
Chapter 5
Variability in the Mountain Environment at Melka Kunture
Archaeological Site, Ethiopia, During the Early Pleistocene
(~1.7 Ma) and the Mid-Pleistocene Transition (0.9–0.6 Ma)

Raymonde Bonnefille, Rita Teresa Melis, and Margherita Mussi

Abstract In this paper, we present and discuss pollen data
from the Early Pleistocene (1.8 to 1.6 Ma) – we use the
revised timescale approved by IUGS, in which the base of the
Pleistocene is defined by the GSSP of the Gelasian Stage
at 2.588 (2.6) Ma (Gibbard et al. 2010) – and from the
Mid-Pleistocene Transition (0.9 to 0.6 Ma) at Melka Kunture
(Upper Awash, Ethiopia). At 2000 m asl in the Ethiopian
highlands, these deposits yield many rich and successive
archaeological sites, notably documenting the late Oldowan,
the emergence of the Acheulean and the middle Acheulean.
The stratigraphic position of the fifteen pollen samples is
checked by 40Ar/39Ar dating and by geological investigation.
Furthermore, they are now correlated to archaeological layers
whose excavated lithic industries have been reinterpreted.
Our study shows that mountain forest trees belonging to the
present-day Afromontane complex were already established
in Ethiopia at*1.8 Ma and that the knappers of the Oldowan
and early Acheulean could cope with mountain climatic
conditions that had a large diurnal temperature range.
Moreover, the new interpretation of pollen results empha-
sizes changes that occurred in the vegetation cover at 200- or
300-thousand-year snapshot intervals, one during the Early

Pleistocene and another one later on, during the
Mid-Pleistocene Transition. These changes concerned plant
species and their respective abundance and appear to have
been related to rainfall and temperature variability. The
proportion of forest trees increased during wet episodes,
whereas the influence of Afroalpine grassland indicators
increased during cool and dry episodes. Variations in Early
Pleistocene pollen data fromMelka Kunture at*1.8–1.6 Ma
are consistent with isotopic evidence of precession variability
as recorded at Olduvai and Turkana archaeological sites at
*2–1.8 Ma. For the Mid-Pleistocene Transition, variations
in pollen data seem to match the climatic variability of
isotopic and long pollen records from the Mediterranean
region, notably upon the onset of dominant 100 ka-long
glacial/interglacial cycles.

Keywords Melka Kunture � Early Pleistocene �
Mid-Pleistocene Transition � Pollen � Mountain forest
history � Hominin adaptation

5.1 Introduction

Melka Kunture is known for its extensive archaeological and
paleontological record, spanning over most of the Early,
Middle, and Upper Pleistocene (Chavaillon and Piperno
2004). Located in Ethiopia 50 km southwest of Addis
Ababa, at 2000 m asl, in the Upper Awash valley and on the
border of the Northern Ethiopian plateau, this cluster of
archaeological sites is one of the few known mountain
habitats of early hominins (Fig. 5.1). It is situated at a
slightly lower altitude than the Gadeb site in the Bale
Mountains (Southern Ethiopia), unfortunately inaccessible
since it was flooded after the construction of a dam (Clark
and Kurashina 1979; de la Torre 2011). The Melka Kunture
sites yield evidence of Oldowan assemblages at *1.7 Ma
(Gallotti and Mussi 2015) and record the development of the
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Acheulean starting from its emergence at *1.6 Ma (Gallotti
2013; Gallotti and Mussi 2018). Its location in the Ethiopian
highlands is unlike that of other Acheulean sites in East
Africa: those in the Ethiopian Rift, at 500 m asl (de Hein-
zelin et al. 2002); around Lake Turkana in Kenya (Isaac
and Isaac 1997; Roche et al. 2003; de la Torre 2004; Lepre
et al. 2011); and around Lake Natron as Peninj in Tanzania
(de la Torre et al. 2008). Other Acheulean sites such as
Olduvai in Tanzania (Leakey 1971) and Konso in south-
western Ethiopia (Beyene et al. 2013) are situated at medium
altitude, i.e. at 1500 m asl.

Past vegetation is one of the environmental features that
may help us understand the emergence of technological
changes in lithic productions (Gallotti et al. 2010) and the
long-lasting occupation of the Ethiopian highlands. Isotopic
analysis and Carbon d C13 measurements on soil carbonates
or organic matter provide information on the proportion of
C3 versus C4 plants in the vegetal cover, a ratio that can be
interpreted as an estimate of tree cover density in past veg-
etation (Cerling et al. 2011; Magill et al. 2013). However, at
high altitudes the C3 signal may also reflect a certain pro-
portion of C3 grass. Moreover isotopic analyses do not yield
knowledge regarding the botanical identification of the plant
themselves, a critical information that is necessary for
assessing vegetation type, hominin diet (Teaford 2000;
Goren-Inbar et al. 2007, 2014) or habitat. Pollen grains are
distinctive of the plants that produce them and provide such
botanical precision. In this paper, we present and discuss
fossil pollen data linked to the discovery of two hominin

fossils: a massive humerus of Homo sp. found at *1.6 Ma
in level Gombore IB with early Acheulean lithic productions
(Chavaillon et al. 1977; Di Vincenzo et al. 2015; Gallotti and
Mussi 2018) and cranial fragments of Homo cf. heidelber-
gensis associated with the middle Acheulean of Gombore II-
1, which is slightly younger than 0.875 Ma (Chavaillon et al.
1974; Chavaillon and Coppens 1975, 1986; Profico et al.
2016). Within this time interval, fossil pollen data were
obtained from 15 distinct stratigraphic layers, that are partly
associated with Oldowan and Acheulean lithic implements.
They are centered around two critical periods: 1.8–1.6 Ma
and 0.9–0.6 Ma, and there is additional information at
*1.4 Ma.

The sites are named after the gully or valley where they
are located, for example Garba (or Gombore or Kella), fol-
lowed by a Roman numeral that refers to the order in which
they were discovered (e.g. Gombore II was discovered after
Gombore I). At Gombore II, two distinct archaeological
horizons mentioned in this paper are named Gombore II-1
and Gombore II-2, respectively. KII and KIII refer to geo-
logical sections in theKella valley, as reported inTaieb (1974).

5.2 General Background

Melka Kunture (8°42 N; 38°36 E) is located in the tropical
zone, but at high altitude, a geographical environment which
modulates climatic conditions. At 2000 m asl, the maximum
temperature averages 20° and the minimum one 8°C. Large
diurnal temperature variations and nighttime frost may
occur. The mean annual rainfall is about 860 mm at Boneja,
the nearest meteorological station, 20 km north of Melka
Kunture. There is great annual variability in the 1974–2010
record, with a minimum value of 388 mm, and a peak of
1419 mm. Rainfall distribution is usually bimodal, with a
short rainy season in spring and long summer rains from
June to September. Monsoon rainfall is primarily controlled
by the seasonal migration of the Inter Tropical Convergence
Zone (ITCZ) which lies north of Ethiopia at that time. The
dry season is from October to February when the ITCZ lies
south of Ethiopia. The northeasterly winds that blow in
winter carry little moisture from the Red Sea and are dry
when they reach central Ethiopia. The short rainy season is
from March to May, when the ITCZ moves from south to
north.

