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Abstract

ABSTRACT
 

This dissertation focusses on the genetic diversity of the Chachapoyas in the 
context of northeast Peruvian and South American populations. The genetic 
survey of indigenous human populations from the Americas is still far from 

and its use in forensic and medical genetics has been attained. This certainly 
highlights the need for increasing genetic research in Peru as to continue 

such as forensics.

diversity. The montane forests of northeast Peru are one of the most biologically 
diverse ecosystems in the world and it is there where the ancient Chachapoyas 

and linguistic records inform of a complex region where local populations 
interacted with others from nearby and distant locations throughout 

th century. Although 

people and attempted to pinpoint whether it was in the Andean area or in the 

Chachapoyas with neighboring and geographically distant populations from 

study was to uncover the underlying distribution of the European component 

European ancestry would mirror the patterns of more intense Inca presence in 

a depopulation event occurred at the time of European contact which has been 
largely documented by ethnohistorical accounts and assess whether this event 
was more severe on males than on females.
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in the Chachapoyas. These new data show exceptionally high levels of genetic 
diversity in the Chachapoyas region and contrasting patterns of genetic 

region but the pattern does not mirror Inca settlement densities in the region. 

of South America.

understanding of the genetic variation and the impact of various demographic 
processes in the gene pool of northeastern Peruvian populations not solely for 
population genetic purposes but also to apply this new knowledge and data on 

populations and their culture did not vanish after the profound demographic 
events occurred at the time of trans-Atlantic contact but instead transformed 

inhabitants.
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Depiction of a battle between 
Chachapoyas and Incas. 

INTRODUCTION

The history and prehistory of the Chachapoyas region has always been 
surrounded by a halo of mysticism. This is particularly because of its remote 
location in the cloud montane forests of northeast Peru and in part due to our 

mysteriously vanished while still leaving abundant evidence of their existence. 

of the movie “Raiders of the Lost Ark” narrates how Indiana Jones explores a 

The mystery about the Chachapoyans themselves and their origins have 
also drawn considerable attention in other non-academic forums. Recurrent 

coupled with the phenotypic traits of present day gringuitos (Caucasian-like 

bioarchaeological and ethnohistorical research has greatly contributed to 
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the genetic make-up of present-day and ancient Chachapoyas have just began 
during the past decade.

continental and regional scales is fundamental not only to evaluate hypotheses 

the population structure and demographic history of this interesting region. 

forensic genetics in Peru and South America.
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Review of the literature

REVIEW OF THE LITERATURE

The purpose of this dissertation was to gain insights on the population 
structure and demographic history of the modern Chachapoyas by studying 
various types of genetic markers. This has allowed the evaluation of long-

genetic inferences for reaching a better understanding of the genetic variation 
and population history in this understudied region of South America.

morphological and chemical studies on ancient local populations from the 
area of study. The sub-chapter ends with a brief recount of relevant themes 

used in this dissertation to make inferences about the population structure 
and demographic history of the Chachapoyas and their neighbors. The last 

as a short introduction to one of the largest cases where DNA has been used 

with a brief description of parameters used in forensic genetics and the power 
of evidence.

It is important to note that although this thesis revolves around the 

neighboring populations as a means to provide a more comprehensive picture 
of the regional population dynamics which is why the cultural accounts assume 

genetic data collected from published sources has also been included.

1.  Cultural characterization of the Chachapoyas

but also temporally. It is vital to understand the cultural features that 

biologically the local populations. All this background proved essential for 
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emanating from these major lines of evidence.

1.1.1  What does the label Chachapoyas mean?

used to designate a multicultural and/or multiethnic entity that developed 
in the forested slopes of the northeastern Peruvian Andes before the Incas 

or politically integrated region but instead researchers suggest that the label 

demographic and sociopolitical transformations for this to happen started to 

recent archaeological research has begun to unveil marked sub-regional 

and historical information from the area indicates that far from being a static 

1.1.2  The setting: geography and climate

societies that existed in the Chachapoyas region are mostly scattered across a 
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throughout the year with much of it occurring from November to April. The 
fringes of these montane forests are in contact with upper subalpine grasslands 

a widening of the forested area occurs between northeast Peru and southeast 

because the Marañón River separates both western and northern montane 
forests. It is due to this cloudy weather that the ancient Chachapoyas have often 

1.2  Clues on the origins of the Chachapoyas

the culmination of a series of local cultural developments dating back possibly 

about the origin(s) of the Chachapoya people have been mostly centered 

the pre-montane and montane forests are based on growing archaeological 
evidence that dates back to several millennia. The earliest signs of human 

technologies from distant territories in the north Peruvian coast (Paiján) 
and in the Ecuadorian highlands (El Inga). They infer that this southeastern 

stylistic variability found in the archaeological context points to several 
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peopling of the central Andes followed a north-south dispersal along the 

the geographical characteristics of this section of the Andes (see paragraph 

people in various directions. In addition to a long history of human presence in 

from these two lakes show alternating periods of forest clearance and forest 

increasing Poaceae pollen (paleoclimatic indicator of forest clearance) appear 

histories as complex as other cultural areas of the Andes.

