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Pollen-based vegetation changes in southern Tanzania during
the last 4200 years: climate change and/or human impact
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Abstract

The age-constrained pollen data of a sedimentary sequence from the crater Lake Masoko, southern Tanzania
(9‡20PS, 33‡45PE, 770 m), display a continuous record of vegetation for the past 4200 years. This record provides
evidence that wetter Zambezian woodlands always occupied this area during the late Holocene, reaching a maximum
extent between 2800 and 1650 cal yr BP related to increase in summer monsoon intensity. However, three main
episodes of decline have been detected, between 3450 and 2800 cal yr BP, between 1650 and 1450 cal yr BP and from
1200 to 500 cal yr BP, for which a climatic interpretation, decrease in the summer monsoon strength, was
preferentially advanced. The first is synchronous with lowstand of many tropical African lakes and, so, mainly
induced by increased aridity. In contrast, the abrupt change in the pollen record at 1650^1550 cal yr BP is marked by
a large extension of grasslands at the expense of arboreal cover, further by an increase in Ricinus communis and an
intensification of burning. It could thus indicate local clearance of vegetation by man. However, at the same time, the
decline of montane forest suggests the impact of a more regional change. During the last episode, between 1200 and
500 cal yr BP, dry climatic conditions are inferred from a combination of pollen, diatom and magnetic proxies,
although the occurrence of Late Iron Age settlements in the region means that local human interference cannot be
excluded. This study illustrates the difficulties in deciphering ecological and anthropological changes from pollen data
in African tropical regions.
A 2003 Elsevier B.V. All rights reserved.
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1. Introduction

The Zambezian regional centre of endemism
(White, 1983) is, after the Sahara, the largest phy-

togeographical region of Africa. Extending from
the Atlantic Ocean almost to the Indian Ocean
and from 3‡ to 26‡S (Fig. 1), it has probably
the richest and most diversi¢ed £ora and shows
the widest range of vegetation types (Lawton,
1978; Malaisse, 1978; Werger and Coetzee,
1978; Campbell, 1996).
In contrast with most other African phytogeo-

graphical regions, very few palynological investi-
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gations have been undertaken on vegetation his-
tory and inferred climate and/or human impact
during the late Quaternary. Some literature is
available but the studied sequences are generally
not well dated and/or discontinuous, making their
interpretation di⁄cult and tentative (Lawton,
1959, 1963; Van Zinderen Bakker and Clark,
1962; Van Zinderen Bakker, 1969; Livingstone,
1971; Tomlinson, 1973, 1974; Roche, 1975;
M’Benza-Muaka and Roche, 1980; M’Benza-
Muaka et al., 1984; Meadows, 1984a,b). Based
on the lack of signi¢cant changes in their pollen
diagrams, some authors have suggested that veg-
etation in south central Africa was less sensitive to
environmental changes than that from other re-
gions of intertropical Africa, even during the
Last Glacial Maximum and the glacial/interglacial
transition (Livingstone, 1971; Meadows, 1984a,b).
The most recent and detailed studies in this part
of Africa (Lake Tanganyika: Vincens, 1989, 1991,
1993; Vincens et al., 1993; Lake Malawi: De-
Busk, 1998) now clearly demonstrate that Zambe-
zian woodlands have been widely a¡ected by late
Quaternary climatic changes.
In 1994, in the framework of the EEC Rukwa

project, several 3-m-long cores were collected in
Lake Masoko, a small maar lake from the Run-
gwe volcanic province in the Mbeya region
(southern Tanzania), using a compressed-air
Mackereth corer (Mackereth, 1969, 1979). This
paper focuses on the pollen analysis from one of
these cores, core MM8, which provides a detailed
chronology for the last 4200 years. We present
here the ¢rst high resolution and well-dated pollen
record today obtained in central East Africa for
the late Holocene period, a record revealing im-
portant local and regional vegetation changes for
which we will try to de¢ne the part of climate
and/or human impact. Comparisons with data ob-
tained on the same core or on other sites will be
made to complete and support our interpreta-
tions.