5.2.1 Vegetation

In the upper Awash valley of central Ethiopia, the archaeo-
logical area is surrounded by pastoral and intensely cultivated

Fig. 5.1 Location map of Melka Kunture archaeological site in the
Upper Awash valley, on the border of the Rift Escarpment, Ethiopia
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land that leaves very small patches of natural vegetation. In
this region, agriculture developed thousands of years ago
(Terwilliger et al. 2011). After a pastoral Oromo migration, in
the second half of the sixteenth century, cereal cultivation
was replaced by pastoralism and abandoned areas turned into
bushland (Zerihun and Backéus 1991). However, the “po-
tential vegetation” is mapped by botanical studies as a unit of
the “Dry evergreen Afromontane forest and grassland com-
plex” (DAF) (Friis et al. 2010). DAF vegetation, widespread
on the Ethiopian plateaux between 1800 and 3000 meters,
includes mountain forests, woodlands, wooded grasslands
and grasslands. It is a complex unit where the various veg-
etation types are characterized by heterogeneous distribution
of trees or shrubs and herbaceous plants, but include the same
botanical components. The Afromontane vegetation type is
clearly distinguished from that of lowland savanna or
woodland by the botanical attribution of characteristic plants,
notably trees. It is defined by the presence of tall tree species
such as Juniperus procera (Cupressaceae), Podocarpus fal-
catus (Podocarpaceae), Olea europea (Oleaceae), Croton
macrostachys (Euphorbiaceae) associated with smaller trees
such as Celtis africana (Ulmaceae) and with shrubs among
which Myrsine africana (Myrsinaceae) frequently occurs.
Mountain woodland, wooded grassland, and grassland are
DAF subtypes and include many species of Acacia (Faba-
ceae, subfamily Mimosoideae) together with manyMaytenus
obscura (Celastraceae) and several species of endemic
Echinops (Asteraceae). At its lower altitudinal limit, a drier
type of vegetation marks the transition between Afromontane

vegetation and the lowland vegetation described as Acacia-
Commiphora bushland. Scattered Juniperus procera may
occur, sometimes associated with Dracaena, Barbeya
oleoides (Barbeyaceae), Tarchonanthus camphoratus
(Asteraceae), or Dodonaea angustifolia (new name for
Dodonaea viscosa) (Sapindaceae) and with various species
of Euclea (Ebenaceae). The vegetation zone located at
1600 m asl, like the one around the lakes in the Rift, is
occupied by Combretum-Terminalia (Combretaceae) wood-
land (CTW), and by wooded grassland (Friis et al. 2010).
Above the Afromontane forest, at *3000 m asl, the vege-
tation consists of Hagenia abyssinica-Hypericum revolutum
woodland, overlapping in part with an Ericaceous bushland
dominated by Erica arborea; Asteraceae and Artemisia
abound in the Afroalpine grassland up to 4000 m asl (Friis
1992; Friis and Sebsebe 2001). This altitudinal distribution of
modern vegetation is observed along the slopes of the
Wochacha volcano, some 20 km away from Melka Kunture
(Fig. 5.1). The succession of woodland, mixed forest and
juniper-dominated forest, followed by remnants of the
Afroalpine bushland on the top, reflects variations in eco-
logical conditions along the altitudinal gradient. Between
2200 and 3200 m the mean annual temperature decreases by
about 5 °C to 6 °C, whereas rainfall increases up to 3000 m
(upper cloud limit) and then decreases above the cloud forest
in the Afroalpine vegetation. Pollen analysis of present-day
surface soil samples, collected under different types of veg-
etation still preserved on the slopes of the Wochacha and
Zuqualla volcanoes, clearly indicates several pollen markers

Fig. 5.2 Distribution of selected pollen markers in pollen analysis of soil samples collected in modern vegetation zones encountered along an
altitudinal gradient on slopes of the Wochacha and Zuqualla volcanoes. New name for Dodonaea viscosa is Dodonaea angustifolia
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of altitudinal vegetation zones (Fig. 5.2). Grass pollen
dominates in the lowermost woodland. Dodonaea shrubs and
Acacia indicate the transition zone, while the forest is indi-
cated by abundant Olea and Juniperus pollen. Ericaceae and
Plantago are good markers of the Afroalpine vegetation.

5.2.2 Geology, Chronology,
and Archaeology

The Melka Kunture sedimentary basin lies on the shoulder of
the northern Ethiopian plateau, near the western margin of the
activeWonji fault belt that marks the axis of the Ethiopian Rift
(Mohr 1971). Outcrops of Pleistocene deposits exposed on
both banks of the Awash River hardly amount to a total
combined thickness of 40 meters. Silt, sand, clay, and coarse
layers inter-bedded with tephra falls and tuffaceous clay were
deposited by the Awash River and its tributaries. Fluvial
sedimentation proceededmainly in an alluvial braided context
influenced by the deposition of volcanic ashes and lavas. The
fluvial-volcanic succession accumulated on top of the “basal
clays”, deposited when a shallow body of water had devel-
oped in the basin. The “basal clays” were initially measured
by geophysical echosounding and found a few meters thick
near the mouth of the Garba gully (Taieb 1974). A normal
paleomagnetic signal places their deposition at the end of the
Olduvai subchron, with an upper limit at 1.778 Ma (Tamrat
et al. 2014). Recent fieldwork enabled additional observation
of the basal clays in the Kella tributary valley. Evidence of
erosion at the top of the clays was mentioned in Jean
Chavaillon’s archives and observed again recently, when
water level was low, along the Kella tributary close to its
confluence in the Awash River. The earliest volcanic deposit
(tuff sample 27-17) capping the basalt clays was dated at
1.874 ± 0.012 Ma (Morgan et al. 2012). Accordingly, we
consider that the extant, eroded basal clays are related to the
lower part of the Olduvai paleomagnetic event. The earliest
dated tuff provides at *1.9 Ma the lower limit for the
archaeological and paleontological record of Melka Kunture.

Soon after the area’s archaeological potential was rec-
ognized (Bailloud 1965), exploration surveys and extensive
excavations unearthed abundant Oldowan and Acheulean
artifacts, as well as later lithic productions (Chavaillon 1971,
1979), whereas geological studies (Taieb 1974) were
undertaken together with pollen sampling (Bonnefille 1972).
Discontinuities in the sedimentary record, some indicated by
erosion surfaces, as well as the lack of easily recognizable
marker beds, made it difficult at first to establish stratigrafic
correlations between exposures outcropping in different
gullies, partly covered by abundant bushy vegetation. Ini-
tially, the succession of Oldowan, Acheulean, Middle Stone
Age, and Late Stone Age lithic productions helped place the
local stratigraphy within the Pleistocene through typological

comparison with dated industries from Olduvai (Chavaillon
1973, 1980; Chavaillon and Piperno 2004). An estimated
time range from at least 1.5 Ma to the last ten thousand years
was supported by early paleomagnetic measurements
(Westphal et al. 1979; Cressier 1980) until 40Ar/39Ar dating
provided a more precise chronological framework (Morgan
et al. 2012). With the help of new fieldwork and recent
archaeological investigation (Gallotti et al. 2014; Mussi et al.
2014, 2016), formerly collected pollen samples are now
securely placed in this new chronology.

Initial sampling for pollen was done in the sedimentary
sequences along three gullies: Garba (G) and Gombore
(Gomb) which are tributaries of the Awash River on the right
bank, and mostly dry all year long, and Kella (K) on the left
bank (Fig. 5.3). A few more samples were collected directly
on excavated archaeological layers. Accordingly, they are
numbered from top to bottom as it is usual in archaeological
practice. The excavated archaeological localities are Gombore
I (level C and overlying level B) and Garba IV (levels E and F
and overlying level D). The pollen data discussed in this paper
are constrained by 40Ar/39Ar dating and tephrochronology in a
time interval starting at*1.8 Ma and ending before 0.709 ±
0.013 Ma (Morgan et al. 2012), except for one sample which
is more recent. Although initially collected at more or less
regular depth interval throughout the sedimentary sequences,
in light of current fieldwork the stratigraphic positions of the
pollen samples appear to be grouped in two time periods. In the
Early Pleistocene sequence, the pollen data correspond to the
time of the late Oldowan and emerging Acheulean (1.8–
1.6 Ma); during the Mid-Pleistocene Transition (0.9–
0.6 Ma), they document past vegetation of the middle to final
Acheulean.

5.3 Pollen Data from the Early
Pleistocene, ~1.8–1.6 Ma

Past vegetation in the 1.8–1.6 Ma period is documented by
eight pollen samples collected in deposits at the base of
stratigraphic successions in the Kella, Garba, and Gombore
gullies. Intercorrelation between the three sections relies on
current research that focuses on volcanic material.

