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Preface

This book primarily examines human—animal and human—plant interactions in
monsoon Asian forests (Southeast Asia and Japan) and inland waters (China). The
relationship between plants, animals, and humans in Asia is quite unique from a
global perspective. For example, “satoyama” in Japan means ecotone area, or the
boundary between a village and a forest. There, as the number of inhabitants has
declined, bears, wild boars, and other animals increasingly ravage crops, sometimes
attacking humans as well.

By showing the regional nature of human—animal and human—plant interactions in
Asia, this book provides for the first time a framework for understanding the world’s
animal and plant-human relationships. It is assumed that the relationships between
humans and animals and plants have been diverse for millennia, including hunting,
taming, semi-domestication, and full domestication. At the same time, for regions
outside of Asia, the extent to which these diverse relationships were adapted and
how diversity was formed is explained from the perspective of historical ecology.
Therefore, comparative cases from Central Asia and the Americas (whales in the
Arctic, sea turtles in the Caribbean, and plants in the Amazon) are also featured in
this volume.

Readers can expect to derive perspectives on the coexistence of human—animal
and plant—animal relationships in the near future. The conservation of rare species,
diverse habitats, and biodiversity is a central theme in considering the relationship
between modern civilization and the global environment. In post-industrial Japan, one
focus has been the protection of iconic animals such as storks, crested ibis, dugongs,
and sea turtles, while at the same time damage to crops and humans by deer, wild
boars, monkeys, bears, and other common animals has become an important social
issue. How can the world’s 8.0 billion-plus people live in harmony with other species?

We would like to get some hints on how to solve the problems we are facing.
This book collects research papers that capture the dynamics of human—animal and
human-plant relationships from anthropology and adjacent disciplines. The indi-
vidual papers were presented at the National Museum of Ethnology in Osaka, Japan,
on March 19-21, 2018 under the international symposium entitled “Human Rela-
tionships with Animals and Plants: Perspectives of Historical Ecology.” The papers
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are based on those reported at that international conference, with additions and
corrections.

In this symposium, we were concerned primarily with Asia, a large region of the
world where local, in-depth studies of human relationships with animals, plants, and
environment are often lacking and/or not widely disseminated in English-language
publications. In each case, the more we look, the more we can see that the grounds
on which local economies, cultures, and societies have been based have also been
changing, in the past and present. Under these circumstances, how is it possible to
generalize about human relationships with nature, and draw any conclusions about
what may happen in the future? Our approach is to make comparisons across time and
space using important case studies. The contributors to this volume are experts in very
diverse disciplines, time periods, and geographical areas, but are all concerned with
the implications of historical-ecological research for the future of humanity and the
natural—or not-so-natural—world on which we depend. The grounds are changing,
and we must seek new ways of living, and new ways of looking at humans, animals,
and plants.

In April 2017, the National Museum of Ethnology launched a 6-year special
research project to study the challenges facing contemporary civilization. The project
is called “Contemporary Civilization and the Future of Humanity: Environment,
Culture and Humans.” This international conference was held in the first year of the
project. In the past few decades, changes such as globalization and global warming
have become threats to the future of our plane, and since 2017 those threats have
only increased. At the same time, these changes are also changing the relation-
ships between people and animals, and between people and plants. In particular,
these keystone relationships in monsoon Asia provide unique facts from a global
perspective.

This book aims to remedy the current status of these relationships, which have
not been well documented. We hope that the book provides readers with an insight
into the importance of human—nature relationship in the world, as well as exploring
the unique dynamics of the relationship between creatures and people in monsoon
Asia.

Osaka, Japan Kazunobu Ikeya
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The Constructed Biodiversity, Forest )
Management and Use of Fire in Ancient e
Amazon: An Archaeological Testimony

on the Last 14,000 Years of Indigenous

History

Laura P. Furquim, Eduardo G. Neves, Myrtle P. Shock, and Jennifer Watling

1 Introduction

The study of Amazonian biomes and their peoples has an important role in the devel-
opment of modern science. Since the early eighteenth century, with Charles Marie
de la Condamine, western scholars have roamed the tropics in search of answers to
deeper questions, such as the emergence of biological diversity (Safier 2014). Like-
wise, in South America, since the first Europeans arrived on the continent in the early
sixteenth century, they were confronted in the Andean highlands by centralized and
hierarchical states, such as the Inca Empire. Such evidence of monumental architec-
ture, abundant in the Andes and also along the Desert Coast of the Pacific Ocean, was
employed to establish a picture of the ancient history of South America that remains
strong until the present: the notion that the Desert Coast and the Andean highlands
were cradles of civilization, whereas the tropical lowlands had a peripheral role in
the human occupation of the continent.

