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Anthropocene and early human behavior
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Abstract

When is the baseline for Anthropocene? The first indications of human impact on earth closely relate to early human behavior and use of resources.
First agricultural societies modified the landscape with the aim of generating their own resources to satisfy the needs of an increasing population. This
new system was the result of years of learning and continuous interaction with landscape. Hunter-gatherer societies had shown a vast knowledge of
their surrounding environment, which allowed them to exploit and optimize the available resources. But, had these societies the capacity to modify the
landscape in such a way that can be traced up until today? How far back in time can we go to find the first evidence of human impact on earth? In this
paper, we will try to analyze early human behavior and the possible impact of their activities on the landscape. We will use the paleoanthropological site
of Olduvai Gorge (northern Tanzania) as a case study to suggest that the baseline for Anthropocene, taking the term as human impact on earth through
cognitive-behavioral strategies, can be moved back to the time when early hominins visited Olduvai. Olduvai Gorge is perfectly suited for this study since
the latest scientific research and publications have yielded a detailed knowledge of the vegetation, the landscape, and of the wildlife that lived in the area.
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Introduction

Every living thing affects its surrounding in different ways, and
since humans learnt to control and modify the environment, the
earth has dramatically been transformed and with uncertain
results.

Crutzen and Stoermer (2000) and later on Crutzen (2002)
introduced the term Anthropocene to define the geological epoch
in which we live today and which started in the late 18th century:
when analysis of air trapped in polar ice showed the beginning of
growing global concentrations of carbon dioxide and methane.
Along the years, the term has grown in use and popularity and
discussions have arisen arguing against the beginning of this
period. For example, Ruddiman (2003) developed the ‘early
Anthropocene’ hypothesis, suggesting that human-induced
changes in greenhouse gases did not begin in the 18th century, but
in 8000 ka, as a result of intense farming activities during the
Neolithic period. According to this author, it was at that time
when the greenhouse gas concentrations stopped following the
periodic pattern of rises and falls that had characterized their past
long-term behavior (Ruddiman, 2003). Foley et al. (2013) use the
term Anthropocene for the period starting in AD 1780 because of
the sharp increase in CO, emissions (Great acceleration), and
introduce a new term, Paleoanthropocene, for the previous period.
While they do not provide a precise initial date, they suggest that
it may be related to the acquired knowledge of fire by early Homo
populations. In the same line, Glickson (2013) proposes the use of
early Anthropocene for the time when humans started to control
fire, middle Anthropocene for the period corresponding to the
beginning of agriculture and late Anthropocene for the outset of
the industrial age.

Holocene human behavior, with the introduction of agriculture
and herding practices, represents a turning point in human history.
These new practices, probably related to a shift in climatic

conditions marked by the appearance of the colder and drier
Younger Dryas stadial (Bar-Yosef and Belfer-Cohen, 2002), evi-
denced a conscious modification of the landscape aimed at gener-
ating their own resources to satisfy the needs of an increasing
population. This new system affected human populations not only
at the social but also at the physical level with the introduction of
new products for consumption. But this new mode of living is
rooted far back in time, and it is the result of millions of years of
gradual accumulation of knowledge and interaction with land-
scape. During the Plio-Pleistocene and the beginning of the Pleis-
tocene, early Homo populations were already conducting
activities addressed to provide themselves with the necessary
resources for survival. These activities may relate to the acquisi-
tion of raw material to produce tools, possibly hunting and/or
scavenging, gathering, and fire-making.

In this paper, we will try to assess the degree of impact of
these activities on the landscape and on human behavior with a
major emphasis on the acquisition and use of plant resources.
We will use the site of Olduvai Gorge (Tanzania) as a case study,
where our team (Olduvai Landscape Paleoanthropology Project
— OLAPP) has been working since 2001. OLAPP results will be
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Figure |. Map of the Olduvai Gorge area in northern Tanzania in relation to the location of the modern study areas used to conduct

actualistic studies.

compared with those obtained from other teams currently work-
ing at the Gorge: TOPPP (Olduvai Paleoanthropology and
Paleoecology Project) (2006—present) and OGAP (Olduvai Geo-
chronology and Archaeology Project) (2009—present). With this
study, we aim to provide a deep-time perspective of Holocene
human behavior through time.

Why Olduvai Gorge?

Olduvai Gorge is located in northern Tanzania to the east of the
Ngorongoro Crater Highlands and the west of the Serengeti
National Park in the Eastern Rift Valley (Figure 1). The Gorge is
approximately 49-km long and has a 90-m section formed by
lacustrine, fluvial, eolian, and pyroclastic sediments.

