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Abstract .

o

A detailéd pulfnidlogi’cal analysis of two cores recovered from a swamp in the Southern Batéké Plateaux {Congo),
provides information on the botanical history of this region during the last 24,000 yr B.P. Rich and well-diversified
| pollen counts exhibit changes in the vegetational communities related to hydrological and climatic fluctuations.
| Around 24,000 yr B.P., the occurrence of hydromorphous forest elements gives evidence of a humid phase. Between

swampy herbaceous communities expanded, indicating slightly drier climatic
i conditions. From approximately 13 000 yr B.P. onward, the beginning of & humid episode is reflected by the

* development of mesophilous forests. The dcumm of these forests s documented since 3000 yr B.P. Grasslands are
tound to extend locally whereas Eluies guincensis (oil palm) spreads outl, indicating both climatic change but also

anthropogenic activities.

1. Introduction

In West Equatorial Africa, from a large forested
area included in the Guineo-Congolian region
(White, 1983), very few pollen data are reported
concerning the history of its vegetation and the
climatic fluctuations during the Quatemary The
only continental pollen sequences studied in this
region have been recovered from Cameroun: Lake
Barombi Mbo (4°40'N, 9°24’E; Brenac, 198§;
Maley et al., 1990a) and Mboandong (Richards,
1986).

From Congo, in the absence of pollen data, the
reconstruction of Quaternary vegetational environ-
ments has been primarily based on indirect
arguments inferred from geomorphological,
pedological and archaeological studies and on
remains of macroflora (De Ploey, 1963, 1965; De

_1988; Dechamps et al,

Ploey and Van Morsel, '1963; Lanfranchi, 1979;
Giresse et al., 1981; Delibfias et al., 1983; Schwartz,
1988a,b). The major cli-
matic and vegetation changes of the last 40,000 yr
based on these works are summarized as follow:
—40,000-30,000 yr B.P.: humid period charac-
terized by forest development;
- 30,000~12,000 yr B.P.: arid period w;th an
extension of wooded savanna; :
—12,000-3000 yr B.P.: humid period wn[h a new -
forest development;
—ca. 3000 yr B.P.: the climate and vegetation
reach their present characteristics.

Palynological data obtained in the Batéké 1eg10n
and on coastal swamps give new information for
the dynamics of vegetational and floristical envi-

ronments in Congo (Elenga, 1992). The occur-

rence of montane species on the Batéké plateaux
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ca. 11,000 yr B.P. was interpreted as an effect of
temperature drop (Elenga et al, 1991). Such
migrations 1o the tropical West African lowlands
of cold elements were recorded in other sites (Van
Zinderen Bakker and Clark, 1962; Maley and
Livingstone, 1983; Maley, 1987). Pollen data from
the littoral suggest that a dry episode occurred ca.
3000 .yr B.P.. approximately ‘synchronous with
human impact (Elenga et al., 1992).

This paper presents new palynological results
from two cores collected in the Ngamakala Pond
on the Batéké plateaux. The records give informa-
tions on vegetation and hydrological changes at
local and regional scale, since 24,000 yr B.P.

2. The Batéké Plateaux

The Batékeé Plateaux (1-4°S, 14-16°E) cover an
area of 12,000 km” at an altitude between 600 and
886 m and are surrounded by a hilly area of
70,000 km? which ranges in altitude between 330
and 800 m (Fig. 1).

The modern climatic conditions prevailing in
this region are of the equatorial type. They are
characterized. according to latitudinal and altitudi-
nal location, by a mean annual rainfall comprised
between 1300 mm (Brazzaville meteorological sta-
tion) and 1900 mm (Djambala meteorological sta-
tion), with a dry season reaching 3—4 months. The
mean annual temperature ranges between 22 and
25°C with a mean ahnual thermal amplitude of
6°C (A. Sec. N.A.. 1964).~

