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Since Darwin, studies of human evolution have tended to give primacy to
open ‘savannah’ environments as the ecological cradle of our lineage, with
dense tropical forests cast as hostile, unfavourable frontiers. These percep-
tions continue to shape both the geographical context of fieldwork as well
as dominant narratives concerning hominin evolution. This paradigm per-
sists despite new, ground-breaking research highlighting the role of
tropical forests in the human story. For example, novel research in Africa’s
rainforests has uncovered archaeological sites dating back into the Pleisto-
cene; genetic studies have revealed very deep human roots in Central and
West Africa and in the tropics of Asia and the Pacific; an unprecedented
number of coexistent hominin species have now been documented,
including Homo erectus, the ‘Hobbit’ (Homo floresiensis), Homo luzonensis,
Denisovans, and Homo sapiens. Some of the earliest members of our own
species to reach South Asia, Southeast Asia, Oceania and the tropical Amer-
icas have shown an unexpected rapidity in their adaptation to even some of
the more ‘extreme’ tropical settings. This includes the early human manipu-
lation of species and even habitats. This volume builds on these currently
disparate threads and, for the first time, draws together a group of interdis-
ciplinary, agenda-setting papers that firmly places a broader spectrum of
tropical environments at the heart of the deep human past.

This article is part of the theme issue ‘Tropical forests in the deep
human past’.
1. The tropics: a frontier for the deep human past
The perception that open grasslands and savannahs were the ecological ‘cradle’
of humans and their ancestors has shaped both the geographical context of
fieldwork as well as dominant narratives concerning early hominin evolution,
dispersal and cultural development [1,2]. By contrast, tropical forests, where
fossil preservation tends to be poorer (e.g. [3,4]), have been presented as rela-
tively pristine environments left free from human influence—habitats deemed
too hostile for humans throughout much of prehistory (e.g. [5], see also [6]
for overview). Indeed, they have often been framed as the primaeval environ-
ments we ‘escaped’ from in Africa, leaving behind the lineages of our close
Great Ape relatives [2,7]. These attitudes have profoundly impacted narratives
of human evolution in Africa and Out of Africa by introducing enormous
biases in the construction of global human prehistory and palaeoenvironments.
Such biases have meant that the palaeoanthropological record is fundamentally
the human history of a narrow set of habitats, notably along coastlines and in

http://crossmark.crossref.org/dialog/?doi=10.1098/rstb.2020.0500&domain=pdf&date_stamp=2022-03-07
mailto:scerri@shh.mpg.de
http://orcid.org/
http://orcid.org/0000-0002-7468-9977
http://orcid.org/0000-0002-4403-7548
http://orcid.org/0000-0002-4333-1972
http://orcid.org/0000-0002-3503-4783
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/


tropical forest regions

14 ka 25–14 ka

50 ka

73–45 ka

45 ka

45 ka

50–45 ka

200–60 ka

Figure 1. Map of Late Pleistocene human dispersals showing the dates of earliest suggested arrival in the tropical forests of different regions. Green shading shows
an artistic approximation of the current tropical forest distribution based on MODIS (moderate resolution imaging spectroradiometer) Land Cover MCD12Q1 majority
landcover type 1, class 2 for 2012. Downloaded from the US Geological Survey Earth Resources Observation System (EROS) Data Center (EDC). See Roberts and
Petraglia [11].
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open grassland settings, driving a circular argument that
such places are the only areas worth investigating—at the
expense of others. These settings and habitats have even
been elevated to the status of adaptive cruxes, with ‘savannah
corridors’ [8] or coastal ‘highways’ and refugia [9,10] being
seen as critical to the cultural efflorescence and dispersal of
our species.

As Homo species spread from Africa, they encountered
and engaged with tropical forest biomes across South and
Southeast Asia, the Pacific and ultimately, in the case of our
own species, the tropical Americas (figure 1). Despite popu-
lar perception of vast homogeneous green canopies, the
tropical forests of these regions comprise an incredibly
diverse set of ecosystems. Although wet, lowland evergreen
rainforests are often seen as the classic manifestation of this
habitat, ecologists have long noted the huge variety of tropi-
cal forests that exist on the planet [12–14]. Semi-evergreen
forests with a short annual dry season, montane and sub-
alpine forests, closed-canopy dry forests and swamp forests
all have different characteristics, structures and species
compositions that present a series of challenges and opportu-
nities for hominin populations [15]. In many contexts,
tropical forests form mosaic landscapes with open ecosys-
tems such as lowland savannahs or montane grasslands.
Furthermore, despite assumptions that tropical forests have
been relatively unchanged, there is ample evidence that
past fluctuations in precipitation, temperature and CO2

concentration have impacted forest form and extent in differ-
ent parts of the tropics throughout the Miocene, Pliocene,
Pleistocene and Holocene [16–18]. As we will also see in
this volume, the arrival of hominins, particularly Homo
sapiens, into these forests may also have introduced further
changes to fire dynamics [19–21], species composition [22]
and structure [21]. Thus, while tropical forests can be defined
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as sitting between the latitudes of 23.5° N (the Tropic of
Cancer) and 23.5° S (the Tropic of Capricorn), covering the
tropics of Central and South America, western and central
Africa, western India, Southeast Asia and Oceania, they are
far from being homogeneous and, in the case of Australia
and China [13], local edaphic and hydrological regimes have
led to similar biomes straying beyond the astronomically
defined tropics, as they have also done in the past [16]. Some
authors refer here to megathermal forests, defined as forest
biomeswhere the risk of frost damage is non-existent, enabling
a proliferation of species diversity [16]. In warm periods of
Earth history, such as the Eocene, such megathermal forests
(functionally tropical forests) have extended to the latitudes
of Canada and northern Europe.