Although the site was excavated for the first time in 1913, it
did not become famous worldwide until 1959 with Mary Leak-
ey’s discovery of the skull of Paranthropus boisei (OHS5; known
as ‘Nutcracker Man’ because of its powerful jaw). One year later,
a fragment of upper maxilla of Homo habilis (OH7) was recov-
ered in the same chronological levels and a few meters to the
northeast. These recoveries were chronometrically dated (K-Ar)
to 1.75 Ma and demonstrated for the first time the coexistence of
two ancient hominins (Leakey, 1961). Subsequent explorations
and excavations at the Gorge by different teams have resulted in
the recovery of further hominin specimens including P. boisei and
H. habilis, in Bed I and Lowermost Bed 11 (LMBII), and Homo
erectus (Upper Bed II (UBII) and Beds III/IV). These H. erectus
remains were dated to 1.2-1.1 Ma (Leakey, 1961; Rightmire,
1979; Tamrat et al., 1995). The site is also known for the rich col-
lection of artifacts recovered including stone tools and processed
bones (Leakey, 1971).

Olduvai Gorge has a long and well-documented stratigraphy
covering more than 2 million years of earth history, which greatly
facilitates the diachronic study to contextualize the paleoanthro-
pological and archaeological remains chronologically and strati-
graphically (Hay, 1976; Stanistreet, 2012; Stollhofen and

Stanistreet, 2012). Richard Hay subdivided the Plio-Pleistocene
basin of Olduvai into seven formations (Beds I-IV, Masek Beds,
Ndutu Beds, and Naisiusiu Beds) (Figure 2) (Hay, 1976). Later
on, McHenry et al. (2008) included the Naabi Ignimbrite in Bed I.
Despite faults across the paleobasin being already recognized by
Hay (1976), recent research has identified fault compartments
(the area between adjacent faults). The faults are considered to
have had a minor effect on the topography but a significant effect
on the soils and paleodrainage (Stollhofen and Stanistreet, 2012).
This, together with climate change, in turn affected the flora,
fauna, and hominin land use in close association with the fluctuat-
ing lake levels.

At the time when P, boisei and H. habilis visited the area, Old-
uvai was located in a tropical semi-arid climatic setting, and most
of the time centered by a highly saline-alkaline paleo-Lake (Fig-
ure 2). During Bed I deposition, the lake was hydrologically
closed and shallow and covered up an extension of 250km? (Hay,
1976; Hay and Kyser, 2001). This lake expanded and contracted
regularly, probably driven by wet/dry climate cycles (Hay, 1976;
Hover and Ashley, 2003). During UBII times (about 1.3 Ma), the
perennial lake disappeared and was replaced by small ponds and
marshlands (Hay, 1976). In addition to the saline lake, fresh-water
areas were also identified at different localities such as HWK W
and FLK N (Ashley et al., 2010; Hay, 1976; Liutkus and Ashley,
2002; etc.) (Figure 2).

But Olduvai Gorge is also known because it was one of the
first paleoanthropological sites where researchers have conducted
intensive research to better understand human activities and their
effect on the landscape. One example is the ‘hominin land use
model’ developed by Blumenschine and Peters under the frame of
OLAPP. This model combines sampling of hominin activity
traces over broad spatial scales, throughout exposed deposits of
the Plio-Pleistocene Olduvai Basin with detailed paleoenviron-
mental analysis of the terrain, hydrology, and vegetation (Blu-
menschine and Peters, 1998; Peters and Blumenschine, 1995).
The authors formulated predictions on the density and
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Figure 2. Plan of Olduvai Gorge (Tanzania), showing stratigraphic section and the location of important localities listed by Hay (1976).

composition of vertebrate fossil and stone artifact assemblages
that could be recovered for each hypothesized paleolandscape
facet throughout all the ancient lake. These predictions were
based on a series of principles of ecological archaeology, and on
two environmental variables, the landscape facet—specific cover
abundance of trees and shrubs, and the degree of competition
among carnivores and hominids for scavengeable carcass parts
(Blumenschine and Peters, 1998; Peters and Blumenschine,
1995). Thereafter, OLAPP research has been based on this model.

Vegetation at Olduvai

In the last decades, studies addressed to reconstruct the vegetation
at Olduvai Gorge have been undertaken on a regular basis and in
parallel to the archaeological excavations. Previous studies based
on the pollen spectra, carbon isotopes, and fauna provided a gen-
eral picture of the paleoenvironment and vegetation showing a
shift from more wooded vegetation cover during Middle and
Upper Bed I time to more open vegetation by Uppermost Bed [
(UMBI), to woodland mosaics in Lower Bed II (LBII) (Bon-
nefille, 1984; Kappelman, 1984; Kappelman et al., 1997; Sikes,
1994). Over this time, the landscape and vegetation would have
been strongly influenced by the presence of the highly saline-
alkaline lake, which disappeared during Bed II times (Hay, 1976;
Stanistreet, 2012).

