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ABSTRACT 

According t o  i t s  topographic and geomorphologic fea tures  the  lagoon i n  t h e  south-western p a r t  
of New Caledonia  can be descr ibed a s  a small inland sea through which t r a n s i t i n g  oceanic sur face  water 
has  i t s  p h y s i c a l  and chemical p r o p e r t i e s  deeply a l t e r e d  by l o c a l  c l i m a t i c  f a c t o r s  such a s  
evapora t ion- ra infa l l  balance,  wind systems, possible  hurr icane events i n  a u s t r a l  smmr e t c .  

Samples and measurements from 21 c r u i s e s  by N.O. VAUBAN during the  period 1976-1979 i n  the 
S.W. lagoon between HAVANNAH pass  (south)  and S t .  VINCENT pass  (west)  have c o l l e c t e d  some 20000 data 
f o r  a dozen parameters ranging from hydrology t o  chlorophyll. 

- As t o  water c i r c u l a t i o n ,  the most energe t ic  p a r t s  of the system are  coas t a l  areas and deep 
channels ,  p a r t i c u l a r l y  wi th  s t rong  t rades  and ebb t i d e :  sur face  l a y e r  i s  blown northwestwards while 
bo t tan  water is evacuated southeastwards through HAVANNAH pass. - Dissolved s i l i c a  importance i s  p a r t i c u l a r  i n  t h e  n u t r i e n t  balance of the lagoon; high 
content  of running r a i n  water on the main land leads t o  concentrat ions i n  tKe lagoon water up t o  4.3 
mole/m3, more than twice the  mean sur face  oceanic water  f igure.  Unlike t h e  o ther  two n u t r i e n t s ,  s i l i c a  

-:. is therefore  n o t  a l i m i t i n g  f a c t o r  f o r  t he  au to t rophic  production i n  the  lagoon {and i t s  easy 

- Phytoplankton chlorophyll-a d i s t r i b u t i o n  i n  space and time r e f l e c t s  the v a r i a t i o  s of these 
physical  and chemical parameters; concentrat ions usual ly  increa e from t h e  ocean (0.30 mg:m through 
t h e  c o a s t a l  lagoon (0.47 mg/m ) t o  t he  e s t u a r i e s  (0.72 mg/m 1. Maxima a r e  found a f t e r  s t rong flooding 
and in  urban e f f l u e n t  areas.  

A l l  these  considerat ions lead t o  e s t a b l i s h  t h e  lagoon a s  a complex ecosystem which could 
u l t i m a t e l y  e n r i c h  t h e  ocean with plankton taxa and n u t r i e n t s ,  mainly s i l i c a ;  i t s  functioning can be 
simply analysed by the  i n t e r a c t i o n  of f i v e  elementary systems: t h e  orographic  system, the  es tuar ine  
system, the c o a s t a l  lagoon system, the c e n t r a l  lagoon system and the nearby oceanic system. 

-. 

d i s p o s a b i l i t y  favours  s e l e c t i v e l y  some taxa (diatoms, s i l i c o f l a g e l l a t e s ,  sponges). I 

