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Abstract

The archaeological excavation of two abandoned prehispanic agricultural terraces (Infiernillo and Tocotoccasa) in the Chi-
cha-Soras Valley (Apurimac) in southern-central Peru revealed the presence of palaecosols. The palacosols represent soil
that developed following construction of agricultural terraces during the Middle Horizon. The soil profiles at the current
surface developed following reconstruction of the terraces during the Late Intermediate Period. Phytolith analysis revealed
an unexpected presence of Arecaceae (palm family) and Marantaceae (arrowroot family) in both terraces, which has been
attributed to local cultivation and/or transportation and use of soil, dung, plant material or implements (made of Areca-
ceae) on the terrace surfaces. Pollen analysis of a nearby wetland (Ayapampa) did not provide evidence for Arecaceae or
Marantaceae. Both phytolith and pollen analysis of the terraces and wetland (respectively) indicated that Zea mays was
cultivated locally during the Middle Horizon and Late Intermediate Period, although phytoliths of maize are absent from
the wetland record during the Middle Horizon. The presence of Solanaceae and Chenopodiaceae/Amaranthaceae pollen in
the wetland may be indicative of cultivation of further important taxa during the Middle Horizon and Late Intermediate
Period, which continued into the Late Horizon together with Zea mays.

Keywords Peru - Andes - Phytoliths - Pollen - Agricultural terraces - Late Holocene

Introduction

Terrace agriculture was an important feature of the economy
of the Peruvian Andes during Pre-Hispanic times. The ter-
races, which blanket much of the landscape, take many dif-
ferent forms (e.g. cross channel, sloping field, linear bench
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and irrigated bench), and their construction is believed to
be strongly related to their function, elevation, local geo-
morphology, regional precipitation and temperature pat-
terns, and crop selection practices (Osgood Brooks 1998).
In regions where archaeological studies have been con-
ducted, it has been hypothesised that terrace construction
and morphological change represent a developmental his-
tory that may have been a necessity for increasing produc-
tivity and yield due to socio-economic pressures, possibly
linked to climate variability and environmental change (e.g.
Osgood Brooks 1998; Kemp et al. 2006; Branch et al. 2007,
Goodman-Elgar 2008). Whatever the forcing factor, or fac-
tors, they represent an extraordinary technological achieve-
ment and modification of the natural environment that was
undoubtedly an adaptation strategy to increase resilience
and reduce risk.

The preservation of sub-fossil biological remains in
ancient soil sequences has the potential to provide sig-
nificant information on the history of crop selection, bio-
mass burning, and irrigation practices. Such studies, when
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conducted on terraces with deposits spanning their full
developmental history, would enable reconstruction of the
changes of these practices through time. Such data, com-
bined with archaeological records, and a secure chronologi-
cal framework, and ideally palacoecological records from
adjacent wetlands, would enable important research ques-
tions of relevance to Central Andean land use systems as a
whole to be addressed. These include: What was the precise
timing of terrace use and the nature of cultivation? Is there
evidence for multicropping and changes in crop selection?
Is there evidence for deliberate burning and irrigation of
terrace surfaces? Is there a clear relationship between the
timing of terrace use (re-use) and abandonment, and peri-
ods of wider socio-economic change, and/or climate vari-
ability and environmental change? Is there evidence for
the transportation and utilisation, and possibly the cultiva-
tion, of plant taxa outside the immediate ecozone? Given
the importance of these questions, it is surprising that no
detailed archaeobotanical studies, especially phytolith anal-
ysis, have been conducted on pre-Hispanic terraces espe-
cially considering their role in Andean agricultural systems.
Instead, studies have focused on a range of archaeological
sites and agricultural features located in both the coastal and
highlands of Peru, including mounds (Grobman et al. 2012;
Dillehay 2017), ceremonial sites (Tykot et al. 2006; Sayre
2010; Castillo Lujan 2019), human remains (Correa Trigoso
2018), settlements (Lavallée et al. 1999, 2011; Perry et al.
2006, 2007; Chevalier 2008; Caramancia et al. 2018) and
corrals (Duncan 2003). Whilst these studies have provided
valuable information on crop selection and the environmen-
tal context of human activities through phytolith analyses,
the potential of phytolith studies on agricultural terraces has
not been explored.

Phytoliths analysis can provide information of the past
use of agricultural terraces with phytolith assemblages
largely reflecting on-site plant usage. Phytoliths are opaline
silica bodies which form in the leaves, seeds, fruits, repro-
ductive systems, and roots of plants, and are released into
the soil when a plant dies and decomposes. For this reason,
they are largely considered an in-situ deposit (Piperno 2001,
2006; Watling and Iriarte 2013). Phytoliths may, however,
be added to an assemblage via slope wash processes and
human disturbance in the landscape (e.g. land clearance for
agriculture) as well as being liberated into the air during
fire events (Piperno 2001, 2006). Phytoliths of certain cul-
tivars, such as maize, are highly diagnostic as they produce
different morphotypes within their leaves, stalks, and cobs.
In particular, wavy-topped rondels produced in the cobs
and fruitcases of maize are diagnostic of cultivated maize
(Ball et al. 2016). Maize is considered to be a very impor-
tant crop within the Peruvian highlands, with an increase
in terracing during the Middle Horizon (~1,350-950 cal
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BP; AD ~600—1000) being linked to the expansion of maize
cultivation (Schreiber 1992; Cook 2004). The construction
of pre-Hispanic terraces increased the area of land suitable
for cultivation whilst controlling erosion, deepening the soil
matrix and possibly creating microclimates aiding frost pre-
vention, and regulating soil temperature and humidity (Lane
2014).

Archaeological context

The first indication of occupation with some permanence
in the Chicha-Soras Valley was during the Initial Period
(~3,750-2,850 cal BpP; ~1800—900 BC). There are very
limited signs for human activity in the area from the late
Initial Period until the Middle Horizon (~1,350-950 cal
BP; AD~600-1000) with two small sites having been
located for this interval, indicative of a low-density human
presence over this period. The adjoining Sondondo Val-
ley~40 km to the west and the Andahuaylas area to the
northeast have both provided remains of Early Horizon
(~2,850—-2,150 cal BP; ~900 —200 BC) and Early Interme-
diate Period (~ 2,150 — 1,350 cal BP; ~200 BC-AD 600) occu-
pation. For the Chicha Soras valley 13 sites with Middle
Horizon activity have been identified; of these, there are
7 with evidence of occupation, all of which were situated
south of the present-day village of San Pedro de Larcay.
Middle Horizon sites include Yako (3,330 m a.s.l.), which
has surface and excavated Ocros, Vifiaque and Huamanga
style ceramics, and chert, basalt and obsidian lithics, as well
as copper alloy objects and metal working slag. Architec-
tural remains found on this 0.65 ha site include two large
circular structures measuring 7 — 8.5 m in diameter as well
as at least one rectilinear structure and a single D shaped
building. Further Middle Horizon sites on the west bank of
the Rio Chicha include Chiqna Jota, situated 450 m south of
the confluence of the Rio Pachachaca with the Rio Chicha.
At 3,460 m a.s.l., parts of the architectural core of Chigna
Jota include a gallery type structure on a north south align-
ment on the east side of the plaza, and ~30 m further north
are the remains of a rectilinear structure that would origi-
nally have had multiple stories. The Middle Horizon wit-
nessed the introduction of extensive irrigated agricultural
terracing (Keeley and Meddens 1993; Kemp et al. 2006;
Branch et al. 2007; Meddens and Branch 2010), with four
types of terraces having been identified (Kendall and Rodri-
guez 2009). In the upper reaches of the Yanomayo drainage,
a tributary to the Rio Chicha the Naupallacta site complex
is situated which served to manage the camelid herds in the
area and which was supported by the agricultural sites in
the Chicha Soras valley. The end of the Middle Horizon,
with the collapse of the Wari polity, saw some sites in the
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Chicha-Soras Valley being permanently abandoned, while
others continued being occupied.