Copeland (2007), following Peters and Blumenschine’s (1995)
‘hominin land use model’, described the vegetation of LMBII,
based on comparative analyses of modern analogous landscapes
of Lake Manyara National Park, Serengeti National Park, and
Ngorongoro Crater Conservation Area. For Copeland, a seasonal
variation in plant food availability was of central importance to
ranging patterns of hominins, since most plant foods were only
seasonally available. Nevertheless, the mosaic nature of the area
provided hominins with different food resources along the year

within short distances. In any case, Copeland recognizes the dif-
ficulty for finding current equivalent models to those from the
past, and thus these interpretations need to be sustained by
archaeological identification of fossil plant remains (Copeland,
2007).

Later vegetation studies, conducted by the various teams
working in the area (OLAPP and TOPPP), have been mostly
based on phytoliths and macroplant fossil remains and have
focused on Beds I and IT (Albert and Bamford, 2012; Albert et al.,
2006, 2009, 2014; Ashley et al., 2010; Bamford, 2012; Bamford
etal., 2006, 2008; Barboni et al., 2010; etc.) (Figure 2). In particu-
lar, OLAPP studies, since 2001, have built on comparative studies
with modern samples (plants and soils) from analogous ecosys-
tems present today in the region. In addition to the sites studied by
Copeland (Lake Manyara National Park, Serengeti National Park,
and Ngorongoro Crater Conservation Area), other sites such as
Lake Masek, Lake Ndutu, and Lake Eyasi have been added to the
study (Albert et al., 2006, 2014; Bamford et al., 2006) (Figure 1).

Overall, the macroplant fossil and phytolith data show evi-
dence that vegetation varied over small distances (100-200m)
and over relatively short periods of time. These results highlight
the importance of understanding the nature of the variation in
these local habitats/landscape facets in terms of hominin resources
(Albert et al., 2006).

At FLK 22 and FLK NN localities (Figure 2) during the time
that P. boisei and H. habilis visited the area (Upper Bed I — UBI),
the OLAPP landscape reconstruction showed a topographic high
point (the peninsula) carved out by a fluvial incision of the lake
margin following a major lake regression (Blumenschine et al.,
2012b). The vegetation results, according to fossil macroplants
and phytoliths, indicated that trees and short grass/sedgelands
were present in the open areas on the Peninsula, and a mixed-
species marshland with areas of open water was growing in the
channel and wetland (Figure 3a—c). Barboni et al. (2010) also
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Figure 3. Microphotographs of phytoliths identified in palaecoanthropological samples from Olduvai Gorge. Pictures taken at 400x. (a) Short
cell saddle type representative of C4 Chloroid grasses; (b) bulliform cells from grass leaves; (c) prickle characteristic of grasses; (d, ) spheroids
echinate from palms;and (f) diatom identified in association to palm phytoliths indicating water presence close to palms.

described the vegetation at FLK N and FLK Zinj as spatially het-
erogeneous with patches of dense woody vegetation (forest,
woodland, or bushland) with scattered palm trees within a grass-
dominated biome similar to wooded grassland.

Phytolith and macroplant analyses have also been carried out
at DK locality in Bed I, between basalt lava and Tuff IB. This
study represents the oldest sedimentary interval analyzed for veg-
etation at Olduvai Gorge. The results have shown diverse vegeta-
tion, which includes grasses, probably sedges, very few palms, as
well as woody plants, associated with a fresh-water pool (Albert
etal., 2015).

In UMBI, Tuff IF, and LMBII, the combined study of phy-
toliths and macroplants at different localities showed that the
eastern lake margin was sparsely vegetated by grassland asso-
ciated with woody plants (Albert and Bamford, 2012;

Bamford et al., 2008). During the time of the deposition of the
surges, vegetation was sparse near the lake but flourished
close to the eastern fault scarp in the HWK compartment.
During LMBII times, both compartments were well vegetated
after lake regressions.

The identification of palm trees (through phytolith analyses) at
various localities such as HWK EE, VEK, and FLK N is remark-
able (Albert and Bamford, 2012; Albert et al., 2006, 2009; Barboni
etal., 2010) (Figures 2 and 3d—e). At HWK EE, this palm presence
was associated with diatoms, indicating the presence of fresh
water (Albert et al., 2009) (Figure 3f). These results were consis-
tent with those obtained by Hay (1976) and Ashley et al. (2010)
who had also recognized the presence of fresh water at HWK E
locality. At FLK N, palms were also associated with fresh-water
springs although in lower amounts (Barboni et al., 2010). More
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recent studies by OLAPP have recognized phytoliths from palms
at HWK W during Bed I times (personal observation).

