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Our recent data, collected using remotely sensed imagery and unmanned aerial vehicle surveys, reveal the extremely well-deﬁned
patterning of archaeological plaza villages in the Brazilian Acre state in terms of size, layout, chronology, and material culture.
The villages comprise various earthen mounds arranged around central plazas and roads that radiate outward from, or converge
on, the sites. The roads connected the villages situated 2–10 km from each other in eastern Acre. Our study attests to the existence
of large, sedentary, interﬂuvial populations sharing the same sociocultural identities, as well as structured patterns of movement
and spatial planning in relation to operative road networks during the late precolonial period. The plaza villages of Acre show
similarity with the well-documented communities organized by road networks in the regions of the Upper Xingu and Llanos de
Mojos. Taking into consideration ethnohistorical and ethnographic evidence, as well as the presence of comparable archaeological sites and earthwork features along the southern margin of Amazonia, we suggest that the plaza villages of Acre were linked
by an interregional road network to other neighboring territories situated along the southern Amazonian rim and that movement
along roads was the primary mode of human transport in Amazonian interﬂuves.
Keywords: interﬂuvial Amazonia, UAV survey, earthworks, road networks, plaza villages
Los recientes datos, recopilados por nosotros a través de prospecciones utilizando imágenes de sensores remotos y vehículos
aéreos no tripulados (VANT), revelaron aldeas arqueológicas con plazas en el estado brasileño de Acre que destacan por presentar patrones bien deﬁnidos en términos de tamaño, diseño, cronología y cultura material. Las aldeas comprenden varios montículos de tierra dispuestos alrededor de plazas centrales y caminos que se proyectan o convergen desde o hacia los sitios. Los
caminos conectaban las aldeas situadas a una distancia de 2 a 10 km entre sí en el este de Acre. Nuestro estudio atestigua la
existencia de grandes poblaciones interﬂuviales sedentarias que comparten las mismas identidades socioculturales, así como
patrones estructurados de movimiento y planiﬁcación espacial en relación con los sistemas operativos de redes viales durante
el período pre-Colonial Tardío. Las aldeas con plazas de Acre muestran una similitud con comunidades bien documentadas organizadas por redes de caminos en las regiones del Alto Xingu y los Llanos de Mojos. Teniendo en cuenta la evidencia etnohistórica
y etnográﬁca, así como la presencia de sitios arqueológicos comparables, y características de movimiento de tierras a lo largo del
margen sur de la Amazonía, sugerimos que las aldeas con plazas de Acre estaban conectadas a los territorios vecinos por una red
de caminos interregionales situados a lo largo del borde sur de la Amazonía, y ese movimiento a lo largo de las caminos fue el
principal modo de transporte humano en las zonas interﬂuviales amazónicas.
Palabras clave: Amazonia interﬂuvial, prospección con VANT, movimiento de tierras, redes de caminos, plazas

T

he best-known accomplishment of
ancient South American networking via
roads is the Great Inca Road (Qhapaq

Ñan), a continental-scale road system built to
maintain and secure the Inca Empire’s economic
and political interests. The width of the Inca
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roadways in this system usually varied from 1 to
7 m; some roads were paved with stones, whereas
others were plain dirt pathways. The Inca road
system also included a variety of architectural
elements, such as stairways, causeways, bridges,
and lodging posts, and some of its segments were
built by making use of preexisting smaller local
road networks (Hyslop 1984). Elsewhere in the
Andes, ancient road networks are found across
the Calima archaeological region in the Cauca
Valley of Colombia (Cardale de Shrimpff
1996) and in the Ecuadorian Upano Valley in
the Andean Piedmont (Rostain 2012). In these
cases, the burrowed pathways connecting different archaeological sites have U-shaped proﬁles,
are 3–13 m wide at the base, and reach 1–3 m
in depth. One question of increasing interest is
whether such wide-scale road networks were
characteristic only of the Andean region of
South America or if they also existed in the Amazonian Tropical Forest region, to the east of the
Andes.
Probably the most-consulted historical reference mentioning Amazonian roads is the chronicle written by the Dominican friar Gaspar de
Carvajal, who narrated the ﬁrst Amazon River
expedition commanded by the conquistador
Francisco de Orellana in 1541–1542. Carvajal
(1894 [1541–1543]) described the riverbanks
in central Amazonia as densely populated by
adjoining permanent settlements and many ﬁne
roads that extended a long way inland. Even so,
it has been conventionally assumed that watercourses were the main channels for travel and
communication for the precolonial Indigenous
cultures of Amazonia (Lathrap 1970; Lowie
1948; Nordenskiöld 1930). However, recent
research suggests that terrestrial roads crisscrossing Amazonian interﬂuvial areas were equally
important channels for human movement and
the exchange of information (Erickson 2001,
2009; Erickson and Walker 2009) and that
regional road networks were more widespread
than commonly thought (Schmidt 2012;
Schmidt et al. 2014).
Today, terrestrial mobility is widespread
among Amazonian traditional communities;
ethnohistorical accounts frequently refer to varadouros, trails that connected adjacent tributaries
of southwestern Amazonian main rivers, such
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as the Ucayali, Madre de Dios, Beni, Juruá, and
Purus. These narratives attest to the fact that the
region’s native peoples afﬁrmed the existence
of these routes since primordial times (Da
Cunha 2006 [1905]; La Combe et al. 1904).
For example, when exploring in the Brazilian
state of Acre in the nineteenth century, William
Chandless (1866:100) became aware of an
“Indian pathway” located between the Purus
and Juruá Rivers; it took around ﬁve days to
walk on this pathway from one river to the
other. Antônio Labre (1889:498, 500) traveled
by foot from the Madre de Dios River (port of
Maravilha) to the Acre River (port of Flor de
Ouro), making some interesting notes on the
interﬂuvial Indigenous occupations; he mentioned, for example, “many very old abandoned
villages,” some of which still had “a small temple with clean courtyard in circular form” and
“roads crossing each other in all directions.”
Labre (1887) also described a route between
the Andes and the Tropical Lowlands: a 250
km trail between the Beni River and La Paz.
Explorer Percy Fawcett (1915:222) recounted
how he was taken during his journeys in Bolivian
Amazonia “from maloca to maloca over a perfect network of good trails.” Furthermore, the
German ethnographer Theodor Koch-Grünberg
(1908) referred to, and used, such trails to travel
between the Uaupés and Içana Rivers in northwestern Amazonia.
The Brazilian state of Acre in southwestern
Amazonia has been drawing much scholarly
attention in recent years because of the discovery
of monumental earthworks, commonly referred
to as the “Geoglyphs of Acre.” These enclosure
complexes, spanning the time period of approximately 3000–1000 BP, are formed by ditches of
different geometric shapes and varying sizes and
have been interpreted predominantly as ceremonial spaces without clear evidence of residential use (e.g., Saunaluoma and Schaan 2012).
However, our recent archaeological studies in
Acre have revealed yet another type of earthwork
site comprising small artiﬁcial earthen mounds
arranged around ellipse-shaped central plazas,
with several straight road structures emanating
from the sites (Neves et al. 2016; Saunaluoma
et al. 2018). In this article, we present new evidence on a late precolonial road network
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connecting these mound sites, or plaza villages,
occupied from the fourteenth to the seventeenth
centuries. The roads radiate outward from the villages, forming elemental parts of a regional network connecting scattered settlements situated
2–10 km from each other in eastern Acre. In addition to the intersite routes, there are also roads
leading to nearby watercourses and other activity
areas located outside the villages. Hence, the
roads in the region of Acre not only connected
separate village sites but also linked them to
the labyrinth of small streams, typical of Amazonian terra ﬁrma, thus creating a complex system of ﬂuvial-terrestrial routes. The data
presented here on the roads and plaza villages
of Acre show similarity with evidence relating
to the “galactic clusters”—supra-local village
communities organized and linked by radial
road networks in the Upper Xingu region (see
Heckenberger et al. 2003, 2008). Recent archaeological research suggests that versatile systems of road networks may have been prevalent
in the whole southern Amazonian fringe during
the late precolonial period.
Ancient Occupations in the Uplands of the
Amazonian Southern Margin
Ancient Amazonia was for a long time considered to be a sparsely populated pristine forest,
where only the central riverine areas were permanently occupied. However, the latest research
carried out in areas away from the major channel
of the Amazon River is bringing to light new evidence on numerous interﬂuvial sedentary settlements (Stahl 2015). One of the interﬂuve
regions that most convincingly suggests longterm indications of landscape domestication
processes is located in the state of Acre, near
today’s common border of Brazil, Bolivia, and
Peru (Figure 1). Archaeologists have used aerial
photography and satellite imagery to discover
hundreds of diverse precolonial earthwork complexes dispersed on the plateaus of the tributaries of the Purus and Madeira Rivers in eastern
Acre (e.g., Ranzi et al. 2007; Saunaluoma and
Schaan 2012; Schaan et al. 2010). In the nearby
Llanos de Mojos of the Bolivian Amazon, in
a seasonally inundated tropical savanna, purposefully constructed monumental residential