The Late Intermediate Period (~950—474 cal Bp;
AD~1000-1476) in the Chicha-Soras Valley, and on its
adjoining altiplano, witnessed significant population growth,
with the number of occupation sites increasing from 7 to 22.
Not only did the number of settlement sites increase but also
their size e.g. Laymi (3,360 m a.s.l.), measuring ~ 25 ha; Tac-
carampa (3,570 m a.s.l.) covering~20-25 ha. Chigna Jota
expands to ~9 ha around this time with up to 200 mostly
circular structures arranged in small groups around com-
munal patios. This important valley wide population growth
accompanied the emergence of defensive structures at sites,
such as the fortification of the hill on the eastern margin of
Chiqgna Jota. Qasamarca/Qasapampa similarly had a moun-
taintop with defensive walling rising ~ 50 m above the low-
ermost level. A further demographic shift takes place in the
late, Late Intermediate Period (ap~1200-1476) from val-
ley-based sites to settlements such as Puyca, Auquimarca,
Chuntaya/Jasinchilla, Qasinchilla, Uchuy Umay and Ccan-
chu sited on mountain peaks on the altiplano, often accom-
panied by perimeter walling along the sides, which afforded
easiest access to the summits. The shift of settlements to
defendable topographical settings and the appearance of
fortifications was a widespread and common occurrence in
the central and southern Andes (Arkush 2011). The differen-
tiation between the early and late, Late Intermediate Period
has also been recognised in the pottery sequence for the
Chicha-Soras Valley. The earlier part being characterised by
Chicha/Chanca style assemblages, with similarities to and
equivalents in Tanta Orqo and Togsa style ceramics (Med-
dens and Vivanco 2018). The late Late Intermediate Period
assemblages largely comprise Soras and Argalle style pot-
tery with the Soras material having concurrences with the
Aya Orqo style materials (Meddens and Vivanco 2018) as
found in Ayacucho and parts of Apurimac and Huancavelica.

During the late Late Intermediate Period there is evi-
dence for extensive remodelling, reuse and expansion of
the earlier terraced agricultural systems associated with the
further construction of large-scale irrigation management
systems (Kemp et al. 2006; Branch et al. 2007; Kendall and
Rodriguez 2009). There are also widespread Late Interme-
diate Period occupation sites directly associated with the
agricultural terracing and irrigation infrastructure, such as
Taccarampa, Apuraccay, Cupo, Aputacca, Montaccahua on
the west and Kulkunchapampa and Huaychuapata on the
east bank of the river, as well as the previously mentioned
defensive sites of Puyca, Auquimarca, Chuntaya/Jasinchilla,
and Qasinchilla. For the Late Horizon (~474 —416 cal Bp;
AD ~ 1476-1534), there was a consolidation in the number
of habitation sites from 22 for the preceding Late Inter-
mediate Period to 18, with a reduction in the high-altitude

mountain top sites, and expansion of the size and number
of mid-valley, slope settlements. Iglesiachayoc was estab-
lished at 3,410 m a.s.l., as was Soras at 3,425 m a.s.l. at
the north end of the valley. At the same time, Chigna Jota,
Qasamarca, Laymi and Taccarampa get significant provin-
cial Inca architectural elements added at to the central sec-
tors of these sites.

Here we present the findings from a detailed phytolith
study of pre-Hispanic agricultural terraces in the Chicha-
Soras Valley (Apurimac). Long-term research in the valley
by Meddens (e.g. Meddens and Vivanco 2018) led to the
initiation of a fully integrated archaeological and palacoen-
vironmental study of ancient agricultural terraces and their
associated wetlands. A detailed account of the palacope-
dological and geochemical analysis of two of the terrace
profiles, Infiernillo (INF) (14°12°29.4”S, 73°32°25.1”W;
3,447 m a.s.l) and Tocotoccasa (TOC) (14°11°40.1”S,
73°32°18.9”W; 3,417 m a.s.l.), was reported in Kemp et
al. (2006) and Branch et al. (2007) (Fig. 1). These studies
revealed the presence of multi-period human occupation
and a number of buried palacosols within terrace sections in
close proximity to a wetland (Ayapampa). The main charac-
teristics of the macro- and micromorphology of INF (ESM
Table S2) revealed the presence of a clearly defined 2bAh
horizon overlying a strongly weathered 2bBt horizon col-
lectively representing a buried terrace soil profile. Radio-
carbon dates from three different pieces of wood charcoal
in the 2bAh (ESM Table S1) indicate that the terrace is
Middle Horizon in age which is also confirmed by the pres-
ence of Middle Horizon pottery. The main characteristics of
the macro- and micromorphology of TOC (ESM Table S3)
revealed the presence of two buried soils: the original slop-
ing land surface (3bAh), and the surface of a former agri-
cultural terrace (2bAh). A radiocarbon date from a single
piece of wood charcoal in the 2bAh (ESM Table S1) indi-
cates that the terrace is Middle Horizon in age. Late Inter-
mediate Period pottery on the present-day terrace surface
(Ah and Bw horizons) indicates the possible timing of ter-
race reconstruction. The total phosphate and plant-available
phosphate are higher in the Ah and 2bAh horizons, which
were interpreted as evidence for the effect of manuring
(Branch et al. 2007). Therefore, the developmental history
of both terraces, together with the adjacent palacoecological
record from the wetland, provided an excellent opportunity
to address the research questions outlined earlier.

Methods

The archaeological excavation and sampling of the ancient
terraces involved cutting a trench (~1x 10 m) perpendicu-
lar to the terrace wall, description of the soil profile within
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a 1 m wide section (Hodgson 1976), and the recovery of
undisturbed blocks (7% 5 x4 cm) for thin section prepara-
tion and micromorphological analysis (Kemp et al. 2006).
Furthermore, extraction of bulk samples at 5 cm intervals
from the section permitted analysis of total organic carbon
(%) and total and available phosphate (Branch et al. 2007),
and phytoliths. Core samples, obtained from the Ayapampa
wetland using a Russian peat sampler (semi-circular, 5 cm
diameter), were described using the Troels-Smith method
(1955), and analysed for organic matter content, pollen and
microscopic charred particles (Branch et al. 2007), and an
assessment of the phytolith content (Handley 2022).