2. Environmental setting

Lake Masoko, south Tanzania (9‡20PS,
33‡45PE, 770 m above sea level, maximum depth

39 m) is a volcanic crater lake located south of
Mount Rungwe (2961 m altitude) and north of
Lake Malawi, along the NW^SE relay zone which
connects the Tanganyika, Rukwa and Malawi rift
basins (e.g. Delvaux et al., 1998) (Fig. 1). Accord-
ing to 39Ar^40Ar datings of outcropping basalts
from the crater rim and the radiocarbon chronol-
ogy of a nearby long core (M96-A), the lake was
formed between 40 000 and 50 000 years ago
(Taieb, unpublished data; Williamson et al.,
1999; Gibert et al., 2002). As for all volcanic cra-
ter lakes, its catchment area is small (0.57 km2)
compared to the lacustrine area (0.38 km2) (Fig.
2). The lake has no sur¢cial outlet, but is con-
nected to a regional groundwater body which
modulates high-amplitude changes in lake level
at a seasonal/interannual scale (Bergonzini et al.,
2001).
Lake Masoko lies within Walter’s tropical

summer rainfall zone (Walter and Lieth, 1960^
1967; Nicholson et al., 1988). There is a single,
well-de¢ned, rainy season from November to June
(months with rainfall v 50 mm). The average
annual precipitation measured at the nearest
meteorological stations of Tukuyu at the north-
west and Kyela at the southeast is about 2500
and 2300 mm respectively. Such high rainfall is
linked to the presence of the large Lake Malawi
to the south, and to a series of high ranges to
the north and the east (Rungwe and Mbeya
Mounts, Kipengere Range; Fig. 1). Mean month-
ly temperature is c. 25‡C with an annual range of
4‡C.
Lake Masoko and the adjacent areas are lo-

cated within the vegetation zone classi¢ed by
White (1983) as ‘wetter Zambezian miombo
woodlands’ dominated by Caesalpiniaceae,
mainly Brachystegia associated with Isoberlinia
and Julbernardia. Locally, several other arboreal
components occur scattered in these woodlands
such as Dipterocarpaceae, Proteaceae and Eu-
phorbiaceae (Uapaca dominant) (Werger and
Coetzee, 1978; Frost, 1996). At the scale of the
Lake Masoko catchment, most of the area (70%)
is covered by relatively dense Brachystegia/Uapa-
ca woodland and the remaining part, summit of
the rim and southern depression of the crater, is
occupied by crops. But no detailed £oristic inven-
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tories are available for the moment (Scha«fer, in
progress).
On the surrounding highlands up to 1500 m

altitude (Fig. 1), Afromontane formations ranging
from montane evergreen forests to montane grass-
lands are present. They have been partially de-
scribed by Kerfoot (1964), Lind and Morrison
(1974) and Cribb and Leedal (1982).
Throughout the southern Tanzanian region,

large areas have been recently altered by man.
Lowland woodlands and montane forests are di-
minishing year by year as the trees are felled for
their timber, for charcoal or for cultivation. Most
of the remaining natural vegetation is found in
government forest reserves and in locally pro-
tected areas (McKone and Walzem, 1994).

3. Material and methods

Core MM8 (2.8 m length) was collected from
the central part of the lake in 38 m water depth
(Fig. 2). The cored sediments mostly consist of
homogeneous, organic-rich silty muds, with inter-
bedded ash layers between 85 and 110 cm. Multi-
disciplinary studies have been carried out on this

core (magnetism, diatoms, pigments, phenols,
charcoal) and some proxies have been recently
published (Merdaci, 1998; Williamson et al.,
1999; Barker et al., 2000; Thevenon et al., 2003).
The chronology of core MM8 has been estab-
lished from six accelerator mass spectrometry ra-
diocarbon datings of total organic matter (TOM),
wood fragments or microcharcoal (Gibert et al.,
2002). The calibration of radiocarbon dates into
calendar ages has been made by using the CALIB
3.0 software (Stuiver and Reimer, 1993) (Table 1).
Forty samples taken every 2^6 cm from the

core were selected and analysed for pollen con-
tent, excluding the tephra layers. They were
chemically treated following the classical method
of Faegri and Iversen (1975): dissolution of the
carbonates and silicate with diluted HCl (10%)
and cold HF (70%), respectively; removal of col-
loidal silica with warm diluted HCl, and destruc-
tion of humic acids by dilution in KOH (10%)
solution. The obtained residue is diluted in glyc-
erol. For each sample, at least 400 pollen grains
and spores were counted. The identi¢cations were
based on the reference collection of some 7000
specimens at CEREGE, Aix-en-Provence, and
on specialised publications relevant to East Afri-

Fig. 1. Location map of Lake Masoko in southern Tanzania.
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can pollen morphology (e.g. Bonne¢lle, 1971a,b;
Bonne¢lle and Riollet, 1980).

