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Introduction

Seasonally flooded savannas, found in several regions scattered around 
the rim of  Amazonia, today harbor very low human population densities. 
Over the past few centuries, production systems of  people living in 
these environments have depended largely on the harvesting of  wild 
resources. Today much of  their area is devoted to extensive cattle 
ranching. Archaeological data show, however, that many of  these areas 
have not always been so thinly populated, and that production systems 
in the past included forms of  agriculture that may have been relatively 
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intensive, involving the construction of  agricultural raised fields, paths, 
canals and other structures, with impacts on the landscape that can still 
be seen. Raised fields can be defined as “any prepared land involving the 
transfer and elevation of  earth in order to improve cultivating conditions” 
(Denevan and Turner 1974). Drainage is of  course not the only way in 
which elevating earth improves conditions for farming, and wetlands are 
not the only environments in which raised fields (or “raised beds”, for 
little-elevated structures) are found. Nonetheless, the largest and most 
extensive raised fields are found in wetlands. Wetland raised fields were 
widespread in the Americas before the European conquest (Denevan 
2001; Doolittle 2000). In the Neotropics, raised-field wetland agriculture 
is today extinct, or present only in relictual form. Its disappearance poses 
numerous questions: How did it function? Why did it disappear? Could 
it have any relevance today? The objective of  this chapter is to examine 
the functioning of  this ancient type of  agriculture. Knowing how it 
functioned—and in some parts of  the world still functions today—is 
required to assess its value as a potential source of  inspiration for the 
conception and establishment of  ecologically intensive agriculture, a 
goal proclaimed by researchers and decision-makers alike. The chapter 
is organized in three parts. In the first, we briefly summarize what is 
known about the functioning of  pre-Columbian raised-field agriculture 
and identify important open questions. As we will argue below, current 
approaches to studying raised-field agriculture in pre-Columbian South 
America seem to be reaching their limits. New approaches are required to 
resolve open questions and to suggest new questions and productive lines 
of  investigation. In the second and third parts of  the chapter, we describe 
two new approaches we are pursuing. In the first, we explore the present-
day ecology of  seasonally flooded tropical savannas. We show that insights 
into raised-field agriculture can be gained by a better understanding of  the 
environments in which these agroecosystems are embedded, in particular 
why these environments so often harbor highly regular mound-field 
landscapes of  natural origin that resemble some kinds of  agricultural 
raised fields. Archaeologists have commented on this resemblance, but 
have simply regarded natural mound-fields as a nuisance, a confounding 
feature that must be distinguished from their “real” objects of  study. 
We suggest that natural mound-fields testify to striking convergence in 
the adaptations of  humans and other organisms to these constraining 
environments, and that human and natural engineers may often have worked 
together, producing landscapes that are neither ‘natural’ nor ‘cultural’, but 
biocultural in origin. Far from being just a confounding nuisance, natural 
mound-fields may sometimes be an essential part of  the story  In the 
second new approach, we show how exploring the ethnoecology of  
modern raised-field agriculture in seasonally flooded African savannas can 
lead not only to insights about pre-Columbian raised-field agriculture in 
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the Neotropics, but might also help us imagine more intensive forms of  
agriculture in the context of  the rapid growth of  human populations that 
is already affecting some seasonally flooded tropical wetlands, notably in 
Africa. Our ecological approach and our studies in Africa thus provide a 
window not only into the pre-Columbian past, but also into a hoped-for 
future of  intensive but sustainable agriculture.

1. Ecology of  pre-Columbian raised-field agriculture in South 
America: current state of  knowledge and open questions

The history of  environments and societies in lowland South America in 
the centuries before the European conquest is hotly contested. Much of  
this debate focuses on the extent and nature of  human modification of  
environments in Amazonian forests, where anthropogenic dark earths 
(Glaser and Birk 2012; Glaser and Woods 2004; Lehmann et al. 2003; Woods 
et al. 2009; Petersen et al. 2001), evidence for settlements of  substantial 
size (Carneiro 1960; Heckenberger et al. 1999, 2007, 2008) and evidence 
that humans modified the composition of  forest communities (Balée and 
Erickson 2006; Junqueira et al. 2010; Levis et al. 2012; Shepard and Ramirez 
2011) all suggest an intensification of  agriculture during the late Holocene, 
leading to surprisingly large pre-Columbian human populations (Denevan 
1992). How much of  forested Amazonia was affected by this agricultural 
intensification is a still unsettled question (Barlow et al. 2012; Bush and 
Silman 2007; Clement and Junqueira 2010; Erickson 2008; McMichael 
et al. 2012). In peri-Amazonian savannas, another apparently intensive 
form of  agriculture is suggested by widespread vestiges of  raised fields 
(Denevan 2001). Different forms of  raised-field agriculture were practiced 
in permanent or seasonally flooded wetlands in several regions in Central 
and South America, both in lowland environments and in the Altiplano, 
from as early as ca. 3000 yr BP, around Lake Titicaca in Bolivia and Peru 
(e.g., Erickson 1987; Kolata 1996), and up until the European conquest in 
several sites. The chronicles of  European missionaries left scant anecdotal 
information on the methods farmers used to construct and manage raised 
fields (De Las Casas 1986 [1560]; Gondard 2008; Gumilla, 1963 (1791]). 

1.1. What was the real extent of  raised-field agriculture?
A fundamental, but still debated, question about raised-field agriculture 
is how extensive it really was. Various types of  mounds of  natural origin 
frequently occur in seasonally flooded savannas, and they are often arranged 
in mound-field landscapes that show striking spatial regularity (Renard 
et al. 2012a). These mound-field landscapes resemble some kinds of  
agricultural raised fields, and the potential for confusing the two has led to 
controversy about how extensive pre-Columbian agriculture in neotropical 
savannas really was. One kind of  natural mound-field landscape, gilgai 
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topography, has been a source of  confusion in interpreting raised-field 
agriculture in the Mayan lowlands for almost 40 years (Puleston 1978). 
Baker (2003) reviewed this question, provided new evidence that both 
gilgai and human-constructed raised fields occur in the area, and clarified 
the distinction between them. In lowland South America, the kaolinite-rich 
oxisols of  seasonally flooded savannas where we have worked in French 
Guiana and Colombia lack the shrinking-swelling clays necessary for gilgai 
formation (B. Glaser, University of  Halle, pers. comm.). However, other 
types of  mound-field landscapes exist in these environments. Writing 
of  peri-Amazonian savannas, Meggers (2003) warned of  the possibility 
of  confusion between raised fields and spatially regular mound-field 
landscapes of  natural origin, and presented photographs she considered 
to represent likely examples of  the latter in the Llanos de Mojos in Bolivia. 
Langstroth (1996, 2011) and Mayle et al. (2007) also drew attention to the 
possibility of  confusing artificial earth mounds with structures of  natural 
origin, noting that some habitation mounds in the Llanos de Mojos appear 
to be eroded relics of  natural levees and terraces, and that many smaller 
forest islands appear to have been created by termites, rather than humans. 
At least some forest islands in the region, however, are of  human origin, as 
they are built on ancient (early Holocene) shell middens (Lombardo et al. 
2013). However, aside from the counsel to exercise caution, authors have 
offered no guidelines on how mound-field landscapes of  natural origin and 
vestiges of  agricultural raised fields might be distinguished. Furthermore, 
as noted above, no one appears to have asked why various types of  earth 
mounds of  natural origin are so frequently found in the same kinds of  
environments where humans often constructed large complexes of  similar 
mounds. Does the outward similarity of  natural mound-fields and certain 
vestiges of  agricultural raised fields reflect some deeper connection?