In order to extract the phytoliths, each sample was
sieved through a 500 pm sieve and 5 g dry weight of mate-
rial <500 pm was dispersed with Hydrochloric acid to
remove carbonates. Sodium hexametaphosphate was then
added to remove the clay fraction. Samples were transferred
to a furnace and heated at 500 °C for 2.5 h to remove organic
matter. Sodium polytungstate (specific gravity of 2.3 g/em?)
was used to separate the remaining mineral and fine organic
fraction from the phytolith concentration, quartz however
cannot be separated from the phytoliths as they have the
same density; quartz is easily identifiable and distinguish-
able from the phytoliths as it is visible under cross polarised
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light unlike phytoliths. Finally, the samples were dehydrated
using either a lamp (Tocotoccasa - TOC) or ethanol (Infier-
nillo - INF) before being mounted on microscope slides in
Entellan New™, Samples were processed in a laboratory
not used for processing of lowland tropical phytoliths to
avoid potential contamination with extra-regional phytolith
morphotypes. A total of 300 phytoliths (all morphotypes)
were counted per slide; raw counts are provided in ESM
Tables S4 and S6. Identification was aided by published
literature on phytoliths forms especially Piperno (2006),
as well as online databases including PhytCore (https:/
www.phytcore.org/phytolith/index.php), and the Tropical
Palaeoecology Phytolith reference collection housed at the
University of Reading. Phytolith nomenclature follows the
International Code for Phytolith Nomenclature 2.0 (ICPT
2019). A number of phytoliths diagnostic of Poaceae were
encountered, including grass silica short-cell phytoliths
(GSSCP) produced in grass epidermal cells; TRAPEZOID,
SADDLE, POLYLOBATE, BILOBATE, CROSS, CRENATE and RON-
DEL phytoliths. TRAPEZOID and CRENATE phytoliths are
commonly found in the Pooideae sub-family, while PoLy-
LOBATE and BILOBATE are diagnostic of Panicoideae sub-
family grasses, and SADDLES of Chloridoideae, allowing for
the identification of grass sub-families within the phytolith
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assemblage. ACUTE BULBOSUS phytoliths are thought to be
diagnostic of Poaceae, along with ELONGATE SINUATE phy-
toliths, especially when found in association with each other
(ICPT 2019). Phytoliths diagnostic of Cyperaceae include:
Cyperaceae conical phytoliths, Cyperaceae hat-shaped, and
Cyperaceae achene epidermal phytoliths (Piperno 2006).
BULLIFORM FLABELLATE phytoliths are produced in both Poa-
ceae and Cyperaceae, and a high number of these phytoliths
can be produced where water availability is high (Fisher et
al. 2013). ELONGATE ENTIRE phytoliths have low diagnostic
value as they are found in grasses, monocot, eudicots and
conifers (Stromberg 2003). TRACHEARY phytoliths are com-
monly found in arboreal plants (Piperno 2006; Dickau et al.
2013).

Additional bulk sub-samples from the terrace sections
were sorted with clean fine forceps and fragments of char-
coal isolated for radiocarbon dating (Branch et al. 2007).
Although minute amounts of wood charcoal were present
in most samples, only the Ah and bAh horizons contained
significant quantities. Samples of wood charcoal within
each of the palacosol Ah horizons were submitted to the
NERC Radiocarbon Laboratory East Kilbride for AMS dat-
ing. Radiocarbon ages for the terraces were calibrated using
OxCal v4.4 and the southern hemisphere calibration curve
(SHCal 20), and are presented as individual dates in ESM
Table S1. For the Ayapampa wetland sequence, the chro-
nology is provided through Accelerator Mass Spectrometry
(AMS) radiocarbon measurements on bulk peat samples,
taken from the core at lithostratigraphic and biostrati-
graphic unit boundaries. Six measurements (Wk-samples)
were submitted to the Waikato Radiocarbon Dating Labo-
ratory, New Zealand and one sample (Beta-142,326) was
analysed by Beta Analytic Inc., USA. Details of the dated
samples, radiocarbon ages, and associated stable isotopic
measurements are provided in ESM Table S1. The radiocar-
bon results are conventional radiocarbon ages (Stuiver and
Polach 1977). The age-depth model (ESM Fig. S1) has been
constructed using the program OxCal v4.2 (Bronk Ramsey
2009; Bronk Ramsey and Lee 2013) and the southern hemi-
sphere (SHCal 13) atmospheric calibration curve (Hogg et
al. 2013). The P_Sequence Poisson process model (Bronk
Ramsey 2008) employs a variable k parameter (Bronk
Ramsey and Lee 2013) with the overall age-depth model
defined as P_Sequence (1,1,U(-2,2), with kO (the base k
parameter)=1 cm™!, the interpolation rate=1 cm™' (out-
put from the model given every 1 cm), and variability in k
allowed between a factor of 1072 and 10?. The surface of
the basin was modelled as the sampling date (ap 2001 +5
years). Even with the use of a P-sequence model, it was not
possible to create a stable age-depth model that took account
of all dates. Examination of the dates, stratigraphy, and the
pollen record highlighted two potential hiatuses, related to

minerogenic sediment deposition. Subsequent use of two
separate P-sequence models, and no modelling of the basal
date allowed for a stable overall model to be generated. The
overall sequence provided an Amodel value of 98 and was
considered to be a good fit to the data, which can be seen in
the plot (ESM Fig. S1).

