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Abstract This paper discusses changing patterns of
resource utilisation over time in the locality of Chibuene,
Vilankulos, situated on the coastal plain of southern
Mozambique. The macroscopic charcoal, bone and shell
assemblages from archaeological excavations are presented
and discussed against the off-site palaeoecological records
from pollen, fungal spores and microscopic charcoal. The
Chibuene landscape has experienced four phases of land
use and resource utilisation that have interacted with
changes in the environment. Phase 1 (a.p. 400-900), forest
savanna mosaic, low intensity cattle herding and cultiva-
tion, trade of resources for domestic use. Phase 2 (a.D.
900-1400), forest savanna mosaic, high intensity/extensive
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cultivation and cattle herding. Phase 3 (a.p. 1400-1800),
savanna woodland and progressive decrease in forests
owing to droughts. Decline of agricultural activities and
higher reliance on marine resources. Possible trade of
resources with the interior. Phase 4 (a.p. 1800-1900), open
savanna with few forest patches. Warfare and social unrest.
Collapse of trade with the interior. Decline in marine
resources and wildlife. Loss of cattle herds. Expansion of
agriculture locally and introduction of New World crops
and clearing of Brachystegia trees. The study shows the
importance of combining different environmental resources
for elucidating how land use and natural variability have
changed over time.

Keywords Land use history - Resource utilisation -
Pollen - Fungal spores - Wood charcoal - Osteology

Introduction

The understanding and appreciation of changing resource
utilisation in southern Africa over time has long been
limited owing to a lack of appropriate data. Most discus-
sions on historic resource utilisation, environmental man-
agement and land use practices have been based on
inferences from modern natural resources, as other data
was lacking (Hall 1981; Sinclair 1987; Morais 1988).
However, the value of these pioneering landscape studies is
fundamental. We need to better understand the historical
transformations of the physical landscape and their inter-
action with land use practices and resource use (Jonsson
1998; Eichhorn 2002; Manyanga 2006). Despite systematic
efforts to retrieve environmental data from archaeological
sites, the ideal combination of ecofacts such as seeds,
bones, shell etc. from archaeological sites and off site
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palaeoecological analyses yielding a broad overview of
local and extra-local changes in vegetation and landscape
changes is extremely rare in the region. The combination of
different proxies is of importance for the understanding of
how land use and natural variability interact, and a his-
torical understanding of these interactions provides us with
an ecological understanding of landscape dynamics, many
of which are historically constituted.

The aim of this paper is to discuss the long-term changes
in land use and resource utilisation over time in the
Chibuene area of Mozambique and their interrelation with
environmental change. We will focus on the period from
A.D. 400-1900. Archaeological excavations in the Chibu-
ene area have been carried out since 1978 (Sinclair 1982,
1987, 1997; Sinclair and Ekblom 2004) and sampling for
botanical and osteological material has been an integral
part of all these excavations (Ekblom 2004; Badenhorst
et al. 2011). At the same time, interviews with local
people on present day resource use have been carried out
(Berger 2004), together with detailed surveys of present
day vegetation (Ekblom 2004). Palacoecological studies
presented in Ekblom (2008) and Ekblom and Stabell
(2008) have been important for an overall understanding of
landscape transformation and climate-vegetation dynamics.
Unfortunately, few seeds or other archaeobotanical mac-
roremains have been encountered during the excavations.
Owing to this scarcity, our understanding of land use and
plant resource utilisation in Chibuene is still limited. This
paper therefore contributes with an analysis of wood
charcoal fragments sampled from archaeological contexts
and complementary palacoecological analyses of fungal
spores and possible cereal pollen grains that elucidate the
link between land use, use of resources and environmental
change.

The analyses of the charcoal assemblages, originating
from the 1995 and 1999-2000 excavations, supply us with
an understanding of human agency and changes in land use
practices as both a cause of and a response to environ-
mental change. Charcoal analysis (anthracology) yields
complementary information on the local woody vegetation
composition, as a high proportion of wood for fuel
and other purposes is collected near a settlement (cf.
Shackleton and Prins 1992; Eichhorn 2002, 2007; Marston
2009; Gelabert et al. 2011). Furthermore, firewood is
actively selected and brought to the living site; thus, it is a
reflection of land use practices or of cultural/individual
preferences. Positive examples from southern Africa are
Deacon et al. (1983), Dowson (1988), Tusenius (1989),
February (1992), Esterhuysen and Mitchell (1996), Cart-
wright and Parkington (1997), Cowling et al. (1999),
Eichhorn (2002, 2007), Eichhorn and Jiirgens (2003) and
Vogelsang and Eichhorn (2011). In East Africa, Schmidt
(1994, 1997) and Thompson and Young (1999) have shown
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the potential of wood charcoal analyses, and in West Africa
a number of studies have been carried out elucidating
Holocene climatic change and human alteration of woody
vegetation (Hohn 2007; Neumann et al. 1998, 2009; Neu-
mann 1999; Hohn and Neumann 2012; Eichhorn 2012).

Spores of coprophilous fungi provide a potential source
of information on past herbivore abundance and, by
inference, grazing by domestic animals (Van Geel et al.
2003; Graf and Chmura 2006; Marinova and Atanassova
2006; Van Geel and Aptroot 2006; Raper and Bush 2009).
Fungal spores have not yet been widely used in palaeo-
ecological or archaeological contexts in Africa (see how-
ever Burney et al. 2003; Carrion et al. 2000; Lejju et al.
2005; Ekblom and Gillson 2010a), but the potential of
spore analysis and especially of spores from coprophilous
fungi for understanding land use and resource utilisation is
shown here.

Introducing the Chibuene landscape

Chibuene is situated on the mainland side of Vilanculos
bay, 7 km south of the town of Vilanculos (Fig. 1). Today
it designates the name of a village and a developing resort.
It is also the location of the archaeological site of Chibu-
ene, dated from c. A.p. 600 onwards. The archaeological
material suggests that this area has been more or less
continuously occupied during the past 1,200 years, so it is
ideal for discussing resource utilisation over time. The long
occupation of this area can be explained by the rich
availability of resources. Vilanculos bay provides plenty of
marine resources, an important part of human diet over
time. The lakes Nhaucati and Xiroche provide fresh water,
and have probably retained water over most of the time
during which this area was occupied.