Phytolith studies on contemporary levels to H. erectus are
presently being conducted in the area by OGAP and TOPPP, and
hopefully will shed more light on the resources available as well
as on the activities related to food acquisition (De la Torre et al.,
2012; Dominguez-Rodrigo et al., 2014).

Hominin activities at Olduvai Gorge

Tool production. Tools and other artifacts may provide evidence
of early hominin behavior, interaction with their surrounding
landscape, and cognitive knowledge. The best-preserved tools are
made of stone, although it is probable that they might have also
used other available raw material such as wood or bone, unpre-
served in the archaeological record. The earliest stone tools rec-
ognized, so far, have been dated approximately to 2.5-2.6 Ma at
Gona (Ethiopia) (Semaw et al., 1997) and to 2.0 Ma in Kanjera
(Kenya) (Ferraro et al., 2013; Plummer et al., 1999). This is
known as Oldowan industry or Mode I, since it was at Olduvai
Gorge when it was first studied.

Technologically, the Oldowan industry is simple and addressed
to produce sharp edges. The type of tools includes choppers (one
retouched side), chopping tools (two retouched sides), radial and
polyhedral cores, retouched flakes, and so on. At Olduvai, the
taphonomic examination of fossil bones along the years showed
abundant cut marks and percussion notches, indicating that stone
tools had been used to process carcasses (Blumenschine, 1995;
Bunn, 1981; Dominguez-Rodrigo, 1997; Potts and Shipman,
1981; etc.).

In addition to the abundant presence of Oldowan tools, Oldu-
vai Gorge is the site where the transition from the Oldowan to the
Acheulean (or Mode II) (defined by the appearance of handaxes,
i.e. large pointed stone tools with heavy duty edges, and related to
H. erectus) was first documented, and where the archaeological
evidence of this new Acheulean technology was first described
(EFHR site, Leakey, 1971) (Figure 2).

The oldest Acheulean industry comes from Kokiselei West
Turkana, 1.76 Ma ago (Lepre et al., 2011). This chronology is
nevertheless late, in relation to H. erectus earlier remains
(dated at least 1.8 Ma and possibly 1.9 Ma) (Anton, 2003; Fei-
bel et al., 1989). In view of this later appearance, it is probable
that H. erectus were still using Oldowan technology for thou-
sands of years before the first Acheulean industry appeared
(Spoor et al., 2007).

At Olduvai Gorge, the Acheulean industry is dated to 1.6 Ma
(De la Torre et al., 2012; Leakey, 1971). Conversely, the earliest
remains of H. erectus (OH9) were located in UBII and dated 1.2
Ma (Leakey, 1971; Rightmire, 1979) (Figure 2). Other H. erectus
remains (OH28, 22, 51, and 12) were uncovered in Beds [II/IV
and were dated, approximately 1.1 Ma (Tamrat et al., 1995). More
recently, Dominguez-Rodrigo et al. (2012) uncovered remains of
a 2-year old child (OH81) in UBII. Due to the fragmentary nature
of these remains, they cannot be reliably assigned to a particular
species. However, their association with stone tools, butchered
bones, and their stratigraphic position make the authors conjec-
ture that these remains may well correspond to H. erectus.

In relation to the raw material used to produce the stone tools,
Olduvai hominins were using Precambrian quartzite from Naibor
Soit and Naisiusiu Hill outcrops, as well as different volcanic
material such as Phonolite from the Engelosin volcanic neck,
basalt and trachyandesite from Lemagrut, nephelinite from Sadi-
man volcano, and trachyte (Hay, 1976; Leakey, 1971). All this
material was available at Olduvai Gorge and within walking dis-
tance. The results obtained by Blumenschine et al. (2012a) on the
landscape distribution of Oldowan stone artifact assemblages dur-
ing LMBII on the eastern Olduvai basin indicate a local

exploitation of the raw material, both volcanic and quartzite, by
the populations occupying the area (Blumenschine et al., 2012a).

Hence, Olduvai hominins would have exploited different
types of local raw material to produce stone tools for a variety of
purposes such as the acquisition and processing of meat, accord-
ing to the archeological evidence. The use of the same stone tools
to acquire plant products for various uses is also plausible. These
stone tools would have been used by a same group of hominins in
a variety of ecological settings (Hay, 1976). Questions related to
raw material preference for producing different tools need to be
further developed (Reti, 2009).