4. Results

The results are shown in pollen diagrams (Figs.
3 and 4) which were drawn using the GPAL3

program (Goeury, 1988). The vertical scale repre-
sents the depth of the samples along core MM8.
The horizontal one indicates the relative percen-
tages of the main pollen taxa which are consid-
ered to be the most important in the interpreta-
tion of the palaeoenvironment of Lake Masoko
(Fig. 3) or groups of taxa classi¢ed in relation
to the physiognomy of the producing plants

Fig. 2. Bathymetry of Lake Masoko and location of the core MM8 (contours are local altitude with 0= present shoreline).

Table 1
Radiocarbon dates on sediment from core MM8

Depth Type Code 14C age Calibrated age
(cm) (Orsay) (yr BP) (cal yr BP)

2.0 TOM H1832 270T 50 300 (325/+35)
19.0 TOM H1836 400T 50 475 (330/+145)
42.0 TOM H1655 965T 70 920 (310/+100)
143.0 Charcoal H992 1610T 60 1520 (3300/+120)
228.0 Wood H1172 2940T 70 3070 (3140/+110)
258.0 Wood H1173 3750T 70 4090 (3140/+105)

Calendar ages are calibrated using the program CALIB 3.0 (Stuiver and Reimer, 1993)
Errors represent one standard deviation.
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Fig. 3. The MM8 pollen diagram from Lake Masoko (southern Tanzania) showing relative percentages of selected taxa (the pollen sum includes all identi¢ed pol-
len and spore taxa, excluding indeterminable grains).
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Table 2
List of identi¢ed pollen taxa in core MM8 from Lake Maso-
ko, southern Tanzania

ACANTHACEAE Acanthus-type [3]
Hypoestes-type [3]
Isoglossa [3]
Justicia-type £ava [3]
Justicia striata-type [3]
Lepidagathis [3]
Mimulopsis-type [3]
Thunbergia [3]

AMARANTHACEAE Achyranthes-type aspera [3]
Aerva-type javanica [3]
Alternanthera [3]
Celosia-type trigyna [3]
Digera-type muricata [3]
Psilotrichum-type elliottii [3]
Sericostachys-type scandens [3]

ANACARDIACEAE Anacardiaceae undi¡. [2]
Lannea-type [2]
Rhus-type [2]

APIACEAE Apiaceae undi¡. [5]
Hydrocotyle [4]
Steganotaenia-type [5]

AQUIFOLIACEAE Ilex mitis [1]
ARALIACEAE Cussonia [1]

Polyscias fulva-type [1]
Sche¥era abyssinica-type [1]

ASCLEPIADACEAE Tacazzea-type [5]
ASPARAGACEAE Asparagus buchananii-type [3]
ASTERACEAE Artemisia [3]

Asteraceae undi¡. [3]
Crassocephalum-type montuosum
[3]
Lactuceae undi¡. [3]
Stoebe kilimandscharica-type [1]
Vernonieae undi¡. [3]

BALSAMINACEAE Impatiens [3]
BEGONIACEAE Begonia [3]
BORAGINACEAE Cordia africana-type [2]

Ehretia [2]
Heliotropium steudneri-type [3]

BRASSICACEAE Brassicaceae undi¡. [3]
BURSERACEAE Commiphora edulis-type [2]
CAESALPINIACEAE Brachystegia [2]

Cassia-type didymobotrya [5]
Cassia-type italica [5]
Isoberlinia-type [2]
Julbernardia-type paniculata [2]

CAMPANULACEAE Campanula-type [3]
CAPPARIDACEAE Capparis fascicularis-type [2]

Maerua-type [2]
CELASTRACEAE/HIPPO-
CRATEACEAE

Celastraceae/Hippocrateaceae
[2]

CHENOPODIACEAE Chenopodiaceae undi¡. [3]
CHRYSOBALANACEAE Parinari-type [2]
COMBRETACEAE Combretaceae undi¡. [2]

Table 2 (Continued).