The present day landscape

The current vegetation in the Chibuene area is dominated
by open grasslands with Eragrostis ciliaris, Panicum
maximum, Cyperus spp., Cenchrus incertus and Digitaria
spp. Representatives of the miombo woodland occur as
smaller stands of Julbernardia globiflora and Strychnos
spinosa. Within 500 m of the sea, the vegetation is char-
acterised by dense shrub with Commiphora zanzibarica,
Phyllanthus reticulatus and Turraea nilotica occurring
together with Grewia monticola, Deinbollia oblongifolia,
Clerodendrum glabrum and Acalypha glabrata. These
species occur with climbers, such as Cocculus hirta and
various herbs occurring in low frequencies (Ekblom 2004).
The larger region consists of a miombo woodland savanna,
where  “Julbernardia  globiflora and  Brachystegia
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Fig. 1 Location of the research
area (left) and the Chibuene
locality (right) with excavation
areas a and b marked
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spiciformis are reported to be the main constituent but
Brachystegia spiciformis 1is actually very rare in the
region” (Wild and Fernandes 1968). Palacoecological
studies have shown that the vegetation before c. a.n. 1700
was considerably more wooded than today, consisting of a
savanna-forest mosaic (Ekblom 2008). At present, the area
is characterised by weakly developed soils with a low
organic content and moderate weathering (Frinzle 1984,
p. 85). The 1977-1992 civil war and the uncontrolled
hunting which took place during this period of large-scale
civil unrest are thought to have critically reduced the
already stressed mammal populations in the region. Cur-
rently there are few large mammals in the area (Telford and
de Castro 2001).

The local economy is based on farming, fishing and wage
labour. The more common food crops are maize, groundnut,
cassava and pearl millet together with other crops such as
sorghum and sweet potato. Goats and chickens are common,
but cattle are rare in the area. The collection of wild plants,
fruits and berries is also an important part of everyday diets.
Homesteads are continuously moved, as new fields are cleared
and old plots are abandoned (Berger 2004).

Vilanculos usually receives most of its rainfall (832 mm
per year) between December and February, when tempera-
tures are the highest (27 °C). Winter temperatures average
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c. 19 °C. Yearly average evapotranspiration is of a magnitude
of 1,440 mm (FAO 1984). In ideal situations, such annual
averages meet the requirements of a number of different crops,
including maize, which requires high average rainfall. How-
ever, yearly averages are less important for agroecology than
interannual variability, and the greatest challenge for farmers
is the unpredictability of the beginning and end of the rainy
season (FAO 2004). During the 20th century, the summer
rainfall region has experienced persistent cycles of wet and
dry phases with a near decadal cyclicity, a pattern which is
thought to have existed during the last 6,000 years (Tyson and
Preston-Whyte 2000, pp. 332-335; FAO 1984). In addition,
the coupled oceanic and atmospheric phenomenon of the
ENSO (El Nifio-Southern Oscillation), which occurs with a
cyclicity of 3-5 years, is estimated to account for about 25 %
of rainfall variation (Hulme 1995).

Presentation of the archaeological site and a brief
history of the area

The main part of the archaeological site (Figs. 1, 2, area a),
an area of c. 10 ha, is marked by numerous large Adan-
sonia digitata (baobab) trees and a relatively dense scrub.
However, there are also satellites of the site in the larger
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area, for instance near lake Nhaucati, where palaeoeco-
logical studies have been carried out (Figs. 1, 2, area b).
The site is divided into an early and a late occupation
phase. Dates associated with the early occupation phase
range from c. A.D. 600 to 1300-1400 and they cluster
between a.p. 700 and 1000. This early occupation phase
has tentatively been subdivided into two facies (c. A.D.
600-900 and 900-1200). This is an arbitrary division, as
layers representative of the early occupation phase carry
their main characteristics from natural soil formation pro-
cesses. However, we can assume the relative age of these
layers based on stratigraphy. The upper occupation phase
dates from A.p. 1300-1400 to 1650-1700 and is clearly
distinguishable on the basis of a change in the ceramics
typology (Sinclair and Ekblom 2004; Ekblom 2004). It is
not clear whether the site was continuously occupied from
A.D. 1700 until the present, as 14C dates from this period are
few and the calibration is uncertain for the last two
centuries.

Chibuene has revealed the presence of early style pot-
tery (Matola) associated with early farming communities,
which may suggest a longer occupation than indicated by
the '*C dates. Chibuene also has a large number of
imported glass and glass beads, and the town has been
identified as a port of entry for the glass beads found in the
interior at the end of the first millennium (Sinclair 1982,
1987, 1995; Morais 1988; Wood 2000, 2012; Huffman
2009). Chibuene acted as a regional centre of trade during
A.D. 700-1000. It has been suggested that occupation in
Chibuene was discontinuous after this, and there are few
later imports (Wood 2012; Sinclair et al. 2012). In the 12th
century A.D., Chibuene probably came under tributary rule
from Manyikeni, a Zimbabwian tradition style of stone
walled settlement situated 10 km west of Chibuene (Barker
1978; Sinclair 1987). Later written documents suggest that
the lineage of Sono of Manyikeni controlled the coastal
area (Liesegang 1990). The pottery of the later occupation
in Chibuene also shows great similarities with the Many-
ikeni pottery, indicating that the two settlements were in
contact. The presence of marine shell and imports from the
Indian Ocean trade in Manyikeni also confirms that the
coast and the hinterland were connected through trade
networks. In the 18th century, the Vilanculo chieftainship
was established in the Vilanculo area with the movements
of the Tsonga. The Vilanculo -chieftainship claimed
authority over the Chibuene area. The clashes between the
Nguni and the Chibuene ancestors in the 19th century are a
recurring theme in oral tradition, and written documents
suggest that the social unrest in this period had important
social and economic implications (Ekblom 2004,
pp- 51-52). Migrant labour has been part of local economy
since the end of the 19th century, providing household
income and bride wealth. Migrant labour was also

@ Springer

encouraged by the colonial authorities, as a monetary hut
tax was demanded (Ekblom 2004, p. 64). At present,
Chibuene is in a state of very rapid transformation, as a
large number of land plots have been concessioned to
private investors. As a result, many residents have recently
moved their homesteads further inland.