9 
3 3 

R E S W  

De par  ses c a r a c t é r i s t i q u e s  topographiques e t  gdomorphologiques, l e  lagon Ouest de Nouvelle 
Calédonie (166"30E, 22"30S) c o n s t i t u e  une p e t i t e  mer i n t é r i e u r e  o Ù  l ' e a u  océanique s u p e r f i c i e l l e  en 
t r a n s i t  lagonaire  s u b i t  des modif icat ions physico-chimiques impor t an te s .  Les prélèvements e t  mesures 
e f fec tuées  de 1976 à 1979 au cours  de 21 campagnes du NO Vauban, dans la  p a r t i e  Sud-Ouest du lagon 
calédonien, e n t r e  l es  passes Sud (Havannah) e t  Ouest ( S t  Vincent), ont  permis de r e c u e i l l i r  20 
000 données p o r t a n t  s u r  une douzaine de paramètres, de l 'hydro logie  des masses d'eau jusqu 'à  l e u r  
concent ra t ion  en chlorophylle. Au plan de l a  c i r c u l a t i o n  des eaux, c ' e s t  dans l e  lagon c ô t i e r  e t  l e s  
chenaux profonds que l e  système e s t  l e  plus dynamique, en p a r t i c u l i e r  par  f o r t  a l i z é  en marée 
descendante : l a  couche de sur face  dér ive  vers  l e  Nord-Ouest a l o r s  que l ' e a u  de fond s'bvacue ve r s  l e  
Sud-Est d i r e c t i o n  de l a  passe de Havannah. L a  s i l i c e  d issoute  joue un r ô l e  p a r t i c u l i e r  dans l e  b i l an  
n u t r i t i f  l agonai re  : t r è s  abondante dans l e s  eaux de ru isse l lement ,  s a  concentrat ion moyenne a t t e i n t  
4 ,3  mole/& dans le lagon, s o i t  plus  de d e w  f o i s  l a  moyenne océanique de surface.  Contrairement aux 
deux a u t r e s  n u t r i a n t s  phosphatés e t  azo tés ,  l a  s i l i c e  n ' e s t  donc pas un f a c t e u r  l i m i t a n t  l a  production 
autotrophe. La d i s t r i b u t i o n  spat io- temporel le  de l a  charge chlorophyl l ienne phytoplanctonique in t èg re  
les  f l u c t u a t i o n s  de ces  d i f f é r e n t s  paramètres physico-chimiques : un gradien t  c r o i s s a n t  des teneurs  en 
chlorophyl le  a e s t  généralement observé depuis  l 'océan (0 ,30  mg/m3) en d i r e c t i o n  du lagon c ô t i e r  (0 ,47 
mg/m3) et des e s t u a i r e s  (0,72 mg/m3). Les p i c s  de plus grande abondance appara issent  après  l e s  f o r t e s  
c rues  e t  dans les  zones d 'émission des  e f f l u e n t s  urbains .  Toutes ces  considérat ions permettent 
d ' b t a b l i r  l a  f i che  s igna lé t ique  du lagon qui  se canporte a i n s i  canme un "incubateur biologique" powant 
ponctuellement l 'océan en taxas  planctoniques e t  en s i l i c e  l o r s  des décharges d'eau lagonaire .  
L e  fonctionnement global  du lagon peut  finalement ê t r e  schématisé par  un découpage en 5 Ccosystèmes 
i n t e r a c t i f s  : l e  système hydrographique orographique, 1' écosystème d ' e s t u a i r e ,  1' écosystène lagonaire 
cô t i e r ,  l 'écosyst8me lagonaire  c e n t r a l  e t  l 'écosystème océanique proche. 
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GENERAL CHARACTERISTICS OF NEW CALEDONIA'S SOW 
WEST LAGOON 

PHYSICAL ENVIRONMENT 

Topography and bathymetry of the lagoon 

The island of New Caledonia is in fact the 
emerged land mass of an underwater structure 
known as the Norfolk Ridge. Over the various.geo- 
logical eras, periods of erosion chiselled out 
the central mountain chain, composed for the most 
part of highly basaltic rock and, at the end of 
the Tertiary, created a large coastal plain on 
the Western part of the island. Between 18,000 
and 5,000 B.C. the melting polar ice caps caused 
the oceans to rise over 50 meters, thus submer- 
ging the West coastal plain which then became a 
lagoon, while the old fringing reef turned into 
the great barrier reef. 

Climatic features o f  South Caledonia 

Made up of a narrow mountain chain, lined up 
along the Northwest-Southeast axis between 20 and 
23' South latitudes, New Caledonia lies just . 
North of the Tropic of Capricorn on the edge of 
the anti-cyclone belt of the Austral winter ( J u l y  
Sept.) subtropical high pressure systems. During 
Austral summer (Dec-March) the island is subjec- 
ted to equatorial low pressure systems, and besi- 
des winds from the West, may encounter tropical 
cyclones and depressions fonhing in the Coral Sea 
and North of the Salomon-New Hebrides arc. When 
the low pressure belt goes back up to the equator, 
the island finds itself once again in a zone of 
maximum trade-wind activity. 

For the period 1958-1978, average annual 
climatic conditions on the peninsula of Noumea 
were the following : 

-,air temperature : 23.29OC ; rainfall : 
1,020 mm ; wind : 5.lm/sec ; sunshine : 2,475 
hours ; evaporation : 1,350 mm ; relative humi- 
dity : 74.5 X ; atmospheric pressure : 1,013.1 
mbar . 
Hydrology of the Southwest lagoon (166'30'E, 
22020's) 

The area studied here, from Prony Bay 40 km 
SE of Noumea to St.Vincent's Bay 50 km NW, gives 
a good overall picture of the Caledonian lagoonal 
system, having a classic sequence on a coast to 
sea transect : mangrove swamp at the end of the 
bay, coastal channel, islet in the middle and 
fringing reefs, a secondary channel and great 
barrier reef with passes. Six shore-lagoon-ocean 
radii were travelled along on each mission, pi- 
ving 26 stations and 90 samplings. Between 1977 
and 1979 22 missions were made, providing a total 
of around 20,000 readings dealing with some 15 
parameters (Rougerie, 1985). 