COMMELINACEAE Commelina-type benghalensis [3]
CONVOLVULACEAE Evolvulus-type [3]
CORNACEAE Afrocrania volkensii [1]
CUPRESSACEAE Juniperus procera [1]
CYPERACEAE Ascolepis [4]

Cyperaceae undi¡. [4]
DIPTEROCARPACEAE Dipterocarpaceae undi¡. [2]
DRACAENACEAE Dracaena afromontana-type [2]
EBENACEAE Diospyros [2]

Euclea [2]
ERICACEAE Ericaceae undi¡. [1]
EUPHORBIACEAE Acalypha [2]

Alchornea [2]
Antidesma-type [2]
Bridelia micrantha-type [2]
Cleistanthus-type polystachyus
[2]
Clutia [2]
Croton-type [2]
Erythrococca-type [2]
Euphorbia-type hirta [3]
Flueggea-type virosa [2]
Macaranga [2]
Margaritaria-type discoidea [2]
Neoboutonia-type [2]
Phyllanthus-type fraternus [5]
Phyllanthus muellerianus-type [5]
Phyllanthus-type rivae [5]
Ricinus communis [3]
Shirakia-type elliptica [1]
Tetrorchidium [2]
Uapaca kirkiana-type [2]
Uapaca nitida-type [2]

FABACEAE Aeschynomene-type baumii [3]
Fabaceae undi¡. [5]
Indigofera-type [5]
Kotschya-type [3]
Vatovaea-type pseudolablab [3]

HALORRHAGACEAE Callitriche stagnalis [4]
Gunnera perpensa [3]

HYMENOCARDIACEAE Hymenocardia acida-type [2]
HYPERICACEAE Hypericum [5]
ICACINACEAE Apodytes dimidiata [1]
LAMIACEAE Basilicum-type polystachyon [3]

Hyptis-type [3]
Lamiaceae undi¡. [3]
Leucas-type [3]
Ocimum-type basilicum [3]

LOGANIACEAE Anthocleista [2]
LOGANIACEAE/THEA-
CEAE

Nuxia/Ficalhoa [2]

LORANTHACEAE Tapinanthus-type [5]
MELASTOMATACEAE Melastomataceae undi¡. [5]
MELIACEAE Entandrophragma-type [2]
MENISPERMACEAE Cissampelos-type mucronata [5]

Stephania-type abyssinica [5]
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(AP: arboreal pollen; NAP: non-arboreal pollen)
and, for the AP, to their phytogeographical a⁄n-
ities (Afromontane or Zambezian) (Fig. 4). Con-
sidering that any taxon is over-represented
throughout the lacustrine MM8 pollen record,
for the calculation of the percentages only inde-
terminable grains have been excluded from the
pollen sum.
Pollen preservation is good in all the samples

and the micro£ora is rich and well diversi¢ed,
with a total of 179 taxa identi¢ed (Table 2). Seven
main zones, clearly re£ecting seven steps in the
development of Lake Masoko area vegetation
during the last 4200 years, have been distin-
guished. The boundaries between these zones
were established on the basis of signi¢cant
changes in the proportion of the major taxa.
From the bottom to the top of the sequence,
they are:
Pollen zone 7 (269^237 cm; 4200^3450 cal yr BP)
This zone is characterised by an increase of

Zambezian AP, mainly represented by Acalypha,
Moraceae, Uapaca (Uapaca nitida-type), Ulma-
ceae (Celtis), Macaranga, associated with some
Caesalpiniaceae (Brachystegia, Isoberlinia-type),
Anacardiaceae and Euclea. At the same time, a

Table 2 (Continued).

MIMOSACEAE Acacia group I [2]
Acacia group III [2]
Entada-type [5]
Mimosa pigra-type [3]

MORACEAE Ficus [2]
Milicia-type excelsa [2]
Moraceae undi¡. [2]
Myrianthus-type holstii [2]
Trilepisium-type
madagascariensis [2]

MYRICACEAE Myrica [1]
MYRSINACEAE Maesa lanceolata-type [2]

Myrsine africana [2]
Rapanea melanophloeos-type [1]

MYRTACEAE Syzygium-type [2]
NYMPHAEACEAE Nymphaea lotus-type [4]
OLACACEAE Strombosia-type sche¥eri [2]
OLEACEAE Jasminum abyssinicum-type [2]

Olea capensis-type [1]
Olea europaea-type [1]

PALMAE Borassus-type aethiopum [2]
Phoenix reclinata-type [2]

PEDALIACEAE Sesamum [3]
PLANTAGINACEAE Plantago africana-type [3]
POACEAE Poaceae undi¡. [3]
PODOCARPACEAE Podocarpus [1]
POLYGONACEAE Polygonum senegalense-type [4]

