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The Inka empire’s expansion incorporated diverse cultural and ecological elements in
microcosmic  representations of their empire. Imperial practices included the
resettlement of communities from wvarious regions into labour enclaves near Inka
ceremonial, administrative and economic hubs. This degree of imperial control might
suggest a limitation on Inka subjects’ freedom to integrate non-local food resources into
their diets. Employing starch grain analysis from stone tools, we seek to identify the
range of plant food sources and examine the extent to which the Inka imposed
constraints on inter-community interactions and the exchange of comestibles. Focusing
on a translocated labour force vresiding mnear the Inka provincial centre of
Vilcashuamdn, our findings reveal the consumption of a variety of edible plants
originating from multiple, occasionally distant, ecological regions. The results indicate
that, in contrast to the restrictions on trade of other commodities as recorded in
ethnohistorical accounts and previous archaeological research, the exchange of edible
plant species among the subjugated peoples may have been less regulated. This study
demonstrates how food landscapes potentially served as loci of resistance to the Inka
empire’s manipulative cosmopolitanism.

Introduction of traffic on Inka roads helped minimize interregio-

nal exchange not sponsored by the Inka (Murra

The Inka elite celebrated the distinctive diversity of
their subject peoples, but not in ways that could
challenge their rule. For example, according to
ethnohistorical sources, the Inka stipulated that
their subject populations maintain distinctiveness
by wearing clothing—especially headdresses—that
communicated their ethnic origins. The enforcement
of the dress code helped the Inka mitigate interethnic
cooperation among their subject populations (Rowe
1982, 111). In Inka settlements, people from different
ethnic groups were spatially separate and margina-
lized (Acuto 2012; Acuto et al. 2012). The restriction

1980; Yacobaccio et al. 2002). According to Guaman
Poma ([1615] 2004, 546), the Inka made travellers
wear special badges to show that they had permis-
sion on the roads. Cieza de Le6n ([1553] 1959, 127)
mentioned that troops patrolled these roads, and
that the storehouses of Vilcashuaman supplied
maize and other provisions for these troops. Inka
road construction focused on prestige and state
actor mobility rather than enhancing inter-provincial
trade: each new emperor built entirely new, wider
roads instead of simply widening existing ones
(Cieza de Leoén [1553] 1959, 44). Horizontal social
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linkages among local polities were discouraged as
part of the Inka imperial agenda for control (Bray
1992).

Inka imperial-era resettlement policies, in which
groups referred to as mitmagq were migrated to serve
in labour roles away from their home provinces, are
an example of how the Inka remixed social landscapes
for their own ends. The Inkas sponsored migration,
often coerced, of up to a third of the total population
in the Inka empire (D’Altroy 2005, 269; Rowe 1982,
111). Early colonial Spanish-Quechua dictionaries
defined mitmagq, transcribed as ‘mithma’, ‘mithima’,
or ‘mitmac’, as referring to people who resided
away from their places of birth or ancestry
(Gonzalez Holguin [1608] 1952, 244; Santo Tomads
1560, 152). Those who perform mit'a corvée labour
were referred to with different terms, such as ‘mita-
cuni’ (Santo Tomds 1560, 152), meaning to alternate
in work, or ‘mittayoc’ (Gonzilez Holguin 1952
[1608], 243), meaning one who takes turns. Unlike
the mit'a, which involved non-resettled corvée
labourers, mitmagkuna (the plural for mitmag) were
permanently or semi-permanently resettled communi-
ties in part or in whole. By bringing together diverse
peoples and resources to work for the state, the Inka
were ‘cosmopolitan’ in a sense, but this cosmopolitan-
ism was imposed from above (Alconini 2020).
Previous archaeological investigations of mitmagkuna
have not often directly addressed the impact of Inka
imperialism on the food landscapes of confirmed mit-
magkuna settlements (Alconini 2013; Bongers et al.
2020; Garrido & Morales 2020; Haun & Cock
Carrasco 2010; Lara ef al. 2023; Rossen et al. 2010;
Spurling 1992; Turner 2021; Van Buren & Presta
2010), with the exception of Hunter and Huaman
Mesia (2023). These labourers were transplanted
from afar, and understanding how they remade
their social landscapes in their new surroundings—
through the lens of the plants they consumed—is cru-
cial to understanding the effects and limits of Inka
imperial social policy.

We examine Yanawilka, a settlement of trans-
planted labourers (mitmagkuna) (73°59'21.27"W, 13°
37'35.13"S), near the Inka provincial capital of
Vilcashuaman. The mitmagkuna at Yanawilka prob-
ably saw all three Inka emperors in processions
along the royal Inka road: Pachakuti, Thupa Inka
and Wayna Qhapagq, as all three spent considerable
time in Intihuatana-Pomacocha and the provincial
capital of Vilcashuaman, major Inka centres only
1-2 hours” walk from Yanawilka (e.g. Betanzos
1996, 170; Cieza de Ledén [1553] 1959, 126-7;
Pachacuti Yamqui Salcamayhua [1613] 1879, 276).
Radiocarbon dates from a Lucanas site, Pulapuco
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(Abraham 2010, 182), show that the Late Horizon
began no later than 1470 ce in the Ayacucho region,
and the earliest radiocarbon date at Yanawilka was
in the 1430-1440s (485+15br) (Hu 2022; Hu &
Shackley 2018). Both date ranges are consistent with
Pachakuti being alive during Vilcashuaman’s con-
quest and consolidation. Although Pachakuti was
emperor during the conquest of Vilcashuaman, his
sons Qhapaq Yupanki and Thupa Inka were in charge
of the military operations. Qhapaq Yupanki died
shortly after the conquest of Vilcashuaman, and
Vilcashuamén became Thupa Inka’s project of con-
solidation (Carabajal [1586] 1965; Toledo [1570] 1920,
118-22).

