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Abstract

From palynological analysis and 'C dating of a 2.4 m decp core taken from coastal French Guiana, the )
evolution of the mangrove ccosysiem has been reconstructed as follows: (1) from ca 9000 to ca 5000 years :
(from the basc of the core up to 8 m), the sea-level rising corresponding to the Holocene transgression is

characterized by the dominance of Rhizophora polien in the palynological assemblages; the site is Jocated

within the mangrove forest; (2) at ca 5000 BP, there is a drastic change-in the palynological diagram, the

mangrove forest being replaced by a swamp savanna (Gramineae, Cyperaceat, Tipha). This stage is the result

of the stabilization of the sea-level which permits a progradation of the sediments and a seaward shifting of

the shore-line; (3) in the upper samples, the pollen spectra are correlative of the present swamp vegetation

and of the back-mangrove which has been established after the filling of the lagoon. A decrease in forest

representation in recent times may be due 1o human influence. Our results are in accordance with those

obtained in other coastal sediments in British Guizna and Surinam.

INTRODUCTION

French Guiana is situated in the north east of South America, bordered by the Atlantic QOcean to the
north, Surinam to the west and Brazil to the east (Fig, 1). The morphology of the coastal plain is very
characteristic and is called “the young coastal plain”. It is made up of recent alluvial déposits, ex-
tending from the mouth of the river Amazon to that of the Orinoco. .

Within the framework of a project on the sedimentology and geochemistry of this coastal plain, 7
drillings were made on the Guianese coast. This work concerns the palynological study of one of
these drills, GUY 2, bored on the right bank of the river Mana, in the extreme north west of Guiana,
close to the present coastline (Fig. 2).

REGIONAL ENVIRONMENT

The north west part of French Guiana is characterised by considerable sedimentary dcposfls which
may be observed from the sea up to the Pre-cambrian socle. This is the beginning of a vast sedimen-

This paper is a summarized trenslation of “Evolution de la mangrove en Guyane au cours de {'Holocéne. Etude
palynologique” by C. Tissot er al,, published in: fnst. Fr. Pondichéry, trav. sec. sci. fech., 1988, T. XXV, pp. 125-137.
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Fig. 2. Location and floristic environment of GUY 2.

tary basin whose maximum width is in Berbice in British Guiana, H. Cruys (1959) has described this
region as the “true coastal plain”.
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The vegetation is represented by Avicennia nitida mangrove on the silty side bordering the Atlan-

tic, mangroves with Rhizophora racemosa and R. mangle on the banks of the Mana estuary and the
swampy Elaeocharis carribea prairies which have been partly converted into rice fields.

We have used the term swamp savannas to define the low moist formations situated behind the
mangrove. oo ’ e

PALYNOLOGY

Optical aspect and origin of organic matter

Throughout the sequence analysed, the organic matter is characterized by an abundance of plant
debris, some of them big in size (several mm), No clear cut changes can be distinguished in the
evolution of the organic matter. However, there is distinct “opaque™ debris (carbonised plant
debris?) in samples below 8 m, as well as a lightening in the colour of the other elements. The
presence of amorphous organic matter which generally indicates a marine origin is not noticed here.

These observations seem to prove that the organic matter is mainly of continental origin and are
in accordance with Berthois & Hoorelbeck’s (1968) conclusion on the origin of coastal sediments of
French Guiana.

HC dating

Two carbon datings of wood samples taken at the bottom of the core indicate a Holocene age:
7680 2320 BP at 19.60 m; 7740 640 BP at 20 m*.

Palynological smdv‘

Palynological studies were carried out on 23 samples taken at about 1 mintervals, All the sediments
were found to be fossiliferous, For each sample, about 200 pollen and spores were counted. The
percentages were calculated from the sum total of the pollen and spores observed, including the
unidentified and unidentifiable ones (broken or damaged pollen). The marine (dinoflagellate cysts
and testa of foraminifers) and fresh water (Botryococcus, Concentricystes) elements have not been
included in the total count,

As the sediments and palynological residues are not very homogeneous, only relative percentages
were taken for constructing the diagrams. Taxa observed only occasionally, as well as those which

are very few in number, are not represented in the diagrams but their relative values are given in
Table 2.