Such a perspective was further reinforced by the hypothesis that the ecological
conditions of the humid tropics would be inimical to the establishment of large,
sedentary, and permanent settlements in the past. According to this view, environ-
mental factors such as lack of terrestrial animal protein or the widespread distribu-
tion of nutrient-poor soils would impose a ceiling with strong limitations for human
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occupation and prevent the establishment of long-term and stable occupations. As a
result of these endeavors, tropical rainforests have retained, over the years, an image
of being pristine environments scarcely occupied by humans over the millennia. The
underlying reasoning for this assessment was based on “degeneration” theories that
considered the tropics as marginal to human history due to supposed environmental
limitations (Noelli and Menezes Ferreira 2007). With neocolonialism, such perspec-
tives eventually translated into modern public policies for the occupation of these
areas, frequently fraught with significant social and ecological problems, such as
those happening at this very moment.

Archaeological research carried out in the last thirty years in the Amazon has
contributed to changing this picture. Itis becoming clear that the Amazon was densely
settled at the time of European arrival and that the societies that lived there displayed
a wide variety of patterns of social and political organization (Heckenberger and
Neves 2009). If, in the Andean past, stone was widely used as raw material for
monumental architecture, in the Amazon, soils filled the role of construction mate-
rial. As a consequence, only recently have archaeologists recognized that ditches,
channels, earthworks and mounds covered by forest were built by ancient Amazo-
nians (Priimers and Betancourt 2014; Heckenberger et al. 2003; Rostain 2012; Schaan
2010). Such new evidence shows that the Amazon was also a cradle of early cultural
developments but that its ancient societies had different histories than expected by
previous hypotheses. There is, therefore, room for new theories that move away from
traditional classificatory typologies, as well as a new synthesis of world archaeology
that incorporates such recent developments.

Archaeology in the Amazon has the potential to elucidate long environmental
histories involving people, plants, animals, and landscapes in order to understand
how dialectical deep history unfolded during millennia. Patterns of tree and soil
distributions associated with archaeological sites can be understood as living arti-
facts, worked over centuries or millennia in the shaping of biomes that have a strong
indigenous component, and whose intensity is yet to be better understood (Balée
2008; Levis et al. 2017; ter Steege et al. 2013; Lins et al. 2015; Souza et al. 2016a,
b; Cassino et al. 2019; Clement et al. 2010). In this chapter we aim to explore
some of the patterns revealed by archaeology as it studies records of human occu-
pation in the Amazon that span most of the Holocene, particularly the continuities
and changes in environmental management, accumulated in the form of knowledge
among traditional populations (traditional ecological knowledge, (cf. Smith 2012)
and materialized in the current floral biodiversity of the region.

2 Early Patterns of Interaction

There is still controversy regarding the age of early Indigenous occupation of South
America, as well as the productive strategies and the degree of environmental impact
these first settlers had (Vialou et al. 2017; Bueno et al. 2013; Boéda et al. 2016;
Posth et al. 2018). It is known that the occupation of South America may have
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already extended to the Southern Cone of the continent at 14,147 cal. BP where
people and several species of extinct mammals lived together (Dillehay et al. 2015;
Politis et al. 2016).

In tropical lowland South America, occupations from the Pleistocene/Holocene
transition were apparently defined by sparse populations, which renders difficult
inferences about migration routes or dispersion patterns. Nevertheless an early pattern
of recurrent occupation of significant places such as rockshelters and areas adja-
cents to major rapids can be found. Sites located many miles apart, such as Toca do
Meio, Lapa do Boquete, and Pedra Pintada Cave were already occupied by about
12,000 years ago [12,440 4230 and 11,145 & 135 BP (Roosevelt et al. 1991, Boéda
etal. 2016)]. Just over 1,000 years later, many tropical lowland biomes were already
occupied by groups with diversified food processing technologies. Remains asso-
ciated with such groups include artifacts such as projectile points, hooks, flakes
and axes, indicating a large spectrum generalist diet that included fish and small to
medium-sized animals as well as tubers, palm fruits, and other fruits (Shock and
Moraes 2019; Pereira et al. 2018; Roosevelt 1992).

Pedra Pintada cave, located adjacent to the lower Amazon floodplain, sits in a
transitional environment between forests and savannas. Excavations there yielded the
oldest securely dated archaeological context for Amazonia thus far (ca 12,400 BP)
(Roosevelt et al. 1996). Archaeobotanical and zooarchaeological records evidence
a diet based on fishing, hunting of terrestrial and aquatic animals (such as turtles),
and the consumption of palm fruits, tree fruits and nuts. Large amounts of fruit
pericarps from the Arecaceae family (palms) were identified, some of them widely
consumed today, such as tucuma (Astrocaryum vulgare), buriti (Mauritia flexuosa),
bacaba (cf. Oenocarpus bacaba), macatiba relatives (Acrocomia spp.) and other
species such as Attalea microcarpa, and Attalea spectabilis. There is also evidence
of the consumption of fruits such as jutai (Hymenaea parvifolia), pitomba (Talisia
esculenta), and murici (Byrsonima sp.). These remains represent a generalist use of
resources from forested and open areas (Roosevelt 1991; Roosevelt et al. 1996; Silva
2016).