Thermohaline characteristics and temporal evo- 
lution 

The water found in the lagoon consists mainly 
of surface ocean water whose thermohaline proper- 
ties can be changed to a greater or lesser degree 
depending on the amount of fresh water brought by 
rivers and on local variations of the evaporation- 
precipitation balance. In the Southwest lagoon, 
annual thermal evolution is accompanied by appre- 
ciable spatial variations. For example, the water 
closest to the shore is the warmest in summer and 
the coolest in winter due to orographic and bathy- 
metric effects. The overall mean temperature of 
the Southwest lagoon for February is 26.5OC, for 
August 21.5OC. The coastal lagoon water, even 
outside of the estuary zone, has a lower salinity 
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than  t h a t  nea r  t h e  b a r r i e r  r ee f ,  scmetimes drop- 
ping below 35 2.. Average s a l i n i t y  f o r  years  
‘“77-‘79” was 35.28 Z., or  0.4 4. l e s s  than  a- 
round t h e  Amédée l ighthouse.  F luc tua t ions  i n  s a l t  
conten t  are only  i n d i r e c t l y  a t t r i b u t a b l e  t o  sea- 
sona l  changes, bu t  lagoon’waters a r e  t h e  l e a s t  
s a l t y  dur ing  the  ho t  season because of t he  cyclo- 
n i c  r a i n s .  Average s a l i n i t y  f o r  the  o v e r a l l  l a -  
goon waters is  s t a b i l i z e d  a t  35.45 %,, o r  0.13 %, 
l e s s  than  t h e  0-50 m layer  of ocean waters j u s t  
beyond t h e  r e e f .  For the  Southwest lagoon t h i s  
i n d i c a t e s  t h a t  t h e  amount of f r e sh  water con t r i -  
buted by r a i n f a l l  and r i v e r s  i s  g rea t e r  than the  
water l o s t  by evaporation. 

Density and formation of lagoon waters 

The temporal evolutiox of the sur face  l aye r  
along r a d i a l  D (St.Vincent’s) i nd ica t e s  t h a t  maxi- 
mum v a r i a t i o n s  i n  water dens i ty  a t  the  end of the 
bay ( S t a t i o n  D 1 )  a r e  found within the  range u t  = 
24.6 (Sept  1977, August 1978) and u t  = 21.7 
(Sept 77) t o  u t  = 22.2 (Feb 78), while S ta t ion  
D3 i n  t h e  St.Vincent Pass (reef-lagoon water) re -  
g i s t e r e d  winter-summer f luc tua t ions  between U t  = 
24.6 and u t  =, 23. However, reef-lagoon waters ge- 
n e r a l l y  have a s l i g h t l y  higher dens i ty  than sur-  
f ace  ocean water  o r  es tuary  water. This unusual 
s i t u a t i o n ,  caused by the l a r g e  amount of sur face  
water evaporated during dry windy per iodes ,  crea- 
t e s  a maximum water dens i ty  i n  the middle of the  
lagoon above ot = 24. In the  v i c i n i t y  of the pass 
the  gene ra l  tendency of isopycnes suggest an in: 
f l u x  of ocean waters a t  pass f l o o r s ,  counterbalan- 
c h &  t h e  escaping of s u p e r f i c i a l  lagoon l aye r s  
( r a d i a l s  B & D) towards the  ocean. 

Dynamics of t h e  Southwest lagoon 

One of t h e  most b a f f l i n g  aspec ts  i n  the un- 
ders tanding  of lagoon water movement i s  the exis- 
tence of sharp  r eve r sa l s  i n  the d i r e c t i o n  of cur- 
r e n t s  nea r  passes  and i n  coas t a l  channels. The 

’ 

a l t e r n a t i n g  of water flow enter ing  the lagoon and 
leaving  i t  i s  obviously modulated i n  a f i r s t  ap- 
proximation by t h e  s t a t e  of t i d e  l e v e l ,  bu t  many 
observa t ions  have noted highly unusual discrepan- 
c i e s ,  even t h e  exac t  opposite i n  the  r e a l  system 
as  compared t o  t h e  expected system. 

knots) t he  o v e r a l l  c i r c u l a t i o n  i s  l a r g e l y  South- 
ward along t h e  i s l a n d ’ s  coas t  l i n e  (57 % agains t  
31 % f o r  v e c t o r s  going N W ) .  Near the g r e a t  reef  
t he  s i t u a t i o n  i s  reversed - over 55 % of the  cur- 
r e n t  v e c t o r s  head NW and less than 30 % SE. In  the  
Dumbea Pass ,  su r f ace  flow moves i n  an ocean t o  la- 
goon d i r e c t i o n  i n  26 Z of the  cases ,  and i n  the  
con t r a ry  d i r e c t i o n  i n  46 4. We can assume t h a t  
c i r c u l a t i o n  i n  a p a r t i c u l a r  lagoon a rea  i s  ru led  
f i r s t l y  by barometric pressure ,  secondly by t i d e s  
and t h i r d l y  by swel l s  (Renon, 1978). This general  
scheme can be  e labora ted  by operating a t r i p l e  
d i sc r imina t ion  using t i d e  f a c t o r ,  wind s t r eng th ,  
and wind d i r e c t i o n  ( J a r r i g e ,  1978). In the Dumbea 
Pass t h e  a l t e r n a t i n g  outflow-axis v a r i e s  l i t t l e  
between s u r f a c e  and bottom (V = 30 cm/sec>. In the  
middle of t h e  lagoon, on the  cont ra ry ,  sur face  
waters move along a NW-SE ax i s  (V = 20 cm/sec), 
while on t h e  lagoon bottom water flow d i r e c t i o n  
i s  more vague, b a s i c a l l y  due t o  the  f a c t  t h a t  flow 
speed averages four  times l e s s  than on the  sur face  
(V = 5 cm/sec). 