1.2. How did raised-field agriculture function?
A second set of  fundamental, still unresolved, questions about raised-field 
agriculture revolves around how it worked and how productive it really 
was. All authors agree that the primary function of  constructing raised 
fields was to provide well-drained soils for flooding-intolerant crops. Other 
potential advantages of  raised-field agriculture have been suggested, such 
as the recycling and concentration of  nutrients, the production of  aquatic 
resources such as fish, and (in altiplano environments) the protection of  
crops from frost (see Renard et al. 2012b for a review), but the importance 
of  these potential advantages is contested (Baveye 2013; Lombardo et 
al. 2011). How intensive and productive this kind of  agriculture really 
was, and whether it supported dense populations, are questions as hotly 
debated as those concerning Amazonian forests (Bandy 2005; Iriarte et 
al. 2010; Lombardo et al. 2011; Muse and Quintero 1987; Saavedra 2009).
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An overarching problem in understanding raised-field agriculture, we 
believe, is that the artifacts archaeologists can observe mostly document 
only a single component of  subsistence systems that likely included 
numerous activities (cf. Bruno [2014], who independently reached the 
same conclusion). A striking exception is the vestiges of  earthen fish weirs 
that document an ancient landscape-scale fishery in the Llanos de Mojos 
(Erickson 2000). Even where such artifacts are present, it may be difficult 
to estimate the place that was occupied by raised-field agriculture in these 
multi-component systems. Like present-day inhabitants of  seasonally 
flooded African savannas (see section 3), perhaps pre-Columbian “raised-
field farmers” considered themselves primarily fishermen, and farmed not 
only wetlands, but also other habitats over the annual cycle. “Raised-field 
agriculture” should be understandable only when it is placed in a broader 
context of  a more complex subsistence system. 
Given that we do not really understand why raised-field agriculture was 
abandoned, there is also uncertainty about how sustainable it was. There 
is also disagreement about the related question of  whether raised-field 
agriculture has any relevance as an intensive, ecologically sustainable, form 
of  agriculture today. 
Based on the sheer extent of  raised fields in some areas, archaeologists 
have argued that they must have supported sizable human populations. 
Denevan (1982) estimated the total surface of  raised fields known at that 
time in Latin America to be 1000 km2 (100,000 ha), representing more 
than a billion cubic meters of  earth moved. However, this is surely an 
underestimate, as Erickson (1992a) estimated 80,000 ha of  raised fields 
in the Lake Titicaca basin alone. Furthermore, some archaeologists 
consider that raised-field agriculture was quite productive, supporting high 
population densities. Erickson and Candler (1989) estimated that raised 
fields in the Lake Titicaca basin could have supported 37.5 persons per ha. 
This corresponds to over 3700 persons per km2! Rostain (2008) proposed 
a figure of  50-100 inhabitants per km2 (still a high density for agricultural 
lands) during the period of  raised-field farming in the coastal savannas 
of  the Guianas. As occupancy of  many sites appears often to have been 
continuous over centuries, or in some cases over a millennium or more (e.g., 
Erickson 1995; Walker 2004), this use of  the land appears to have been 
sustainable. These researchers hold that sustained productivity, in climates 
and soils that today are widely regarded as quite unsuited to agriculture 
(Erickson 1994b), must have been based on deft management not only of  
drainage, but also of  nutrients. In this view, aquatic resources such as fish, 
and nutrient input from sediments and organic matter accumulated in the 
flooded basin in which raised fields are embedded, are key components 
of  these systems, along with other sources of  nutrients such as weeds 
and kitchen scraps. The chinampas of  the Valley of  Mexico are particularly 
emblematic, and management practices like those of  chinamperos are 
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thought by some to have been widespread in other areas where raised-
field agriculture was practiced. Based on such assessments, geographers, 
archaeologists and other scientists have advocated raised-field agriculture 
as a promising way forward in the search for ecologically sustainable 
intensification of  agriculture (Denevan 1995, 2001; Erickson 1992a; 
Morris 2004; Saavedra 2009; Siemens 2004) and as a kind of  agriculture 
that can work with wetlands and their biodiversity, rather than against 
them (McKey et al. 2010; Renard et al. 2012b). Some of  these scientists 
have attempted to bolster their claims with experiments in reconstructing 
or rehabilitating raised-field agriculture (Barba et al. 2003; Erickson 1992a, 
1994a, b, 1995; Gomez-Pompa et al. 1982; Morris 2004; Saavedra 2009).
Others are highly skeptical of  these interpretations (Bandy 2005; Baveye 
2013; Lombardo et al. 2011; Swartley 2002). First, whereas the start of  
raised-field cultivation in an area can be dated, it is usually impossible to 
estimate when farmers stopped their activities on raised fields. Thus, the 
duration, and hence the potential sustainability, of  raised-field farming is 
often uncertain. Second, the extent of  vestiges of  raised fields may say 
little about the size of  the human populations they could have supported. 
If  fallow periods were long, for example, then only a small fraction of  the 
total area may have been under cultivation at a particular point in time. 
Similarly, varying hydrological conditions may have permitted cultivation 
in only a small part of  the landscape at a given time (the ‘shifting lakeshore’ 
hypothesis [Baveye 2013]). According to this view, if  these systems were 
sustainable, this may have been only because the pressure on resources 
was held low, by low densities of  humans shifting over the mosaic 
landscape in time. Skeptics are particularly critical of  experiments that have 
attempted to reconstruct or rehabilitate raised-field agriculture, pointing 
out methodological shortcomings (Lombardo et al. 2011; Swartley 2002). 
Skeptics believe that in many systems, the advantage of  constructing raised 
fields is purely drainage (and to a lesser extent, irrigation), and that other 
potential advantages, such as nutrient management or the use of  aquatic 
resources, have been overestimated (Lombardo et al. 2011). According to 
this view, apart from the chinampas, to be discussed in section 1.3.1, raised-
field agriculture is an irredeemably failed system with little relevance to 
agriculture today or in the future (Bandy 2005; Chapin 1988). 

1.3. Current approaches to studying the functioning of  raised-field 
agriculture, and their limits
How can these debates be resolved? Inferences about the functioning of  
raised fields in the past, and their agronomic potential in the present, have 
been based on three kinds of  data. 

1.3.1. The chinampas as a model system
The only system still extant in the neotropics, the chinampas of  the Valley of  



97

Mexico (Armillas 1971), has influenced much of  our thinking on how past 
systems may have worked elsewhere in the Americas (see Lombardo et al. 
2011 for review). However, the chinampas have been greatly altered over the 
past 500 years (Merlin-Uribe et al. 2012; Torres-Lima et al. 1994). Even in 
their ‘original’ state they probably functioned very differently from other 
forms of  neotropical wetland agriculture. These differences lie partly in 
the biophysical environment. In contrast to most raised-field systems, the 
chinampas are located at mid-elevation, and not in the hot lowlands; and 
their soils, shaped by both volcanic and alluvial/lacustrine influences, are 
richer than the acid, highly weathered Oxisols that characterize many other 
sites (Renard et al. 2012b). The chinampa system  is also characterized by 
unique agricultural practices, such as the historic stabilization of  platforms 
by the planting of  flooding-tolerant trees such as willows, and—at least 
in pre-Conquest times—by the transport of  floating beds of  seedlings to 
plant the platforms (Armillas 1971). Chapin (1988), Lombardo et al. (2011) 
and Baveye (2013) regard the chinampas system as unique and claim that 
archaeologists have abusively overgeneralized this model. 

1.3.2. Data from geoarchaeology
Geoarchaeological methods can provide data to support inferences about 
agricultural practices and how they could have affected the functioning 
of  raised-field agroecosystems. Coprostanols in archaeological sediments 
and soils, for example, yield information on fertilization by animal manure 
(Birk et al. 2011). Micromorphological data suggest animal manuring 
of  raised-field soils in the Guayas Basin, Ecuador (Wilson et al. 2002). 
However, while geoarchaeological methods may provide highly suggestive 
evidence, it is often inconclusive; alternative interpretations are often 
possible. For example, finding carbonized seeds of  wild plants in soils 
of  raised fields could indicate that fields may have been fertilized with 
llama dung containing these seeds (Erickson 1994a), but it could also be 
explained by burning of  weeds gathered from agricultural fields (Gondard 
2006). Furthermore, geoarchaeological methods appear to be silent on 
many important questions about raised fields. They lack, for example, the 
resolving power in space and time to enable us to assess whether raised 
fields were continuously cultivated or subjected to more or less long fallow 
periods. 

1.3.3. Experiments in reconstructing or rehabilitating raised fields
Attempts to experimentally reconstruct or rehabilitate raised fields can 
offer important insights into how raised-field systems might function. 
For example, Erickson (1992b) found that during the El Niño drought 
of  1982-1983 in the Lake Titicaca Basin, there was still enough water in 
canals to splash irrigate experimental raised fields, whereas nearby non-
raised fields completely failed. Similarly, during severe floods in 1985-
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1986, raised fields yielded well, whereas non-raised fields were flooded and 
produced nothing. However, for many of  the experiments conducted so 
far, methodological limitations affect interpretation of  their results. First, 
their duration may simply be too short to allow conclusions. Changes in soil 
properties associated with raised-field construction (e.g., salinity in soils of  
the Lake Titicaca basin) may have led to initial, but short-lived, benefits 
in experimental raised fields (Baveye 2013). Second, some experiments 
had design flaws. In Tabasco (Gulf  coastal lowlands of  Mexico), raised 
platforms were constructed using earth-moving machinery that brought 
poorer subsoil to the surface, burying the richer topsoil and compacting 
the soil (Chapin 1988). However, perhaps the most serious limitation 
of  many experiments is that they attempt to answer simultaneously two 
questions that in fact require different kinds of  experiments (Baveye 2013). 
All these experiments have as one announced goal to learn how raised-
field agroecosystems functioned, in the past. But another goal, only 
sometimes explicit, is to demonstrate that they could be agronomically, 
and economically, interesting today. Because socio-cultural contexts today 
are different from how we imagine they were in the past, experiments often 
“fail” for reasons that have nothing to do with their ecological functioning, 
for example, the absence of  provisions for marketing the crop once it is 
produced (Chapin 1988). In consequence, results of  these experiments 
sometimes tell us little about the agroecology of  raised-field systems. In 
experiments that attempt to rehabilitate this type of  agriculture in regions 
where knowledge about it has been lost, it is impossible to know how 
well the experiments replicate the ecological conditions and the plants 
of  these environments, the technical practices employed in constructing 
and maintaining raised fields (and their costs in terms of  labor), and the 
social organization that characterized pre-Columbian farmers. Overall, 
experimental raised fields have failed, in the sense that these experiments 
all appear to have been abandoned, but how much of  this failure can be 
ascribed to agroecological limitations of  raised-field agriculture (Bandy 
2005; Baveye 2013) or to social or cultural factors (Erickson 1994b) is 
unclear. Like other approaches used to study the functioning of  raised-
field agriculture up to now, experiments to reconstruct or rehabilitate 
raised fields seem to have reached at least a temporary limit. It is time for 
new approaches.

2. Placing raised-field agriculture in the context of  the ecology of  
seasonally flooded savannas 

The first new approach we present explores what we can learn by 
considering raised-field agriculture within the more general context of  
the ecology of  seasonally flooded savannas. Long before the arrival of  
humans on the scene, plants, animals and microorganisms adapted to 
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these highly constraining environments, and the interplay between the 
living and non-living parts of  the ecosystem shaped the biophysical setting 
in which raised-field agriculture became enmeshed. We are just beginning 
to understand the interactions that resulted.