Ecotones and transitional environments between forests and savannas seem to
have had a prominent role in plant management and domestication from the begin-
ning of human occupation of the neotropics (Roosevelt et al. 1996; Piperno and
Pearsal 2000). Indeed, at Pedra Pintada and other sites outside Amazonia with even
earlier dates of occupation, such as Santa Elina rockshelter, evidence of the combined
use of species typical of distinct biomes were found (Roosevelt et al. 1996; Bachelet
and Scheel-Ybert 2015). These areas may have functioned as laboratories for the
cultivation and selection of species used by Indigenous people of the past, since the
transport of plant varieties out of their habitat requires a process of change and adap-
tation. Nowadays, however, these are the most ecologically fragile and threatened
environments in the neotropics, resulting from increasing deforestation and climate
change that weaken forest transitions and augment fire occurrence (Watling et al.
2018; Flores et al. 2012).

Domesticated plants known today (Clement 1999) were already consumed during
the Early Holocene, whether locally or elsewhere in South America. At the Teotonio
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Fig.1 ADE (Amazon Dark Earth) soil profile. Cultivated plants in the Teotdnio site during Early
and Middle Holocene. Upper Madeira River, Rondonia, Brazil

site, located adjacent to large rapids on the south bank of the Madeira River, SW
Amazonia, lithic artifacts of the Girau phase (9,520 — 9,400 cal. BP) one finds
in deposits associated with botanical remains evidence for use of palms, legumes
(Fabaceae), arid/lleren (Calathea cf. allouia) and possibly other root crops, pequid
(Caryocar sp.), guava (Psidium sp.) and Brazil nut (Bertholettia excelsa) (Watling
et al. 2018). In subsequent occupations, bean (Phaseolus sp.) starch grains were
identified in small quartz flakes of the Massangana phase (ca. 6,500 — 5,500 cal. BP),
alongside manioc (Manihot esculenta) and squash (Cucurbita sp.) phytoliths. Such
contexts show a diversified and non-specialized pattern based on management and
cultivation of tree species, root crops, legumes, and squashes (Fig. 1).

The transition to the Middle Holocene (ca. 8,200 — 4,200 BP) was marked by
climatic changes towards more dry conditions in southwest Amazonia, which caused
the temporary shifting of ecotonal (forest/savanna) boundaries in the region (Mayle
etal. 2007; Pessenda et al. 1997,2001). Changes in species composition were accom-
panied by a process of anthropogenic environmental changes close to archaeological
sites. Through co-evolutionary processes involving people and landscapes, indige-
nous peoples engaged in the controlled use of fire—aimed at clearing small areas
for housing and/or cultivation—and the encouragement, fostering and introduction
of useful species, involving agroforestry techniques that cultivated plants with both
short and long cycles (Rindos 1983; Clement et al. 2010; Levis et al. 2018).

The Monte Castelo shell mound, in SW Amazonia, offers a record of occupation
that spans the Middle Holocene, between ca. 7,000 to 4,200 BP (Miller 2013; Furquim
2018; Pugliese et al. 2017). There, the consumption of both exogenous and local
plant species involved seasonal cultivation and the management of neighboring areas
(Furquim et al. 2021). Subsistence involved cultivated plants such as maize (Zea
mays), squash (Cucurbita sp.), sweet potato (Ipomoea batatas) and yams (Dioscorea
sp.), combined with managed tree crops such as Brazil nut (Bertholletia excelsa),
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Fig. 2 Monte Castelo Shellmound, an artificial island built around 6,000 B.P. in an ecotonal
transition between flooded savannas and forests. Middle Guaporé basin, Rondonia, Brazil

cocoa/cupuagu (Theobroma spp.), murici (Byrsonima sp.) and guava (Psidium sp.)
(Furquim 2018; Hilbert et al. 2017; Furquim et al. 2021). There is also evidence that a
local variety of wild rice (Oryza sp.) was brought under selection and domestication,
although its cultivation was later abandoned by indigenous populations of the region
(Hilbert 2017) (Fig. 2).

3 Changes in Soils: The Anthropogenic Dark Earth
on Amazon

Amazonian soils are made up mainly of orange and reddish acidic soils insufficiently
fertile for widespread cultivation (Quesada et al. 2011), especially of plants that
require high soil nutrient content, such as maize. Around 5,500 years ago, Indigenous
people began to transform soils through composting and subsequently planting small
gardens next to houses on these spots (Schmidt et al. 2014), a practice that was allied
to environmental management including fire use and suppression, and the selection
of useful plant species (Arroyo-Kalin 2012). These same practices are carried out
today by, for instance, the Nukak Indians of the Colombian Amazon (Politis 1996a,
b) and the Kuikuro of the Upper Xingu Indigenous Territory (Schmidt 2013). Such
modified soils, called “Terras pretas” or Amazonian Dark Earths (ADE), have a dark
color that contrasts with adjacent natural soils, due to the accumulation of charcoal
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and organic matter (Schmidt et al. 2014; Arroyo-Kalin 2012; Glaser and Birk 2012).
It is estimated that ADEs currently occupy 1% of the Amazon territory (Kern et al.
2004; Levis et al. 2014), or around 70.000 sq km, roughly the size of Ireland.