Hunting/scavenging and gathering. It is commonly assumed that
H. erectus was more predatory than H. habilis. The new anatomi-
cal traits observed in H. erectus, which included a more human-
like brain and a better adapted body to long-distance running,
have been traditionally associated with a change in diet with the
incorporation of animal products (Shipman and Walker, 1989).
Taking as an example the 2-year old hominin (OH81) from Oldu-
vai, Dominguez-Rodrigo et al. (2012) argue that at 1.5 Ma homi-
nins were already adapted to a diet, which included a regular
consumption of meat.

Regular meat intake implies a change in dietary habits to meet
the needs for proteins and energy intake to manage increasing
metabolic costs (Aiello and Wheeler, 1995). Occasional hunting,
such as chimpanzees do, would not cover these needs, and thus,
meat should be obtained either by an increase in the hunting activ-
ities, or scavenging, or both.

The way these early hominins were acquiring this meat, either
through scavenging or hunting or both, has been the cause of
arduous debates, particularly at Olduvai Gorge along the years of
research.

Multiple localities of the gorge show evidence of in situ butch-
ered mammal remains, ranging in size from hedgehogs to ele-
phants. They are associated with large numbers of stone tools
(Blumenschine and Pobiner, 2006; Dominguez-Rodrigo et al.,
2007, and references therein).

As above-mentioned, Leakey (1971) interpreted FLK Zinj and
other sites such as DK in Bed I as living floors and assumed that
at that time hominins had primary access to meat through hunting.
This interpretation, however, was questioned by Binford (1981),
who reinterpreted these sites as carnivore-made accumulations,
and situated hominins as marginal scavengers. Nowadays, and
despite the introduction of new techniques, such as the analyses
of butchery marks, which include the identification of cut and
percussion marks in bones, this issue has not yet reached consen-
sus, and both scenarios, scavenging and hunting, have been
defended (Blumenschine, 1995; Dominguez-Rodrigo et al., 2007,
and references therein).

The hunting of large mammals as regular practice as well as
active scavenging (through confrontation with other predators)
would strengthen social bonds to facilitate success. In addition,
hunting would also have a direct impact on animal behavior and
its relationship with the ecosystem, situating these hominins in
direct competition with large carnivores while remaining danger-
ous predators as well. Another important change in relation to
other wildlife meat acquisition relates to the use of tools to obtain
the meat, and the possibility of accessing animals that were larger
than hominins themselves. The degree of the dependence on meat
consumption and its availability will relate, thus, to the techno-
logical capacity and will influence the ranging activities.

Besides meat consumption, plants also played an important
role in early hominins diet. However, our knowledge on their
abilities to collect plant foods is still very limited, despite the fact
that plant foods clearly provided a major source of energy (Mil-
ton, 2000), as humans need large amounts of carbohydrates
(Wrangham, 2009). Furthermore, all modern hunting-gathering
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societies consume plants to a certain degree, and in some cases,
this can be as much as 60—70% of their diet (Zihlman and Tanner,
1978). One example is the !Kung from southern Africa whose diet
consists of both animal and plant foods with plants representing
around 67% of the total dietary intake (Milton, 2000). Similarly,
the diet of the Hadza hunter-gatherers of Tanzania comprises over
60% wild plants even though they refer to themselves as hunters
(Milton, 2000).

Plant gathering will depend on the ability to carry bundles of
food, memory to return to the locations where wild staples are
found, special tools for digging when collecting underground
storage organs (USOs), geophytes, and so on (Figure 4a, b). At
the same time, gathering implies a certain social organization
since it presupposes the existence of ‘base camps’ where the col-
lected food is brought and shared. For modern hunter-gatherers,
gathering is critical since hunters often return empty-handed, in
which case the group must rely entirely on gathered foods.
According to Milton (2000), gathering for these societies fre-
quently depends on one or a very small number of dependable
wild staples which provide much of their energy needs. The ques-
tion is, did early hominins have the cognitive capacity for gather-
ing? What breakthroughs in technology or changes in social
context enabled gathering to develop (Wrangham, 2009)?

Other food resources available to early hominins were honey,
anthropods, mollusks, and other invertebrates. Honey is the high-
est-calorie food in nature and does not require cooking (Wrang-
ham et al., 1999). Also, honey is regularly exploited nowadays by
the modern Hadza hunter-gatherer populations from the area (per-
sonal observation). Other sources of food products are anthro-
pods, mollusks, and other invertebrates, which are also of higher
energetic quality than meat (Wrangham et al., 1999). Mollusks,
bird, and fish are usually available in aquatic habitats. For exam-
ple, a study in Kenya has shown that at least some early hominins
included aquatic species in their diet (Braun et al., 2010).

