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ABSTRACT 

The s tudy  of aer ia l  photographs and remote s e n s i n g  documents 
b r i n g s  i n t o  r e l i e f  v a s t  amphibious spaces  on t h e  c o a s t  of t h e  
Guianas,  which c o n s t i t u t e  a major f e a t u r e  of t h e  Holocene 
c o a s t a l  p l a i n .  Genera l ly  s i t u a t e d  behind t h e  mangrove s e a  
f r o n t ,  t h e s e  marshy areas are i n t e r s e c t e d  by savannas and 
crossed  by sandy r i d g e s .  By t h e i r  p o s i t i o n ,  t h e  n a t u r e  of t h e i r  
sediments ,  t h e  morphological  and h y d r o l o g i c a l  dynamics, and 
by t h e  q u a l i t y  o f  t h e  s o i l s ,  t h e s e  a r e a s  c o n s t i t u t e  a 
p r i v i l e g e d  zone o f  a c t i o n  of marine and mainland p r o c e s s e s ,  
t o  which t h e  e v o l u t i o n  o f  t h e s e  hydromorphic spaces  is l i n k e d .  

A f t e r  a b r i e f  p r e s e n t a t i o n  of t h e  p h y s i c a l  s e t t i n g  of  t h e  
S a r c e l l e  swamp, t h e  morphological  a n a l y s i s  i s  approached w i t h  
emphasis on i t s  composing u n i t i e s .  A s  an i n d i s p e n s a b l e  
complement t o  t h i s  approach, i t  w i l l  be seen how t h e  s t u d y  of  
t h e  h y d r o l o g i c a l  mechanisms i l l u s t r a t e s  i n  t h i s  c o n t e x t  an 
o r i g i n a l  s c e n a r i o  of dynamic phenomena, t o  a t i m e  s c a l e  
comprised between t h e  marine and t h e  s e a s o n a l  c y c l e s .  

Two d i s t i n c t  u n i t i e s  are apparent :  
- F i r s t l y ,  w i t h  t i d e  channels  and mangrove, under t h e  dynamic 
a c t i o n  of  t h e  sea and evolv ing  t o  t h e  rhythm of  t h e  ocean:  
semidiurna l  t i d e  and c y c l e  between two syzygies .  
- Secondly,  w i t h  v a s t  d e p r e s s i o n s  and low marsh v e g e t a t i o n ,  
mainly under  t h e  a c t i o n  of r a i n f a l l  and evapora t ion .  

This  a r t i c l e  d e s c r i b e s  t h e  p r e s e n t  f u n c t i o n i n g  c o n d i t i o n s  
of  t h e s e  two domains, w i t h  r e g a r d  t o  t h e  marine and s e a s o n a l  
rhythms which govern them. Then t h e  " q u a l i t y "  of  t h e  l i m i t  
s e p a r a t i n g  t h e s e  two zones w i l l  be s t u d i e d ,  from t h e  p o i n t  
of view of  t h e  mechanism of  exchange between b r a c k i s h  and s e a  
water, then  from t h e  a s p e c t  of t h e  q u a l i t y  of  t h e  waters and 
t h e i r  t r a n s f o r m a t i o n  accord ing  t o  t h e  seasons .  

RESUMEN 
E l  e s t u d i o  de f o t o g r a f í a s  a é r e a s  y documentos de s e n s o r e s  



I r 1 .  
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remotos pone de r e l i e v e  v a s t o s  e s p a c i o s  a n f i b i o s  d e  l a  c o s t a  de 
las Guayanas, los c u a l e s  cons t i t uyen  un r a s g o  mayor de l a  p l a n i  
C i e  c o s t e i a  hg locena .  Generalmente sLtuada p o r  d e t r á s  d e l  - 
manglar, é s t a s  Areas pantanosas  e s t á n  i n t e r s e c t a d a s  por  sabanas  
y c ruzadas  por c r e s t a s  a renosas .  Por s u  p o s i c i ó n ,  la n a t u r a l e z a  
de s u s  sed imentos ,  l a  dinámica morfológica e h i d r o l ó g i c a ,  y l a  
c a l i d a d  de  los s u e l o s ,  e s t a s  á r e a s  c o n s t i t u y e n  una p t i v i l e g i a d a  
zona de acc i6n  de procesos  maLinos y c o n t i n e n t a l e s ,  a l o s  cuales 
l a  evoluc i6n  de e s t o s  e s p a c i o s  h id romór f i cos  e s t á  l i g a d a .  Luego 
de una breve  presentacL6n de los  a spec tos  f í s L c o s  d e l  pantario 
1 - A  c=v-lle,  ".. 
unidades  componentes. Como u n  complemento i n d i s p e n s a h l e  a e s t e  
enfoque, s e  ve rá  c6mo e l  e s t u d i o  de l o s  mecanismos h i d r o l 6 g i c o s  . 
i l u s t r a  e n  e s t e  con tex to  u n  e s c e n a r i o  o rLg ina1  de  fen6menos 
dinámicos 3. una e s c a l a  temporal compuesta e n t r e  l o s  ciclos 
marino 
- e n  primer l u g a r ,  :ori c a n a l e s  de marea y mangla res ,  b a j o  l a  

$1 z n B l i s i z  mo: fo l6gi~o  ss i i i t e f i t â  COG Siiffisis E.G s,lS 
' 

acc ión  dinámica d e l  mar :: e-nluclonando a l  r i t m o  d e l  ocGano: 
marea semidiurna y c i c l o  e n t r e  dos c i z i g i a s .  

marisma b$]a,  p r inc ipa lmen te  b a l o  l a  a c c i ó n  de l l u v i a  y 
evaporac ion .  

E s t e  a r t i c u l o  d e s c r i b e  Las condic iones  de e s t o s  d o s  dominios 
con r e s p e c t o  a los  r i tmos  que lo s  gobiernan .  La " c a l i d a d "  de 

- en segundo l u g a r ,  con " a s t a s  dep res iones  y vegetac iÓn de 

l i m i t e  que l o s  sepa ra  ser;  e s tud iada ,  e n  l o  que hace  aL 
mecanismo de in te rcambio  e n t r e  aguas s a l a d a s  y s a l o b r e s  , l a  
c a l i d a d  de l a s  aguas : s u  t ransformación  e s t a c l o n a l .  I 

INTRODUCTION 

All a long  t h e  300 km Guiana c o a s t ,  t h e r e  e x i s t s  an a r e a  of 
t r a n s i t i o n  between t h e  c o n t i n e n t a l  ecosys tems and t h e  ocean ic  
domain cove r ing  over  1000 km2. These p a r a l i c  envi ronments  a r e  
v a s t  swamps of b rack i sh  o r  f l e s h  water which have developed 
among t h e  sandy I idge q u a l i f i e d  a s  " a n c i e n t "  b e a r i n g ,  t h e  road 
and agglomera t ions  and t h e  sho re .  T h i s  zone, which is 3 t o  
4 km wide and composed of marine clays, c o n s i s t s  o f  amphibious 
spaces  covered w i t h  a herbaceous f r e s h  w a t e r  v e g e t a t i o n  o r  w i t h  
t h e  s e a - f r o n t  mangrove which is mainly Avicennia sp. 

The c o a s t a l  l agoona l  enx.vironment is i n  f a c t  a combination 
of s e v e r a l  morphological u n i t i e s  whose e x i s t e n c e  and r e l a t i v e  
ex tens ion  a r e  cond i t ioned  by c o a s t a l  hydrodynamics and 
hydro-c l imat ic  c o n d i t i o n s .  