Rumex [3]
POTAMOGETONACEAE Potamogeton thunbergii-type [4]
PROTEACEAE Protea-type [2]
RANUNCULACEAE Clematis-type [5]

Ranunculus oreophythus-type [3]
RESEDACEAE Resedaceae undi¡. [2]
RHAMNACEAE Rhamnaceae undi¡. [2]
ROSACEAE Alchemilla [3]

Hagenia abyssinica [1]
Prunus africana-type [1]
Rubus pinnatus-type [1]

RUBIACEAE Anthospermum [3]
Hymenodictyon-type £oribundum
[2]
Keetia-type gueinzii [2]
Kohautia-type caespitosa [5]
Oligocodon-type cunli¡eae [2]
Rubia-type [3]
Rubiaceae undi¡. [5]
Spermacoce-type [3]
Uncaria-type africana [5]

RUTACEAE Teclea-type [2]
Toddalia-type asiatica [2]
Zanthoxylum-type usambarense
[2]

SAPINDACEAE Allophylus [2]
Aphania-type senegalensis [2]
Cardiospermum halicacabum-
type [5]

Table 2 (Continued).

Dodonaea viscosa [2]
Sapindaceae undi¡. [2]
Zanha golungensis-type [2]

SAPOTACEAE Sapotaceae undi¡. [2]
SOLANACEAE Solanum-type [3]
STERCULIACEAE Dombeya-type [2]

Sterculia-type [2]
THYMELAEACEAE Gnidia-type chrysantha [5]
TILIACEAE Tiliaceae undi¡. [5]
TRIBULACEAE Tribulus [3]
TYPHACEAE Typha [4]
ULMACEAE Celtis [2]

Trema-type orientalis [2]
URTICACEAE Urticaceae undi¡. [3]
VERBENACEAE Verbenaceae undi¡. [5]
VITACEAE Cyphostemma-type [5]
PTERIDOPHYTA Monoletes undi¡.

Triletes undi¡.
ANTHOCEROTACEAE Anthocerotaceae undi¡.

Taxa in bold are shown in the pollen diagram of Fig. 3. [1],
Afromontane trees and shrubs; [2], Zambezian trees and
shrubs; [3], herbs; [4], aquatics; [5], climbers or undi¡erenti-
ated taxa.
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decrease of herbaceous taxa (NAP, mostly Poa-
ceae) is registered. Urticaceae are present in sig-
ni¢cant percentages. In the regional vegetation,
Olea (mainly Olea capensis-type) is the dominant
element of the Afromontane formations associ-
ated with some Apodytes dimidiata, Prunus africa-
na and Myrica.
Pollen zone 6 (237^211 cm; 3450^2800 cal yr BP)
During the deposition of this sediment, a slight

decrease in local Zambezian AP a¡ecting all the
taxa except Acalypha is observed. It is contempo-
raneous with an increase in Poaceae and ferns
(trilete-type).
Pollen zone 5 (211^150 cm; 2800^1650 cal yr BP)
This zone shows an increase of Zambezian ar-

boreal taxa, dominated by Uapaca (mainly Uapa-
ca nitida-type), at the expense of the grass pollen.
Also signi¢cant percentages of the Moraceae, Ul-
maceae and Acalypha, and of Olea, an Afromon-

tane element, are registered. Ferns (trilete-type)
are always abundant.
Pollen zone 4 (150^132 cm; 1650^1450 cal yr BP)
A marked change is observed in this zone. After

a peak ofMacaranga, a decrease in local (Uapaca)
and regional AP is registered, synchronous with a
sharp increase in Poaceae. For the ¢rst time in the
sequence, Asteraceae and Ricinus communis are
present in signi¢cant percentages.
Pollen zone 3 (132^85 cm; 1450^1200 cal yr BP)
In this zone, a further increase in Zambezian

AP is observed, but it is not as pronounced as
in zone 5. The main taxon is still Uapaca (mainly
Uapaca nitida-type), associated with Acalypha,
and for the ¢rst time in regular and signi¢cant
percentages, Allophylus. In the regional environ-
ment, Olea progressively declines, as do the other
main Afromontane elements.
Pollen zone 2 (85^19 cm; 1200^500 cal yr BP)

