervasive components of the ecosystem and at the same time i ts  
e n v i r o m n t ,  i n f l u a c i n g  in  some measure everything i n  the system. 

B. Xourlsl~mentoo - inflotr: Since the a t o l l  i s  an ojen system there 
is a continuous add.i.tion of matter and e n e r ~ ~  in  many ::‘arms. Pu~~damerntal., 
of course, i s  the dai.ly increment of solarc enerGr wi'thou:t ~rliicli -the 
system, i n  anythiag Like i t s  present form, could not  exis t .  Its 
functioning i s  i n  almost every respect dejxndent on e i ther  pI'io'tosynthe~Lic 
or thermodynamic processes, which are dependent on constant addition of 
e n e r a  from the sun. The no~v~Ashlr,ent of organisms and the circulation 
of both air and water are  important examples. 

energy of irind, :nostly ind i rec t ly  a forrn of solar  energy, a lso 
exerts i ts  force i n  various imys i n  tine sptein. Mos-t of t h i s  energy i s  
received elset,rherc and tramporteed 'to the a'to3.L. 

The gravitational. energy of both scn and moon contri.butes importantly 
t o  sea-vater c i rculat ion i n  the for13 of t ides .  !rhe movement of ground 
water i n  a t o l l  i s l e t s  a,lso i s  influenced by t i f ia i  f l ~ r i x a t i o n .  

Essential  components of the mefiia, such as 02, IQp ;120, C02, as  v e l l  
as  dissolved s a l t s  ajld suspeniled organic matter, and. even l iv ing  pyopa.gules 
and disseminules of oryani.sms are conticdally renewd or carr ied in to  the 
system by air  and. ocean cwrents.  Relat,ive concentrations of the various 
components of the media are  maintained at  a ratber  cons-tant leve l  i n  'dlis 
manner. The replenislment of the ground-?rater bodies i n  i s l e t s  is 
dependent on incoming fvesh va'ter, mostly evapopa'tcd elserrliere and 
deposited as  r a in  on the i s l e t s  from wind-borne c l o ~ ~ d s .  Smface currents, 
ulxrellings, trade-winds, monsoons and cyclonic storms are  importaat 
aspects of the circulxtion patterns involved. The intro6uc-tion in to  
the system of phosphorus, on Vhich organic ac t iv i ty  i s  completely 



dependent, is bel-ieved t o  he contmlled t o  a considerable extent by 
upwellings of deep-sea w a ' k r .  One iiuportxxt r a t e  of traris;~ort of 
phosphorus f r u n  meas of upwelling t o  the a t o l l s  is by means of f i sh -  
eat ing birds  and t h e i r  yowg trhich cleposit phos?hates i n  t he i r  excreta 
v i th in  the area of the systein. 3ssentfal  mineral. e lemnts ,  nitrogen, 
asld organic carvbon axe a l so  1 ~ 0 1 ~ h t  i n  by the 'birds a t  'the same -time. 
Organic matter, j.n the form of d r i f t i ng  ~ l la ; lh t~ i l ,  driftwood, and. dead 
organisms, i s  brought t o  the a t o l l s  by currents. Currents a lso bring 
small acjoullts of mineral elements i n  the :!?om ~f punice a s  veil. as  i n  
solution. Volcanic ash arr ives  by way 02' xTinds, especially h igh  nlti.lude 
winds. 

Finally, v i t h  changing gat terns  of humm ac t iv i ty  on a to l l s ,  
i nc reashg  amounts of iinportcd foods and other x,m.terials a s  well as  
a l i en  organisms are  introduced in to  the system. "lhese -introductions 
we effecting varj.ot1.s i.ather pofound chmges i n  .tt!e equi l ibr ia  and 
a l t e r ing  great ly  the physical appearance of the a to l l s .  

C. h-odi~.ction: Tlie elaboration by plants of basic  organic materials 
from elements and.-&ple inorganic compalilds i s  termed production, ill an 
ecologica~l sense. Such elaboratio:~ provides the i%el and building 
m a t e r i d s  for  a l l  other l i f e  processes. 'I?E effective capacity of a 
system for  production i s  cal led i t s  pro$octivi'c:-. 