Different groups

The taxa have been grouped according to their ecology, geography or floristics (Téble 1) following
the plant associations defined by Marius & Turenne (1967).

* The datings have been made in the Laboratoire des Séries Sedimentaires of ORSTOM in Bc;ndy (France) By M. Four-
nier.
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TABLE 2. Relative values (per cent) of differcat taxa obscrved in the GUY 2 borewell (conld.)

Level (m) ~
0.10 0.22 2.02 3.4 4.11 5.27 6.28 7.18 7.6 8.32 11.16 11.46
Allechtones o
Abus Ll 0.7 0.6 .
Podocarpus 0.5 ) 0.7 0.4 0.6 '
Others 1.0 0.6 0.7 0.9 0.6 a
TOTAL L5 1.7 FAY L3 1.8 . 8
Other NAP 23 2.1 23 21 2.7 - 25 1.8 2.8 0.5 13 o
Miscellancous 0.8 05 4.6 1.1 21 54 25 3.6 55 1.6 0.6 0.6 é
Unidentificd 1.2 2.8 8.7 8.6 9.6 72 119 10.3 72. 2.1 52 1.2 =
Unidentifiable 43 2.3 8.2 8.0 20 7.0 44 6.7 12 37 39 5.6 E
ot
Murlne . &
Dinoflagcliates 11 1.0 1.7 24 0.6 1.1 0.9 1.2
Foraminifers 04 0.5 1.7 0.7 17 1.2 1.2 19.7 8.8 8.5
TOTAL L5 1.5 L7 0.7 A5 3.6 L.8 L1 116 - 9.9 8.5
Fresh water
Bomyococcus 0.4 04 0.6 0.6
Concentricystes 1.0 1.7
TOTAL 0.4 L™ 17 0.4 0.6 0.6
P’ollen count ., 257 27 1195, 175 146 224 159 165 181 190 154 162
K]
' -
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TABLE 2. Relative yalues (per cent) of different taxa observed in the GUY 2 borewell (contd.)
Level (m) !
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TABLE 2. Relative values (per cent) of different taxa observed in the GUY 2 borewell (contd.)

* Level (m)
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Mangroves L . C e

Rhizophora: Mangrovc pollen are mostly represcmcd by Rhizophora (R mangle and R. racemasa)
which sometimes account for 80 per cent in some levels. Although it is not always easy to differen-

tiate the fossil pollen of these two species (Muller & Caratini 1977), they seem mostly to belong to -

R. mangle. . e

Avicennia: The only species reported in French Guiana is Avicennia nitida (whik mangrove).
The percentages observed in our sediments are relatively low (1-6 per cent) except in the upper
level where they attain 40.5 per cent. They are present throughout the core except at 832mand
18.95 m.

Other mangrove pollen: All the other taxa characteristic of the peripheral zones of the mangroves
and which are poorly represented or absent in the sediments, are grouped in this category: Conocar-
pus erectus and Laguncularia racemosa, considered as pioneer shore line species, and Sesuvium por-
tulacastnun which likes sandy soils but may also be observed along the estuaries colonised by
Rhizophora. The golden fern, Acrostichum aureum, which in French Guiana grows behind the belt
of tall mangrove trees, is also.included in this group.

Swamp savannas

The main species of this formation belong to Gramineae and Cyperaceae. Typha angustifolia, pollen’ '

of Amaranthaceae, Chenopodiaceae and tubuliflorous Cempositae are found associated with these
herbs. Other pollen characteristic of thése habitats but which are observed only occasionally are
grouped under “Others”. They are mostly the pollen of Jussicua, Nymphaea, Pol)gonum, Hedyos-
mum, Potamogeton and Sagittaria, and generally reprcscrt less than 1 per cent.