Once conquered, the Inkas transformed the town
of Vilcashuaman into an important provincial centre
and considered it the geographical centre of their
empire (Calancha [1638] 1974, book 1, 224; Cieza de
Leén 1984, first part, 252; Julien 1993, 225; Rowe
1946, 188; Sarmiento de Gamboa 2010, 175). This
assessment is supported by a network analysis of
Inka roads, which showed that Cuzco and
Vilcashuamén enjoyed the highest relative centrality,
and that Vilcashuaman had an even higher ‘degree
centrality’” than Cuzco (Jenkins 2001, 665, 668).
Because the original ethnic groups of Vilcashuamén
put up fierce resistance against the Inka, the Inka
depopulated all groups as punishment and for better
consolidation of control; the exception was an ethnic
group called the Tanquihua (Carabajal [1586] 1965,
219). The mitmagkuna of Vilcashuaman came from
nearly a dozen different ethnic groups from all over
the empire, and Vilcashuaman province was among
those most affected by resettlement in the Inka empire
(Salas 2002). According to early colonial land titles,
Yanawilka belonged to the Condes ethnic group,
who were resettled from elsewhere, probably from fur-
ther south in the Condesuyo region (Hu & Shackley
2018).

The Andean region is known for its diversity of
flora, organized vertically in ecological zones (Pulgar
Vidal 1946). The range of plants consumed by the
labourers, therefore, could indicate whether they
could potentially grow all the foods themselves or
if they had exchange relationships with other groups
further afield. Through the identification of macrobo-
tanical remains and starch grains on stone tools, we
ask whether there were primarily local or distant
plant foods processed at the site, which could indi-
cate whether the residents were forging long-
distance exchange relationships.

Previous research demonstrates that the Inka
excluded transplanted labourers of Yanawilka from
the Inka-style displays of cosmopolitan prestige
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(Hu & Quave 2020). The presence of plants originat-
ing from distant locales would indicate that they
were nevertheless able to trade food items with
other ethnic groups outside the purview of the Inka
state. The Inka possibly provided the agricultural
mitmagkuna of Yanawilka with plant foods, so care
must be taken when distinguishing between
Inka-provided foods and foods that arrived by
other means. If the plant foods were not foods that
the Inka are known to have stored and redistributed,
such as quinoa, potatoes, maize and beans, then the
probability that the foods arrived by exchange with
other groups increases. Furthermore, given the agri-
cultural base of Yanawilka’s economy, the mitmag-
kuna there likely supplied the Inka with plant
foods, and not the other way round.

Inka cosmopolitanism

Yanawilka and other sites of resettlement were
ethnically and culturally pluralistic communities.
Scholars have long debated the normative goals of
Inka social policies regarding cultural diversity
(Kolata 2013, 236-8). Did the Inka aim to unify the
cultural diversity in their empire or were they keen
on preserving or creating cultural difference? The
answer to this question raises important implications
for the nature of Inka statecraft and cosmopolitan-
ism. In this study, cosmopolitanism is understood
in the broadest terms as openness to incorporating
elements from other cultures into one’s own culture
(Webb 2015). The Inka brought together and remixed
elements of their empire to project universal state
power, in what could be called ‘the cosmopolitanism
of empire” (Douzinas 2007, 159). We propose that
Inka cosmopolitanism, in contrast to modern conno-
tations of ‘cosmopolitanism’, did not emphasize the
cultural agency of the empire’s subjects. Inka policies
both encouraged cosmopolitanism and maintained
cultural distinctions (Rowe 1982). The consensus
among scholars is that Inka policies that had the effect
of cultural unification or of maintaining/creating
diversity were not part of a coherent political vision
regarding cultural diversity. Rather, the policies
were a reflection of the state’s desire to maintain con-
trol in often precarious political contexts (Alconini
2020; Covey 2015; Garrido & Salazar 2017; Julien
1982; Morris 1982; Patterson 1993). Some take this
line of reasoning further and argue that the Inka
Empire was not as consolidated as we would expect,
but rather functioned as a scaled-up version of the
same kind of patron—client reciprocity present at
the village or ethnic group scale (Morris 1982;
Pease 1982; Rostworowski de Diez Canseco 1999).
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Following this line of reasoning, Inka cosmopolitan-
ism was a manifestation of the same kind of political
theatre evident at the village level, but on a much
larger and more formalized scale. By throwing the
biggest feasts, collecting people and objects from
the furthest realms, and redistributing luxury goods
produced by specialists from exotic locales, for
example, the Inka were able to project their power
and discourage challenges to their rule. Such a strat-
egy complemented the coercive methods of deploy-
ing threats and acts of violence (Ogburn 2012).

We conceptualize Inka cosmopolitanism as the
manipulation and collection of pre-existing or
state-sponsored cultural and ecological distinctive-
ness. The larger and more diverse ‘collection” implies
greater power needed to achieve it. A few examples
illustrate how the Inka engineered such cosmopolit-
anism. Aucaypata, the principal plaza of the Inka
capital of Qosqo (Cusco), for example, was covered
with a half-metre of coastal sand from hundreds of
kilometres away. The victory triumphs that occurred
in Aucaypata projected the Inka’s power over con-
quered peoples through the spectacle of the Inka
walking over war booty, sacred deities of the con-
quered, and captured enemy leaders (Rostworowski
de Diez Canseco 1999, 50). To illustrate our conceptu-
alization of Inka-crafted cosmopolitanism, we briefly
review three examples: (1) the institution of agllakuna,
chosen women who wove cloth and brewed chicha
corn beer; (2) the sacrificial ceremony known as the
ghapaq ucha; and (3) the mitmaq programme of trans-
planting subjects from one area to another.