(1 )  The most o:.)vious produc'tive process i s  &otosynthesis, by which 
caFboh$.rates are elaborated. Algae and green plants  wti l ize  C02, ;I2@, 
and erergy from sunligl~:t fo r  t h i s  purpose. Such algae occur as  conqonents 
of plankton, wit?iin 'the c e l l s  a:? corals  and other coelei~ke~ate::, fixed on 
Yfie reef surfaces, t e r r e s t r i a l l y  on s o i l  and rocks, and epi?L~hy~-tical.l.y 
on t r e e  trunics. Mosses are  fomd i n  many teri*,e2estrial. si'tutiLioiis on -the 
i s l e t s ,  as  w1.l as  o n  t r e e  trun!.:s, especially v h e x  they are  shaded. 
Ferns and psilopsids are  common growing on 1 . ~ 2  a d  epiphytic on trees.  
Seed plants  grow principall.y on l w d ,  bu.t some are epiphytic and a few 
are  masix,  growing i n  shalLoi,r lagoon situa;ti.olls on sandy bottoms. rill. 
of these groups, togetf~er,  acc0un.L for  the origin of nmst of the carbo- 
hydrates used in  tne s y A  em, 

( 2 )  The other essent ia l  t m e  of prockction is the f ixat ion of 
atmospheric nitrogen--its  oxi&tion and elabortttion in to  simple compourids, 
It is well  known tha t  tli!.s f ixat ion i s  acconlplis:-~e+~ by bac ter ia  i n  .the 
soil. and i n  nod~iles on the roots of cer ta in  legminous @.ants. Less well 
known, but uossib1)- more ' i . q o r t a l ~ t  i n  the a t o l l  syskem, i s  f i x a t b n  of 
nitrogen by blue-green algae. This occurs on the s o i l  surface and 
possibly in  fresh and s a l t  ~ f a t e r .  ;fuch of .tile nitrogen ava5.labl.e t o  
a t o l l  organisms is proisably fixed within the systern, but in~por-tmt 
quant i t ies  enter  t l ~ e s y s t e m  by way of bi.rds, rain,  and ocean currents. 

D. Transformation: The alteraJ6iwa of ?ximiry and fabricat!.on of 
----&-A. 

secondary o r g a ~ i c  cowo!u~d.s: 5%is -EuncCion :my be vletred as  a s:?.ccessioa - -.-- 
of processes, mostly 5-nvolving a break-dolm of o r ~ a n i c '  com~ourids ~d 
the i r  re-elaboratiofi in to  more complex ones. SO& of ttiess are  of an 
enormous order of cornplcxity (e. &. mrcleo-proteins) . 

(L) Au.totropl~ic plants,  i n  the nourislment of t h e i r  o m  :?rotoplas~n 
and. elaboration of stored material, cellulose, l ignin and ot;iey nmterials, 



carry out  the  first maLjor s tep  a s e r i e s  of trlrnovers of the prodmts  
of photosynthesis. Gf course, addit ional inorgaxk materials are  
incorporated by t h i s  process and many of the elaborated compouids are  
inf i r i i te ly  more cowlex than the or ig ina l  cwbohyydrates prodc.ced by 
photosynthesis. 

( 2 )  Heterotrophic (pa ra s i t i c  and sapropliytic) plan'ts carry this 
process a s t ep  fa r ther  i n  u t i l i z ing  a.l:rea.dy ela1,orated complex sub- 
stances, a s  \.iell a s  simpler materials derived from their  hosts nnd 
organic substra,ta. Here may be mentioned the v.tilizati.on of disso!.ved 
oygani.c matter iil the media by fa.cu!.tativel;r heterotrophic planktonic 
algae as  discussed by Saixnders (1957). 

( 3 )  Animals, feeaing O i l  p lants  i n  vario?is trays, convert p1an.t organic 
matter i n to  miim.1 orgnnic matter. The pr incipal  cl.a.sses of processes 
by wliich t h i s  i s  acco~plishec? are as  follows: 

a. Eating of phy-Loplankton by zooplsaliton. 

b. Ut i l izat ion of material  produced by zooxajlthcl.lae, by t h e i r  
coelenterate hosts. 

c. Reef grazing and boring. 

d. Eating of lo rd  plants  bg animals. 

e.  Eating of dead plant  pa r t s  by animals. 

f .  Parasitism of p laa t s  by animals. 

(4) Secondary conversion of animal matter t o  animal matter is 
accomplished as  a resv.1.t of three well-ltnom classes of processes, 
namely : 

a.  Predation. 

b. Parasitism. 

c . Scavenging. 