By u n i t i n g  t h e  v iewpoin ts  of two s p e c i a l i t i e s  - Geomorphology 
and Hydrology - we s h a l l  s e e  how c e r t a i n  q u a l i t a t i v e  a s p e c t s  of 
t h e  f u n c t i o n i n g  of t h e s e  ecosystems can be brought  i n t o  r e l i e f  
through t h e  s tudy  o f  a c o a s t a l  swamp s i t u a t e d  i n  t h e  r eg ion  of 
Mana: t h e  S a r c e l l e  swamp (F igure  1). 

i? f i r s t  s tudy ,  c a r r i e d  o u t  i n  1 3 7 2  by M. Ross igno l ,  c l e a r l y  
showed 'she ex i scence  of two in te rdependent  envi ronments  whose 

.' 
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e v o l u t i o n  seemed very  s e n s i t i v e  t o  t h e  oceanic  c o n d i t i o n s  of 
t h e  moment. The morphological  d e s c r i p t i o n  is  completed by t h e  
c o l l e c t i o n  of  measurements in situ which show t h e  permanence o f  
t h e  u n i t i e s  i n  a b e t t e r  known c l i m a t i c  and oceanic  c o n t e x t  
whi le ,  a t  t h e  same t i m e ,  s p e c i f y  t h e  p h y s i c a l  magnitudes which 
animate them. Def in ing  t h e  n a t u r e  and t h e  q u a l i t y  of  t h e  
channels ,  t h e i r  f u n c t i o n s  and t h e  h y d r o l o g i c a l  " l i m i t s "  of t h e  
"marine" and b r a c k i s h  water domains h e l p s  t o  unders tand  t h e  
mechanisms of  exchange between t h e s e  environments and t h e i r  
r e l a t i o n s h i p  w i t h  t h e  ocean. 

t h e  q u a l i t a t i v e  f u n c t i o n  of  t h e  swamp and d e f i n e ,  w i t h i n  t h e  
framework of  t h e  morphological  e v o l u t i o n  o f  t h e  r e g i o n ,  a 
" s e n s i t i v i t y "  o f  t h e s e  domains w i t h  r e g a r d  t o  m o d i f i c a t i o n s ,  
even minor ones ,  of  c e r t a i n  t h r e s h o l d s .  W e  s h a l l  then  d i s c u s s  
t h e  v a r i o u s  e v o l u t i v e  a s p e c t s ,  a l r e a d y  observed i n  t h e  p a s t  
o r  more r e c e n t l y ,  which t h i s  s u b - c o a s t a l  environment may 
p r e s e n t  under  c e r t a i n  c o n d i t i o n s .  

From t h e s e  o b s e r v a t i o n s  w e  can formula te  a rough o u t l i n e  of  

1 THE PHYSICAL SETTING 

1.1 C l i m a t i c  c o n d i t i o n s  

French Guiana, s i t u a t e d  i n  t h e  e q u a t o r i a l  zone of t h e  n o r t h e r n  
hemisphere ( l a t i t u d e  2 t o  5'1, comes under t h e  i n f l u e n c e  of  t h e  
atmospheric  c i r c u l a t i o n  of  a g e n e r a l  e a s t - w e s t e r l y  d i r e c t i o n .  
The t e r r i t o r y  i s  t h u s  a l t e r n a t e l y  a f f e c t e d  by n o r t h - e a s t  o r  
south-eas t  trade winds accord ing  t o  t h e  t ime o f  t h e  y e a r .  The 
p l a c e  of  t h e s e  two t r a d e  winds ( t h e  i n t e r t r o p i c a l  zone of 
convergence) moves up from t h e  s o u t h  towards t h e  n o r t h  from 
A p r i l  u n t i l  J u l y  and moves down i n  December and January  
towards t h e  s o u t h e r n  hemisphere,  g i v i n g  r ise  t o  f r e q u e n t  and 
v i o l e n t  showers.  Two r a i n y  s e a s o n s  are observed,  t h e  more 
abundant b e i n g  i n  May, a s  can  be s e e n  from t h e  o b s e r v a t i o n  o f  
t h e  f low of t h e  r i v e r s .  

d u r i n g  t h e  y e a r  w i t h  d a i l y  v a r i a t i o n s  of a i r  t empera ture  
between 22 and 32OC. 

The average  humidi ty  on t h e  coast is 85% and t h e  average  
of  t h e  maxima and minima i s  about  70%. During t h e  y e a r ,  t h e  
lowest  humidi ty  is  recorded  i n  October .  T h i s  p e r i o d  cor responds  
t o  t h e  "dry season" and t h e  lowes t  water l e v e l  f o r  a l l  water- 
ways. 

observed i n  t h e  A n t i l l e s  i s l a n d s  (Mart inique 4,4 o c t a s ) ;  t h e r e  
is  t h e r e f o r e  a l o n g  p e r i o d  o f  sunshine ,  which g i v e s  r ise t o  
c o n s i d e r a b l e  e v a p o r a t i o n  i n  t h e  s t r e t c h e s  of water  on t h e  
c o a s t a l  swamps and a n  i n c r e a s e  of  t h e  tempera ture  of s h a l l o w e r  
w a t e r s  (as h i g h  as 35-37']. 

The r e g i o n  o f  Mana-St Laurent  p r e s e n t s  a c e r t a i n  o r i g i n a l i t y  

The average  tempera ture  i s  2 6 O  and remains f a i r l y  c o n s t a n t  

The c l o u d  cover  i s  average  ( 5 , l  o c t a s )  , c l o s e  t o  t h a t  
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w i t h  more c o n t r a s t e d  c l imat ic  c o n d i t i o n s .  I t  i s  t h e  o n l y  sector 
of  t h e  Guianese coast where evapora t ion  v a l u e s  are s o  h igh ,  
about  900 "/year ( ave rage  v a l u e  f o r  Guiana 300 t o  400 mm/ 
y e a r ) .  

The ave rage  amount o f  sunsh ine  is 2100 hours/year  ( 5 , 8  hours  
per day, and t h e  wind c o n d i t i o n s  are s t a b l e  w i t h  e a s t e r l y  t o  
n o r t h - e a s t e r l y  winds o f  annua l  average speed o f  2 ,5  m/s. Thus, 
without  h igh  winds and even less t h e  v i o l e n t  t o rnados  which 
occur  i n  t h e  Caribbean,  t h i s  zone h a s  a remarkable wind 
r e g u l a r i t y .  These c o n d i t i o n s  are  important  f o r  t h e  
unde r s t and ing  o f  t h e  s e a s o n a l  and annual  e v o l u t i o n  o f  t h e s e  
coastal  environments.  

Another important  factor  i s  t h e  r a i n f a l l ,  which is  much 
lower i n  t h e  r e g i o n  of Mana t h a n  i n  t h e  o t h e r  coastal r eg ions .  
The i n t e r a n n u a l  average is  1900 mm. The monthly maximum i s  i n  
May and t h e  t w o  a n n u a l  minima (more accen tua ted )  i n  March and 
October.  The s p a c i a l  d i s t r i b u t i o n  o f  t h e  r a i n s  i s  homogeneous 
d u r i n g  t h e s e  t w o  p e r i o d s  o f  h igh  r a i n f a l l .  

heterogeneous s p a c i a l  d i s t r i b u t i o n  d u r i n g  t h e  "dry" seasons .  

no t  o n l y  f o r  t h e  whole o f  t h e  Guianese l i t t o r a l ,  b u t  a l so  for  
a n  e q u a t o r i a l  r eg ion .  The c l imat ic  c o n d i t i o n s  resemble t h o s e  
d e s c r i b e d  by Marius e t  a l .  (1985) f o r  Gabon. We s h a l l  see now 
t h e  p a r t i c u l a r  e v o l u t i o n  o f  t h e  i n t e r i o r  landscape o f  t h e  
swamp i n  t h i s  t y p e  o f  climate.  

A more stormy p e r i o d  fo l lows  them w i t h  a much more 

The climate of  t h e  r e g i o n  o f  Mana t h u s  appea r s  t o  be  o r i g i n a l  

1 . 2  The waters o f  Guiana 

Analyses of  t h e  water show a n  i d e n t i c a l  chemical  composi t ion 
f o r  t h e  g r e a t  r ivers which cross t h e  coun t ry .  The i o n  
c o n c e n t r a t i o n s  are always f a i r l y  s t a b l e .  Sodium and c h l o r i n e  
r e p r e s e n t  70% o f  t h e  g l o b a l  i on  c o n t e n t  which i s  on ave rage  
1 0  mg/l. The o t h e r  i o n s  (Mg++, Ca++, K+, Fe3+, SO-Z, NO-3 ) 
do n o t  r e p r e s e n t  more t h a n  1 mg/l i n  c o n c e n t r a t i o n .  

Gene ra l ly ,  t h e s e  v a l u e s  are  c o n s t a n t  ove r  t h e  whole y e a r .  
The q u a n t i t y  of s i l i c a  i n  s o l u t i o n  i s  r e l a t i v e l y  c o n s t a n t  

w i t h  an  average s t r e n g t h  o f  10 mg/l. 
Thus it can  be s e e n  t h a t  t h e  water is  l o w  i n  m i n e r a l s ,  and 

t h e  load i n  suspens ion  i s  extremely l o w  (less t h a n  10  mg/ l ) .  
Measurements t a k e n  on t h e  Sinnamary r i v e r  (6500 km2 o f  

catchment area and 260 m 3 / s  annual  module) show t h a t  123000 
t o n s  of  sediment are t r a n s p o r t e d  p e r  y e a r ,  ( F r i t s c h ,  1 9 8 4 ) ,  
which, i f  sp read  over t h e  e n t i r e  s u r f a c e  o f  t h e  e s t u a r y  would 
form a d e p o s i t  1 t o  2 c m  t h i c k .  