According to ethnohistorical documents, the
agllakuna were ‘chosen women’ taken as children
from diverse subject communities by the Inka to
weave textiles and brew chicha corn beer
(Chacaltana-Cortez et al. 2024; Morris & Thompson
1985, 70; Morris et al. 2011). Guaman Poma ([1615]
2001, 298-300) and Bernabé Cobo ([1653] 1990,
172-4) said the agllawasi [house of the chosen
women] was where the agllakuna were taught by the
priestesses of the Sun, the mamakuna, to weave for
the Sun and the Inka. These compounds were
recorded by the earliest Spanish eyewitnesses
(Chacaltana-Cortez et al. 2024, 7). The agllawasi com-
pound at the provincial centre of Huanuco Pampa
was enclosed and access was highly controlled
(Morris & Thompson 1985). The Inka gave agllakuna
to subject lords as wives, which demonstrated Inka
generosity and created relationships of indebtedness
to the Inka (Kolata 2013, 95). By collecting, maintain-
ing the cultural distinctiveness of and then redistribut-
ing the agllakuna, the Inka demonstrated how they
manipulated cosmopolitanism for their own ends;
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Figure 1. Major Inka sites in Yanawilka’s local landscape. Vischongo was a large mitmaqgkuna settlement inhabited by
the same ethnic group that inhabited Yanawilka. Pumaqocha-Intihuatana boundaries based on Huamani Taboada (2005)
and Santillana (2012). (Available at https://doi.org/10.6084/m9.figshare.24496642 under a CC-BY4.0 license.)

the agllakuna themselves had little contact with the
outside world and no choice in whom they married.
Although an estimate of their proportion of the subject
population is lacking, Gose (2000) argued that their
demographic makeup in the empire was significant
given that both major and minor settlements had
structures that held women who prepared food and
drink for state functions such as mit’a labour. A recent
detailed historiographic analysis of how the agllakuna
were conceptualized from the early chroniclers to con-
temporary researchers can be found in Covey (2023).

The ghapaq ucha, translated as ‘royal obligation’,
was a ritual of child sacrifice associated with the
ascension of a new Inka emperor (Andrushko et al.
2011, 3; Besom 2009; Lau 2012, 87-8; Molina 2011,
77-82). According to Molina (2011), every village
was required to send one or two children to the
Inka. The children would then be dressed in finery,
and boys and girls were paired up as if married.
Starting from the main plaza of Cuzco, the children
were paraded and then sent along straight paths to
sacred places (wakas) and ultimately sacrificed when
they reached those places, usually mountaintops
on the outer limits of the empire. Archaeological
examples are consistent with the ethnohistorical
descriptions (e.g. Andrushko et al. 2011; Ceruti 2004;

https://doi.org/10.1017/5S0959774324000258 Published online by Cambridge University Press

Cockrell 2017; Reinhard 2005). Through the ghapag
ucha, the Inka demonstrated their power through the
collection and manipulation of the diversity of their
empire (Lau 2012).

The mitmag resettlement practice of the Inka
affected the Andean social landscape more than
any other state policy (D’Altroy 2014, 373). The
Inka coercively transplanted people—called mitmag-
kuna—from their original homelands to bolster state
security and economy (D’Altroy 1992; Garrido &
Salazar 2017, Hu & Quave 2020; Rowe 1946,
269-70). According to ethnohistorical records, hardly
a province or valley was without mitmagkuna settle-
ments (Cieza de Ledn [1553] 1959, 59; Cobo 1979,
191). The true proportion of the mitmagkuna popula-
tion remains uncertain and requires further research.
The Inka populated key political and ritual centers
with diverse mitmagkuna groups to represent their
dominion’s diversity. For example, the Titicaca
shrine had about 2000 mitmagkuna from 42 ethnic
groups (Rowe 1982, 109), and Vilcashuaman prov-
ince was almost entirely populated by mitmagkuna
from around a dozen groups (Salas 2002).

Although the Inka demonstrated power
through assembling and manipulating the diverse
elements of their empire, their hierarchical political
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system prevented their subjects from doing the same.
Inka cosmopolitanism did not imply freedom of cul-
tural exchange among their subjects; all political
interaction among different groups was purportedly
managed by the Inka (Hu & Quave 2020; 2021).
Whether the hierarchical political structure imposed
by the Inka also implied restricted autonomous
economic exchange among groups, however, is
unclear. By looking at the food landscapes of a mit-
magkuna settlement near the Inka provincial capital
of Vilcashuaman, we can evaluate whether economic
exchange with distant communities occurred.

Distant ecological zone foods are often assumed
to be luxury, elite haute cuisine due to their rarity
compared to local produce (Hastorf 2003). On the
other hand, elite, prestigious cuisines in some con-
texts have a lower diversity than commoners’
(Gumerman 1997) and imperial power can be asso-
ciated with the agricultural intensification of just a
few plant foods while relying less on wild species,
such as with the Chimu (Cutright 2015; Masur et al.
2018). The Inka, for example, encouraged the agricul-
tural intensification of maize and quinoa (Hastorf
1990; 1993; Hastorf & Johannessen 1993; Rossen
et al. 2010). Rather than comparing elite and com-
moner cuisines, we examine the social implications
of procuring non-local foods, focusing on horizontal
economic linkages opposing top-down Inka
control strategies. While commoners’ diets could
also diversify, such as with the procurement of
local wild species to supplement lost agricultural
surplus to the state or due to meagre rations
(e.g. Franklin 2001), the procurement of non-local
species, as in the case of Yanawilka, needs alternative
explanations.

Landscape and settlement location of Yanawilka

Yanawilka is located approximately 3050-3090
metres above sea level on the boundary of the gue-
chua and suni ecological zones (Cama Salazar &
Paucarima Cerén 2005, 26-8; Pulgar Vidal 1946).
Originally developed by Pulgar Vidal, the ecological
zones’ elevation ranges can vary from place to place
in the Andes. Located in the fertile and warm
Pomacocha/Vischongo valley, Yanawilka was situ-
ated within an hour’s journey by foot to three major
ecological zones: quechua (2400-3200 masl), suni
(3200-3600 masl) and puna (3600—4300 masl) (Cama
Salazar & Paucarima Cerén 2005). In the quechua
zone, a wide variety of foods can be grown: maize
(Zea mays L.), common bean (Phaseolus vulgaris L.),
quinoa  (Chenopodium  quinoa  Willd.), cafiithua
(Chenopodium  pallidicaule Aellen), potato (Solanum
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tuberosum L.), olluco (Ullucus tuberosus Loz), oca
(Oxalis tuberosa Molina), mashwa (Tropaeolum tubero-
sum Ruiz & Pavon) and tarwi (Lupinus mutabilis
Sweet) (Hastorf 1993). Sixteenth-century ethnohistor-
ical documents described Vilcashuaman province,
where Yanawilka was located, as fertile and moun-
tainous with plentiful ‘pasture, fruits and food’
(Carabajal [1586] 1965).