The Batéké region is located within the mosaic
of Guineo-Congolian lowland rain forest and
secondary grassland (White. 1983). It is covered
for 90% of its area by more or less wooded
savannas. Locally, the occurrence of hygrophytic
associations is related to local humid edaphic
conditions (Duvigneaud. 1949; Descoings, 1969;
Makany, 1976). The clumps of forest, sometimes
well developed, are either of anthropogenic origin
and characterized by the abundance of cultivated
plants such as Elaeis guineensis (oil palm) and
Mangifera indica (Mango), or forested galleries
with Pentaclethra eerveldeana and Parinari excelsa.
The occurrence of typical rainforest species such
as Pycnanthus angolensis, Dacryodes edulis, etc., in

the less damaged zones could indicate thatt
of these galleries might be the relics of a form
more expanded forest environment. The hygn
phytic associations are ‘either grasslands wi =
Sphagnum. Xyris. Stipularia africana and other '
aquatic herbs. or swamp forests with Syzygium
guineensis, Alstonia boonei, Xylopia rubescens, etc.

3. _\'Iaterial and methods

The Ngamakala Pond (4°4'30"S, 15°23'E, 400
m) Is located within the hill area defined above. It
i1s a swampy depression 750 m long and 200 m
wide, largely covered by Sphagnum. The canopy
cover 1s dominated by Alsronia boonei (Fig. 2).

3.1, Core sampling and laboratory analysis

The cores Gama 4 and Gama 1 have been

- collected. using a Russian corer (Fig.2; Belo-

kupitov and Beresnevich, 1955). On each core,
samples for pollen study were taken every 3 cm.
Therefore. a total of 70 distinct levels have been
counted in the two cores. The sediments were
processed using the standard method described by
Faegri and Iversen (1973), working with successive
chemical attacks of HF, HC! and KOH. Pollen
and spores were identified by comparison with the
eference pollen collection of the Laboratoire de
Géologie du Quaternaire (Marseille, France: 7500
African tropical specimen). Each pollen spectrum
includes at least twenty taxa and a total pollen
sum averaging 400 grains. Such total counts are
significant to characterize the vegetational associa-
tions found in the study of modern pollen rain of
equatorial forests from Gabon (Jolly, 1987). The
relative frequencies of pollen types or pollen
groups are calculated on the total pollen sum
excluding the unidentifiable grains.

3.2. Lithology and chronology of the deposits

The sediments of both cores Gama 1 and Gama
4 mainly consist of fibrous peat with silty or clayey
layers. The bottom of the core Gama 4 is domi-
nated by compact silty clay abruptly replaced by
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"a humid silty peat (Fig. 3). Around 250 cm, a

more clayey peat occurs which is contemporancous
with the bottom deposits of the. core Gama 1
(Fig. 4). The upper part of the two cores consist
of a fibrous peat containing abundant roots in the
process of decomposition. In the cores Guama |
(between 40 and 0 cm) and Gama 4 (between 140
and 0 cm) the deposits composed of plant remains
were saturated of water. Therefore, it hay been
impossible to collect these levels.

Eight standard radiocarbon datings made on
total organic matter content have been performed
on the cores Gama 4 and Gama | (Laboratoire
de Géologie du Quaternaire, Marseille). The dates
obtained are presented in Table 1. These indicate
that the sequence found in Gama 4 covers the
period ca. 24,000 to ca. 3500 yr B.P., but the “C
dates suggest a possible gap between 10,880+ 160
and 3940 + 130 yr B.P. The Gama 1 core registers
the period ca. 3300 to ca. 900 yr B.P.
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Fig. 2 'I'he Ngamakala Pond (Makany, 1976) and location of the core sites Gama 1 and Gama 4. ] =fluctuating limit of water
level; 2= Loudetia demeusei savanna; 3=new growth with Pentaclethra eerveldeana; 4=clumps of Alstonia boonei;, 5= Sphagnum
peat; 6= pond 7 = Stipularia africana zone; 8§ =peatbog extension; 9= pond exiension; J0="foating upper part of the peat; /7=
lower part of the peat largely saturated in water.