2.1. Ecology of  raised-field landscapes in the coastal savannas 
of  French Guiana: feedback loops in the vestiges of  raised-field 
agriculture
Our work on this approach began in a multidisciplinary study of  the 
vestiges of  raised-field agriculture in the coastal savannas of  French 
Guiana. Building on the pioneering work of  Rostain (1994, 2008, 
2010, 2012), our work yielded new information on the history of  these 
environments and the people who inhabited them, providing data on when 
they were cultivated, what crops were grown on them and how raised-
field landscapes were constructed and managed (Iriarte et al. 2010, 2012; 
McKey et al. 2010). The earthworks in these savannas were built by groups 
of  the Arauquinoid tradition, who spread progressively from their origin 
in the Apure–Middle Orinoco region eastward along the Guianese coast 
beginning around AD 600. Increases in the surface area of  raised fields in 
the lowlands of  Venezuela, Guyana, Suriname, and French Guiana marked 
the eastward advance of  Arauquinoid populations. In French Guiana, 
14C dating of  organic material extracted from the tops of  the paleosols 
buried under mounds in two complexes west of  Kourou gave ages of  760 
± 40 years BP (calibrated, 670–700 years BP) and 1,010 ± 40 years BP 
(calibrated, 920–950 years BP) respectively (McKey et al. 2010). Other ages 
are 1,060 ± 30 years BP (calibrated, AD 898–1022) in Bois Diable raised 
fields and 620 ± 30 years BP (calibrated, AD 1289–1404) in the Matiti 
savanna raised fields. These dates correspond to those obtained from the 
sites of  Arauquinoid tradition on the west coast of  French Guiana and 
from the eastern coast of  Suriname, supporting the attribution of  the 
raised fields to the Arauquinoid groups that inhabited the sand ridges 
bordering the mound complexes, where huge archaeological sites of  this 
tradition have been found (Rostain 2012). Form and organization of  the 
Arauquinoid raised-field complexes varied through time and space, in 
relation to cultural, chronological, and technological differences, and to 
variation in local hydrological and edaphic factors (Figure 1). 
The construction of  raised fields in the Guianas corresponded to a period 
of  extremely humid climatic conditions (Colinvaux 1989), which may have 
favored the expansion of  raised-field techniques. In French Guiana alone, 
almost 3,000 hectares of  human-modified savannas have been mapped. 
These figures include only areas documented by the ecofacts that are still 
visible; it is likely that entire complexes have been destroyed by modern 
land use. Agricultural activities, highways and other construction projects 
have buried mounds. In Suriname and Guyana, thousands of  hectares of  
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colonial polders have completely erased many pre-Columbian structures.
Our concern here, however, lies less with the history of  these structures 
than with their ecology. We studied how the vestiges of  these ancient 
agricultural landscapes function as ecosystems today. Our results suggest 
something about how the raised-field agroecosystem may have functioned 
when these sites were under active cultivation.

2.1.1. The ecological legacy of  raised-field agriculture in French Guianan coastal 
savannas
In the best-studied of  our sites in French Guiana, the Grand Macoua 
Savanna, the old raised fields are small earth mounds only about a meter 
in diameter and 20-30 cm in height. Evidence from phytoliths and from 
carbon stable isotope composition in soil profiles indicates that before 
these mounds were built, the area was covered with relatively homogeneous 
marshland vegetation with relatively flat topography (McKey et al. 2010; 
Renard et al. 2012a). After raised fields were abandoned by humans, 500 
years or more ago, the landscape did not return to that initial condition. 
Our investigation of  the ecological legacy of  pre-Columbian raised-field 
agriculture began with a simple question: why are the physical vestiges 
of  raised fields still so clearly present today, despite their having been 
subjected during all this time to the erosive effects of  up to 3-4 m of  
tropical rainfall each year? 
Our results showed that raised fields, after being abandoned by humans, 
were re-engineered by soil engineer organisms such as ants, termites, 
earthworms and plants (McKey et al. 2010; Renard et al. 2013). Soil 
engineers are a subset of  organisms considered by ecologists to be 
“ecosystem engineers”—organisms that create, maintain, modify or 
destroy habitats, affecting the conditions of  life for themselves and for 
other organisms (Jones et al. 1994). We found that in the landscapes we 
studied in French Guiana, activities of  soil engineer organisms were 
concentrated in the well-aerated soils of  the abandoned raised fields. In 
these ancient agricultural landscapes, nests of  social insects are restricted 
to mounds. These central-place foragers continually bring organic matter 
to their nests. Furthermore, during nest excavation and cleaning, they 
carry subsoil to the surfaces of  mounds. Furthermore, during the rainy 
season earthworms concentrate in mounds, where they can respire, and 
thus their casts are also concentrated on mounds (Figure 2). The organic 
and mineral material all these organisms bring to mounds compensates 
for losses by erosion. In addition, the biogenic structures—nests, galleries 
and water-stable aggregates—created by social insects, earthworms and 
plant roots stabilize the soil of  mounds against erosion. The macropores 
created by these organisms favor the infiltration of  rainwater rather than 
runoff, further reducing the rate of  erosion. 
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Figure 1. Pre-Columbian raised fields in a savanna near Sinnamary, coastal French Guiana. 
Photo © 2005 Stéphen Rostain

These organisms thus appear to have preserved the physical legacy 
of  human mound-building activities, long after the human engineers 
disappeared (McKey et al. 2010; Renard et al. 2013). Once constructed, 
mounds attracted organisms whose activities maintained these elevated 
structures. Because all these actions of  soil engineers tend to maintain 
mounds where they already exist, they can be characterized as positive 
feedback loops. The construction of  mounds by humans appears to have 
pushed the initially topographically homogeneous ecosystem into an 
alternative stable state, topographically heterogeneous, with mounds 
maintained by the feedback loops driven by the soil engineers that inhabit 
them. 

2.1.2. Did active raised-field landscapes incorporate similar positive feedback loops?
Did positive feedback loops driven by soil engineer organisms also play a 
role in the raised-field agroecosystem itself, when the landscape was still 
under cultivation? We have argued that in the nutrient-poor soils of  the 
French Guianan coastal savannas, sustained agricultural production would 
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Figure 2. Vestiges of  pre-Columbian raised fields in French Guiana and biogenic structures 
of  some of  the ecosystem engineers that maintain them. A: Part of  the vast complex of  

abandoned raised fields in the Grand Macoua Savanna in the rainy season (April 2007). 
Only the abandoned raised fields are above water level. B: Abandoned raised field in the 

dry season, totally covered with earthworm casts, absent from the surrounding matrix. Note 
higher plant density on the abandoned raised field. C, D: subsoil from nest excavation or 

cleaning by ants, deposited near nest entrances (on abandoned raised fields). C: Acromyrmex 
octospinosus; D: Ectatomma brunneum; E: Surface of  a typical abandoned raised 
field, completely constituted of  stable earthworm-produced biogenic structures. F: Material 

associated with an Acromyrmex octospinosus nest on an abandoned raised field. Light 
brown material covering the top of  the mound is excavated soil, yellow-brown material at 

center bottom is plant debris deposited from the ants’ fungal farm.
Scale bars are approximate. Photos © 2007 Doyle McKey. 

Photos A, B, E and F were previously published in McKey et al. (2010)
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have been possible only through careful management of  soil organic 
matter (SOM). This required fallow periods that allowed the reconstitution 
of  SOM. Geoarchaeological evidence indicates that fallows may have 
been managed by a slash-and-mulch system (rather than slash-and-burn) 
that conserved SOM (Iriarte et al. 2012). We postulate that soil engineers 
maintained topographic heterogeneity and favorable soil structure during 
fallows, enhancing their efficiency in restoring SOM. In effect, farmers 
“outsourced” the work of  maintaining the land during fallows to soil 
engineers, reducing the time and labor costs of  maintaining raised fields 
during fallows and of  reconstructing them afterwards (McKey et al. 2010). 
This is probably only a particularly conspicuous example of  the multiple 
roles—often poorly understood, unheralded, but nonetheless essential—
that interactions among soil organisms play in reconstituting fertility 
during fallows in many kinds of  agroecosystems.

2.2. Mound-fields of  natural origin: when feedback loops lead to 
spatial self-organization of  ecosystems 
The feedback loops that drive the maintenance of  raised fields after their 
abandonment by humans result from the responses of  soil engineer 
organisms to a strong environmental constraint: the seasonal scarcity of  
a key resource, namely well-aerated soils. This constraint characterizes all 
seasonally flooded savannas. It is thus not surprising that many organisms 
other than humans have evolved the capacity to build elevated structures 
in these environments, concentrating this key resource in patches within 
an otherwise inundated landscape. Numerous kinds of  earthworms and 
social insects, in particular, build elevated structures in seasonal wetlands 
and exploit the well-aerated soils thereby produced (Renard et al. 2012a). 
Interestingly, the landscapes thus created show striking regularity—just 
as in raised-field landscapes—in the spatial organization of  mounds. 
However, whereas in the vestiges of  raised fields soil engineers simply 
maintain a pattern created by humans, in natural mound-fields spatial 
regularity is not planned, but instead emerges from natural processes 
that incorporate feedback loops, most often the combined actions of  
individual soil engineers. The mechanisms that produce such emergent 
regularity can be termed self-organizing. 
Ecologists have long been fascinated (e.g., Bates 1948) by the “patterned 
landscapes” produced by self-organizing mechanisms, and recent 
theoretical and empirical studies have helped us understand how they form. 
Most of  this work has focused on explaining regular spatial patterns in 
vegetation of  semi-arid regions (Meron 2012; Rietkerk et al. 2004). The key 
principles behind spatial self-organization in these ecosystems, developed 
by theory and supported by empirical studies, are that (i) the ecosystem is 
characterized by some key resource in short supply, (ii) engineer organisms 
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modify the distribution of  that resource, (iii) concentrating it in patches, 
with resource-poor areas between these patches. In semi-arid shrublands, 
the key resource is water, and plants modify its distribution. We will return 
to this example in section 2.3.
Mound-field landscapes in seasonally flooded tropical savannas have never 
been studied from this point of  view. Why is it important for archaeologists 
interested in raised fields to understand the ecology of  natural mound-
field landscapes? They appear to have been built by various soil engineer 
organisms. If  the evolution by soil engineers of  the capacity to build such 
structures has been driven by the same environmental pressures that led 
humans to construct raised fields, we might also expect to see similarities 
in the way natural and man-made mound-field landscapes function. 
Furthermore, where humans have constructed raised fields, these 
engineers and their structures are also often present, and a great range 
of  interactions may occur. It thus becomes very important, in the study 
of  raised-field agriculture, to understand the biology of  soil engineers, 
their effects on ecosystems, and how they might interact with humans. We 
decided to investigate these questions in the Orinoco Llanos of  Colombia, 
certain parts of  which feature enormous expanses of  natural mound-field 
landscapes termed surales.