Yanawilka was well integrated with other Inka
and mitmagkuna settlements due to its proximity to
the royal Inka Road (Fig. 1). Yanawilka sat between
two major Inka sites of Pumaqocha-Intihuatana
(2.6 km to the periphery and 4.5 km to the palace
on foot) and the provincial capital of Vilcashuaman
(5.2 km on foot). Extensive storage structures called
golgas at Pumagqocha-Intihuatana and Vilcashuaman
held food and other supplies (Santillana 2012).

Methods

To assess whether the inhabitants of Yanawilka
enjoyed plant foods from a variety of ecological
zones or were restricted to the local quechua and
suni zones, we utilized two complementary strategies
aimed at the recovery of plant remains. The first was
water flotation for the recovery of macrobotanical
remains and the second was the recovery and identi-
fication of microbotanical remains (starch grains)
from stone tools. Unfortunately, flotation yielded
negligible identifiable macrobotanical remains (just
one carbonized Chenopodium seed and a desiccated
Prosopis pod), probably due to the highly alkaline
conditions of the soil leading to carbon fragmenta-
tion (Braadbaart ef al. 2009). Therefore, we focus on
the microbotanical remains for this study. Four
domestic structures at Yanawilka were excavated
and all ground stone tools (n=9), flake tools (n=24)
and blades (n=3) recovered were sampled for starch
grains. Some flakes (n=8), angular debitage (n=4) and
projectile points (n=5) were also sampled. We tested
projectile points for starch grains because obsidian
was scarce at Yanawilka, suggesting even broken
points might have been used to process plant foods.
All ground stone, flake tools and blades exhibited vis-
ible usewear (Fig. 2). Some flakes and angular debitage
also exhibited visible usewear (Fig. 3). The analysed
stone tools represent different aspects of food acquisi-
tion and preparation: hunting, cutting, grinding and
possibly as eating implements. Agricultural imple-
ments such as hoes were also found at Yanawilka but
were not analysed for starch grains.

We used two methods of starch grain recovery.
In 2012, 31 stone tools from Yanawilka, especially
ground stone and flake tools, were analysed for the
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Figure 2. Examples of ground stone, blade and flake tools with visible signs of usewear. (Available at https://doi.org/10.

6084/m9.figshare.24522136.v1 under a CC-BY4.0 license.)

Figure 3. Examples of angular debitage and flakes with visible signs of usewear. (Available at https://doi.org/10.6084/m9.

figshare.24529990.v1 under a CC-BY4.0 license.)

presence of phytoliths and starch grains using a spot-
check method. In 2014, we manually washed and
sonicated 9 of the 31 stone tools analysed in 2012
and an additional 22 stone tools to recover starch
grains. In total, 53 stone tools were analysed, and
nine of those were analysed twice (Table 1). All
starch grains were analysed by Victor Vasquez for
identification.
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For the spot-check method, compressed air was
used to clean the stone tools to eliminate any loose
surface particulates that may be contaminates. A ster-
ile pick was used to sample areas on the stone tools
with sediments that could contain starch grains, espe-
cially the interstices. The resulting residues were then
directly transferred onto a microscope slide that previ-
ously had a few drops of saline solution added to it. A
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solution of distilled water and glycerin was used to
suspend the residues to slow drying and permit the
easy manipulation of the position of the starch grains
for identification purposes.

For the manual wash and sonication method,
two samples (‘A’ from manual wash and ‘B’ from
deflocculation/sonication) were collected from each
tool. Obsidian tool samples were removed from
packaging and rinsed with purified water (pH,O)
to remove any loosely adhering dust from the
exterior of the tool. Material washed away in this
way was not retained. Obsidian tools were then
placed in a 250 ml glass beaker, rinsed with pH,O
and gently washed using a section of pipe cleaner.
The purpose of using pipe cleaner was to avoid
cross-contamination from re-use of non-disposable
brushes. Material removed during the manual wash
was retained in the 250 ml beaker. When the wash
was complete, material removed during wash was
transferred into a labelled 50 ml polypropylene cen-
trifuge tube. Material removed through manual
washing comprises the ‘A’ set samples.

‘A’ sample tubes were filled to 50 ml with pH,O
and centrifuged at 3000 rpm for 3 minutes (Centra
CL3 centrifuge, rotor #243) to concentrate the pellet.
The supernatant was manually poured off, leaving
c. 10 ml of supernatant in the bottom of each tube.
Supernatant was not completely poured off to
avoid disturbing the pellet. ‘A" sample tubes were
once again centrifuged at 3000 rpm for 3 minutes to
re-concentrate the pellet, and a pipette was used to
carefully remove supernatant, leaving approximately
1 ml of supernatant and the pellet in each tube. This
material was mixed thoroughly with the pipette by
impelling and expelling material repeatedly until a
homogenous mixture was created. The pipette was
then used to transfer this material into a 2 ml poly-
propylene microcentrifuge tube. About 1ml of
pH>O was added to the 50 ml ‘A" sample tube and
the pipette was used to rinse the remainder of extract
from the tube by once again impelling and expelling
material from the tube bottom and sides. This mater-
ial was then transferred to the associated 2 ml centri-
fuge tube as well.

Two ml ‘A’ sample centrifuge tubes were centri-
fuged at 3000 rpm for 3 minutes in a swinging bucket
rotor and a pipette was used to remove supernatant,
leaving c. 0.1 ml of pH,O and the pellet in the bottom
of each tube. Eight drops of glycerol were added to
each 2 ml tube to create a mounting medium. A pip-
ette was used to mix the glycerol and pH,O with the
pellet by impelling and expelling material and scrap-
ing the sides and bottom of the tube. Two drops of
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extract were transferred to a microscope slide, covered
with a 24x30 mm cover slip, and sealed with acrylic.