The studies conducted at Olduvai, at FLK N locality where P,
boisei was recovered (Figure 2), indicated that this area was part
of a broad and ecologically diverse and productive land surface,
which was extensively used by hominins mostly on the Peninsula
and Wetland Edge (Blumenschine et al., 2012a). Nevertheless,
this area was also visited by large carnivores and was thus a dan-
gerous place to be used as base camp and for social activities.
Most probably, hominins during UMBI and LMBII would visit
this area at regular intervals in search of fresh water, plants, and
aquatic animals. The sedges would have provided edible root-
stock, and perhaps some of the woody herbs, shrubs, or trees pro-
duced edible fruits or seeds in addition to shade and shelter
(Albert and Bamford, 2012). The diverse, closed woodland indi-
cated by rodents suggests that safer sites for sleeping and fuller
range of activities existed elsewhere, more likely further inland
(Blumenschine et al., 2012a). Other areas such as Long K fault,
where there is a high artifact density, may have provided safer
areas where to carry out different activities such as processing of
carcasses acquired in more open and dangerous locales (Blumen-
schine et al., 2012a).

AtHWK E during LMBII and at HWK W during Bed I (Figure
2), the abundant presence of palms associated with fresh-water
sources would have provided hominins with water, aquatic ani-
mals, and possible fruits from the palms among other plants. One
local modern palm analogue is Phoenix reclinata (wild date palm)
abundant in current savannah environments usually related to
fresh-water areas such as riverbanks or swamps (Figure Sa, b).
Modern hunter-gatherer groups like those occupying the Tana
River district of northeastern Kenya as well as the Tana River
crested mangabey (Cercocebus galeritus galeritus) exploit the
fruits and the seeds of this plant (Kinnaird, 1995). The fruits are
available between April-May and September—October. Hence,
palm fruits might be as well a food source for hominins during the

Figure 4. (a) Picture of Hazda women gathering USO. Image taken
in April 2012 at Lake Eyasi; (b) close-up view and (c) roasting of
USOs before consumption.

rainy season when these fruits are available (Albert and Esteban,
in press). This is especially true for H. habilis populations, whose
isotopic and dental microwear results indicate that they had a
softer diet than H. erectus (Martinez et al., 2006). Other studies
conducted on P. boisei indicate a diet consisting mostly of C,
plants, which included large quantities of low-quality vegetation,
mostly grasses and sedges (Cerling et al., 2011).

Vegetation studies on contemporary levels to H. erectus are
presently being conducted and hopefully will shed light on the
resources available as well as on the activities related to food
acquisition. In any case, we hypothesize that the anatomical mod-
ifications of H. erectus, better adapted to savannah environments,
would have led to a series of changes in behavior and interaction
with the surrounding landscape. These might well include the
acquisition, with the help of tools, of less accessible resources
such as geophites. Dental microwear results of H. erectus teeth
indicate that these homo ate, at least occasionally, more brittle or
tough items than other fossil hominins (Ungar et al., 2006).
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Figure 5. (a, b) Images of Phoenix reclinata palms. Image taken at
Serengeti National Park in July 2012.

To summarize, hominins at Olduvai would have conducted a
local and intensive exploitation of a varied type of resources. The
mosaic landscape within short-distance walking would have pro-
vided them with different resources, such as fresh water, edible
plants (tubers, roots, bulbs, fruits, seeds, etc.), honey, aquatic ani-
mals, and meat. Raw material supplies to produce the stone tools
were also available in the vicinity. Nevertheless, the climatic con-
ditions with distinctive wet and dry seasons (Cerling and Hay,
1986) meant that some of these food resources were not always
available, mainly during the dry season (honey, part of the fauna,
fruits and seeds, etc.), and thus would have forced hominins to
search for alternative resources implying a change in diet and
ranging activities, based on seasonality.

Finally, the area would have also provided P. boisei and H.
habilis with shelter, such as trees, from other predators. H. Erec-
tus, being non-arboreal, would have required alternative sleeping
sites, possibly on the ground, and would have needed fire for pro-
tection (Wrangham, 2009; Wrangham and Carmody, 2010;
Wrangham et al., 1999).