Far from being uninhabited by hominins, African tropical
forest habitats seem to have been integral to our hominin
ancestors [23], and Homo erectus notably reached Southeast
Asia 1.2 million years ago (Ma), at a time when it has
been argued that tropical forest was widespread ([24,25]—
although see [26]). These environments likely formed at
least part of the backdrop of local trajectories of evolution,
as manifested in species such as Homo floresiensis and Homo
luzonensis [27–29]. However, in the history of our genus, it
was Homo sapiens that went on to most intensively inhabit
and exploit tropical forests [6,15]. For many years, this was
thought to have been a relatively recent chapter in the
human story. Tropical forests were simply considered too
hostile. In this view, the dense vegetation, cryptic fauna and
sparsely distributed carbohydrates and fats in rainforests
made these ecosystems too resource-poor for humans with-
out recourse to sophisticated technologies, external support
and exchange systems ([30,31]; see [32]). These views have
markedly shaped palaeoanthropological research, particu-
larly in Africa, by focusing fieldwork away from vast
swathes of dense forest. Indeed, both ecologically and
archaeologically, Africa’s tropical forests remain the least
well-investigated tropical forests in the world. Although
anthropologists, human ecologists and archaeologists have
repeatedly reiterated that hunter–gatherers can, and do,
permanently live in tropical forests, including rainforests
(e.g. discussions in [11,33]), they continue to be frequently
neglected in deep time archaeological and palaeoanthropological
discussions in Africa.

Instead, it is recent research in Asia that has transformed
this field of research by firmly pushing back human exploita-
tion and occupation of tropical forests well into the
Pleistocene. Research on the island of Sumatra has found evi-
dence for the presence of humans in rainforests dating to
73 thousand years ago (ka) [34]. In Borneo, a suite of beha-
viours including the processing of toxic plants, possible
alteration of forest edges, and the hunting of forest arboreal
fauna has been dated to around 45 ka [35,36]. Seemingly con-
temporaneously in Sri Lanka, specialist tropical forest
adaptations at approximately 45 ka include the hunting of
monkeys [37–39], with isotope geochemistry demonstrating
a year-round dietary reliance rather than use as seasonal
camps [38,40]. These discoveries confirm that intensive exploi-
tation of forest resources has significant antiquity in the human
past. Not only that, but they seem to confirm a new, unique
ecological adaptability for H. sapiens which repeatedly made
specialist niche expansions across a broad ecological spectrum
well before the beginning of agriculture [41]. Similarly, in
South America, humans seem to have occupied tropical
lowland and montane forest environments soon after their
arrival on the continent (12–14 ka). This appears to have
initially taken place along river banks and drier fringes of
the lowland and montane forest zone. However, within a
few millennia, human occupation pushed deeper into the
Amazon forest, primarily along river networks, although
archaeological evidence may be biased to such accessible
sites [19,20]. Human occupation modes ranged from hunting
and gathering to agricultural systems which were based
either on locally originated domestications such as manioc
and squashes, or imported from Mesoamerica, such as maize.

Despite this growing body of research, however, many
major questions remain concerning the deep human past in
the global tropics: when did hominins first colonize different
tropical forest environments and how did this impact evol-
utionary trajectories? How did diverse tropical environments
drive ancient population structure and the emergence of our
species? And finally, when did humans begin to significantly
impact and alter tropical forests, and how? This volume
draws together a set of state-of-the-art papers investigating
these questions from around the global tropics. Starting in
Africa, the birthplace of our species, they show that these
ecosystems have shaped and been shaped by human
agency for millennia. The contributions to this volume
also highlight the ways in which diverse, and often novel,
methodological applications, from geoarchaeology to isotope
analysis, from new chronometric programmes to palaeoecol-
ogy, are coming together to provide a richer picture of tropical
human history.
2. African tropical forests
The tropical forests of Africa were the first to be encountered
by H. sapiens and its hominin ancestors. Africa’s forests have
particular structural and floral characteristics including an
unusually high biomass of animals, which could potentially
act as a food resource for humans. Many areas of Africa’s
humid forests, for example, are sustained by relatively low
rainfall that sits at the edge of rainforest viability, which
means that even small changes in precipitation can drive dra-
matic forest fragmentation [17]. Throughout the Pleistocene
and Holocene, it appears that many African forests have
gone through periods of expansion and contraction as
climatic conditions fluctuated, and often a mosaic environ-
ment of mixed forests and grasslands was the norm over
much of the African tropical forest biome; over the prevailing
glacial conditions of the Pleistocene, low humidity and
carbon dioxide conditions mean that the overall extent of
African forests was generally less than in the present. Tree
species diversity in Africa is also lower than in Amazonia
and Southeast Asian forests, but taller and larger trees
mean that Africa’s forests store more carbon than for
example, Amazonian forests [42]. These tropical forests also
often interdigitate with open grassland regions in a mosaic
or patchwork that breaks down a simple dichotomy between
open grassland and closed-canopy forest [43]. Such mosaic
landscapes may have prevailed over much of the present
forest zone throughout the Pleistocene and provided
unique, and critical, opportunities for hominins.