175

mounds, causeways, ditches, raised ﬁelds, and
other kinds of archaeological earthworks
extend over an area of almost 110,000 km2
(e.g., Denevan 1966; Erickson 2006; Lombardo
et al. 2015; Lombardo and Prümers 2010; Prümers 2014; Prümers and Jaimes Betancourt
2014; Walker 2008). The vast networks of
raised earthen causeways associated with excavated canals and ditches are central elements of
the highly engineered residential and agrarian
landscapes of the Llanos de Mojos (Erickson
2009). The causeway-canals are mostly straight,
but they sometimes form radial patterns originating from forest island settlements. In addition
to being built to enable human movement and
connect settlements, agricultural constructions
(e.g., raised ﬁelds), and other resource zones,
these earthworks also served as hydraulic systems for controlling and dispersing waters
from the heavy rainy season inundations (Blatrix et al. 2018; Erickson and Walker 2009).
However, the Acre plaza village pattern, characterized by the oval-shaped arrangement of
mounds and the adjoining radial roadways,
has not been found among the earthwork sites
so far documented in the Llanos de Mojos.
The archaeological evidence conﬁrming such
widespread interconnected networks of settlements and extensive earthworks has begun to
shift our understanding of southern Amazonia
before the time of the European conquest from
that of a stagnated marginal backland to a historically dynamic and culturally diversiﬁed area.
The centrality of the region is attested to not
only by the presence of road networks and complex earthwork structures but also by the fact that
it was a signiﬁcant location for early ceramic traditions (Pugliese et al. 2019) and plant domestication (Carson et al. 2015; Clement et al. 2016;
Dickau et al. 2012; Hilbert et al. 2017; Watling
et al. 2018). The region under discussion here
is commonly referred to as the Southern Amazonian Borderlands. These Southern Borderlands polities were characterized by regionally
oriented sociopolitical organizations, dense sedentary populations, circular plaza villages, wellplanned extensive networks of roads, and wideranging agricultural and defensive earthworks
(Heckenberger 2005; Heckenberger et al.
2008). The data presented here suggest that the

Downloaded from https://www.cambridge.org/core. IP address: 179.209.44.188, on 09 Jun 2021 at 14:38:23, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2020.79

176

LATIN AMERICAN ANTIQUITY

Vol. 32, No. 1, 2021

Figure 1. Location of the Acre state, Llanos de Mojos, Upper Xingu region, and major southern tributaries of the Amazon River mentioned in the text.

Upper Purus region may have been part of this
culture area, or sociohistorical network as Heckenberger (2005) describes it, given the prominent, long-term variety of earthwork-building
practice in eastern Acre and the similarity
between the settlement clusters and radial road
networks found in both areas.
Ethnography of Southern Amazonian
Circular Plaza Villages and Road Systems
Although identifying and thoroughly documenting the ethnolinguistic identity of Acrean plaza
village dwellers is beyond the scope of this article, ethnographic analogs can help us interpret
better the material record of an archaeological
culture and comprehend how people in the past
could have engaged with it. Regional ethnographic examples emphasize the importance of
roads and circular village plans among southern
Amazonian peoples. The circular plaza village
system interconnected by extensive road networks is considered typical of Arawakan groups