In coastal Guiana, fern spores always constitute an unporlant element of swamp savannas. The '

most commonly observed spores are those of Blechnaceae, Polypodiaceae and Lycopodiaceae.’

Isoetes (common in fresh water) and Ceraloptens as well as spores of Stenochlaena palustris, have .

also been observed occasionally.

Swamp forest -

‘The swamp forest is located in the sub-coastal zone, particularly along the estuaries. It is quite poor

in species except in transitional zones which are frequently inundated and whose constituents are
mingied with the species of the dry land forest (de Granville 1978). On vegetation maps, the same
symbol is generally used to denote the two formations. Often called “swamp palm groves”, it owes
this name to the large number of palms growing there, including Euterpe oleracea, Mauritia flexuosa
and several other species grouped under “Other palms”. Many other tree species are also found,
and are listed in Table 1.

The taxa of this group which were observed periodically and in very low pcr.c'ehta'g‘e’s (lessthan1” -

per cent) were just grouped under “others”. Only taxa of fairly regular occurrence (1-5 per cent).

have been listed in Table 2. Among the important genera are Alchomea (which sometimes exceed
6 per cent), Mauritia flexuosa (1-4 per cent) and the Malpighia type.

The swamp forest is characterised by a great variety of species whose cumulauve percentages are.
relatively high.
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Allochtones

I’?ollcx} of planl:s growing further away and whose ecology is different from the other floristic associa-
tions just studied are gn.)u.pcd under this category. They are interesting in that they enable us to
deﬁ'nc the geographl_c origin of pollen in the sediments and their mode of transport, and to evaluate
the importance of this transport at a given time.

Thf:rc are 4 genera in l.his group: Alnus and Podocarpus, abundant in the moist fore”stg of high
eleYatlons, and Myrica, which is most probably from the same region and has never been reported in
G}nana l_)y other al'xthor§ to date. Hemitelia (Cyatheaceae) spore is included in this group because
this tropical American genus grows at relatively high elevations (Tyron & Tyron 1982).

. Although these taxa are poorly represented (0.4-1.2 per cent), it should be noted that they are

;?d at the sa{;n; level and must have been similarly transported. Thé simultaneous presence of
odocarpus and Hemitelia in the sediments has been reported by Mull i

from the Orinoco deita. Fe ’ or (1959) n recent sempls

Other NAP

The Izcr'baceous taxa inclusicd in this group are those which do not belong to any of the floristic
associations described earlu;:r, those which could belong to many groups at the same time, or those
considered to be of anthropic origin. None of them are observed in significant numbers.

Miscellaneous - .
This group includes pollen which could be identified on! i : ittle hi

y up to the family level or a little high
hence could not bf: grouped under any of the above categories. ’ e bgher and
Marine elements

There are two elements in this group: dinoflagellate cysts and tests of foraminifers. Dinoflagellate
cys!s.are.n}ostly represented by genera such as Lingulodinium, Operculodinium, Spiniferites sp. and
S. imirabilis, gencrally observed in deltaic habitats. They are not abundant and their percentage
calculated on the total pollen +spores count is low. ? ’

The organic tests of foraminifers are better represented. Although their distribution does not

[ollow any definite pattern as has been observed in the recent sediments of the Continental Plateau -

in the Ivory Coast (Caratini et a/. 1987), thei is new i
A ), their percentage is nevertheless higher when the mangrove

Freshwater elements

il\:?:‘x:y represented by the freshwater algae, Botryococctts, and some rare Concentricystes but always
n o percentages (most often less than 1 per cent of the total pollen + spores count), these ele-
] ’n s are (0o po?rly represented 1o be utilised for our interpretations. They are mostly found at
evels where species of swamp savannas are most common. '