Tllese are  carr led m ir; a great, n ' w ~ ? ~ ~  of d i f fe ren t   rays by a large 
number of animals. Reef grazing and 'uorhg w e  im2ortant here, too. 

( 5 )  Reconversion  of^ animal mztter t o  p l a i t  matter i s  not as  conspicuous 
a process, but  i s  impor.La?t nevertlleless. TWre seem t,o be no insectivorous 
plants  on a t o l l s ,  so t>is recon-rersion i s  p;-incipa3.ly accomplished by 
Sac t e r i a  and fungi l i v ing  mostly on dead, acid occasionally on l.iving 
organic matter. It i s  an 4nteresti.r.g question rihetlier zooxant!iellae 
u t i l i z e ,  i n  any wa~r the ma te r id s  of Yneir hos t s '  tiss:~.es. 

E. Ecomposition (usually but  uafortuma.tely termed "reduction"): 
The destruction of 'the elaborated organic compxmds and reconversion 
back t o  simple inorganic compounds and rela-t ively i n e r t  organic residues: 
B,ro main categcries of processes are invol.ved here. 



(1)  Physiological oxidation ( i n a p p r ~ p ~ i a t e l y  termed respirat ion by 
inany plant  physiologists), ~ f h i c h  i s  the oxidation of carbohydrate 
materials within l iv ing  c e l l s  releasing the energy required for  o t l ~ e r  
l i f e  processes. This processgoes on constantly i n  all l iv ing  things. 

( 2 )  Kon-biological oxidation, both by b~umiilg and by the slow 
oxidation of dead imter ia l s  t h a t  n o ~ ~ n d l y  takes place on e x p o m e  t o  
atmospheric oxygen, aided o r  not by hydrolytic and ca ta ly t ic  action. 

The principal p r o d ~ ~ c t s  of both so r t s  of processes are C02 and U2G, 
with, of course, inorganic and i n e r t  organic residues. Cllemical eliercJ 
is released and converted in-to other forms. 

3'. Excretion (vit l i in the system): The release of waste products 
and resic3~es by organisms in to  the media: 

(1) In  water CG2 arid O2 are released, as  brel.1. as excreta and soluble 
metabolic wastes. Calcareous and si1iceov.s skeletons o i l y  materi.aL 
remain a f t e r  &sin-tepation of organisms. 

( 2 )  On land, lilic.vise, GO2, E20, 02, and metabolic wastes are  
released i n  solution i n  a i r  o r  Trater. Guano and other excreta, a s  well 
a s  dead bodies and deciduous, caduceus, or severed pl&t par t s  are  
deposited on the surface of the t-gound t o  decompose. 

G. Acc.m~.lation: Storage of m t e r i a l s  i n  unchanging o r  very slovly 
changine form, i. e. temporary with&aval of material  (and energy) from 
f r ee  circula,tion in  the system. 

( I )  In  bull? the limestone Tram calcareous sl;eletons of plants and 
ani-.ELLS represents the greatest  and most irxportan't accu1ndation, the 
pr incipal  component of the a t o l l  i t s e l f .  

( 2 )  Phosphatic residues, mainly calcium p!losphates, are present as  
phosphate rock, components of so i l s ,  gumo, and at l e a s t  i n  some a t o l l s  
(e.g. Washington ~ s l a a d )  as  a phosphatic mud or sludge on the lagoon 
bottom. 

( 3 )  IIumus, both a s  raw himus i n  Pisonia .- forests, and as  more stable 
h m i c  residues i n  A, horizons of soi ls ,  $ays an importmwlt par t  i n  the 
functioning of the $stein. The acid raw hiun~~s coi~tribibu-ks t o  the 
formation of phJsphate rock, and the s o i l  l luin~% helps t o  maintain t!Ae s o i l  
i n  condition t o  support grorsth of larger  plants and micro-organisr;~~, 
I.ium~1.s, thougli rela-tively i.nert, i s  continually axlergoing a s l o ~ ?  
oxidation. 

(4) S l i g h t  acc~~mulations of charcoal, metal. oxides, s i l i c a  a$ 
s i l i c a t e s  occur vhere hunan ac t iv i ty  i s  signiZicant. S i l i c a  from 
sponge, rad io la r im,  m d  diatom skeletons also occvrs in  minute amounts 
as veil as small1 quan'kities of s i l i c a t e s  from f loa t ing  punice. 