(Heckenberger 2002). Among the contemporary
Kuikuro, a Carib-speaking group of the Upper
Xingu region, the circular central plaza of the village has a sacred signiﬁcance in deﬁning hierarchical distinctions between adult men, chiefs,
and ancestors and in constituting a spatial
representation between the upper and lower moieties of society (Heckenberger 2005).
A similar expression of rigid spatial arrangement is typical for many Macro-Gê groups of
Central Brazil, considered politically equalitarian but having, in contrast, extremely complicated socioceremonial organizations evidenced
both ethnographically (Ewart 2003; MayburyLewis 1979; Nimuendajú 1946, 1983) and
archaeologically (Wüst and Barreto 1999). Ritual obligations, intended to uphold the dual
organization of exogamous moieties in circular
Bororo villages, were numerous and highly structured (Lévi-Strauss 1963). The diachronic structure divided the community into two opposed,
complementary moieties, which had reciprocal
responsibilities and symmetrical rights. At the
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same time, the social structure of these villages
was concentrically hierarchized, as manifested
by the contradiction between the central (sacred),
male-dominated plaza and the periphery (profane), formed by the encircling residential units
managed by women. Furthermore, the entirety
of the settlement structure formed by the circular
central plaza and the straight radial roads setting
out from it served as an important ritual scene,
particularly throughout the ceremonial season
(Nimuendajú 1946, 1983). The tradition of
using the village roads for ritual displays and
racing (primarily inter-moiety log racing) is
still maintained.
Métraux (1942:164) mentions that the
Arawak-speaking Mojo of the Llanos de
Mojos, as well as their eastern neighbors, the
Paressi of the Tapajós headwaters, “were great
road builders and connected their villages with
broad, straight, and perfectly clean highways.”
The Mojo were organized into a reticular system
of relations linking small dispersed settlements.
According to Renard-Casevitz (2002:140), “It
was an intra-ethnic association open to a variety
of partners, sometimes close neighbors, sometimes distant allies, located along the routes of
commerce.” Killick (2009) has also noted the
complexity of human relationships in southwestern Amazonia, based not only on kinship
or ethnicity but also on ties of friendship, and
describes how these versatile forms of interaction
have contributed to the formation of different
local and regional alliances and social networks,
thus creating and maintaining intricate networks
of movement. In summary, large-scale social formations based on the presence of a multiplicity
of communities, interconnected in accordance
with the different types of social organizations
outlined earlier, have been critical to the production of local and regional identities across the
southern Amazonian fringe.
Patterned Villagescapes of Eastern Acre
The interﬂuvial plateau, pertaining to the Amazonian western sedimentary upland (Sombroek
2000:Figure 1), which varies from undulating
to ﬂat and is marked by a web of numerous
small headwater streams, is the main geomorphological element in our research area. The
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region’s vegetation structure is characterized by
patches of bamboo-dominated (Guadua sp.) forest (Silveira et al. 2008) and an abundance of
Brazil nut (Bertholletia excelsa) stands (Mori
and Prance 1990). Recent research shows that
human occupation in Acre associated with the
geometric ditched enclosures promoted changes
from bamboo-covered to palm-covered forests
(Watling et al. 2017). Therefore, the mound site
settlements were probably constructed in humanbuilt environments, such as areas covered by
secondary-growth forests.
Because approximately 50% of the lowland
rainforest in eastern Acre has been logged, and
many earthwork sites are located on deforested
areas currently covered by pasture, it is possible
to apply diverse remote-sensing techniques to
discover archaeological sites and model
anthropogenic terrain. Our previous ﬁeldwork
in the study area included the excavation of
some plaza villages or mound sites (Neves
et al. 2016; Saunaluoma et al. 2018); however,
our recent, remotely sensed survey (see also Saunaluoma et al. 2019) brought to light new evidence of the regional scale and connectivity of
these settlements. We used satellite imagery for
the initial spatial localization of sites and then
pedestrian surveys for conclusive site identiﬁcations. To date, we have positively identiﬁed 18
mound sites in eastern Acre, of which we have
excavated ﬁve (Figure 2).
We performed unmanned aerial vehicle
(UAV) surveying and 3D modeling at eight
plaza village sites, of which four were previously
unknown, with a low-altitude image-based
approach using a DJI Phantom 4 quadcopter
and Pix4DCapture application for automated
ﬂight missions. Surveys were conducted over
areas of approximately 300 × 300 m. At each
site, we captured 150–400 near-nadir images,
using 80% overlap double-grid missions (two
sets of ﬂight paths at right angles to each other)
at an altitude of 60–70 m above ground level.
In addition, circular missions were ﬂown around
the sites at a height of approximately 40 m to
obtain oblique site overviews and to gather additional data under tree canopies. We used the
UAV’s built-in GPS to give approximate georeferencing, which has been shown to be sufﬁciently accurate for topographic surveys (Pérez
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Figure 2. The study area and registered plaza villages in eastern Acre. Sites that we have excavated are in capital letters.

et al. 2019). Surveys took between 15 and 20
minutes, and each site was captured with one survey. The collected UAV data were processed to
dense 3D point clouds and exported in LAS format for further analysis. For detailed visualization and analysis of different earthwork
features, we produced hillshaded 3D elevation
models, which allowed us to recognize prominent patterning in the site layouts (Figure 3). A
central conclusion of our UAV survey is that
the arrangements, shapes, and sizes of the
mounds, in conjunction with the radial road
structures, are repetitive and extremely similar
in all cases.
A typical eastern Acre plaza village site features 15–25 mounds arranged around a ﬂat circular or ellipse-shaped area covering approximately
2–3 ha. The mounds vary between 10–25 m in
maximum basal length and can reach about 2.5
m in height. They normally have an elongated
oval shape, with their major axis orientated outward of the enclosure of mounds, their edges
being steeper toward the village center and gradually fading away toward the outside. Straight
radial 3–6 m wide road structures leave the villages in different directions, with the main
entrances usually situated along the axes of the
ellipse-shaped plazas. The sites are located on
slightly elevated, yet level, terrain at 140–215
m asl and are normally situated near springs or
at the junction of two bodies of water. So far,

these villages have been found within a restricted
area east of the Iquiri River in an area covering
approximately 3,600 km2 (Figure 2).
We were able to identify some intrasite details
from our digital elevation models (Figure 3). For
example, Sobrevoo AC09 comprises fewer
mounds than the other sites and has two successive mound construction phases, evidenced by
partially overlapping mound and road structures
in the southeast. The elevation model also
reveals that the site’s main road in the northwest
extends to the center of the village plaza, whereas
at the other sites the areas enclosed by the
mounds do not contain any prominent earthwork
structures. At Boa Esperança only the pronounced main road runs through the plaza in
the north–south direction without traces of
other entryways. The Novo I site is covered
with thick waist-high grass that, together with
intense midday sunlight, concealed the site’s topography and left only the 6 m wide northern and
southern village entrances clearly visible at the
time of our UAV survey. Still, the hillshade
reveals the mounds on the north side of the
site. Because landowners are often misinformed
and think that the recognition of an archaeological site automatically means strict restrictions
on private land use and a decrease in property
value, precolonial earthworks are occasionally
deliberately destroyed. This unfortunately happened at Sol de Campinas, where almost half
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Figure 3. Hillshaded elevation models of the UAV-surveyed plaza village sites. (a) Sobrevoo AC09; (b) Boa Esperança;
(c) Novo 2; (d) Novo I; (e) Fazenda Indaia; (f) Sol do Iquiri; (g) Sol de Campinas; and (h) Montículos Plácido. All sites
are oriented to the north and on the same scale.

of the site was bulldozed; consequently, the
mounds and the village entryways are now lacking on the southern part of the site.