In a per iod  of s t a b l e  t r ade  winds (12-20 

Fig. 2 - FeadjustIIEIIt of various kirds Of wdter a m -  
the density f ie ld  

Residence t i m e  of lagoon waters 

Taking t h e  f r a c t i o n  of lagoon water conside- 
red as  having d e f i n i t i v e l y  l e f t  t he  lagoon a t  t he  
end of each t i d e  c y c l e  and thus replaced by an 
equiva len t  volume of ocean water,  we can ca lcu la-  
t e  a minimal r e s idence  time of waters i n  the 
St.Vincent-Boulari b a s i n  - 11 days. Another way 
of c a l c u l a t i n g  would be  t o  t ake  the  case  of reef -  
lagoon waters whose inc rease  i n  s a l i n i t y  and den- 
s i t y  dur ing  t h e  win ter  period would i n d i c a t e  a de- 
f i n i t e  confinement. Residence time can be  expres- 
sed i n  t h i s  ca se  by t h e  following equation (Smith 
& Jok ie l ,  1975), where Z = depth i n  meters - -  
T = -  - E-P = d a i l y  eva lua t ion  of eva- 

p o r a t i o n - p r e c k i t a t i o n  
( i n  meters) ; SO :sali- 
n i t y  of ocean ; S1 = 
s a l i n i t y  of lagoon. 

(E-P) SO 

In-September 1977, a month without r a i n ,  i; = 
O and E = 1.5 mm/day, So = 35.5 
which g ives  T = 28 days.  This win ter  res idence  
time of reef-lagoon waters is thus almost t h ree  
times h ighe r  than t h e  minimal o v e r a l l  time calcu- 
l a t e d  from flow eva lua t ion .  

and S1 = 35.6 Z.,, 

NUTRIENTS AND RELATED PARAMETERS 
Phosphate Molecules 

Dissolved mineral  phosphate conten t  i s  gene- 
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h n i a q u e  
NH6 - N 

Nitr i te  N02-N 

Nitrate NOj-N 

t 

r a l l y  somewhere between 0.2 and 0.4 mol/m3 of 
P-POI, (mean f o r  a l l  d a t a  : 0.35 mmol/m3). Occa- 
s i o n a l  high values  appear i n  es tuary  zones (nota- 
b ly  Prony and Dumbea) because of b a c t e r i a l  decom- 
p o s i t i o n  of land vegeta t ion ,  bu t  t h e  demand f o r  
phosphorus is  such t h a t  as soon as they a r e  oxy- 
dized the  phosphate molecules are i m e d i a t e l y  
f ixed  by sea p l a n t s .  Over t h e  per iod being con- 
s idered ,  our measurements of disolved organic  
phosphate (DOP) suggest  t h a t  t h e  average content  
i s  0.41 mmol/m3, a f i g u r e  s c a r c e l y  h igher  than 
the  average value of mineral  phosphate. 

0.15 0.09 0804 o, IO 
- 

0,14fO,(U1 O , l O ~ O , O 5  0 . 0 5 ~ 0 , 0 2  0.11~0,02 

> 0.58~0.12 0 . 3 6 ~ . 0 8  0,28~.04 0.38f0.06 

I -.___.- I n"".* :m5 0-50 20 

nisrulved organìr 1 0.70 , 1 0.38 1 1:;: 1 I Phosphate (D.0.P.) 

particulate organic 0.12 0.05 0,07 
Phorphrre (P.O. P. ) --- 

-. xeans valuer ot phyrico-chemical parameters - Nutrients unir are  in 
mno!e?r' - 95 I confidence band is indicated. 

The l a s t  type of phosphate recorded i n  the  la- 
goon i s  p a r t i c u l a t e  organic  phosphorus (POP) which 
represents  t h e  phosphorus element included i n  par- 
t i c l e s  with a diameter  g r e a t e r  than 0.45 u m ,  with- 
out being ab le  t o  d i s t i n g u i s h  between l i v i n g  p l a n e  
ton and t r i p t o n  ( d e t r i t u s ) .  POP content  i s  expres- 
sed a s  follows - o v e r a l l  lagoon average (1977) : 
0.07 mmol/m3, ocean average (0-50 m) : 0.03. The 
highest  values  recorded (POP > 0.15 mmol/m3) were 
i n  the  coas ta l  lagoon channel where hydrodynamism 
and t u r b i d i t y  a r e  known t o  be  high.  