Table 1
List of *C ages performed on total organic matter in cores Gama 4 and Gama 1, Ngamakala Pond (LGQ, Marseille)

Core Material Depth 14C ages Laboratory
{cm) (yr B.P.) (no.)
Gama 4
Organic matter 140--150 3650+180 LGQ 244
Organic matter 165-175 39504130 LGQ 446
Organic matter 180-190 10,880+ 160 LGQ 553
Organic matter 190-200 13,260+ 220 LGQ 447
Organic matter 210-221 14,090 +230 LGQ 405
Organic matter 258-270 24,000+ 580 LGQ 301
Organic matter 290-300 24,200 £480 LGQ 242
Gama ] J
Organic matter 10-20 9304140 LGQ 564
Organic matter 100-110 33004130 LGQ 495

frequency fiuctuations. They are described from

4. Palynological results
: the bottom to the top of the cores.

The pollen diagrams presented in Figs. 3 and 4

" include only the main taxa which are abundant
and consistently occurring, and therefore are con-
sidered as the most important for the palaeo-
environmental interpretation. Four main pollen
zones (G4 to G1) have been differentiated on the

4.1. Pollen zone G4

This zone is represented only at the bottom of
the core Gama 4, between 300 and 285 cm. Dated
it is characterized by the

around 24,000 yr B.P.,
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Jdominance of arborkal taxa which represent more
than 70% of the. total .pollen. count. The most
abundant ones are the Sapotaceae (33%),
Syzygium (20%) associated with seme Althornea
(5%), Macaranga, Crudia type-and Celtis (1-2%).
The Combretaceae (10%), probably belonging to
the genus Combretum as shown by the numerous
botanical studies undertaken on this site (Makany,
1976), and Tetracera (less than 1%) represent the
main climber components in the pollen spectra.
Herbaceous tauxa are very scarce. Pteridophyta
represent meuan percentages of about 3%.

4.2, Pollen zone G3

This zone, such as the previously described, 1s
present only in the core Gama 4, between 285 and
190 cm. Tt is- dated between ca. 24,000 and ca.
13,000 yr_B.P. The vegetation shows a significant

change. The Sapotaceac (20%) and Syzygium
(10°%) decrease. During the same time, arboreal
taxa such as Cleistanthus (5%) and Celtis (5V)
develop. The climbers are more abundant with
always Combretaceae (15%) and Tetracera (1-2%)
dominant. The herbaceous taxa increase, ipénrticu-
larly the aquatic and swampy components such as
Xyris (10%), Nymphaea lotus type (10%0) and
Laurembergia tetrandra. Gramineae and Sperm-
acoce are present, but in low percentages (2%).

4.3. Pollen zone G2

This zone is present in the core Gama 4 between
190 and 140 cm, and only its upper part in the
core Gama |, between 150 and 140 cm. It corres-
ponds to the period from ca. 11,000 to ca. 3000 yr
B.P. and is characterized by a large representation
of arboreal taxa, particularly ol the Sapotuaceue
(45%) and Syzygium (35%) associated with some
Alchornea and Celtis. The climbers (Combretaceae
(5%) and Tetracera (less than 1%)) greatly decrease
such as the herbaceous taxa (less than 5%). -

4.4 Pollen zone G1

It is represented only in the core Gama I,
between 140 and 40 cm and covers the episode
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from ca. 3000 yr B.P. to the sub-actual period. It
has been divided into two sub-zones:

Sub-zone Gla

It 1s characterized by an abrupt increase in the
frequencies of herbaceous taxa with a mean value
of about 60% of the total count. The most abun-
dant components are the Gramineae (30%), the
Cyperaceae .(10%), Stipularia africana (10%),
Laurembergia tetrandra  and  Xyris  (2-5%).
Pteridophyta are also well represented. The arbo-
real taxa significantly decrease with only 35%.
Elueis guineensis (oil palm) appears at the bottom
ol this sub-zone.

Sub-zone Glb

fn this sub-zone, an increase of arboreal taxa
such as Syzpgium associated with Allophylus and
Campylospermum is registered.

