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Foreword

Now and then a book of contributed chapters appears that genuinely 
pro�ers new data as well as novel theoretical constructs that are cross-​
referenced under a single research umbrella or program. This is one of those 
books. It represents a clarion call to a new generation of environmental 
anthropologists, wildlife ecologists, conservation biologists, and �​ what 
many of the writers herein self-​identify as �​ historical ecologists. The diverse 
background, training, and specialization of the three editors (social anthro-
pology, anthropological archaeology, and ethnopharmacology) bespeak to 
me the very interdisciplinary roots of the research program known as his-
torical ecology. My coeditor of this book series, Carole Crumley, and I have 
identi�ed numerous new applications of historical ecology on almost every 
possible landscape on earth based on a literature review not yet published. 
The research program has expanded hugely since about the beginning of this 
century, and it is a daunting task for any one scholar to keep up with every-
thing that is coming out, and in a broad array of publication venues and 
languages at that.

The volume here is clearly focused on a little known yet tremendously sig-
ni�cant applied subject matter, namely traditional ecological knowledge and 
its perspective and analysis of climate change, both of local and global sorts. 
I am honored to be able to contribute a few words at the beginning and to 
endorse, in light of its importance, this work, for �​ to my way of thinking �​ it 
potentiates moving the sciences of the environment (and of humans) forward, 
more deeply into the 21st century, with its currently attendant, increasingly 
obvious, anthropogenic climate crisis. I am impressed with several new terms 
and concepts associated with these sciences �​ all useful to historical ecology �​ 
in the various chapters of this volume (creative landscape, relational models, 
replacement theory, coercive conservation, domesticated landscape, and food 
sovereignty �​ particularly of traditional societies in environments not yet 
completely altered by primary landscape transformation of the ruinous kind). 
A few points seem central to this volume and fuse it together in terms of histor-
ical ecology and its potential applications. First, the volume abandons certain 
shibboleths about humans and the environment that have persisted in coercive 

 

 



Foreword  xi

conservation (as noted above, a term aptly coined in the Introduction). There 
are at least two of these: (1) people are always adverse in some way both to 
local and global environments and their biota (à la the Gaia hypothesis, for 
example) and (2) the only way to promote environmental diversity, stability, 
and health is to disentangle humans from their environments, if these envir-
onments are speciose or in some other way deemed valuable, or to proscribe 
and prevent people �​ even those from traditional societies not associated with 
environmental destruction �​ from occupying such environments if found to 
be unoccupied. The writers show that human agency can be constructive of 
environments �​ the matter is clearly contingent on socioeconomic, cultural, 
and historical conditions, well presented in these chapters. Second, there is an 
ancillary canard that needs to be noted: that only Western science can solve, 
if ever, the crises being unleashed by anthropogenic climate change on every 
conceivable landscape. This book shows in splendid fashion the diversity of 
traditional local and global knowledge systems concerning climate and the 
environment in all the Americas, an original and herein well-​justi�ed juxta-
position of a geographic and regional sort. The volume before us marks an 
advance in knowledge because the authors and editors instantiate in their 
well-​researched chapters a historical�​ecological conjuncture between what is 
local and what is global, and how to navigate the similarities and di�erences 
of climate change between them.

William BalØe
June 2022

 
newgenprepdf



 



 DOI: 10.4324/9781003316497-1

Introduction

James Andrew Whitaker, Chelsey Geralda Armstrong, 
and Guillaume Odonne

Climate change and related anthropogenic in�uences are increasingly apparent 
worldwide, as re�ected by mounting scienti�c evidence and peoples� local 
experiences. The e�ects of Earth�s changing climate are being experienced at 
unprecedented scales and across varying landscapes and bioregions. These 
impacts include acute shifts and changes in local food production and global 
supply chains, escalating disaster and mitigation e�orts, and increased emer-
gency health concerns. While climate change is a global phenomenon, the 2022 
IPCC assessment report has underscored the importance of understanding 
and mitigating regional impacts, adaptations, and vulnerabilities. Included in 
the report, and noted elsewhere, are the rippling impacts of climate change 
on peoples� lived experiences, livelihoods, and homelands, which are most 
apparent at local scales (Batterbury 2008; Wolverton et al. 2014).

In the last two decades, there has been increased attention on Indigenous 
and local populations whose livelihoods and subsistence practices are closely 
tied to their landscapes. People are often keenly aware of local e�ects from 
climate change, such as altered weather patterns, seasonal irregularities, 
melting glaciers, �ooding and drought, and other challenges that impact their 
communities and livelihoods. Climate change impacts are also exacerbated in 
communities where excessive resource extraction and colonial legacies have 
increased vulnerability to punctuated changes (Douglass and Cooper 2020). 
Despite this, Indigenous and local peoples disproportionately manage some 
of the most biologically diverse and intact landscapes on earth (Garnett et al. 
2018; Fa et al. 2020). Responses to climate change challenges have drawn 
on longstanding (e.g., centennial and millennial) experiences with climatic 
variability, shifts in �uctuating social�​ecological relations, and responses 
to ecological imperialism and colonization (Adamson et al. 2018; Kaptijn 
2018). Such strategies include intensive land-​based monitoring (Salick and 
Ross 2009), continued implementation of traditional ecological knowledge 
and management systems (Gómez-​Baggethun et al. 2013; Pearce et al. 2015), 
carbon-​negative livelihoods (Walker et al. 2020), and the co-​production 
of knowledge with climate scientists (Riseth et al. 2011; Reyes-​Garcia 
et al. 2019).
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2  James Andrew Whitaker et al.

The relationships between people and their inhabited landscapes are for-
mative and ripe for interdisciplinary research in relation to climatic and eco-
logical changes through time. Historical ecology is especially well-​positioned 
to provide a practical and theoretical framework for understanding long-​
term social�​ecological patterns and processes in the context of our current 
climate crises (BalØe 1998, 2006, 2013; BalØe and Erickson 2006; Crumley 
1994, 2017, 2018, 2021; Crumley et al. 2017; Odonne and Molino 2021). 
For example, across South, Central, and North America, historical ecologists 
have shown how societies have altered local environments to produce �cul-
tural forests� (Armstrong 2021; Armstrong et al. 2021; BalØe 2013; see 
Crumley 2017, 2021) and �domesticated landscapes� (Erickson 2006). 
Through applied practices of landscape transformation, (e.g., raised �elds, 
earthworks, midden engineering, plant translocations, and Amazonian Dark 
Earths), environmental challenges have been addressed over centuries and 
even millennia (BalØe 2010; Crumley et al. 2017; Graham 2006; Rostain 
2008a, 2010).

Anthropologists and archaeologists, working within a historical�​
ecological framework have assessed climate variability, climate change, 
and related impacts by centering their research on human�​landscape 
interactions over explicit and controlled timespans (Rick and Sandweiss 
2020; Stephens et al. 2019). Concepts of resilience and sustainability are 
inherently temporal in their application and assessment. However, temporal 
scales, which a�ect observations and analyses, are sometimes insu�ciently 
considered or poorly implemented in climate change research (Lane 2015). 
As such, we seek to demonstrate the generative intersection of localized 
and Indigenous knowledge and historical�​ecological timescales as a means 
to better understanding and working towards climate change mitigation 
e�orts. With contributions from specialists throughout the Americas, this 
edited volume will comparatively examine experiences and responses to cli-
mate change and related environmental changes across South, Central, and 
North America. We foreground historical ecology as a primary framework 
for understanding human engagements with climate change through time 
and analyze how the global crisis is experienced and dealt with in localized 
contexts.