Anthropogenic fire. In 1999, Richard Wrangham and colleagues
formulated the cooking hypothesis, which they have developed
further (Gowlett and Wrangham, 2013; Wrangham, 2009; etc.).
This hypothesis was based on the fact that the anatomy of H. erec-
tus with its small jaws and teeth was poorly adapted for eating
tough raw meat and suggested that they might have developed the

ability to use fire for cooking both meat and plant products
(Gowlett and Wrangham, 2013). Cooked meat provides an ener-
getic benefit over the consumption of raw meat (Boback et al.,
2007), and cooking increases the digestibility of USOs, which are
thought to have been an important part of their diet (Figure 4c).
The possibility that H. erectus had the ability to cook implies a
new capability, which has important and visible effects on the
landscape. We are referring to the ability to make fire.

And this leads us to address the issue of the use and control of
fire, which is one of the most appealing aspects regarding hom-
inin activities and with a greater impact on the environment, as
noted by Foley et al. (2013) and Glickson (2013).

Use of fire is one of the greatest human achievements and was
one of the most important steps in our evolution at a physical,
social, and cognitive level (Perlés, 1977). Early uses of fire may
have included heating, protection from predators, as well as an
offensive weapon to increase the capabilities for hunting bigger
and better preys, illumination expanding the time to work and
carry out social activities as well as to strengthen social bonds,
and cooking (Oakley, 1970).

Evidence for the controlled use of fire by early human popula-
tions has conventionally derived from hearths or constructed
combustion features sensu Roebroeks and Villa (2011). These
features may be split into (1) the container which includes the
hearth, reddened areas, burnt clay, and (2) the contents, namely,
the material used for the fuel (i.e. wood, bones, dung) and other
burnt remains that may include bones, stone tools, shells, seeds,
and tubers.

Some of the best-known claims for fire-use in African open-
air sites come from the Lower Paleolithic sites of Gadeb 8E (Ethi-
opia) (Barbetti, 1986), Koobi Fora FxJj 20 East (Bellomo, 1994;
Rowlett, 2000), and Chesowanja 1/6E (Kenya) (Gowlett et al.,
1981).

However, one of the main problems with identifying con-
structed combustion features in open-air sites is that they are
exposed to external factors such as wind, water, animal activity,
erosion, and so on (e.g. Mallol et al., 2007). Also, diagenesis may
have affected the preservation of the remains. As a result, none of
these carliest examples have been exempt from controversy.
Detractors of early use of fire argue that the presence of burned
archaeological material (bones, stone tools, etc.) or reddened
areas by themselves are not sufficient proof of human control of
fire, and they interpret this evidence as the result of natural wild-
fires or, at the most, representative of opportunistic use of natural
fires (Roebroeks and Villa, 2011).

Undisputed hearths or structured combustion derives mostly
from caves and shelter contexts. One of the earliest examples is
found at Wonderwerk Cave, stratum 10 (South Africa) dated 1.0
Ma (Berna et al., 2012). Nevertheless, regular use of fire is not
recorded until ca. 400-500 ka (Rolland, 2004).

Whereas use of controlled fires or hearths may have low
impact on the landscape, anthropogenic burning may have
affected vegetation patterns, fauna, and climate at least on a
regional scale. For example, Schulz (1993) argued that anthropo-
genic fire, coupled with domestication of livestock, is the main
reason for the expansion of the Sahel and the increase in deserti-
fication rates, which have taken place in the past thousand years.

The use of anthropogenic fire by Native Australian popula-
tions, as ‘environmental tool’, also had important implications for
the landscape (Bowman, 1998). Low intensity fires remove the
woody understory and allow grasses and other herbaceous plants
to flourish, attracting herbivores to the area. Fire also promotes
fire-tolerant plants at the expense of those which are not. The
exact time when these Native Australian populations began to use
fire remains unclear, being the cause of several debates. For
example, Kershaw (1986) suggests that these populations proba-
bly caused the increase of burning observed in Northeast Austra-
lia about 38,000 ka.
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However, anthropogenic fire is difficult to distinguish from
natural wildfires. Bird and Cali (1998) studied the elemental car-
bon abundance from marine sediments on the Sierra Leone rise,
and inferred that fire incidence in the region was low until 400,000
ka. After that time, there is a high increase in fire frequency,
which the authors relate to anthropogenic action since they
occurred during the time global climate was changing from inter-
glacial to glacial. For these authors, anthropogenic fire can be
detected by their limited spatial extent and increased frequency
relative to the immediate vicinity.

At Olduvai Gorge, despite Pante’s observations for Beds I1I
and IV of burned bones (Pante, 2010) (Figure 2), no systematic
studies have been conducted yet on the Acheulean levels to detect
possible anthropogenic burning. From our team, we have under-
taken a new project addressed to answer these questions. Using
different methodological approaches such as Fourier Transformed
Infrared Spectrometry (FTIR), x-ray diffraction (XRD), Total
Organic Compound (TOC), and so on, we expect to find archaeo-
logical evidence of H. erectus fire-use as hypothesized by Wrang-
ham et al. (1999).