2.2.1. Ecological studies in the surales (Colombia)
Surales are one of  the poorly studied types of  mound-field landscapes 
found in seasonally flooded South American savannas (Renard et al. 
2012a). They occur mostly in the alluvial overflow plain of  the Orinoco 
Llanos from the Apure River in Venezuela to the Meta River in Colombia 
(Sarmiento and Pinillos 2001). Regarding their origin, some ecologists 
have affirmed, rather matter-of-factly, that the mounds are constructed 
by earthworms (Chacón-Moreno et al. 2004; Sarmiento and Pinillos 2001), 
whereas others, equally matter-of-factly, affirm that they are built by 
termites (Beard 1953). No one has pursued the question of  the origin of  
these mounds in any detail, failing even to identify the kind of  earthworm, 
or termite, held to be the mound-builders. Most surprisingly, no serious 
attempt has been made to explain the extreme spatial regularity of  mounds 
in surales landscapes. 
Bates (1948, pages 566 and 568) provides a vivid description of  surales: 
“The surales present a reticulate pattern of  deep ditches surrounding mounds a meter 
or two in diameter; the top of  the mound is a meter or more above the bottom of  the 
surrounding ditch. … The reticulate ditching is like the pattern formed by the drying 
of  a gigantic mud flat. … Well-developed sural country is difficult to traverse. If  you 
are on foot, you have to decide whether to follow the endless twistings of  the boggy ditches 
or to jump from mound to mound, both awkward expedients. If  you are mounted, the 
animal has to make the same decision and generally ends up in complete frustration: I 
have heard stories of  man and mule firmly stuck in a narrow, deep ditch between two 
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sural mounds.” 
To identify potential field sites, we first found georeferenced descriptions 
in the literature and then examined satellite imagery from the region 
available on Google Earth. Because surales mounds are often only 1-2 m in 
diameter, they are evident only where images are of  very high resolution. 
Within these rare high-resolution windows, we eventually found a few 
areas that looked to be both promising and relatively easily accessible by 
road. We studied surales landscapes in Casanare, Colombia, about 120 km 
E of  the city of  Yopal (Figure 3, map). As shown by aerial photographs 
(Figure 4) taken using the Pixy © drone (http://www.drone-pixy.com/), 
surales landscapes are truly amazing, not only in their spatial regularity but 
also in their extent. Although they are currently being flattened, limed and 
fertilized at a rapid rate to yield large rice fields (pers. observ. of  the authors), 
surales landscapes can still cover several square kilometers at a single stretch. 

Figure 3. Map showing the location of  the Orinoco Llanos eco-region in Colombia and 
Venezuela. Surales landscapes are found primarily, but not exclusively, in one of  the four 
sub-regions within the Llanos, the alluvial overflow plain. The locations of  our field sites 
are indicated. Limits of  the Orinoco Llanos eco-region are based on a map published by 

the Freshwater Ecosystems of  the World program of  WWF and the Nature Conservancy, 
available at the following URL: http://www.feow.org/ecoregions/details/orinoco_llanos. 
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Limits of  the alluvial overflow plain are based on a map published in Sarmiento (1983)

Figure 4. Aerial images of  surales landscapes, taken using the Pixy© drone.
Scale bars are approximate. Photos © 2012 Delphine Renard

Our studies of  these ecosystems are still in their early days, but a few 
tentative conclusions can be summarized here. First, in line with most 
earlier ecological studies of  surales landscapes, our observations implicate 
earthworms as the mound-builders. Fresh earthworm casts literally cover 
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the surface of  surales mounds, and mounds seem in fact to consist largely 
of  the accumulated excreta of  earthworms. A single large earthworm 
species appears to be the builder of  surales mounds in Colombia. This 
earthworm, an undescribed species of  Andiorrhinus (subgenus Turedrilus; 
Glossoscolecidae), cannot yet be described scientifically because all 
individuals collected so far are juveniles (A. Feijoo Martinez, Universidad 
Tecnológica de Pereira, pers. comm.)! We have not yet measured the 
density of  these worms, nor the amount of  earth that each worm can move 
daily, but this amount is certainly much greater than for the unspecialized 
worms we found in French Guianan abandoned raised fields. Secondly, 
our work reveals geomorphological diversity among surales landscapes, 
and suggests that this diversity represents an ecological succession, across 
which there is change not only in the communities of  organisms, but also 
dramatic change in the development and functioning of  the ecosystem. In 
ditches lining an airstrip constructed 10 years before our work began, we 
observed the probable very first step in this successional process: worm 
towers and small mounds constructed in this recently created flood-prone 
area. In other areas where mounds appeared to be relatively young, they 
were small in diameter (< 1 m), flat-topped, barely protruding above the 
rainy-season high-water level, and bearing only grass and other herbaceous 
vegetation (Figure 5A, C). Clusters of  these small mounds coalesce to 
form larger mounds, still low in stature but with multiple tops. Other areas 
bear what appears to be the next step in succession, with round-topped 
mounds bearing perennial bunchgrasses and a few shrubs and small trees 
(Figure 5B, D). The coalescence and growth in height of  mounds appear 
to continue, for in yet other areas we have observed mounds up to 4.5 m 
in diameter, covered with trees, and with up to 2 m difference in elevation 
from the top of  mounds to the bottom of  the intervening basin. 
Our observations suggest why natural mound-field landscapes are 
frequent in seasonally flooded savannas. Many kinds of  organisms—in 
South American examples, particularly earthworms and termites—have 
hit upon a similar adaptive solution as humans to the principal constraint 
of  these ecosystems, the scarcity of  well-aerated soils. These organisms 
build towers, and eventually mounds, to enable them to live in habitats 
lacking this crucial resource. In the case of  the surales, in areas where rainy-
season water depth is sufficiently shallow, earthworms feed in flooded 
soil and construct towers where they can gain air to breathe. Each worm 
appears to forage over a limited radius in the flooded soil, continually 
returning to the tower to deposit its excreta and to breathe. As more and 
more soil from the surrounding flooded area is carried to the tower, it 
grows to become a mound, and small mounds grow and coalesce into 
larger ones (Figure 5B, D). Throughout the entire process, as the mounds 
get taller, the basin appears to get deeper, for the larger the mounds, the 
deeper the water is in the basin.
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Figure 5. Surales landscapes appear to develop and change over time. 
These photographs show part of  the sequence. A, B: aerial images taken using the Pixy© 
drone, photos © 2012 Delphine Renard. C, D: images at ground level. Photos © 2012 

Doyle McKey. A, C: small, flat-topped, grass-covered surales, in the process of  coalescing to 
form larger mounds. B, D: larger, rounder surales, bearing a mix of  herbaceous and shrubby 

vegetation. Scale bars are approximate

Our observations thus also suggest an explanation for the great spatial 
regularity of  surales mounds, one that fits with the theory on spatial self-
organization in semi-arid shrublands (Meron 2012; Rietkerk et al. 2004). 
Well-drained soil is a key critical resource, and earthworms modify its 
distribution, concentrating it in the mounds, and thereby creating deeper 
water levels in the space between mounds. When the depth of  the water 
surrounding the mound exceeds the maximum depth from which a worm 
can initiate a mound, this creates a minimum distance between mounds. 
As earthworms are abundant, this minimum distance produces regular 
spacing of  mounds. The feedback loops driven by these soil engineers 
thus produce spatially self-organized landscapes. Although the specific 
mechanisms are different, this hypothesis is quite analogous to those 
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that explain spatial self-organization in semi-arid shrublands (e.g., Meron 
2012; Rietkerk et al. 2004) and “mima” mound-fields created by burrowing 
mammals (Gabet et al. 2013). 
Our observations in the surales also suggest a further question: Given the 
great advantage conferred by mound-building in these environments, why 
are mound-fields of  natural origin not present in all seasonally flooded 
savannas? For example, in the coastal savannas of  French Guiana there 
is no evidence for extensive mound-fields of  natural origin. This is in 
strong contrast to the Orinoco Llanos, where surales are frequent, and 
to the Llanos de Mojos in Bolivia, where termites and earthworms have 
constructed distinct kinds of  mound-field landscapes as spectacular 
as the surales (Haase and Beck 1989). Why is it that soil engineers in 
French Guianan coastal savannas have not created natural mound-field 
landscapes, but appear to have required an initial boost from humans, 
whose abandoned mounds they now maintain? 
We hypothesize that such differences between regions can be explained by 
history. Seasonally flooded savannas have probably existed in the Llanos 
de Mojos and the Orinoco Llanos since their origin as subsidence basins to 
the east of  the uplifting Andes about 20 million years ago (Iriondo 2004; 
Sarmiento and Pinillos 2001). These large, geologically older savannas 
harbor organisms with specialized adaptations to seasonal flooding. The 
mound-building earthworm of  the surales may be an example. Earthworms 
usually avoid waterlogged soil (Edwards and Bohlen 1996), and “aquatic” 
earthworms inhabiting marshes or swamps tend to be highly specialized 
(e.g., Maina et al. 1998). 
We postulate that in the coastal savannas of  French Guiana—small, of  
recent (Holocene) origin and distant from other similar environments—
there has simply not been enough time and space for organisms to evolve 
specialized adaptations to seasonal flooding. The earthworms and termites 
present there move soil at lower rates. Incapable of  building large mounds 
in flooded landscapes, they require an initial boost. They can only maintain 
mounds that were constructed by humans, and can do this only where 
conditions favor their activity. 