After manual washing, obsidian tools were trans-
ferred into empty 50 ml centrifuge tubes (‘B’ sample
tubes). A 2 per cent solution of sodium hexametapho-
sphate in pH,O was added to each tube until tubes
were filled to the 30 ml line. Tools were exposed to
the deflocculant solution for 24 hours. Fifty ml tubes
containing tools and deflocculant solution were placed
in an ultrasonic bath (Baxter Model #C6450-11, 11-litre,
200 watt) and sonicated for one hour. Tools were then
removed from 50 ml tubes, rinsed with pH,O and
transferred onto aluminium foil to dry.

‘B’ sample tubes were filled to 50 ml with pH,O
and centrifuged at 3000 rpm for 3 minutes to concen-
trate microbotanical extract into a pellet at the bot-
tom of the tube. Supernatant was manually poured
off leaving c. 10 ml of supernatant above the pellet
in each tube. To rinse the remainder of sodium hex-
ametaphosphate solution from ‘B’ sample tubes,
pH,O was added to each tube to the 50 ml mark.
Tubes were once again centrifuged at 3000 rpm for 3
minutes and supernatant manually poured off leaving
c. 10 ml of supernatant in the bottom of the tube.

‘B’ sample tubes were centrifuged again at
3000 rpm for 3 minutes to concentrate the pellet.
Using a pipette, supernatant was carefully removed
leaving c. 1 ml of supernatant and the pellet in the
bottom of each ‘B’ sample tube. This material was
mixed thoroughly with the pipette by impelling
and expelling material repeatedly until a homogen-
ous mixture was created. The pipette was then
used to transfer this material into a 2 ml microcentri-
fuge tube. About 1 ml of pH,O was added to the
50ml ‘B’ sample tube and the pipette was used to
rinse the remainder of extract from the tube by once
again impelling and expelling material from the tube
bottom and sides. This material was then transferred
to the associated 2ml centrifuge tube as well. At
this point in the procedure, the 2 ml polypropylene
tubes contained all microbotanical extract recovered
from obsidian tools during sonication.

Two ml centrifuge tubes were centrifuged at
3000 rpm for 3 minutes in a swinging bucket rotor
and a pipette was used to remove supernatant, leaving
¢. 0.1 ml of pH,O and the pellet in the bottom of each
tube. Eight drops of glycerol were added to each 2 ml
tube to create a mounting medium. A pipette was
used to mix the glycerol and pH,O with the pellet
by impelling and expelling material and scraping the
sides and bottom of the tube. Two drops of extract
were transferred to a microscope slide, covered with
a 24x30 mm cover slip, and sealed with acrylic.
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Table 1. Summary of the lithics analysed and method(s) used for each lithic. Photos are available at the Open Science Framework
repository https:/fosf.io/c49xh/

Lithic ID Unit Lithic type Raw material Method

L1 1 Flake tool Chert Spot check

L2 1 Flake tool Basalt Spot check

L3 1 Flake tool Andesite Spot check

L4 1 Blade Chert Spot check

L5 1 Mano Unidentified Spot check

L6 1 Mano Igneous Spot check

L7 2 Flake tool Chert Spot check

L8 2 Mano Quartz Spot check

L9 2 Flake tool Obsidian Spot check

L10 2 Flake tool Obsidian Both

L11 2 Flake tool Obsidian Spot check

L12 3 Blade Chert Spot check

L13 3 Mano Igneous Spot check

L14 3 Mano Igneous Spot check

L15 3 Flake tool Chert Spot check

L16 3 Flake tool Obsidian Both

L17 3 Flake tool Chert Spot check

L18 3 Mano Igneous Spot check

L19 3 Flake tool Obsidian Spot check

L20 3 Mano Unidentified Spot check

L21 3 Mano Igneous Spot check

L22 4 Flake tool Obsidian Both

123 4 Flake tool Obsidian Both

L24 4 Flake tool Obsidian Both

L25 4 Flake tool Igneous Spot check

L26 4 Mano Andesite Spot check

L27 4 Flake tool Obsidian Both

L28 4 Flake tool Obsidian Both

L29 4 Flake tool Obsidian Both

L30 4 Flake tool Obsidian Both

L31 4 Flake tool Rhyolite Spot check

L32 1 Angular debitage Obsidian Manual wash/sonication
L33 1 Flake Obsidian Manual wash/sonication
L34 1 Flake Obsidian Manual wash/sonication
L35 1 Flake tool Obsidian Manual wash/sonication
L36 1 Angular debitage Obsidian Manual wash/sonication
L37 1 Flake Obsidian Manual wash/sonication
L38 1 Flake Obsidian Manual wash/sonication
L39 1 Projectile point Obsidian Manual wash/sonication
L40 2 Flake Obsidian Manual wash/sonication
L41 2 Flake tool Obsidian Manual wash/sonication
L42 3 Angular debitage Obsidian Manual wash/sonication
143 3 Blade Obsidian Manual wash/sonication
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Table 1. Continued

Lithic ID Unit Lithic type Raw material Method

144 3 Flake tool Obsidian Manual wash/sonication
L45 3 Projectile point Obsidian Manual wash/sonication
L46 3 Projectile point Obsidian Manual wash/sonication
147 4 Flake Obsidian Manual wash/sonication
148 4 Angular debitage Obsidian Manual wash/sonication
L49 4 Flake Obsidian Manual wash/sonication
L50 4 Projectile point Obsidian Manual wash/sonication
L51 4 Flake tool Obsidian Manual wash/sonication
L52 4 Projectile point Obsidian Manual wash/sonication
L53 4 Flake Obsidian Manual wash/sonication

Control samples, consisting of empty beakers
and tubes, were processed like other samples to
assess laboratory contamination levels. Pipe cleaners
were used to wash the interior of the empty 250 ml
beakers. For sonication, pipe cleaners were placed
in 50 ml tubes and sonicated to release any adhering
microbotanical remains.