Historical Ecology, Climate Change, and Indigenous Knowledge

Over forty percent of the globe is considered vulnerable to climate change 
impacts and the sixth IPCC assessment report suggests that global-​scale 
technological and bioengineering solutions will not be su�cient to address 
the climate crisis. Thus, strategies that include culturally-​relevant miti-
gation to reduce vulnerability will be increasingly important in coming 
years. Anthropologists and archaeologists are uniquely situated to this task 
(Crumley 2021). Although not initially forthcoming, leading to the criticism 
that anthropologists were ��ddling while the globe warms� (Rayner 1989), 

 

    

     

  

 

   

 

 

 

 

 

 



Introduction  3

anthropological engagements with climate change have increased in pace and 
volume during the last two decades. Anthropologists have now produced 
numerous books and edited volumes (Baer and Singer 2018; Barnes and 
Dove 2015; Crate and Nuttall 2009; Crate and Nuttall 2016; Strauss and 
Orlove 2003; Welch-​Devine et al. 2020), special issues in peer reviewed 
journals (Lahsen 2010; McCarthy et al. 2014; Magistro and Roncoli 2001; 
Salick and Ross 2009; Pisor and Jones 2021), and broad literature reviews 
(Brown 1999; Crate 2011; Jorgenson et al. 2019) concerning climate change. 
Archaeologists have also contributed important volumes on ancient human 
land-​use and impacts to changing environments (Braje et al. 2021; Chambers 
2012; Dawson et al. 2017; Isendahl and Stump 2019; Redman 1999; Stump 
2010). These contributions have come from around the world and have zeroed 
in on integral connections between long-​term changes in weather patterns 
and ecological events, like �ooding and drought, as they relate to more trad-
itional anthropological concerns, such as social and cultural practices and 
Indigenous and local knowledge (Batterbury 2008).

Previous contributions have been geographically and topically wide-​
ranging. For example, in two groundbreaking edited volumes which remain 
foundational to the anthropology of climate change, Crate and Nuttall 
(2009, 2016) present chapter-​length ethnographic engagements with cli-
mate change topics ranging from the Andes (Bolin 2009; Paerregaard 
2016), to the Arctic (Henshaw 2009, 2016), to South Asia (Finan 2009; 
Finan and Rahman 2016), to Oceania (Jacka 2009, 2016). More recently, 
research has focused on how local perceptions and knowledge of climatic 
and ecological changes emerge and become embedded within peoples� 
everyday lives (Sillitoe 2021; Welch-​Devine et al. 2020). Despite a growing 
literature on climate change, anthropological interventions into the climate 
crisis have struggled to link the global with the local and have had di�-
culty articulating a theoretical framework capable of providing a broad 
comparative scope. As a result, some researchers have called for a more 
integrative approach with the goal of coordinating scalability between 
place-​based and localized climate change research, on the one hand, with 
globally-​focused climate change research and policy agendas, on the other 
(Reyes-​Garcia et al. 2019).

Although anthropology is critically situated to connect local experiences 
of climate change with larger-​scale processes and changes (Crumley 1994; 
Whitaker 2020a; Wolverton et al. 2014), many edited compilations on cli-
mate change have perhaps �​ at least until recently (see Crumley 2017) �​ pre-
maturely reached for a global scale of comparison at the expense of mid-​level 
regional accounts. As Crumley et al. (2017: 1) write, climate change and 
related contemporary crises �require attention, both locally, where global 
changes impact communities, and globally, where local practices in�uence 
global change.� Without the latter, �ne-​grained climate ethnographies often 
become disjointed from their globally oriented theoretical frameworks. 
However, the global emphasis has come at a cost to the local �on the 

  

   

 

   

 

   

  

    

  

   

   

 

 

 



4  James Andrew Whitaker et al.

ground� perspectives that constitute anthropology�s primary and best con-
tribution to climate change research. In other words, there is often a discon-
nection between the high-​resolution localized documentation of experiences, 
perspectives, and challenges of people concerning contemporary climatic and 
ecological change, and the global comparative scale within which they are 
theoretically positioned. For example, in these contexts, Indigenous know-
ledge and practices, for example, traditional ecological knowledge and trad-
itional environmental and resource management, are sometimes extracted 
for outsiders� goals without bene�ting the communities sharing that know-
ledge (McAlvay et al. 2021). Uncritically scaled-​up research often results in 
Indigenous and local peoples� knowledge being removed from the contexts 
within which it successfully operates, e.g., at a landscape-​scale. Johnson 
(2010) calls these rudimentary studies �TEK bites�: the fragmentary pieces 
of knowledge removed from peoples� lived realities, governance structures, 
and other social institutions in which such knowledge is both situated and 
successful (see also Berkes 2012).

While calls to include �people� as important agents of climatic and envir-
onmental change and mitigation have raised the pro�le of research in the 
�eld of evolutionary and biological anthropology (Pisor and Jones 2021), 
as well as human behavioral ecology, these tend to deemphasize local 
scale understandings and ontologies of the landscape in favor of adapta-
tionist models. Throughout this volume, we acknowledge peoples� ability 
to adapt to environmental change, but we focus on human understandings, 
ontologies, and practices as important mediating and transformative factors 
that in�uence sustainability and resilience. We critically interrogate the adap-
tationist approach for understanding human�​environment interactions, 
while focusing on ongoing relationships between people, biota, and biophys-
ical processes, where human agency and action are essential to the structure 
of the landscape (BalØe 2006; Armstrong et al. 2019). Both biophysical and 
anthropogenic processes are necessary to our understandings of the land-
scape (see Szabo� 2015). While past forms of cultural ecology emphasized 
peoples� adaptation to the environment in a �xed context, historical ecology 
emphasizes diachronic interpretations of landscape change and the ways that 
landscapes have been transformed and modi�ed by humans (Crumley et al. 
2017; Rostain 2008a, 2008b, 2010).

The chapters in this volume bridge the theoretical and cross-​cultural 
challenges faced by many research engagements with climate change by 
focusing on historical ecology as a research programme capable of articu-
lating diverse ecological and ontological domains through the central concept 
and scale of the landscape. Although archaeologists and ethnographers have 
made recent progress in this area (see Oba 2016), localized understandings of 
climate change (as the 2022 IPCC assessment report outlines) and localized 
scales of study seems to have had limited engagement with historical ecology 
as a central framework (but see McIntosh et al. 2000). This volume aims to 
address this lack of engagement.

 

 

 

 

 

 

 

 



Introduction  5

Although the challenge of climate change is global, regional 
comparisons provide a productive scale and avoid the seeming incom-
mensurability of cultural and ecological variables at a global scale. A geo-
graphical focus on �regions� has also been comparatively emphasized 
by historical ecologists (Crumley et al. 2017). By emphasizing a nested 
regional scale within settler states in the Americas, rather than a global 
one, we aim to balance the local and global scales for comparative and 
applied analyses.

Despite the growing literature on climate change, ethnographic 
engagements with local experiences remains geographically uneven. For 
example, Kawa (2016: 23) has written of an �overlooked anthropos� in 
relation to climate change and the broader Anthropocene in Amazonia, 
which has received less attention from climate change ethnographers than 
might be expected considering the critical role of the Amazon rainforest in 
absorbing and sequestering atmospheric greenhouse gasses (Baer and Singer 
2014; Brondizio and Moran 2008; Whitaker 2020a). Similarly, temperate 
rain forests in western North America are under severe threats from logging, 
catastrophic wild�res, and other climate change impacts (Price et al. 2020), 
but there is limited research on the role of Indigenous peoples in shaping the 
structure and productivity of biologically diverse forested landscapes (Deur 
and Turner 2005; Turner 2014; Armstrong et al. 2021). Historical�​ecological 
research that highlights Indigenous land-​use and landscape management as 
a cornerstone of climate change mitigation has not previously overlapped 
in the literature spanning North, Central, and South America. This volume 
addresses the gap and provides a broad comparative scope of applicable 
research across these regions.

Historical ecology�s emphasis on human�​landscape dynamics ameliorates 
one of the main comparative challenges of anthropological research on cli-
mate change. The challenge is that di�erent societies have diverse ideas and 
ontologies concerning concepts such as �weather,� �climate,� �steward-
ship,� and �change,� which do not always �t into Western languages and 
conceptual frameworks (Rosengren 2018, 2021; Whitaker 2020a; see Byg 
and Salick 2009: 163; Rudiak-​Gould 2014; Schnegg et al. 2021), making 
geographically wide-​ranging accounts di�cult to compare (see also Reyes-​
Garcia 2019). With historical ecology, such di�erences are highlighted using 
a landscape-​scale approach which is then featured in the broader contexts 
of peoples� social�​ecological interactions, practices, and knowledge. The 
comparative framework and scalar approach of historical ecology facilitates 
an enhanced understanding of peoples� unique responses to real-​life threats 
and challenges stemming from climate change (Armstrong et al. 2017; 
Crumley et al. 2017). By focusing on people�s historical relationships with 
their local landscapes, historical ecology does more than broaden research 
engagements with peoples� responses to climatic and ecological vulnerabil-
ities. It also engages with changing landscapes, applications of Indigenous 
and local knowledge (Crumley 2017), and questions about the continuity 
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or discontinuity of �nature� and �culture� that perdure at the very heart of 
interdisciplinary research enquiries (BalØe 1998, 2006).