5. vMajor environmental changes and paleoclimatic
implications

Pollen analysis of the deposits recovered in the
Ngamakala swamp, Batéké region, clearly show
that the dynanues of the vegetation occurring on
this site during the late Quaternary was charac-
terized by extension and retreat of the local for-
ested environment.

At approximately 24,000 yr B.P. an hydromor-
phous forest occupies a large area in the
Neamakala depression. The low representation ol
herbaceous elements, particularly of Gramineae
which have a great local pollen production as
demonstrated in modern pollen rain studies in
Congo ( Elenga, 1992), suggests that grassland was
missing at the site. Such a palaeobotanical environ-
ment would indicate a humid climatic episode
with precipitation certainly higher than today.
Although these data have been obtained on a
single site, it can be supposed that ca. 24,000 yr
B.P. most of the Batéké depressions were occupied
by hydromorphous forests.

Between ca. 24,000 and 13,000 yr B.P., pollen
data show a retreat of the arboreal strata on the
Ngamakala site giving way to hygrophytic grass-
lands rich in Xyris, Nymphaea lotus and some
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other herbaceous components which were particu-
larly well developed before ca. 14,000 yr B.P.
During this period, the vegetation could be inter-
preted as a mosaic of swampy grasslands with free
and open Wwater indicated by local patches of

forests, suggesting drier climatic conditions than’
before. Such a reconstruction is consistent with

the modern distribution of the aquatic plants iden-
tified in the fossil spectra. Indeed, Nymphaea lotus
can develop in temporary pools flooded only
during four months-a year. So, it is possible that
between 24,000 and 13,000 vr B.P.. a rainfall
decrease coincided with a more contrasting sea-
sonal distribution of precipitation. During the long
dry season, the drop of the surface water level
could have permitted the development of Xvris on
the emerged sandy banks of the site, whereas
Laurembergia tetrandra and Sripularia africana
occupied more boggy soils. At the same time, the
forest, rather open as confirmed by the presence
of numerous climbers, could have remained in the
lowest zones of the depression where water would
have been present. Such occurrence of water in
the Batéké depressions during a period interpreted
as dry can be explained by the fact that these low
zones would have taken advantage of the flow of
underground water of which' the circulation was
favoured by the sandy nature of the substratum.

After 13,000 yr B.P., pollen data give evidence
of an expansion of the hydromorphous forests in
the depression. The floristic composition is close
to the one registered ‘ca, 24,000 yr B.P. This new
extension of forests corresponds to the onset of
the Holocene climatic optimum now well known
all over Africa and characterized by the establish-
ment of higher precipitations than before. The
succession of the dates 10,880 + 160 and 3940 + 130
yr B.P. indicates that early and middle Holocene
deposits are not represented in core Gama 4, such
as in the first record of the Kashiru swamp
(Bonnefille and Riollet, 1988).

From ca. 3000 yr B.P. onwards, a new retreat
of the hydromorphous forests is registered but it
is less important than during the period ca. 24,000
to ca. 13,000 yr B.P. The pollen spectra indicate
at the same time a re-expansion of the hygrophytic
grasslands. This period is marked by an increase
of the Gramineae which has no equivalent in older

deposits. This phenomenom, which could
related to human activities as shown also by thi
occurrence of Elaeis guineensis at the same time, %
will be discussed later.

A new expansion of the forested area seems to

- take place ca. 900 yr B.P. This trend is today still

observed in many Congolese regions, but it is
largely slowed down by human pressure.