To identify the starch grains, the ARQUEOBIOS
reference collection of modern edible plants, such as
tubers, roots, cereals, beans and native fruits was
used for comparison. The starch grains were identifi-
able because they conserved their form and superfi-
cial characteristics, and some still clearly exhibited
the typical cross visible under polarized light. Once
identified, the starch grains were measured with a
measuring micron-level grid that was inserted inside
the eyepiece. The starch grains were then photo-
graphed with a 12-megapixel SONY Cybershot digital
camera for posterior analysis. (Starch grain photos are
available at https://osf.io/c49xh.) Finally, the works
of Guevara (1973), Reichert (1913), Loy (1990),
Piperno (2006) and Torrence and Barton (2006) were
used to confirm the identifications and give respective
comments for each sample.

Results

Edible plant remains from four Yanawilka structures
showed unexpected diversity. Some starch grains
might have arrived on the stone tools through
ancient or modern contamination (via handling)
rather than direct plant contact. Possibilities for the
starch grains being present due to indirect contact
with the plant are noted in the database (Column
P, https://doi.org/10.6084/m9.figshare.24530401).
Nevertheless, the possibility of modern contamination
is minimal because no starch grains from Eurasian or
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African origin plants were recovered and care was
made in the field to excavate with clean hands and han-
dle in situ stone tools with plastic bags or gloves. The
manual wash and sonication method also ensured
that any loose accretions from possible modern contam-
ination were washed away. The general concordance
between the spot-check method and the manual
wash/sonication method in the kinds of starch grains
recovered bolster the confidence of the ancient nature
of the starch grains analysed (Table 2). The manual
wash/sonication method was better at recovering
starch grains that were less numerous.

Starch grains recovered from 53 stone tools

The most common taxa were Zea mays (maize),
Solanum tuberosum (potato) and Manihot esculenta
(cassava). Both starch-grain recovery methods (spot-
checking and manual wash/sonication) detected
these taxa. Eight different taxa were identified
(Fig. 4; Table 3). The manual wash yielded the
most starch grains. The comparable presence of
starch grains on projectile points, from the sonication
method, showed that the obsidian projectile points

Table 2. Presence/absence of starch grains by method of
recovery.

Starch grains
recovered only
through spot
check

Starch grains
recovered by
both methods

Starch grains
recovered only
through manual wash/
sonication

Oxalis tuberosa
(oca)

Manihot esculenta
(cassava)

cf. Lupinus sp.

Phaseolus sp.

Cucurbita cf. ficifolia

Solanum
tuberosum

Marantaceae

Zea mays
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Figure 4. Examples of the different starch grains recovered and the tools they were recovered from. (Available at
https://doi.org/10.6084/m9.figshare.24530305.v1 under a CC-BY4.0 license.)

(both broken and intact) were probably used to pro-
cess plant foods. The presence of starch grains on
angular debitage and projectile points, even in the
sonicated samples, demonstrates that all tool types
should be sampled, not just the obvious flake tools
and ground stone.

Morphometric analysis of Zea mays (maize) starch grains
Morphometric analysis of the Zea mays starch grains
was conducted to find evidence of (1) grinding and
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milling, (2) whether the maize came from homoge-
neous or heterogeneous populations and (3) which
modern varieties of maize share the most affinity
with the maize of Yanawilka. The maize starch
grains were mainly polyhedral (295) and spherical
(46), which accounted for 98.6 per cent of all maize
starch-grain shapes (341/346). The majority of the
polyhedral starch grains exhibit ‘Y’-shaped fissures
in the hilum consistent with milling and grinding
(Zarrillo et al. 2008, 5008). This suggests that milling
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Table 3. Ubiquity or percentage presence of starch grains from stone tools by method of recovery.

Taxa Only spot-checked washisonication manual washisonication
Marantaceae (arrowroot) 0/22 tools - 4/22 tools 18.18% 1/9 tools 11.11%
Cucurbita cf. ficifolia (squash) 0/22 tools - 2/22 tools 9.09% 3/9 tools 33.33%
cf. Lupinus mutabilis (tarwi) 0/22 tools - 1/22 tools 4.54% 0/9 tools -
Manihot esculenta (cassava) 6/22 tools 27.27% 1/22 tools 4.54% 3/9 tools 33.33%
Oxalis tuberosa (oca) 1/22 tools 4.55% 0/22 tools - 0/9 tools -
Phaseolus sp. (bean) 0/22 tools - 1/22 tools 4.54% 1/9 tools 11.11%
Solanum tuberosum (potato) 13/22 tools 59.09% 10/22 tools 45.45% 2/9 tools 22.22%
Zea mays (maize) 5/22 tools 22.73% 22/22 tools 100.00% 9/9 tools 100.00%
Unidentified 2/22 tools 9.09% 2/22 tools 9.09% 3/9 tools 33.33%
25
.
20
—_ 20 .
5 =
%) % 15
Figure 5. Combined box and violin S =
plots of the lengths and widths of =
polyhedral and spherical starch grains; 10
figure and R code. (Available at L
https://doi.org/10.6084/m9.figshare.
13726138 under a CC-BY4.0 license.
Measurements available at https://doi. 5
0rg/10.6084/m9.figshare.13726153
under a CC-BY4.0 license.) Polyhedral Spherical Polyhedral Spherical

and grinding maize were common practices at
Yanawilka. The production of maize flour must
have been very important in the daily life of the inha-
bitants of Yanawilka, and the flour may have been
used in soups, stews, bread or possibly sanco. Sanco
was maize dough about the size of an apple, gener-
ally reserved for special holidays (Garcilaso de la
Vega 1989, 357).

Analysis of the dimensions (length and width) of
the starch grains suggests that the maize came from a
homogenous population (Fig. 5). Coefficients of vari-
ation of less than 20 per cent suggest a more homo-
genous population (Shennan 1988). The coefficients
of variation for the polyhedral grains were 17.87 per
cent for the length and 19.13 per cent for the width.
For the spherical grains, they were 20.04 per cent for
the length and 19.52 per cent for the width. The
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homogeneity of maize harvests suggests Yanawilka’s
inhabitants grew their own maize rather than trading.
Located in a maize-growing zone, they could easily
cultivate it locally. This homogeneity aligns with
Yanawilka’s residents being agricultural mitmagkuna,
producing food for themselves and nearby Inka
settlements.