The limited current evidence suggests that humans and
their ancestors may have been taking advantage of ecotonal
regions for a long time. A hominin tooth from Central
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Africa indicates that at least some early populations were
living in mixed environments at the edges of forests around
2.5 Ma [44]. Later on in time, following the emergence of
our species, the site of Panga ya Saidi in Kenya shows that
humans were exploiting mixed tropical forest/grassland
environments ca 78 ka, while producing symbolic materials
and a variety of technological toolkits [45,46]. If Africa’s
internal regions hosted the bulk of human populations in
the Pleistocene, environments that required humans to flex-
ibly shift between diverse ecotones may have formed the
cradle for our species’ ecological modernity. In this emerging
view, the reliance on different resources may have been the
driver that set populations apart, rather than the environ-
ments themselves (e.g. [47]). These processes may sit at the
root of our species, which is now thought to have evolved
in subdivided populations across much of the continent
[48]. When did this, and a hominin focus on tropical forest
occupation, begin?

Braucher et al. [49] suggest a longer history than pre-
viously supposed. They report the oldest evidence of a
hominin presence in the Congo Basin, with a minimum age
of between 850 and 650 ka. Discovered in 1987, Elarmékora
is a high terrace sitting above the Ogooué River within the
Lopé National Park in Gabon. The authors present the first
absolute dates for the small lithic assemblage found there,
including mainly cobble artefacts embedded within alluvial
material. Cosmogenic nuclide assessments suggest a minimum
age of between 730 and 620 ka for the undiagnostic Earlier
Stone Age assemblage. This age is among the oldest docu-
menting a hominin presence in western Central Africa and
confirms the long legacy of hominins in this region. These
results indicate that the long-held assumption that a hominin
presence in tropical forests only emerged following the arrival
of agriculture should be rejected, and reorients geographical
assessments of human dispersals in and beyond Africa.

This tantalizing picture of a long-term hominin presence
in the tropical forest regions of Africa sits within a backdrop
of 1 million years of dynamic climatic and environmental
change. Here, Gosling and colleagues [50] synthesize infor-
mation on Pleistocene and Holocene vegetation changes
from long-term terrestrial and marine records, showing how
the locations of vegetative resources for hominins shifted geo-
graphically over time (see also [51]). Of particular interest is the
fact that the hominin presence in the Congo Basin described by
Braucher et al. [49], coincides with generally humid conditions
and therefore likely a period of forest expansion, rather than
fragmentation. Furthermore, a profound shift in the hydro-cli-
mate in the last 1 Myr in Africa, leading to eastern and western
parts of the forest zones being alternately wetter and drier,
occurs at a timewhen the first fossil appearances of our species
have been suggested elsewhere in Africa (e.g. [52]). For later
time periods associated with H. sapiens, vegetative changes
were clearly asynchronous in different regions, likely produ-
cing the conditions for mixed resource acquisition in many
regions and necessitating adaptability.

Taylor [53] specifically pursues the question of mixed
resource acquisition through Pleistocene material culture
from the Middle Stone Age (MSA), the first and longest-
lasting technological repertoire associated with our species.
Specifically, he looks at the Lupemban, a stone tool (lithic)
technocomplex that has long been associated with Africa’s
equatorial forests at the site of Kalambo Falls in Zambia.
Here, the Lupemban has been best dated to between 270
and 170 ka. Today, Kalambo Falls is dominated by Miombo
woodland, and Twin Rivers, another key Lupemban site,
by open woodland-bushland. While both sites are just
beyond current areas of forest, they may have been within
forest zones in the past. Given the frequent interdigitation
of open and closed environments in Africa’s forests, Taylor
argues that H. sapiensmay have been adopting a flexible strat-
egy within ecotonal areas that may indicate a partial reliance
on forest resources. Taylor concludes that the lanceolate
points of the Lupemban may have presented an adaptation
to a vegetation mosaic that underscores a potentially
unique human niche.