Results

Phytolith analysis of the ancient agricultural
terraces

The high abundance of phytoliths of the Pooideae sub-
family (Poaceae) throughout the INF sequence indicates Cs
grasses formed the dominant vegetation community (Fig. 2;
ESM Table S5). There is also a signal for C, plants, with
high proportions of phytoliths of the Chloridoideae sub-
family (Poaceae) and a continuous signal of the Panicoideae
sub-family (Poaceae) throughout. The latter includes Zea
mays (maize), which has been cultivated in highland Peru
for at least 4,000 years (Perry et al. 2006). This is confirmed
by Wavy Top RONDEL phytoliths present throughout the soil
sequence, which indicate that maize was grown on the ter-
races (see Piperno 2009). Maize is thought to have originated
in the Central Balsas River Valley of Mexico by 8,700 cal
BP (based on the analysis of phytoliths and starch grains),
and spread into Colombia by 7,000—6,000 cal Bp, with some
of the earliest dates for its occurrence in Peru being 3,600-
4,000 cal BP. In the Zafa Valley in northern Peru, early cul-
tivation of beans, squash and coca was accompanied by
irrigation (Dillehay et al. 2005), attesting to the body of evi-
dence for widespread food production by 6,000 cal Bp. The
presence of large Type 1 Cross phytoliths, as found in this
study, can also be an indicator of cultivated maize because
they occur in the leaves of maize plants. Further analysis
would be required, however, using discriminant function
analysis (see Piperno 2006, p 49), to determine whether the
Cross-shaped phytoliths within these samples were culti-
vated maize or other wild Panicoideae sub-family grasses.
The presence of ACUTE BULBOSUS, ELONGATE SINUATE, and
RoONDEL phytoliths confirms the dominance of grasses on
the terrace surface and probably within the general environ-
ment. The presence of a large number of grass phytoliths,
despite the agricultural use of these terraces, could be due
to several factors including the presence of weeds along-
side cultivated crops, the regrowth of grasses during peri-
ods of abandonment and grasses growing on the edges of
the terraces and the adjacent slopes. They may have also
been incorporated in the soil profile via the use of camelid
dung as a fertiliser, with the camelids likely grazing on the
Ayapampa wetland which is known to have been colonised
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Fig. 2 Phytolith diagram for Infiernillo (INF) for all encountered phy-
tolith morphotypes. The phytolith diagram was produced using TILIA
and TILIA*GRAPH (Grimm 1991-1993) and the soil profile is modi-

by Poaceae (see section below). Sedge (Cyperaceae) phy-
toliths, including Cyperaceae achene and Cyperaceae hat
shaped phytoliths indicate wet soils either on the terrace sur-
face or near to the terraces, possibly adjacent to the irriga-
tion canals. This interpretation is supported by the presence
of BULLIFORM FLABELLATE phytoliths, which are indicative
of wetland grasses; the production of BULLIFORM FLABEL-
LATE phytoliths is therefore likely a consequence of an
excess of water within the growing environment promoting
the growth of aquatic grasses (Piperno 2006, p 35).

The phytolith composition of TOC is similar to that at
INF with high levels of Pooideae sub-family phytoliths
throughout the profile indicating C; grasses (Fig. 3; ESM
Tables S6, S7). There is a lower proportion of Chloridoi-
deae sub-family SADDLE phytoliths whilst sedge phytoliths
occur in similar proportions to INF indicating wet soils on
the terrace or nearby. There is a continuous signal of C,
plants with Panicoideae sub-family phytoliths throughout.
ACUTE BULBOSUS, ELONGATE SINUATE and RONDEL phyto-
liths support the interpretation of grass dominance. There is
clear evidence for cultivation with maize phytoliths present
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throughout the soil profile. High levels of burnt phytoliths
were found in association with the original land surface
(3bAh) identified by the presence of occluded carbon within
the phytoliths and a dark opaque colouration (see Parr 2006;
Dong et al. 2022), which may indicate burning in order to
clear land for the development of the agricultural terraces.
The presence of burnt phytoliths were also recorded within
the Middle Horizon terrace (2bAh), suggesting the use of
fire as part of the farming practices during this time.

The most unexpected signal to come out of analysis of
both terrace sequences was the presence of two types of
spherical phytoliths. The first being SPHEROID ECHINATE
phytoliths (Fig. 4a) that almost exclusively belong to species
within the Arecaceae (palm) family. Within Peru, palms typ-
ically grow in warm, moist montane forests (‘cloud forest’)
on the eastern side of the Peruvian Andes from <3,500 m
a.s.l. (Henderson et al. 1995; Galeano et al. 2008). Today,
17 species of palm are strictly Andean, whilst the remainder
(123 species) are from lower elevations including Andean/
Subandean, strictly Subandean, Amazonia and peripheral
species of the Madre de Dios (Kahn and Moussa 1994). The
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Fig. 3 Phytolith diagram for Tocctoccasa (TOC) for all encountered
phytolith morphotypes. The phytolith diagram was produced using
TILIA and TILIA*GRAPH (Grimm 1991-1993) and the soil profile is

Fig.4 Microphotographs of phytoliths of a Are-
caceae (SPHEROID ECHINATE) and b Marantaceae
(SPHEROID ORNATE)

presence of one or possibly more species of this family, as
will be discussed further below, in the Chicha-Soras Valley
is therefore surprising and suggests contact with the eastern
Andes. Evidence for trade between Andean and Amazonian
communities has a long history with communities sourcing
crops and food, and wood for tools and weapons, unable to
be grown within their immediate environment (see Kimura
1985; Suarez and George 2011).

&
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Values expressed as a percentage
of the total phytolith assemblage

modified from Branch et al. 2007. TOC 70 indicates the sampling loca-
tion for radiocarbon dating of the terrace sequence, for more details on
the dating see ESM Table S1

Palaeoecological investigation of the wetland

The pollen-stratigraphic record for the Ayapampa wetland
is reproduced in Fig. 5 and ESM Table S8 (Branch et al.
2007). Here we present an updated interpretation with a
new age model. The record indicates that prior to ~2,064 cal
BP (2,191 —1,936 cal BP, 315 cm; LPAZ 1 and 2) the land-
scape surrounding the wetland was dominated by species of
grasses (Poaceae), and perennials and shrubs of the daisy
family (Asteroideae/Carducae). The wetland was mainly
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Fig.5 Pollen diagram of selected taxa (% total pollen including aquat-
ics and spores) from the Ayapampa wetland. (modified from Branch
et al. 2007). For each sample, maximum pollen counts of 300 pollen

composed of sedges (Cyperaceae) and probably grasses
with herbaceous taxa including Plantago (e.g. P. tubulosa,
P rigida) and alder woodland (A/nus). It is possible that
Plantago was one of the main peat forming plants, as it is
in many parts of Peru today, alongside Distichia muscoides
(Juncaceae) (Salvador et al. 2014/2015). The organic matter
values during LPAZ 2 (> 60%), and also parts of LPAZ 4 and
5, suggest that cushion plants together with sedges probably
dominated the wetland surface forming a minerotrophic
peatland. The decline of sedge pollen values from before
~3,628 to ~2,284 cal BP (3,909 — 3,455 to 2,534 — 2,034 cal
BP) during a period of mineral sediment deposition in the
wetland, and re-expansion from ~2,284 cal BP coincident
with a renewal of peat formation (LPAZ 2), suggests that
sedges are a sensitive indicator of hydrological changes.
The results indicate that sedge populations declined dur-
ing periods of higher water level inferred by mineral-rich
fluvial sediment from 406 —375 cm and subsequent rise of
pondweed during LPAZ 2 (Potamogeton), which prefers
standing or slow flowing freshwater (~ 50 cm in depth). The
high proportion of Solanaceae (nightshade family) and Che-
nopodiaceae/Amaranthaceae (amaranth family) at the time
of landscape instability is particularly interesting. Both of
these families contain important cultivated plants, includ-
ing potato (Solanum tuberosum) and quinoa (Chenopodium
quinoa), as well as other annual and perennial herbs, and
a few shrubs and trees. Archaeological evidence indicates
that potato and quinoa have been cultivated in Peru for at
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Organic-rich lake sediment

grains and spores were attempted. Microscopic charred particles were
counted during the pollen analysis and are presented on the pollen dia-
gram as a % of total pollen

least 4,000 years (Harris and Hillman 1989), and their pres-
ence in the Chicha-Soras Valley, especially during the early
part of LPAZ 2, may therefore have cultural and economic
significance for human occupation during the Initial Period
(~3,750-2,850 cal BP; ~1800 —900 BC) and Early Horizon
(~2,850—-2,150 cal BP; ~900 — 200 BC).