6. Discussion

The humid episode dated at ca. 24,000 yr B.P.
and characterized by an extension of forests in the
swampy depressions of the Batéké region, is for
the first time demonstrated in Congo. It would
correspond to a humid phase within the
Leopoldvilian arid period dated between ca.
30,000 and ca. 12,000 yr B.P. as recognized in
West Central Africa (Lanfranchi and Schwartz,
1990). This wet phase was recently described in a
pollen sequence from lake “Barombi Mbo,
Cameroun (Maley and Brenac, 1987). where ca.
24,000 yr B.P. high frequencies of arboreal taxa
(more than 60%) indicate the forested nature of
the vegetation. In East Tropical Africa, palynologi-
cal data supply evidence of a similar humid climatic
phase between 25,000 and 20,000 yr B.P.
(Bonnefille and Riollet, 1988: Vincens, 1986.
1991a.b). Also otherapproaches led to the recogni-
tion of this event. Limnological studies indicate
that in this period many tropical African lakes
have registered a high or intermediate water level
(Street and Grove, 1979; Gasse et al.. 1989). In
the interior Zaire, basin, Preuss (1990) describes
phenomena of podsolization on alluvial deposits
between 26,000 and 23,000 yr B.P. related to higher
precipitation. Many data obtained in Tropical
Africa seem to confirm the occurrence ca. 24,000
yr B.P. of a humid climatic fluctuation within the
dry period described between 30,000 and 12,000
yr B.P. and contemporaneous to the last glacial
period in the northern hemisphere.

Ca. 11,000 B.P., contrary to pollen results pre-
viously obtained in the Bois de Bilanko depression
located 30 km northward (Elenga et al., 1991), no
montane element such as Podocarpus latifolius,
Olea capensis or Ilex mitis is present in the vicinity



of the Ngamakaia Pond. Therefore, it can be
supposed that the lowest limit for their develop-
ment was situated between the altitide of Bois de
Bilanko (700 m) and of Ngamakala (400 m). Such
a downward migration to their modern altitudinal
range has been interpreted as a drop of the mean
annual temperature of about 4-5°C compared to
modern values when applying a mean temperature
gradient of 0.6°C/100 m displacement of the vege-
tation (Elenga et al., 1991). Considering the very
short distance between the two sites and .their
morphological location, it seems possible ;h’z"\it any
other factor such as an important cloudiness has
influenced this distribution, although this factor
has been used to explain the modern occurrence
of Podocarpus latifolius in one residual settlement
in the Chaillu Massif (Congo) at 700 m in altitude
(Maley et al., 1990b).

A climatic optimum is reached ca. 10,000--9000
yr B.P. It is marked by the expansion of the humid
rain forests on the Bosumiwi (Ghana) and
Barombi Mbo (Cameroon) sites (Maley and
Livingstone, 1983; Maley and Brenac, [987;
Maley, 1991) and, on the East African mountains,

by the spread to high elevation up to 2500 m of

the forest belt (Hamilton, 1982; Bonnefille et al.,
1991; Jolly and Bonnefille, 1991). In marine sedi-
ments, the 8'80 curve obtained on a core off the
Congolese coast clearly registers an increase in
precipitation (Giresse et al., 1982).

In the Batéké region, this warm and humid
period is though not well documented.

At appoximately 3000 yr B.P. a new establish-
ment of dry climatic conditions is registered. This

change has been previously assessed in Congo-

(Caratini and Giresse, 1979; Dechamps et al.,
1988a,b; Schwartz et al., 1990a,b,c; Elenga et al,,
1992; Schwartz, 1992) and in Cameroon
(Richards, 1986; Brenac, 1988; Maley, 1991, 1992)
at the same time. It was also detected in other
“African regions between ca. 4000 and ca. 2500 yr
B.P. (Kendall, 1969; Vincens, 1987, 1989, 1993;
Bonnefille and Riollet, 1988; Taylor, 1990; Jolly
and Bonnefille, 1991; Mworia, 1991; Ssemmanda
and Vincens, 1993; Jolly, 1993). In West Equatorial
Africa, this dry phase ca. 3000 yr B.P., more
abrupt and more important than the one pre-
viously recognized, may have led to local fragmen-
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tation of the African forest. The modern evidences
of such a fragmentation would be found in the
isolated enclosed savannas in some forested areas

"of Congo (De Foresta, 1990; Schwartz et al.,

1990c). This opening of the forest would have
contributed to migration of the Bantu populations
originating from the Cameroon Grassfields
towards the South of the African continent
(Schwartz, 1992).