- Nitrogen molecules 

Measurements of ammonia have only shown re la -  
t i v e l y  low concent ra t ions ,  on r a r e  occasions above 
0.3 mmol/m3 of N-NHI,, whi le  t h e  overa l l  average i s  
s e t  a t  0.10. This r e s u l t  i s  no s u r p r i s e ,  t h i s  mo- 
l e c u l e  i s  very uns tab le  and i s  quickly oxydized 
to  the  n i t r i t e  (N-NOz) s t a g e  (Oudot & Wauthy, 
1976) charac te r ized  by an average content  of 0.08 
mol/m3 and a maximum concent ra t ion  of 0.3. Seve- 
r a l  areas  r i c h  i n  n i t r i t e s  appear i n  the  es tuary  

zones and c l o s e  t o  the shore ,  developping a f t e r  
s t r o n g  rises i n  t h e  r i v e r s .  In a s t a t e  of maxi- 
mum oxydation, n i t r o g e n  molecules a t t a i n  h igher  
va lues  - n i t r a t e  concent ra t ion  o f t e n  exceeds 
0.8 mmol/m3, with average o v e r a l l  v a l u e  being 
0.38 m 0 1 / m 3  of N-NO3. Here aga in  peak quant i ty  
concerns t h e  bays, with 0.6 mmol/m3 i n s i d e  t h e  
Bay of Prony and 0.55 i n  t h e  Bay of St.Vincent, 
and apprec iab le  l o c a l  v a r i a t i o n s  between these  
two sites. Dissolved organic  n i t r o g e n  (DON) who- 
se average conten t  i s  15.6 mmol/m3, represents  
30 times t h e  t o t a l  of d i sso lved  mineral  forms. 
In  t h e  cons tan t  replenishment of t h e  mineral 
pool from disso lved  organic  matter t h e  l a t t e r  
'weighs' so heavi ly  t h a t  even a s l i g h t  var ia -  
t i o n  i n  va lue  may t u r n  i n t o  a s t rong  f luc tua-  
t i o n  i n  t h e  mineral  n i t r o g e n  concent ra t ion ,  with 
a c e r t a i n  l a g  due t o  t h e  t i m e  needed f o r  remine- 
r a l i z a t i o n .  This  s i t u a t i o n  i s  s t rengthened e l se-  
where by t h e  presence of l a r g e  q u a n t i t i e s  of 
p a r t i c u l a t e  o r g a n i c , n i t r o s e n  (PON). This element 
a t t a i n s  an average v a l u e  of 2 mmol/m3 with ex- 
tremes of 1.2 and 4.5. 

- Dissolved silicate 

Average o v e r a l l  s i l i c a t e  content  i n  t h e  
Southwest lagoon i s  4.3 mol/m3 of Si-SlOa with 
extremes of 25 a t  t h e  end of St .Vincent 's  Bay 
and 1.8 off-reef  between Boular i  and St.Vincent's. 
These f i g u r e s  suggest  a t  f i r s t  glance a major 
c o n t r i b u t i o n  by t h e  streaming waters  along the  
shores  and by t h e  r i v e r  flow. The SiO3-salinity 
regress ion  g ives  an e x c e l l e n t  c o r r e l a t i o n  of r = - 9.87 along t h e  shore  l i n e  and - 0.69 f o r  the  
o v e r a l l  value.  

- Dissolved oxygen and pH 

The f a c t  t h a t  lagoon waters a r e  on t h e  avera- 
ge a b i t  more oxygenated than ocean water may 
seem s u r p r i s i n g .  However t h e  r o l e  played by the 
c rash ing  of swells over  t h e  b a r r i e r  reef should 
not  be overlooked - t h i s  phenomenon increases  
oxygenation which may exceed 125 % s a t u r a t i o n  a t  
moments . 

Values r e g i s t e r e d  ( o v e r a l l  average : 4.88 
m l / l )  do n o t  demonstrate any s i g n i f i c a n t  d i f f e -  
rence  between oxygenation of water a t  t h e  surfa-  
ce or a t  t h e  bottom, f u r t h e r  evidence of t h e  
thoroughness of V e r t i c a l  mixing wi th in  t h e  lagoo- 
n a l  system. The l o w  va lues  of t h e  AOU parameter, 
r a r e l y  abqve O, suggest  t h a t  t h e  oxydation pro- 
c e s s  of organic  matter t o  t h e  mineral s t a g e  i s  
c a r r i e d  out  i n  a g e n t l e  and continuous fashion.  
pH va lues  of t h e  Caledonian lagoon a r e  about the  
same as those of the s u r f a c e  Coral Sea (Rotschi, 
1961) and i n d i c a t e  a s l i g h t  p o s i t i v e  grad ien t  
between t h e  end of t h e  bays (pH = 8.33) and the  
open sea (pH = 8.4) .  A t  lagoon s t a t i o n  type B I ,  
t h e  pH varies between 8.33 and 8.48, with s t ron-  
g e s t  va lues  a t  t h e  end of A u s t r a l  win ter  (August- 
October). 