2.2.2. Natural mound-field landscapes: a nuisance or an opportunity?
Up to now, students of  raised-field agriculture have treated natural 
mound-field landscapes in seasonally flooded savannas as simply a source 
of  confusion to be avoided. Our investigation of  natural mound-field 
landscapes suggests that they have in fact, as Meggers (2003) suspected, 
sometimes been confused with vestiges of  raised fields. However, 
instances of  such confusion go in both directions. Vestiges of  raised fields 
in French Guiana were long supposed by ecologists to be natural mound-
field landscapes, and this slowed their recognition and their study. On the 
other hand, Reichel-Dolmatoff  and Reichel-Dolmatoff  (1974) appear to 
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have mistaken surales in the Colombian Llanos for vestiges of  raised fields, 
apparently basing their conclusion solely on the assumption that their 
spatial regularity indicated their artificial character. As we have seen, this 
assumption must be questioned. 
However, such instances are exceptional and so far have not greatly (or 
at least, not durably) affected estimates of  how extensive pre-Columbian 
raised-field agriculture was. Many vestiges of  raised fields include structures 
such as long, parallel rectilinear or curvilinear ridges, features for which 
there still appear to be no plausible explanation (at least in the essentially 
flat landscapes of  seasonally flooded savannas) other than a man-made 
origin. Confusion is only likely with the vestiges of  one kind of  raised 
fields, those that were built as round mounds (Figure 1). Even in these 
cases, and even in the absence of  direct archaeological, geoarchaeological 
or archaeobotanical evidence, there are often differences (discussed in 
Renard et al. 2012a) indicative of  human or natural origin of  mounds. 
Rather than a nuisance, natural mound-fields may be a great opportunity. 
Their frequent presence in seasonally flooded ecosystems, sometimes in 
close proximity to pre-Columbian raised fields, raises a host of  interesting 
new questions about the functional similarities between natural and man-
made mound-fields (whether cultivated, in fallow, or abandoned), and 
about how natural engineers may interact with raised-field agriculture. 

2.3. Interactions between natural engineers and raised-field farmers: new perspectives
Just as soil engineers appear to have maintained human-created mounds 
during fallows (McKey et al. 2010), they may have had other effects on 
raised-field agriculture, both in fallows and in active fields. Natural soil 
engineers have had millions of  years to produce adaptive solutions to 
ecological constraints that are also faced by farmers in these environments. 
Mound-building may be only the most conspicuous of  such adaptations. 
If  micro-organisms of  these habitats, for example, are particularly 
adapted to waterlogged, anaerobic soils, or to soils that are frequently 
moved between waterlogged and aerobic conditions, then their actions 
may have contributed in unsuspected ways to the functioning of  raised-
field agriculture. 
We argue that soil engineers in geologically older savannas have evolved 
particularly specialized adaptations to seasonal flooding. If  this is so, 
then the effects they have on raised-field agriculture may also be greater 
than in younger savannas such as those of  coastal French Guiana. In 
environments such as the Llanos de Mojos, specialized soil engineers may 
have driven even greater synergies between natural and cultural processes 
than we postulate occurred in French Guiana. For example, soil engineers 
such as termites in the Llanos de Mojos not only construct their own 
mounds, they also—like soil engineers in French Guiana—profit from 
human-made elevated structures, building their nests preferentially on 
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abandoned raised fields (see Plate 14b in Denevan [1966]). Because the 
rates at which specialized engineers move earth is likely to be much 
greater than in French Guiana, their effect on maintaining abandoned 
fields against erosion will be greater. Synergies between soil organisms and 
human engineers may not have been restricted to effects on topography, 
but may also have touched less conspicuous domains such as the physical 
or chemical traits of  soil environments. 
Once we recognize that raised-field farmers and mound-building natural 
soil engineers sometimes coexisted in seasonally flooded savannas, other 
kinds of  relationships between them become imaginable. In constructing 
raised fields, did humans attempt to imitate self-organized landscapes of  
natural origin? Are humans aware of  the ecological mechanisms acting 
in these landscapes? Does the establishment of  engineered landscapes 
in wetlands, marked by raised fields and other engineered structures, as 
well as the incorporation of  natural structures, correspond to a deliberate 
project of  societies (cf. Kolata 1993)? Or, alternatively, is the organization 
of  the landscape an emergent property resulting from the actions—
not explicitly coordinated—of  individuals or groups of  individuals (cf. 
Erickson 1992a)? What strategies, explicit or otherwise, are adopted by 
the people inhabiting these environments to modify them to their ends? 
Are raised-field agroecosystems an example of  biomimicry, conscious or 
otherwise, at the ecosystem level?
Semi-arid ecosystems in the Sahel of  West Africa offer an example of  
such biomimicry. This region features various types of  spatially self-
organized shrubland vegetation. Here, water is the key resource, and 
engineer organisms (here, plant roots) modify its distribution. Soil bare 
of  vegetation is often encrusted and impermeable to water, but where 
plants are present, their roots create porous, permeable soil. Rain falling 
on bare soil runs along the encrusted surface until it reaches a plant, where 
it infiltrates into the soil. Plants thus concentrate rainfall in the sites where 
they already occur, creating patches of  vegetation (spots [“leopard bush”] 
on flat ground, stripes [“tiger bush”] on slopes) separated by regular 
distances (determined by competitive interactions) from other patches 
(see Meron [2012] for a detailed explanation). 
In this region, local farmers have developed a type of  agroecosystem, the 
zaï system, that integrates these same self-organizing mechanisms. Zaï was 
devised to rehabilitate areas that had become devegetated and were thus 
covered with crusted, impermeable soils. Whereas many rehabilitation 
efforts focused on destroying soil crusts, the zaï system uses crusted soil 
to concentrate rainfall (Roose et al. 1999), as does the region’s natural 
shrubland vegetation. In the zaï system, regularly spaced holes (or, on 
sloping soil, regularly spaced strips along the contour) are dug and filled 
with organic matter-rich material, and then planted. Key to the functioning 
of  the system is that the soil between the holes is not plowed or hoed, 
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but left in its encrusted state. Thus, rainwater falling on it flows over the 
surface until it reaches the porous soil of  the holes bearing plants, exactly 
as occurs in the “leopard bush” and “tiger bush” patterned landscapes of  
the region. 
Whether raised fields function in ways similar to natural mound-field 
landscapes in flooded savannas cannot be known until we know much 
more about how each of  these kinds of  ecosystems works. For both raised 
fields and natural mound-fields, what we know about how they function 
boils down to little more than how their topography is produced and 
maintained, and even about this basic aspect little is known with certainty. 
Our studies of  patterned mound-field landscapes of  natural origin are in 
their infancy. 
In drawing them to the attention of  archaeologists, we emphasize the 
necessity to examine the different features of  each landscape before 
concluding on their natural or human origin. However, we believe our 
most important message lies elsewhere: natural mound-field landscapes 
are not just a deceptive nuisance that archaeologists must avoid, they 
are an important, and in some cases perhaps essential, part of  the story. 
Understanding how they function can help us understand agriculture in 
these environments. The soil engineers that construct them may have 
enhanced the functioning of  raised-field agroecosystems. In ways that we 
are just beginning to realize, these agroecosystems may have been truly 
co-constructed by human and non-human soil engineers. 

3. Present-day systems of  raised-field agriculture as living analogues 
of  pre-Columbian systems

A second new approach we are following is to study systems that are 
analogous to pre-Columbian raised-field agriculture but still extant 
today. Archaeologists have frequently studied modern analogues to gain 
insight into the past (Carneiro and Kramer 1979; Hurtado and Hill 1989; 
Politis 2009). Societies living in environments that share similar strong 
constraints often develop similar adaptive solutions. Caution must be 
exercised, because environment influences, but does not determine, 
cultural adaptations. However, even imperfect analogies can be instructive. 
Studying modern analogues can help us understand how pre-Columbian 
raised-field agriculture may have functioned, as well as how and why 
most such systems disappeared and why others (e.g., the chinampas) were 
maintained. Studying how real, living systems of  raised-field agriculture 
work today is particularly important for accomplishing our second 
objective, i.e., assessing the potential role of  raised-field agriculture in 
today’s world. 
Forty years ago, the pioneers in the study of  pre-Columbian raised-field 
agriculture recognized the insights that could be gained by investigating 
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modern raised-field systems in the Old World (Denevan and Turner 1974). 
Since then, however, few have followed their lead. We have begun field 
studies of  contemporary raised fields in Africa. As in peri-Amazonian 
savannas, there is considerable ecological diversity among sites where 
raised-field agriculture is practiced, with broad overlap between the two 
continents in environmental features such as rainfall and flooding regimes 
and soil properties. 
Like the Llanos de Mojos and the Orinoco Llanos, the subsidence basins 
in which raised-field agriculture has developed in central Africa are 
geologically old (Kadima et al. 2011), and expanses of  seasonally flooded 
savannas have probably long been available as habitats. Not surprisingly, 
therefore, as in South America, natural mound-field landscapes are frequent 
in the sites where raised fields occur. Interestingly, our observations 
indicate that the features of  natural mound-fields are often integrated into 
raised-field agroecosystems. 