Fig. 4. The MM8 synthetic pollen diagram from Lake Masoko (southern Tanzania), showing the main groups of taxa lumped
according to the physiognomy or the ecology of the producing plants (the pollen sum includes all identi¢ed pollen and spore
taxa, excluding indeterminable grains).
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The minimum frequencies of Zambezian AP are
recorded in this zone. Poaceae associated with
Asteraceae and Ricinus communis, reach high per-
centages. Among aquatic taxa, Cyperaceae show
their highest representation in the sequence.
Pollen zone 1 (19^6 cm; 500^300 cal yr BP)
This most recent zone is characterised by a re-

newed increase in Zambezian arboreal taxa such
as Uapaca, Acalypha, Moraceae, Allophylus, Do-
donaea viscosa, and, for the ¢rst time with more
than 1%, Protea-type. Poaceae pollen decreases.

5. Interpretation and discussion

Throughout the Masoko pollen record, the
dominance of Zambezian arboreal components
associated with abundant Poaceae is striking.
This is indicative of the permanence of wetter
miombo woodlands in the basin of the lake and
in its close neighbourhood during the last 4200 cal
yr BP. On the surrounding hills and highlands,
Afromontane forests with Olea (mainly Olea ca-
pensis) as a dominant element were present until
1650 cal yr BP. The low frequencies of Podocar-
pus, a tree that produces much well-dispersed pol-
len (Hamilton, 1972), indicate that it is unlikely
that this montane element was abundantly present
nearby.
However, during the last four millennia, the

pollen sequence registered £uctuations in the rep-
resentation of arboreal taxa versus non-arboreal
ones and in the composition of the micro£ora,
indicative of changes a¡ecting both the physiog-
nomy (density of the canopy cover versus herba-
ceous layer) and the £oristic composition of the
local Zambezian woodlands. Following an expan-
sion of the arboreal canopy between 4200 and
1650 cal yr BP (pollen zones 7^5), with a high
representation of Uapaca from 2800 to 1650 cal
yr BP (pollen zone 5), interrupted by a slight epi-
sode of regression between 3450 and 2800 cal yr
BP (pollen zone 6), a ¢rst major replacement of
dense Zambezian woodlands by a more open veg-
etation is registered between 1650 and 1450 cal yr
BP (pollen zone 4). First, Macaranga became
more abundant, then the grass cover increased
at the expense of trees. This change took place

in less than 200 years, a¡ecting particularly Ua-
paca (mainly Uapaca nitida-type). At the same
time, on the surrounding highlands, montane for-
ests, dominated by Olea, decline. Then, a new
expansion of woodlands with Uapaca and Allo-
phylus as dominant components is observed be-
tween 1450 and 1200 cal yr BP (pollen zone 3),
but less important than during pollen zone 5. A
¢nal episode of opening of the local arboreal cov-
er associated with a large increase of the grass
layer and of swampy formations is registered be-
tween 1200 and 500 cal yr BP (pollen zone 2)
followed, from 500 to 300 cal yr BP, by a slight
new development of trees, mainly Uapaca and
Protea-type.
In south tropical East Africa, late Holocene

forest and woodland changes have been registered
in numerous pollen records (e.g. Hamilton, 1982;
Vincens, 1989, 1993; Bonne¢lle et al., 1991; Jolly
et al., 1997; DeBusk, 1998; Marchant and Taylor,
1998; Taylor et al., 1999). However, the timing of
these changes appears to be asynchronous from
site to site, and their interpretation, mainly con-
cerning declines, in terms of ecological change
and/or human interference is not clear (e.g. Ham-
ilton et al., 1986; Perrott, 1987). For our pollen
sequence, these two hypotheses are assessed inde-
pendently, and discussed in the light of other data
from the same core and/or more regionally from
tropical Africa.
On the African continent, the main ecological