5.3.1 Chronostratigraphic Placement
of the Pollen Samples

Four samples come from two sections, Kella II and Kella III,
which are exposed 500 m apart from each other in the Kella
valley (Fig. 5.3). Three of them were collected in a
three-meters sedimentary sequence outcropping on a cliff at
Kella III. From bottom to top, sample K263 was extracted from
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clayey sands with obsidian gravels, K265 from sands and K269
from cross-bedded sands (Fig. 5.4). The Kella III sequence is
overlaid, 2 m above K269, by a tuff which, based on strati-
graphic correlation of the outcrops along the Kella valley,
corresponds to tuff layer MK27-18, dated 1.666 ± 0.009 Ma,
which lies a few hundred meters downstream (Morgan et al.
2012). At Kella II, also called Butte Kella, pollen sample K242
comes from the infill of a bone extracted from a sand layer
capping this same dated volcanic ash (Bonnefille 1968; Taieb
1974). Therefore K242 is slightly younger than 1.666 Ma
whereas K263, K265, and K269 are older (Table 5.1). The
stratigraphic position of these samples is well constrained by the
1.666 ± 0.009 Ma dated tuff intercalated between samples
K269 and K242.

Further chronological constraint is provided by Early
Pleistocene deposits that are likewise exposed above the basal
clays in the Garba and Gombore gullies near the Awash River,
two km downstream (Fig. 5.3).

Two pollen samples from the excavated archaeological
horizons Gombore IC and Gombore IB are separated from
each other by an interval of few dozen centimeters (Chavaillon
and Berthelet 2004). Archaeological layer Gombore IC lies
10–15 cm below a tuff consisting of ryolithic ashfall material
that showed an elementary composition “quasi-identical” to
the “Grazia Tuff” (Raynal and Kieffer 2004, p. 152), dated at
<1.719 ± 0.199 Ma at the Garba IV archaeological site

(sample 27-23 in Morgan et al. 2012) (Fig. 5.5). Layer
Gombore IB, 20 cm above the local ryolithic tuff, is consid-
ered to be*1.6 Ma (Gallotti and Mussi 2018).

In the Garba gully, the lowest and earliest Oldowan
horizons, i.e., Garba IVE and Garba IVF, are older than the
<1.719 ± 0.199 Ma “Grazia tuff” (Piperno et al. 2009;
Morgan et al. 2012; Gallotti and Mussi 2015) (Fig. 5.5).
Pollen samples were not collected either from layer
Garba IVF, or from layer Garba IVE. This is unfortunate
since the latter layer yielded a hominin child mandible, ten-
tatively attributed to Homo erectus s.l. (Condemi 2004; Zil-
berman et al. 2004). We have no palynological samples from
archaeological horizon Garba IVD, which caps the <1.719 ±
0.199 Ma tuff and contains implements previously attributed
to the Oldowan (Chavaillon and Piperno 2004) and now to
the earliest Acheulean of Melka Kunture (Gallotti 2013).
However two pollen samples had been collected (Bonnefille
1972) from an exposed section later described by Kieffer
et al. (2002, Fig. 21, p. 89). Pollen sample G393 extracted
from a manganese clay layer with embedded obsidian arti-
facts corresponds well to archaeological horizon Garba IVD.
Sample G133 from a fine cross-bedded sand with bones
80 cm above this horizon is equivalent to subunits 3.4 or 3.5
in Kieffer et al. (2002, Fig. 21, p. 89). This sample is much
older than tuff 27-19 dated 1.429 ± 0.029 Ma and located
4 m higher up in the stratigraphy (Morgan et al. 2012).

Fig. 5.3 Melka Kunture, location map of the litho-stratigraphic sections and archaeological localities mentioned in the text
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The <1.719 ± 0.199 Ma “Grazia tuff” at Garba IV and
the undated ash layer from Gombore I, which are related to
the same volcanic activity, are used as a marker bed for
correlating the deposits in the two sections. The *1.66 Ma
tuff at Kella III, in turn, is correlated to this marker bed by
geostratigraphy. All the samples detailed above were col-
lected in close stratigraphic proximity to each other and are
considered to date from *1.7 Ma. Although the time span
cannot be estimated exactly, no more than about two hun-
dred thousands years separate the oldest K263 from the
youngest G133 (Table 5.1).

5.3.2 Pollen Results from the Early
Pleistocene, ~1.8–1.6 Ma

The eight samples listed in Table 5.1 provided abundant
pollen that document past vegetation around Melka Kunture
during the Early Pleistocene. A total of 58 pollen taxa have
been identified; 32 of them are trees and 8 to shrubs and
climbers. The others are from herbs, aquatic plants, and ferns
(Table 5.2). The great number of tree species indicates a
highly diversified woody vegetation, although the high

Fig. 5.4 Stratigraphic position and correlation between the Early Pleistocene (1.8–1.6 Ma) pollen samples collected at Kella, with respect to dated
volcanic deposits. *The dated sample was collected 80 m downstream of Kella III
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Fig. 5.5 Stratigraphic position and correlation between the Early Pleistocene (1.8–1.6 Ma) pollen samples collected at Gombore and Garba, with
respect to dated volcanic deposits

Table 5.1 Chronostratigraphical constraints of the Early Pleistocene pollen samples according to the position versus dated tuffs (Morgan et al.
2012), the magnetostratigraphy (Tamrat et al. 2014) and the results of new fieldwork
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Table 5.2 Detailed pollen counts of Melka Kunture samples dating *1.8–1.6 Ma. AP: arboreal pollen from trees; S: shrubs; C: climbers. NAP:
non-arboreal pollen (herbs); Ind.: indetermined. * = pollen from similar but different species or genera have the same morphology, producing
uncertainty in the attribution to a specific genus or species

Plant form Pollen Taxa K
263

K
265

K
269

K
242

Gomb IC Gomb IB G
393

G
133

AP Acacia (2 sp.) 103 7 3 – – – – 1
NAP Achyranthes aspera – – 20 1 – – – –

S Amaranthaceae – – – 1 – – – –

NAP Anthospermum – – – – – 3 – –

NAP Apiaceae – 1 1 2 1 2 – –

NAP Arabis – – – – – 1 – –

AP Arecaceae Palmae – – – 16 – – – –

NAP Asteraceae tubuliflorae 63 179 7 7 1 2 10 6
NAP Asteraceae cichoriae 22 13 – – 2 – – –

NAP Brassicae – – – 3 – – – –

AP Cadia – – – 1 – – – –

NAP Caylusea 58 26 – – – – – –

AP Calpurnia – – – 1 – – – –

NAP Carduus – – – – – 1 – –

AP Carissa edulis – – – – – 1 – –

NAP Catananche – 9 – – – – – –

AP Celtis – – – – – – – 5
NAP Chenopodiaceae – 1 – 7 – 4 – 1
C Cissus* quadrangularis – – – 1 – – – –

C Clematis – – – 1 18 1 – –

AP Combretaceae – – 1 1 – – – –

AP Cordia – 1 – – – – – –

NAP Cyperaceae – – – 5 – 11 – 2
S Dodonaea angustifolia – – 8 4 1 1 – 3
NAP Dyschoriste – – – 3 – – – –

AP Encephalartos – 10 – 32 – – – –

AP Euclea – – 1 2 – – – –

NAP Euphorbiaceae – – – 1 – – – –

AP Fabaceae 5 69 – 3 – – – –

AP Hagenia abyssinica – – – 1 – – – –

AP Heteromorpha – – – – – 2 – –

AP Hypericum – 75 – – – 2 – –

AP Juniperus procera – – – – 3 100 – –

AP Loganiaceae – – – 1 – – – –

AP Myrica salicifolia – – – 2 – 1 – 2
AP Myrsine africana – – 1 1 – – 1 –

AP Olea sp. (2 sp.) – 1 2 6 – 2 – –

AP Piliostigma thonningii – 1 – 1 – – – –

AP Pistacia – – – 3 – – – –

NAP Plantago africana* – – 1 17 5 6 2 2
NAP Plectranthus – – – – – 1 – –

NAP Poaceae – 11 38 169 86 290 96 87
AP Podocarpus – – 4 11 19 11 1 –

AP Polyscias ferruginea – – – – – 1 – –

AP Psychotria – – – 5 – – – –

NAP Pteridophyta – – – 2 1 9 1 –

AP Rhamnaceae – – 123 – – – – –

C Rhynchosia 4 – – – – 1 – –

S Rumex – – – 2 – 1 – –

AP Syzygium guineense – – – 8 – – – –

AP Tamarix – – – 2 – – – –

(continued)
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proportion of grass pollen (Poaceae) points to a local
abundance of herbaceous plants (Fig. 5.6).