Moreover, the results obtained from the pollen
sequences of the Ngamakala site indicate that the
environment at ca. 3000 yr B.P. had no equivalent
in the past 24,000 yr. Even during the glacial
period interpreted as been the driest one,
Gramineae were never as abundant as during the
period 3000--950 yr B.P. It seems that the savannas
found in the Batéké Plateaux today are not to be
compared to the vegetation occurring there
between 24,000 and 13,000 yr B.P., which was
probably of a more wooded type. Such a con-
clusion has been previously proposed on the
Congolese littoral (Elenga et al., 1992)

e

7. The environment from 3000 yr B.P. onwards:
human interference on the landscape

The fact that the modern savannds have no
cquivalent during the former late Quaternary dry
climatic phases and the early occurrence of Elaeiy
guineensis (oil palm), an anthropic species probu-
bty originating from the Gulf of Guinea
(Ghana—Nigeria) where its pollen grains have been
identified in older sediments than those presented
here (Sowunmi, 1981) raise the problem of the
eflect of human impact on the physionomy and
the distribution of modern vegetation.

Firstly, it is noticeable that in the Ngamakala
pollen diagrams the appearance of oil palm pollen
is not exactly synchronous with the increase of
grains from grassland savanna, but closely follows
it. Similar results have previously been obtained
from the Congolese littoral (Elenga, 1992). The
comparison between investigations on macroflora
remains in situ (Dechamps et al., 1988a) and on
pollen from peat deposits (Elenga et al., 1992)
allows to place the beginning of the dry late
Holocene phase at ca. 3100-3000 yr B.P. In return,
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the oil palm only appears in this region between
2850 and 2700 yr B.P., maybe at the same time as
cerammics, though for the moment there are some
divergences. on. their dating (Denbow, 1990;
Schwartz;, 1992). It seems that .on the Congolese

littoral, .as in the Batéké region, the establishment

of -proto-agricultural populations, assimilated to
Bantu-speaking groups, follows. the start of the
dry climatic event. Similar conclusions have been
found in Rwanda by Van Grunderbeek -et al.
(1984). Two other arguments are in favor of a

climatic origin of the detected environmental "

change at ca. 3000 yr B.P. The first one 1s the
synchronism of this event in as different regions
as the Congolese littoral, the Batéké plateaux and
the Lake Barombi Mbo in Cameroon (Schwartz.
1992; Maley, 1992). The second one is that this
change has also been observed on hydromorphous
podzols, chemically corresponding to very poor
soils influenced by a fluctuating water table, condi-
tions which are not favourable for agricultural
activities (Schwartz, 1988; Schwartz et al., 1989).
So, the hypothesis of an abrupt climatic change
towards-drier conditions ca. 3000 yr B.P., leading
to a parual fragmentation of the African rain
forest of which the Iron Age populations would
have taken advantage by their migrations, must
be taken in serious consideration (Schwartz, 1992).

8. Conclusion

The pollen sequences presented in this paper
provide new detailed information mainly concern-
ing the evolution of the vegetation in the Batéké
swampy depressions. They are in agreement with
the patterns previously suggested by studies on
macrofiora remains (Delibrias et al., 1983;
Schwartz, 1988; Dechamps et al., 1988b) and with
pollen record from marine cores of the Congolese
coast (Caratini .and Giresse, 1979; Bengo and
Maley, 1991). As new evidence, we must emphasize
the occurrence of a-humid phase ca. 24,000 yr
B.P., the decrease of forest cover and the develop-
ment of a swampy herbacéous vegetation between
24,000 and 13,000 yr B.P. indicating slightly drier
conditions but not arid as suggested by geomor-
phological and pedological data. It is clear that

during the Late Glacial Maximum, forested ar&:
were present in the Batéké region at the southern
limit of the Batéké Plateaux, near the Congo river.
The pollen data confirm that the last 3000 yr B.P.

‘were the driest ones of the Holocene.
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