Methodology
Microscopic fossil identification

The methodology of the pollen analysis from the Chibuene
area has been presented in detail by Ekblom (2008). Pollen,
spore and microscopic charcoal preparations were carried
out through digestion of cellulose with NaOH and con-
centration of pollen through acetolysis. Lycopodium spores
were added for an estimate of pollen concentration
(Stockmarr 1971; Moore et al. 1991). A percentage sum-
mary diagram of the main pollen groups is shown here.
This is based on the arboreal pollen, terrestrial herbs and
grasses (see Table 1 for ecological groupings). Aquatic and
limnic taxa (such as Cyperaceae) are not shown here. The
arboreal pollen taxa have also been arranged in general
ecological groupings such as riparian-forest, generalist and
savanna environment, and the percentage distribution
shown here is based on the arboreal pollen sum of 250.
Total pollen counts ranged between 1,000 and 15,000
pollen grains.

The counting of microscopic charcoal particles was carried
out over the slides until 300 pollen grains (aquatic/terrestrial)
had been encountered. Size groupings have been made based
on the longest axis of the charcoal particle. Here we separate
two size classes, 10—-100 pm interpreted as linked with local
or regional fires and 100 to <1,000 pum interpreted as linked
with local fires (see review in Pitkénen et al. 1999). For the
larger size classes above 200 pum, all fragments encountered
on the slides were recorded. The results are repeated here for
comparison with the dung fungal spore data.

Spores were counted in relation to the added Lycopodium
spores and are presented as concentrations. The references
used were Jarzen and Elsik (1986), Van Geel et al. (1983,
1986, 2003), Van Geel and Aptroot (2006), Graf and Chmura
(2006), Prager et al. (2006). Most types presented here have
only been provisionally identified or grouped together into
main type groups. Types that occur infrequently or in very low
numbers are displayed as ‘ungrouped’. Spore types that could
not be identified to a specific taxon were grouped according to
the classification suggested by Jarzen and Elsik (1986), where
spore types are given a form-generic name, for example
Dicellaesporites.

As well as the spore assemblage identification, an
attempt was made to separate possible domesticated cereal
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Fig. 2 Detail of the Chibuene

site and the location of trenches
and test pits in excavation area
a and b as shown in Fig 1
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grasses from the wild grasses. The pollen of indigenous

African cereal grasses (Pennisetum americanum, Sorghum
bicolor, Eleusine coracana) overlap in size and are mor-
phologically similar to wild grass pollen (Tomlinson 1973).
It has been noted in pollen analyses from the Mozambique
interior (Ekblom and Gillson 2010b) that larger grass pollen
>40 um tends to occur in larger numbers together with

maize pollen; thus, it is likely that the grass pollen larger
than 40 pum represents indigenous cereal grasses. We have
therefore used a tentative size separation of grasses
<40 pum here. As glycerol jelly tends to swell pollen grains
by 10-15 %, pollen sizes have been quantified based on

comparison with Lycopodium spores, which was conducted
during the slide scanning for the spore analysis.
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Table 1 Ecological groupings of the pollen taxa included in the terrestrial pollen sum

Trees and shrubs associated with forest/riverine forests
Afzelia
Acalypha
Apodytes-type
Brachylaena
Celtis
Dialium-type
Diospyros

Generalist trees and bush
Alchornea
Canthium—type
Capparaceae
Cassine—type
Cissampelos-type

Trees and bush associated with dry-bushveld savanna and savanna woodland

Acacia
Brachystegia
Cassia-type
Commiphora—type
Herbs
Acanthaceae
Asteraceae
Chenopodiaceae/Amaranthaceae (Chen/Am)
Grass
Grass
Ungrouped types (included in the terrestrial pollen sum)
cf. Vitex
cf. Meliaceae

cf. Scrophulariaceae

Ficus Myrtaceae
Meliaceae Olax—type
Millettia-type Olea
Mimusops Peddia
Moraceae Syzygium
Myrica Trema
Celastraceae Phyllanthus—type
Combretaceae Rhamnaceae
Euclea Rhus-type
Euphorbia-type Spirostachys
Grewia Vitaceae
Cordia Sclerocarya
Dichrostachys Sterculia
Dodonaea Uapaca

Julbernardia

Crotalaria-type Phytolaccaceae-type

Malvaceae Tribulus
Oxygonum

Possible cereal grass

cf. Caesaria spp. Borassus/Hyphaene
cf. Peltopohorum Podocarpus

Borreria—type Unknown general

Macroscopic fossil identification

Macroscopic charcoal from archaeological contexts such as
hearths, postholes and pits were retrieved through flotation
in the field and retained on a 0.25 mm mesh. All samples
were analysed using a stereomicroscope and screened for
seeds and identifiable plant remains as a first step. In a
second step, all charcoal fragments >2.5 mm were picked
out from the samples. These were, on the one hand large
enough to be split for the microscopic analyses and, on the
other hand, displaying all relevant wood anatomical
features.