The oldest K263 pollen spectrum (n = 255) shows an
unusual distribution of pollen among Asteraceae, Reseda-
ceae and Fabaceae (including Rhynchosia) and Acacia,
mostly insect pollinated plant taxa. No proportion of Aca-
cia as high as 40% is known from any of the many soil
samples analyzed from different vegetation types in tropical
Africa (Bonnefille 2007). However, the association of
Acacia tortilis and Fabaceae among trees, together with
Caylusea, an herb of the Resedaceae family, characterizes
the vegetation along wadies on the Tibesti slopes in the
Sahara (White 1983). Particular events such as instanta-
neous ash flooding of the Kella River may have concen-
trated pollen from plants growing along streambed before
the ashfall.

The next K265 sample (n = 406) contains a few more
pollen taxa than those found in the previous sample. The

abundance of Asteraceae pollen together with the occurrence
of Resedaceae and the increase in Fabaceae are noteworthy.
The abundant Asteraceae pollen includes Tarchonanthus, a
tall shrub widespread in Africa (White 1983) and abundant
in dry Juniperus-Olea woodlands or forests, which are
common in southern Ethiopian highlands close to Somalia
(Friis 1992). This interpretation would be consistent with the
finding of a single grain of Olea and of Piliostigma, whereas
there is a much smaller amount of Acacia pollen, and a much
lower proportion of Poaceae.

Pollen assemblage K269 (n = 212) shows abundant and
diversified tree pollen taxa, while Asteraceae pollen is less
abundant. Among the tree and shrub taxa, the occurrence of
Combretaceae, Euclea, Dodonaea angustifolia, Podocarpus,
Olea africana, andMyrsine africana attests to a more diversi-
fied type of evergreen bushland with some forest trees. The
abundance of a pollen type attributed toZiziphus (Rhamnaceae)
indicates a woody riparian vegetation, confirmed by the

Table 5.2 (continued)

Plant form Pollen Taxa K
263

K
265

K
269

K
242

Gomb IC Gomb IB G
393

G
133

AP Trema – – – – – – – 3
NAP Typha – – – – 1 1 – –

Not Determined – 2 2 8 2 1 – 1
Sum Total 255 406 212 331 140 456 111 113

Total AP 108 164 135 103 22 120 2 11
% AP 42.4 40.4 63.7 31.1 15.7 26.3 1.8 9.7

Fig. 5.6 Percentage distribution for selected pollen taxa identified in samples of the Early Pleistocene (1.8–1.6 Ma), with reference to the
corresponding archaeological levels and the proposed interpretation of past vegetation. Relative pollen % are calculated versus the total pollen sum.
Pollen not represented in this graph are found in Table 5.2. Abbreviations: G for Garba, Gomb for Gombore, K for Kella. New name for Dodonaea
viscosa is Dodonaea angustifolia
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abundance of Achyranthes aspera, a shade-loving herb, fre-
quent on river banks. The percentages of grasses increase.
A few additional pollen grains extracted from another upper-
most sample confirm the occurrence of Celtis, Syzygium,
Trilepisium (Table 5.2) associated with Ricinus communis and
indicate enriched wooded riverine vegetation.

Pollen sample K242 (n = 331) includes a large number of
pollen taxa. Among them there are various tree taxa, the
majority of which can be attributed to the mountain dry
forest or evergreen bushland, whereas a few of them belong
to a riparian forest (Bonnefille 1968). However, the high
percentage of grass pollen and the occurrence of herbs
attributed to Plantago, Brassicaceae (former Cruciferae) or
Apiaceae (former Umbelliferae) attest to the opening-up of
the tree cover, interpreted as mountain grassland. At the
headwaters of the Atebella, a left tributary of the Awash
River, the Wochacha volcano, already formed 4 Ma ago
(Chernet et al. 1998), rises to 3400 m asl (Fig. 5.1). At about
20 km from Melka Kunture, its slopes show a succession of
vegetation types at different altitudinal zones. The various
vegetation provided pollen input in sediments deposited at
Melka Kunture. There were also plants such as Arecaceae
(former Palmae) (15%) and Encephalartos (10%) that
belongs to the botanical family Zamiaceae of the Cycadae
order, among the Gymnosperms. Encephalartos pollen is
distinguished by its large size and elongated shape (30 to 40
lm), smooth exine, and invaginated sulcus (Fig. 5.7). The
pollen does not disperse very well, like in the case of palms.
This fossil pollen was compared to modern pollen of several
known African secies and tentatively attributed to
Encephalartos hildebrandtii (Bonnefille 1975). The genus
Encephalartos is native to Africa and several of its species
are found in South Africa, Congo, Tanzania, Kenya, Sudan,
etc. Commonly known as “bread palm” because a bread-like
food can be prepared from its pith, E. hildebrandtii grows in
the Usambara mountains in Tanzania. Associated with
Brachylaena, it was an important component of dry wood-
lands near the coast, north of Lamu, in the Lunghi forest of
Kenya (Pichi-Sermolli 1957). A few isolated Encephalartos
tree have been described on remote hills, for instance at
Ololokwe, in central Kenya. Therefore, the fossil
Encephalartos pollen recorded at Melka Kunture may have
come from a relic of Pliocene vegetation whose geographic
distribution once extended to Ethiopia, north of its
present-day range. In sample K242, a larger proportion of
Encephalartos is accompanied by pollen from palm trees,
associated with Olea, Hagenia abyssinica, Pistacia, Psy-
chotria, Polyscias, Loganiaceae, Myrsine africana, and
Dodonaea angustifolia; all of them are components of drier
types of mountain forest and bushland. We conclude that
1.7 Ma ago a diversified type of dry forest, including Syzy-
gium guineense, Podocarpus and Myrica salicifolia, Com-
bretaceae and the dry Sinopteridaceae ferns, grew not far

from Melka Kunture. However, the percentage of grass
pollen (>50%) remains high, indicating that extensive areas
were still occupied by mountain woodland or dry forest, with
various herbaceous plants such as Plantago, Dyschoriste,
Apiaceae, Brassicae (Cruciferae) in large clearings near
Melka Kunture.

The number of pollen grains (n = 140) extracted from
archaeological layer Gombore IC is smaller than in previous
samples, hence a smaller number of plant taxa have been
identified. Among trees, abundant Podocarpus is accompa-
nied by small amounts of pollen from Juniperus and from
some shrubs, including Dodonaea angustifolia and the
climber Clematis. The herbaceous component is dominated
by grasses (61%), with Plantago and Apiaceae of open
grassland and the aquatic Typha. Most of these pollen are
known to disperse widely, a phenomenon that leads to pollen
deposition on sub-aerial surfaces rather than in fluvial
deposits. The vegetation of the area was an open grassland.
Few forest trees grew not far away from the site.