PHYTOPLANCTON P R I W Y  PROWCTION 

Chlorophyll-a : s t a t i s t i ca l  eva lua t ion  of the  
chlorophyl l -a  conten t  i s  as fol lows : o v e r a l l  
average - Chla = .57 mg[m3 minimum value  on a 
weekly b a s i s  - Chlo = .26 mg/m3 (Feb 19771, maxi- 
mum value  C h l a  = 1.01 mg/m3 (March 1978). S p a t i a l  
d i s t r i b u t i o n  map shows a primary product ion maxi- 
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mum near t h e  shore  (Chla = 0.47 mg/m3) - t h e  
i s o p l e t h s  of chlorophyll-a fo l low t h e  geometry 
of t h e  shore l i n e ,  t h e  r ichness  i n  pigments rea- 
ching as f a r  as mid-lagoon. Beyond this poin t ,  
whether i t  be i n  the  South lagoon towards the 
b a r r i e r  reef  o r  i n  t h e  s u p e r f i c i a l  l a y e r s  of t h e  
ocean, content  i s  both  lower and more hqmogenous, 
around 0.3 mg/m3. The pheophytine corresponds 
with t h e  primary s t a g e  of chlorophyl l  oxydation 
and thus is  an ind ica t ion  of t i s s u e  o r  ce l l  de- 
generat ion of p l a n t s  mater ia l .  The mean percen- 
tage  of degenerated pigment o r  pheopigment i n  
the South w e s t  lagoon i s  58.8 %. It appears a l s o  
t h a t  t h i s  percentage remains r e l a t i v e l y  cons tan t  
whatever t h e  d is tance  from t h e  shore  - a l l  avera- 
ges f a l l  within t h e  estuary maximum (60 X) and 
t h e  r e l a t i v e  shore water minimum (56.8 X). 

GENERAL FUNCTIONING 
We know t h a t  during each t i d a l  cyc le  a f rac-  

t i o n  of lagoon water escapes through the  passes ,  
carrying with i t  phyto- and zoo- plancton biomass 
thatrwe must consider  as being d e f i n i t i v e l y  l o s t  
by the lagoon. Taking j u s t  the chlorophyl l  pig- 
ment content  w e  can eva lua te  d a i l y  loss  i n  a spe- 
c i f i c  lagoon area ,  f o r  example between the  shore 
t o  pass  tansec ts  of Boulari and St.Vincent's. The 
volume e x i t i n g  d a i l y  i s  somewhere around lo9 m 3 /  
day, corresponding t o  8 l o s s  of chlorophyl l  of 
0.55 lo9 mg/day. Ocean i n f l u x  containing 0.25 mg/ 
m3 of chlorophyl l  br ings i n  0.3 lo9  mg of chloro- 
phyll-a, which compared with t o t a l  volume indica-  
tes an o v e r a l l  loss of 0.012 mg/m3/day. The grea- 
ter  p a r t  of the  phytoplancton mass being s t a t i o -  
nary, t h i s  loss i n  ocean waters  i s  compensated by 
renewed production, a s s i m i l a t i o n  of carbon and 
new n u t r i e n t s .  Thus using a mean r e l a t i o n s h i p  of 
NOJ-N/chlorophyll-a = 14 (Antia, 1963) the  loss 
of mineral n i t rogen  comes t o  0.018 mol/m3/day. 
For phosphorus, an i d e n t i c a l  c a l c u l a t i o n  gives  a 
flow of 0.006 mmol/m3/day of phosphorus l o s t  by 
t h e  lagoon, and thus suppl ied i n  t h e  form of m i -  
n e r a l  phosphate dissolved by outs ide  contribu- 
t i o n s .  These cont r ibu t ions  a r e  ind ispens ib le  t o  
maintaining primary production a t  i t s  s t a t i o n a r y  
l e v e l  and come from two sources. The f i r s t  o r i g i -  
n a t e s  i n  the  ocean and i s  r e l a t e d  t o  the  u p l i f t  
and i n t r u s i o n  of r i c h e r  oceanic water breaking 
over the  b a r r i e r  reef  ; the  o ther  comes from pre- 
c i p i t a t i o n  and water rushing down t h e  mountain 
s i d e s  : t h i s  i s  espec ia l ly  g r e a t  during heavy 
rains, s p e c i a l l y  i n  summer, whereas t h e  a r r i v a l  
Of subsurface u p l i f t e d  water  i n  t h e  lagoon would 
be an e s s e n t i a l l y  winter  phenomenon r e l a t e d  t o  
the exis tence of a quasi-isothermal mixed oceanic  
l a y e r  0-150 m deep. It is  not  poss ib le  t o  make a 
d i s t i n c t i o n  between these two sources  but  we can 
consider  t h e i r  r o l e s  as being equivalent  , which 
amounts t o  saying t h a t  0.006 mol/m3/day of n i t r a -  
tes are i n j e c t e d  i n t o  t h i s  lagoon area from t h e  
two sources mentioned. The flow of dissolved s i l i -  
ca i s  e a s i l y  counted - average lagoon content : 
4 . 3  mmol/m3 minus ocean conten t  (0-50 m) : 1.8 
mmol/m3, the  d i f fe rence  ( 2 . 5  mmol/m') represent ing 
excess s i l i c a  present  i n  t h e  lagoon, d e s p i t e  auto- 
t rophic  f i x a t i o n  and d i r e c t  l o s s  t o  t h e  ocean. Si- 
l i ca  l o s t  t o  t h e  ocean can be-ca lcu la ted  a t  0.1 
mmol/m3 using the  same parameters as before. As 
f o r  the  mass of S i l i c a  f ixed  d a i l y  and l o s t  t h r o u b  
phytoplancton leaving the  lagoon, evaluat ion can 
be  made by using the f i g u r e  0.012 mg/m'/day of 
chlorophyl l  leaving and t h e  r a t i o  Si/Chl-a = 4 2 ,  
and we get an addi t iona l  loss  of 0.018 mmol/m3/day 