LPAZ 3 is marked by declining organic matter values
from ~2,014 cal Bp (2,153—1,875 cal BP) to ~1,883 cal
BP (2,147 —-1,618 cal BP) (300—273 cm) that culminate in
the deposition of a thick unit of sandy clay (273 —242 cm).
The renewal of peat formation at ~692 cal BP (796 — 588 cal
BP) means that this significant period of landscape ero-
sion occurred during the later Early Intermediate Period
(~2,150—-1,350 cal Bp; ~200 BC-AD 600), Middle Hori-
zon (~1,350-950 cal BP; AD ~600-1000) and into the early
part of the Late Intermediate Period (~950—474 cal Bp;
AD~1000-1476) cultural periods. Calculation of an age
model for this part of the sequence has proven difficult
because of these marked sedimentary changes. Neverthe-
less, once again, higher water levels are indicated by the
reduction in sedge and presence of pondweed indicating a
major hydrological change in the wetland. Solanaceae, Che-
nopodiaceae/Amaranthaceae and Zea mays (maize) were all
present, signifying a prolonged period of cultivation. The
microscopic charred particle data for LPAZ 3 indicates an
overall reduction in burning that appears to contradict the
pollen evidence for human activity. Burning is frequently
used today in many parts of the Peruvian Andes to clear
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stubble and to aid replenishment of soil nutrients. Therefore,
it might signify a reduction in the human activity over time,
or simply a change in burning practices.

The lower part of LPAZ 4 is marked by a renewal of
peat formation from ~692 cal BP (796 — 588 cal BP) and a
concomitant increase in a grass dominated wetland. The
surrounding landscape continued to be dominated by spe-
cies of the daisy family (Asteroideae/Cardueace) as well as
grasses (Poaceae). The presence of Chenopodiaceae/Ama-
ranthaceae pollen may indicate cultivation during the Late
Intermediate Period (~950—474 cal BP; AD~1000-1476).
This interpretation is supported by the presence of maize
phytoliths (Wavy TOP RONDELS) from ~595—512 cal Br i.e.
throughout the late, Late Intermediate Period in the wetland
(Handley 2022). The upper part of LPAZ 4 in contrast is
marked by the deposition of organic lake sediment and an
increased influx of mineral rich sediment into the wetland
from ~611 —553 cal BP (~ 666 — 556 to ~ 646 —460 cal Bp).
The change in hydrology is supported by the presence of
pondweed. Solanaceae, Chenopodiaceac/Amaranthaceae
and Zea mays were all present suggesting a continuation of
farming practices.

The Late Horizon (~474 —416 cal BP; AD~ 1476-1534)
is poorly constrained by the pollen record (~118-158 cm;
LPAZ 5) but is characterised by possible evidence for culti-
vation of Solanaceae, Chenopodiaceae/Amaranthaceae and
Zea mays, as well as overwhelming evidence for vegetation
burning. This interpretation is supported by the presence of
maize phytoliths (WAVY TOP RONDELS) at ~494 cal Bp in the
wetland (Handley 2022). It marks a notable transition to a
prolonged period during the Colonial Period (~416 — 124 cal
BP; AD~1534-1826) and Republican Period (AD 1826 to
the present day) differentiated by a reduction in burning,
increased landscape erosion (except in the last~50 years)
and a demise in the frequency of cultivars. It is tempting to
suggest that this reflects the decline of large-scale cultiva-
tion on agricultural terraces and reduced management of the
landscape, including the maintenance of terraces. A change
in hydrology of the wetland in the last 50 years or so is indi-
cated by the rise in sedges and reduction in erosion together
with the only evidence for cultivation of European cereals.

Discussion

Pre-hispanic terrace agricultural practices in the
southern-central Peruvian Andes

The phytolith analysis of the TOC and INF agricultural ter-
races has demonstrated the clear potential of this method
within an Andean context for reconstructing vegetation
cover (grasses and sedges) and land-use (maize cultivation).

Grassland was the dominant vegetation community indi-
cated by an abundance of C; Pooideae sub-family phyto-
liths. This is a common community at high altitude today
in Peru and is often in environments with higher moisture
availability and lower temperatures (Aleman et al. 2014).
The moisture levels are probably a reflection of irrigation
systems associated with the terraces creating localised wet
pasture/meadow, as well as the proximity of the Ayapampa
wetland. Given that Chenopodiaceae/Amaranthaceae taxa
do not produce diagnostic phytoliths, and appear silent in
the phytolith record, the main indicator of cultivation in the
phytolith assemblage is maize. As a result, there is no evi-
dence within this new analysis for multicropping practices
on the terraces. Although Chenopodiaceae/Amaranthaceae
and Solanaceae were recorded within the pollen diagram
(Fig. 5) from Ayapampa, there is no way of confirming
whether they were planted alongside maize on the terraces
or if they formed an alternative crop selection to maize dur-
ing certain periods. Maize was present at relatively high
abundance within the TOC 2bAh and 2bBt horizons indicat-
ing its growth on the Middle Horizon terraces. Its presence
in the Ah2 and AB horizons may also indicate maize culti-
vation during the Late Intermediate Period. At INF, the pres-
ence of maize phytoliths, within the 2bAh and 2bABt also
suggests Middle Horizon cultivation. Interestingly, more
phytoliths from maize cobs (Zea mays WAVY TOP RONDELS)
were present within both profiles than those formed within
the leaves and husks of the maize plant (CROSSES). Maize
cobs are normally removed from terraces during harvest
resulting in a greater signal of phytoliths from the leaves and
stalks of the plant (Watling et al. 2015; Dickau et al. 2016).
It is possible that not all maize cobs were removed from
the terraces during harvest, or that some of the cobs were
returned to the fields after the kernels had been removed
as an additional fertilizer. The number of WAvy TOP RON-
DELS in this study is also surprising when compared to other
studies in South America (e.g. Iriarte et al. 2010; Watling
et al. 2015; Lombardo et al. 2020) where they were found
only in trace amounts (>1%). Whatever the agricultural
techniques employed within the Chicha-Soras Valley there
appears to be a greater occurrence of maize cobs on the ter-
race than one might expect. Further phytolith analysis of
terrace deposits from the Andean highlands would provide
greater clarity on agricultural practices associated with
maize growth at altitude.