Pollen sample Gombore IB (n = 456) yielded more sub-
stantial results. It contains a greater amount of Juniperus
(>20%) associated with Podocarpus, Olea, Polyscias,
Hypericum, and Myrica; all of these plants are mostly
encountered in highland forest at altitudes far above 2800 m.
The percentage of arboreal pollen is as high as 27%, indi-
cating that the dry conifer forest was close to Melka Kunture
at that time, because Juniperus does not disperse its pollen
very far. The proximity of bushland or forest was later
confirmed when a wood fragment identified as Caesalpin-
ioxylon was recovered from the excavated surface of Gom-
bore IB (Chavaillon and Koeninger 1970).
A juniper-dominated forest whose composition was similar
to that of the modern Managasha forest expanded from the
northern slopes of the Wochacha volcano toward Melka
Kunture. The large proportion of grass pollen (Poaceae 63%)
indicates that this forest was broken up by large open spaces
in the vegetation, probably near the river. A great variety of
grass species characterizes mountain grasslands. We are
unable to distinguish among them because the pollen mor-
phology is uniform throughout the various genera of the
Poaceae family. However pollen from different botanical
tribes is grouped in size classes. The fossil pollen is more
abundantly distributed in two of the size classes. Pollen from
Eragrostideae and Chlorideae grasses is in the 25–35 µm
class, whereas Andropogoneae pollen is larger (35–40 lm;
Bonnefille and Riollet 1980a). The size distribution of grass
pollen measured in the Gombore IB sample ranges from 15
to 55 lm. The pattern of grass pollen size distribution in this
fossil sample is similar to the pattern in a modern soil sample
collected in the evergreen juniper open woodland at 2600 m
asl (Fig. 5.8). This similarity confirms that the early
Acheulean site was indeed surrounded by this type of
vegetation.
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Fig. 5.7 Modern and fossil pollen. 1–5: Encephalartos bubalinus; 6: optical section of Phoenix reclinata (Arecaceae) for comparison showing
columella in the exine; 7–13: Encephalartos hildebrandtii, showing an invaginated sulcus; 12 and 13 SEM photographs: 12 (�2000) and 13
(�5000) showing granulated sulcus membrane: 14–23: fossil pollen grains extracted from Melka Kunture Pleistocene sample K242, and related to
Encephalartos hildebrandtii. Encephalartos pollen is distinguished from that of Cycas by a thicker exine membrane and granulations visible on the
proximal side. The asiatic genus Gingko shows an undulated border of the sulcus
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In the Garba gully, the two pollen samples collected near
archaeological layer Garba IVD and near the *1.7 Ma
“Grazia tuff” are not rich in pollen. Counts on the order of
one hundred grains provide a rough estimate of tree cover
density, but not enough details on the diversity of tree spe-
cies. Pollen assemblage G393 (n = 111) is dominated by
grass pollen (86%) indicating a high-elevation grassland in
which Plantago and various species of Asteraceae were
present together. Remnants of mountain forest are attested to
by a single pollen grain of Podocarpus accompanied by
Myrsine africana, a shrub that most likely grew nearby,
since its pollen does not disperse over long distances, unlike
that of Podocarpus. Pollen sample G133 (n = 113) shows a
high percentage of grass pollen (76%), and only four tree
species. The total arboreal percentage is 12%, indicating the
proximity of wooded riparian vegetation characterized by
the presence of the highland riparian Myrica salicifolia
associated with Celtis and Trema, and attesting to the
deciduous character of the vegetation in seasonal climate
conditions.

In conclusion, during this 200 ka-long period, the vege-
tation surrounding Melka Kunture underwent significant
changes. They are reflected in the pollen composition by
variations in the total abundance of tree taxa and changes in
the predominance of different species. At *1.7 Ma, we note
the appearance of the modern Afromontane character of all
the trees that belong to present-day mountain vegetation that
grows from 2000 to 2800 m asl.

5.3.3 Pollen Data of the Early
Pleistocene, ~1.4 Ma

One pollen sample, G101 (n = 111), comes from a sandy silt
layer overlying a consolidated Mn Fer crust in the Garba
gully, *3 m above Garba IVD level. Its stratigraphic
position is below volcanic ash 27-19 dated <1.429 ±

0.029 Ma, validated as a minimum age (Morgan et al. 2012)
(Fig. 5.5). Another volcanic ash (ash 27-16), higher up in the
stratigraphy, is dated to 1.037 ± 0.088 Ma. The pollen
spectrum is dominated by grasses (77%) and includes
Plantago, an herbaceous plant that produces abundant pollen
in mountain grasslands. The presence of Achyranthes, a
shade-loving erect herb abundant on river banks, together
with more spores from Pteridophytae (3 distinct types),
points to local humidity conditions that encouraged the
growth of ferns. The surrounding vegetation can be inter-
preted as mountain woodland and wooded grassland. A few
Podocarpus, Euclea, Dodonaea angustifolia, Syzygium, and
Acacia trees were also present

5.4 Pollen Data
of the Early/Mid-Pleistocene,
~0.9–0.6 Ma

Six pollen samples document past vegetation between *0.9
and *0.6 Ma. They were collected from exposed sediments
along the Garba (G) and Gombore (Gomb) gullies, where
several archaeological levels have been excavated.

5.4.1 Chronological Placement
of the Pollen Samples

Four samples were collected in good stratigraphic succession
from the westernmost part of the Garba gully, in a two-meter
section atop a gray blue volcanic ash layer (“cinerite 106” in
Bonnefille 1972; Taieb 1974). We correlate this cinerite with
the tuff dated 0.869 ± 0.02 Ma in the Garba gully (sample
27-13 in Morgan et al. 2012) (Fig. 5.9). Sample G372 was
extracted from the medullar cavity contents of a bone frag-
ment found in the sand-and-gravel bed that contains some
Acheulean stone tools, and collected at the lower contact
with the dated tuff. Pollen sample G136, extracted from the
medullar infill of another long bone fragment, came from the
cross-bedded yellow sand lying 100 cm above the tuff,
hence it is significantly younger than 0.869 Ma. Pollen

Fig. 5.8 Measurements of size of grass pollen grains: A in a
high-elevation modern sample; B in the fossil sample from the early
Acheulean horizon Gombore IB
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sample G371 was taken from the sand-and-gravel layer
outcropping 150 cm above the tuff, hence it too is younger
than G136. The last pollen sample of this group, G110,
comes from the 4-m-thick tuffaceous clay that forms an
abrupt cliff 200 cm above the dated tuff.

Two other samples come from the Gombore gully, situ-
ated a hundred meters west of the Garba gully (Fig. 5.3).
This section has two main archaeological horizons, brack-
eting the Early/Middle Pleistocene boundary (Fig. 5.10).
Pollen sample Gomb173 was collected at the base of a silty–
sandy deposit, 2.5 m above Gombore II-1, a middle
Acheulean archaeological site (Gallotti et al. 2010) overlying
a tuff dated at 0.875 ± 0.010 Ma (sample 27-08, Morgan
et al. 2012). We correlate this tuff with the one dated at 0.869
± 0.02 Ma in the Garba gully, a result coincident within 1r.
The second main archaeological horizon, nearly 1 m above

sample Gomb173, is Gombore II-2, the so-called “Hippo
Butchery Site” (Mussi et al. 2016), which is capped by a
volcanic ash dated 0.709 ± 0.013 Ma (sample 27-09,
Morgan et al. 2012). Pollen sample Gomb173, which lies
between Gombore II-1 and Gombore II-2, and below the
Matuyama-Brunhes boundary, as identified by Tamrat et al.
(2014), is slightly younger than 0.8 Ma.

Pollen sample Gomb349 was extracted from the infill
sediment of a long bone fragment collected in a clayish
tuffaceous deposit above Gombore II-2 (Mussi et al. 2016).
Its estimated age is close to *0.6 Ma.

The six pollen samples span more than 200 ka (Figs. 5.9
and 5.10).

5.4.2 Pollen Results, ~0.9–0.6 Ma

The results of pollen counts obtained from the six pollen
samples included in the 0.9–0.6 Ma period are shown in
Table 5.3. Among the 71 recognized pollen taxa, 39 (55%)
belong to tall trees and 9 (12%) to shrubs or climbers, a
proportion indicating highly diversified arboreal and forb
components in the past vegetation. Identification of the
pollen indicates that all the taxa belong to the Dry
Afromontane forest, i.e. they are currently encountered in
the vegetation of the Ethiopian highlands (Fig. 5.11).

The rich pollen spectrum G372 (n = 1084) is dominated
by grasses (93%). Plantago is associated with Artemisia, a
small shrub abundant today in the Afroalpine grassland
above the forest limit at *3000 m asl. A few forest tree taxa
are nevertheless present: Myrica salicifolia and Salix from
riparian vegetation encountered today at higher altitudes,
above 2500 m asl. At *0.9 Ma, the vegetation surrounding
Melka Kunture can be reconstructed as an Afroalpine
grassland with scattered forest trees.