Chapter Themes

This edited volume brings together anthropological and archaeological 
perspectives that broaden our understanding of change across both recent 
and deep-​time cultural landscapes. In the �rst three chapters, archaeology 
and paleoecology are mobilized to understand sociocultural and demo-
graphic shifts at a broad scale over millennia. StØphen Rostain and Jonas 
Gregorio da Souza examine the in�uence of pre-​Columbian climate change 
in Lowland South America through a historical�​ecological lens. They re-​
position the relationship between climate and people, focusing on socio-
cultural variables, such as demography, mobility, and settlement patterns, 
spanning thousands of years and across continental-​scales. The second 
chapter by Anabel Ford investigates Maya forest gardens using novel meth-
odological approaches to critically scrutinize the consilience of ethnographic, 
archaeological, and paleoecological records in Central America. In the third 
chapter, Torben Rick, Gabriel Sanchez, and Shannon Tushingham highlight 
the value of a historical�​ecological framework for evaluating thousands of 
years of human�​environment interactions across coastal California. With 
an emphasis on environmental change and the increasing need to meet the 
challenges of severe drought and wild�res faced by Californians today, the 
authors o�er an enlightened perspective on preparing for future climate 
instability while promoting equity and social justice.

The following chapters examine long-​term human�​environment 
interactions that have resulted in complex biocultural landscapes, and 
which are currently targeted as pathways toward mitigating climate change. 
Chapters 4 and 5 engage with smaller scale human�​landscape interactions 
while examining landscape management by Indigenous peoples in the 
Americas over thousands of years of documented climate variability and 
environmental change. Natalie Mueller examines paleoecological data and 
shows how Indigenous peoples in eastern North America have resisted eco-
logical changes in prairies and pyrophytic forests, which include many of 
the valuable resources that underpin longstanding cultural traditions. The 
�fth chapter, by Christopher Roos, Thomas Swetnam, and Christopher 
Guiterman, shows how generations of Ancestral Pueblo and Apache peoples 
have managed conifer forests throughout the American Southwest, improving 
�re resilience in their lived landscape. The result of these millennial-​scale 
interactions, particularly in local pine forests, has been shown to reduce 
severe risks from wild�res under current climatic changes.

In the sixth chapter, Ana Ladio and Mauricio Sedrez dos Reis use rela-
tional models (RMs) within the context of conserving pewen forests 
(Araucaria araucana), a cultural keystone species for Mapuche people in 
Argentina and Chile. The authors focus on the cultural and environmental 
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signi�cance of human-​pewen forests through time, and their role in pro-
moting food system resilience and conservation. The seventh chapter, by 
Chelsey Geralda Armstrong, Sara Wickham, and Kalina Hunter, considers 
the role of Ts�msyen, Haí�zaqv, and Wuikinuxv people in shaping the struc-
ture and function of forests across the Paci�c Northwest. Speci�cally, 
peoples� traditional management of forest garden systems has resulted in an 
increase in local biodiversity and functional diversity, as well as improvement 
of overall soil quality in various regions. The authors contemplate the scien-
ti�c, legal, and applied outcomes of this research, focusing on restoration and 
reclamation in an uncertain future. Moving from forests into the intertidal, 
in Chapter 8, Dana Lepofsky and Anne Salomon describe how Indigenous 
peoples throughout the Paci�c Northwest Coast constructed intertidal rock-​
walled terraces called clam gardens and managed them amidst climatic and 
ecological changes over millennia. These unique cultural landscapes have 
been the cornerstone of food sovereignty initiatives for many coastal First 
Nations, and the authors highlight key aspects of this long-​term research 
program that braids together a novel intersection of scienti�c and Indigenous 
knowledge. Isabel Rivera-​Collazo focuses on Central America in Chapter 9, 
where she examines the importance of centering local peoples� perspectives 
in understanding past climatic crises on islands in the Caribbean. With a 
focus on palaeoecological, climatic, and archaeological data, she brings forth 
invaluable lessons for researchers seeking to contribute more critically to cli-
mate change research, centering issues of food and habitat security.

The last three chapters emphasize local perspectives and ontologies 
concerning climate change and responses to environmental change over 
time in Lowland South America. Chapter 10, by Marquisar Jean-​Jacques, 
Marianne Palisse, Martijn M. van den Bel, Antoine Gardel, and Edward 
Anthony, provocatively asks, whose �climate change� are we are really 
talking about anyway? They examine Kali�na understandings of long-​term 
climatic, ecological, and historical changes in the Maroni River to broaden 
discourses of both �climate� and �change.� In Chapter 11, Pirjo Kristiina 
Virtanen, `lvaro FØrnandez-​Llamazares, and Francisco Apurinª examine 
relationships between oral histories and memories in relation to changing 
landscapes among the Apurinª and Tsimane� peoples of Amazonia. In the 
twelfth and �nal chapter, James Andrew Whitaker compares Makushi and 
Akawaio perceptions and encounters involving weather and climate change 
in Guyana. He shows how Makushi and Akawaio people today often inter-
pret changing weather and climate variation using recently introduced 
discourses of �climate change� and how they position these observations 
within ontologies centered around the historical�​ecological landscape.

The Nexus of Global Change And Historical Ecology

The themes, observations, and data examined throughout this volume lie 
at the cutting edge of historical�​ecological research and hold continuing 
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relevance within both academic and applied contexts. Although often 
without su�cient engagement in existing scholarship, collisions between 
conservationists, policy makers, and local and Indigenous peoples continue to 
play out in dramatic and often tragic ways across the Americas. The urgency 
of climate change can exacerbate these con�icts when perceived through a 
lens which continues to separate �nature� and people. Historical ecology can 
help to clarify issues of legal, ethical, and scienti�c inquiry by making rele-
vant Indigenous and local land-​use histories and ecologies.

Our collective studies in North, Central, and South America illustrate 
the signi�cance of historical ecology for probing and better understanding 
how people transform their landscapes through local knowledge, ontological 
frameworks, and practices. As demonstrated throughout this volume, these 
aspects of historical ecology often bely modern conservation approaches and 
neo-​colonial practices, which continue to reproduce outdated views on eco-
logical and technological supremacy in the face of climate change.

Current conservation projects in Lowland South America often aim to 
separate Indigenous peoples from their local territories based on the demon-
strably false premise that peoples� environmental impacts are inherently detri-
mental to terrestrial, marine, and riverine landscapes (see BalØe 1998, 2006). 
Such �coercive conservation� measures sometimes involve removing local 
people from their land base or restricting local use and subsistence practices 
(Peluso 1993). For example, the Iwokrama International Centre in Guyana 
reportedly restricts hunting, �shing, and farming in traditional Makushi ter-
ritories (Whitaker 2020a, 2020b). In yet other regional scenarios, hydro-
electric and similar large-​scale projects aim or result in the dislocation of 
local peoples from their landscapes. Some governmental policies have led 
to a radical shift in Indigenous peoples� practices. For example, in French 
Guiana, Indigenous peoples have been encouraged to settle into perennial 
villages, but are now restricted from following their traditionally mobile and 
semi-​sedentary way of life, leading to egregious con�icts over land rights. In 
the Paci�c Northwest, where Indigenous peoples have never ceded rights and 
title to their territories, con�icts over intensive resource extraction continue 
to operate under the assumption that people simply do not �use� their lands 
su�ciently (Daly 2005; Martindale and Armstrong 2019). This has led to 
concerted research e�orts involving clam gardens, forest gardens, orchards, 
and other traditional land-​use practices, which may help communities assert 
sovereignty to their lands and waterways, resulting in more locally-​relevant 
climate change mitigation strategies.