, 

of S i l i c a .  Rivers  i n  t h e  area s tudied  br ing  in 
an average of 0.86 mmol/nP/day assuming an ove- 
rall  a r r i v a l  of f r e s h  water of 50 m3/sec with a 
s i l i ca  content  of 0.4 mol/m). Looking a t  these  
f i g u r e s  w e  n o t i c e  t h e  si l ica f lowing i n t o  t h e  
lagoon i s  g r e a t e r  t h a n  t h a t  f lowing out ,  which 
would g ive  a p o s i t i v e  balance s h e e t  and indica-  
t e  t h a t  t h e  lagoon acts as a s i l ica  t r a p .  In  
f a c t  a p a r t  of t h e  s i l i ca  can be s tored  i n  t h e  
sediment (accumulation of diatom c lay)  and can 
n o t  be t o t a l l y  put  back i n t o  suspension during 
upturning by cyc lonic  storms. 

F4. 3 - Clrrulaticn, nmn themDhalh fifdd. sIlIcate 4 
chlor0Phyll-a w e t .  

Modelling elements 

However the  imbalance b a s i c a l l y  d e r i v e s  from 
t h e  f a c t  t h a t  t h e  plume from t h e  lagoon i s  a l s o  
f i l l e d  with zooplancton having p r o l i f e r a t e d  by 
feeding on pbytoplancton and thus  car ry ing  a 
l a r g e  amount of inges ted  s i l i ca .  Any at tempt  t o  
balance t h e  scales of n u t r i t i o n a l  sa l ts  must 
t h e r e f o r e  suppose t h a t  t h e  average d e n s i t y  i n  
Zooplancton, larvae and o ther  organic  and waste 
composition of t h e  s e s t o n  be  known. Much d a t a  has  
been c o l l e c t e d  i n  t h i s  area by Binet  (1983) but  
s t i l l  without  conclus ive  evidence, e s p e c i a l l y  
concerning phytobenthos and bac ter ioplanc ton .  
Nevertheless ,  it i s  p o s s i b l e  t o  s e p a r a t e  t h e  who- 
l e  i n t o  5 sub-ensembles, corresponding t o  r e l a -  
t i v e l y  w e l l  d i f f e r e n t i a t e d  ecosystems. 

- The orographic  hydrologic  system 

Wheathering along t h e  f o o t h i l l s  b r ings  with 
i t ,  bes ides  l a r g e  q u a n t i t i e s  of f r e s h  water, d i s -  
solved n u t r i t i v e  elements, organic  and t e r r i g e -  
nous matter. 

- The es tuary  system 

Subject  t o  a b r u p t  surges ,  it i s  both uns tab le  
and capable of r a p i d  readjustment .  For t h e  ensem- 
b l e  of lagoonal b i o t o p e s ,  it c o n s t i t u t e s  a prefe-  
r e n t i a l  zone f o r  egg lay ing  and hatching f o r  many 
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spec ies  ( f i s h ,  molluscs ,  c rus taceans) .  Thermoha- 
l i n e  v a r i a t i o n s  here are t h e  most rap id  and the  , 

w i d e s t ,  and t h e  y e a r  t o  y e a r  thermal d i f fe rence  
the  s t r o n g e s t .  