3.1. The two study sites in Africa
3.1.1. Seasonally flooded grasslands and forests of  the cuvette of  the Congo Basin
The central part of  the Congo Basin is occupied by the “cuvette”, an area 
over 1 million km2 (Bwangoy et al. 2010), covered by swamp and floodplain 
forest and floodable grassland; after the Pantanal, it is the world’s second 
largest wetland (Mayaux et al. 2007). Our study sites are in the Cuvette 
province of  the Congo Republic (Figure 6). The region is characterized by 
a subequatorial rainfall regime, with two rainfall peaks and two dry seasons 
each year. The long dry season, the timing of  which varies in different 
parts of  the region, is usually marked by two to three months with rainfall 
less than 100 mm (Laraque et al. 1998a). Water level fluctuates according 
to rainfall and river flow, and in different parts of  the basin the seasonal 
difference in water level can vary from one to four meters (Laraque et al. 
1998b). 
Working in the Cuvette province 50 years ago, Sautter (1962, 1966), 
Vennetier (1965) and Auger (1967) wrote of  landscapes featuring raised 
mounds and ridges, and described the practices and techniques of  the 
people who farmed them, farming and fishing folk of  the Likouba, Likouala 
and Kouyou ethnic groups. Other groups in the region, the Mbochi and 
the Makoua, were not reported by these authors to construct raised fields. 
From the writings of  these and other authors, from satellite imagery 
available under Google Earth, and from published aerial photographs as 
well as a set of  aerial photographs graciously supplied by Yann Arthus-
Bertrand following a mission to the region, active or abandoned raised 
fields are known from a number of  sites (all in the Congo Republic) 
spread from near Oyo in the west to Mossaka in the east, and north along 
the Likouala-Mossaka and Kouyou rivers (Figure 6).  
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Figure 6. Raised-field agriculture in the Cuvette Province of  the Congo Republic.
Field sites mentioned in the text appear in boldface type

Aerial photographs also show areas of  raised fields on the river Likouala-
aux-Herbes further north and east (R. Oslisly, pers. comm.). These images 
illustrate a remarkable example of  a landscape conquered from water, with 
large mounds, ridges and platforms, sometimes connected by networks 
of  paths, as well as borrow pits that appear to have been deepened to 
make ponds (Figure 7). Field observations (see below) showed that the 
large mounds are all occupied by large termite colonies, and appear to 
be termitaria that were incorporated as nodes in a network connected by 
ridges. The total extent of  raised fields in the region is unknown, but they 
are likely to account for only a small proportion of  the total area, as they 
appear to be mostly restricted to near waterways. The proportion of  fields 
that are still under cultivation or in fallow or, alternatively, abandoned 
vestiges, is also unknown. The region’s isolation—in many areas only 
boat transport is practicable—greatly limits any commercialization 
of  agriculture, which is thus practiced mostly as a subsistence activity. 
Population density is generally low in the area (estimated at one person per 
km2 for the entire Cuvette province [Laraque et al. 1998b]), but unevenly 
distributed. At least in some areas, populations were likely denser in the 
past (Sautter 1962; Vennetier 1963). Depopulation is continuing today, as 
chances of  employment in the nearby town of  Oyo, and in Brazzaville and 
other cities, continue to fuel an exodus of  rural populations. 
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Figure 7. Aerial views of  raised-field landscapes near Oyo, in the Cuvette region of  the Congo 
Republic. Many of  the large mounds appear to be termite mounds, modified by humans. 

The images also show linear ridges (paths?) between mounds, and ponds (darker areas) that 
may be derived from borrow pits. A. Image available through Google Earth V7.1.2.2041; 

1° 2’21.39”S, 15°54’6.49”E; January 22, 2006; © 2014 DigitalGlobe; 
B, C: Aerial photographs taken during a mission by Yann Arthus-Bertrand. 

© 2011 Yann Arthus-Bertrand / Altitude-Paris, used by permission.

In January-April 2013 we visited parts of  this area, from Oyo and points 
downstream along the Alima River to Mossaka on the Congo River. 
Over a distance of  200 km along these rivers, we observed strongly 
contrasting situations, from landscapes near Oyo abandoned for an 
unknown number of  years to landscapes near Mossaka where area under 
cultivation is expanding, and where raised-field agriculture is associated 
with flood recession agriculture on islands in the Congo River. Present-day 
dynamics seem tied to population shifts (for example, a rural exodus most 
pronounced near the growing town of  Oyo) and changes in practices, but 
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also to variation in subsistence strategies. Raised-field agriculture (Figure 
8) is part of  a production system comprising several complementary 
activities, conducted in different parts of  the landscape, and its importance 
differs among villages. A detailed study integrating historical, demographic 
and ethnoecological data will be required to understand why raised-field 
agriculture has been abandoned in some areas and persists in others. 

3.1.2. The Bangweulu wetlands in Zambi
Surrounded by vast expanses of  the miombo woodlands that cover much 
of  southeastern Africa, the Bangweulu basin occupies almost a million 
hectares of  lake, permanent Papyrus marsh and seasonal wetlands (see

Figure 8. Raised fields in the Cuvette Province of  the Congo Republic. A. Small round 
atshoro mounds, Obélé. B: Long ridge raised field, Tchikapika. C: Raised fields (maanga) 
in flood-prone savanna near Mossaka, showing a fishnet found in the seasonally flooded basin. 

D: A mindzenke raised platform, planted with manioc, on an island in the Congo River 
near Mossaka. This mindzenke was in its second year of  use. 

Mounds in all photos are approximately 1 m high. Photos © 2013 Doyle McKey
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map, Figure 9). Fed by the Chambeshi River and 16 other rivers from the
east, draining through the Luapula River to the southwest, the basin is 
shallow and oligotrophic. The region is characterized by a tropical climate 
with a single long rainy season from November to April (Brelsford 1946). 
The consequent strong seasonal water fluctuations (mean difference in 
water level of  1.2 m between the rainy-season peak and the dry-season 
minimum), with relatively low inter-annual variations, create vast areas 
(about 7100 km2) of  seasonally flooded savannas (Kolding et al. 2003). 
As in other shallow lakes and flat basins in savanna and Sahel regions 
of  Africa, production systems combine several complementary activities 
(farming, fishing, hunting), each of  them moving over the landscape in 
response to seasonal variation. A great diversity of  natural and human-
made features coexist in these seasonal wetlands. As in our site in the 
Congo, and in other seasonally flooded African savannas (Mosepele 
et al. 2009), termite mounds are frequent and these insects play diverse
important roles in floodplain ecosystems. Large, tree- and shrub-covered 
termite mounds are frequent in the Bangweulu wetlands, accompanied

Figure 9. Distribution of  raised-field agriculture in the Bangweulu basin of  Zambia.
Sites where raised fields were observed (in satellite imagery or during field study)

are indicated by black squares. Names of  sites are given for those sites 
where raised fields were observed during the field study
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by even more frequent smaller and lower termite mounds. These latter 
structures appear similar to those observed by Soyer (1983) in seasonally 
flooded savannas 200 km to the west in the Democratic Republic of  the 
Congo. The most striking human-made features in the flooded Bangweulu 
wetlands are large numbers of  raised fields. These vary in shape, from 
round mounds (usually about 1.5-2 m in diameter) to ridges that vary in 
length from 4 to 20 m (exceptionally 40 m) (Figure 10). Parcels of  fields 
also vary in organization, from groups of  round mounds in a more or 
less square grid, to ridges in parallel or in checkerboard patterns (Figure 
10B). After extensive preliminary bibliographical research and work with 
satellite imagery of  the region available on Google Earth, we conducted a 
four-day mission in the Bangweulu wetlands in September 2013, visiting 
the fields cultivated by people of  the Unga ethnic group, whose principal 
activities are fishing and farming in these wetlands. We observed raised 
fields (round mounds and short ridges, up to 1 m tall) in seasonally flooded 
savannas (termed dambos) in two sites near the western and southwestern 
rim of  the basin, Mpanta and Yongolo. A third site, Kanta, is located on 
Lunga Bank, in the central part of  the basin’s vast papyrus marshes (see 
map, Figure 9). In this lower-lying area, farmers construct raised fields 
(round mounds) up to 1.6 m in height. In all sites we visited, we observed 
both active raised fields and others that were in fallow or abandoned.