Mana, t h e  Sinnanary and t h e  Approuague i s  on ave rage  6 p H  
u n i t s  (Hydrologie yearbook o f  Guiana) .  These waters are t h e r e -  
f o r e  a c i d ;  t h e i r  meet ing-point  i n  e s t u a r i e s  and nea r  t h e  coasts 
w i t h  sea-water c o n s t i t u t e s  a b u f f e r  environment (L .R .  Lafond, 
1967) .  

The p H  of  r i v e r  w a t e r  measured i n  s i t u ,  on t h e  Maroni, t h e  
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The mechanical  energy developed by t h e  r i v e r s  i s  i n s u f f i c i e n t  
t o  t r a n s p o r t  a l a r g e  q u a n t ~ t y  o f  p a r t i c l e s ,  and t h e  e s t u a r y  
beds are  f looded  w i t h  s i l t  of  marine o r i g i n .  The i n f l u e n c e  of 
t h e  Amazone is t h u s  preponderant  ( J a n t e t ,  1982) i n  t h e  o r i g i n  
of t h e  e l emen t s  which c o n s t i t u t e  t h e  Guianese coast .  The water  
v e l o c i t y  is low (less than  1 m,/s  on a v e r a g e )  a s  w e l l  a s  t h e  
s l o p e s  (0,133 m,/km) and consequent ly  numerous meander-s have 
been for-med. The main i n f l u e n c e  of t h i s  f l u v i a l  water i s  t h e  
d i l u t i o n  of  t h e  sea water,  e s p e c i a l l y  i n ' t h e  r a i n y  season ,  t h u s  
c o n s i d e r a b l y  lower ing  t h e  s a l i n i t y .  

@n a s c a l e  o f  ki lometres ,  t h e s e  phenomena, which ex tend  ove r  
t h e  whole l e n g t h  o f  t h e  c o a s t ,  may o r  may n o t  b2 tuned t o  t h e  
e v o l u t i o n  of  sub -coas t a l  s t r e t c h e s  o f  w a t e r .  I n  t h e  r eg ion  o f  
Wana, a s  w e  have s e e n ,  t h e  r a i n f a l l  is  " l o w "  and t h e  
e v a p o r a t i o n  h igh ;  t h u s ,  a new element comes i n t o  t h e  sub- 
l i t t o r a l  c o n t e x t  - t h e  f i l l i n g - i n  of  t h e s e  zones by ocean t i d e s  
w i t h  sea water  i n  t h e  d r y  season and brackLsh i n  t h e  r a i n y  
Season. 

1 . 3  The ocean environment 

The marine c u r r e n t  f l ows  from west t o  east ,  and t h e  c o a s t  also 
comes under  t h e  a c t i o n  o f  waves o f  d i r e c t i o n  no r th -eas t  and 
ampl i tude  0,4  t o  1 , 4  m (Demera c o a s t a l  i n v . ,  1962)  as  w e l l  as 
t h e  mechanic a c t i o n  o f  t h e  t i d e  which h a s  a n  ave rage  ampli tude . 
of 2 metres. The t i d e  i s  o f  t h e  semi -d iu rna l  t y p e  and keeps 
i t s  p r o p e r t i e s  a l o n g  t h e  whole l i t t o r a l .  

N o t  f a r  from t h e  mouth o f  t h e  sma l l  o u t l e t s  o f  t h e  Wana 
swamp, chemical  measurements t aken  a t  sea show, compared w i t h  
the ave rage  composi t ion o f  sea-water (Sve rd rup  e t  a l  . ) ,  t h e  
f o l l o w i n g  c h a r a c t e r i s t i c s :  
- A pH o f  ove r  7 u n i t s  
- A r a t i o  Na + K / Ca + Mg, o s c i l l a t i n g  around 5 ,6  t o  6 , 6  
f o r  measures t a k e n  o v e r  seven months. T h i s  shows t h a t ,  a t  
f i r s t  view, t h e  sea water keeps i t s  p r o p e r t i e s  and is  d i l u t e d  
by f r e s h  water  from t h e  r i v e r s .  
- The d i l u t i o n  i s  maximal i n  June ,  i .e .  d u r i n g  t h e  r a i n y  
season ,  and t h e  N a C l  c o n t e n t  may d e c r e a s e  t o  60% of  t h e  
riominaL v a l u e s .  However, from September t o  November, a s l i g h t  
o v e r - s a l i n i t y  can  be seen  (105% o f  r e f e r e n c e  a n a l y s e s ) .  T h i s  
phenomenon is  c o n s i d e r a b l y  less important  t h a n  t h e  d i l u t i o n  
and most c e r t a i n l y  due t o  t h e  e v a p o r a t i o n  of sea wateï i n  
sha l low parts,  n e a r  t h e  c o a s t ,  du r ing  t h e  d r y  season .  

1 . 4  The main morphologicaL f e a t u r e s  o f  t h e  Mana swmap 

A diagrammatLc s e c t i o n  (F igu re  3 )  o r i e n v a t e d  sou th -nor th  shows 
t h e  f o l l o w m g  u n i t i e s :  
- a sandy r i d g e  ( a n c i e n t )  c o n s i s t i n g  of f i n e  y e l l o w i s h  sand ,  
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covered by mixed dense f o r e s t .  
- a f r e s h  water  swamp, w i t h  mangrove v e g e t a t i o n  c o n s i s t i n g  of 
Typhaceae,  Graminaceae,  f e r n s  and shrubs .  The s o i l  i s  composed 
of d e - s a l t e d  marine c l a y s .  This  a r e a  w a s  chosen f o r  t h e  
i m p l a n t a t i o n  of  r i c e  f i e l d s .  
- t h e  o f f s h o r e  b a r  ( r e c e n t )  w i t h  c o a r s e  sand: t h i s  u n i t y  
c o n s t i t u t e s  a s e p a r a t i o n  between t h e  f r e s h  water, marshy water- 
meadows and t h e  b r a c k i s h  c o a s t a l  swamps. 
- a b r a c k i s h  swamp, sha l low and p a r t i a l l y  covered by mangrove 
on i t s  n o r t h e r n  boundar ies ,  (5 t o  30 cm of  water) .  The 
v e g e t a t i o n  i s  mainly composed o f  lemna, seaweed ( r u p p i a  i n  
t h e  r a i n y  season)  and mangrove. 
- t h e  p r e s e n t  o f f s h o r e  b a r ,  w i t h  c o a r s e  sands  c rossed  by s m a l l  
e f f l u e n t s  from t h e  swamp and covered w i t h  young Avicennia sp. 
- high  and low mud f l a t s  covered by l o o s e  mud c o n s t a n t l y  moved 
by water c u r r e n t s ,  a c c r e t i o n  and sed imenta t ion .  This  i s  
covered by sha l low sea-water  a t  h igh  t i d e  (20 t o  50 cm) and 
ex tends  up t o  two k i l o m e t r e s  o u t  of  sea from t h e  p r e s e n t  
o f f s h o r e  b a r .  

e s t a b l i s h e d  accord ing  t o  t h e  sandy accumulat ions forming 
" a n c i e n t " ,  " r e c e n t "  o r  " p r e s e n t "  b a r s  , s e p a r a t i n g  accumulat ions 
of f i n e  sediments  which correspond t o  t h e  t w o  a r e a s  of  marsh- 
land .  

There e x i s t s  a wel l -def ined  morphological  sequence, 

2 HYDROLOGY OF THE MANA SWAMP 

2 . 1  C h a r a c t e r i s t i c s  

The Mana swamp o r  S a r c e l l e  savanna i s  a v a s t  a r e a  of 5600 
h e c t a r e s ,  1000 of  which are conver ted  i n t o  i r r i g a t e d  r i c e -  
f i e l d s  . 
4 km from n o r t h  t o  s o u t h .  

t h e  s o u t h  and t h e  " p r e s e n t "  sandy bar marking t h e  s h o r e l i n e  
t o  t h e  n o r t h .  S ince  1972, t h e  c o n s t r u c t i o n  of a c a n a l ,  now 
i n c o r p o r a t e d  i n  t h e  r i c e - f i e l d ,  has  broken t h e  c o n t i n u i t y  o f  
t h i s  s u b - l i t t o r a l  swampland. 