. . .  , 

( 5 )  Finally, fresh vater; i11 the ground-~rster leas ,  as  well. as  i n  
the several  s t a t e s  of s o i l  vbter, maybe regarcled a s  a temporary 
acc~mul~ation. 



!rhe organic mat'cer and otl?er subs.tances in  l iv ing  organisms represent 
a large t o t a l  q ~ a n t i t y  bet, as  they are  i n  a constant s t a t e  oi' turnover, 
should probably not be classed as  an a c c w l a t i o n .  

These accimlat ions,  d o n g  w i i h  the  materials i n  solution i n  the 
media, may be regarded as  the reservoirs of materials on >rl.rich the 
other components may drarr for  nourishment. 

H. Turnover of materials and energj: Categories D, I%, and P, ahove 
are  -to be classed a s  turnover. In  acldi-Lion several  more processes iwy 
be so regarded. 

(1)  lie-use of GO2 released by o x i W i o n .  

(2) Re-use of O2 released by photosynthesis. 

( 3 )  Re-use ofFi20 released by metabolic and external. chemical processes. 

(4 )  iie-use of fixed nitrogen, both from meta1:olj.c wastes and frm 
primary biological oxidation. 

( 5 )  Re-use of miileral. nutr ients  released by excretion and lweal;do~m 
of organic mabr id ls .  

( 6 )  r!ithdra~ml from and return of various inaterials t o  media. 

( 7 )  Withdratral froin and return t o  accunulations. 

I. IvIiscell.a?~eous ~ other e f f ec t s  and ~- processes .baking place xithj.11 

( 1 )  Inhibit ion by s a l t  (xaC1). The organlc ac t iv i ty  i n  t e r r e s t r i a l  
s i tuat ions seems s'u'.l3ject t o  a considerable i.nhibition by the sa l in i ty  of 
the sea-water medi~m. This inhibit ion r e su l t s  from difference in  osmotic 
pressu.re, the chemical e f fec ts  of absorption of excess sodium and chlorine 
ions and consequent inhibi+:ion of absorption of ot3ers. Tile number of 
land organisms completely adapted 'to the i lorml s a l t  concentration of the 
sea i s  limited. Iience establishnent of imn!igrant organis:i~s i s  severely 
limited, and many of those tha t  become establis!led function a t  below 
t h e i r  optimum levels.  Sa l t  water enters the larid environmnt as wind- 
borne spray, as  storm ?raves, and by diffusion -through tke ground. The 
conspicuous nat,we of the l imiting e f fec ts  of s a l in i ty  m y  be a re f lec-  
t ion  e i t h e r  of the small. extent of the l m d  hahi-tat aad consequently 
great exposure t o  salt or of its probable geologically recent origin 
tha;t has a-llorred l i Y ~ l e  time as  yet for evclu.tion of a special  a t o l l  
biota.  

( 2 )  Effects of sea-a.ir interface: Category 1 j.s r ea l ly  on& one of 
.the consequences of the f a c t  t ha t  the lana portion of t h i s  ecosystem i.s 
a th in  lens  inserted i n  the general sea-air  interface. The distribution 
of m y  organisms, w i n e  a s  well as  land, i s  influenced by the character 
of t h i s  interface.  Aeration, pr incipal  release of energy from insolation, 
frequently an abrv.p2i. break in  tempera%ure gradien-t, loca l  hi?& s a l t  
concentrations resu.ltine; Prom evaporation, solution and other f o r m  of 



erosj.on of l imestme, and the  shaplng of the contours of vedetation and 
control  of i ts  composi",or~ are all consequexes of the nature of t h i s  
interface.  ?limy more could he enumrated. 

( 3 )  Shelter effects .  One of tne reasons for  the diversl.ty of animal 
Life in such an apparently sircple environciental complex may be the 
var ie ty  of habi ta ts  r e s d t i n g  from the s ~ z f a c e  i r r e g ~ l a r f t y  of the 
several  substrata.  The vegetation, 'the deepiy p i t t e d  rock, 'the porous 
so i l ,  =d the intrica-te natui-e of the reef  Latt ice provide ske l te r  of 
vzcious types f o r  a laqe nuxibe oo:' s p c i e s  of animals (and plants, too) 
tha4; have videly d i f fe r ing  requirelilents. 