One thing we do know, the growth of maize at high alti-
tude in relatively cold and dry Andean environments was
certainly enhanced by extensive modification of the land-
scape with the construction of agricultural terraces creat-
ing an appropriate habitat (e.g. soil temperature, moisture,
structure, and nutrients). However, maize is known to be
susceptible to drought because of shallow rooting and
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requires nutrient-rich soils and adequate moisture. Exten-
sive irrigation systems, the moisture holding capacity of the
soil, and an impressive drainage system ensured that mois-
ture levels were maintained, and water was moved from one
terrace to another. The nutrient levels were probably main-
tained on a regular basis by burning of the terrace surface
and the addition of camelid dung (see Kemp et al. 2006 for
phosphate values), as well as the rapid rate of weathering of
the local volcanic tuff. Maize was a component of the diet
of some llama (Lama glama) and alpaca (Vicugna pacos)
herds, with animal husbandry being interlinked with cul-
tivation on terracing as part of an integrated agro-pastoral
system (Finucane et al. 2006; Cadwallader et al. 2012).
However, if maize was being consumed by the camelids,
we would expect there to be a greater number of CROSSES
within the terrace horizons, as llamas and alpacas are nor-
mally fed on the leaves and corn husks of the maize plant.
It is possible therefore, that the camelids were instead left
to graze on the wetland surface and surrounding grasslands,
especially as a high proportion of Poaceae phytoliths were
found within the terrace deposits, which may have become
incorporated into the sequence from the addition of cam-
elid dung. Interestingly, maize phytoliths are also present
in the 3bBtl horizon, representing the pre-terrace ancient
land-surface. These could either represent translocation of
phytoliths within soil from the 2bABt or cultivation prior to
terrace construction during or before the Middle Horizon.
The significance of terrace construction during the
Middle Horizon (Ap 600—1000), and reconstruction during
the late, Late Intermediate Period (AD~1200-1400) (see
Branch et al. 2007) are re-evaluated here in light of the new
data: (a) age model for the Ayapampa wetland; (b) analysis
of the TOC and INF terraces, (¢) wealth of palacoclimatic
data for Peru published in about the last 15 years (Rein et al.
2005; Bird et al. 2011; Vuille et al. 2012; Kanner et al. 2013;
Apaéstegui et al. 2014; Bustamante et al. 2016; Thompson
et al. 2017). The age model from the wetland reveals that
sometime between ~ 1,883 to ~692 cal BP (AD~67 — 1258;
273 — 242 cm) a thick unit of sandy clay was deposited prior
to the renewal of peat formation at ~ 692 cal Bp. This period
of landscape erosion occurred sometime during the later
Early Intermediate Period, Middle Horizon, and early part
of the Late Intermediate Period. Despite the chronological
uncertainties, and the lack of a precise chronological rela-
tionship between the ‘event’ and the cultural history, it is
highly likely that the erosion was caused by human induced
landscape disturbance given the evidence for: (a) the pres-
ence of maize phytoliths at INF and pollen of Solanaceae
and Chenopodiaceae/Amaranthaceae in the wetland prior
to the Middle Horizon terrace construction, and succeed-
ing this (b) archaeological evidence for widespread Middle
Horizon terrace construction, and phytolith evidence for
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maize cultivation, that would have necessitated significant
modification and temporary destabilisation of the land-
surface during initial construction. Palacoclimatic data also
indicate that the early Middle Horizon (AD ~600-800) was
a period of significantly higher precipitation (Fig. 6), which
may have led to soil saturation, overland flow of water and
accelerated erosion, as well as providing a plentiful water
supply for irrigated agriculture. However, the precise cause
(or causes) of the ‘event’, and its duration, remain uncertain.

Climate change has been heavily debated as the cause
for the demise of the Wari Empire at the end of the Middle
Horizon. Palaeoclimatic records indicate declining precipi-
tation levels from AD~800-1000 (later Middle Horizon)
and AD~1000-1300 (early Late Intermediate Period) sug-
gesting a sustained period of aridity for ~500 years during
the Medieval Climate Anomaly (Bird et al. 2011; Vuille
et al. 2012; Kanner et al. 2013; Apaéstegui et al. 2014).
Whatever the cause of the Wari ‘collapse’ (see below) it is
reasonable to conclude that terrace abandonment occurred
during this period of late Middle Horizon aridity. These con-
ditions were succeeded by more variable climate from the
late, Late Intermediate Period (from ~ 650 cal Bp; AD ~ 1300)
thought to be due to the increased frequency and magnitude
of ENSO, or changes in the influence of the South America
Summer Monsoon and Intertropical Convergence Zone at
the onset of the Little Ice Age (Bird et al. 2011; Kanner et
al. 2013; Apaestegui et al. 2014). The renewal of peat for-
mation at ~692 cal BP in the Ayapampa wetland broadly
coincides with this climatic transition, as does the recon-
struction of the terraces during the late, Late Intermediate
Period, which may have been a response to higher precipita-
tion during this time.

The archacological evidence presented earlier suggests
however that the ‘collapse’ of the Wari heartland at the
end of the Middle Horizon had little direct effect on com-
munities within the Chicha-Soras Valley with only partial
abandonment of settlements (Meddens and Branch 2010).
Indeed, the onset of the Late Intermediate Period seem-
ingly witnessed significant population growth, with a fur-
ther demographic shift in the late, Late Intermediate Period
(AD~1200-1476). Given the apparent evidence for conti-
nuity of occupation (Middle Horizon to Late Intermediate
Period transition), it is perhaps surprising that agricultural
terraces were seemingly abandoned. Reduced precipitation
during the Medieval Climate Anomaly would certainly have
had a sustained impact on an agricultural system dependent
upon precipitation for irrigation and may have necessitated
adaptation in farming practices to mitigate the economic
impact. The restoration of terrace farming during the late,
Late Intermediate Period, and the notable cultural differen-
tiation between the earlier and later parts of the Late Inter-
mediate Period, suggest an economic response to social and
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probably climatic changes, which persisted in the Late Hori-
zon. What is urgently required is data from archaeological
sites of early and late, Late Intermediate Period age, espe-
cially zoological, botanical, and human remains, to test this
hypothesis.