factor in£uencing vegetation during the late Ho-
locene is climate, and especially rainfall (total an-
nual amount and seasonal distribution). Today, in
southern Tanzania, the precipitation is strongly
controlled by the intensity of the southeast
summer monsoon, the pluviometric regime being
driven by the yearly oscillation of the Intertropi-
cal Convergence Zone (Nicholson, 1996). The
vegetational changes registered in the Masoko
pollen record during the last 4200 years seem
likely to strongly depend on the monsoon inten-
sity, since the permanence of typical deciduous
woodlands indicates that climate was always sea-
sonal. Our pollen data show that the Masoko
catchment and adjacent areas were dominated
by dense Zambezian woodlands between c. 4200
and 1650 cal yr BP, with a large extension be-
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tween 2800 and 1650 cal yr BP, indicating that
summer monsoon strength probably reached its
late Holocene maximum at this time. A ¢rst open-
ing of these woodlands between 3450 and 2800 cal
yr BP, synchronous with a short expansion of
Olea on the surrounding highlands, suggests a
¢rst slight decrease in monsoon strength, prob-
ably associated with a slight cooling. A new open-
ing of the woodlands is registered between 1650
and 1450 cal yr BP, which could indicate a second
episode of decrease in monsoon intensity, fol-
lowed, from 1650 to 1200 cal yr BP, by a new
increasing phase as indicated by a new extension
of the canopy cover. But the greatest reduction of
the canopy cover occurs in the pollen sequence
between 1200 and 500 cal yr BP, synchronously
with an extension of herbaceous swampy forma-
tions which likely colonised the borders of the
lake during a lowstand. Such a large degradation
of the woodlands would indicate that monsoon
strength was probably reduced to its late Holo-
cene minimum during this period. Between 500
and 300 cal yr BP, a last new expansion of the
tree cover could be indicative of a recent increase
in annual rainfall.
However, some changes in the environment of

Lake Masoko, mainly opening episodes, may also
be associated with human activities. In central
East Africa, the late Holocene human-induced
clearance of mainly forested areas from interla-
custrine highlands of Burundi, Rwanda and
Uganda was locally correlated with political-eco-
nomic changes, such as the entry of Bantu-speak-
ing people and the onset of the Early Iron Age
some 2300 years ago (Jolly et al., 1997; Taylor et
al., 1999). The beginning of clearance was site-
speci¢c, related to local topography and soils de-
pending on their suitability to human practices.
But the most severe level of tree cover degrada-
tion seems to be associated with the beginning of
the Late Iron Age, some 1500 years ago (March-
ant and Taylor, 1998). Anthropogenic clearance
of lower montane forest and woodland during
the late Holocene has been related to multiple
purposes: agriculture, pastoralism and hunting,
these three practices being generally associated
with burning, ore smelting or timber, or more
locally for medicinal values and dye production

(Kikula, 1986; Ngulube et al., 1995; Clark et
al., 1996; Chidumayo, 1999).
In the Masoko pollen record, only the presence

of Ricinus communis pollen in signi¢cant frequen-
cies from 1550 cal yr BP onwards, associated with
an increase of Asteraceae, can be considered a
marker supportive of a local opening of the
woodland canopy. Therefore, it may indicate hu-
man disturbance of the vegetation for agricultural
and/or pastoral activities. Unfortunately, as is the
case all over East Africa, most indigenous crop
plants do not leave identi¢able traces in the pollen
records (e.g. cereals), so direct palynological evi-
dence of early agriculture is limited. But taking
into consideration the morphology of the Lake
Masoko catchment, with abrupt slopes (s 30‡;
Fig. 2), the prevalence of poor soils, few available
timber trees and the presence of the tsetse £y
making this region poorly productive and attrac-
tive for early dense settlements during the late
Holocene (Pratt and Gwynne, 1977; Lawton,
1982; Chidumayo, 1999), agricultural practices
seem unlikely and this interpretation must be
viewed here with caution. According to the Wa-
nyakyusa local tribe memory, the summit of the
crater rim and adjacent areas of Lake Masoko
were locally cleared then cropped, mainly with
exotic plants such as bananas, sweet potatoes,
manioc, co¡ee, in the very recent past, the last
century, under the German occupation (L. Mwan-
jakeli, personal communication). Moreover, the
fringing part of the lake actually supports some
oil palms, but their cultivation is also probably
recent, no pollen of Elaeis guineensis being found
at the top of the core dated 300 cal yr BP. Local
pastoralism may, however, have occurred, and
this activity cannot be excluded during the last
two millennia.
Changes a¡ecting the physiognomy and the £o-

ristic composition of the local woodlands can also
have been a¡ected by ¢re. Although most ¢res
from the Miombo area are anthropogenic, their
occurrence is strongly controlled by climate
through the mean annual rainfall and the length
of the dry season (Frost, 1996). Charcoal count-
ings of core MM8 indicate a sudden increase in
¢ne, elongated charcoal concentration at 1750 cal
yr BP, pointing to a change in the ¢re regime and
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intensity at this time (Thevenon et al., 2003). This
change takes place c. 200 years before the major
physiognomic vegetation change in our pollen rec-
ord at 1550 cal yr BP, and c. 100 years before the
major change in the £oristic composition of the
local woodland at c. 1650 cal yr BP. At that time,
Uapaca abruptly decreased in abundance and was
partly replaced by Macaranga, a pioneer tree on
bare soils, sometimes locally abundant after burn-
ing and a marker of vegetation opening (Jolly and
Bonne¢lle, 1992).
Like many previous works carried out in cen-