3.2. What can present-day African systems tell us about contentious 
questions on raised-field agriculture?
3.2.1. How much of  the raised-field landscape is cultivated at a given point in time? 
This question is at the heart of  contrasting contentions about how 
productive pre-Columbian raised-field systems were and how many 
people they could have supported (Erickson 1992b; Lombardo et al. 2011). 
Chinampas platforms are cultivated continuously, a situation permitted, in 
large part, by the recycling of  nutrients accumulated in sediments in the 
flooded basin. When canals between the platforms are periodically cleaned, 
the sediments are added to the platforms (Armillas 1971). Archaeologists 
have sometimes assumed that South American raised fields were also 
continuously cultivated (Erickson and Candler 1989; Kolata 1991). 
Geoarchaeological data are silent on this point, because they lack the 
temporal resolution necessary to distinguish continuous cultivation from 
alternative hypotheses, such as periodic fallows (Bandy 2005; Renard et al. 
2012b), crop rotation (Bandy 2005) or the cultivation of  only restricted 
portions of  landscape at a given period as hydrological conditions varied 
over time (e.g., the “shifting-lakeshore model” [Baveye 2013]). In modern 
African raised-field agroecosystems, are fields cultivated continuously, or 
are there fallow periods? 
Our first observations provide insight into this contentious question. 
In both Congo and Zambia, raised fields are usually not cultivated 
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Figure 10. Raised fields in the Bangweulu basin, Zambia. A. Plot of  small round mounds 
(2-3 m diameter) on Ncheta island. Source: Google Earth V7.1.2.2041; 11°40’41.95’’S, 

30°04’26.69’’E; April 9, 2012; © 2013 DigitalGlobe; B. Landscape comprising 
small round mounds and long ridges, near Yongolo. Source: Google Earth V7.1.2.2041; 

12°10’41.46’’S, 29°41’04.11’’E; March 13, 2010; © 2013 DigitalGlobe; C. A large 
round mound (2.7 m diameter, 1.5 m high) planted with manioc, Kanta village, September 
2013; D. A plot of  rectangular raised fields, planted with manioc, near Yongolo, September 

2013. C, D (scale bars are approximate): Photos © 2013 Mélisse Durécu

continuously, but intermittently, with intervening fallow periods. However, 
the duration of  fallow periods relative to the period of  cultivation varies 
with soil fertility, and in the most fertile soils cultivation can be virtually 
continuous. In general, in the Cuvette province of  Congo Republic, fields 
may be cultivated for up to three successive years, depending on yield, and 
are then left to fallow, usually for five years or less, but sometimes up to 
10 years (Sautter 1968). At Boyoko, where recently abandoned large raised 
mounds (ombaâ) were present in the sandy soils of  seasonally flooded 
savanna just behind the village, Mbochi villagers reported that after a single 
year of  cultivation, each mound was left fallow for a period of  around 
five years. At Mossaka, Likouba villagers construct large platforms termed 
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maanga, in seasonally flooded savanna near the village. The mounds are 
over 1 meter tall and vary from round (4-5 meters in diameter) to oblong 
(up to 20 meters long). The mounds we observed in Mossaka were on 
loamy soils, richer than the sandy soils of  Boyoko. Villagers in Mossaka 
reported that each mound is cultivated for two to three years and then left 
in fallow for only one-two years. However, poor sandy soils also occur in 
Mossaka and fallow periods on these soils are longer than the periods of  
cultivation (Sautter 1962). Farmers at Mossaka also farm the very fertile 
soil of  islands in the Congo River, growing manioc and a few other crops 
over the six-month period that the island fields are above flood level. The 
island fields are mostly small, hoed-up mounds (mitsaba), but scattered 
among these are also large raised platforms (mindzenke), constructed in a 
manner similar to the maanga. Those we saw were over one meter tall, about 
two meters broad and 20 meters long. According to the villagers, crops 
planted on the platforms benefit from about two weeks’ additional time 
until flooding forces their harvest. In the rich soils of  the islands, fields 
(both mitsaba and mindzenke) are often cultivated many years successively. 
However, even there, some farmers prefer to leave fields fallow for two to 
three years after five years of  cultivation. 
Management of  raised fields in the Bangweulu wetlands also usually 
features intermittent fallow periods. In this region as well, the duration 
of  fallows relative to periods of  cultivation varies with soil fertility. In two 
sites we visited, Mpanta and Yongolo, villagers construct raised fields in 
the dambos. The soils of  these seasonally flooded savannas on the western 
and southwestern rim of  the basin are sandy and infertile. In these sites, 
farmers reported that fields were usually cultivated for one to two years, 
then left in fallow, usually for periods of  one to three years. In contrast, 
at Kanta on Lunga Bank in the center of  the basin, where soils are loamy 
and organic matter-rich, farmers reported that they cultivate fields every 
year, with no intervening fallow other than the six-month period when the 
fields are entirely flooded. To summarize, except in the most fertile soils, 
fallow periods appear to be essential for sustainable production in both 
Congo and Zambia. 
Another criticism of  archaeologists’ estimates of  the size of  human 
populations that could have been supported by pre-Columbian raised fields 
is embodied by what Baveye (2013) has termed the “shifting-lakeshore” 
hypothesis: because hydrological conditions in a basin varied over time, 
at any given time only a small portion of  the modified landscape may 
have been under cultivation. Because most authors have not taken such 
fluctuation into account, they have produced, according to this hypothesis, 
inflated estimates of  area under cultivation and population density. Our 
observations cast a different light on this hypothesis. At sites in the Congo, 
we did in fact find that hydrological conditions varied greatly among 
sites occupied by raised fields (active or inactive). However, in contrast 
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to an implicit assumption of  the shifting-lakeshore model, cultivation 
was not limited to a restricted set of  hydrological conditions. Instead, 
farmers exploited gradients of  elevation and drainage to plant a diversity 
of  crops, ranging from manioc and sweet potatoes in the most humid 
sites to dryland crops such as Bambara groundnut (Vigna subterranea) in 
raised fields on the driest, sandiest savannas we observed (for example, at 
Boyoko). Furthermore, at one site, Obélé, we observed a single farm that 
covered a drainage gradient from raised mounds surrounded by thigh-
deep water up to smaller mounds that were never flooded, even during 
the peak of  the rains. The farmer used this gradient to extend the field’s 
period of  production, notably staggering the planting (and harvesting) of  
maize over a period of  several months from the bottom to the top of  the 
drainage gradient.
Observations in both African sites underline our contention (see section 
1.2) that raised-field agriculture can only be understood in the context of  
the complex subsistence systems of  which it constitutes a part. As in other 
tropical wetlands characterized by flat basins (e.g., Lake Chad [Raymond 
et al. 2014]), hydrological conditions vary greatly from place to place and 
over the annual cycle. As a function of  this heterogeneity, subsistence 
activities are diverse and often highly mobile. Even when we consider only 
one kind of  subsistence activity, agriculture, “raised-field farmers” also 
conduct various types of  flood-recession agriculture; and the same people 
farm not only in wetlands but also conduct other kinds of  agriculture in 
the uplands. For example, at Yongolo in Zambia, some individual farmers 
cultivated not only raised fields in the dambos but also slash-and-burn 
fields in miombo woodlands 40 km distant. In addition to considering 
raised-field farming as only one of  many subsistence activities, analysis 
of  these systems must also take into account the challenges identified for 
agriculture in sub-Saharan Africa in a context of  demographic growth 
(Losch et al. 2013; Morris et al. 2009).

3.2.2. How are fallows managed? 
On the basis of  geoarchaeological data—the much lower abundance of  
charcoal in sediments during the period of  raised-field cultivation than 
after raised fields were abandoned—Iriarte et al. (2012) postulated that 
raised-field farmers in the coastal savannas of  French Guiana suppressed 
fire, practicing a “slash-and-mulch” management of  fallows that favored 
the maintenance of  vegetation and its incorporation into soil organic 
matter that would sustain the next cycle of  cultivation. How are fallows 
managed in modern African raised-field systems? Is burning (of  fallow 
vegetation, of  crop residues) frequently employed, or is organic matter 
incorporated into soil organic matter?
In both Congo and Zambia, farmers we interviewed considered it 
important to conserve the biomass from fallow vegetation and crop 
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residues and incorporate this organic matter into raised fields. In no site, 
however, did this attitude lead to completely “fire-free” management of  
raised fields. In Congo, fire seemed to be most discouraged in farmers’ 
discourse, and least frequent in farmers’ practice, at Mossaka. It was in 
this site where we observed the largest and most elaborate raised fields, 
the maanga in seasonally flooded savanna behind the village and the 
morphologically similar mindzenke platforms on islands in the Congo River. 
Both these types of  raised fields are constructed using huge quantities of  
unburned vegetation, primarily large grasses. These are dug up using a 
hoe, along with superficial roots and the soil clinging to them. The hoed-
up vegetation is left to dry for a few days, then piled up into platforms 
of  the desired size and shape, usually a meter or more in height. Soil, 
vegetation and crop residues are added to the platform. After the fallow 
period, platforms are rehabilitated, and new biomass and soil are added 
to them. In preparing the small mitsaba mounds on islands in the Congo 
River, farmers are less dependent on the incorporation of  large amounts 
of  organic matter, and fallow vegetation is sometimes burnt. Even in this 
case, however, some farmers at Mossaka prefer not to burn. At Boyoko, in 
contrast, where the soils of  savannas behind the village are much sandier 
and vegetation much less lush than the sites we observed at Mossaka, 
the mounds farmers construct consist mostly of  the sandy mineral soil. 
According to farmers, the savanna usually burns in both dry seasons 
each year (reasons for burning were not explored). Farmers reported that 
when building mounds or reclaiming them after a fallow period, they 
incorporate ash, unburned vegetation and sediment-containing mud to 
enhance fertility.
Interestingly, the small atshoro mounds observed at Tchikapika and Obélé 
appear to have been constructed not in seasonally flooded savanna, 
but in swamp forest. In this vegetation type, with a high proportion of  
woody biomass that decomposes much more slowly than the herbaceous 
biomass of  savannas, fire may be essential for mineralizing the nutrients 
present in biomass and rendering them available to crops. We have not yet 
investigated field-fallow cycles in atshoro landscapes. It would be interesting 
to know what kind of  vegetation appears in fallows and whether fallow 
parcels are burned before the next cycle of  cultivation.
In Zambia, as in the savanna sites in Congo, farmers incorporate unburned 
vegetation into mounds and consider it essential to maintain fertility, but 
dry-season fires do regularly occur, particularly in the dambos. We have not 
explored attitudes to fire, nor the reasons for burning. According to local 
residents, fire is frequently used to facilitate hunting; whether it is ascribed 
a positive or negative role in agriculture is not yet clear. 