These results complement the work from Blinkhorn et al.
[54] on the availability of refugia in tropical Africa. Refugia
are places that remained stable and habitable through various
cycles of climate change (see [55]). As the only continent
where H. sapiens have clearly persisted through multiple
glacial-interglacial cycles, Africa is a key area where classic
refugia models can be formulated and tested. Blinkhorn
et al. [54] apply climatic thresholds on human habitation,
rooted in ethnographic studies, in combination with high-
resolution model datasets for precipitation and biome
distributions to identify persistent refugia spanning the Late
Pleistocene (130–10 ka). Remarkably, Blinkhorn and collea-
gues find that refugia were unlikely to be rare phenomena
during the Late Pleistocene, even using conservative esti-
mates. One region that emerges as among the most stable is
the modern-day Sene-Gambia region, where MSA assem-
blages have been remarkably persistent [47,56]. Blinkhorn
and colleagues also highlight the broad distributions of
stable ecotonal areas, which may have been critical for
long-term human habitation [45,51,57].

Moving on in time, Orijemie [58] synthesizes past climatic
variability in the forest of West-Central Africa during the Late
Pleistocene–Holocene period to understand the interaction of
climate on the development and stability of human commu-
nities in the region over time. Combining palaeoclimate
and vegetation histories, Orijemie highlights the significance
of climate variability on the development and survival of
early hominin ancestors and humans in the forest regions
of West-Central Africa. In response to major climatic fluctu-
ations, West-Central African savannahs expanded at the
expense of forests, but did not transit into strictly ‘forest’ or
‘savannah’ blocks. Rather, the forests had a variety of
vegetation types and biodiversity ecotones, even during
periods of environmental stress. These data suggest hetero-
geneous and resilient forest ecosystems. Human behaviours
exhibited in the form of technological modifications and
changes in subsistence strategies, varied independently of cli-
mate and vegetation changes, suggesting climate was not the
prevailing driver of human behaviour or community stability.

This brings us to the present day, and Boyette and col-
leagues synthesize genetic, paleoclimatological, and historical
linguistic data on the peopling of the Congo Basin and use
this to build on their ethnographic work in the northern
Republic of Congo with BaYaka foragers living along the
Motaba river. They argue that the cultivation of ‘relational
wealth’, that is, the forming of strong social ties to enable
exchanges of resources and mutual assistance, is key to
living in tropical forest environments. This currently includes
the cultivation of such wealth among different forest forager
groups as well as trading relationships with farmers. Here,
Boyette and colleagues argue that it is a mistake to cast this
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trading as a dependence of foragers on farmers. The BaYaka
are seasonally mobile with their own forest gardens, created
using knowledge learned from farmers, as well as the creation
of spaces for the growth of wild foods such as Dioscorea yams.
They are also highly seasonally mobile, with some 82 km
being the largest distance between where a parent was born
and where their adult child now lives. Indeed, Boyette and
colleagues argue that mobility is central to the flow of knowl-
edge throughout the Congo Basin, including subsistence
innovations and forest spirit dances. This complements the
work of the previous papers that indicate that a high degree
of mobility was always required to successfully live in this
region. At the same time, Boyette and colleagues review
the genetic studies that indicate that western and eastern
branches of the forager populations split between 30 and
20 ka, probably following forest fragmentation well before
the beginning of agriculture. This implies that significant
breaks between different ecosystems may have been major
boundaries in the past to populations either adapted to
mixed resources or specific habitats.
77:20200500
3. Southeast Asian and pacific forests
Since no continuous tropical forest belt exists between the
African and southern and eastern Asian forests (figure 1),
moving into other parts of the tropics must have involved
repeated adaptation to varied tropical forest ecosystems. In
fact, human groups expanding beyond Africa would have
encountered significantly drier landscapes that spread into
the Thar Desert of India before re-entering tropical zones
again [59–61]. Once encountered, the Asian tropical forests
presented a completely different set of floral and faunal
characteristics compared to those in Africa. In contrast with
Africa, Asian tropical forest extent was probably greater
throughout the prevailing glacial conditions of the Pleisto-
cene, as low sea levels greatly increased land area and
connectivity in Sundaland and Sahul, while the generally
maritime climate maintained high rainfall [62]. Moving into
the tropical forests of Wallacea and the Pacific, humans
would also have to contend with unique insular tropical
ecosystems and the necessity of seafaring (see [63]).