tral East Africa, this pollen study illustrates the
di⁄culties of directly concluding whether the per-
turbations a¡ecting the vegetation in the Masoko
catchment and adjacent areas during the late Ho-
locene are natural or linked to human impact.
However, some more precise indications can be
inferred by comparison with other data obtained
on the same MM8 core and/or more regionally in
tropical Africa.
Synchronously with the ¢rst episode of wood-

land decline detected between 3450 and 2800 cal
yr BP, a major change in intertropical African
vegetation communities has been registered in
most pollen sites (e.g. Lake Victoria: Kendall,
1969; Lake Tanganyika: Vincens, 1993; Lake Al-
bert: Ssemmanda and Vincens, 1993; central Afri-
can interlacustrine highlands: Jolly et al., 1997;
Lake Malawi: DeBusk, 1998; central Atlantic
Africa: Vincens et al., 1999). It seems clear today
that this change, in so far as at the same time
many lakes reduced in level or dried up com-
pletely, is linked to increased aridity (e.g. Lake
Naivasha: Richardson and Richardson, 1972;
Lake Manyara: Holdship, 1976; Lake Bogoria:
Tiercelin and Vincens, 1987; Lake Cheshi: Stager,
1988; Lake Tanganyika: Casanova and Hillaire-
Marcel, 1992; Lake Sinnda: Vincens et al., 1998).
This evidence supports the exclusion of human
interference as a primary reason explaining why
woodlands opened around Lake Masoko during
this episode.
In contrast, the interpretation of the woodland

opening at 1650^1550 cal yr BP is less clear con-
sidering that the record of Ricinus communis pol-
len can be interpreted as a local signal of human
practices associated with intensi¢cation of burn-

ing as shown by charcoal analyses (Thevenon et
al., 2003). Nevertheless, a synchronous decline of
montane forests on the highlands suggests a much
more regional event, drier conditions and/or in-
crease in seasonality, rather than a primarily
anthropogenic one. It seems di⁄cult to imagine
that, at this time, southern Tanzanian human
populations were su⁄ciently large and dense to
have had an impact at such a geographical scale.
In addition, the morphology of the lake catch-
ment, the gradual change in erosion proxies and
the associated decrease in surface soil components
(Williamson et al., 1999) are not consistent with
an abrupt onset of agriculture in the basin at 1650
cal yr BP.
Concerning the third episode of woodland de-

cline dated between 1200 and 500 cal yr BP, the
climatic deterioration evidenced by pollen toward
dry conditions is consistent with previous rock-
magnetic and diatom assemblages studies, respec-
tively suggesting reduced runo¡ (Williamson et
al., 1999) and regression in water level (Barker
et al., 2000) between 1500 and 350 cal yr BP.
For this last episode, a deterioration of climate
seems also to be the main driving factor for the
opening of woodlands. However, a hypothesis of
anthropogenic in£uences cannot be completely ex-
cluded, as evidenced by the presence of Late Iron
Age settlements in the northern part of Lake Ma-
lawi since at least 1200 yr BP (Mapunda and
Burg, 1991). However, the impact was probably
local and not signi¢cant enough, or too selective,
to lead to a vegetational change such as the one
recorded at Masoko.
In conclusion, a climatic interpretation is pref-

erentially advanced to explain the vegetational
changes registered in the Masoko pollen sequence,
mainly £uctuations in the southeast summer mon-
soon strength. Meanwhile, it is possible that the
most likely explanation could be a combination of
climatic and anthropogenic factors, although cli-
mate can be considered to have exerted the major
control in the development of human activities, as
observed elsewhere in Africa (e.g. Schwartz, 1992;
Kershaw et al., 1997). So, it remains clear that
more late Holocene high-resolution pollen and
charcoal sequences, associated with numerous ar-
chaeological investigations, are still needed to im-
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prove our knowledge of human/climate impacts
on the history of southern Tanzanian vegetation,
a region where very few palaeoenvironmental
data are today available.
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