The l i m i t s  imposed by a n t h r o p i c  measures are, t o  t h e  w e s t ,  
t h e  c a n a l  (named Sodalg)  whose n o r t h e r n  part i s  i n  
communication w i t h  t h e  sea, and t o  t h e  s o u t h  o f  t h e  swamp 
i t s e l f ,  t h e  d r a i n a g e  c a n a l  of  t h e  r i c e - f i e l d s .  

I n  t h e  c e n t e r  of  t h e  swamp, t h e r e  are s e v e r a l  a r e a s  of  f r e e  
water, each one e x t e n d i n g  i n t o  t h e  mangrove. The l a r g e  c e n t r a l  
a r e a  of water i s  450 h e c t a r e s .  I n  t h e  r a i n y  season,  it can b e  
found a q u a t i c  v e g e t a t i o n  w i t h  lemna and seaweed and i s o l a t e d  
i s le t s  of AViCennia and Graminaceae (Sesuvium). The average  
depth  measured w a s  20 t o  25 cm i n  J u l y ,  1985. 

The swamp e x t e n d s  f o r  20 km i n  t h e  east-west d i r e c t i o n  and 

Its n a t u r a l  l i m i t s  a r e  t h e  r i g h t  bank of t h e  r i v e r  Mana t o  
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F i g u r e  2 .  D i a g r s m m a t  LC sect l o r i  of swamp south-nor t l i .  
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2 . 2  The ar ter ies  

i 

Two d i s t i n c t  systems e n s u r e  t h e  ebb and f low of  t h e  w a t e r  under  
t h e  i n f l u e n c e  of  t h e  t i d e .  
- The f i r s t  system b r i n g s  sea water t o  t h e  mangrove areas. 
They are t h e  t i de  c h a n n e l s  of  Goulet  and Arharante which permi t  
t h e  ebb and f low o f  water of  oceanic  o r i g i n  a t  a l l  t i d e s .  It 
cor responds  a zone of dead mangrove ( r e s p e c t i v e l y  35 and 70  
h e c t a r e s  i n  a r e a )  f o r  each  channel  near  t h e  o u t l e t .  

These two channels  f u n c t i o n  i d e n t i c a l l y .  The only  d i f f e r e n c e  
is  t h e  s u r f a c e  o f  t h e i r  "catchment a r e a "  ( temporary t e r m  i n  t h e  
t i d e  c y c l e ) .  Both p o s s e s s  a l a t e r a l  branch on t h e  l e f t  bank 
which d r a i n s  t h e  mangrove areas and does n o t  seem t o  be 
a f f e c t e d  by sea w a t e r .  A t  Amarante, t h i s  s m a l l  channel  goes 
r i g h t  i n t o  t h e  h e a r t  o f  t h e  swamp. 

The small t r i b u t a r y  named c r i q u e  ( I n  Guiana, s m a l l  r i v e r )  
E m i l i e  d r a i n s  t h e  main s t r e t c h  of  water of  t h e  swamp a t  low 
t i d e ,  c r o s s i n g  t h e  mangrove s i t u a t e d  behind t h e  p r e s e n t  o f f -  
s h o r e  b a r .  I t  a l s o  f u n c t i o n s  as a t ide  channel ,  f l o o d i n g  t h e  
mangrove zones w i t h  sea w a t e r ,  e s s e n t i a l l y  d u r i n g  t h e  p e r i o d  
of  s p r i n g  t i d e s .  P r o s p e c t i n g  h a s  shown t h a t  t h e s e  marine waters 
do not  r e a c h  t h e  s t r e t c h  o f  b r a c k i s h  water of  t h e  main swamp, 
i n  t h e  c o n d i t i o n s  of  o u r  o b s e r v a t i o n s ,  i . e .  i n  t h e  r a i n y  season  
d u r i n g  which t h e  " d r a i n a g e  f u n c t i o n "  is  e f f e c t i v e .  

The n a t u r e  of t h e  c r o s s - s e c t i o n s  of  t h e s e  t i d e  c h a n n e l s  
always resembles  a p r o f i l e  U .  

The second system o f  "arteries" o r i g i n a t e s  i n  t h e  r i v e r  Mana, 
t o  t h e  r i g h t  of  t h e  town, a t  about  20 km from t h e  mouth of  t h e  
r i v e r .  I t  is  a s m a l l  c r i q u e  named Condi l lac  which winds through 

Othe mangrove s i t u a t e d  beyond t h e  r i g h t  bank o f  t h e  r i v e r .  V i a ,  
a t o p o g r a p h i c a l  s h e l f  s i t u a t e d  half-way a l o n g  i t s  c o u r s e ,  i t  
j o i n s  one of  t h e  branches  o f  t h e  Amarante t i d e  channel .  

is  s t r o n g l y  a f f e c t e d  by t h e  t ide,  which f a v o u r s  t h e  f low of 
r i v e r  water towards t h e  i n t e r i o r  of t h e  swamp, p a r t i c u l a r l y  
d u r i n g  t h e  s p r i n g  t i d e  p e r i o d .  Thus, t h i s  c r i q u e  resembles a 
t i d e  channel ,  b u t  t h i s  a s p e c t  i s  p u r e l y  mechanical  s i n c e  t h e  
water i s  h a r d l y  s a l t y .  Furthermore,  t h e  morphology is  d i f f e r e n t :  
a c r o s s - s e c t i o n  of  t h i s  c r i q u e  does n o t  show t h e  U-prof i le  seen  
i n  t h e  o t h e r  channels ,  b u t  a s o f t e r  p r o f i l e  seen  i n  r i v e r s .  

Thus t h e r e  e x i s t  t w o  systems'which favour  t h e  o u t f l o w  and 
perhaps  t h e  i n f l o w  of  w a t e r  i n t o  t h e  b r a c k i s h  swamp, which 
r e f l e c t  two d i f f e r e n t  environments .  The f i r s t  could  be  
q u a l i f i e d  as p u r e l y  "marine" n e a r  t h e  e f f l u e n t s ,  under  t h e  
i n f l u e n c e  of  t h e  t i de  and "permeable" t o  t h e  ocean. The o t h e r  
q u a l i f i e d  as b r a c k i s h  swamp, under  t h e  i n f l u e n c e  o f  f r e s h  water 
(from t h e  Mana) and r a i n f a l l .  

The water of t h i s  a r t e r y  is t h a t  of  t h e  r i v e r  Mana. T h i s  area 
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2 . 3  Hynionetry 

The comprehension of c e r t a i n  o r i g i n a l  phenomena, such  a s  t h e  
d e c l i n e  of t h e  mangrove near t h e  e f f l u e n t s  or t h e  a spec t  o f  
herbaceous or d ry  " tanne"  (expanse w i t h  no v e g e t a t i o n  or 
covered w i t h  a herbaceous c a r p e t ,  s i t u a t e d  in t h e  depths  o f  
t h e  mangtove) observed i n  t h e  h rack i sh  swamp, needs a d e t a i l e d  
knowledge of t h e  hydr-aulLC mechanisms: t h e  e f f l u e n t  t i d e  cyc le ,  
f low, f l i i c t u a t i n g  volumes, and l e v e l l i n g  zn  t h e  mud. 

With t h e  y i s i n g  t i d e ,  t h e  c u r r e n t  i s  c a n c e l l e d  o u t  i n  about. 5 
nnlnutes and t h e  v e l o c i t y  a t  dep th  becanes i r r e g u l a r .  The 
d u r a t i o n  of t h e  r i s i n g  t i d e  i s  about  t h r e e  or  fout- hours.  The 
s u r f a c e  v e l o c i c i e s  a r e  about 1 , 2  m i s  a t  s p r i n g  t i d e s  and 0,s 
m;s a t  s t i l l  w a t e i .  T h e  d u r a t i o n  of t h e  ebb i s  g e n e r a l l y  
between S and 9 hours sometimes li-: hours a t  s t i l l  water.  