Despite scholarly research and the assertion of local and Indigenous peoples, 
the separation of �nature� and people persists in legal, commercial, and non-​
pro�t contexts. Historical�​ecological scholarship has provided scholarly and 
legal language that shows what Indigenous peoples have always known: that 
the management of local landscapes �​ intentionally, sustainably, and �exibly �​ 
has mitigated, bu�ered, and imparted valuable lessons in relation to long-​term 
and short-​term ecological variability and climate change. Although recognition 
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of local and Indigenous peoples has been more apparent in matters of conser-
vation and biodiversity, they are often tokenized or only valued when tested 
against Western science (Tormos-​Aponte 2021). As a result, many peoples� 
longstanding sustainable and resilient practices, in relation to climatic, eco-
logical, geomorphological, and broader global changes, have yet to be fully 
integrated into the design and implementation of climate change action and 
research. With a view to local Indigenous knowledge, ontologies, and practices 
over explicit temporal scales, this volume shows that understanding the past is 
an important and just strategy to building a better future.
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1	� �Open the Floodgates of Heaven�
Amazonian Climate Change in  
Pre-​Columbian Times

StØphen Rostain and Jonas Gregorio 
da Souza

�After The Rain Has Fallen�

Climate change has fundamental consequences for societies that are some-
times bene�cial and in other cases detrimental. For instance, it is likely that 
regional and continental scale climate variability has caused huge migra-
tory movements resulting in profound transformations within Amazonian 
societies around 1100 AD (Iriarte et al. 2017). Similarly, some researchers 
assert the increases in temperature in the Andes could have favored the emer-
gence of the Inca Empire (Chepstow-​Lusty et al. 2009). More to the north, 
increasing evidence suggests repetitive droughts played a role in the Classic 
Maya collapse between 660 and 1000 AD (Kennett et al. 2012). Whether 
through adaptation, expatriation, or disappearance, societies have reacted 
and modi�ed their behaviors according to shifts in climate and other natural 
phenomena.

In Amazonia, evidence of various instances of climate change and vari-
ability during the second millennium (700�​1300 AD, depending on the region) 
evinces a period of widespread reorganization and population movements, 
for which climate may have played a prominent role. Recently, scholars have 
proposed that some Amazonian societies prospered during these periods of 
climatic variation while others were more negatively impacted (Souza et al. 
2019). Moving beyond explanations of change and towards a more nuanced 
understanding of vulnerability and management, we explore in this chapter 
to what extent di�erent types of pre-​Columbian societies confronted envir-
onmental stress and evaluate the archaeological record to better assess soci-
eties� resilience.

�Come Rain or Come Shine�

Climatic conditions have been relatively stable in the Amazonian lowlands 
since the end of the last glacial maximum, with minor increases in tempera-
ture and precipitation (Whitney & Mayle 2012; Flantua et al. 2016). The 
Amazon River extends approximately 6,800 km, with 17 tributaries longer 
than 1,500 km each and three rivers more than 3,000 km long. Across diverse 
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environments and microclimates, there is a tremendous amount of rainfall 
and temperature variability throughout the Amazon basin. While most of the 
Amazon Basin receives an average of 1,500�​3,000 mm/​y, with a maximum 
of 12,000 mm, the equatorial northwestern and the Amazon River estuary 
receives even higher rainfall. The most rainfall occurs along the Andean foot-
hill region up to c. 1,500 m altitude. Conversely, the driest conditions found 
farther south of the Amazon Basin receive 1,500 mm/​y (Goulding et al. 2003). 
Annual and daily temperature variability is relatively similar throughout 
Amazonia. Mean annual temperatures range from 18 to 23°C. Although 
Amazonia regularly su�ers from excess water with spectacular �oods, the 
droughts have the most calamitous and lasting consequences on inhabitants. 
Since the 1970s, archaeologists and other scientists have considered ancient 
climatic oscillations as a factor in cultural changes during the prehistory of 
Amazonia (Meggers 1979).

For example, Meggers outlined a signi�cant turnover in naturally occurring 
vegetation in South America lowlands between about 18000 and 13000 years 
BP. The detection of broad climatic variations in the Quaternary Period is 
typically based on the distribution and diversity of �ora and fauna, which is 
often considered a proxy for periods of aridity. The theory of forest refugia 
and fauna suggests that such proxies correlate to dry transition episodes, 
which have been subsequently applied to archaeological and anthropological 
research (see Figure 1.1A�​B).

For example, attempts have been made to correlate these Amazonian 
refugia with the distribution of two linguistic families: speakers of Tupi-​
Guaranian and Arawakan (Meggers 1979).

Fifteen years later, Meggers (1994) extended her study by analyzing 
cultural and historical chronologies throughout Amazonia. Many of these 
sequences indicated discontinuities corresponding to climate-​shifting 
events like mega-​Niæo, as further highlighted by archaeological data 
from the northern coast of Peru. Changes in cultural historical models 
were tested against pollen data, charcoal and soil analyses, and changes 
in water levels, indicating intermittent episodes of aridity in the neotrop-
ical lowlands since 2000 years BP. Similarly, episodes of aridity have been 
documented using regional pollen data where forests were replaced by 
savannahs from eastern Colombia (van der Hammen 1974, 1991) to the 
Lower Magdalena valley in western Colombia (Wijmstra 1967) and in cen-
tral Marajo Island in Brazil (Absy 1985). Cultural changes (as evidenced by 
settlement patterns and marked linguistic fragmentations) appear to cor-
relate with these episodic shifts, dating to 1500, 1000, 700, and 400 years 
BP (Meggers 1994).

The El Niæo�​Southern Oscillation (ENSO) is a climatic phenomenon 
that in�uences much of the climatic variability in South America. Although 
ENSO events are a natural occurrence, they are a driver of regional weather 
patterns (e.g., spurring dry conditions). Given the evidence that climate vari-
ability associated with ENSO had recognizable impacts on local communities 
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Figure 1.1A�​B � Part A: Refugia map in Amazonia reconstructed from the modern 
distributions of plants and Heliconius butter�ies suggesting biogeo-
graphical probability for fragmentation of the humid forest several 
times during the Quaternary Period (redrawn from Prance 1973: �g. 24; 
Brown et al. 1974: �g. 3; Meggers 1979: �g. 1; water painting butter�y, 
Rostain). Part B: Compilation of some paleoecological studies that 
indicate climatic changes that occurred during the Middle Holocene in 
the Amazon Basin (redrawn from Neves 2007: tabl. 1).

 

 

 

 

 



�Open the Floodgates of Heaven�  17

in Ecuador and Peru, we expect similar patterns to materialize in Amazonia. 
During El Niæo, precipitation decreases signi�cantly in the northeast of the 
Amazon Basin, which causes a notable decrease in the �ow and discharge of 
water in this region, while the opposite is observed during La Niæa �​ as the 
opposite climate phenomenon �​ during which precipitation and river �ow 
and discharge increase.

The meteorological consequences are evident during both El Niæo and La 
Niæa, when peak rainfall and aridity are reached. The disastrous drought of 
2005 left Amazonia bereft of 60% of its usual annual rainfall. Deforestation 
continued and led to erosional sediment deposits, which (coupled with 
drought) led to catastrophic impacts �​ thousands of �sh washed up dead along 
the rivers and hundreds of communities were left isolated and without access 
to usual infrastructure. Five years later, the same 700,000 km2 area (twice the 
size of France) experienced a severe drought on the unhealed ruins of the pre-
vious one. The dramatic drying up of the Amazon basin is underway and both 
anticipated and unanticipated impacts are expected throughout the region, 
which a�ect all manner of cultural and environmental resources. Although 
the current climate crises are exacerbated by human-​caused drivers, it can be 
expected that similar or less severe disasters provoked by mega-​Niæo events 
occurred during pre-​Columbian times.

�Let It Rain�

Apart from extreme climatic events, researchers have also highlighted past 
variations in precipitation that may have had a profound impact on the 
inhabitants of Amazonia. Neves & Furquim (2021) describe some e�ects of 
climatic variability during c. 13,000 years of pre-​Columbian occupation. The 
cooling of the northern hemisphere between 8200 and 4200 years BP induced 
important climatic and ecological changes in South America �​ notably, 
cooling events resulted in decreased precipitation and drought in western 
Amazonia (Baker et al. 2001), a northward shift of the forest/​savanna eco-
tone in the southern bangs (Pessenda et al. 2001), and wetter conditions 
in eastern Amazonia (Wang et al. 2017). The direct e�ect was an apparent 
decline of human populations on the continent until around 6000 BP, when 
the climate stabilized again (Riris & Arroyo-​Kalin 2019).