The oldest identified ADEs are located in the Upper Madeira River basin, SW
Amazonia, at Teotonio and Garbin sites, with dates reaching back to at least
6,500 years ago (Watling et al. 2018; Zuse 2014; Caldarelli and Kipnis 2017).
Compared to the typical soils of this area, these early ADEs have higher, more basic
pHs and higher levels of phosphorus (P), calcium (Ca), magnesium (Mg), zinc (Zn),
manganese (Mn), copper (Cu) and carbon (C) (Macedo et al. 2019; Bernardes et al.
2017). In the Central Amazon their formation appears to correspond to a process
that culminated in the creation of mosaics of fertile soils inside forested areas. At the
Acutuba site, located on the lower Negro River, for example, stratigraphic profiles
normally show abrupt transitions between underlying strata with natural soils and
overlying strata with anthropic soils with abundant presence of charcoal: from a
density of 10 fragments per liter of sediment in the natural soil, to 83 fragments per
liter of sediment in the occupation layers (Smith 2012; Silva et al. 2016).

The relationship between the use of fire and the formation of ADEs is related
to the establishment of agroforestry systems and the opening of habitation areas.
In some sites of the Central Amazon, such as Laguinho, there is an increase in the
concentration of grassy species—potential indicators of open areas—such as Setaria
sp., six varieties of grasses (Poaceae), two of Cyperaceae, and species that indicate
secondary vegetation such as passion fruit (Passiflora sp.), two varieties each of
Amaranthaceae, Solanaceae, Bromeliaceae, Cecropiaceae, Brassicaceae, Commeli-
naceae and three varieties of Fabaceae (Lima 2011). An increase in phytoliths from
grasses and other herbs is also recorded in ADEs at Hatahara, on the lower Negro
River (Cascon 2010), Teotonio (Watling et al. 2020), and the Porto site in Santarém
(Alves 2016).

Around 1,000 BP, these anthropogenic soils reached a massive scale, with the
effect that today they support a much richer vegetation of useful species (i.e., greater
agroecological diversity) than adjacent soils (Souza et al. 2016a, b; Lins et al. 2015).
The increase in the heterogeneity of anthropogenic landscapes that resulted from
ADE formation possibly led to an increase in the diversity of plants grown at that
time, as suggested by the archaeobotanical database (cf. Furquim 2018).

Often associated with black ADEs (terras pretas) are brown ADEs (terras
mulatas) (Arroyo-Kalin 2017; Denevan 2006) which exhibit the same character-
istics but on a smaller scale, with fewer cultural remains such as ceramic shards
(Matos 2015). These patches have been interpreted as cultivation areas, since the
much lower quantity or absence of cultural remains is not consistent with the dense
occupations that formed the black ADE patches (Arroyo-Kalin 2012). In short, the
archaeological record of the Amazon indicates (1) plant domestication and manage-
ment since the Terminal Pleistocene/Early Holocene; (2) soil modifications resulting
from daily activities in the Middle Holocene from at least about 6,500 BP, and (3)
increase in density of soil and forest management from the Late Holocene, around
3,000 BP (Neves et al. 2004).
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4 Biodiversity of Plants During the Holocene

An archaeobotanical database was built from published data and unpublished reports
from across 188 archaeological sites in the Neotropics. We gathered in total data from
76 families and 240 species of plants identified from seeds, charcoal, phytoliths,
starch grains and pollen preserved in sediments and archaeological artifacts (see
complete list of references in Furquim 2018).

A broad look indicates some patterns over time. First, there is a gradual increase
in the agrobiodiversity generated by indigenous peoples in the past; second, the
combined use of wild and domesticated plants seems to have been consistent,
including combined cultivation of plants of short and long cycles, as well as a
permanent combination of fruits, tubers, grains, seeds and nuts. During the Early
Holocene there is evidence that 46 genera of plants were used, while in the Middle
Holocene this number increases to 75, and further to 134 during the Late Holocene.
Thus, there was an increase in agrobiodiversity because there was no specialization
in cultivation. Plants currently consumed as staple foods, such as maize and manioc
were present, but did not occupy the predominant role they have today or during the
colonial period (Roosevelt et al. 1996; Hermenegildo et al. 2017; Fausto and Neves
2018). Some of these plants (such as squash and beans) were cultivated by Indige-
nous people of the Americas as early as 10,000 years ago, before the beginning of
ceramic production, the widespread establishment of village life, the formation of
the first ADEs, showing that management and cultivation practices were an integral
part of traditional Indigenous knowledge since the beginning of human occupation
of South America.