The v e l o c i t i e s  a t  ebb a r e  i n f e r i o r  t o  t h o s e  a t  r i s i n g  t i d e ,  
an2 much more c o n s t a n t .  The r e g u l a r i t y  of t h e  out f low ?If t h e  
channels  and f looded  a r e a s  :Inder t h e  mangrove can be observed 
a f t e r  t h e  s t a r t  of t h e  movement of  t h e  mass of water  which 
l a s t s  ahout l h  317'. 
- Cycle of o s c i l l a t i n g  flow. Average flow i n  absence of r a i n .  
A t  t h e  main o u t l e t ,  a cont inuous  gauging, by independent 
v e r t i c a l s  a l lows  a p r e c i s e  e v a l u a t i o n  of t h e  flow. A t  s p r u i g  
t i d e s  t h e  peak flow can reach 6rJ m3:'s a r  Amarante, while a t  
ebb i t  is Less t h a n  1 5  m 3 i s .  

between 4 , 5  and Tr,8 m3/s du r ing  a c y c l e  of s p r i n g  t i d e s  and 
neap t i d e .  

acco rd ing  t o  t h e  measurements a l s o  t aken  on t h e  c r i q u e  
Emi l i e ,  a t  Goule t  and a t  Cond i l l ac ,  i t  can be seen  t h a t  t h e  
c r i q u e  Amarante p l a y s  a prime r o l e  i n  t h e  p r e s e n t  func t ion .  
I ts  average r a t e  of f low is 6 , 0  m 3 l s  a t  ebb d u r i n g  t h e  s p r i a g  
t i d e  p e r i o d s .  

During t h e s e  measurements, c o n s i d e r a b l e  mod i f i ca t ions  were 
observed a f t e r  each t i d e  in t h e  p r o f i l e  of t h e  gauge s e c t i o n .  
I t  was observed d e p o s i t s  and r e t u r n s  of banks of sand and mud 
10 t o  2 0  cm t h i c k .  Th i s  environment is t h u s  dynamic and 
c o n s t a n t l y  re-shaped by t h e  s e a .  
- F l u c t u a t i n g  volumes a t  Amarante 
A t  s p r i n g  t i d e s  t h e  volume of water  f lowing  i n t o  t h e  swamp 
is  twice  that. f lowing ou t  a t  ebb. For example, 400.000 m3 
f lows  i n  and a t  ebb 190.000 m3 flows o u t .  

There is t h e r e f o r e  a s tock ing  of water  d u r i n g  t h e  s p r i n g  
t i d e s .  However, ã t  neep t i d e  t h e  $enonenon is reversed  b u t  
t h e  evacliated vclumes a r e  h ~ r d l y  supe r j  o r  t o  those  f lovinc?; 
i r ,  (50.000 !r3 a t  ebh f o r  50.000 m3 a t  i n f low a t  Arrkrante). 
What tken  j.5. t h e  c i r c u l a t i o n  p rzcess  of these marine waters?  

t h e  swamp mangrove takes p l a c e  du r ing  7 days a t  f u l l  moon anil 
S-dnys a t  new moon, cor responding  t o  t h e  s p r i n g  t i d e s .  

- Ebb dI1.j d L  all UUtlet:  &ÏlaLafite 

A t  ebb t i d e  t h e  average  flow measuxed a t  Amarante o s c i l l a t e s  ~ 

The @ier.omenon of i n t r o d u c t i c p  of s e a  wa te r  by o v e r f k w  m 2 e r  
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T h e o r e t i c a l l y ,  i f  one sp reads  t h e  volume r e t a i n e d  d u r i n g  an 
important  high t i d e  over  t h e  s u r f a c e  enveloping a l l  t h e  "heads" 
of t i d e  channe l s ,  one o b t a i n s  a s h e e t  of water  1 0  c m  deep. 
Th i s  was measured d u r i n g  p r o s p e c t i o n s  i n  t h i s  a r e a  of  swamp, 
which w e  q u a l i f i e d  a s  "marine".  Furthermore,  t h e  permanence of 
an impor t an t  q u a n t i t y  of water  i n  t h e  channe l s  a t  low s p r i n g  
t i d e ,  shows t h a t  t h e s e  e f f l u e n t s  do n o t  a l low t h e  t o t a l  
evacua t ion  by g r a v i t y  of t h e  volume of t h e  in f low of wa te r  
towards t h e  sea .  The c i r c u l a t i o n  of water  under t h e  mangrove 
is  a l s o  cons ide rab ly  slowed down by t h e  l a r g e  s u r f a c e  covered 
by t h e  pneumatophores Of Avicennia  sp. 

Thus a p a r t  of t h i s  ocean water  is absorbed by t h e  mangrove 
f o r  a few days,  and i n  adc?it ion t o  t h i s  p r o c e s s  of e v a p o r a t i o n ,  
probably f a i r l y  s l i g h t  under t h i s  important  cover  of v e g e t a t i o n  
and i n  absence of n a t u r a l  v e n t i l a t i o n  which is c u t  o f f  by t h e  
c o a s t a l  mangrove. The excess  w a t e r  d r a i n s  to t h e  sea d u r i n g  
the p e r i o d  of neap t i d e  (14 t o  1 5  days a t  Amarante). 

Thus - f o r  t h e  system observed i n  1985- t h e r e  i s  no in f low 
of s e a  wa te r  over  t h e  whole of t h e  b r a c k i s h  swamp, s i n c e  t h e  
"marine" mangrove slows down t h e  n a t u r a l  c i r c u l a t i o n .  
- Measurements of water  depth.  The i r  u t i l i z a t i o n  i n  t h e  
de t e rmina t ion  of t h e  h e i g h t s  of  mud banks. 
The r e c o r d i n g  of water  dep ths  w i t h  t h e  e l e c t r o n i c  system 
CHLOE w i t h  p i e z o - r e s i s t a n t  sounding-rod is  p r e c i s e  t o  a h a l f -  
c e n t i m e t r e .  

By examining t h e  d a i l y  water  depth ove r  a l ong  p e r i o d ,  t h e  
component belonging t o  t h e  ocean t i d e  can be s e p a r a t e d  from t h e  
n a t u r a l  f low of swamp water  towards t h e  s e a .  The s l a c k  w a t e r  
a t  high t i d e ,  which lasts about  30 minutes ,  pe rmi t s  a 
" l e v e l l i n g "  of t i d e  s c a l e s  p l aced  a t  two e f f l u e n t s  t h r e e  
k i l o m e t r e s  d i s t a n t  from each o t h e r .  

s t r e t c h e s  of water of  Goulet  and Amarante which p r e s e n t  t h e  
same o s c i l l a t i o n s  i n  t i m e ,  a r e  a t  d i f f e r e n t  a l t i t u d e s .  The 
weter  a t  Goulet  i s  50 c m  deeper  than  a t  Amarante. The mud 
banks s i t u a t e d  on t h e  h i o t  mud f l a t s  of  t h e  e f f l u e n t s  are a t  
t h e  same l e v e l  a s  t h e s e  s t r e t c h e s  of water; it can t h u s  be 
shown t h a t  t h e  s i l t i n g  of t h i s  mari t ime zone is accomplished 
w i t h  c o n s i d e r a b l e  a l t i m e t r i c a l  d i f f e r e n c e s  a l o n g  t h e  l i t t o r a l .  

w e r e  recorded with t h o s e  p r e d i c t e d  by t h e  Hydrographic 
S e r v i c e  f o r  t h e  c o a s t s  of  Guiana, shows co r re spond ing  l e v e l s  
measured a t  "marine zero".  

,The p r e c i s i o n  of  t h e s e  s u p e r p o s i t i o n s  is  +2 c m  which seemed 
t o  u s  t o  be amply enough f o r  th'is t y h e  of  s tudy .  

Thus it can be determined t h a t  t h e  s t r e t c h  of  wa te r  of  t h e  
Amarante o u t l e t  i s  a t  about  ave rage  sea l e v e l .  T h i s  i s  e q u a l l y  
t h e  c a s e  f o r  t h e  mud banks d e p o s i t e d  i n  f r o n t  of  t h e  o u t l e t s .  
The l e v e l  of t h e  Amarante bank -during t h e  p e r i o d  of  
measurements- was about  1 , 9 0  m above t h e  marine z e r o  and t h a t  .. 
of t h e  Goulet  bank about  2,40 m. 

Thus i t  can be determined t h a t  a t  t h e  end of ebb t i d e ,  t h e  

The comparison of l e v e l s  of s l a c k  water a t  h i g h  t i d e ,  which 
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The l e v e l l i n g  o f  t h e  p r e s e n t  sandy r i d g e  and i ts  l i n k  t o  t h e  
Amarante t i d e  scale shows t h a t  i ts  maximum a l t i t u d e  i s  3 ,80  n 
above t h e  marine ze ro .  The muddy ground w i t h  dead mangrove 
behind t h e  present  b a r  i s  a t  2,80 m. 

between t h e  mud banks of  t h e  h i g h  mud f l a t s  t o  t h e  r i g h t  o f  
t h e  t w o  swamp e f f l u e n t s .  Furthermore,  t h e  a l t i t u d e  o f  t h e  
muddy ground o f  t h e  swamp and t h a t  o f  t h e  summit o f  t h e  
F resen t  sandy r i d g e ,  demonstrates  t h e  " s e n s i t i v i t y "  of t h e s e  

of t h e  o r d e r  o f  c e n t i m e t r e s ,  a t  sea leve l  (maximal l e v e l  a t  
s p r i n g  t i d e s :  3,40 m . )  . 