G136 is an abundant pollen spectrum with a total pollen
count close to 1000 pollen grains and a great number of iden-
tified pollen taxa. There is still a high percentage of grasses
(84%), although it is smaller than in sampleG372. The tree taxa
are more numerous andmore diversified. The shrubs, including
Dodonaea angustifolia, Rumex, Jasminum, Rhus, andMyrsine
africana indicate a dense evergreen bushland. The increasing
proportion of Podocarpus, and the occurrence of Juniperus,
Olea, and Rutaceae, indicate that the dry mountain forest was
more diverse and closer toMelkaKunture.Acacia associated to
Faidherbia albida (syn.Acacia albida), a tall Legume tree,may
have been present locally (Bonnefille 1975). The landscapewas
more wooded and richer in species including Euphorbia and
Rubiaceae. Typha (cattail) and Phragmites (reed) occupied
locally humid flatlands surrounding quiet freshwater ponds,
possibly pointing to wetter climate conditions.

The pollen results from sample G371 (n = 421) show an
increase in the total arboreal pollen (22%) in which

Fig. 5.9 Stratigraphic position of the Early/Mid-Pleistocene (0.9–
0.6 Ma) pollen samples collected at Garba, with respect to a dated
volcanic deposit (redrawn after Bonnefille 1972, Fig. 37)
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Juniperus becomes more abundant (6.5%). The number of
tree pollen taxa is considerable, including Ulmaceae asso-
ciated with Apocynaceae, Pygeum and Celastraceae whose
pollen does not disperse over long distances. There is less
pollen attributed to Acacia. Pollen taxa from herbaceous
plants include Labiatae and Cruciferae together with Ricinus
communis. Sedges decrease. Taken as a whole the pollen
results indicate that a different type of diversified forest/
woodland with dominant Juniperus had developed near
Melka Kunture.

Pollen spectrum G110 (n = 718) contains a great number
of pollen taxa although the total of arboreal pollen has
decreased (15%). Juniperus is not present. The beautiful tree
Hagenia abyssinica, well known in Ethiopia as Kosso, is
found together with Anthospermum, a common herb of
high-elevation grasslands. The notable proportion of Aster-
aceae (4.6%) is consistent with an Afroalpine vegetation that
now occupies areas above the forest line. Pollen from
Legume trees such as Caesalpiniaceae (2%) and Acacia are
associated with Combretum, trees or climbers normally
abundant in deciduous vegetation growing in climates
characerized by seasonal rainfall. The pollen found in this

deposit attests to types of vegetation that grow in drier and
colder climates. Highland forest and local deciduous
woodland existed somewhere whereas freshwater swamp
vegetation including Typha and sedges was locally present.

Gomb173 provided a rich pollen spectrum (n = 573).
Pollen from trees and shrubs accounts for 10% of the total.
Almost 20 shrubs or trees taxa have been identified, thus
attesting to high diversity among forest trees. Juniperus
pollen is present but not abundant. We note the occurrence
of Maesa, a common tree in the Shewa forests and of Eri-
caceae, the mountain heath. More abundant are Ebenaceae,
Croton, Pterolobium, together with Acacia and Carissa
edulis, associated with the shrubby Heteromorpha of the
Apiaceae (Umbelliferae) family. These finding point to a
dense and diversified woody bushland or shrubland in the
area. Asteraceae pollen representing several species accounts
for 67% of the total count and dominates the herbaceous
pollen (75%), whereas grass pollen amounts to only 15%.
This finding is consistent with an attribution to the evergreen
bushland that is normally found above the forest belt and
points to a climate that has become significantly drier and
colder than it was before.

Fig. 5.10 Stratigraphic position of the Early/Mid-Pleistocene (0.9–0.6 Ma) pollen samples collected at Gombore, with respect to dated volcanic
deposits. The log is the outcome of the excavations carried out at Gombore since 2012, which do not include Gombore III. Gombore III has been
relocated above the uppermost part of the sequence illustrated in the figure
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Table 5.3 Detailed pollen counts of Melka Kunture samples dating *0.9–0.6 Ma. AP: arboreal pollen from trees; S: shrubs; C: climbers. NAP:
non-arboreal pollen (herbs); Ind.: indetermined. * = pollen from similar but different species or genera have the same morphology, producing
uncertainty in the attribution to a specific genus or species

Plant form Pollen Taxa G
372

G
136

G
371

G 110 Gomb 173 Gomb 349

AP Acacia (2 sp.) 1 8 4 8 2 5
NAP Achyranthes aspera – 1 1 – 1 –

Ind. Amaranthaceae – 2 – – – –

NAP Anthospermum – – – 1 – –

NAP Apiaceae – – – 4 – –

NAP Artemisia 1 – – – – –

Ind. Asteraceae tubuliflorae 4 18 3 32 383 5
NAP Asteraceae cichoriae – 1 1 1 3 –

NAP Brassicae – – 3 1 – 2
AP Brucea antidysenterica – – – – – 1
AP Caesalpiniacae – – – 4 – 1
AP Capparaceae – 3 – – – –

AP Carissa edulis – – – – 1 –

NAP Caryophyllaceae – – – – – 1
AP Celtis – 9 4 – 1 1
NAP Chenopodiaceae 1 5 1 6 – 2
C Clematis 1 – 13 1 18 –

AP Combretaceae – – – 2 – –

AP Croton – – – – 4 –

NAP Cyperaceae 2 5 1 4 2 2
AP Diospyros – – – – – 2
S Dodonaea angustifolia 13 63 16 28 6 44
AP Ebenaceae – – – – 4 1
AP Erica arborea – – – – 1 –

AP Euclea 2 – 2 4 1 2
S Euphorbia – 1 1 – – 1
AP Fabaceae – – – – 1 1
AP Fagaropsis angolensis – – – – – 1
AP Faidherbia albida – 3 – – – –

NAP Geranium – – – – 1 –

AP Hagenia abyssinica – – – 2 – 4
AP Heteromorpha – – – – 2 –

AP Hymenocardia acida – 1 – – – –

AP Hypericum – – – 4 1 –

C Jasminum – 3 – – 2 –

AP Juniperus procera – 1 27 – 1 2
NAP Liliaceae – – – – 1 –

NAP Linum – – – 1 – –

AP Macaranga – – – 1 – –

AP Maesa lancelota – – – – 1 –

AP Myrica salicifolia 1 3 1 – – –

S Myrsine africana – 3 – – – –

AP Olea sp. (2 sp.) 1 5 3 6 7
NAP Osyris – – – – – 1
NAP Paronychia* 1 – – 1 – –

NAP Pentas – 1 – – – –

NAP Phragmites – 3 – – – –

AP Piliostigma thonningii – – – – – 3
NAP Plantago africana* 18 12 18 9 – 6
NAP Plectranthus – – 1 – – –

NAP Poaceae 1015 770 293 542 116 442

(continued)
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Table 5.3 (continued)

Plant form Pollen Taxa G
372

G
136

G
371

G 110 Gomb 173 Gomb 349

AP Podocarpus 8 37 10 33 11 10
NAP Pteridophyta 7 – 1 – – 1
AP Pterolobium stellatum – – 1 3 3 –

AP Pygeum africanum – – 1 – – 1
AP Rapanea – – – 1 – –

AP Rosa abyssinica – 1 – 2 – –

AP Rhamnaceae – – – – – 1
AP Rhus* – 3 – 1 – 1
S Rumex 1 8 2 – 1 2
AP Rutaceae – 1 – – – –

AP Salix* subserrata 1 – – – – –

AP Sapium* ellipticum – – – – – 3
S Solanum 1 – – 1 – –

AP Syzygium guineense 2 1 3 6 – 2
AP Trema – 1 – – – –

NAP Tribulus – – – 1 – –

AP Trilepisium 2 2 5
NAP Typha – 4 – 5 – –

S Vernonia – – 6 – – –

Not determined 3 5 2 3 3 2
TOTAL 1084 982 421 718 573 565
AP +S 16 77 58 77 36 54
% AP 1.5 7.8 13.8 10.7 6.3 9.6

Fig. 5.11 Distribution of percentages for selected pollen taxa identified in samples dated *0.9–0.6 Ma corresponding to the MPT period, related
to archaeological evidence and to the proposed interpretation of past vegetation. Relative pollen % calculated as in Fig. 5.5. Pollen not represented
in this graph are indicated in Table 5.3
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Gomb349 pollen spectrum (n = 565) at *0.6 Ma,
belongs to a late phase of the Mid-Pleistocene Transition
(MPT). It contains a rich and diversified proportion of 28
tree and shrub taxa. Most of the trees are the same as in
sample Gomb173; the presence of Olea points to warmer
climatic conditions. With Sapium, among the Sapotaceae,
Fagaropsis among the Rutaceae, Diospyros among the
Ebenaceae and Osyris (Santalaceae), a tall herb, the pollen
composition indicates a diversified forest with a dense
canopy of trees and shrubs (17.5%).

