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found on every continent except 
Antarctica, and in every major biome, 
their ecological diversity rivals that of 
other more intensively studied groups. 
And with ‘only’ 48,597 described 
species, but estimates of global diversity 
nearly doubling this number, it is likely 
that many unique visual adaptations 
remain completely unknown. For those 
of us captivated by these animals, with 
their “so many eyes”, whole lifetimes of 
discovery await.
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Spanish colonial sources describe 
how some groups in the central Andes 
practiced a unique system of social 
organization based on ancestry, whereby 
within-group unions were preferred to 
facilitate sharing of resources beyond the 
nuclear family. However, these sources 
do not quantify the prevalence or origin 
in time of this ‘ayllu’ system. Here, we 
provide new evidence by analyzing 
genome-wide data from 46 ancient 
Andean individuals for close kin unions. 
We detect a substantial increase in the 
rate of close-kin unions from 9% to 46% 
after ~1000 CE. This occurred after the 
decline of Wari and Tiwanaku cultures 
and at the start of an era of small-scale 
polities known as the ‘Late Intermediate 
Period’. Thus, the mating preferences 
instantiated in ayllu were widespread in 
Andean society and developed centuries 
before the expansions of the Inca state in 
the 15th century.

If a person harbors long stretches of 
DNA lacking variation between the two 
copies of the genome they inherited 
from their parents, so called ‘runs of 
homozygosity’ (ROH), the only plausible 
explanation is that their parents are 
closely related, a signal that can be 
detected with genome-wide DNA 
sequencing. Applying a method that can 
use low coverage ancient DNA to make 
such measurements [1], we analyzed 
46 ancient individuals from the Central 
Andes [2–4]. We detected the presence of 
long ROH at the level typical for offspring 
of fi rst or second cousins in 13 of 46 
Central Andes individuals (Figure 1A; Data 
S1A). The rate increased from before 
1000 CE, where we observe it in two of 
22 individuals (95% binomial confi dence 
interval: 1.1–29.2%), to afterward when 

Correspondence it occurred in 11 out of 24 (25.6–67.2%, 
p = 0.0083; two-sided Fisher’s exact test). 
The rate is lower in present-day Andeans 
(Figure 1B; Data S1B; [S1–S7]): we detect 
long ROH in two of 86 (0.28–8.2%) 
Peruvians from Lima, and in 11 of 56 
(10.2–32.4%) diverse other Andeans, with 
the latter signal largely driven by Aymara 
speakers from the Ventilla region of 
Bolivia [3] where we observe long ROH in 
6 of 18 individuals. Without ancient DNA 
data from intermediate periods, however, 
we can not discern whether there was a 
continuously high rate of close kin unions 
in this region over the last 500 years.

We considered the possibility that 
the increased rate of close-kin unions 
in the fi ve centuries before European 
contact could be an artifact of uneven 
sampling. However, the instances of 
consanguinity are widespread, occurring 
in 8 out of 11 Late Intermediate Period 
and Late Horizon sites (1–4 individuals 
each), and four large regions (Figure 1B). 
No close relatives were detected within 
the sample analyzed here [2], showing 
that the signal is not infl uenced by 
clusters of close kin. The signal is also 
not driven by urban elites: the individuals 
we analyzed were almost entirely rural 
(35 of the 37 individuals for which there 
is an archaeological assignment [2], 
and were largely commoners (as only 
three individuals from a single site are 
archaeologically assigned as elites; 
Data S1). Close-kin unions were known in 
the highest strata of Inca society, but our 
results could not be predicted by this as 
mating practices are often very different 
across social strata [5] and our signal 
dates to centuries before the Inca.

The onset of the period of increased 
close kin unions coincides with the 
decline of two major Middle Horizon 
societies (the Wari and Tiwanaku; 
~700–1050 CE) that covered most of the 
Central Andes, and the beginning of the 
Late Intermediate Period (~1050–1440 
CE) when there was a transition to smaller 
scale polities. It was only by the Late 
Horizon (~1440–1534 CE) that large-
scale states arose again with the Inca 
who spread over large parts of western 
South America [6,7]. Our fi ndings are 
notable in light of the ayllu social units 
described by the Spanish, whereby 
groups defi ned themselves at least in part 
through shared ancestry and preferred 
within-group marriages to keep resources 
within the community and to facilitate 
cooperation beyond the nuclear family. 
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of the shift in mate choice preferences we 
have documented here.

SUPPLEMENTAL INFORMATION

Supplemental Information includes one fi gure, 
experimental procedures and one data fi le and 
can be found with this article online at https://doi.
org/.10.1016/j.cub.2020.07.072.
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direct evidence for a qualitative change 
in the nature of kinship patterns in the 
prehistoric Central Andes, dating it to the 
onset of the Late Intermediate Period. 
The fragmented socio-political units, 
reduced trade distances and intensifi ed 
inter-group violence that distinguished 
the Late Intermediate Period from earlier 
times could plausibly have favored a shift 
in social practices to maintain resources 
under local family control [6,7] . The Inca 
often incorporated pre-existing practices 
[10], which would be consistent with 
this practice persisting into the Late 
Horizon. Future ancient DNA studies 
that include more localities of the Central 
Andes, as well as more time points and 
diverse burial contexts, would refi ne the 
understanding of the nature and causes 

Today, the word ‘ayllu’ is used to describe 
some forms of social organization in the 
Andes, but it is unclear how similar these 
practices are to ancient ayllu [5,8]. 

Archaeologists have documented 
an increased rate of collective burial 
practices including Chullpa funerary 
monuments during the Late Intermediate 
Period as evidence of new social systems 
becoming common in this period [5]. 
Indeed, an ancient DNA study has found 
evidence for an association of Chullpas 
to kinship networks by fi nding evidence 
for a patrilineally based family group in a 
Chullpa [9]. Our fi ndings of an increasing 
rate of close kin unions across the Central 
Andes — a type of information that 
cannot be gleaned from archaeological 
evidence alone — provides the fi rst 
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Figure 1. Long ROH in the Andean highlands. 
Ancient individuals with long ROH became more common after the onset of the Middle Hori-
zon (ca. 1050 CE). (A) Each dot represents one ancient individual with suffi cient data to make a 
measurement (at least 400,000 single nucleotide polymorphisms), and we show the sum of all 
ROH segments of at least 20 centimorgans, a threshold at which there is a high likelihood of the 
individual being an offspring of fi rst or second cousins. We depict age uncertainties for the subset 
of individuals that have such long ROH (solid lines: 95% central intervals for radiocarbon dates, 
dashed lines: context date ranges). Age uncertainties for all individuals can be found in Data S1. 
(B) The geographic signal is widespread: we show individuals in North, Central and South Andean 
regions before (left) and after ca. 1000 CE (middle). (Right) Present-day individuals with at least 
partial indigenous ancestry, color-coded by language group.
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