Charcoal analysis was carried out using incident light
microscopy with a Leica Laborlux S and Leica DM 4000,
and with a Hitachi 4500 scanning electron microscope.
Prior to analysis, each charcoal fragment was split along
the three diagnostic planes (transversal, radial, and tan-
gential). Wood anatomical characters relevant for deter-
mination were selected according to the standards of the
“International Association of Wood Anatomists” (Wheeler
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et al. 1989). As no comprehensive wood anatomical atlas
or key is available for the research area, we depended on
published keys, databases and atlases for the Sahara, for
western, southern and central Africa (Lebacq 1955-1957;
Normand 1950-1960; Prior and Gasson 1990; Neumann
et al. 2001; Eichhorn 2002; Hohn 2005). Miscellaneous
data for the research area proper (Ferreirinha 1962; Barreto
1967; De Freitas 1986), the “Inside Wood” internet data-
base (InsideWood 2004 onwards) and the collection of
wood microscope slides from West and Central Africa
housed at the Institute of Archaeological Sciences at
Goethe University, Frankfurt, were also consulted. A lim-
itation of the study is that identification to species level is
rarely possible, partly owing to limited references for the
regional woody flora, but mainly because of wood ana-
tomical similarities within genera or families. Therefore,
the “type” concept is used here, according to which a type
is designated to a morphological (or in our case anatomi-
cal) category, distinguished either by one distinct character
or a unique combination of characters. A type may
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represent one single or a number of species (cf. Punt et al.
2003). In order to narrow the identification down to the tree
and shrub species possibly used in Chibuene over time, we
rely on published data on the present day regional woody
flora and vegetation (Coates Palgrave 2002; Hyde et al.
2002), supported by the understanding of landscape chan-
ges available from the pollen analyses.

Wood anatomical descriptions of the identified charcoal
types are given in Appendix in Supplementary material.
The most common and the most ecologically significant
charcoal taxa were documented by micrographs taken with
a Leica DFC 295 digital camera, using “multifocus”
imagery. This method does not reach the same depth of
focus as the SEM photographs often used in charcoal
publications. Nevertheless, it yields an optical impression
highly comparable to the image seen during charcoal
identification under incident light and allows for illustra-
tion of most anatomical characters relevant for identifica-
tion. For the illustration of minute characters such as pit
vesturing, SEM imagery was used in addition.

The focus of macroscopic charcoal analysis at Chibuene
was to detect changes in the selection of wood over time
that resulted from corresponding changes in the surround-
ing vegetation. The charcoal data is presented based on a
division of the site chronology into the three occupational
periods. In many sampled archaeological contexts, char-
coal fragments were too small for identification; thus, the
number of analysed contexts is relatively low. This is
especially the case for the late occupation phase and may
have led to a bias in taxa representation. Sizes of the

Fig. 3 Simplified pollen and Lake Nhaucati
spore diagram of the sequence
from lake Nhaucati. The
summary pollen diagram
includes (from the /left) arboreal
pollen, grasses, herbs and
ungrouped including
unidentified taxa. The curve of
total pollen concentration
consists of arboreal pollen (dark
grey) and grasses (light grey)
together with possible cereals
(black). Black bars show

charcoal representation 40
(in relation to pollen grains), 60
the black silhouettes show 80

. 120
concentration of moss/fern 160
spores and fungal spores from 180

coprophilous taxa. The grey
silhouette to the far right shows
the concentration of
coprophilous spore taxa

(dark grey) in relation to other 220
spore taxa (light grey)

20 40 60 80100

Silty gyttja Gyttja

individual samples were often small and the number of
identifiable charcoal fragments highly variable between the
samples (between 1 and 108 fragments >2.5 mm/sample).
In order to obtain as representative charcoal assemblages as
possible for each of the three occupation periods, we
analysed all available fragments of this size class.

Results
Dung fungal spore and microscopic charcoal analyses
Lake Nhaucati

The diagram has been divided into four phases, based on
the percentage distribution of the main ecological groups of
pollen, concentration of fungal spores and estimation of
charcoal (Fig. 3). The first phase (a.n. 400-900) shows low
concentrations of spores. Charcoal is represented, but in
low numbers. The pollen record is dominated by grasses
and the arboreal pollen taxa, mostly represented by riparian
and generalist taxa.

In the A.p. 900-1350 early-late occupation phase, sedi-
mentation rates are very high, which has been suggested to
be linked with high lake levels and high rainfall (Ekblom
and Stabell 2008). Pollen and especially spore concentra-
tions increase significantly in this phase. Coprophilous
spores are well represented by c. 40 % of total spores
and are dominated by Sordariaceae and Coniochaeta
lignaria, and a few Sporormiella also occur. In the period
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A.D. 900-1350, there is also an increase in arboreal pollen
and both savanna and riparian pollen types. Microscopic
charcoal particles remain well represented until c. A.D.
1300, when there is also a decline in locally transported
microscopic particles.

Phase 3, A.p. 1400-1600 late occupation phase shows a
progressive decline in riparian taxa and possible cereal
pollen is no longer represented. Overall, spore concentra-
tions are very low and are mostly represented by monolete
spores, although Coniochaeta cf. lignaria is present in very
low numbers. Locally transported charcoal is not well
represented compared to the previous phase.

In Phase 4, A.p. 1600 to present, late occupation phase,
the contribution of riparian taxa to the arboreal pollen sum
is less than 10 %, while savanna and generalist taxa
increase. Coniochaeta cf lignaria and Sordariaceae show a
small increase in the uppermost part of the sequence.

Lake Xiroche

Spores are not well represented in the lake Xiroche
sequence and the total spore concentration is low (Fig. 4).
Nevertheless, its spore assemblage sequence provides a
comparison to lake Nhaucati. Arboreal pollen is well rep-
resented in the very beginning of this phase c. a.p. 700,
(early occupation phase) but declines in the upper part of

Fig. 4 Simplified pollen and
spore diagram of the sequence
from lake Xiroche. For further
explanations see Fig. 3. Note
that the peak in riparian taxa
c. A.D. 600 is owing to a local
increase of Canthium-type &

Lake Xiroche

the phase. Smaller charcoal particles occur but charcoal is
generally not well represented.

From A.p. 950, Phase 2, early-late occupation phase,
there is an increase in spore concentration and Sordariaceae
and cf. Coniochaeta are well represented. Larger particles
of microscopic charcoal, which can be associated with
local fires, are well represented and possible cereal pollen
grains appear at the same time. Savanna type taxa dominate
the arboreal pollen signal. The overall amount of charcoal
is very high between a.p. 1100 and 1200. The amount of
possible cereal pollen grains peaks from 1200 A.D.