It is in Asian tropical forests that archaeological and
palaeoanthropological evidence began to highlight the criti-
cal role of tropical forests in early human adaptations and
dispersals. Be it in Sumatra 73 ka [34], Borneo 50–45 ka
[35,36], Sri Lanka 45 ka [37,39,64] and perhaps also southern
China as early as 100 ka [65], human populations appear to
have repeatedly adapted to tropical forest environments
rapidly following their arrival in different parts of tropical
Asia. These adaptations do not correspond to a constant
wave, with uniform technologies, but rather highlight
repeated, variable responses to different forest settings. For
example, findings of the bow and arrow and clothing manu-
facture in Sri Lanka 45 ka [66] provide a very different context
for this innovation than assumptions of its association with
drying grasslands or European tundra conditions. Similarly,
although the ‘Hoabhinian’ core and flake technologies
found across much of Southeast Asia during the Late Pleisto-
cene had been previously considered ‘simple’, more recent
work and experimental analyses have highlighted the poten-
tial flexibility of these stone tools and their likely association
with the manufacture of organic artefacts [67].
Understanding the exact context of human arrival in
Southeast Asia has been plagued by issues of site and
artefact preservation, correlation between hominin and
palaeontological records, as well as issues with chronology
construction. In this volume, Louys et al. [68] re-examine the
fossil deposits of Lida Ajer in Sumatra which documents
some of the earliest evidence for the presence of modern
humans in tropical forests. Two human teeth from this cave
were estimated to be 73–63 kyr old, which is significantly
older than estimates of modern human migration out of
Africa based on genetic data. The authors provide a new
assessment of the available ages and stratigraphic information
from the site, confirming its antiquity. The deposits were
previously interpreted as rainforest based largely on the pres-
ence of abundant orangutan fossils, although their exact
ecological preferences remained debatable. The use of stable
carbon and oxygen stable isotope analyses of mammalian
fossil tooth enamel further demonstrates that early humans
likely occupied the site during marine isotope stage 4 (MIS 4;
ca 74–60 ka) dominated by a closed-canopy forest very similar
to those present in the region today, although the fossil orangu-
tans appear to have occupied a slightly different niche in the
rainforest than their modern counterparts.

Similarly, McAdams et al. [69] undertake geoarchaeological
analysis of two archaeological cave sites in Vietnam. By MIS 3,
it is clear that our species had dispersed throughout much of
Southeast Asia, including the diverse forest systems of
upland Vietnam. Here, wetter, sheltered conditions resulted
in forest refugia that were attractive to early human popu-
lations, with the collection of diverse resources, such as land
snails, providing resilience subsistence strategies. Nevertheless,
the middens which record such evidence, and the caves in
which they are formed, are subject to a series of unique diage-
netic and site formation processes that need to be better
understood to understand the nature and tempo of human
adaptations and settlement patterns. McAdams and colleagues
show how thin-section micromorphology is providing more
refined insights into depositional and post-depositional sites
across tropical zones, providing a basis for wider analysis of
our species’ interaction with tropical forests around the world.

Finally, moving out into the Pacific realm, Roberts et al. [63]
present new radiocarbon and stable isotope data from the ear-
liest human remains so far excavated in tropical island settings
in Near and Remote Oceania. This is a key region for exploring
early maritime crossings, human adaptations to insular and
coastal environments, and the possibility of interactions
between different hominin species. Roberts et al. [63] show
that there is currently a significant gap between the earliest
occupation of the portion of Near Oceania beyond the conti-
nent of Sahul approximately 45 ka and the oldest human
remains from the region approximately 11.8 ka. However, the
authors demonstrate that Late Pleistocene–Holocene humans
living on islands in the Bismarck Archipelago and Vanuatu
had a persistent reliance on tropical forest plants and animals.
These habitats, rather than solely coastal settings and arriving
domesticates, provided critical settings for human adaptation
and landscape manipulation.
4. Neotropical forests
Current archaeological and genomic data suggest that the
Americas were colonized sometime between approximately
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25 and 15 ka by modern humans likely following the
Pacific Rim corridor from northeast Asia into the New
World, reaching southern Chile by ca 14.3 ka [70–72]. Early
human populations in the Americas have traditionally
been portrayed as mobile hunter–gatherers who exploited
coastal resources and large savannah game, while avoiding
forest habitats as a result of the absence of large mammals
and the difficulties of mobility in dense forest vegetation
[73–75]. Contrary to this classic paradigm, mounting evi-
dence suggests early colonists were actively exploiting
and managing trees of economic importance and quite
quickly began practicing early cultivation of annual crops
[76–83]. These data have important implications for
understanding plant domestication, the long-term legacy
of human–plant interactions and the potential role of
humans in the current hyperdominance of useful plants in
Amazonia [22,84,85].

In this volume, Bush et al. [19] and Nascimento et al. [20]
synthesize paleoecological data to paint detailed pictures of
the timing and ecological impacts of early human arrival in
the tropical Andes and Amazon lowlands, respectively. In
the Andes, the earliest evidence of human occupation
occurs around 14–12 ka, coinciding with a time of rapid cli-
mate change as species were migrating upslope in response
to deglacial warming. The retreat of the glaciers opened up
the relatively flat and dry areas of the upper montane
Andes (3000–4000 m elevation), and this region seems to
have been among the most amenable American tropical
regions for first human settlement (see also [86]). By 12 ka
most areas now characterized as high elevation Andean
grasslands ( puna and paramo) were being burned and
modified. Bush and colleagues suggest these extensive grass-
lands should be regarded as long-term anthropogenic
Holocene landscapes, and likewise the sharp treeline between
the forests of the Andean flank and the grasslands should
be regarded as anthropogenic rather than climate-defined.
These dense forests of the montane flank were probably
less settled than the flatter and drier upland regions for
both topographic and climate reasons, though by the mid-
Holocene accessible regions of the montane forest zone
were substantially modified and settled [19].