I t  seems, without  any doubt ,  t h a t  t h e  whole area of t h e  
S a r c e l l e  swamp s i t u a t e d  t o  t h e  n o r t h  o f  t h e  r i c e - f i e l d s  LS of 
very  r e c e n t  format ion .  A e r i a l  photographs t a k e n  i n  1950 and 
1955 show an  amphibious a r e a  s i t u a t e d  between t h e  " r ecen t "  
and "sub-present" sandy b a r s  and t h e  " p r e s e n t "  s h o r e l i n e  b a r .  

We have seen  t h a t  t h e  Hydrology of t h e  swamp is a complex 
system due t o  t h e  dynamics of marine rhythms. But what p a r t  
does r a i n f a l l  p l ay  in  t h e  " i n t e r i o r  l i f e "  o f  t h e  b r a c k i s h  
swamF? 

Episodes of r a i n  e x p l a i n  t h e  v a r i a t i o n s  i n  water l e v e l  
(F igu re  3 )  ( a f t e r  f i l t e r i n g  of  t h e  ocean t i d e  component), 
obseì-ved i n  p a r t i c u l a r  t h e  1 3 t h  and 2 1 s t  o f  A p r i l  1985 and 
t h e  4 t h  and 7 t h  o f  May. In t h e  f i r s t  case, i t  can  be  seen  t h ?  . 
f l o o d i n g  o f  t h e  catchment area a f t e r  a heavy shower, e s p e c i a l l y  
a s  t h e  f i r s t  f l o o d  occur s  a t  s t i l l  w i t e r .  I n  t h e  second case, 
i n  May, t h e  response i s  uniquely due t o  t h e  o c e a n i c  momentum 
which"masks" t h e  e f f e c r  o f  a 30 mm r a i n f a l l  o c c u r r i n g  ducinq 
t h e  same Fe r iod .  

Ana lys i s  of  t h i s  t y p e  of document shows t h a t  t h e  obse rvab le  
f l o o d s  a r e  Froduced by showers o f  over  30 mm ( i n  2 4  hours )  
a t  s p r i n g  t i d e  and new moon, and ove r  45-50 mm a t  s p r i n g  t i d e  
and f u l l  moon. 

Moreover, w e  have seen  t h a t  t h e  h y d r a u l i c  power o f  evacuat ion 
of t h e  main e f f l u e n t  w a s  about  200.000 m3 i n  10 hours .  

Study o f  t h e  f l o o d  o f  13 th  A p r i l  s u p p l i e s  i n fo rma t ion  on 
t h e  dynamics of  c i r c u l a t i o n .  I n  comparison w i t h  t h e  s u r f a c e  of 
t h e  catchment area, t h e  corresponding volume o f  wãter  cou ld  
have been evacuated i n  a half-day.  S ince  t h e  f l o o d  lasts 
almost 3 days ,  one can  suppose t h a t  it i s  maintained by a n  
e x t e r i o r  l i m i t e d  inf low.  Thus it is  p robab le  t h a t ,  i n  t h i s  
c a s e ,  there is  d r a i n i n g  maintained by, on t h e  one hand, t h e  
sma l l  swanp e f f l u e n t  ( E m i l i e )  and on  t h e  o t h e r  hand, by a 
l a t e r a l  c i r cu l5 , t i on  of b r a c k i s h  svanp waters towards t h e  domain 
of  t h e  t i d e  cha rne l s .  T h i s  phenomenon - s t u d i e d  purposely a t  
neap t i d e -  is less pa lpab le  a t  s p r i n q  t i d e  s i n c e ,  as  w e  have 
seen ,  t h e r e  is  s t o c k i n g  of sea water i n  t h e  "catchment area" 
p a r t  o f  t h e  e f f l u e n t s .  Th i s  i s  why t h e  f l o o d i n g  appea r s ,  i n  
t h i s  case, du r ing  heav ie r  r a i n f a l l .  

For showers of  over  40-50 m m ,  t h e  l i m i t  between t h e  t w o  

We a l so  e s t a b l i s h e d  a c o n s i d e r a b l e  a l t i m e t r i c a l  d i f f e r e n c e  

p2ï21-- -n., u i r o n n e n t s  w i t h  r cga rd  t z  rel2tis.e v e r i s t i o n c  e v s n  
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Level of s l a c k  water  a t  h igh  t i d e  and a t  t h e  end of ebb 
t i d e  a t  Gou le t ,  superposed on d a i l y  r a i n f a l l ,  Two re sponses  
of t h e  “catcnment a rea“  can be d i s t i n g u i s h e d  : 

- f lood ing  a f t e r  heavy r a i n f a l l  (13, 21 Apr i l Ì  
- o s c i l l a t i o n  of t h e  s h e e t  o f  water  after d r a i n i n g  

of t h e  a r e a s  f looded  a t  s p r i n g  rides (4,5,6,7 May) 

ORSTOM 86 
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domains, b rack i sh  and marine, becomes permeable i n  t h e  
d i r e c t i o n  swamp-sea. These elements  suppor t  t h e  f i e l d  
o b s e r v a t i o n ,  which showed t h e  e x i s t e n c e  o f  t w o  very d i f f e r e n t  
p e r e n n i a l  domains by t h e  a s p e c t  o f  t h e  muds and t h e  v e g e t a t i o n .  
The hydrometr ic  measurements i n d i c a t e  t h e  h y d r a u l i c  
r e l a t i o n s h i p  between t h e s e  two zones,  which a r e  s e p a r a t e d  by 
an  "impermeable" b a r r i e r ,  excep t  i n  t h e  case o f  heavy showers 
(ove r  50 mm) when t h e r e  i s  a t r a n s f e r  of water towards t h e  
t i d e  channe l s ,  and then  towards t h e  sea .  

I n  these c o n d i t i o r s ,  how does t h e  water  of t h e  b r a c k i s h  
swmp o b t a i n  its s a l i n i t y ?  

Chemical a n a l y s e s  o f  t h e  water o f  t h e  b r a c k i s h  bas in  show 
c o n c e n t r a t i o n s  of sodium c h l o r i d e  of 5 g / l  on ave rage  d u r i n g  
t h e  r a i n y  season. T h i s  v a l u e  i n c r e a s e s  w i t h  t h e  i n t e r s e  
evapora t ion  d u r i n g  t h e  d r y  season when t h e  t empera tu re  o f  t h i s  
water is  about  32OC. Cond i t ions  of excess  s a l i n i t y  ( 3 5  g / l  o f  
N a C l )  were even observec i n  c e r t a i n  s m a l l  p o o l s  i n  November, 
1985. The whole e v o l u t i o n  of  t h e  b rack i sh  swamp is t h u s  
cond i t ioned  by t h e  temporal d i s t r i b u t  ion o f  r a i n f a l l  du r ing  
t h e  d r y  season .  I n  extreme cases, and a s  i t  w a s  observed i n  
1969 and 1982, t h e r e  can  Se complete drying-up and a p p a r i t i o n  
o f  d r y  tanne .  

The b r a c k i s h  o r i g i n  o f  such a system can  o n l y  be understood 
-under t h e  c o n d i t i o n s  observed i n  1985- by r e c a l l i n g  t h e  
preserce of sa l t  i n  t h e  marine c l a y s  o f  t h e  S O L L .  The washing 
of t h e s e  s a l t s  by rainwater  is slow and dominated by a 
t h r e s h o l d  e f f e c t  o f  r a i n  under whLch t h e  b r a c k i s h  swamp 
remains almost endorhe ic .  

DISCUSSION 

The h y d r o l o g i c a l  a n a l y s i s  distinguishes t w o  b r a c k i s h  s w a m p  
env i ronmer t s  a l r eady  d e s c r i b e d  by Blancaneaux (19811, one by 
p e r i o d i c  marine invas ion  arid t h e  o t h e r  dominant ly  b r a c k i s h  
( F i g u r e  4 ) .  