During the Mid-Pleistocene Transition, at Melka Kunture
past vegetation remains permanently in the Dry evergreen
Afromontane Domain already established during the Early
Pleistocene. All the plant taxa are of mountain vegetation.
However, the six pollen assemblages documenting two-three
hundred thousand years from *0.9 to *0.6 Ma show
important changes in the floristic composition of past veg-
etation, notably in the relative abundance of various forest
trees pointing to the influence of warmer or wetter condi-
tions, while some others indicate slightly cooler conditions.

5.5 Discussion

With the exception of Encephalartos in samples K265 and
K242 (Fig. 5.7), all the fossil pollen taxa refer to plants that
are present today in the flora of Ethiopia (Friis 1992).
A number of modern pollen taxa such as Astragalus,
Bridelia, Cassia, Commelinaceae, Crotalaria, Diospyros,
Drognetia, Galiniera coffeoïdes, Gardenia, Kohautia
aspera, Malvaceae, Pterocarpus, Rubia cordifolia and
Sterculia, all of which were identified in a mud sample
collected in 1968 from the Awash River (Bonnefille 1969),
are not found in the fossil pollen assemblages (Tables 5.2
and 5.3). However, since most of these plant taxa are
herbaceous plants or are represented in the assemblages by
only one grain, their absence from the fossil record is not
statistically significant and cannot be regarded as indicating
that during the Pleistocene plant diversity was lower than it
is today.

5.5.1 Afromontane Character
of the Past Vegetation
at Melka Kunture since
1.8 Ma

In the overall fossil pollen counts (n = 2024 for 1.8–1.6 Ma;
n = 4343 for 0.9–0.6 Ma) 114 different fossil pollen taxa
were identified, including 70 that were not found in a

modern sample from the Awash River (n = 2865; Bonnefille
1969). The fact that modern and fossil pollen assemblages
do not overlap has two implications. First it confirms that the
fossil assemblages were not contaminated by any modern
pollen input, as can happen when rivers overflood. On the
other hand, it indicates that vegetation was more diverse in
the past that it is today. Indeed, the impoverishment of
present-day vegetation is expected at Melka Kunture as the
result of long-lasting human impact. Forests were already
rare during the sixteenth century, when travelers wrote the
first detailed descriptions of the landscape (Zerihun 1999).
Nevertheless, except for Encephalartos, all fossil taxa are
related to genera or species encountered somewhere in the
modern vegetation of the northern Ethiopian highlands.

Of the 114 fossil pollen taxa identified in this study, 69
(60%) are attributed to trees, shrubs or climbers. This high
number attests to a very diverse arboreal (woody) compo-
nent of the past vegetation. Twenty-two fossil pollen taxa
(18%) belong to herbaceous plants, whereas 23 others (22%)
cannot be attributed to a well-defined plant form. Trees and
shrubs taxa that belong to the montane floristic domain
identified as the Dry evergreen Afromontane forest and
grassland complex (DAF) dominate the pollen assemblages
(*80%) (Tables 5.2 and 5.3). We conclude that highland
vegetation as it is known today was already established in
the Awash basin at *1.8 Ma. Accordingly, we suggest that
all hominins locally associated with the Oldowan and
Acheulean had already adapted to mountain climate
conditions.

5.5.2 Environmental Changes

In all samples, the percentages of grass pollen dominate
because grasses produce large amounts of pollen. However,
the relative abundance of each of the pollen taxa listed in
Figs. 5.6 and 5.11 is subject to significant fluctuations. At
Melka Kunture, Middle Pleistocene vegetation differs shar-
ply from that of the Early Pleistocene. The Early Pleistocene
has a variable but lower proportion of grass pollen, a higher
proportion of arboreal pollen and greater diversity of trees
and shrubs. Relict palms and cycadales are associated with
« warm » taxa such as Acacia, Tamarix, Resedaceae. During
the Mid-Pleistocene Transition, the pattern is different. More
extensive grasslands and less tree cover are associated with a
few « colder » Afroalpine grassland taxa such as Artemisia,
Anthospermum, Erica arborea and Plantago.

In general, species diversity increases with total pollen
counts and with the number of analyzed samples. The total
pollen counts (n = 2024) for the Early Pleistocene (EP) is
smaller than that of the six samples from the MPT (n = 4343).
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Therefore the greater number of identified pollen taxa
recorded for the MPT (71 versus 58 for the EP) might not
reflect greater plant diversity. However, in each period large
variations are observed among the samples. Stratigraphic
constraints suggest that such changes occurred at intervals on
the order of a few tens of thousands of years.

5.5.3 Early Pleistocene Wet–Dry
Variability (1.8–1.6 Ma)

A well-marked vegetation change is observed between the
*1.8 Ma Kella results on the one hand, and the *1.6 Ma
samples related to Garba IVD and Gombore IB archaeolog-
ical sites on the other. Bushy woodland, possibly existing
under warmer and drier conditions, differs sharply from the
extended grasslands that dominated the landscape in the more
recent samples from Garba IVD, at the time of the emergence
of the Acheulean. Mountain forest trees and shrubs became
more abundant at Gombore I; a real Juniper woodland/forest
grew near the Gombore IB archaeological site, close in age to
Garba IVD (Gallotti and Mussi 2018), although locally open
vegetation left room for an herbaceous cover and some
periaquatic plants. Juniperus percentages did not reach the
same values that they did under a forest cover such as prevails
today in the Managesha forest, on the Wochacha volcano
(Fig. 5.2). Our interpretation is that a real forest existed in the
vicinity, but that locally at the site open space was covered by
herbaceous vegetation. Conversely, during and after the early
Acheulean occupation at Garba IVD (Gallotti 2013), moun-
tain grassland expanded greatly. The presence of Plantago,
Anthospermum, and Apiaceae indicate affinities with
high-elevation grasslands, now found above the forest zone.
This context explains the presence of wind-transported pollen
of Podocarpus, frequently observed in the Afroalpine zone
(Umer et al. 2007). In this cool grassland herbivores were
present as shown by the fossil fauna, which also includes the
highland rodent Tachyoryctes (Geraads et al. in press). The
expansion of mountain grassland implies a significant low-
ering of vegetation belts explained by a colder and drier
climate.

At Melka Kunture, environmental conditions differed shar-
ply from those of the savanna existing elsewhere in the Rift
Valley, in the warmer climate inferred at archaeological sites
located at lower altitude. Nevertheless, vegetation changes
documented in the Ethiopian northern highlands are contem-
porary to vegetation changes evidenced by previous pollen
studies at Olduvai from *1.8 Ma to *1.6 Ma, during Bed
I/lower Bed II times (Bonnefille and Riollet 1980a; Bonnefille
et al. 1982). Olduvai is located at lower elevation in a warmer
wooded grassland and woodland near a permanent salt lake
(Barboni 2014). At this site, past vegetation changes also pre-
ceded and followed the emergence of the Acheulean, dated at

1.664 ± 0.019 Ma at the FLKW site (Diez-Martin et al.
2015). At both the Ethiopian and the Tanzanian sites, the
availability of freshwater, the density of trees in mountain
wooded grassland and the proximity of mountain forests pro-
vided various plant resources to hominins producing at first the
Oldowan, and later the early Acheulean. However, at Melka
Kunture, sedges, Typha or ferns were rare whereas at Olduvai
the grassland surrounding a permanent salt lake and the peri-
odicallyflooded adjacentmarshes are thought to have produced
abundant freshwater food (Magill et al. 2013) and a C4 diet
exclusive to Paranthropus boisei (Ungar and Sponheimer
2011). The past vegetation of Melka Kunture did not provide
abundant aquatic food, but probably did offer more resources
from nearby forests, such as fruit trees.