- The c o a s t a l  lagoon 

Downstream from the  preceding system, t h i s  
ecosystem has t h e  h ighes t  dynamics, a s  much on 
t h e  physical  l e v e l  (speed of c u r r e n t s ,  degree s f  
turbulence and countercur ren ts )  a s  on a biologi-  
c a l  l e v e l .  Elements brought by t h e  r i v e r s  stimu- 
la te  t h e  growth of  phytoplancton c e l l s ,  which ma- 
n i f e s t  themselves i n  v e g e t a t i o n  "explosions" o r  
blooms, remarkable f o r  the  green o r  brown colo- 
r a t i o n s  they v i g e  t o  the  water, 

- Centra l  lagoon 

The c e n t r a l  b a s i n  i s  subjec ted  t o  smaller  hy- 
droc l imat ic  v a r i a t i o n s  and c o n s t i t u t e s  a s t a b l e  
ecosystem wi th  a high degree of matur i ty .  It can 
be compared t o  t h e  c o a s t a l  bays of West Madagas- 
car  s tud ied  by F r o n t i e r  (1978) who noted t h a t  t h e  
phyto- and zoo- plancton taxa  are t h e  most speci- 
f i c  of a l l  t h e  lagoon, growing i n  s i z e  proportio- 
n a l l y  t o  the  t i m e  t h e  water remains, and t h a t  t h e  
j u v e n i l e  plancton f low coming from t h e  c o a s t a l  
lagoon i s  explo i ted  by t h i s  ecosystem. 

- Nearby s u p e r f i c i a l  ocean system 

Very s t r a t i f i e d  and o l i g o t r o p i c  i n  summer a r  
a t  i t s  maximum chlorophyl l  production i n  win ter ,  
the  nearby s u p e r f i c i a l  ocean l a y e r  i s  always poo- 
rer i n  biomass than the  lagoon. The plume of e le -  
ments leaving the  lagoon dur ing  ebb-tide thus 
c o n s t i t u t e s  an obvious p e r i o d i c  enrichment, easi- 
l y  v i s i b l e  t o  t h e  naked eye. However, a p a r t  of 
t h i s  flow i s  recovered by madrepores and fauna 
a t tached  t o  the o u t e r  s lopes .  

CONCLUS ION 

Elements brought from the  mountains through 
water rushing down t h e  s lopes  c o n s t i t u t e s  a ma- 
j o r  source of d i sso lved  s i l i c a  with f o r  t h i s  rea- 
son i s  n o t  a f a c t o r  l i m i t i n g  primary production, 
as i s  t h e  case f o r  phosphate and n i t rogen  nu- 
t r i e n t s ,  a t  l e a s t  i n  t h e i r  mineral  form. In the  
passes ,  discharges of lagoon water maintain plu- 
mes of greener  water  more r i c h  i n  ses ton  than 
ocean water - t h i s  "lagoon e f f e c t "  permits  the  
ocean t o  recover  a p a r t  of t h e  n u t r i t i o n a l  f l u x  
i t  provided upstream, e s p e c i a l l y  during winter  
when t h e  r i c h  phytoplancton water  of t h e  mixed 
l a y e r  breaks over t h e  reef  a f t e r  ponctua1 u p l i f t .  
During per iods of heavy r a i n s ,  s t r o n g  winds or  
typhons, v e r t i c a l  exchanges are on t h e  cont ra ry  
acce lera ted  according t o  var ious  advec t ive  and 
turbulen t  processes ,  among which a n  i n t e r n a l  c i r -  
c u l a t i o n  i n  deep bays, known a s  "estuary circu-  
l a t i o n " ,  plays a major r o l e .  These d is turbed  hy- 
droc l imat ic  episodes thus s e t  o f f  a s o r t  of "for- 
ced r e s p i r a t i o n "  of t h e  lagoonal  system, accele- 
r a t i n g  biochemical cyc les  and n u t r i t i v e  t rans-  
f e r s  between the  e f f l u e n t s ,  t h e  sediments and 
t h e  lagoon water. Residence t i m e  of waters i s  
thus  modulated and according t o  zone spans from 
10 days t o  more than 30 days. 
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durin5 Sumner by c r e e k ,  depen- w i n t e r .  l a r g e  r a t e  o f  coral  

phytoplanktonic 
bloom i n  spr ing  

L O  Ion i s a t  i on, and a f t e r  r a i n f a l l .  Flood.  d i n e  s e a s o n .  
FIG. 4 - D?EXCKW 'RIIICWI ECOSI- ALcE1; A 

CcEAN-IAami-ESNARy. .+- 

- 22 - 