The "marine" environment is l o c a l i z e d  and i t s  ex tens ion  
g e o g r a p h i c a l l p  sma l l .  I t  c o i n c i d e s  roughly wit?: t h e  sub- 
l i t t o r a l  cour ses  o f  t h e  Crique (Amarante, G o u l e t ) .  I t  has  
a very high ocean ic  pe rmeab i l i t y ,  and i s  r e g u l a r l y  covered by 
t h e  t i d e s .  On ae r i a l  photographs ìt  appea r s  a s  a series of 
t i d e  channe l s  w i t h  a U p r o f i l e  and by areas o f  dead or  
d e c l i n i n g  mangrove . 

During t h e  perLods of ebb t i d e ,  i t s  f u n c t i o r  resembles t h e  
catchment area; d u r i n g  r i s i n g  t i d e ,  o f  s h o r t  d u r a t i o n ,  t h e r e  
is overf lowing o f  sea water,  w i th  temporary s t o c k i n g  of  water 

T h i s  systerr, may e x p l a i n  t h e  d e c l i n e  and r a p i d  d e a t h  of t h e  
g r e a t  mature mangrove s i t u a t e d  near  t h e  o u t l e t ,  behind t h e  
p r e s e n t  sandy ba r .  

t h ë  s o i l .  We t h i n k  t h a t  t h e  proximity of  t h e  ocean ,  c o n t r a r y  
M. Boye (1962) t h i n k s  it is t h e  r e s u l t  o f  t h e  f r e shen ing  of 
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F i g u r e  4. L i m i t s  s e p a r a t i n g  "marine" and "b rack i sh"  zones around t h e  Gou le t  and 
Amarante "c r iques" .  



t o  what one would e x p e c t ,  i s  i n  accordance w i t h  t h i s .  I n  f a c t ,  
t h e  s h o r t  d u r a t i o n  of r i s i n g  t i d e  (3-4 hour s )  and e s p e c i a l l y  
t h e  large dimensions o f  t h e  t w o  t i d e  channe l s  do  not a l l o w  t h e  
chemical  and mechanical  s t a b i l i t y  u h i c h  i s  seen  upstream. A t  
r i s i n g  t i d e ,  v e l o c i t i e s  a re  h igb  and t h e  mud i s  p e r i o d i c a l l y  
washed. There is a sort  o f  "mechanical asphyxia" by t h e  t i d e .  
- The second environment is  "b rack i sh  sub1 i t t o r a l " ,  w i t h  water 
which i s  moderately s a l t y  and rich i n  humic a c i d s .  T h i s  
en-vrironment, which i s  s p a c i a l l y  t h e  wides t ,  is r e p r e s e n t e ?  by 
t h e  v a s t  c e n t r a l  b a s i n  of  t h e  swamp. 

Con t ra ry  t o  t h e  "marine" environment,  t h e r e  is p r a c t i c a l l y  
no c i r c u l a t i o n  of  water h e r e ;  d ra inage ,  by very i n s i g n i f i c a n t  
e f f l u e n t s ,  i s  very  slow. 

L i k e w i s e ,  t h e  small c r i q u k  which f lows  i n t o  t h e  r i v e r  Mana 
o n l y  h a s  s m a l l  p o s s i b i l i t i e s  of i n f low and ou t f low o f  r iver 
water,  withdrawn from t h e  i n f l u e n c e  o f  t h e  o s c i l l a t i n g  s a l t y  
p a t t  i n  t h e  e s t u a r y  ( L o i n t i e r  F I . ,  1984) .  

There LS a d i s t i n c t  l i m i t  between t h e  t w o  domains: t h e r e  is 
no m t r u s i o n  of sea water i n t o  t h e  b r a c k i s h  b a s i n s .  

However, t h i s  L i m i t  is no longer impermeable du r ing  showers 
of over  30-50 mm: t h e  overflow o f  t h e  b r a c k i s h  swamp f i l l s  t h e  
network of channels  which s lowly d r a i n  t h e  water towards t h e  
sea.  Thus, a t  t h i s  t ime, and o n l y  i n  t h e s e  c o n d i t i o n s ,  a one- 
way connect ion is e s t a b l i s h e d  from t h e  overf low o f  t h e  b a s i n  
towards t h e  network o f  t i d e  channe l s ,  i . e .  from t h e  "b rack i sk"  
domain towards t h s  "marine" domain. T h i s  f i r s t  f a c t  is  
important  and c o n t r a r y  t o  t h e  l o g i c a l  s u p p o s i t i o n  which would 
b e  from t h e  sea towards t h e  swamp. 

I n  t h e s e  circumstances,  how can  t h e  o v e r - s a l i n i t y  of t h e  
s u b - l i t t o r a l  swamp b e  explained? We are convinced t h a t  t h i s  
phenomenon i s  l inked  t o  t h e  s o i l s ,  formed by s a l t y  marine 
c l a y s .  These s o i l s  have evolved themselves ,  according t o  
phases  o f  s i l t i n g  and u n s i l t i n g ,  which r e c e n t l y  seem t o  be  a 
fundamental  f a c t  o f  t h e  coastal  dynamics. Here w e  touch on t h e  
problem of p r e s e n t  and r e c e n t  causes  o f  t h e  e v o l u t i o n  of t h e s e  
environments .  The p r e s e n t  b r a c k i s h  s u b - l i t t o r a l  swamp h a s  a 
f u n c t i o n i n g  which is  c e r t a i n l y  o r i g i n a l ,  b u t  which o c c u r s  i n  
an environment whose e v o l u t i o n  superposes  p r e s e n t  and r e c e n t  
p rocesses .  It i s  t h u s ,  i n  many a s p e c t s ,  an  i n t e r g r a d e  
environment,  i n  c o n t a c t  o r  i n  pas s ing ,  where i n t e r a c t i o n s  
occur .  A s  r ega rds  t h e  p r e s e n t  dynamic, f o r  example, it 
conce rns  an  environment where t h e  "marine" c o n d i t i o n s  d i m i n i s h  
and t h e  " c o n t i n e n t a l "  c o n d i t i o n s  become more impor tan t ,  due t o  
r a i n w a t e r  and streams i s s u i n g  from t h e  f r e shwa te r  s w a m p .  

It  is  p r e c i s e l y  i n  t h i s  environment t h a t ,  d u r i n g  t h e  y e a r s  
when t h e  d r y  season i s  becoming more marked, real  b a r e  t a n n e  
are formed, as  it i s  c l e a r l y  seen  on t h e  ae r i a l  photographs.  
F i e l d  work h a s  shown, on such occas ions ,  t h e  e x i s t e n c e  of a 
v a s t  area of cracked c1a.y and t h e  c e n t r a l  b a s i n  of t h e  s w a m p  
be ing  completely d r y .  The Mana swamp has t h u s  a present  dynamic 
as-opposed t o  t h e  swamps s i t u a t e d  on t h e  l e f t  bank of  t h e  r iver  
Mana. 
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This  l a s t  o b s e r v a t i o n  a l lows  us  t o  go a l i t t l e  f u r t h e r  i n  t h e  
d i s c u s s i o n  on t h e  p r e s e n t  and r e c e n t  causes  i n  t h e  e v o l u t i o n  
of t h e s e  environments.  The swamp of t h e  l e f t  bank of t h e  Mana, 
i n  which a r i c e - f i e l d  is p l a n t e d ,  is  s i t u a t e d  behind a sandy 
b a r  which s u p p o r t s  t h e  t r a c k  from Mana t o  L e s  Ha t t e s .  The 
sedimentary d e p o s i t s ,  d a t i n g  back t o  t h e  Mara phase,  are de- 
s a l t e d .  They have evolved i n  t h e  s o i l s  w i th  p y r i t e s  and p r e s e n t  
a t  l e a s t  one important  l a y e r  of "pegasse" .  The geomorphological 
s i t u a t i o n  of  t h i s  swamp, as w e l l  as t h e  e v o l u t i o n  of t h e s e  
s o i l s ,  prove tha t .  t h i s  formation i s  a n c i e n t :  an a n c i e n t  lagoon,  
g r a d u a l l y  f i l l e d  i n ,  becoming a confined environment,  which has  
evolved behind  a sandy r idge .  To what e x t e n t  i s  t h e  p r e s e n t  
s u b - l i t t o r a l  b r a c k i s h  swamp, t h e  expres ion  of a s t a g e  i n  t h e  
e v o l u t i o n  of t h e  fresh-water  swamp on t h e  l e f t  bank o f  t h e  
Mana? The q u e s t i o n  remains. I t  is founded on t h e  ccmparison 
of r e c e n t  aer ia l  photographs which show a very a c t i v e  dynamic. 
For example, t h e  p r e s e n t  b a r  of t h e  s h o r e l i n e  was, i n  i t s  t i m e ,  
p a r t  of  an amphibious system, pushing t h e  s h o r e l i n e  two 
k i l o m e t r e s  t o  t h e  North.  Other documents show a n c i e n t  t i d e  
channe l s ,  and even, a t  t h e  l e v e l  of t h e  " r e c e n t "  b a r ,  a bend 
morphology of  t h e  sandy ba r  which resembles  t h a t  of t h e  p r e s e n t  
e f f l u e n t s .  On t h e  o t h e r  hand, -and i f  w e  accep t  t h e  p reced ing  
hypo thes i s -  t h e  p r e s e n t  b a r  ( l i k e  t h e  Isere head a t  t h e  mouth 
of  t h e  Mana) has  i s o l a t e d ,  by i t s  growth, t h e  a n c i e n t  mud-f la t .  
Th i s  environment became a lagoon and was p r o g r e s s i v e l y  f i l l e d  
i n .  The p r o c e s s  w a s  t h u s  r a p i d .  The d i f f e r e n c e s  i n  a l t i t u d e  
between banks,  t h e  " s e n s i t i v i t y "  t o  t h e  l e v e l  of t h e  s e a ,  and 
t h e  a n a l y s i s  of b o r i n g s  c a r r i e d  o u t  by t h e  B.R.G.M. 
:(Geological and Kin ing  Research O f f i c e )  seem t o  suppor t  t h i s  
t h e s i s .  However, i n  t h e  absence of more d e t a i l e d  s t u d i e s  i n  
t h i s  s e c t o r ,  any hypo thes i s  of dynamic i s  s u b j e c t  to r e s e r v e s ,  
t a k i n g  i n t o  account  t h a t  t h e  e v o l u t i o n  of  t h e s e  zones i s  l i n k e d  
t o  t h a t  of  t h e  e s t u a r i e s  of t h e  Mana and a more important  
r i v e r ,  t h e  Maroni. 