Did Holocene climate events drive largescale cultural changes? When 
analyzing the emergence of a true �Neolithic� in the region, Neves (2007) 
considered the paleoclimatic record as an agent of sudden and simultan-
eous socio-​cultural change in Amazonia (see Figure 1.1B). Speci�cally, he 
investigated whether there was a correlation between mid-​ and late-​Holocene 
climatic variations and the radical shift to a marked sedentary lifestyle, with 
economies increasingly dependent on large-​scale agriculture and intensive 
management of natural resources. Paleoecological data points to a gradual 
general increase in humidity and forest expansion beginning in 3500 BP. At 
the same time, archaeological evidence supports cultural transformations, 
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such as the construction of earthen mounds in the Llanos of Venezuela, the 
Guiana coast, the island of Marajó, central Amazonia, and southwestern 
Amazonia; the concomitant development of raised �elds and/​or speci�c 
earthworks (causeways, reservoirs, canals, etc.); and in several cases the 
creation of extended road networks radiating from large settlements of 
annular plan in southern Amazonia. Without systematically establishing a 
causal relationship between climatic and social changes, Neves� objective 
was to judiciously identify possible correlations between the two phenomena 
(Neves 2007).

�I Wish It Would Rain Down�

Large-​scale climatic changes appear to have in�uenced the cultural organ-
ization of Amazonian linguistic groups during the last millennium (Meggers 
1979). These changes are observed to correlate with the drying periods 
associated with the Medieval Climatic Anomaly (950�​700 BP), but the �ner-​
scale data tells a more nuanced story. Recently, Souza et al. (2019) headed a 
large-​scale study bringing together several international specialists to under-
stand climatic and archaeological events during the �rst half of the second 
millennia (see Figure 1.2A�​B).

Dates from hundreds of archaeological sites were collected and analyzed, 
re�ecting cultural chronologies from seven scattered regions, which were 
then cross-​referenced with paleoclimatic records sampled from six scattered 
regions of Amazonia. Data on variations in the hydrological cycle come 
from the sedimentary record at Cariaco Basin near Venezuela (Haug et al. 
2001), oxygen isotope records from the Pumacocha Lake sediment core 
in Peru (Bird et al. 2011), Palestina Cave in the foothills of eastern Peru 
(ApaØstegui et al. 2014), stalagmites collected in cave systems at Paraíso 
south of SantarØm in eastern Amazonia (Wang et al. 2017), Pau d�Alho cave 
in the northern portion of the La Plata Basin along the transition zone of 
the Brazilian Amazon Basin (Novello et al. 2016), and Torotoro caves in the 
eastern Bolivian Andes (ApaØstegui et al. 2018). In order to succinctly pre-
sent and analyze this data, the following sections synthesize the main results 
of de Souza et al.�s �ndings (see Figure 1.2B).

The Guiana Coast

The pre-​Columbian occupation of the Guianas coast has been the subject 
of various archaeological works that provide a coherent overview of the 
succession of societies in this coastal fringe (Rostain 2008, 2012; van den 
Bel 2015). The coastal plain experienced a marked cultural boom around 
the �rst half of the �rst millennium AD. The coastline, southeast of Cayenne 
Island, then became the territory of the AristØ groups, whose culture related 
to the Lower Amazon Polychrome tradition. The western coastline was occu-
pied by completely di�erent cultural groups, stemming from the Arauquinoid 
tradition of the Middle Orinoco. They spread eastward along the coastal 
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Figure 1.2A�​B � Part A: Map of the archaeological regions (circles) and paleoeco-
logical samples (stars) discussed in the Souza et al. (2019) study 
(drawing, Rostain). Part B: Periods of cultural change (graphics) 
and paleoclimate records (curves) for six regions of Amazonia, and 
regional charcoal curves from the best sampled regions. The duration 
of each archaeological culture is represented by summed calibrated 
probability distributions of the radiocarbon dates. The �wetter� and 
�drier� arrows refer to the interpretation of the paleoprecipitation 
records (Souza et al. 2019: �g. 3).
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fringe of the Guianas from 650 AD. These Arauquinoid groups, which were 
apparently hierarchical and organized into chiefdoms, are famous for their 
earthwork structures and marked management of the landscape, including 
habitat mounds, causeways, dykes, basins, canals, and raised �elds (Rostain 
2012). Raised agricultural mounds, which vary in size and shape, extend 
over tens of square kilometers from the Berbice River in Guyana to Cayenne 
Island in French Guiana (see Figure 1.3A�​B).

Analysis of phytoliths, pollen starch grains, and stable isotopes extracted 
from the raised �elds and ceramic cooking plates provided evidence of maize, 
squash, and cassava cultivation (Iriarte et al. 2010; McKey et al. 2010).

The amalgamation of Arauquinoid groups seems to have dissolved in the 
14th century AD. It has been assumed that the cause was the expansion of 
exogenous communities of Koriabo tradition, which spread from the interior 
to the coast from the 13th century AD (Rostain 2008). Several coastal arch-
aeological sites show mixed levels of Arauquinoid and Koriabo material, 
while others indicate a complete replacement of the original Arauquinoid or 
AristØ materials by the new Koriabo arrivals.

However, beyond the replacement theory, another factor may have 
impacted the Arauquinoid farmers: Paleoclimatic data from the Cariaco 
Basin, which lies just west of the Guianas, show prolonged drought conditions 
around the 14th century AD (Haug et al. 2001). High �eld cultivation may 
have been relatively fragile and subject to risks from climatic variations, as 
water may have been in short supply. Persistent and repeated climatic crises 
year after year could have had a negative impact on agricultural production 
and even on the technique of raising �elds, which became unsuitable under 
the new conditions. Being unable to face the circumstances of severe drought, 
the Arauquinoid societies may have shifted and reorganized around new sub-
sistence strategies and material culture as a result; this was before European 
colonization.

Mouth of the Amazon (Eastern Amazonia)

The immense island of Marajó (c. 49,000 km2) at the mouth of the Amazon 
River has been detailed with one of the �rst major pre-​Columbian cul-
tural chronologies (Meggers & Evans 1957). Around 400 AD, at about the 
same time as the coastal Guianas, strati�ed Marajóara culture emerged in 
the swampy eastern part of the island where inhabitants built large earthen 
mounds to inhabit and bury their dead (see Figure 1.3B). The largest mounds 
extended over three hectares and were seven meters high. The sites were 
composed of several mounds along the river and could house up to 2,000 
inhabitants (Roosevelt 1991).

However, the Marajóara people did not move into the �oodplain savannahs 
to cultivate large raised �elds like the Arauquinoid groups of the Guianas 
coast. Maize macro-​botanical remains have not been located and isotopic 
values from human remains found in urn burials indicate a diet based on 
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Figure 1.3A�​B � Monumental earthworks were often very sensitive to strong climatic 
variations, especially �oods. Part A: Pre- Columbian raised �elds in a 
�ooded savannah west of Cayenne Island, French Guiana. Such agri-
cultural mounds are very sensitive to climatic variations and �ooding 
levels (photography, Rostain). Part B: Arti�cial earthen mound in the 
Marajó Island, mouth of the Amazon, Brazil (courtesy of Meggers).
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undomesticated C3 plants and aquatic resources (Hermenegildo et al. 2017). 
The Marajóara diet was based largely on �sh, and evidence suggests large 
water pools constructed at the base of habitat mounds were used to cap-
ture �sh year-​round (Schaan 2004). This targeted subsistence strategy, which 
relied on local �sh populations, may have resulted in increased vulnerability 
and susceptibility to climatic variations.

The decline of Marajóara populations followed a trend comparable to 
that of the Arauquinoid. Around 1200 AD, the arrival of more mobile Aruª 
groups might have arisen as a result of a disorganization of Marajóara 
chiefdoms. This population shift may re�ect impacts from climatic changes, 
analyzed using speleothems from Paraíso Cave, which is located further west 
in the lower Amazon (Wang et al. 2017). The height of Marajóara occupation 
of the island coincides with a time of decreased precipitation. This drought 
situation led to a decrease in river �ow, which likely augmented salinity of the 
water �​ corresponding to Marajoara aquaculture (Lara and Cohen 2009).