(4)  Burrowing and turning over of s o i l  by crabs is  an impoi.tant fa.ctor 
i n  the process of incilr~>orating organ5.c mt+;er i n t o  t he  s o l l .  Crab 
burrovs are  very comno!z on m a y  a to l l s ,  aid fresh -mineral s o i l  is o:rken 
p i led  or scat tered around t h e i r  en4trailces. The mechanical t i l l i n g  of tlne 
s o i l  i n  &&is rnalner has bee2 coc~pared t o  t ha t  accomplished by earthi?orms 
i n  other habitats.  It dou.btless is a process of inlportance, .thou.& 
no careful  assessnent of i ts  extent o r  e f f ec t s  has been made. 

J. Losses -- (o r  exwet ion from the sys.kem): 

a. -. Of the  pr incipal  substances l o s t  from the system the first three 
l i s t e d  be!.ow are present i n  such constant propor.tions i n  the media 
outside the ecosystem t h a t  the losses  may be consiZered as  balanced 
almost exactly by inflow. The others a r e  f luctuat ing cpantit?'.es and 
there i s  no exact r e l a t i on  be-tween iriflov and 1-oss. 

( 1 )  C02 carr ied avay by riinds and c>.~xrents. 

(2)  02.. cari*Led avay by vinds and ctrren-ts. 

(3)  ?I2, carr ied may by winds and currefits. 

(14) Fresh .?rater c t i s~ersed  +n-to media. and carr ied away by winds a;?d 
currents.  

( 6 )  Phosphates, carrl.ed away by cu-rely& i n  soldtion and sus3ensi.o~. 

(7) Ot,her dissolved ri~ineral substances, carri.ed a m y  by c u r r e ~ t s .  

(8) CaCO carr ied amy  by currellts i n  sslutior. and suspension. 3 

(9) Planlrton carr ied array by cwrents .  

(1.0j B a d  anj.ma.ls plants  and detached Living f ixed organislns 
carr ied a w y  by currel?ts and s t o r m .  

(11) Birds and other organisms wl~idl mlgrate. 

(12) m o r t  of copra. 

(13) Export of peas1 shel l ,  e t c .  



b. Energy losses:  - 
(1 )  Light, by reflection. 

( 2 )  iieat, by radiation and convection and carried by winds a d  c:xrenJ.;s. 

(3)  Chemical energy 1.ost \&t i~  elaborated ra-&rials .  

I(. Ba!-aim?: The res:%ltcut of all cf  the factors  at ir0r.k on -the -- 
seppent of the miverse  (o r  of nalxre) occupled by tke a- tol l  ecosystem 
i s  the a t o l l  i t s e l f .  I.L !nay be i;hoi@t of a s  a system iii a s-ka'k of 
d p m i c  equilibrium wi-ti1 a posi t ive offset  represented by the p?iysical 
mass of the a t o l l  vi-L;: i t s  associated Mo'ta, the t o t a l  accumulation of 
organic and minera3. matter over mci above th& w? the e:lonml media--air 
and seallater--that otherwise ~~iould  occ?~py the space. A l l  tile character- 
i s t i c s  described serve t o  s e t  the system off from the surrounding 
undifferentiated media. 

L. Trends: !:ith such complexity it i s  hard t o  estimate trends, -- 
thou@~ it may be easy t o  discern them. Over very Long periods the 
trend i s  olxriously -torrard greater accumulation of material a id  probably 
to~ ia rd  increasing complexity. This trend iisy).aJ.ly seems d i rec t ly  rel.ziced 
t o  slow subsidence of substra'tm on which the a t o l l  i s  bu i l t ,  and mny be 
expected t o  continue. On a shorter time scale it is posslble t o  saggest 
tha-t durine periods of general c r  eus ta t ic  r i s e  in  sea le-vel mass w i l l  
increase, by addition of caLcareous nxterij l .  i n  l a y e r s  Biotic complexity 
m.y at the sane -Lime &crease somer,ri?.a'i; u i th  tenaency to3~wd loss  of land 
hal2il;ats. Zit11 f a l l  i n  sea l eve l  the trends my be Wle opposite--loss of 
mass by erosion aud gain i n  b io ta  riith appwance  of land habi-tats, 
increased ac t iv i ty  of sea birds,  md especially the resu1.t~ of occupation 
by inan. Presmial~ly fo r  a3ou.t the l a s t  3500 years t3e la ' t ter  'crend has 
been generally maintaiiied. :Vile-ther o r  w.>t the l a s t  few decades i~ave 
witnessed a change in  t h i s  trend is uacer-ta-in. 