There has lately been an extensive debate surrounding the construction of anthro-
pogenic landscapes, anthropogenic forests, the increase in alpha (local) and beta
(regional) biodiversity by indigenous peoples in the past, and the relationship between
biodiversity and diversity of useful plants (Balée 2000; Neves 2012; ter Steege et al.
2013; Lins et al. 2015; Clement et al. 2015; Junqueira et al. 2010; Arroyo-Kalin
2018). In the Amazon, these processes are manifest bothin the creation of anthro-
pogenic forest patches near archaeological sites—in which agrobiodiversity is higher
than in other places—as in creating a situation of species hyperdominance in the
Amazon as a whole. The effects of these processes are long lasting and appear to
be dispersed in “waves” of human disturbance, with housing sites as central points,
spreading through gardens, clearings, areas of management, hunting and collection,
and encompass various environments, between rivers banks, terraces, floodplains
and lowlands.

Anthropic forests are landscapes with palimpsests of stories connecting people
and plants which can emerge through many processes that may or not include human
action—such as plant succession, ending the seed dormancy through fire, the removal
of vegetation, or the management of competing plants (Politis 1999; Caromano et al.
2016; Lins et al. 2015) (Fig. 3).

The Amazon has about 16,000 species of trees, of which only 227 (1.4%) account
for half of the total number of individuals. Among these hyperdominant species (ter
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Fig. 3 Meliponid apiary in the middle of an acai orchard, community Ponta da Castanha, Tefé
Lake, Middle Solimdes River, Amazonas, Brazil

Steege et al. 2013) there are about 20 species of domesticated or managed plants,
whose dispersion and concentration was possibly influenced by human action in the
past (Levis et al. 2017). In the graph below (Fig. 4) we selected these 20 hyperdomi-
nant domesticated plants to explore how they help us in understanding the antiquity
of Amazonian landscape construction.

Among the hyperdominant species of palms (Arecaceae) with some degree of
domestication are agai-do-mato (Euterpe precatoria) and agai-do-Para (Euterpe oler-
acea), pataud (Oenocarpus bataua), and murumuru (Astrocaryum murumuru), these
having the larger populations and total concentration at present. Their chronolog-
ical distribution in the archaeological record, however, is quite different. Despite the
documented use of the genus Euterpe sp. since the Early Holocene it is not possible
to assess which of the acai species is present in the sites from this period. It is known
that acai was managed since about 2,000 years BP, and it is linked to forest areas in
the Brazilian and Colombian Amazon where there is occurrence of sites with black
earths (ADEs). The same can be seen with bacaba (Oenocarpus bacaba), the genre
which is represented from ca. 11,000 BP, but whose species remains dated only from
the Middle Holocene. Other palm trees, such as pataud and murumuru were managed
since the Early Holocene, about 11,000 years ago, and are present in several sites,
such as rockshelters and open air sites, with or without anthropogenic soils. Needles
to say, absence of evidence is not evidence of absence, given the problems involved
in identifying specific palm species in the archaeobotanical record, since much of
the only genus (macroremains) or family/subtribe (phytoliths) can be identified.
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Fig. 4 Chronological distribution of the domesticated hyperdominant species of the Amazon forest.
Discontinuous lines indicate that the distribution along the period is estimated (Furquim 2018)

There is less accurate information about fruit trees. Tapereba (Spondias mombin)
was identified only in the Middle Orinoco River about c. 4,000 BP, and in the Middle
Solimdes River about 1,000 BP, associated with ADEs. There is no evidence yet that
shows the antiquity of the specific use of the rubber tree (Hevea brasiliensis), cupui
(Theobroma subincana) cacaui (Theobroma speciosum), abiu (Pouteria caimito)
pequiarana (Caryocar glabrum), bacupari (Garcinia macrophylla), inga (Inga edulis)
or Amazon tree grape (Porouma cecropifolia), due to difficulties in taxonomic identi-
fication of many archaeological remains. We have evidence of the use of the chocolate
genus Theobroma in the above mentioned Monte Castelo shell mound about 4,500
BP, and at the Sdo Jodo site, located in the Middle Solimdes at about 1,000 BP, as
well as of Theobroma cacao in the Western Amazon around 5,200 BP (Zarrillo et al.
2018). Seeds of the genera Caryocar sp. and Spondias sp. have dates of the Late
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Fig. 5 (a) A Brazil nut orchard over the ADE (Amazon Dark Earth) archaeological site Ponta da
Castanha (Solimdes River basin). Brazil nut modern seed (b), experimental burned seed bark for
archaeobotanical reference collection (¢), and archaeological seed bark from Sol de Campinas site

(@)

Holocene in Colombian amazon and Southwestern Amazonia (Watling et al. 2018),
while Pouteria sp. and Inga sp. are dated about c. 10,000 BP in Santa Elina rock
shelter, southwest of the Amazon. The Fabaceae family in general (which includes
>1,200 species of leguminous trees and herbs in Amazonia, including Inga sp.) is
frequently found in early and mid-Holocene contexts throughout the South American
continent, and likely comprised an important early resource long before the common
bean (Phaseolus sp.) was adopted into lowland economies.