So far, the earliest archaeological evidence for
Amazonian circular plaza villages comes from
the Paredão phase sites spanning the time period
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Table 1. Radiocarbon Dates from the Coqueiral, Sol de Maio, Sol de Campinas, Fonte Boa, and Fazenda Iquiri II
Plaza Village Sites.
13

Site, Provenience

Lab. Number

δ C‰
PDB

Coqueiral—60 cm
Coqueiral—100 cm
Coqueiral—135 cm

Ua-48336
Ua-48335
Ua-48334

−27.8
−26.4
−27.6

404 ± 39
512 ± 39
534 ± 40

AD 1452–1627 Saunaluoma et al. 2018
AD 1399–1479 Saunaluoma et al. 2018
AD 1392–1460 Saunaluoma et al. 2018

Sol de Maio—63 cm (carbonized seed)
Sol de Maio—71 cm
Sol de Maio—90 cm
Sol de Maio—45 cm (soot on
potsherd surface)

Ua-44352
Ua-44350
Ua-44353
Ua-44351

−26.3
−28.7
−29.3
−27.7

516 ± 31
612 ± 32
644 ± 31
644 ± 32

AD 1407–1457
AD 1313–1430
AD 1300–1407
AD 1300–1407

Sol de Campinas—50 cm
Sol de Campinas—130 cm
Sol de Campinas—150 cm

Beta-408412
Beta-408410
Beta-408409

−29.2
−28.6
−24.8

510 ± 30
590 ± 30
660 ± 30

AD 1408–1459
AD 1386–1438
AD 1299–1399

Fonte Boa—120 cm

Ua-59659

−26.4

576 ± 27

AD 1390–1442

Fazenda Iquiri II—30 cm
Fazenda Iquiri II—140 cm

Ua-49943
Ua-49944

−26.9
−27.0

285 ± 31
476 ± 30

AD 1509–1799 Saunaluoma et al. 2018
AD 1420–1606 Saunaluoma et al. 2018

14

C Age BP Cal age (2σ)

Reference

Notes: The dates were calibrated with OxCal 4.2 program using the ShCal13 curve for the Southern Hemisphere. Unless
mentioned otherwise, the dated samples were wood charcoal associated with the mounds’ ceramic-bearing contexts.

from the seventh to the eleventh centuries and
situated in the conﬂuence of the Negro and Amazon Rivers (Moraes and Neves 2019; Neves
2008). Our radiocarbon measurements show
that the plaza village sites of eastern Acre date
around cal AD 1300–1600 (Table 1). The 14C
dates also indicate that these mound sites are
more recent than the geometric ditched enclosures (geoglyphs), which are found in great numbers in the same area and are interpreted
predominantly as ceremonial spaces (Saunaluoma and Schaan 2012; Virtanen and Saunaluoma 2017). Interestingly, some of these
geometric enclosures are located adjacent to the
mound sites, such as the square-shaped ditches
at the Fonte Boa and Fazenda Iquiri II sites,
which raises a question about the connection
between these two different types of earthworks.
Investigations at the Fazenda Iquiri II site
demonstrated that the geometric ditched enclosure’s archaeological deposits are older than
those found in the mounds (Saunaluoma et al.
2018), and this seems to be a regular chronological pattern in the area. Even though the two
different types of earthworks are located in the
same place, their chronological and functional

differences are well deﬁned: whereas the geometric enclosures normally contain scattered cultural
remains, such as caches of shattered pottery and
sparse evidence of activity areas, the mound sites
were clearly occupational units featuring domestic deposits—albeit the emergence and duration
of these occupations are not yet clear.
We interpret the mounds as residential units
based on domestic artifactual ﬁndings recovered
from the excavations (Neves et al. 2016; Saunaluoma et al. 2018)—even though well-deﬁned
features related to permanent dwelling houses,
such as post mold structures, have not been registered to date. Ceramic deposits at the mound sites
are concentrated within and outside of the
mounds, but the ﬂat central plazas, surrounded
by the mounds, are devoid of archaeological
ﬁndings. However, excavations uncovered
intense midden layers behind the mounds, outside of the plaza, at the Sol de Campinas site.
Most ceramics accumulated in the mounds are
sherds of large undecorated vessels for domestic
use, but a few pieces of ﬁner incised pottery were
also found. The main ceramic tempers are charcoal, grog, and caraipé (siliceous tree-bark [Licania sp.] ash). The incised ceramics and curious
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Figure 4. Examples of ceramic materials recovered from the mound sites: pedestal bases and incised potsherds from (a)
Fazenda Iquiri II; (b, e) Coqueiral; (c, d) Sol de Maio; and (d) Sol de Campinas. Scale in millimeters.