The existence of at least two varieties of maize,
corresponding to polyhedral and spherical starch
grains, at Yanawilka, may be related to the varieties
described in early colonial chronicles and Quechua
dictionaries: culli sara (dark maize), missa sara
(maize of two colours), miski sara (sweet maize), mur-
ucchu sara (hard maize variety), paraqay sara
(large-eared high vyield variety, ‘white, tender
maize’), and paru sara (yellow maize) (Covey 2006;
Gonzélez Holguin [1608] 1952, 578, 273, 279, 252,
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Table 4. Presence/absence of starch grains recovered by tool type and method of recovery.

Tool type Spot check Manual wash Sonication
Angular debitage N/A 4/4 tools (100%) 2/4 tools (50%)
Blade 2/3 tools (67%) 1/1 tool (100%) 1/1 tool (100%)
Flake N/A 8/8 tools (100%) 6/8 tools (75%)
Flake tool 14/20 tools (70%) 13/13 tools (100%) 7/13 tools (54%)
Mano (ground stone) 8/9 tools (89%) N/A N/A
Projectile point N/A 5/5 tools (100%) 3/5 tools (60%)

Table 5. Ecological zones exploited. Minimum distance from Yanawilka expressed in Euclidean (as the crow flies) distances. Elevation
data of plants from Hastorf (1993); Perry (2007); Piperno & Pearsall (1998).

Taxon Elevation (masl) Minimum distance to Yanawilka Possibly locally grown?
Marantaceae (arrowroot) 0-1000 90 km No
Cucurbita cf. ficifolia (squash) 1000-3000 0 km Yes
cf. Lupinus mutabilis (tarwi) 2800-3850 0 km Yes
Manihot esculenta (cassava) 2000-2500 20 km No
Oxalis tuberosa (oca) 2800-3800 0 km Yes
Phaseolus sp. (bean) 50-3000 0 km Yes
Solanum tuberosum (potato) 2500-4100 0 km Yes
Zea mays (maize) 0-4000 0 km Yes

279, 279). The different varieties may have been asso-
ciated with different preparation/storage practices,
such as brewing chicha corn beer, long-term storage
and transport, or eating fresh (Covey 2006, 224). Of
the four primary varieties of maize that currently exist
in the region of Ayacucho (Confite Morocho, Confite
Puntiagudo, Kulli, Chullpi), only the Kulli variety has
smooth endosperms and spherical starch grains. Kulli
maize is sweet and dark-purple-coloured, and is used
today to make the sweet non-alcoholic beverage chicha
morada. At a minimum, culli sara (Kulli) and murucchu
sara (Confite Morocho) were probably grown and con-
sumed at Yanawilka.

Ecological zones exploited

Most of the foods could have been grown in the
immediate vicinity of Yanawilka, with two import-
ant exceptions: cassava and arrowroot (Table 5).
Although there are small patches of land at the
upper limit of the cassava growing range 7.4 km
away, these areas are not suitable because they are
on the rocky riverbanks inside a steep canyon. A bet-
ter candidate for the closest cassava-friendly area
was 20 km to the east on foot. Using the r.walk func-
tion in QGIS/GRASS GIS, we calculated that a min-
imum of 5.9 hours was required to travel there.
While it is possible to make a round trip from
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Yanawilka in less than a day, the rough terrain and
the need to harvest and carry the tubers would be
energetically inefficient. Arrowroot can only grow
below 1000 m in elevation in tropical conditions
(Perry 2007), and the nearest suitable area was
about 90 km on foot to the northeast, with a calcu-
lated minimum travel time of about 26 hours
(Fig. 6). The rough terrain and multiple river cross-
ings likely extended the actual travel time.
Arrowroot, transported as rhizomes or flour, had to
come from a tropical area at least three days away.
While Yanawilka’s inhabitants grew most of their
food, access to non-local foodstuffs indicates
economic ties with other communities.

Discussion and conclusions

The inhabitants at Yanawilka had access to a diverse
plant food diet. The most abundant starch grains
indicate that maize, potatoes and cassava were
important staples at Yanawilka. Morphometric ana-
lysis of maize starch grains also confirms that the
inhabitants of Yanawilka most likely grew the bulk
of their maize themselves. Of the staple foods at
Yanawilka, only cassava was not grown locally and
had to be transported from elsewhere. The other
plant that was certainly transported to Yanawilka
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Legend

A Yanawilka 412 090

Arrowroot (0-1000masl)
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Cassava (2000-2500masl)
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-74.200 -74.000 -73.800 -73.400

Figure 6. Map of closest potential locations of arrowroot and cassava cultivation. (Available at https://doi.org/10.6084/
m9.figshare.13726141 under a CC-BY4.0 license.)

was arrowroot, which grows at much lower and  restricted as obsidian exchange under Inka imperial-
more humid elevations, but its occasional presence  ism (Hu & Shackley 2018).

on stone tools may indicate that it was not a staple, The diversity of plant foods at Yanawilka com-
unlike the common appearance of cassava starch  plicates ethnohistoric documents that stress imperial
grains on tools. In the macrobotanical remains restriction of interregional traffic. First, the ethnohis-
recovered from Yanawilka, algarrobo (Prosopis sp.) toric record and the archaeological record were
was present and also may have been non-local, consistent with each other regarding plant foods
because it generally grows in climates drier than at ~ consumed in the area shortly after Spanish conquest
Yanawilka and at lower elevations (Capparelli (Fig. 7). Because the foods were comparable before,
2007). The contemporary climate (warm and wet) is during and after Inka rule (Abraham 2010;
similar to the climate during Yanawilka’s occupation =~ Handley et al. 2023), one cannot attribute the diver-
(Thompson & Davis 2014). Whether the mitmagkuna sity to Inka imperial policies of control. Second, the
at Yanawilka had direct trading relationships with ~ existence and prevalence of foods that were not
those areas, however, is unclear, and the foods grown locally shows that the inhabitants of
could have come by way of controlled Inka traffic =~ Yanawilka had trading relationships with other
on the royal Inka road. What is clear, however, is =~ communities. This means that despite being
that plant-food networks did not become as  uprooted from their homeland and moved to an
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ETHNOHISTORIC

Cassava (Manihot
esculenta)

Bean
(Phaseolus sp.)