It has been ethnographically shown that even small groups of hunter-gatherers
can change the configuration of useful species in their surroundings and create more
productive environments (Balée 2008; Posey and Balée 1989; Politis 1996a, b).
Such practices are part of agroforestry practices (Denevan 2006), reviewed by Levis
et al. (2018). The evidence presented here, albeit preliminary, indicates that the
hyperdominant effect seen in the composition of the Amazon flora developed as part
of a co-evolutionary process between people and plants that started at the beginning
of its occupation.

From Brazil Nut to Brazil Nut Orchards

The Brazil nut tree (Bertholletia excelsa) is the tree species with the most ancient
and widespread use in Amazonia. There are traces of the use of Brazil nut seeds
from about 11,000 BP at Pedra Pintada cave, from about 9,000 BP in southwestern
Amazonia at TeotOnio site, and around 7,000 BP at the Monte Castelo shell mound,
also in southwestern Amazonia. Brazil nut is a species that benefits from clearings
in the forest for its growth (Mori and Prance 1990). The presence of large Brazil
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nut groves associated with archaeological sites is a constant pattern throughout the
Amazon basin, and has been identified by many researchers as one of the main
indications of human presence in the past (Balée 2008; Shepard 2011; Cassino et al.
2019) (Fig. 5). This association is due to the combination of a cyclical practice of
plant and animal management, in which the opening of forested areas for cultivation
also created spaces for the development of seeds, probably carried and buried by
dispersers such as the agouti (Dasyprocta leporina), which were attracted to the
areas. The agouti themselves would be attracted by the presence of the Brazil nut
orchards, then used as a hunting ground by indigenous peoples, completing the
cycle. Knowledge of these succession cycles between fields, cultivation fields and
Brazil nut trees is widespread among many contemporary groups such as the Wajapi,
who recognize these plants as cultigens of the agoutis (Oliveira 2016), and perform
management activities and periodic cleanings of the stands.

The greatest spread of the Brazil nut tree seems to have occurred, however, during
the Late Holocene, when it occupied vast areas of the Amazon basin, including
the Negro, Solimdes, Madeira, and Amazon river basins, in regions both with and
without ADEs (Thomas et al. 2015). In the Central Amazon, some of these contem-
porary Brazil nut orchards (dated by dendrochronology) are more than 400 years old
(Andrade et al. 2019; Scoles and Gribel 2015), confirming the resilience of these
landscapes and management practices.

S Palaeoenvironment, Paleofires, and Agroforestry
Management in the Past

In the Neotropics the management of plants and the use of fire had key roles in the
construction of landscapes (Piperno and Pearsall 2000). The use of fire in environ-
mental management was already practiced by humans long before the colonization of
the Americas, probably embedded in basic systems of natural resource management
(Boivin et al. 2016; Roberts et al. 2017). The management systems of contempo-
rary indigenous peoples provide the baseline used for archaeology to identify the
presence of such systems in the past (Cassino et al. 2019). Among past agroforestry
management practices, the use of fire played an important role, whether in the open
fields, to release nutrients trapped in plant matter into the soil, in the extermination
of pests and weeds, or in preventing more severe fires ( “controlled burning”) (Levis
et al. 2018). The existence of domesticated plants can be used as indirect evidence
of these management strategies.

In the Amazon, Clement identified 140 plant species that exhibit some degree
of domestication, i.e., whose phenotypes and genotypes were modified by human
selection. For such changes to be established and maintained, it was a necessary and
concomitant process of landscape transformation in which whole plant populations—
and the gene flow within them—were managed (Clement 1999). The richness and
diversity of domesticated plants, as a result of co-evolution among people, plants,
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and landscapes (Rindos 1983; Clement et al. 2010) is an important aspect of past
and present environmental management history.

Genetic data show, for example, that manioc was domesticated between 10,000
and 8,000 years ago in Southwestern Amazonia (Isendahl 2011). It is important to
remember that wild manioc does not reproduce vegetatively (by clone/stake) as the
domesticated species does. It is likely that this feature was selected by Indigenous
people so that other advantageous traits could become perennial more effectively,
such as the presence of larger and more productive roots (Rival and Mckey 2008).
Therefore, in the beginning, selection involved the removal and isolation of individ-
uals to avoid crossing with wild populations, operating derived landscape changes.
These practices form the basis of agroforestry systems today, and were already under
way in the early Holocene.

In Teotonio and Monte Castelo sites, the recovery of carbonized palm seeds, along
with traces of other fruit species having populations domesticated at present (e.g.,
Brazil nut, pequid, guava, and birib4) in occupation layers dating from ca. 9,000 and
7,200 years BP provides indirect evidence of agroforestry since the first occupations
of the area (Furquim 2018; Watling et al. 2018). Guava (Psidium sp.), identified in
both sites, as well as the early presence of root crops, suggests the use of fire in these
systems, these species being associated with highly disturbed/ secondary forest areas
(Fig. 6).