Pollen diagrams

Only .thc.: dxagram-s of important specics with a significant ecology or grouped in ccrzaﬁn floristic
associations are given (Fig. 3). Dctailed results are shown in Table 2.
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Fig. 3. Palynological diagramme of GUY2. =T L

Mangroves .
The first group constitutes the mangrove pollen. The diagram shows 3 curves. One shows the per- -
centage of Rhizophora, another of Avicennia and the third represents the other characteristic
mangrove genera which are observed pericdicatly. '

Threc zones can be clearly distinguished:
Y% the first, from the bottom of the core up to about 8 m, shows that the vegetation was
completely dominated by a Rhizophora forest. Such a diagram confirms that the site

is in the middle of a Rhizophora forest, not far from the coast and in a tidal channel
enviroament where the percentage of Rhizophora pollen is always very high (Caratini

et al. 1973); : .

upper levels;

a third zone, although less distinct, can still be distinguished corresponding to the upper
levels. It reflects the present landscape with an abrupt extension of Avicennia, which was
poorly represented till now. It must be remembered that there is an Avicennia forest
near the borewell and also that 4Avicennia pollen which are not easily dispersed are ob-
served in significant amounts in the interior or in the neighbourhood of their productive

regions. e

To understand the drastic change at about 8 m, it is necessary to follow the evolution of other
floristic associations constituting the pollen spectrum, mainly those characteristic of moist savannas -
or swamp forests often growing in the hinter-land behind the mangrove-forests and whose presence

may be linked to various factors.

from 8 m to the top, Rhizophora suddenly decreases and are prattically abgent in ther " ¢
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Fig. 4. Diversity indices of samples from GUY 2.

Swamp savannas
Thzf three principal taxa constituting this gr'oup are the Gramineae, Cyperaceae and Pteridophytes.
As in the mangrove, here also there is a change at a depth of about 8 m.

Zone A is clearly observed and is characterised by a low percentage of Gramineae and
Cyperaceae pollen. "The percentage of fern spores is slightly higher (5-10 per cent). During this

period, the landscape was that of a Rhizophora forest, where Gramineae and Cyperaceae do not -

) gen-crally grow. The fern spores observed here may have been transported by rivers and deposited in the
scdxm.ents. Above 8 m, there is a rapid rise in the three curves corresponding to zone B and showing the
establishment of swamp savannas. Zone Cis characterised by a decrease in the swamp savanna.

Other elements

Among the other elements observed, pollen characteristic of swamp forests growing near the site
may bf: c?n'.sidercd. In zone A, the swamp forests is poorly represented, the mangrove constituting
the principal elements of this zone. Inzone B, the percentage rises up to about 4 m and then tapers
off almost .corflplctcly at the top where it hardly exceeds 2 per cent. The almost total absence of
f?rest species in the upper levels may be surprising because the present landscape is an open forma-
tion w:herc p?llcn can easily penetrate, but in coastal French Guiana, since a few decades, man has
been increasingly exploiting the woody forest species and this destructive action can be observed in
the pollen spectrum.

A]lochtc?nous pollen are also good indicators in so far as their presence here is seen only in zone
B, at a period when the landscape was an open one, where they could easily penetrate. We may
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deduce that they were transported continentally because they are not found in zone A where marine
influence was noticed. :

The presence or absence of marine plankton (Dinoflagellate cysts and tests of foraminifers) indi- -
cate the importance of marine influence at the time of deposition. These elements are present in
zone A, testifying the marine influeace during this period. This is to be expected because the
mangrove forest needs brackish environment subjected to tidal balance to grow. In zone B, the,
marine influence is less and completely disappears in zone C. ) ’

Diversity index .

Diversity index is often utilised to demonstrate the characteristic features of a population. Among
the various indices created to put in evidence the floristic diversity of a sample, we have used
Shannon’s index (1948) which consists in defining the relative abundance of a species in a population
from the total number of individuals of each species. - . A

The results show that the samples can be grouped according to 3 different values. The first group

.includes the two upper samples with a value of about 2.8, the samples of the swamp savannas have a

mean value of 4.8 and those characterising the mangroves have a mean value of 1.6. These resulfs’
confirm those of pollen analysis, because they enable the distinction of the same 3 zones A,Band C.
defined earlier.