small pedestal bases excavated from different
mound sites support the interpretation of a
close afﬁnity in material culture between these
plaza villages (Figure 4). Various fragments of
grinding stones and small polished stone axes,
as well as laterite ﬂakes, were also recovered.
Samples for phytolith analysis were collected at
the Sol de Maio and Fazenda Iquiri II sites
from excavation contexts associated with food
processing. The collected items included partial
or entire ceramic vessels and grinding stone residues. Analysis of the obtained samples revealed
that maize, squash, and palm fruits were processed and consumed locally (Watling et al.
2015).
Networks Inscribed in the Interﬂuves
We used remotely sensed imagery (highresolution satellite and UAV images) to identify
ancient road segments, many of which are
obscured by modern land use. Roads associated
with the mound sites are usually 3–6 m wide;

the funnelled main village entryways are clearly
observable in the present-day landscape
(Figure 5). Preserved continuous road lengths,
currently most perceptible at the villages’ immediate surroundings, are visible to a distance
between 200 and 1,500 m from the sites. The
archaeological curbed roads of the Upper
Xingu region were formed by initial construction
when the roads were ﬁrst cleared and by maintenance activities in which growing vegetation was
scraped to the sides and accumulated in linear
mounds (Schmidt 2012). Household and ceremonial refuse was also deposited on the growing
mounds within and near settlements. Repeated
movement, erosion, and, in some cases, maintenance formed linear depressions where roads
ascended and descended slopes. We believe that
the formation of Acrean roads was accomplished
by comparable means and that this well-planned
road network once covered not just eastern
Acre but also extended along the whole Amazonian southern rim. Labre’s (1889) narrative supports this hypothesis: in October 1887, together
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Figure 5. The main entryways (indicated by arrows) of the Nossa Senhora Aparecida site.

with a party of 35 people, he was able to walk
about 200 km in 20 days in southwestern Amazonia following the paths and roads already opened
into the upland forests and known to the Indigenous people who guided him.
The detailed illustrations shown in Figure 6
are based on information obtained from satellite
imagery and explain the grading and arrangement of some archaeological roads in eastern
Acre. Section A shows the roads associated
with the Sol de Campinas and the Fonte Boa
mound sites, situated 2.2 km apart. The 7 m
wide main entranceway of Sol de Campinas,
extending 400 m to the northeast, is still very
prominent in the landscape, whereas the narrower western road crosses a rivulet 400 m
from the site, continues some 300 m, and disappears into the terrain. The southwest road is cut
by highway BR-364 and is almost totally
destroyed. Nevertheless, an 800 m long stretch
of this road is visible through Google Earth satellite imagery acquired in 2009, heading straight
in the direction of Fonte Boa. The geoglyph at
the Fonte Boa site has 10 m wide entrances in
the northern and southern sides of the squareshaped enclosure. The roads related to the
mounds in the site’s southeast sector are more
difﬁcult to detect. The roads that lead to the
west and south from the mounds are visualized

poorly because of dense vegetation cover, but
older satellite images reveal that these roads
extended several hundred meters from the site.
A narrow radial road leaving the mound sector’s
northern side transects the square enclosure,
implying that the mounds were constructed subsequent to the geoglyph.
Section B in Figure 6 exempliﬁes the pattern
of roads linking four plaza villages—Sobrevoo
AC09, Dona Maria, Nossa Senhora Aparecida,
and Aparecida do Norte—situated within a 10
km radius of each other. A square-shaped ditched
enclosure (geoglyph), to date unregistered—
measuring 190 × 190 m and featuring about
500 m long western, northern, and eastern
entrance roads—is located between Dona
Maria and Nossa Senhora Aparecida. The road
connecting these villages passes by the geoglyph
some 300 m to the south. Given the complexity
of its earthworks, Dona Maria must have been
an important node in the road network system
presented here. In addition to a plaza enclosed
by mounds, the site comprises six well-preserved
road segments and four adjacent square-shaped
geoglyphs. Several, still visible road segments
between Dona Maria and Sobrevoo AC09, situated 5.5 km to the south, and Nossa Senhora
Aparecida, 6 km to the northeast, convincingly
attest that these sites were closely interrelated.
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Figure 6. Roads associated with (a) Fonte Boa and Sol de Campinas, and (b) Sobrevoo AC09, Dona Maria, Nossa Senhora Aparecida, and Aparecida do Norte.
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The terrestrial connection between Nossa
Senhora Aparecida and Aparecida do Norte is
also obvious, as indicated by the preserved road
segments. As mentioned earlier, our elevation
model shows evidence of partially overlapping
mound and road structures at the Sobrevoo
AC09 site (Figure 3), implying that all radial
roads were not necessarily contemporaneous.
Nevertheless, it appears that generally the villages had two to three main entryways, with
the addition of variable numbers of minor side
roads.
The plaza villages’ primary roads served as
linkages between the settlements, merging
them into one regional unity. We surmise that
the road network was built essentially for sociocultural interactions and was not solely intended
for human movement, as attested by the outstanding patterning of village layouts and the
similarity of material culture found at these
sites. Less prominent roads leave the sites and
run toward watercourses and other resource-rich
areas, interconnecting the villages with the surrounding interﬂuvial environment. Yet, other
road types exist in eastern Acre, associated with
the geoglyph sites that in our study area comprise
mainly square-shaped ditched enclosures
(Figure 6). We believe that the roads linked to
the geoglyphs of Acre were probably incorporated into the sites’ architecture as ceremonial
pathways (Saunaluoma 2012; Virtanen and
Saunaluoma 2017).
Conclusion
Our research revealed extremely well-deﬁned
patterning of late precolonial villages in eastern
Acre, similar across this area in terms of size, outline, chronology, and material culture. These
ﬁndings attest to the existence of sedentary interﬂuvial populations sharing the same sociocultural identity (or identities), as materialized in
the village layout and the ceramic assemblages
found at the sites. The evidence is clear also for
structured patterns of movement and spatial planning in relation to operative road network systems. The relationship between the roads and
the mound sites is clear and coherent across the
various sites: the radial roadways form an indispensable part of the patterned villagescapes of
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eastern Acre. A common material culture and a
similar settlement organization supported the
sense of belonging to a place and to a community
locally, as well as regionally. As for the latter,
plaza villages may have also been regionally
interconnected by the road networks, thereby
forming a wide-ranging, culturally afﬁliated
entity. The planning of the village networks
took into account such factors as desired elements of the terrain, vegetation cover, and bodies
of water; neighboring settlements; and other
important places, such as ceremonial spaces
comprising square-shaped ditched enclosures—
creating a true archaeological meshwork intertwining the roads, the plaza villagers, and the
interﬂuvial environment (see Ingold 2007). In
addition to the roads, the natural topography
also seems to some extent to have organized
the region’s human activities and movement
within the landscape. For example, the Iquiri
River appears to have formed a signiﬁcant barrier
to close social interaction, because all plaza
villages identiﬁed up to now are located on the
river’s eastern side.
Taking into consideration the ethnohistorical
and ethnographic evidence cited in this article,
the presence of a long-term earthworking tradition, and indications of ancient road structures
along the uplands of Amazonian southern margin (e.g., Denevan 1966; Erickson 2006, 2009;
Heckenberger et al. 2008; Souza et al. 2018),
we hypothesize that the plaza villages of Acre
may have been connected by an interregional
road network to neighboring territories—to
Bolivian Llanos de Mojos and other southern
Amazonian archaeological regions (e.g., the
Upper Xingu Basin). The existence of such an
expansive road network in the Amazon Basin
contradicts the traditional view of the South
American Tropical Lowlands as an isolated
and marginal territory in which only the areas
surrounding the main rivers sustained sedentary
populations, with the rivers being the main
routes for population movement and social
interaction.
In Acre, the archaeological evidence of villages interconnected by road networks supports
the view presented here that terrestrial movement
along the networks of roads was the primary
mode of human transport in the interﬂuvial
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headwater basin regions of southern Amazonia.
Indeed, additional wide-ranging remotely sensed
studies may reveal that this was the case throughout the uplands of the Amazon Basin. In short,
even though the southern Amazonian road networks may occasionally appear as simple,
unstructured trails, it does not mean that they
were less designed or less systematic in their
extent, intention, and functionality than the
other South American ancient road systems,
including the iconic Inca Road, the Qhapaq Ñan.
Acknowledgments. We are thankful to four anonymous
reviewers for their useful comments on an earlier version of
this article. Eduardo Neves thanks the Lemann Brazil
Research Fund at Harvard University for a grant in support
of the archaeological research and ﬁeld school at the Sol de
Campinas site in 2018. We thank Sadie Weber, Tiago Hermenegildo, Steve Bachman, Marcus Vinicio Neves d’Oliveira,
and the ﬁeld school students from Harvard University and
Federal University of Acre for their contribution to the ﬁeldwork at Sol de Campinas and Fonte Boa; Thiago Genoveze
for organizing the logistics in São Paulo and Rio Branco;
Eliude Rafael dos Santos and Vilma Rodrigues dos Santos
for hosting us during our stay at the ﬁeld school; the State
Government of Acre for logistical support; and Jorge Mardini, head of the Acre branch of the Instituto do Patrimônio
Histórico e Artístico Nacional (IPHAN). We are grateful to
Thomas Meagher and Jean Ometto for bringing the majority
of the team together at the Newton Fund LATAM Researcher
Links Workshop, which was funded by the British Council
(São Paulo) with matching funds from FAPESP.
Data Availability Statement. The data related to the publication are stored in the Seaﬁle storage server of the University of
Turku and are available from the corresponding author upon
request.