Phase 3 (a.p. 1400 to present) is marked by the decline
in riparian taxa in favour of savanna type taxa. Larger
charcoal particles are fewer than before. The total spore
concentration is higher in this phase than earlier, and it is
dominated by non-coprophilous spores. An increase in
coprophilous spore types, mainly Sordariaceae, can be seen
in the top of the sequence where there is also an increase in
charcoal.

Macrofossil and wood charcoal analyses

Only a few carbonised seeds were found, including four
cereal grains (Sorghum and Eleusine) associated with the
upper facies of the early occupation phase and the late
occupation

phase. Chenopodiaceae/Amaranthaceae,
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Table 2 Charcoal results for

the early and late occupation Occupation phase/facies Early/1 Early/2 Late
phase at Chibuene Age A.D. ca. 600-900 ca. 900-1200 ca. 1200-1700
Sideroxylon/Chrysophyllum-type 74 176 4
Mimusops-type 8 7
Androstachys johnsonii-type 19 150 14
Dialium englerianum-type 34 18
Ochna-type 11
Phyllanthus-type 45 2
Bruguiera gymnorrhiza-type 2
Tamarindus indica/Cassia-type 17 1 146
Brachystegia/Julbernardia-type 12 8
Vitex/Bridelia-type 37
Cordia-type 1
Alchornea laxiflora-type 1
Poaceae
cf. Rutaceae 3
cf. Sapindaceae 2 12
Fabaceae undiff. 3 2
Results for facies 1 and 2 of the unidentified 8 11 4
early occupation phase are Sum (total number of fragments counted) 232 420 180

displayed separately

Caryophyllaceae and Grewia seeds were found in layers
associated with the early occupation (Ekblom 2004). As
this material category was so sparse, it will not be further
discussed in this paper. Instead we will focus on the wood
charcoal analyses.

Early occupation phase

The charcoal spectra of both early and later facies of the
early occupation phase at Chibuene (Table 2) are clearly
dominated by Sapotaceae in association with Androstachys
johnsonii-type (Fig. 5a—c) and Dialium (Fabaceae-
Caesalpinioideae; Fig. 5d—-f). The genus Dialium is repre-
sented by two species in Mozambique, D. schlechteri and
D. holtzii, but only D. schlechteri occurs in the research
area proper (Coates Palgrave 2002; Hyde et al. 2002,
Table 3). In southern Africa in general, this species is
confined to coastal forest. In the Inhambane province of
Mozambique it has been recorded as one of the dominant
species of rare semi-deciduous forest patches (Wild and
Fernandes 1968). Most other members of the Fabaceae-
Caesalpinioideae are much fewer than in the late occupa-
tion phase. The evergreen species Androstachys johnsonii,
(Picrodendraceae) occurs at present in Mozambique most
frequently in forest stands on sandy soil, in a mosaic with
the Julbernardia globiflora savanna (Alvin 1987).

The identified Sapotaceae charcoal fragments can hardly
be assigned to particular genera or species. Unfortunately,

the Sapotaceae genera represented in the area display little
anatomical variation (mainly restricted to the presence/
absence, the size and the location of calcium oxalate
crystals and silica) which does not allow for safe separation
at a low taxonomic level. In most of the identified frag-
ments, neither crystals nor silica were observed. We dis-
tinguished two types, the Sideroxylon/Chrysophyllum-type
(no silica observed) and the Mimusops-type (large silica
bodies present, Fig. 6a—c). Nevertheless, each of those
types may represent several species.

The Phyllanthus-type (Fig. 6d—f) probably represents
P. reticulatus, a species of riverine thicket and coastal
scrub, whereas Bruguiera gymmnorrhiza (Fig. 7a—c), the
large-leafed mangrove, indicates the nearby presence of
mangrove vegetation. It grows on the seaward side of
mangrove swamps (Coates Palgrave 2002). The few other
taxa represented during this phase have a wide ecological
spectrum and thus provide little palacoecological infor-
mation, for example Vitex/Bridelia, Ochna (Fig. 7d—f),
Cordia and Alchornea laxiflora.

Late occupation phase

The charcoal spectra differ distinctly from those of the early
occupation phase. The over-all dominant taxa are legumes of
the Caesalpinioideae subfamily (Tamarindus indica/Cassia-
type). T. indica, the tamarind tree and Cassia species are very
close in wood anatomy. Although Cassia has generally more
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Fig. 5 SEM (a—c, e—f) and incident light multifocus (d) images of
wood charcoal from Chibuene: a Androstachys johnsonii-type
transversal view, exclusively solitary vessels; b A. johnsonii-type
tangential view, exclusively uniseriate rays; ¢ A. johnsonii-type radial
view, homocellular rays and vessel-ray pits similar to intervessel pits;

paratracheal axial parenchyma than Tamarindus, the distinc-
tion of both taxa in charcoal assemblages is not always secure
due to feature overlap according to the wood anatomical
descriptions in Neumann et al. (2001) and Appendix in Sup-
plementary material. However, both taxa indicate the pres-
ence of open woodland or potentially of agricultural parkland
and fallow land. This clearly points to vegetation alteration
and the opening of vegetation compared to the preceding
settlement phases. Cassia is represented in the Chibuene area
by C. abbreviata. Tamarindus indica has been observed
today, although it was not recorded by Massinga (Cited in
Ekblom 2004). As a valuable tree for consumption and use, it
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d Dialium schlechteri-type, transversal view, banded axial paren-
chyma; e D. schlechteri-type transversal view, banded axial paren-
chyma; f D. schlechteri-type transversal view, arrow silica body in
axial parenchyma cell

may have been more common during the late occupation of
Chibuene. Sapindaceae, possibly Deinbollia or Dodonea was
tentatively identified, indicating the persistence of coastal
shrub taxa in the late occupation phase. This is not surprising,
as coastal scrub still occurs at present on the seawards facing
slope of the site.