Long-distance transfer of plant taxa in the
southern-central Peruvian Andes

The presence of Arecaceae and Marantaceae phytoliths in the
irrigated terrace soils is remarkable. Neither of these fami-
lies have species suitable for cultivation or natural growth
at this altitude. The agricultural context is particularly sig-
nificant as previous finds of these families in archaeological
sites in Peru have been restricted to domestic occupation or
formal ritual contexts (Perry et al. 2006; Duncan et al. 2009;
Branch et al. 2014; Hu 2016). Several phytolith deposition
pathways can be suggested for the presence of Arecaceae
in TOC and INF: Pathway 1 — local growth and cultivation;
Pathway 2 — human transportation of soil containing phyto-
liths to the terrace; and Pathway 3 — human transportation
of parts of the plant either unaltered (e.g. fruit and leaves)
or altered (e.g. wooden implements and baskets). There are
no macro-botanical records for the use of palm from any of
the excavated archaeological sites nearby, but this should
not preclude its local cultivation despite the environmental
conditions today being less favourable for growth (Pathway
1). Transportation of soil during the Inca cultural period is
widely recognised from ethnohistorical sources (e.g. Murta
1946 [1590-1609]; Ogburn 2004a, b, 2014). However,
there are few archaeological records for the movement of
soil, especially for the purposes of agriculture; instead, the
transportation of soil to ceremonial or ritual sites (e.g. Inca
stepped platforms or ‘Ushnu’) is known and has been linked
to a possible display of Inca sovereignty and/or worship
during the agricultural cycle (Branch et al. 2014). This can
be attributed to either Pathway 2 or 3 and, based upon eth-
nohistorical sources, may highlight the mythical and ritual
significance of palm (especially ‘Chonta’) for the Inca, and
a possible link with the movement of materials between
communities throughout the Inca Empire to sites of ritual
significance (Branch et al. 2014). The use of chonta in the
tip of agricultural tools has been noted in late prehistoric
as well as post conquest contexts, attributed to Pathway 3
(see below). The phytoliths occurring through contamina-
tion of the samples has been ruled out due to processing
procedures, as outlined in the methodology.

There are several potential genera of Arecaceae that
could be represented by the palm signature in INF and TOC,
which grow within an Andean setting, albeit at lower eleva-
tion than the Chicha-Sora Valley. These include Bactris,
Ceroxylon, Euterpe and Hyospathe (Huisman et al. 2018).
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Euterpe and Ceroxylon were highly unlikely due to having
SPHEROID ECHINATE phytoliths of a larger size and with more
crowded projections than those found within the terrace
samples (Huisman et al. 2018). SPHEROID ECHINATE phyto-
liths of Hyospathe are of a similar size and shape to those
found within the terraces, although not quite as rounded (see
Fig. 1F in Huisman et al. 2018). Hyospathe is also consid-
ered a sub-Andean genera that occurs infrequently in Peru
(Kahn and Moussa 1994), and therefore an unlikely candi-
date for the palm deposits encountered in this study.

Although Bactris gasipaes, or chonta de pijuayo (peach
palm), mainly produces conical palm phytoliths, this spe-
cies has significant meaning in Peruvian folklore, and there-
fore may be a candidate for the occurrence of palm within
a high-Andean setting based on our ethnohistorical review.
Chonta de pijuayo takes a very prominent position today
in the mythology of many people living in lowland tropi-
cal rain forests because of its importance in a therapeutic
role where traditional healers or curanderos use staffs made
of ‘chonta’ (Polia 1988, pp 191-193). Depicted in Middle
Horizon iconography in the image of the staff god and
in the hands of flying shaman on earlier Paracas textiles,
staffs were emblems of office (Arnold and Hastorf 2008, pp
121-123). The staff was important in land and water related
rituals, in controlling rain (Arnold and Hastorf 2008, p 124)
and in organising labour (Gose 1994). In the community of
Sarhua in Ayacucho, it was until recently customary to con-
ceal a piece of ‘chonta’ wrapped up in textile in a pocket of
the garment worn by the individual concerned, to protect
the person from supernatural and people induced harm (Viv-
anco Pomacanchari C pers. comm.).

The Peruvian highlands have a high frequency of top-
onyms that include the word ‘chonta’ in their designations.
These include the names of mountaintops, rivers and vil-
lages. Such as the examples of the Rio Chonta, a tributary
to the Rios Pampas and Apurimac, and the mountain peaks
of Cerro Chonta Huilca, Chantachonta and Chontalla, and
the archaeological sites of Chontamarca in Izcuchaca; all
in Ayacucho. As well as the archaeological sites of Chonta
Ranra Punta in the Callejon de Huaylas, and Chontay in the
Lurin Valley, and the Laguna de Chonta at 4,850 m a.s.l.
in in the upper Chillon Valley. These are but a few among
many more similar instances of features in the landscape
carrying the name of the palm. Chonta de pijuayo and
‘chunta’, in early Quechua dictionaries, translated as palm
(Ricardo 1951 [1561], p 39; Gonzalez Holguin 1989 [1608],
p 122), whilst Bertonio in his 1612 Ayamara dictionary
translates the term ‘chunta’ as signifying ‘the tip of the hard
pole, which is tied to the weeding hoe’ (1984 [1612], p 92).
In a contemporary context, highlights the use of ‘chonta’ for
the tip of the chaquitaccla, or foot plough, used in agricul-
ture near Cusco. The ubiquitous presence of this reference
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to palm outside of its natural environment (lowland tropi-
cal rainforest) indicates a long timeline for its importance in
these highland areas.

In an archaeological context, evidence for palm in the
form of phytoliths of Arecaceae is known from the Inca
ushnu platform sites of Condormarca (3,251 m a.s.l.) and
Ushnupata (3,550 m a.s.l.) in Ayacucho (Branch et al.
2014). Similarly, at the important highland Inca mountain-
top shrine of Huanacauri, the analysis of environmental
archaeological samples recorded the presence of palm (Bac-
tris sp.) (Kosiba S pers. comm.). Records of ‘chonta’ from
Peru include needles made of ‘chonta’ from Late Horizon
burials at Huaca Inquisidor (near Lima) (Cornejo 2002, p
187), rods or staffs of ‘chonta’ wrapped in copper sheeting
in Late Horizon burials from Qaqas (~3,400 m a.s.l.) near
Huanta in Ayacucho (Valdez 2002, p 400), bow and shields
made of ‘chonta from tomb complex at Conchopata in Aya-
cucho (Isbell and Cook 2002, p 284), carbonised chonta
lances from Middle Horizon closure deposits at the site of
Huari (Ochatoma Paravicino et al. 2015), and Middle Hori-
zon timber rods for spindle whorls made from the trunk of
palms from La Real, Arequipa (Coleman and Yépez Alva-
rez 2012). As the palm phytoliths found within Infiernillo
and Tocctoccasa terraces originate from an agricultural con-
text, it is probable that they derived from the timber tips of
agricultural tools, either from a foot plough or a hoe. Agri-
culture was likened to warfare in Andean thinking (Bauer
1996, pp 327-332; van de Guchte 1990, pp 335-338). As
noted above, ‘chonta’ was frequently used in weaponry,
commonly as a timber for clubs (macana) (McEwan 20006,
p 128), bows and the tip of lances and arrows. Its use in a
foot plough metaphorically deployed as a weapon by farm-
ers implies ‘confrontation’ with the soil, which was vividly
stated by Garcilaso de la Vega as they ‘triumphed over’
and ‘disembowelled the earth’, ‘as valiant soldiers’ (1723
[1609], II, p 133). Garcilaso de la Vega’s account contex-
tualises the use of the (here ‘chonta’ tipped) foot plough
as a weapon to assault the field surface on the agricultural
‘battlefield’ in order for its regenerative powers to animate
the soil to ensure a good harvest.