References Cited
Blatrix, Rumsaïs, Bruno Roux, Philippe Béarez,
Gabriela Prestes-Carneiro, Marcelo Amaya, Jose
Luis Aramayo, Leonor Rodrigues, Umberto Lombardo,
Jose Iriarte, Jonas Gregorio de Souza, Mark Robinson,
Cyril Bernard, Marc Pouilly, Mélisse Durécu,
Carl Huchzermeyer, Mashuta Kalebe, Alex Ovando,
and Doyle McKey
2018 The Unique Functioning of a Pre-Columbian Amazonian Floodplain Fishery. Scientiﬁc Reports 8:5998.
Cardale de Schrimpff, Marianne
1996 El estudio de caminos precolombinos de la cuenca
del alto río Calima, Cordillera Occidental, Valle del
Cauca. Fundación de Investigaciones Arqueológicas
Nacionales Banco de la República. Asociación ProCalima, Santafé de Bogotá.
Carson John, Jennifer Watling, Francis Mayle,
Bronwen Whitney, Jose Iriarte, Heiko Prümers, and
Daniel Soto

185

2015 Pre-Columbian Land Use in the Ring-Ditch Region of
the Bolivian Amazon. Holocene 25:1285–1300.
Carvajal, Gaspar de
1894 [1541–1543] Descubrimiento del río de las Amazonas. Imprenta de E. Rasco, Seville, Spain.
Chandless, William
1866 Ascent of the River Purus. Journal of the Royal Geographic Society 36:86–118.
Clement, Charles, Doriane Rodrigues, Alessandro AlvesPereira, Gilda Mühlen, Michelly De Cristo-Araújo,
Priscila Moreira, Juliana Lins, and Vanessa Reis
2016 Crop Domestication in the Upper Madeira River
Basin. Boletin do Museu Paraense Emílio Goeldi 11
(1):193–205.
Da Cunha, Euclides
2006 [1905] Comissão Mista Brasileiro-Peruana: Extrato
do relatório da Comissão Mista Brasileiro-Peruana de
reconhecimento do alto Purus. Printac, Rio Branco,
Brazil.
Denevan, William
1966 The Aboriginal Cultural Geography of the Llanos de
Mojos of Bolivia. University of California Press,
Berkeley.
Dickau, Ruth, Maria Bruno, Jose Iriarte, Heiko Prümers,
Carla Jaimes Betancourt, Irene Holst, and Francis Mayle
2012 Diversity of Cultivars and Other Plant Resources
Used at Habitation Sites in the Llanos de Mojos, Beni,
Bolivia: Evidence from Macrobotanical Remains,
Starch Grains, and Phytoliths. Journal of Archaeological Science 39:357–370.
Erickson, Clark
2001 Pre-Columbian Roads of the Amazon. Expedition
43(2):21–30.
2006 The Domesticated Landscapes of the Bolivian Amazon. In Time and Complexity in Historical Ecology, edited by Clark Erickson and William Balée, pp. 235–278.
Columbia University Press, New York.
2009 Agency, Causeways, Canals, and the Landscapes of
Everyday Life in the Bolivian Amazon. In Landscapes
of Movement: Trails, Paths, and Roads in Anthropological Perspective, edited by James Snead,
Clark Erickson, and Andrew J. Darling, pp. 204–231.
University of Pennsylvania Museum of Archaeology
and Anthropology, Philadelphia.
Erickson, Clark, and John Walker
2009 Pre-Columbian Causeways and Canals as Landesque Capital. In Landscapes of Movement: Trails,
Paths, and Roads in Anthropological Perspective, edited by James Snead, Clark Erickson, and Andrew J. Darling, pp. 232–252. University of Pennsylvania Museum of
Archaeology and Anthropology, Philadelphia.
Ewart, Elizabeth
2003 Lines and Circles: Images of Time in a Panará Village. Journal of the Royal Anthropological Institute
9:261–280.
Fawcett, Percy
1915 Bolivian Exploration 1913–1914. Geographical
Journal 45:219–228.
Heckenberger, Michael
2002 Rethinking the Arawakan Diaspora: Hierarchy,
Regionality, and the Amazonian Formative. In Comparative Arawakan Histories: Rethinking Language Family
and Culture Area in Amazonia, edited by Jonathan Hill
and Fernando Santos-Granero, pp. 99–122. University
of Illinois Press, Urbana.