Bones and shellfish
The results of osteological analyses and of the shellfish

assemblage have been reviewed by Badenhorst et al.
(2011), but a short summary is presented here as it provides
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Table 3 Sapotaceae trees and shrubs occurring in southeastern
Mozambique and their habitats (data retrieved from Coates Palgrave
2002; Hyde et al. 2002)

Species Habitat

Chrysophyllum
viridifolium

Evergreen forest

Inhambanella
henriquesii

Coastal and low-altitude evergreen forest

Manilkara concolor Sand forest and bushveld

Manilkara discolor Evergreen forest
Manilkara mochisia ~ Savannah woodland
Mimusops caffra Coastal dunes
Mimusops obovata Gallery forest and moist evergreen forest

Coastal scrub, riverine thickets, forest, mixed
woodland

Mimusops obtusifolia

Sideroxylon inerme Coastal woodland, littoral forest

Coastal forest and scrub, ravine and riverine
forest

Vitellariopsis
marginata

a context to the changes in the charcoal and pollen
assemblages.

The bone assemblage

Of the bones excavated between 1995 and 2001, only those
from the 1995 field season have been analysed in detail
(Badenhorst et al. 2011). Even though this faunal assem-
blage is small, we can make some tentative statements
about the differential representation of taxa over the three
periods. The weight of bone specimens suggests a higher
contribution of marine resources in the early occupation
phase. The marine contribution during the second facies of
the early occupation phase is higher in its late facies, and in
the late occupation phase. Cattle and caprines (sheep and
goats) are present throughout the deposits, but cattle are
slightly more common in the early occupation phase.
Caprines occur in more even numbers. Few wild animals
are present in the sample, and no inferences can be made
about their palacoecology.

Shellfish

The 3 m high shell midden was analysed in detail by
Sinclair with technical support from the Museum of Nat-
ural History, Maputo (Ekblom 2004). Increased use of
shellfish has been observed for the late occupation phase
(Sinclair, in Ekblom 2004). Oysters in the large shell
midden and other parts of the site get progressively smaller
over time. This indicates that they were gradually being
fished out and the wider range of shellfish in the late
occupation phase may perhaps be explained in this light.

Discussion
Pollen and spore analyses

The pollen diagrams of both lake Nhaucati and Xiroche
show extensive changes in vegetation cover in Chibuene
over the last 1,600 years, as discussed in detail in Ekblom
(2008). From c. A.p. 400, around the time when the first
farmers were supposedly settling the area, the Chibuene
landscape was covered by a mosaic of savanna and riverine
forests. Pollen from savanna and savanna woodland type
trees, particularly Brachystegia, is well represented at this
time as well as pollen types associated with forests and
riverine forests such as Moraceae, Dialium-type, Trema
and Celtis (Figs. 3, 4; Table 3). The latter are all taxa that
are not found in the Vilanculos region today. Fluctuations
in the relative distribution of savanna, forest and generalist
ecology trees can be seen over time.

Microscopic charcoal is well represented in both the
lake Xiroche and Nhaucati sequences from A.n. 900 and
1100 respectively. The representation of spores of copro-
philous fungi is also high in both cores from the same
period. At the same time, the concentrations of possible
cereal pollen grains increase in both sequences and show
their highest values between a.p. 1200 and 1300. The
increase in pollen concentration here is owing to low ero-
sion of sediments and a higher accumulation of organic
material due to the higher lake levels, in turn linked to a
wetter climate. However, in lake Xiroche, pollen concen-
trations remain moderate. Thus, we argue that the increase
in coprophilous spores and possible cereal grains is a
reflection of landscape changes and is not merely an arte-
fact of differential preservation or sediment accumulation
in the records. The combination of local microscopic
charcoal and cereal pollen grains is a strong indicator of
farming activities; therefore, we assume that much of the
dung fungal spore record is related to domestic animals.
Both cattle and sheep/goat are represented in the bone
material, although it is impossible to quantify how large
these populations were on the basis of the osteological
material (Badenhorst et al. 2011).

Despite evidence of the use of fire, presumably from
clearances of fields, there are no indications of linked
vegetation changes such as a decline in forest taxa in this
period. However, the relative representation of pollen taxa
is highly variable, which may perhaps be associated with
shifting agriculture and successive phases of clearing and
regrowth. See Ekblom et al. (2011) for a similar discussion
on pollen analysis in the lower Limpopo valley.

Forest pollen types are well represented at both sites
until A.p. 1400-1600, when there is a decline of pollen
types associated with forests and riverine forests (Mora-
ceae, Celtis, Trema). The decrease in forest types is
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Fig. 6 SEM images of wood charcoal from Chibuene a—c¢ Mimusops-
type: a transversal view, vessels in radial rows, apotracheal diffuse
and banded parenchyma; b radial view: thin-walled tyloses, hetero-
cellular rays; ¢ transversal view, large silica body in parenchyma cell

particularly clear if grass pollen is excluded from the pollen
sum, as was done in Ekblom (2008). Instead, other taxa in
the generalist group such as Alchornea, Spirostachys and
Brachylaena become common, particularly in the lake
Xiroche diagram, which is a smaller basin and thus would
reflect a more local signal (Jacobsen and Bradshaw 1981).
There is also a concurrent increase of types associated with
open savanna and savanna woodland such as Brachystegia,
Dodonaea and Sclerocarya. This is probably owing to one
or several hiatuses in the sediment record caused by the
drying out of the lakes associated with the extreme
droughts that took place between c. A.p. 1600 and 1800 and
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(globular decorated type); d—f Phyllanthus-type; d transversal view,
numerous vessels in radial rows; e tangential view, intervessel pits;
f vessel-ray pits

around A.D. 1700 in particular (Ekblom and Stabell 2008).
There are no corresponding increases in local charcoal or
possible cereal grains to suggest that the decline of forest
taxa was linked with clearings or intensification of farming
at this time. Rather, the agricultural signal is significantly
lower than before. The decline of forest taxa is less marked
in lake Nhaucati than in lake Xiroche, which may indicate
that forest taxa continued to be present in the larger region,
but not locally. Lake Nhauhache, located 6 km northwest
from Chibuene, did retain water in this time period, as
shown by diatom and sedimentary analyses (Holmgren
et al. 2012).
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Fig. 7 SEM images of wood charcoal from Chibuene: a—c Bruguiera
gymnorrhiza-type; a transversal view, vessels in radial rows; b tangen-
tial view, wide and high rays, scalariform intervessel pits; c radial view,
damaged scalariform perforations; d—f Ochna-type; d transversal view,