DISCUSSION

Some relevant data should be considered to understand the drastic change in the vegetation at aboit /
8 m, i.c. the replacement of the mangrove by swamp savanna. Carbon dating at 19, 60 and 20 m has
given an age of about 8000 years BP. We now know that since 15000 BP, the sea-level was gradually
rising and stabilised at about 5000 BP. L.

If we take the average rate of sedimentation of about 1'm per 400 years* we can estimate the age
to be about 9000 BP at the bottom of the core. Till S000 years ago, the rate of sedimentation seems’
to have been more or less equal to the rise in the sea-level. The shore-line has remained stationary
and, as testified by.the high percentage of Rhizophora constantly observed, the site has remained in
the same environment during this period.

Since 5000 years, the sea-level is stable and the sedimentation permits a progradation and,
seaward shifting of the shore-line. The mangrove accompanies this seaward shift. The area it oc-"
cupied previously is no more subjected to marine influence and the Rhizophora growing further
downstream are replaced by swamp savanna species, that are less ecologically sensitive and growing
in poorly drained coastal plains. B

Coniparison to other regions

Results of studies by other authors on cores taken from the eastern coast of South America are in
accordance with ours. Fig. 5 gives the results of two of these studies undertaken in Surinam and
British Guiana. Their pollen spectra are similar to that we obtained in French Guiana.

* Van der Hammen (1968) has indicated an average rate of sedimentation of 33 em for 130 years in the first 20 m of the
core from coastal British Guiana, which is in perfect accordance with our estimate.
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In British Guiana, Van der Hammen (1961, 1963) studied a borewell about 30 m deep, dating
8,590+65 at 20.40 m. In this diagram, we can observe that the evolution of the vegetation is com-
parable to that of GUY 2. The mangrove forest dominates up to about 9 m and is then gradually
replaced by savanna. Although his interpretation regarding the extent of the savanna which he at-
tributes to the regression of the sea, differs slightly from our interpretation, the similarity of our
results is however striking.

In Surinam, Wijmstra (1971), studied a borewell about 150 m dcep No datmg has been made,
but the fifst 25 m of the section shows that the mangrove seems to have evolved in the same way as
in Ogle Bridge and French Guiana.

French Guiona British Guiona Suringm
GuY 2 OGLE BRIDGE T20

IESTESY

8590( 65)8P SRy X ; N

% Swamp savanna Gromineaa

Flg. 5. Palyno)ogu:al correlations between GUY 2, Ogle Bridge (from Van der Hammen, 1961, 1963) and T20
(from Wijmstra, 1971).

CONCLUSIONS

’I'he results of the borewell GUY 2 are interesting in that they concern an Holocene deposit where
a dating could be obtained. So we have a valuable reference material for an accurate
palacogeographic reconstitution.

.

— _
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Because of its location in the equatonal zonc, the Guianese platform was not subjected to zny
drastic climatic changes durmg the Holocene. Only eustatic variations, then progradation and lastly
human influence were used for our interpretations.

The different stages we have observed in the succession of plant landscape have enabled us to
demonstrate the perenniality of the mangrove forest during the Holocene and then its replacement
since 5000 BP by mcreasmgly open swamp Savanna. .

If the diminution in the mangrove forest seems to be mainly due to a natural morphologwal evolu-
tion of the coast, it is undoubtedly accentuated in the recent past by intense human actmty The
Rhizophora mangrove which once formed an important floristic formation, now. occupies a very
small area as compared to the Avicénnia mangroves. -

Data from optical examination of organic matter, poor representation of allochtonous and
marine elements support the theory that the organic matter is mainly from the land and has a local
origin.
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