I t  i s  c e r t a i n  t h a t  t h e  s e a s o n a l  c l i m a t i c  v a r i a t i o n s  a f f e c t  
t h e  d u r a t i o n  and t h e  f o r c e  of t h e  winds, and t h u s  t h e  ampli tude 
of t h e  waves, and t h i s  l e a d s  t o  a mod i f i ca t ion  of t h e  ocean ic  
e f f e c t  on t h e  swamp. Although t h e  summit of t h e  " p r e s e n t "  
sandy ba r  is s i t u a t e d  40 c m  above t h e  l e v e l  o f  high s p r i n g  
t i d e s ,  it is no t  a n  o b s t a c l e  f o r  waves which submerge it from 
t i m e  t o  t i m e .  The consequences are no t  r e a l l y  important  i f  one 
c o n s i d e r s  t h e  in f low i n t o  t h e  swamp, b u t ,  on t h e  o t h e r  hand, 
c e r t a i n  lower p a r t s  of t h e  b a r  can t h u s  a l t e r  and f avour  t h e  
c r e a t i o n  of  p o t e n t i a l  zones of r u p t u r e .  On t h e  c o n t r a r y ,  
d u r i n g  " c a l m "  c y c l e s  t h e r e  should be a phenomenon of 
c o n s o l i d a t i o n  of t h e  p r e s e n t  ba r  by sed imen ta t ion  and 
development of e x t e n s i v e  v e s e t a t i o n  which e n s u r e s  a better 
cohesior? of t h e  b a r .  

On t h e  whole, t h e  sub-coastal .  environment appears  t o  be very 
dynamic, e i t h e r  a t  t h e  p r e s e n t  t i m e ,  or i n  t h e  r e c e n t  p a s t .  I f  
t h e  "marine" environment appea r s  t o  be r e l a t i v e l y  u n s t a b l e ,  

75 



s u f f e r i n g  t h e  consequences o f  t h e  p r e s e n t  coas ta l  s i l t i n g ,  
no th ing  p roves  t h a t ,  once t h e  mud-bank has  mig ra t ed  towards 
t h e  west, t h e  e v o l u t i o n  of  t h i s  environment,  as  w e l l  as  t h e  
beaches and bars i n  t h i s  sector, w i l l  not b e  modif ied;  i n  f a c t ,  
i t  is c e r t a i n  t h a t  t h i s  mig ra t ion  w i l l  b r i n g  m o d i f i c a t i o n s  i n  
t h e  same way a s  t h e  o t h e r  c o a s t a l  s e c t o r s .  I n  t h e  p r e s e n t  
c i r cums tances ,  t h e  s u b l i t t o r a l  b r a c k i s h  swamp appea r s  t o  be 
r a t h e r  more s t a b l e  than  t h e  "marine" environment.  Th i s  
" s t a b i l i t y "  i s ,  however, r e l a t i v e  and t h i s  env i ronnen t  is ,  
i n  r e a l i t y ,  f r a g i l e  and s e n s i t i v e .  S l i g h t  m o d i f i c a t i o n s  o f  t h e  
h y d r o c l i m a t i c  parameters ,  of t h e  ampli tude o f  t i d e  a r e  
s u f f i c i e n t  t o  change t h e  b r a c k i s h  s w a m p  e i t h e r  i n t o  b a r e  t a n n e , '  
or  on t h e  c o n t r a r y ,  i n t o  a s t r e t c h  o f  f r e e  water .  On t h e  o t h e r  
hand, t h e  f r e shwa te r  swamp appea r s  t o  be t h e  most " s t a b l e " ,  
e n t i r e l y  covered wi th  v e g e t a t i o n .  On t h e  whole,  i n  t h e  
h y d r o l o g i c a l  as well as  i n  t h e  morphological  domain, w e  p a s s  
from p r o c e s s e s  which are c l e a r  and v i s i b l e  t o  o t h e r s  where t h e  
environments  are  i n  e v o l u t i o n ,  e c o l o g i c a l l y  ba l anced ,  w i t h  t h e  
development o f  so i l s  and a r r i v a l  of f r e s h  water on ly .  I t  
remains t o  examine t h e  r o l e  of marine dynamics i n  t h e  e v o l u t i o n  
of t h e  coast ,  or t h e  v a r i a t i o n  o f  t h e  s h o r e l i n e ,  which 
c o n d i t  i o n s  i t s e l f  t h e  e v o l u t i o n  o f  t h e  swamp. 

We have seen  t h a t  t h e  d i f f e r e n t  u n i t i e s  of t h i s  environment,  
a s  t h e  sandy b a r ,  are  s e p a r a t e d  by a l t ime t r i c  d i f f e r e n c e s  o f  
t h e  o r d e r  of a decimetre .  A slow v a r i a t i o n  o f  t h e  ampli tude of 
t h e  t i d e  -without  a change i n  t h e  average sea l e v e l -  would 
i n c r e a s e  or  d e c r e a s e  t h e  ocean ic  e f f e c t s  i n  t h e  swamp. 
August inus (1978) mentions low f r e q u e n t  components o f  the  t i d e  
a s  a n  e x p l a n a t i o n  f o r  t h e s e  v a r i a t i o n s  i n  ampl i tude  of  t h e  
t i d e .  Among t h e  twenty-seven l u n i s o l a r  components e x p l a i n i n g  
t h e  mechanism o f  t h e  t i d e ,  Rouch (1948)  and Gougenheim 
(1954) show t h a t  t h e r e  e x i s t  t h r e e  long  p e r i o d s  which 
produce v a r i a t i o n s  i n  ampli tude i n  semi-annual and annua l  
(192 and 365 days )  and p l u r i a n n u a l  (18,6 y e a r s )  c y c l e s .  T h i s  
l a s t  c y c l e  a f f e c t s  t h e  ampli tude by 4 4%,  which would produce 
an  o s c i l l a t i o n  o f  about  4 1 0  cm fo r  t h e  coasts o f  Guiana. 

I n  t h e s e  c o n d i t i o n s ,  t h e  l i m i t s  o f  t h e  "marine" and 
b r a c k i s h  domains would be  s h i f t e d ,  as  w e l l  a s  t h e  hydro- 
p l u v i o m e t r i c  v a l u e s  which cor.dit ion t h e  "response" of t h e  
environment.  Thus t h e r e  should be t h e  ex tens ion  o f  one u n i t y  
t o  t h e  d e t r i m e n t  of  t h e  other ,  w i t h  p robab le  r e p e r c u s s i o n s  
on t h e  f u n c t i o n i n g  o f  t h e  f r e s h w a t e r  swamp. 
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