Local changes in vegetation as suggested
by the macroscopic charcoal data

The identifications of the charcoal assemblages are biased,
particularly in the late occupation phase, as few contexts
contained sufficient amounts of identifiable fragments. Fur-
thermore, the chronostratigraphical resolution is low; stra-
tigraphies have been modified by secondary processes and
few of the analysed contexts have been dated. Despite this, the
charcoal assemblages of Chibuene allow for inferences on
wood fuel selection and collection, particularly between the
early and the late occupation phase and therefore provide an
important parallel to the pollen analyses.

3§ — 300 pm —

exclusively solitary vessels and wide rays with crystal idioblasts;
e tangential view, wide and high rays with idioblasts; f radial view,
heterocellular ray with idioblasts and vessel-ray pitting with reduced
borders

During the entire early occupation phase, wood was
probably mainly brought into the settlement from the forest
communities. This is indicated by the dominance of
Sapotaceae, mainly Sideroxylon/Chrysophyllum-type, and
Androstachys johnsonii-type as well as the presence of
Dialium schlechteri. Dialium-type pollen was common in
the lower part of the pollen diagram, particularly in lake
Nhaucati (Ekblom 2008). Of the Sapotaceae genera, only
Mimusops has been positively identified in the pollen
record. Other Sapotaceae types have been grouped as
unidentified in the pollen analyses. A number of Sapota-
ceae species potentially occur in southeastern Mozambique
(Flora of Mozambique Zone GI (Hyde et al. 2002,
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Table 2). Today Sapotaceae are rare in the Chibuene area
proper (Ekblom 2004, pp. 22-25), but the southern
Mozambique vegetation map (Wild and Fernandes 1968)
shows a littoral dune vegetation unit characterised by
Mimusops caffra and semi-deciduous forest strips close to
the coast with Sideroxylon. Androstachys johnsonii, which
at present occurs in forest patches, is not represented in the
pollen spectra. Phyllanthus-type was also a common wood
fuel in the early occupation phase. Phyllanthus-type pollen
(Ekblom 2004) was included in the Fagara-type pollen
group (Ekblom 2008) and is grouped within the generalist
pollen group as it may include a number of different taxa.
Phyllanthus-type pollen is common in the pollen diagrams
throughout time in lake Xiroche, but declines in lake
Nhaucati after c. A.n. 1300. The most likely candidate for
the Phyllanthus-type wood fuel is P. reticulatus, and today
it is found in the coastal scrub present on the seaward
facing slope of Chibuene (Ekblom 2004). In the past, it
may also have been a constituent of the forest vegetation
nearer to the lakes. In the second facies of the early
occupation phase, this type occurs less frequently in the
charcoal assemblage than in the first facies, whereas Vitex/
Bridelia-type increases at the same time.

The dominant charcoal taxa during the late occupation
phase are legumes of the Fabaceae-Caesalpinioideae
(Tamarindus indica/Cassia-type). Cassia pollen was iden-
tified and is here included in the savanna pollen group.
Brachystegia/Julbernardia-type charcoal, which can be
separated from the Tamarindus indica/Cassia-type due to
its exclusively uniseriate rays, is only present in the early
occupation phase charcoal assemblages, but always in
low numbers. It represents Julbernardia globiflora and
Brachystegia spiciformis (also Fabaceae-Caesalpinioi-
deae). It is, however, clear from the pollen analyses that
Brachystegia, which forms the miombo woodland com-
munity together with Julbernardia, was present in the area
already from A.p. 400, but in much lower numbers than at
present.

Conclusion: landscape changes and changing
patterns of resource use

The Chibuene landscape has experienced four phases of
land use and resource use that have interacted with changes
in the environment.

Phase 1 (a.p. 400-900): Forest savanna mosaic, low
intensity cattle herding and cultivation, trade of resources
for domestic use.

Phase 2 (A.p. 900-1400): Forest savanna mosaic and
high intensity or extensive cultivation and cattle herding.

Phase 3 (a.p. 1400-1800): Savanna woodland and pro-
gressive decrease in forests due to droughts, decline of
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agricultural activities and higher reliance on marine
resources, possible trade in resources with the interior.

Phase 4 (a.n. 1800-1900): Open savanna with few
woodland patches, warfare and social unrest. Collapse of
trade with the interior. Decline in marine resources and
wildlife, loss of cattle herds. Expansion of agriculture
locally, introduction of new world crops and clearing of
Brachystegia.

The first farmers who came to the Chibuene area
between A.p. 400 and 700 settled a landscape covered by a
mosaic of savanna and riverine or coastal forests. Forests
were well represented in the area surrounding the fresh-
water lakes and in the immediate seaward area. Clearings
for farming were small and the natural savanna patches
were probably used for farming. There is no evidence of
significant clearances of vegetation in the period A.D.
600-1000 locally in the lake Xiroche case, or more
regionally in the lake Nhaucati case, and the amount of
microscopic charcoal is low in both cores. The archaeo-
logical material, local ceramics and trade goods, suggest
that Chibuene was a busy node of trade between the coast
and the interior of southern Africa at this time. The low
agricultural signal in the pollen diagrams must therefore be
explained. The animal bone suggests that cattle were more
common in the early occupation phase, specifically in the
early facies (a.n. 600-900) (Badenhorst et al. 2011). It is
therefore possible that cattle herding was more important
for the local subsistence and economy at this time and that
grain was traded from the larger area. The low agricultural
signal thus underlines the importance of Chibuene as a
place of trade.