Mouth of the Tapajós (Eastern Amazonia)

In contrast to the decline of Marajóara, the SantarØm culture �ourished 
from 1100 AD, in the vicinity of the present-​day city of the same name, at 
the mouth of the Tapajós. This strati�ed society adopted a more diversi�ed 
strategy of agroforestry polyculture and probably vÆrzea agriculture. Maize 
phytoliths were abundant in the Tapajós alluvial plain, which indicate pre-
ponderance for maize cultivation (Maezumi et al. 2018).

In contrast to the climate-​forcing impacts on the island of Marajó, the 
drought conditions a�ecting the SantarØm region do not seem to have sig-
ni�cantly a�ected the inhabitants. On the contrary, at the time there was an 
increase in �re activity concomitant with a demographic boom (Maezumi 
et al. 2018).

Central Amazonia

In central Amazonia, the meeting of the Negro and Solimıes Rivers forms a 
branch of the Amazon River, whose inhabitants formed a dynamic cultural 
landscape during the last millennium before European colonization. Large 
villages of Paredªo culture composed of several earthen mounds arranged 
in a circle around an extended central plaza appeared around 700 AD 
(Neves 2011), which coincides with the beginning of the great earthworks 
of the Guianas coast (Rostain 2008). The most remarkable feature of these 
settlements is the soil structure and composition re�ected by terra preta, also 
named Amazonian Dark Earths (ADEs). These fertile anthropogenic soils 
resulted from intensive and prolonged human activities (Bozarth et al. 2009) 
and allowed for the development of e�cient management of vÆrzea (alluvial 
plain), agricultural �elds, and cultural forests.
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Despite their stability, the Paredªo groups experienced a decline from 
1000 AD onwards with the violent invasion of groups of the Guarita cul-
ture, which was linked to the Polychrome tradition originating in central-​
western Amazonia around 750 AD (Almeida and Neves 2014). By 1200 AD, 
the ring villages of Paredªo mounds were all replaced by smaller Guarita 
settlements, and people re-​occupied the ditch-​ and palisade-​protected villages 
of the Paredªo culture (Neves and Petersen 2006).

Unfortunately, paleoclimatic data are lacking in the region and the avail-
able cores are too remote to be meaningful. The Lake Pumacocha sample in 
the Andes, as well as the Paraíso sample in the lower Amazon, however, report 
a period of marked drought from 1000 AD onwards (Bird et al. 2011), which 
could corelate with the timing of Guarita migration to central Amazonia.

Southwestern Amazonia

Southwestern Amazonia, straddling Brazil and Bolivia, presents a dynamic cul-
tural landscape which has recently been uncovered by deforestation, revealing 
hundreds of closed ditches (Pärssinen et al. 2009). Called �geoglyphs,� the 
ditches are round, oval, or square and range from 100 to more than 300 m 
in diameter (Saunaluoma & Schaan 2012). Archaeological excavations have 
revealed that the use of these ditches began around 400 BC (Schaan et al. 
2012). However, with the near-​total absence of domesticated plant remains, 
some interpretations suggest that the area served ritual functions and thus 
was used more for occasional gathering places for collective ceremonies.

Archaeobotanical data has shown that the construction of the ditches was 
not accompanied by large-​scale or long-​term intensive deforestation, but by 
occasional spot clearing, a hallmark of agroforestry practices. Interestingly, 
research suggests that peoples� management of the forests in this region 
began at least 4,400 years ago and the succession of secondary forest was 
dominated by palms for millennia (Watling et al. 2017). Peoples� presence 
in the region appears to decline as geoglyph sites were abandoned approxi-
mately 650 BP (Schaan et al. 2012; Watling et al. 2017).

Although ancient villages associated with the geoglyphs have not been 
found, it is very likely that inhabitants were organized in scattered and 
loosely strati�ed groups. Peoples� use and management of palm fruit forests 
were likely subsidized by maize and squash (Watling et al. 2017). Shortly 
after 1000 AD, the geoglyph tradition declined and was eventually replaced 
by villages composed of small earthen mounds (Saunaluoma 2010).

Paleoclimatic data obtained in Peru at Lake Pumacocha (Bird et al. 2011) 
and the Palestina Cave (ApaØstegui et al. 2014) show a sharp decrease in 
precipitation over the Andes and western Amazonia during the time of the 
geoglyph decline. This is followed by a resurgence of precipitation in the 
following centuries, along with the spread of ringed monticular sites. As in 
the regions previously presented, the questions obviously arise as to the role 
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of these climatic changes in the population movements that replaced the local 
groups and habits.

Llanos de Moxos

The vast region of the Llanos de Moxos, over 110,000 km2 in area, has 
been extensively used and modi�ed by pre-​Columbian populations (Erickson 
2006) through agricultural strategies and complex political organization 
(Walker 2008). However, the nature and form of the earthworks vary not-
ably from region to region and form distinct clusters (Lombardo et al. 2013). 
For example, the northwestern llanos is characterized by platform �elds near 
Santa Ana de Yacuma, while the northeastern cluster is composed of three 
overlapping complexes of ditched �elds, ring ditches, and canals, causeways, 
and �sh weirs near Baures. A huge expanse is also marked in the south by 
canals and causeways. However, the southwest region around San Ignacio 
de Moxos saw the development of ridged �elds, while the southeast near 
Trinidad is marked by monumental mounds (Lombardo et al. 2013).

The latter sites are composed of large earthen mounds, built from 400 AD, 
that reach up to 21 m in height and 20 ha in area (Prümers 2017). Strati�ed 
groups cultivated and cleared the savanna ecosystems through prescribed 
burning; in other areas, where drainage was a limiting factor, communities 
built raised �elds and canals (Erickson 2006; Prümers and Jaimes Betancourt 
2014). In addition, some communities developed an ingenious �sh catching 
and farming system to overcome dry season shortages (McKey et al. 2016).

These strategies were likely based on a certain climatic regularity, which 
was stable up to the second millennia AD. From 1200 to 1500 AD, subsist-
ence systems were likely disrupted by excessive climatic events, which were 
probably responsible for the abandonment of large mounds and the decline 
of slash-​and-​burn in the savanna (Whitney et al. 2013). Interestingly, at this 
time, defensive perimeter ditch sites increased in the northeast (Prümers 
2014). Analysis of the speleothem from the Umajalanta-​Chi�onkhakha 
caves in Torotoro Park on the tropical slope of the eastern Bolivian Andes, 
when compared to various samples from the Andes, con�rm climatic shifts 
associated with increased drought (ApaØstegui et al. 2018). In the absence 
of archaeological evidence of the arrival of new human groups, the climatic 
explanation for cultural change is most likely at this time.

Southern Amazonia

The southern Amazonian region of the Upper Xingu also experienced 
dynamic episodes of cultural change prior to the arrival of Europeans. As 
in the Llanos de Moxos, the landscape here was extensively modi�ed by the 
construction of roads and ditches (Heckenberger et al. 2003). Forti�ed sites 
were distributed within a hierarchical network and connected by more or 
less marked paths over a territory of 20,000 km2 (Heckenberger et al. 2008). 
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The largest villages housed up to 2,500 inhabitants on an area of more than 
20 ha. Just west of the upper Xingu are ditch enclosures comparable to those 
in southwestern Amazonia and the Llanos de Moxos (Souza et al. 2018). 
Evidence suggests an exceptional distribution of peripheral ditched sites, 
which extends from the southwestern Amazonia through the Bolivian llanos 
to the southern forest, drawing a crescent moon-​shaped territory.

In this latter case, the relevant paleoclimatic data come from the spe-
leothem of the Pau d�Alho cave, which lies between the Plata Basin and 
the Amazon Basin in Brazil (Novello et al. 2016). However, unlike other 
Amazonian regions, climate data from 1100 AD in this area shows high 
variability on a multi-​decadal to centennial scale with no marked tendency 
towards wet or dry. In this case, there is no proven connection between the 
rise of the dynamic and changing cultural landscape and climate variability 
and change.