Fig. 6 Hearth feature dating from 6.000 B.P., associated with an ADE (Amazon Dark Earth) layer
in the Teotonio site, Ronddnia, Brazil
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As agroforestry systems extend far beyond inhabited areas, the evidence of their
existence in the past can also be identified by paleoecological studies that reconstruct
the history of vegetation and fire beyond the archaeological site, allowing a correla-
tion between human presence and ecological changes on a larger scale (Mayle and
Iriarte 2014).

The most widely used proxy for detecting fire in the past is charcoal, which can
be quantified and dated from sediments, soils, and lake coress. Identifying anthro-
pogenic paleofires, however, requires an association with human activity areas, due to
the possible occurrence of natural outbreaks of fire during periods of drier climate and
in regions with savanna vegetation. In the savannas of Central Brazil, for example,
evidence from Lake Cominia contained carbon dated to ca. 32,000 years BP, prior to
human presence in the region (Ledru 2002) (but see also (Vialou et al. 2017; Araujo
2013; Parenti 2001). Many species of the savanna have evolved with fire. From the
arrival of humans, however, fire probably began to be used to stimulate the production
of edible fruits, control pests, and help in hunting (Mistry 1998).

The paleoenvironmental record, however, can also contain traces of fires caused
by farming practices and other human activities. Lake cores in the eastern Amazon
(Comprida (Bush et al. 1989), Geral, Santa Maria, Saracuri (Bush et al. 2007) Curud
(Behling and da Costa 2000), Crispin (Behling and Lima da Costa 2001) Tapaj6s
(Irion et al. 2006) and Carana (Maezumi et al. 2018), in the state of Pard), and in
the southwest (Gentry and Parker, Peru (Bush et al. 2007), and Chaplin, Bella Vista
(Burbridge et al. 2004), Chalalan, Santa Rosa (Urrego et al. 2013) and Rogaguado
(Brugger et al. 2016), in Bolivia) record charcoal since at least 8,000 cal. yr BP, when
most of these lakes were formed. Amazon forests very rarely catch fire naturally, even
in places with longer dry seasons (Nepstad et al. 2004), which is why some researchers
(Bush et al. 2007; Mayle and Power 2008), attribute this charcoal to human presence.
In addition, charcoal input in many of these records is higher during the Middle
Holocene (ca. 8,200—4,200 cal BP) than during the Late Holocene (from 4,2000 cal
BP.)—a shared pattern in the savanna (Vernet 1994). The higher incidence of fire
during this time could be the effect of a drier climate, which would have resulted
in unmanaged anthropogenic fires (as seen recently in Acre (Aragdo et al. 2007)).
A similar pattern occurs in the Late Holocene, where more intense periods of El
Nifio correlate with higher incidence of charcoal in lakes and soils of the Amazon
(Bush et al. 2008, 2017). When accompanied by pollen analysis, some of these
records register the opening of the forest to plant crops (notably maize) since at least
6,320 cal. BP in the southwestern (Bush et al. 2016), and 4,300 cal. BP in the eastern
(Bush et al. 2000) Amazon.

Direct evidence of the management of perennial plants, however, is scarce in the
paleoecological record, depending on the taxonomic resolution permitted by fossil
pollen, which is often restricted to genus. Generally, a genus containing species used
by people also contains species that are not used. However, a paleoecological study in
Santarém (PA) quantified the abundance of annual economic genera (maize, manioc,
and squash) over 8,500 years of history, and showed that they increased with the use
of fire in the region from 4,500 cal. BP (Maezumi et al. 2018). Archaeobotanical
studies at archaeological sites in the region also showed the intensification of these
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Fig. 7 Maize and peanut crushed by mortar in a wooden pestle for chichi production in the Palhal
Village, Tupari indigenous people, Branco River, Rondonia, Brazil

agroforestry systems over time (Alves 2016). In eastern Acre, another paleoecolog-
ical study found an increase in regional fires from ca. 4,000 cal. BP and subsequent
proliferation of palm also interpreted as the proliferation of agroforestry practices
in the Late Holocene (Watling et al. 2017). In archaeological sites located in this
region, such as Sol de Campinas site, dating from ca. 1,000 to 1,600 BP, there are
traces of the use of these palm trees—Ilike the uricuri (Syagrus coronata) —in fires
probably related to cooking and or daily activities together with large amounts of
maize kernels (Neves et al. 2016; Watling et al. 2015) (Fig. 7).

From Agroforestry to Pasture: Acre After 500 Years of Colonization

The Brazilian state of Acre, on the border with Bolivia and Peru, has a long history
of territorial disputes centered on the debate about models of farming/conservation
proposed by different groups. Data from 2017 tell us that about 45% of the total
territory consists of protected areas, among which 14% are Indigenous Lands, and
indicate that the number of cattle herds and areas for temporary crops (especially corn
and sugarcane) have increased in recent years (SEPLAN 2017). The gradual removal
of vegetation cover since the 1980s has revealed the presence of several archaeo-
logical sites consisting of earthern structures such as mounds, ditches, and roads,
whose archaeobotanical and paleoenvironmental remains point to a long history of
agroforestry.