From c. ap. 950-1000, the archaeological material
suggests a change in the role of Chibuene. Long-distance
imports of glass beads are no longer part of the archaeo-
logical material (Sinclair et al. 2012; Wood 2012). Sinclair
(1987) suggested a break in occupation around this time,
mainly on the basis of the complete change in ceramic style
between the early and late occupations. Somewhat unex-
pectedly, the pollen diagrams from this time suggest an
increase in agricultural activity. There is a significant
increase in microscopic charcoal at this time in both lake
Nhaucati and Xiroche. There is also a higher concentration
of coprophilous spores in both lakes, and from a.n. 1100,
possible cereal grass pollen. Above we have argued that
this is not merely a reflection of better preservation or
faster accumulation of sediments, but a reflection of
changes in land use. From this, we can conclude that
although the settlement in the Chibuene area may have
been discontinued, agricultural activities in this area
expanded. Possibly, the change in trade patterns caused a
complete transformation in the economy of Chibuene that
moved the focus primarily from exchange and trade, so
therefore farming and herding activities were intensified or
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expanded. Despite evidence of expansions of farming,
forests were as common in the area as before. There is no
evidence of decline of forest taxa during the phase of
agricultural intensification that lasted until A.p. 1400.
Possibly settlements were also more dispersed in the larger
region in this period.

From a.p. 1400, the pollen diagrams show a decrease in
agricultural activities, with a decline in charcoal values,
coprophilous spore concentrations and cereal pollen.
Meanwhile, typical forest-type pollen taxa decline. The
extension of forests during the early occupation phase and
their subsequent decline in the late occupation phase shown
in the pollen analyses are supported by the selection of
wood fuel by the Chibuene inhabitants. Although patches
of savanna and savanna type trees were present in the area,
the forest-type taxa were mainly selected for fuel and other
purposes. This was probably a matter of choice. Some of
the taxa, such as Androstachys johnsonii, also called the
“Lebombo Ironwood” because of its hard, dense and
durable wood, yield highly valuable firewood and wood for
construction purposes (Coates Palgrave 2002; Lemmens
2011). In the late occupation phase, however, savanna trees
were mainly used. This was probably not for reasons of
preference, but a reflection of availability, as forest was
significantly reduced in this period.

The decline of forests has earlier been related to the
onset of droughts in the summer rainfall region related to a
climatic cooling (Ekblom 2008). Lee-Thorp et al. (2001)
and Holmgren et al. (2003) date the onset of cool/dry
conditions in the summer rainfall region from A.p. 1600,
and lasting until 1800. They found that several decades of
cool—dry conditions took place from around A.p. 1100, with
shorter cool—-dry events at around 1350, 1450 and 1500. In
the lower Limpopo valley, the effect of cool/dry conditions
can be seen from A.p. 1450 onwards as a reduction of
riparian forests (Ekblom et al. 2011). Thus, we still argue
that the decline of forest was most probably driven by
climate change rather than human activities. We would
have expected earlier signs of forest reductions, if this last
had been the case, and agricultural activities seem to have
declined at the same time as the forest decline occurred.
Again, this is most probably linked to the droughts that
caused a great stress on the natural vegetation, as well as on
farming communities. However, although rainfall
increased after a.p. 1800, forests did not spread again in the
area, which may be owing to a combination of poor soils,
the establishment of grasslands in the formerly forested
areas and farming.

The decline in agriculture probably led to a higher
reliance on marine resources. In the late occupation phase,
there was also an aggregation of population in Chibuene.
This may be connected with the higher reliance on marine
resources. Cattle are less common in the late occupation

phase and the contribution of wild animals remains low
throughout the early and late occupation phases. Wild
resources were probably traded with the interior at this time
and written documents from the 19th century relate how
animal skins were brought from the interior. In the late
occupation phase, the shellfish assemblage suggests a
diversification in the use of resources with a wider range of
taxa collected than previously. The exploitation of shellfish
and pearl fishing in the Bazaruto area is described in
written sources (Duarte Barbosa 16th century, in Theal
1964, p. 93). The economic importance of the shellfish
trade between India and Bazaruto is also mentioned in
written sources dating to a famine in 1893, when shellfish
were exchanged for grain (Rita-Ferreira 1999, p. 15). The
decreasing size of oyster shells in the upper part of a large
shell midden in Chibuene, dating to the late occupation
phase, suggests that they were gradually being fished out.
This should perhaps be best explained as a result of the
increased reliance on marine resources caused by the
droughts.

Agricultural activities naturally continued in the area but
on a smaller scale than at A.p. 950-1400. Meanwhile cattle
herding was discontinued, and today no cattle can be seen
in the area (Berger 2004). However, the 20th century
probably saw a re-expansion of agricultural activities.
Ekblom (2004) has suggested that the combination of
repeated droughts and later warfare in the 17th—19th cen-
turies constituted a socio-ecological crisis. By the begin-
ning of the 20th century, old trade routes with the interior
had been abandoned, wildlife was diminished and marine
resources had declined, which increased the population’s
dependence on local agricultural production. In the course
of the 20th century, Brachystegia spiciformis disappeared
from the area. Brachystegia is represented in the pollen
diagram but it is not seen in the area today (Ekblom 2004,
p. 24). At the same time, new world crops such as cassava,
maize, and cashew became more popular and families
became increasingly dependent on migrant labour as a
source of income (Ekblom 2004).

In conclusion and as shown here, the combination of
several different environmental sources, pollen analyses,
macroscopic charcoal, bones and mollusc shells enables
us to elucidate how land use and natural variability have
interacted over time, even on the basis of very small
assemblages. The macroscopic charcoal assemblage pro-
vides important information on local vegetation changes
which is complementary to the pollen analyses of more
regional value, and the archaeological data. Similarly, the
supplementary analyses of microscopic dung fungal
spores provide important indicators when interpreting the
palaeoenvironmental record and we recommend that
these sources should be used more frequently in the
future.
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