Discussion

Human activities have affected landscape, vegetation, and other
wildlife. The beginning of Holocene, with the implementation of
agricultural and herding practices, represents a turning point in
human history. The causes, though, need to be sought back in
time, and related to the learning and accumulation of knowledge
associated with an increasing control on the landscape and the
acquisition of resources.

Early hominin activities were clearly aimed at improving the
acquisition of resources, particularly those related to diet. This
early diet was probably similar to that of modern chimpanzees:
omnivores, including large quantities of fruits, leaves, flowers,
bark, insects, and meat (Andrews and Martin, 1991). However,
the difference relies not so much on the purpose of acquiring these
resources but on the way to acquire them, through a change in
cognitive-behavioral strategies, which allowed the acquisition of
a more varied source of resources and improved their chances for
survival.

At Olduvai Gorge, the very first impact on the landscape as a
result of strictly human actions can only be placed at a local-scale
influence, and affecting mostly the vegetation and fauna living in
the close vicinity areas. The extent of this impact, however, is far
from clear. A priori, the mosaic landscapes within short-distance
walking would have provided hominins with abundant and varied
resources, mostly during the rainy season (palm and other tree
fruits, seeds, meat, honey, etc.) as well as aquatic animals, attested
by the identification of fresh-water sources. Conversely, the dry
season represents a period of food scarcity and would have forced
hominins to modify their collecting strategies and to search for
alternative and less accessible resources (i.e. marrow), and/or to
shift to fallback products (with lower nutritional values) (Alberts
et al., 2005). The choice to exhaust the resources in certain areas
or to move to new ones before that will have to be related to the
size of the population and other social and/or cultural causes. Tool
production, hunting-scavenging/gathering, and fire-making
surely had some impact on the ecosystem, although probably at a
low level and always depending on the intensity of these activi-
ties. The use of mathematical models applied to this area may
help in shedding more light on human impact on the landscape.

With H. erectus, the different exploitation of resources would
have had a higher impact on the ecosystem. The drier climatic
conditions present at Olduvai, with the disappearance of the lake
and the expansion of savannah landscape, would have forced
these non-arboreal populations to increase their group size, in
order to defend themselves from other predators, as observed in

other primates (Hill and Lee, 1998). These larger groups would
increase the need for resources and for a higher exploitation of the
landscape, including the production of stone tools and the incor-
poration of new food products (brittle and/or tougher such as
anthropods or geophites) according to dental microwear results
(Ungar et al., 2006). Probably, the acquisition of food, and of raw
materials to produce tools to acquire food, was still the main
motivation to obtain resources. But it is also possible that raw
material acquisition was related to producing weapons to defend
themselves from other predators or hominins. The abundant
presence of medicinal plants noted in this region may have driven
hominins to use plants for medical purposes in addition to diet
(Medina, 2015).

The impact of fire would be especially high with the use of
anthropogenic burning and its capacity to modify the vegetation.
At Olduvai Gorge, the identification of burned bones might point
to the use of fire during Beds I1I/IV. We hope that the new OLAPP
fire-project may help to shed more light on the initial moments
when hominins began to use fire. Anthropogenic burning may
have had strong implications related to changes in vegetation
toward more fire-tolerant plants, and generating more open land-
scapes and grasslands. In relation to fauna, fire may have played
an important role in the extinction and/or migration of some spe-
cies because of the transformations in habitat conditions (Roberts
et al., 2001). The degree of impact would not yet be significant
but would point at early humans as precursors of the actions that
would change the earth in the times-to-come.

Certainly, more environmental archaeology and environmen-
tal anthropology need to be carried out in order to improve our
knowledge on this aspect. Human impact on earth is unavoidable,
and thus, solutions need to be sought from our past experience on
environmental knowledge.

Early hominin activities during the time P. boisei, H. habilis,
and H. erectus were visiting Olduvai were already markedly dis-
tinctive from those of other wildlife. These new activities would
have had a varying impact on the surrounding landscape depend-
ing on the type and intensity in which they were carried out.

In order to better comprehend those initial moments when hom-
inins began the long-learning process to Holocene, we firmly
believe that the term Anthropocene should be extended back in
time to include these early cognitive-behavioral strategies and their
impact on the landscape. Thus, the term paleoanthropocene or early
Anthropocene, as suggested by Foley et al. (2013) and Glickson
(2013), respectively, may well be applied to this early period.
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