Downloaded from https://www.cambridge.org/core. IP address: 179.209.44.188, on 09 Jun 2021 at 14:38:23, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2020.79

186

LATIN AMERICAN ANTIQUITY

Heckenberger, Michael
2005 The Ecology of Power: Culture, Place, and Personhood in the Southern Amazon, AD 1000–2000. Routledge, New York.
Heckenberger, Michael, Afukaka Kuikuro, Urissapa
Tabata Kuikuro, Christian Russell, Morgan Schmidt,
Carlos Fausto, and Bruna Franchetto
2003 Amazonia 1492: Pristine Forest or Cultural Parkland? Science 301:1710–1713.
Heckenberger, Michael, Christain Russell, Carlos Fausto,
Joshua Toney, Morgan Schimdt, Edithe Pereira,
Bruna Franchetto, and Afukaka Kuikuro
2008 Pre-Columbian Urbanism, Anthropogenic Landscapes, and the Future of the Amazon. Science
321:1214–1217.
Hilbert, Lautaro, Eduardo Neves, Francisco Pugliese,
Bronwen Whitney, Myrtle Shock, Elisabeth Veasey,
Carlos Zimpel, and Jose Iriarte
2017 Evidence for Mid-Holocene Rice Domestication in
the Americas. Nature Ecology & Evolution 1:1693–
1698.
Hyslop, John
1984 The Inka Road System. Academic Press, New York.
Ingold, Tim
2007 Lines: A Brief History. Routledge, London.
Killick, Evan
2009 Ashéninka Amity: A Study of Social Relations in an
Amazonian Society. Journal of the Royal Anthropological Institute 15:701–718.
Koch-Grünberg, Theodor
1908 Die Hianákoto-Umáua. Cambridge University Press,
Cambridge.
Labre, Antônio
1887 Itinerário de exploração do Amazonas á Bolivia.
Typ. d’A Provincia do Pará,’ Belém, Brazil.
1889 Colonel Labre’s Explorations in the Region between
the Beni and Madre de Dios Rivers and the Purus. Proceedings of the Royal Geographical Society and
Monthly Record of Geography 11:496–502.
La Combe, Ernesto, Jorge Von Hassel, and Luis Pesce
1904 El Istmo de Fiscarrald. Imprenta La Industria, Lima.
Lathrap, Donald
1970 The Upper Amazon. Thames and Hudson, London.
Lévi-Strauss, Claude
1963 Do Dual Organizations Exist? In Structural Anthropology, edited by Claude Lévi-Strauss, pp. 132–166.
Basic Books, New York.
Lombardo, Umberto, Sebastian Denier, and Heinz Weit
2015 Soil Properties and Pre-Columbian Settlement Patterns in the Monumental Mounds Region of the Llanos
de Moxos, Bolivian Amazon. SOIL 1:65–81.
Lombardo, Umberto, and Heiko Prümers
2010 Pre-Columbian Human Occupation Patterns in the
Eastern Plains of the Llanos de Moxos, Bolivian Amazonia. Journal of Archaeological Science 37:1875–
1885.
Lowie, Robert
1948 The Tropical Forest: An Introduction. In The Tropical Forest Tribes, pp. 1–55. Handbook of South American Indians Vol. 3, Julian Steward, general editor.
Smithsonian Institution, Washington, DC.
Maybury-Lewis, David (editor)
1979 Dialectical Societies: The Gê and Bororo of Central
Brazil. Harvard University Press, Cambridge,
Massachusetts.

Vol. 32, No. 1, 2021

Métraux, Alfred
1942 The Native Tribes of Eastern Bolivia and Western
Mato Grosso. Bureau of American Ethnology Bulletin
134. Smithsonian Institution, Washington, DC.
Moraes, Claide, and Eduardo G. Neves
2019 Earthworks of the Amazon. In Encyclopedia of
Global Archaeology, edited by Claire Smith, pp. 1–25.
Springer-Verlag, New York.
Mori, Scott, and Ghillean Prance
1990 Taxonomy, Ecology, and Economic Botany of the
Brazil Nut (Bertholletia excelsa Humb. & Bonpl.
Lecythidaceae). Advances in Economic Botany
8:130–150.
Neves, Eduardo G.
2008 Ecology, Ceramic Chronology and Distribution,
Long-Term History, and Political Change in the Amazonian Floodplain. In Handbook of South American
Archaeology, edited by Helaine Silverman and
William Isbell, pp. 359–379. Springer, New York.
Neves Eduardo G, Francisco Pugliese, Laura Furquim, Carlos Zimpel, and Carla Gibertoni
2016 Pesquisa e formação nos sítios arqueológicos Espinhara e Sol de Campinas do Acre—PESC. Relatório
Final. Unpublished ﬁeld report submitted to Instituto
do Patrimônio Histórico e Artistico Nacional. Copies
available from Laboratório de Arqueologia dos Trópicos, Museu de Arqueologia e Etnologia, Universidade
de São Paulo, São Paulo.
Nimuendajú, Curt
1946 The Eastern Timbira. University of California Publications in American Archaeology and Ethnology 41.
University of California Press, Berkeley.
1983 Os Apinayé. Museo Paraense Emílio Goeldi, Belém,
Brazil.
Nordenskiöld, Erland
1930 L’archéologie du Bassin de L’Amazone. Ars Americana 1, Les Éditions G. van Oest, Paris.
Pérez, Juan, Gil Gonçalves, and María Christina Charro
2019 On the Positional Accuracy and Maximum Allowable Scale of UAV-Derived Photogrammetric Products
for Archaeological Site Documentation. Geocarto International 34:575–585.
Prümers, Heiko
2014 Sitios prehispánicos com zanjas em Bella Vista, Provincia Iténez, Bolivia. In Memorias de las conferencias
magistrales del 3er Encuentro Internacional de Arqueología Amazônica, edited by Stéphen Rostain, pp. 73–91.
IFEA, FLASCO, MCCTH, SENESCYT, Quito.
Prümers, Heiko, and Carla Jaimes Betancourt
2014 C. 100 años de investigación arqueológica en los
Llanos de Mojos. Arqueoantropológicas 4:11–54.
Pugliese, Francisco, Carlos Zimpel, and Eduardo Neves
2019 What Do Amazonian Shellmounds Tell Us about the
Long-Term Indigenous History of South America? In
Encyclopedia of Global Archaeology, edited by
Claire Smith, pp. 1–25. Springer-Verlag, New York.
Ranzi, Alceu, Roberto Feres, and Foster Brown
2007 Internet Software Programs Aid in Search for Amazonian Geoglyphs. Eos 88:226–229.
Renard-Casevitz, France-Marie
2002 Social Forms and Regressive History: From the
Campa Cluster to the Mojos and from Mojos to the
Landscaping Terrace-Builders of the Bolivian Savanna.
In Comparative Arawakan Histories: Rethinking Language Family and Culture Area in Amazonia, edited