�Rain Over Me�

Souza et al.�s (2019) study considers a wide variety of paired archaeological 
and climate data, scattered over much of Amazonia. Paralleling the socio-​
cultural history of each case study with the impacts of past climate change 
convincingly illuminates the fragility or resilience of early inhabitants. This 
overview allows us to consider coarse-​grain models of Amazonian settlement 
history during a period shortly before the arrival of Europeans. Far from the 
traditional image of the European conquest breaking a regular and peaceful 
evolution of the Amazonian populations, several instances re�ect heter-
ogenous and changing cultural landscapes. As elsewhere in the Americas, 
temporal synchronicities between climate and pre-​Columbian cultural change 
have been demonstrated and help to explain abrupt shifts in the cultural 
chronology of the �rst half of the second millennium (Souza et al. 2019).

The arrival of the �rst humans at the end of the Pleistocene coincided 
with a climatic warming in Amazonia that may have partially impacted 
the disappearance of the megafauna (Ranzi 2000). Subsequently, climatic 
�uctuations during the Holocene sometimes had crucial repercussions on 
demography and human movements. For example, the drier period accom-
panying the Medieval Climatic Anomaly (950�​700 BP) most likely had 
direct consequences on human settlement (Souza et al. 2019). While some 
Amazonian cultures �ourished, others collapsed or moved.

We can tentatively conclude that populations employing a mixed agri-
cultural strategy based on rotating polyculture agroforestry, the use of 
Amazonian Dark Earths, and opportunistic cultivation on vÆrzea prob-
ably survived extreme climatic events relatively easily. Conversely, the pre-​
Columbian societies that invested in larger-​scale agricultural exploitation, 
which required investments in earthworks, were more sensitive to climatic 
variability. While earthworks were likely productive in the short term, they 
may have been more vulnerable over longer periods. There is thus a strong 
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coincidence between the climatic changes that crossed Amazonia from the 
beginning of the second millennium �​ dominated in many places by violent 
droughts �​ and societal unrest, even profound crises. The environmental 
stress had di�erent impacts according to the interactions set up by the various 
socio-​economic systems, as well, in part, as the more or less hierarchical pol-
itical structures. However, it must be remembered that while climate and 
environment condition populations, they do not determine them.

�Set Fire To The Rain�

In sum, the long pre-​Columbian sequence of 13,000 years was interspersed 
with extreme climatic changes that had dynamic impacts on peoples� settle-
ment and subsistence patterns. Some extreme events observable at the land-
scape scale (i.e., through archaeological and paleoclimate data) are also 
observed on localized scales and through other lens, for example, �ood 
events as detailed in Amazonian cosmovisions, oral histories, and myths. 
Mentions of �oods and inundations are common in the origin myths of 
many Amazonian ethnic groups. For example, in French Guiana, the Palikur 
explain that human-​like beings from the underworld originally lived on an 
island called Wakayri, opposite the hill of Montabo on the island of Cayenne. 
During the �ood, this island broke at the base, leaving only its base in place, 
which became the islet La MŁre. The top was washed away and drifted to 
Arukwa (Urukawa) in the northern state of AmapÆ, Brazil, where it ended 
up (Renoux, pers. com. 2022). More to the South, the Urubus-​Kaapor of 
the state of Maranhªo in Brazil consider that the savannahs were created by 
a gigantic forest �re ignited by the ancestor �Moon� (Ribeiro 1996), which 
could be interpreted as an anthropic origin or a natural climatic change.

Other myths seem to be even more directly linked to the extreme climatic 
variations of the past. The myth of the beginning of Palikur history is par-
ticularly interesting in this sense, since it describes an original drama where 
drought and �ood follow one another (Renoux, pers. comm. 2022). After 
seven years without rain, the rivers began to dry up, their water became 
salty, and food and �sh were in short supply, so the humans sent a shaman 
to convince �Cold� (Kiseviye), the master of rain, to bring back the rain. But 
it worked so well that it rained continuously for days, �ooding all but their 
village. After that, the situation improved. This story shows the catastrophic 
e�ects of a violent change in climate over several years and the consequences 
on the population. It also suggests a level of resilience.

The current inhabitants of Amazonia are obviously experiencing cli-
mate change in its extreme manifestations, including drastic droughts and 
impromptu �oods. Although such climate shifting events are not new, it is 
their accelerated frequency and attention which is cause for alarm. Many 
inhabitants associate climate change with human activities, especially 
Westerners who lack respect for more balanced ways of living and managing 
life (see Sultana 2022). Thus, Indigenous peoples of northwest Amazonia, 
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especially the groups of CaquetÆ Putumayo, point to human society as 
responsible for the current climate crises, noting: �Disorder in nature is a 
re�ection of disorder in society� (Echeverri 2009: 25).

A study conducted among people inhabiting the �oodplains of the mid-​
Solimıes Basin in Brazil shows that the people intensify adaptation strategies 
during extreme climate events (`vila et al. 2021). Local populations detect the 
increasing frequency and intensity of extreme �oods and droughts and adapt 
to the direct consequences a�ecting their cultivation systems and associated 
agrobiodiversity. Although extreme �ooding is perceived as having more 
impact on crops than extreme droughts, both have consequences on peoples� 
livelihoods. Consequently, Indigenous people use a series of practices and 
changes in cultivation systems, especially in vÆrzea, to counteract e�ects of 
such extreme events (`vila et al. 2021).

Despite many ingenious strategies, many Indigenous are now beginning 
to worry about the more recent acceleration of extreme events. For example, 
in French Guiana, in February 2022, uninterrupted torrential rains reached 
in one week a level that usually takes one month, which resulted in vio-
lent �oods. A study showed that in the southeast Amazon, during the dry 
season, the temperature increased by 2.5°C over 40 years. In the northeastern 
Amazon, rainfall dropped by 34% during the dry season from August to 
October. Environmentalists warn that this situation is downright apocalyptic 
(Berenguer and Armenteras 2021). For the �rst time, Indigenous people are 
questioning the resilience of their environment and their adaptation to major 
disturbances.

Unfortunately, the topic of climate sensitivity among Amazonian people 
has been little addressed by scholars in Amazonia (Simpson et al. 2022). Still, 
some researchers have done so. Anthropologist Cometti (2015) has devoted 
his research to climate change among the Q�eros of the Peruvian Andean 
highlands. These 3,000 descendants of Incas living near Cuzco are direct 
victims of climate change. They have recently witnessed the melting of nearly 
half the size of the glaciers and the increased variability of temperatures and 
rainfall patterns. All of these changes impact their agricultural and pastoral 
activities. Faced with these transformations, there is a marked feeling of guilt. 
They blame themselves for abandoning their ancestral rituals in favor of the 
development of their tourist activity (Cometti 2015) (see also Whitaker�s 
chapter in this volume).

An important question has been raised by geographers Lewis and Maslin 
(2015) about the environmental consequences of the epidemiological impact 
of the European conquest. Indeed, the microbial bomb ignited by the 
conquerors �​ but also to a lesser extent wars, slavery, and famines �​ had a 
decisive impact on the Indigenous settlement. Indeed, at the time of contact 
in 1492, the population of the Americas as a whole was estimated at between 
54 and 61 million inhabitants. Within a century and a half, by 1650, it fell 
to 6 million (Denevan 1992, 2014). Like the rest of the continent, Amazonia 
then lost 90% of its inhabitants. According to the two researchers, this 
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demographic fall would have drastically slowed down Indigenous agriculture, 
and notably the use of �re. This decline in exploitation would have allowed 
the regeneration of 50 million hectares of forest and grassland and provoked 
the lowest CO2 content ever known on earth. Based on this hypothesis of a 
radical change in human impact on nature, Lewis and Maslin (2015) propose 
to date the beginning of the Anthropocene to 1610. This is considered the era 
in which humans became as in�uential in the history of the earth as the pre-
viously selected geological epochs (Crutzen and Stoermer 2000). While the 
choice of this chronology may be debatable, the fact remains that an essen-
tial shift in humanity was already taking place in the 17th century; this shift 
would become a reality in the 19th century as a primary agent of change on 
the planet comparable to geological events.

In any case, the ever more virulent �res, the denser tropical rains, the ter-
rifying �oods, and the extreme droughts are inexorably a�ecting Amazonia 
without hope of recovery. In short, climate change combined with anthropo-
genic excess is acting as the implacable gravedigger of Amazonian archae-
ology and, probably soon, of an irremediable biodiversity (Rostain 2021): at 
least 12% of all �owering plants of the world�s biodiversity are found in 
the Amazonian rainforests (Gentry 1982), so excessive deforestation would 
cause a global imbalance.