In the extensive Amazon lowlands, the first evidence of
human occupation appears around 12 ka, located mainly
along the Amazon river and the dry forest-savannah
mosaic of the Amazon forest periphery. The more forested
areas of southern Amazonia show signs of occupation from
6 ka, with substantial increase in range and density since
4 ka. By the time of European arrival, human occupation
had spread across much of the Amazon biome, particularly
along its river networks. The earliest human settlers of the
Americas encountered continents rich in exotic and now-
extinct megafauna, and this is likely true of the tropical
Americas as much as for high latitudes. Overall, 34 out of
47 megafaunal species became extinct in South America
[87,88]. These megafauna were undoubtedly in the savannah,
Andean grassland and savannah-forest transition zones, but
the direct evidence of megafaunal occupation of the dense
forest zone (as occurs, for example, in African tropical forests)
is limited and hampered by poor preservation. The direct
cause of the extinction seems to be a confluence of rapid cli-
mate change putting wildlife populations under stress,
coupled with human pressures through hunting and habitat
modification adding additional pressure and preventing the
recovery from refugia that occurred after previous periods
of environmental variability.

By examining paleoecological evidence from lakes across
the Andes, Bush et al. [19] describe the timing of this tran-
sition, with widespread demise of megafauna around
12.5 ka, soon after an increase of fire. They propose the mega-
fauna were stressed by the rapid warming and wet conditions
of the deglaciation and population recovery was prevented
by hunters who transformed the high Andean landscape
through burning. Iriarte et al. [89] present a compelling pic-
ture of this first encounter between Neotropical humans
and megafauna, making a detailed case based on rock art
found at Serranía de la Lindosa, Colombia, on the present-
day ecotone between the northwestern Amazon forest and
the Orinoco savannahs. They suggest that this art dates
from the Late Pleistocene (around 12.6 ka) and among many
other things depicts lost megafauna such as giant sloth (prob-
ably Eremotherium), a camelid (possibly Paleollama) and a
three-toed ungulate (probably Xenorhinotherium).

Human impacts on Neotropical forests also involved
interaction with plant communities [90], and the region is
home to the smallest temporal gap between human arrival
and cultivation practices in the tropics. An independent
Amazonian origin of agriculture has been a particularly sig-
nificant discovery in recent years, with manioc (Manihot)
and squash (Cucurbita) cultivation appearing on artificial
forest islands in the seasonally flooded savannahs of
Beni, Bolivia as early as 10.4 ka [78]. Cultivation dating to
9 ka also appears in the forest zone north of the savannahs
[91], and there are signs of cultivation near campsites in
northwest Amazonia [80]. In regions away from plant culti-
vation, early- to mid-Holocene foragers consumed palms,
tree fruits and nuts [20]; many of these species are now hyper-
dominant in Amazonia and it has been suggested that the
elevated abundance of these species across Amazonia may
reflect selection and stewardship by indigenous populations
over millennia [84].

The extent to which Amazonia is a cultural landscape
with a significant long-term human footprint is still disputed,
however [19]. Nascimento et al. [20] present an extensive
paleoecological synthesis of the ecological effects of early
human occupation of Amazonia. Significant vegetation
changes are often argued to be found only centuries to mil-
lennia after the first signs of human settlement in forests,
suggesting that the earliest occupants exerted only a gradual
change on the forest. The dry forest-savannah zone seems to
have been particularly favoured; as in Africa, this mosaic
landscape provides a wide range of resources, and also the
possibility of working with and enhancing natural fire
regimes to aid vegetation clearance and ecosystem transform-
ation. Maezumi et al. [21] examine the role of land
use, cultural burning and soil enrichment in shaping the
composition and structure of the Amazon forest ecotone.
They integrate 6000 years of archaeological and palaeo-
ecological data from Laguna Versalles, Bolivia which was
dominated by stable forest vegetation throughout the last
10 000 years. These data document the management of
forest composition and structure, cultural burning, cultiva-
tion of edible plants and the formation of anthropogenic
Amazonian Dark (ADE) soils. Frequent cultural burning
altered ADE forest composition and structure by controlling
ignitions, decreasing fuel loads and increasing the abundance
of fire-adapted plants.



theory:

moving away from ‘savannah domunace’

recognition of the heterogeneity of tropical forest environments

recognition of dynamism of forest cover throughout the Pleistocene

adopting a dynamic mosaic framework for understanding savannah/forest interdigitation

revisiting material culture expectations

overcoming
bias:

geographic bias within
tropical forests, e.g. edges
and periphery sampled more
than deep forest; central
Africa and West Africa almost
unknown

key questions:

what is the time depth of human engagement with tropical forests?

how has the deep human past in tropical forests affected modern forest function?

how have the diverse forests shaped adaptations, from foraging to agriculture?

what was the speed of trasition from dry/open to tropical forest environments?

how many times did humans adapt to tropical forests?

archaeology

fire history

environmental proxies

stable isotopes

soil composition

dendrochronology

biomarkers

modern vegetation
distribution and ecology

methods:

Figure 2. The relationship between theory and research goals for understanding the role of tropical forests in the deep human past. (Online version in colour.)
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With the expanding and varied record of human history
in Neotropical forests now established, it remains to explore
how human occupation of the varied habitats available,
from seasonally dry forests to lowland rainforests, impacted
patterns of human settlement, adaptation and culture. In
this volume, Sales and colleagues use a statistical approach
to explore the spatial distribution of Indigenous populations
across the tropical Andes prior to European arrival. They note
how variability in elevation, cloud frequency, river proximity
and seasonal aridity may have significantly shaped human



(a) (b) (c) (d)

Figure 3. Conceptual figure of land use in: (a) hominins using the forest edge, (b) early humans exploiting forest resources, (c) specialized adaptations in the forests
of Sri Lanka/South Asia and (d ) polyculture agroforestry in Amazonia. (Online version in colour.)
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occupancy. Sales and colleagues present an estimate of the
portion of this area occupied by pre-Columbian populations
and note how a number of forest ecosystems still document
anthropogenic influence centuries later. Further detailed
investigations of the tropical forests of the Andes, and else-
where in tropical North, Central and South America should
enable a more detailed understanding as to the tempo and
nature of repeated human adaptations to the tropical forests
of this region through the Pleistocene and Holocene.
00500
5. Synthesis
Tropical forests clearly represent a key human habitat that
can no longer be ignored in the context of deep human his-
tory. In particular, the wealth of data, methods and insights
emerging from tropical forests in Asia and South America
is driving a tropical research agenda that has so far lagged
somewhat behind in Africa, the evolutionary home of our
species. What can be said so far, and what are the major
future research questions and approaches (figure 2)?

Perhaps the most obvious outcome of increasing archaeologi-
cal research in tropical forests is that we can no longer afford to
think about them as peripheral areas to the main stage of human
evolution and the early human past. Despite the persistence of
various hypotheses tied to savannahs, grasslands and coasts
across both the Old and the NewWorld, humans are fundamen-
tally plastic in their behaviour [92]. This plasticity is seen among
earlierHomo species, as well as our own. As an extreme example,
it is remarkable how humans adapted from being Arctic hunter–
gatherers to Amazonian cultivators within a few millennia. It
therefore seems unlikely that humans ever restricted themselves
to any single narrow set of resources [41]. Indeed, it seems unli-
kely that the pan-African distribution of the MSA—the earliest
and longest-lasting cultural phase associated with our
species—was only ever present in grasslands and savannahs.
Building on this, researchers must begin to abandon simple
dichotomies between ‘rainforest’ and ‘savannah’ as mutually
exclusive areas of human habitation.

Along a spectrum of adaptation, it may well be that
various human groups found specialist solutions to their par-
ticular habitat of choice; however, in many cases
specialization is likely found in the ability to remain flexible
and exploit a range of habitats and their resources [41].
Indeed, it is the clear, repeated ability of our species to
adapt in different ways to these habitats, among others,
that might be what sets us apart from our closest relatives.
As we have seen, for example in Africa, tropical forests are
not themselves homogeneous blocks. Instead, forests for
example, can interdigitate with clearings, drier forest types,
palm swamps, gallery forests, grassy floodplains and savan-
nahs that invite such flexible exploitation. To investigate this
further, it seems clear that vast swathes of tropical forests
remain to be investigated. Despite the emerging work in
Southeast Asia and Amazonia, substantial areas remain
near completely unexplored, particularly in Africa, for what
they can say about the deep human past. What expectations
should we have, and what methods should we be using?

The papers of this volume also highlight that many of the
most recent advances in our understanding of early human
encounters with tropical forests have involved the application
of varied methodologies that cut across the social and natural
sciences. Resolving the role of tropical forests in the deep
human past is clearly a truly interdisciplinary endeavour,
often involving ‘an archaeology of the invisible’. For example,
traces of human activities may be found in the current distri-
butions and community composition of wild plants and trees
(such as palm nuts in the Congo Basin and brazil nuts in the
Amazon Basin), in patterns of charcoal accumulation [93] and
in alterations of soil composition in palaeoenvironmental
cores and archaeological sites [83], and faunal communities
[39] (figure 2). The study of the growth rings of living trees
(dendrochronology) has even been shown to track human
management of forests in more recent periods [94]. In
warm and wet ecosystems where organic preservation is
low and sites difficult to find and locate, the traces of
human impact on the environment may sometimes be the
only evidence of past occupation. Stable isotope analysis
of human tooth enamel has also emerged as a means of
assessing overall dietary reliance in the face of incomplete
plant and animal assemblages [38,40,63]. Such sensitive
approaches must be combined with traditional archaeological
investigations in order to fully appreciate the context of past
human engagement with tropical forests.

When it comes to the archaeology of Pleistocene tropical
forests, we should not necessarily always expect radically
transformed stone tool types, but also more generalist and
flexible tools capable of dealing with a dynamic contextual
environment (figure 3). In Africa, regionalization of the
MSA may shed more light on the degree of isolation between
groups rather than purely environmental determinants, and
clearly a range of MSA tools can be used in a wide variety
of contexts. Ubiquitous, generic elements of MSA toolkits
are also found across Africa for over 300 thousand years,
suggesting they met flexible and dynamic needs in a variety
of environments. Indeed, examples from the rainforests of
Southeast Asia suggest that specialist adaptations can be
found beyond simply lithics, in the form of the development
of organic tools involving bamboo and other materials, in the
type of prey targeted, in possible trapping techniques that



Box 1. Big Questions.