5.5.4 Mid-Pleistocene Transition
Variability

Pollen assemblages between *0.9 and 0.6 Ma are more
homogenous, with a proportion of grass pollen exceeding
70%, except in one sample characterized by overrepresen-
tation of Asteraceae. At that time, mountain shrub grasslands
were permanently established with forests and Afroalpine
vegetation in the background. The expansion of cold
mountain grassland at 0.9 Ma is followed by the downward
expansion of the mountain juniper forest related to more
humid conditions. The return of cooler conditions and the
re-expansion of grasslands occur at a time close to the
Bruhnes/Matuyama boundary. At *0.6 Ma, the establish-
ment of a rich and diversified humid forest closer to the site
attests to a warmer and probably more humid climate.

5.5.5 Past Vegetation Changes linked
to Global Orbital Forcing

In the tropics, variability in past vegetation is most likely
explained by changes in precipitation, rainfall or available
moisture. Between *1.8–1.6 Ma, wet–dry climate variability
most probably triggered the environmental changes observed at
Melka Kunture. Rainfall fluctuated in response to orbital
changes combined to astronomical forcing linked to precession
cycles. Precessional global climate forcing dominates the
tropical climate system during the Early Pleistocene
(deMenocal 2004). Precession monsoon cycles have been
evidenced at Olduvai, on the basis of sedimentological and
isotopic studies that show several wet and dry cycles (Hay and
Kyser 2001; Sikes and Ashley 2007). At Melka Kunture, the
necessary high-resolution sampling at regular intervals cannot
be done with the same dating accuracy. However, changes
documented seven times within a *200 ka time-span would
attest to cyclicity on the order of 20 ka. This is consistent with
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precession change cycles evidenced by isotopic studies at
Turkana, during the 2–1.85 Ma interval (Joordens et al. 2011)
and at Olduvai, from 1.877 to 1.803 Ma (Deino 2012).

Following the onset and development of the continental
arctic icesheet, the ocean circulation changed suddenly at
1.6 Ma (Lisiecki and Raymo 2005), and precession cyclicity
was replaced by 41 ka obliquity cyclicity.

At 0.9 Ma, when the icesheet had reached a greater height
and volume, the tropical climate changed to a system char-
acterized by less influence of precession cycles but greater
influence of high-amplitude glacial/interglacial successions.
During the Middle Pleistocene Transition (MPT), pollen
data from Melka Kunture show the response of past moun-
tain vegetation to longer and more marked climate cycles. At
the onset of the MPT, drier and cooler climate conditions
indicated at Melka Kunture by pollen studies appear at the
same time as greater icesheet thickness in the northern
hemisphere, and as temperature decrease in an Antarctica ice
core at *750 ka (Jouzel et al. 2007). During the MPT
interval, three glacial stages, MIS 22 (0.9 Ma), MIS 20
(0.8 Ma) and MIS 18 (before 0.7 Ma) have been identified
in the oceanic record (Lisiecki and Raymo 2005). These
glacial stages are linked to lower solar insolation at 65°N,
lower amplitude in precession cycles and lower pCO2 in the
atmosphere (Almogi-Labin 2011). The global climate was
greatly modified, as recorded in long terrestrial sedimentary
sequences such as those in the eastern Mediterranean region
(Almogi-Labin 2011). In palynology, past vegetation chan-
ges are traditionally based on the fluctuations of total arbo-
real pollen (AP) versus non-arboreal pollen (NAP). In the
Levant and Greece at the time of MIS 22, the terrestrial
pollen record of lacustrine sequences shows a minimum of
AP, and the extinction of a few relict Tertiary species;
whereas during MIS 16 there was a steppe environment,
after which a forest of modern composition with Quercus
and Carpinus dominates (Tzedakis et al. 2006). The extreme
glacial conditions of both MIS 22 and 16 appear to have
played a major role in the disappearance of a large number
of Tertiary relict species at that time. During the MPT, the
absence of sapropel in Mediterranean cores reflects the
weakening of the tropical monsoon in East Africa, resulting
in less rainfall; the increased dryness encouraged the
development of grasslands at the expense of forest. The
marine pollen record offshore from the mouth of the Congo
River indicates that the equatorial region experienced
cyclically predominantly warm and dry conditions during
interglacials, but cool and humid conditions during glacial
periods (Dupont et al. 2001). In South America, during
glacial periods the long terrestrial pollen record spanning
MIS 22 to 19 highlights the lowering and oscillations of the
upper forest line (Hooghiemstra et al. 1993).

Pollen data from long cores is not available in Africa.
The Melka Kunture pollen data are the first terrestrial data for

the MPT period. Colder and drier conditions documented
in the Ethiopian highlands correspond to glacial stages 22,
20 and 18; whereas warmer more humid conditions, more
favorable to forest development, correspond to interglacial
stage 21, 19 and 17. Past vegetation changes are consistent
with global glacial/interglacial cycles. We discuss else-
where weather in the highlands the hominins were able, or
not, to withstand both interglacial and glacial climates
(Mussi et al. 2016).

5.6 Conclusion

The study presented here, which is based on a new assessment
of the chronostratigraphy at Melka Kunture, and a new
interpretation of the pollen data, emphasizes ecological
variability and ecosystems changes that followed global cli-
matic changes during the Early and Middle Pleistocene in the
Ethiopian highlands. During a critical period, close in time to
the Acheulean emergence (*1.7 Ma), the pattern of fluctu-
ations related to the precessional monsoon cycle had already
appeared in the Turkana basin and at Olduvai. Although
the stratigraphy of Melka Kunture does not allow much pre-
cision in the high resolution, the pollen record presented here
is consistent with such precession climate variability. Homo
erectus s.l. adapted to mountain climate conditions charac-
terized by large diurnal temperature ranges. Later, during the
MPT transition, hominins of a species close to that of Homo
heidelbergensis – the knappers of the middle Acheulean lithic
industries – experienced the impact of changing environ-
mental conditions during glacial/interglacial cycles.

5.7 Note About Palynological
Processing

Sediment samples used for pollen analysis were collected on
cleaned outcrops or deep trenches dug out from exposures.
The initial stratigraphic position of each pollen sample
(Bonnefille 1972) can be found on the same lithostrati-
graphic sections as geological studies (Taieb 1974). A few
additional samples collected in the Simbiro gully, and at
Melka Gila (Djilla) did not yield pollen. One pollen
assemblage from the Tuka gully (Bonnefille 1972) is not
included here because the sample cannot be securely placed
in the updated chronostratigraphy.

Pollen extraction from the sediment (up to 100 g) is
performed according to the classical chemical treatment,
attacking the sediment with HCl and HF acids to remove the
mineral fraction, followed by hot-water rinses and by treat-
ment with diluted KOH to remove humic acids. The residue

5 Variability in the Mountain Environment at Melka Kunture … 111



is then stained with diluted safranine and kept in glycerin. It
is mounted on slides in glycerin allowing to turn pollen
grains and facilitating the observation under the microscope
of the pollen wall structure. The identification of pollen was
performed by comparing them with a 7,000-specimen refer-
ence collection of modern pollen stored at Cerege,
Aix-en-Provence. Descriptions of pollen from most common
trees and plants are available (Bonnefille 1969, 1971a, b;
Riollet and Bonnefille 1976; Bonnefille and Riollet 1980b),
with photo in the African Pollen Database. 15% of the
processed samples yielded fossil pollen grains (Bonnefille
1972). The pollen assemblages from bones infills show
species distribution similar to the one in a modern sample
from the Awash River. Taphonomic preservation of bone
remains (Fiore and Tagliacozzo 2004) on the banks of a
meandering Awash River may explain this exceptional
pollen preservation. We consider pollen assemblages
extracted from bone cavities to be reliable.
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