Jorge Ben Jor would have said �Chove-​Chuva�1.
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2	� The Milpa Cycle as a Sustainable 
Ecological Resource

Anabel Ford

Introduction: Human In�uence in the Maya Forest

The ever-​changing Maya landscape depended on the relationship between 
�elds and forest and the natural resources of the Maya forest that provisioned 
ancient economies. For ancient Mesoamericans, all aspects of the landscape, 
including cultivation, were rainfall dependent (Whitmore and Turner 1992, 
2005) and based on human labor, stone tools, and �re, in the absence of plow 
or cow (Denevan 1992; Toledo 1990). Clearly, demand for cropped �elds 
inherently reduces land for forests, while at the same time, research indicates 
that more cleared land increases erosion and reduces fertility (Hooke 2000; 
Montgomery 2007). As Malthus (1798) wrote more than 200 years ago, the 
choice is cast for populations utilizing cultivated �elds and forest, and today, 
there are still debates that question the incompatibility of food production 
and biodiversity (Green et al. 2005).

The ancient Maya civilization was based on an agricultural system 
engaged with the lived landscape (Ford and Nigh 2015; Martinez-​Reyes 
2016; Steggerda 1941) and associated with investment of labor, knowledge, 
and skill in directing exuberant tropical growth targeted towards human 
needs. The Maya civilization developed and expanded for millennia, and 
their livelihoods and economies were based on reliable land management 
practices, accommodating variations and change in climate and weather 
patterns across time and seasonal variability over the year with �exible and 
resilient strategies and practices.

The domesticated Maya forest has been managed, based on Traditional 
Ecological Knowledge (TEK) and practices, to meet all the basic household 
needs: farmlands with varying soil qualities, materials for construction and 
utensils, �bers and spices, resources for food production, and habitats for 
hunted animals (Ford 2020). Swidden farming, typi�ed by the milpa cycle, is 
the deliberate agricultural practice that embeds the �eld in the context of the 
local environment (Conklin 1954, 1957, 1971; Dove 1983, 1993). The word 
milpa comes from the Aztec word for cultivated place, milli pan. As a con-
traction, it is commonly used to refer to a maize �eld. Curiously, however, a 
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cultivated place could be an orchard, or even a well-​managed forest. It was 
the prejudice of the Spanish to focus only on one part of the cultivation prac-
tice. The Spanish, with Western perceptions, considered cultivable land to 
be equated with arable land (see Wilson 2002); however, arable land means 
plowable land. Traditional land-​use practices of the Americas (Mt Pleasant 
2011) and small holders around the world do not use the plow.

The milpa cycle of land use is based on the cleared �eld, but involved the 
directed management of the succession of mature forests. It is �exible in the 
production of foods and household necessities even in the face of environ-
mental challenges (Fedick and Santiago 2021). The topography and diverse 
landscape, comprising upland ridges and hills interspersed with wetlands 
and their ecotonal transitions, is an essential palette for the development 
of strategic land cover designs that mitigated vagaries of rainfall while 
maintaining soil fertility. Settlement patterns reveal a continuum of land-​
use intensity, from densely occupied uplands to sparsely inhabited lowlands 
(Ford and Clarke 2019). The graduation between uplands, lowlands, and 
wetlands provided access to diverse habitats that facilitated living in, and 
engagement with, the Maya forest, expanding knowledge of the landscape 
with every generation, century, and millennia. TEK builds over the longue 
durØe, and mirrors the scienti�c practice of observation, skill, and trial 
and error.

Popular interpretations of Maya civilization often focus on their down-
fall �​ the idea that the ancient Maya outstripped their own resources leading 
to a �collapse� (Diamond 2005). Beginning with early Spanish accounts, 
Western narratives tend to downplay or ignore the Maya forest as a garden. 
Ironically, the plentiful resources that provisioned early Spanish armies were 
amassed from Maya forest gardens, and yet perceptions of an unpopulated 
and wild landscape have been the norm. Acknowledging the evident bounty 
available in forest gardens sets the stage for examining the resources upon 
which the Maya depended.

Unrecognized and maligned as �slash and burn� and shifting agriculture, 
the complex landscape management strategies that are embedded in the forest 
itself are consistent with traditional swidden sequences around the world (see 
Conklin 1957, 1954; Dove 1983; Gertz 1963). Burning is an important part 
of the practice that relies on strategic �re management skills. Yum Ik�ob, or 
Masters of Wind in Mayan, tells of the respect for �re (Nigh and Diemont 
2013). Opening �eld spaces with �re enriches the soil with ash (Handelsman 
2021) and systematically reduces fuel load on the landscape. Managed as 
a horizontal matrix with vertical variations of a heterogeneous mosaic of 
milpa-​forest-​garden cycles, the orchestrated sequence of succession, from 
annuals to perennials, is founded on TEK practices (Ford and Nigh 2015). 
These practices have developed with experimentation, building a regenera-
tive cycle of sophisticated low tech practices (Watson 2020) that are resilient 
under variable climactic and ecological conditions.
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Horizontal and Vertical Landscape Dynamics

An understanding of the Maya landscape starts with the geography (White 
and Hood 2004; West 1964). The karst limestone platform of southern 
Mesoamerica, including Mexico, Guatemala, and Belize, e�ects the spatial 
distribution of resources and relates to local variations in drainage and 
seasonal water distribution (Beach et al. 2009). Rain is absorbed into the 
permeable limestone bedrock foundation of the Maya forest. Precipitation 
varies from 500 mm in the dry northwest Yucatan Peninsula to 4000 mm 
in the southeast. The splendid ancient cities of Tikal and El Pilar are in 
the central area (see Figure 2.1), where rainfall ranges from 1,500 to 
2,000 mm. Water drains from the rocky hills, ridges, and escarpments, 
where the densest ancient settlements and the famous hardwoods are 
located, to collect in scattered depressions and wetlands (Dunning 
et al. 2002, 2020; Ford and Fedick 1990). This environment provides 
the resource base used by the ancient Maya and contemporary society. 
Land cover di�ers with local climate, rainfall, and slope conditions; for 
instance, the upland forests are characterized by the tall trees that thrive 
in the fertile yet shallow soils. This is the landscape the ancient and con-
temporary Maya adapted.

Water, a critical resource for plants and animals, and water availability in 
tropical Maya forest environment, where surface water is scarce, is unevenly 
distributed over the year (e.g., Kramer and Hackman 2021). The supply 
is therefore an issue that must be resolved daily. This makes management 
of land cover essential, as well as vegetation cover which protects soil and 
contributes organic matter and stored water while inhibiting soil loss. This 
creates a matrix of diverse assets re�ected in the uses of the area, both in the 
past and present.

The Development of the Maya Civilization

Climate and vegetation in the region have undergone many changes over 
the Holocene. Initially arid, the aridity gave way to a tropical warm wet 
environment around 8,000 years ago. These signi�cant climatic variations 
in precipitation and vegetation are well re�ected in the pollen record, which 
indicate expanding forests and high rainfall (Haug et al. 2003; Leyden 2002), 
resulting in the tropical characteristics of the region observed today. Minimal 
evidence of human occupation is recognized, yet we know these occupants 
were mobile horticulturalists (Ford and Nigh 2015).

Mesoamerica and the Maya area underwent major changes around  
4,000 years ago with the widespread emergence of permanent settlements.  
This coincides with nearly 2,000 years of intensive environmental changes  
and climate chaos re�ected in the precipitation data for the region (Haug  
et al. 2001; Medina-​Elizalde et al. 2016; Mueller et al. 2009; Vela-​Pelaez  
et al. 2018). The move to settle the landscape can be seen as a consequence  
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of climate uncertainty. The investment in the landscape is likely a response  
to the abrupt precipitation and consequent vegetation impacts, suggesting  
people shifted their focus to landscape management, creating incipient forest  
gardens. Only 1,000 years after the onset of the climate chaos, and in the  
context of an overall drying trend, permanent settlements dominated the  
Maya area. These settlements were the bases for Preclassic Maya cities, such  
as Mirador, and later the likes of Tikal and El Pilar and others. Small at  
the beginning, early centers later became major players in the administrative  
hierarchies that depict the Classic Period.

Figure 2.1 � The Maya forest geography with ancient Maya sites indicated.
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