1. What is the time depth of human and even hominin engagement
with tropical forests?

2. How many times did humans adapt to tropical forests?

3. How do repeated adaptations to tropical forests compare across
the global tropical belt, and are they underpinned by any
commonalities specific to these environments?

4. What was the speed of transition from dry/open to tropical forest
environments, and how did forest-savannah transition zones act
as entry points?

5. How can we characterize the dynamism of tropical forest climate
and distribution throughout the Pleistocene, and which were the
mosaics favoured by early humans?

6. Were dense tropical forests largely barriers or corridors?

7. How does the varying ecological biogeography of tropical forests
affect how they have been used and stewarded by humans in the
past?

8. Do mosaic forest environments generate new resources greater
than the sum of forest and savannahs alone (e.g. edge
specialist species)?

9. How have the diverse forests shaped adaptations, from foraging
to agriculture, e.g. discussions of seasonal environments as
critical to early tropical cultivation? How far does this hold, and
what were the legacies of diminishing megafauna?

10. How has the long history of human interaction with tropical
forests influenced the modern ecology and function of these
forests?
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may leave no trace, and in the treatment of carbohydrates
such as the detoxification of tubers [95]. Southeast Asian
‘Hoabhinian’ technologies (see [96]) may provide an interest-
ing comparison to MSA technologies in West and Central
Africa in future, in this regard, although lithics analyses
have often retained a local and regional focus. Meanwhile,
microliths and bone tools found in Sri Lanka, argued to be
part of early bow and arrow technologies [66], indicate
another route towards specialized tropical adaptation.

When it comes to unravelling this global tropical record of
human evolution, the unknowns are numerous. Despite the
work done to date, we still often have no clear ideas of when
H. sapiens first began to intensively exploit different types of
tropical forests in a given region, and whether such behaviour
can also be observed in ancestral species (figure 3). We also do
not know how this may have specifically been characterized.
Did past Pleistocene forest foragers rely on high mobility and
strong social networks? How did they navigate the forest, for
example, using forest elephant trails in Africa, as well as the
river networks that may have been key for human mobility
in Amazonia? How may they have used the forest seasonally,
for example, by controlling the distribution and location of pre-
ferredwild foods at certain times of year, such as the land snails
of North Vietnam? Many of these questions have long been
asked of Pleistocene sites in temperate Eurasia and southern
and eastern Africa. However, a general absence of tropical for-
ests in wider theoretical discussions in human evolution
means these themes are only just starting to become accessible
for these environments. At a broader level, it is still unclear
whether tropical forests could sometimes still represent signifi-
cant barriers, for example, driving population structure.
How important were forest edges and ecotonal regions in
human evolution?

Moving into the Holocene, the evidence is a little less
sparse, but many questions remain. Many of the biases can
also still be found. For example, research in forests continues
to be dominated by geographic biases, for example, focusing
on rivers or dry margins. In Africa, forest research in the
Holocene still lags behind similar work in the Americas in
particular. Yet the Late Pleistocene and Holocene also pro-
vide opportunities through which human adaptations to
forests can be better understood, as there are multiple cases
of human colonization of tropical forest environments that
can be compared and contrasted. How was the ecology of
the tropical forests that humans occupied in the Late Pleisto-
cene and early Holocene different from those of the late
Holocene, given changing atmospheric carbon dioxide and
dynamic shifting mosaic landscapes? How did megafauna
either hinder or facilitate forest occupation? How do biogeo-
graphical differences across the tropics, such as the relatively
low-fruit abundance in the wind-dispersal-dominated dipter-
ocarp forests of southeast Asia, affect how early humans used
forest resources? And how may the long history of human
occupation of these forests have also shaped the species com-
position of modern-day tropical forests?

The ‘big questions’ that remain are summarized in box 1.
Addressing these will require the continuation and expansion
of foundational research across the global tropics, alongside
the recognition that there is a whole spectrum of tropical
forest habitats, not just ‘rainforests’. The pursuit of these
goals will require the investment of funding agencies and a
commitment of risk to further research. These are, after all,
not the ‘well-trodden’ regions of grassland and savannah,
where a wealth of previous discoveries robustly attests to
future potential. In particular, funding for local researchers
to lead multidisciplinary investigation of tropical regions
will be essential to boosting tropical forest archaeological
and palaeoanthropological research. Investment in tropical
forests, and researchers within the tropics, will lead to a
new and enriched understanding of the deep human past:
the accumulation as well as the importance of evidence to
date unmistakably supports this view. This volume rep-
resents a substantial step in furthering this goal and
represents a call to scholars and funders alike to give new
attention to how our collective human prehistory interweaves
with this globally important ecological region.
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