Downloaded from https://www.cambridge.org/core. IP address: 179.209.44.188, on 09 Jun 2021 at 14:38:23, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2020.79

Saunaluoma et al.

PATTERNED VILLAGESCAPES AND ROAD NETWORKS IN AMAZONIA

by Jonathan Hill and Fernando Santos-Granero, pp.
123–146. University of Illinois Press, Urbana.
Rostain, Stéphen
2012. Between Sierra and Selva: Pre-Columbian Landscapes in the Upper Ecuadorian Amazonia. Quaternary
International 249:31–42.
Saunaluoma, Sanna
2012 Geometric Earthworks in the State of Acre, Brazil:
Excavations at the Fazenda Atlântica and Quinauá
Sites. Latin American Antiquity 23:565–583.
Saunaluoma Sanna, Niko Anttiroiko, and Justin Moat
2019 UAV Survey at Archaeological Earthwork Sites in
the Brazilian State of Acre, Southwestern Amazonia.
Archaeological Prospection 26:325–331.
Saunaluoma, Sanna, Martti Pärssinen, and Denise Schaan
2018 Diversity of Pre-Colonial Earthworks in the Brazilian State of Acre, Southwestern Amazonia. Journal of
Field Archaeology 43:362–379.
Saunaluoma, Sanna, and Denise Schaan
2012 Monumentality in Western Amazonian Formative
Societies: Geometric Ditched Enclosures in the Brazilian State of Acre. Antiqua 2:e1.
Schaan, Denise, Alceu Ranzi, and Antonia Barbosa
2010 Geoglifos: Paisagens da Amazônia Ocidental.
GKNORONHA, Rio Branco, Brazil.
Schmidt, Morgan
2012 Landscapes of Movement in Amazonia: New Data
from Ancient Settlements in the Middle and Lower
Amazon. Papers of the Applied Geography Conferences
35:355–364.
Schmidt, Morgan, Anne Rapp Py-Daniel, Claide de Paula Moraes, Raoni Valle, Caroline Caromano, Wenceslau Texeira,
Carlos Barbosa, João Fonseca, Marcos Magalhães, Daniel
Silva do Carmo Santos, Renan da Silva, Vera Guapindaia,
Bruno Moraes, Helena Lima, Eduardo Neves, and
Michael Heckenberger
2014 Dark Earths and the Human Built Landscape in Amazonia: Widespread Pattern of Anthrosol Formation. Journal of Archaeological Science 42:152–165.
Silveira, Marcos, Douglas Daly, Cleber Salimon, P. Wedt,
Evandro Ferreira, Maria Pereira, and Verônica Passos
2008 Physical Environments and Vegetation Cover of
Acre. In First Catalogue of the Flora of Acre, Brazil, edited by Douglas Daly and Marcos Silveira, pp. 37–63.
EDIUFAC, Rio Branco, Brazil.

187

Souza, Jonas, Denise Schaan, Mark Robinson,
Antonia Barbosa, Luiz Aragão, Ben Marimon, Beatriz
Schwantes Marimon, Izaias da Silva, Salman Khan,
Francisco Nakahara, and Jose Iriarte.
2018 Pre-Columbian Earth-Builders Settled along the
Entire Southern Rim of the Amazon. Nature Communications 9:1125.
Stahl, Peter
2015 Interpreting Interﬂuvial Landscape Transformations
in the Pre-Columbian Amazon. Holocene 25:1598–1603.
Virtanen, Pirjo-Kristiina, and Sanna Saunaluoma
2017 Visualization and Movement as Conﬁgurations of
Human–Nonhuman Engagements: Precolonial Geometric Earthwork Landscapes of the Upper Purus, Brazil.
American Anthropologist 911:614–630.
Walker, John
2008 The Llanos de Mojos. In Handbook of South American Archaeology, edited by Helaine Silverman and
William Isbell, pp. 927–940. Springer, New York.
Watling, Jennifer, Jose Iriarte, Frank Mayle, Denise Schaan,
L. Pessenda, N. Loader, F. Street-Perrott, Ruth Dickau,
Antonia Damasceno, and Alceu Ranzi
2017 Impact of Pre-Columbian ‘Geoglyph’ Builders on
Amazonian Forests. Proceedings of the National Academy of Sciences of the United States of America
114:1868–1873.
Watling, Jennifer, Sanna Saunaluoma, Martti Pärssinen, and
Denise Schaan
2015 Subsistence Practices among Earthwork Builders:
Phytolith Evidence from Archaeological Sites in the
Southwest Amazonian Interﬂuves. Journal of Archaeological Science: Reports 4:541–551.
Watling, Jennifer, Myrtle Shock, Guilherme Mongeló,
Fernando Almeida, Thiago Kater, Paulo De Oliveira,
and Eduardo Neves
2018 Direct Archaeological Evidence for Southwestern
Amazonia as an Early Plant Domestication and Food
Production Centre. PLoS ONE 13(7):e0199868.
Wüst, Irmhild, and Cristiana Barreto
1999 The Ring Villages of Central Brazil: A Challenge for
Amazonian Archaeology. Latin American Antiquity 10:3-23.
Submitted August 22, 2019; Revised February 13, 2020;
Accepted September 23, 2020

Downloaded from https://www.cambridge.org/core. IP address: 179.209.44.188, on 09 Jun 2021 at 14:38:23, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/laq.2020.79