3.2.3. How important is the aquatic component of  the system?
In the chinampas of  Mexico, the aquatic component of  the landscape makes 
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several key contributions to agriculture and to other subsistence activities. 
Water in canals permits bucket irrigation of  the raised platforms during 
dry periods. Sediments eroded from the platforms, or from elsewhere in 
the watershed, are trapped in the muck of  canals and recycled back onto 
the platforms. Aquatic macrophytes further contribute to organic matter 
production. Water lilies, water hyacinth, and other tender non-graminoid 
aquatic herbs produce organic matter with higher quality for decomposers 
(e.g., lower C/N ratios) than that of  tough grasses and sedges. Finally, 
fish are harvested from the canals. Some authors have postulated that 
the aquatic component played similar roles in pre-Columbian raised-field 
systems in South America (Erickson 1995, 1999; Kolata and Ortloff  1989). 
For example, Erickson (2000) built a convincing case that zigzag lines in 
seasonally flooded savannas of  the Llanos de Mojos, often somewhat 
distant from complexes of  raised fields in the same landscapes, are the 
vestiges of  fish weirs that supported an extensive fishery, contributing to 
the protein supply of  the raised-field farmers. Biesboer et al. (1999) found 
that in experimentally reconstructed raised fields and canals around Lake 
Titicaca, aquatic vegetation included plants with symbiotic associations 
with nitrogen-fixing microorganisms, contributing to the stocks of  
this important nutrient in raised-field ecosystems. In experimentally 
reconstructed raised fields in the Llanos de Mojos, tender aquatic 
macrophytes such as Eichhornia (water hyacinth) are abundant (Barba et 
al. 2003; Saavedra 2009), and use of  organic matter derived from them 
as mulch could have contributed to nutrient recycling within the system. 
Other authors, however, believe that these demonstrated benefits of  the 
aquatic component of  the chinampas have been over-estimated in other 
raised-field systems (Baveye 2013; Chapin 1988; Lombardo et al. 2011). 
In both Congo and Zambia, resources from the aquatic component are of  
primordial importance in the functioning of  subsistence systems. In both 
sites, vegetation in the seasonally flooded basin supplies organic matter 
that is used in mound construction. In most areas in these sites, however, 
the basin is probably dry for too long a part of  each year for tender aquatic 
macrophytes to be abundant and play any substantial role in nutrient 
supply to raised fields. The biomass and organic matter added to mounds 
is primarily from graminoids. However, in some of  the Congo sites (e.g., 
atshoro mounds in swamp forest at Tchikapika and Obélé), tender aquatic 
plants are abundant, and their organic matter is regularly moved from 
the flooded basin onto the raised fields. To summarize, organic mulch is 
everywhere regarded as important, but the role of  aquatic vegetation as a 
source varies with flooding regime, and is probably rarely as important as 
in the chinampas system. 
In both Congo and Zambia, fish are an important food resource supplied 
by the raised-field landscape, and “agricultural mounds” are often 
intentionally constructed to serve also as fish-trapping devices (Sautter 
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1962; Vennetier 1965) or are integrated into fish weirs. In both regions, 
many different fish species are harvested, using a diversity of  techniques 
and gear (Congo: Sautter, 1962; Vennetier 1965; Zambia: Brelsford, 
1946; Huchzermeyer n.d.; Imai, 1985, 1998; Kolding et al. 2003). In 
both regions, seasonally flooded areas are connected to permanent 
watercourses. Seasonal water fluctuations create large areas of  flooded 
habitat and provide fish with dispersal pathways into this seasonal habitat. 
In Mossaka, Congo, during the rainy season, farmers deploy gill nets 
in the flooded basin between raised fields and fish during their rainy-
season visits to their fields. The fish we most commonly encountered in 
Congo, both in villages and in the market at Oyo, was the African lungfish 
(Protopterus dolloi). Capable of  estivating in dried mud and an obligate air-
breather (Greenwood 1986), this fish is superbly adapted to the seasonally 
flooded wetlands of  the Cuvette. A number of  other species are also 
restricted to, or most abundant in, this habitat type (Shumway et al. 2003). 
In Zambia, in addition to fishing conducted in the main watercourses and 
channels, a vast network of  fish weirs (Figure 11) is used to capture the 
large number of  mostly small fish species that migrate into the huge area 
of  dambos flooded during the rainy season. Extending over long distances, 
these weirs run from one large tree-covered termite mound to another. 

Figure 11. Fish weirs in the Bangweulu basin near Yongolo, Zambia, September 2013. A. 
A fish weir showing one of  the numerous V-shaped fishways at which nets or baskets are 

placed. Weirs run between large tree- and shrub-covered termite mounds, one of  which is seen 
in the photo; B. Fish weir running between termite mounds. Photos © 2013 Mélisse Durécu

3.2.4. Productivity, demography and the social and economic conditions favoring raised-
field agriculture
One clear conclusion of  our work in Africa so far is that raised-field 
agriculture is just one part of  subsistence systems that integrate multiple 
activities, among which fishing appears to play a particularly important 
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role. Erickson (2000) has presented evidence that this was also true in pre-
Columbian systems in the Llanos de Mojos. Although many other authors 
on pre-Columbian raised-field agriculture mention the likely importance 
of  fish, this resource has usually not been taken into account in estimates 
of  productivity, which focus on products of  agriculture. Our observations 
of  contemporary African systems show that failure to account for this 
crucial protein source in estimates of  productivity and carrying capacity 
would be a serious error. The vestiges of  pre-Columbian fish weirs found 
by Erickson (2000) in the Llanos de Mojos, Bolivia—comparable in their 
morphology and likely functioning to those that are widespread in the 
Bangweulu floodplains—support the contention that pre-Columbian 
systems were similarly reliant on fish. In this respect the chinampas appear 
not to be unique.
Detailed study of  these contemporary African systems could provide 
many other insights into raised-field agriculture, not only its past in South 
America, but its potential contributions to sustainable use of  seasonal 
tropical wetlands today and in the future. How much labor is required 
to build and maintain raised fields? How is this work organized socially, 
and how do economic conditions (for example, complementarity of  other 
activities, markets for agricultural production, rural exodus to cities, etc.) 
affect the maintenance or the decline of  raised-field agriculture? Having 
answers to these questions would help us assess whether raised-field 
agriculture has developed out of  necessity, as easier ways to subsist become 
impossible owing to population pressure (Boserup 1965), or whether 
multi-activity subsistence systems incorporating this kind of  agriculture 
are adopted because of  advantages they confer, such as risk reduction.

4. Conclusion

As in the neotropics (Renard et al. 2012b), the biophysical and cultural 
contexts in which raised-field agriculture is found in Africa show great 
diversity. Hasty overgeneralizations must be avoided. However, several 
conclusions appear to be justified. 
First, in both African sites, landscapes and subsistence systems have 
emerged from the coevolutionary interplay of  ecological dynamics and 
social practices. In both sites, self-organized structures of  natural origin 
are incorporated into biocultural landscapes. In Zambia, termite-mound 
islands in the dambos and floodplains are the most favored sites for 
constructing fields, as they are already elevated and well-drained, and are 
islands of  fertility. Termite-mound islands also constitute the nodes of  the 
extensive networks of  fish weirs in the dambos. Similarly, in the abandoned 
agricultural landscapes near Oyo, Congo, large termite mounds termed 
ingondo, usually around 6 m in diameter, appear to have been integrated 
into a network of  human-made structures, including more or less 
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rectilinear paths between the mounds, linear or curvilinear raised ridges, 
and borrow pits deepened into ponds. Thus, as in South America, natural 
soil engineers appear to be an integral part of  the origin and functioning 
of  raised-field landscapes. The biology of  soil engineers in the African 
landscapes, and whether they play important roles in maintaining fertility 
of  active fields or the ecological legacy of  abandoned fields, are subjects 
for future enquiry. Whether people are aware of  their interactions with 
soil engineers, and whether human-constructed parts of  the landscape 
correspond to a deliberate social project or emerge from a succession 
of  individual projects realized over a long period of  time, are also open 
questions. Like the biological components, the cultural parts of  these 
biocultural landscapes may also result from self-organized processes, 
albeit by quite different mechanisms. 
As part of  the interplay of  ecological dynamics and social practices, 
human-made structures may, as in South America, feed back on ecological 
processes, creating an ecological legacy of  human actions. Feedbacks may 
sometimes occur in unexpected ways. For example, by retaining water for 
varying periods, fish weirs in floodplains of  the Bangweulu Basin may affect 
the hydrology of  different parts of  the basin, and thereby vegetation and 
the animals that depend on it. However, their most conspicuous impact 
may be their action as dry-season firebreaks, contributing to the mosaic 
nature of  fire in the basin (C. Huchzermeyer, South African Institute of  
Aquatic Biodiversity, pers. comm.). The complex interplay of  ecological 
dynamics and social practices suggests that understanding the functioning 
of  contemporary systems in African wetlands will require input from the 
same broad range of  disciplines as was brought to bear to understand the 
history and ecology of  raised-field landscapes in South America (Iriarte et 
al. 2012; McKey et al. 2010; Renard et al. 2013).
Second, as we have emphasized at several points in this chapter, raised-
field agriculture in both African sites is only one part of  a multi-functional 
subsistence system, and cannot be understood outside this more inclusive 
context. Fish appear to play a particularly important role in the system. As 
in rice-fish co-culture systems in tropical Asia (Xie et al. 2011), fish and 
crops may interact in multiple and intriguing ways. Only when we take 
into account the ecological, cultural and economic aspects of  all parts of  
the system can we address the role of  raised-field agriculture in a hoped-
for sustainable future. The two present-day examples we have begun to 
document suggest that this role may be far from negligible.
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