Olluco

(Ullucus tuberosus) Maize (Zea mays)

Sweet potato Oca (Oxalis tuberosa)

Ipomoea batatas
Up ) Potato (Solanum tuberosum)

Quinoa (Chenopodium quinoa)

Tarwi (Lupinus mutabilis)

area of high state control, the mitmagkuna of
Yanawilka were able to establish food exchange
with non-local communities. Arrowroot was also
found in Late Intermediate Period (LIP) contexts in
nearby sites to Yanawilka, showing that long-
distance food-trade networks involving arrowroot
were hard to disrupt even when political conflict
and regional warfare were rife in the LIP (Handley
et al. 2023).

Notably, the non-local foods, cassava and
arrowroot, were not important staples of Inka
imperialism (maize, potatoes and quinoa), as they
were never listed in the chronicles as staples stored
in Inka storehouses, nor did excavations of Inka
storehouses reveal the presence of arrowroot and
cassava (Chacaltana Cortez et al. 2010; Covey et al.
2016; D’Altroy & Hastorf 1984; Eeckhout 2012;
Franco Jordan 1993; Morris 1967; 1986; Morris &
Thompson 1985). The apparent lack of arrowroot
and cassava in storehouses supports local procure-
ment of these foods rather than redistribution from
Inka storehouses. Flake tools were used to process
both tubers, and because these two plants were not
part of the tribute tax foods and foods stored in
Inka qollgas [storehouses], they were probably foods
grown to supplement the daily diet. The Inka store-
houses of Vilcashuaman held coca, charqui (dried
meat), wool, aji (chili), maize, fine clothing, arms,
and probably potatoes (Cieza de Ledén [1553] 1959,
127; Santillana 2012, 315). Although Eurasian plants
and animals had already made their appearance in
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ARCHAEOLOGICAL

Algarrobo
(Prosopis sp.)

Arrowroot
(Marantaceae)

Squash
(Cucurbita cf.

Figure 7. Venn diagram of plant foods
ficifolia)

represented in the ethnohistorical record
(Carabajal [1586] 1965) and the
archaeological record, showing
significant overlap between the two.
(Available at https://doi.org/10.6084/
m9.figshare.13726147 under a
CC-BY4.0 license.)

the tribute lists (tasas) by the 1540s, indicating signifi-
cant changes to agropastoral practices (Covey 2021),
the complete absence of arrowroot and cassava
from these lists further support the non-state staple
status of these two plant foods (Block 2003).
Cassava, in particular, is known as an anti-state
food, as it is not easily taxable because it can grow in
remote, forested areas without the need of constant
tending (Scott 2009, 190, 195, 206). The chronicler
Betanzos noted that cassava, along with maize and
squash, were the staples of the people of Antisuyu
(eastern lowland jungles) (1996, 125), which is also
where arrowroot could be grown. The consumption
of cassava and arrowroot suggests that the inhabitants
of Yanawilka were not isolated from distant commu-
nities. At Pulapulco, another Late Horizon site
under Inka rule, there were also many plants that
were not grown locally, such as gourd (e.g. Lagenaria
siceraria [Molina] Standl., Cucurbita spp. L), guava
(Psidium guajava L.), cotton (Gossypium barbadense L.),
Haageocereus sp. Backeb., and the medicinal plant
Equisetum sp. L. (Abraham 2010, 272). Likewise, at a
Late Horizon settlement of agricultural labourers
near Ollantaytambo, starch-grain evidence of non-
local cassava was found (Hunter & Huaméan Mésia
2023). The prevalence of non-local foods at
Yanawilka, therefore, was more likely the norm for
non-Inka domestic settlements than the exception.
The exchange networks implied by the non-local
foods demonstrate that the total control of interregional
traffic and inter-community isolation emphasized by
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ethnohistoric documents was overstated. As such, food
landscapes of the Inka Empire’s subjects had the poten-
tial to be loci of resistance against Inka control.

Foodways can be both conservative and fluid,
depending on political conditions (Cutright 2015).
The mitmagkuna of Yanawilka called themselves
Condes, which suggests they were from Condesuyo,
one of the four quarters of the Inka empire. One
small obsidian artifact was from the Alca-3 source, in
the Inka province of Condes (Julien 1991), and may
have been carried by the mitmagkuna during their ini-
tial resettlement, because all other obsidian artifacts
were from more local sources (Hu & Shackley 2018).
The Inka province of Condes occupied the same
range of ecological zones as the Inka province of
Vilcashuamén, where Yanawilka is located. Thus, if
the mitmagkuna of Yanawilka were indeed from the
Inka province of Condes, that means their homeland
was also far from the ecological zones conducive to
arrowroot. Uncertainty remains over whether they
were recreating their homeland’s food exchange net-
works or plugging into new ones after resettlement.
In either case, they had to recreate food networks that
were undoubtedly disrupted by the mass resettlements
in and out of the Inka province of Vilcashuaman.

When studying local community resilience
under imperial control, the case of Yanawilka
demonstrates that imperialism affects social land-
scapes (e.g. food, kinship, wealth commodities like
obsidian) in different ways. Instead of assuming peo-
ple make economic choices for efficiency, like supple-
menting caloric deficits, we should explore other
reasons they form economic relationships with dis-
tant communities. Although we lack pre-resettlement
data to frame foodways continuity as resistance,
resistance can also be seen in the reality that food
landscapes tend to be incompatible with imperial
control. Food landscapes were generally harder to
regulate in ancient empires than geographically circum-
scribed resources like obsidian. Because of the dispersed
nature of food landscapes across and between ecozones
of great expanse, the Inka would have struggled to con-
trol inter-community plant-food exchange. Such land-
scapes also functioned to undermine imperial goals of
minimizing cross-group interaction and potential hori-
zontal alliances. Thus, resilient food networks could
serve as a locus of resistance against the dark side of
imperial ‘cosmopolitanism’ that manufactured diver-
sity to control the subject population better. Instead,
the people of Yanawilka may have forged their own
cosmopolitan foodways through their connections to
distant neighbours.
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