The second unexpected finding is that of SPHEROID
ORNATE phytoliths characteristic of Marantaceae (arrowroot
family) e.g. Maranta arundinacea (arrowroot) or Calathea
allouia (leren) (Fig. 4b). The family, which typically grows
in lowland rainforests, produces an edible rhizome and is
a rich source of starch, and hence carbohydrates. Its nutri-
tional properties therefore are widely recognised despite
the difficulties extracting the starch. The history of M.
arundinacea domestication is of considerable interest with
the earliest records from Panama and Colombia dated to
9,200 — 7,600 cal BP (Piperno 2011). In Colombia, records
based upon starch grains and grinding stones indicate use

of arrowroot at 1,700 m a.s.l. suggesting either an attempt
to cultivate at higher elevation, or its transportation from
lowland areas (Piperno and Pearsall 1998). Species of
Marantaceae can tolerate less favourable environments, for
example, cultivated Calathea allouia is highly tolerant of
extreme changes in soil moisture content, both saturated and
dry but requires frequent irrigation (Martin and Cabanillas
1976). The presence of Marantaceae in the irrigated terrace
soils in the Chicha-Soras Valley is perhaps not surprising
therefore and may reflect its local cultivation (Pathway 1).
Alternatively, the evidence may indicate transportation of
the plant (e.g. fibres and rhizomes), or soil and dung con-
taining Marantaceae phytoliths, from lower elevations and
their deposition on the terrace surface e.g. green fertiliser
(Pathways 2 or 3).

The Marantaceae phytoliths identified in the Chicha-
Soras Valley terraces are thought to most likely reflect
arrowroot (M. arundinacea), with Chen and Smith (2013)
presenting similar SPHEROID ORNATE (GLOBULAR REGULATE)
phytoliths from M. arundinacea reference material, conse-
quently we have conducted a review of previous research
to support this hypothesis. Maranta arundinacea has been
identified in a preceramic context in Peru from starch grains
at Buena Vista (Chillén Valley) dating to ~4,400 cal Bp
(Duncan et al. 2009) and from Waynuiia in the Cotahuasi
Valley (Arequipa) where starch samples were recovered
from a floor in a late preceramic house (Perry et al. 2006).
The Buena Vista find derives from the interior of a gourd
and the use of arrowroot has been attributed here as a food-
stuff in a feasting context. Excavations of raised fields near
the town of Cerritos in Ecuador have produced likely M.
arundinacea phytoliths with late prehistoric to early colo-
nial dates (Stemper 1993, pp 145, 147, 151). Much closer to
the Chicha-Soras Valley arrowroot starch grains have come
from flaked stone tools of Late Horizon date from the site
of Yanawilka (3,050 — 3,090 m a.s.l. and ~4.5 km northwest
of Vilcashuaman). The nearest source for arrowroot was
estimated to be ~80.5 km away (Hu 2016, pp 130-131,
135-137, 167-168). The information on usage of arrowroot
in a pre-Hispanic context from the Andes is limited. Cur-
rent references to its role in Peruvian traditional medicine
include its use in a tea for those with a delicate or acid stom-
ach, treatment of alcoholism, diarrhoea, dyspepsia, fever,
sprains, stress and in the curing of evil character (e.g. Duke
2009, pp 437-439).

Arrowroot, in contrast to palm, is less obvious to explain
as an exotic product within a highland agricultural context.
It may be that this tropical rhizome finds its origin in elabo-
rate Andean concepts of ‘ritual mixing’. Notions of “unity’
and ‘bringing together’ underlie such practices, which use
combinations of ritual items brought from different local
ecological zones, and distant geographical environments

@ Springer
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(Gose 1994; Bolin 1998; Ferreira 2014). These traditions are
commonly related with notions of agricultural and herding
fertility and productivity. Offerings to high altitude moun-
tain deities frequently included the presence of a range of
lowland elements in the ritual mesas being prepared on such
occasions where such offerings are made to seek protection
and fertility from these chthonic sacred beings (Escalante
and Valderrama 2014). The importance of obtaining exotic
items from distant sources for ritual use and effectively mix-
ing these with a range of items of more local origin was
both of great antiquity and widely used. This can, for exam-
ple, be demonstrated by the use of Spondylus shell from
coastal Ecuador in ceremonial contexts across the Andes in
powdered, unmodified and worked form (Murra 1980, pp
139-141).

The occurrence of Arecaceae and Marantaceae phytoliths
within Middle Horizon agricultural contexts is arguably less
surprising than their presence in deposits of Late Intermedi-
ate Period date. The latter was a period characterised both
locally, as well as across the central and southern Andes, as
a period of intensifying conflict and regional warfare, with
decreasing social complexity. Reduced or more structured
long-distance exchange networks and journeying at times
of conflict would have resulted in an increased dependency
on local resources and community networks (Arkush 2017).
The evidence presented here confirms the existence of
exchange networks across distances of at least 130 km for
the Late Intermediate Period. Similar long-distance interac-
tions have also been confirmed elsewhere, such as at the
Late Intermediate Period defended settlement at Ayawiri,
southwest of Lake Titicaca. Here the presence of obsidian,
which originated from the Chivay source, confirms long dis-
tance exchange with the Colca Valley over 130 km to the
east of Ayawiri (Arkush 2017).

Conclusions

The archaeological excavation of two abandoned prehis-
panic agricultural terraces (Infiernillo and Tocotoccasa) in
the Chicha-Soras Valley (Apurimac) in southern-central
Peru revealed the presence of palacosols. The palacosols
represent soil that developed following construction of agri-
cultural terraces during the Middle Horizon. The soil profiles
at the current surface developed following reconstruction
of the terraces during the Late Intermediate Period. Phyto-
lith analysis revealed an unexpected presence of Arecaceae
(palm family) and Marantaceae (arrowroot family) in both
terraces, which has been attributed to local cultivation and/or
transportation and use of soil, dung, plant material or imple-
ments (made of Arecaceae) on the terrace surfaces. Pollen
analysis of a nearby wetland (Ayapampa) did not provide

@ Springer

evidence for Arecaceae or Marantaceae. Both phytolith and
pollen analysis of the terraces and wetland (respectively)
indicated that Zea mays was cultivated locally during the
Middle Horizon and Late Intermediate Period, although
phytoliths of maize are absent from the wetland record dur-
ing the Middle Horizon. The presence of Solanaceae and
Chenopodiaceae/Amaranthaceac pollen in the wetland
may be indicative of cultivation of further important taxa
during the Middle Horizon and Late Intermediate Period,
which continued into the Late Horizon together with Zea
mays. Further research on the terraces and wetland would
benefit from the analysis of starch grains, normal alkanes
(n-alkanes), Rock-Eval pyrolysis and ancient sedimentary
DNA, which may be able to identify additional taxa miss-
ing from the phytolith and pollen assemblages and develop
our understanding of the environmental history (e.g. Cor-
tella and Pochettino 1994; Haslam 2004; Mills et al. 2017,
Parducci 2019).
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