It seems clear  t ha t  these major trends a d  f lmtua t ions  are  contxfolled 
by factors  external t o  the system. The ultl;na-be conk-01 of sea l eve l  i s  
as  yet  by no izeezm clear.  D I ~  vairiation in  CO;? content of the air has 
been suggested (plass, 1956) as  a factor that determines, or xi; l e a s t  
influences, vorld. tenperatures, evaporation of sea water, acctm~ula-Lion of 
ice, and consequent effec-Ls on sea level.  It has been suggested .that 
the recent apparent reversal  of the f d l  of sea leve l  may be due t o  the 
vast ly  accelerated indus-Lrial ac t iv i ty  r,rhic!!. pours great qua'ntities of 
COP i n to  tl?e atinmphere. I f  t h i s  i s  a va l id  assimption li.t seems reason- 
able t o  think t h a t  the present r i s e  w i l l  coil-time, probably at ail 

increasing raLc. !Chs a predici;ion might be made tlrat 'the presently 
observed lo s s  of land above water by erosion m y  be accel-erated by a 
r i s e  i n  sea l eve l  and consequent submergence of m~lcli o r  a l l  of the land 
area of a to l l s .  Su.ch predictions, however, r e s t  on very insecure bases 
a t  presen-t. 

On a still  shorter time scale are  tilie e f f ec t s  produced by the 
occupancy of the a-tolls by man, and especially modern ma%. 1'hese effects 
tend t o  be d r a s t i . ~  as  f a r  a s  the l a d  portions of the ecosystem w e  
concerned but trends m e  a.s ye t  hard 'to i so la te .  Certainly the replacement 



of the native vegetation by cocomt plantations a ~ d  the  r i s e  of the 
export of copra are notable a id  probably involve a corrrplex of re la ted or 
dependent effects .  This cimge v i l l  probably continue but. cer ta inly a t  
a decelerated rate ,  as  land for  expansion of plaritations is becoming 
scarce. A~gllentation of the land b io ta  t a w i l l  probably con'ti.n?e as  man's 
e f fec t  on the land environment continues. Poll.u.tion of lagoom w i l l  . . 

unc~ou11tedl.y increase, with resul t ing encourngenent t o  some orc;anisms and 
ill ef fec ts  on o t l~e r s .  Fishing a c t i v i t i e s  have tended t o  decrease wit11 
contact with c iv i l iza t ion  but t h i s  trend may probably be reversed and 
with use of such effect ive methods as d p m i t i n g  and poisoning the 
marine biotas  may undergo considerable change. T11ere has as yet  been 
l i t t l e  attempt t o  measure the r e su l t s  of such factors  so t h a t  here, a s  
i n  other aspects of the systea, estimation of trends is hi&ly speculative. 
If such prediction is of interest ,  a t tent ion should be directed 'torrard 
c r i t i c a l  study of the de t a i l s  of the ~ ? o ~ k i n g  of the system outlined 
above, t o  c l a r i f y  it and fill i n  the parts t h a t  axe a t  present inferent ia l .  
It seems possible t h a t  if a firm understamling of t h i s  ecosystem is 
achieved it may be used as  a model i n  terms of which t o  study other 
ecosystems. 

The general physical and "physioLogicd" f'amevork of the coral  
a t o l l  ecosystem has been ov.tlined in  terms of the media i n  t d h 3 i  the 
system exis ts ,  nine categories of processes tak.ing place v i th ln  the 
system, the balance o r  dynamic eyui l ibr iua i n  the resul tant  s t ructure  
brought about by these processes, and suggested trends i n  the sta-ke of 
t h i s  equilLbrium. This highly generalized pictt.~.re r e s t s  on a vast  
accumlation of fac ts  aid.  upon inferences dram from tl~em a id  fron 
pertinent fac-ts derived from study of re la ted  o r  a.nalogous sii;.~ations 
i n  other systems. It i s  hoped tha t  this description may serve, u n t i l  
a be t t e r  conception is devised, as  a fi'amevork around which an ~ulder- 
s t a ~ d i i e ;  of t h i s  segment of nature may be bxi1.t and as a guide fo r  
Rrtme research designed Lo clarif:r o w  !cloirledge and ap9i"ecl.atj.on of 
c o r d  a to l l s .  
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