The study of Watling et al. (2017) found that the region of the so-called geoglyphs,
which began to be built around 2,500 years ago (Saunaluoma and Schaan 2012), was
covered by bamboo (Guadua sp.). Forest clearance to build the geoglyphs appears to
have been restricted to areas of occupation. However human presence is correlated
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Fig. 8 Archaeological site Sol de Campinas do Acre. Aerial view of the mounds in circular shape
(a) (Photo: Sana Saunaluoma), ceramic vessel fragments (b) and excavation profile (¢), Acre, Brazil.

with a significant increase in palm trees in the same locations. Traces of these anthro-
pogenic forests can be found today near these archeological sites, like the geoglyph
Trés Vertentes (Balée et al. 2014).

Sol de Campinas, a site consisting of mounds arranged in a circular shape, was
occupied intermittently between 1,000 and 300 yrs B.P. represents an indigenous
space usage model of this region 400 years BP. Like neighboring, similar sites, it
is located on a small plateau close to water sources, clearly to take advantage of
this natural resource. A variety of maize was cultivated with a slightly larger grain
(2 mm) and used in combination with species indicative of secondary forests such as
passion fruit and murici, and perennial species such as Brazil nut, tucuma, urucuri
(Attalea palerata) and other palms (Neves et al. 2016; Furquim 2017) (Fig. 8).

There are reports about indigenous peoples who lived in this region until the nine-
teenth century, when the first rubber tappers began to occupy the area, triggering
the migration, murder, and enslavement of many indigenous people (Labre cited. in
Rocha 2016). In the 1970s, the Brazilian Federal Government sponsored a coloniza-
tion project in the area. Due to the low productivity of the soils and the inexperience
of the settlers (most originating from outside of the area) these forests gradually
became transformed into cattle pastures.

Based on paleoenvironmental records of Watling et al. (2017), a comparative look
between the past and the present shows that, while past indigenous management led
to the maintenance and transformation of forested environments, current land use
practices are characterized by deforestation on a spatial and temporal scale never
seen before. Over 500 archaeological structures have been identified in Acre, the
vast majority located in cattle grazing areas. The removal of anthropogenic forest
formed over 2000 years favors a rapid exhaustion of the soil, which in about two years
is unproductive for agriculture. A look at the past can not only enhance indigenous
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history, but also point to new agroforestry and water management strategies that
enable cultivation, coupled with environmental conservation.

6 Conclusions

The landscapes bequeathed by Indigenous societies that occupy the Amazon for
millennia are perceived and incorporated by modern traditional communities and
integrate part of their traditional ecological knowledge (TEK, cf. Smith 2012) and of
their daily management and cultivation practices. ADEs, plants, and landscapes are
often used as resources (Rocha et al. 2014) in the construction of gardens, yards, and
modern agroforestry systems. The construction of traditional ecological knowledge
undergoes a direct correlation between knowledge accumulated through generations
and creative engagement, uniting tradition and innovation (Ingold 2000) through a
learning process that is inscribed in the territory. For instance, current agrobiodiver-
sity is positively correlated to the history of human occupation, and corresponds to
past sociocultural variability, buts its preservation is also favored by the continued use
of anthropogenic soils and their associated landscapes by Indigenous and traditional
communities in the present.

Studies on fertility of soil have indicated the presence of archaeological materials.
Similarly, community gardens on ADE sites in the Urubu River (Amazonas state),
show that sites occupied by more than one cultural group support greater hetero-
geneity and diversity in their plant composition (Lins et al. 2015). There is, however,
ahomogenizing effect, wherein gardens with higher proportions of exotic plants have
a lower variability of native species, suggesting that the introduction of such species
neutralizes an ancient process of succession, formation of seed banks, and correla-
tions between past and present plants. In addition, exotic species are those most in
need of the improved conditions provided by ADEs, since they are not adapted to
Amazonian acidic soils (Junqueira et al. 2016a, b), which is the reason why ADEs
are sought for their cultivation (Fig. 9).

This chapter aimed to show that Indigenous agroecological practices have
contributed over the millennia to transform Amazonian biomes. Such practices are
still alive and their ancient record can be found in archaeological sites and contempo-
rary landscapes. The conversion of forests into pasture, together with the catastrophic
social and ecological consequences it brings, also erases, in a few days, biomes that
co-evolved with humans over millennia. The Amazon rainforest and its traditional
inhabitants were never as threatened as they are today and Indigenous lands play
an important role in preventing further deforestation. It is impossible, therefore, to
disentangle nature conservation from the protection of the livelihoods of traditional
societies as we hope to have shown here.
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Fig. 9 Archaeological sites dated from the last 500 years before European conquest (Source
Eduardo Tamanaha), with approved indigenous lands (Source Funai Database)
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