1.3  Cultural heterogeneity in the Chachapoyas region

At present there is no evidence that once complex societies emerged in this vast 

those two recent periods just before European contact suggest certain degree 
of diversity while bioanthropological work points to some level of homogeneity. 

1.3.1 Archaeology points to cultural diversity

Chachapoya settlements during the LIP often crown mountain tops or lay on 
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have also been suggested as important elements associated with the cultural 

predominant in the northern part while volute designs are more common in 

embellished funerary structures (i.e. mausoleums and sarcophagi) typically 

or water sources. Collective tombs such as mausoleums or chullpas are 
generally distributed on the right bank of the Utcubamba River and nearly 

in anthropomorphic sarcophagi or purun machus (“ancient man” or “old 

Chachapoyas has not yet been investigated exhaustively but instead often at 

interpretations into the broader regional scale.

1.3.2  Multiethnicity of the Chachapoyas before the Incas

various ethnohistorical studies identify the region as the seat of several 
ethnic groups at the time the Incas started their expansion around the mid-

th

ethnohistorical accounts describe various ethnic units in this territory such as 
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portray them as autonomous and egalitarian groups that often engaged in 

ethnohistoric documents are still scant and spatial borders change through 

the Late Intermediate period. The approximate boundaries and potential ethnic 

1.3.3  Contrasting bioanthropological patterns

the Chachapoyas region is provided.
Chroniclers often described physically the ancient Chachapoyas as 

which is an observable identity marker assigned at infancy. It has been 

use of this cultural practice tends to vary across the Andes and also between 
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does not seem a common occurrence as it is generally absent in the rest of 

from various localities across Chachapoyas to explore whether that variability 

Another relevant topic focuses on the assessment of population structure by 

(Kuelap) uncovered negligible population structure across Chachapoyas. The 
study also reports that the southern sample sets experienced higher levels of 

still be challenged with other type of data (e.g. DNA) particularly because we 

1.4  Cultural interactions

instead short- and long-distance connections often occurred. These 

positioned as an area of economic and sociopolitical importance for other 

1.4.1 A brief archaeological perspective on pre-Inca interactions

pottery stylistic features point to contacts between the societies in the 

Morerilla in lowland Bagua and long-distance connections with Ecuador. 

wares again seem to indicate connections with this region while stone-carving 

styles have been recovered in various sites across Chachapoyas (Church & von 
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The archaeological record shows that although local populations produced 

areas such as the Peruvian northern highlands (particularly the Cajamarca 

Ecuador. The role of the societies in the Chachapoyas region generally shifted 

in Andean interaction spheres while at others they were part of more local 
networks. The scarce material associated to pan-Andean developments such 

controlled archaeological excavations across Chachapoyas.

1.4.2 Chachapoyas under Inca control

from the Incas as this territory was gradually annexed to the Inca domain. 

rebellions especially where diplomatic means proved unfruitful. Settlements 
with Inca architecture in key locations with the aim to appease uprisings 

Qhapaq Ñan (Royal 

was intense although it seems to have been more accentuated on the east 

which was far from representing a homogeneous ethnic group. As previously 

in the key position of Chachapoya societies in broader highland-lowland 
exchange systems which would facilitate access not only to a wide array of 



26

Review of the literature

suggests that subsistence strategies were not profoundly impacted by the 

1.4.3 Chachapoya language traces and alleged connections

It is not yet well understood when exactly the language(s) from such a vast 

have been an intention to not only disintegrate the local populations but also 
introduce the dominant language and religion as a mechanism of control. 
Although it is not clear whether Quechua was introduced by the Incas or much 

Spaniards encountered predominantly a Quechua variety which had already 

been commonly used not only by the Inca administrators but also reinforced 
to the scant local population left after the forced large-scale mitmaq (displaced 
population in Quechua) migrations promoted by the Inca expansive state 

from the Chachapoyas region with modern Kawapanan languages from the 

once more linguistic data becomes available.

interactions of past societies throughout prehistory in the Chachapoyas region 
while providing interesting hypotheses to test such as the alleged connection 

1.5  Demographic impacts of Inca and European conquests 

that occurred since the last pre-Columbian period up until colonial times is 
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provided. This area of research is particularly important for this thesis given 

been documented after European contact in the Chachapoyas region. This 
would then entail some degree of population continuity in this territory.

The Inca and early colonial periods witnessed not only changes in cultural 
patterns but also transformations of the geopolitical units under the Inca and 

the Inca province of Chachapoyas before mass deportations (mitmaq policy) 
Mitmaq 

the Tawantinsuyo

because of administrational interests but also served economic and military 

mitmaq

mitmaq from 

mitmaq from central highlands and also 
mitmaq

were once again restructured by means of reductions (reducciones
forced agglutination of sparsely distributed villages facilitated their control by 

by various ethnic groups before the Inca expansion. The local populations 
experienced transformations during Inca times due to war and mitmaq 

expeditions into the tropical rainforests. Newly introduced pathogens in the 
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form of various epidemics during this period also caused dramatic population 
declines which left the region sparsely occupied. Since these events most likely 

1.6  Relevant topics: application of genetic data

important for research on human evolutionary genetics but also guides e.g. 
the design of applied research. To illustrate how hypotheses of interest are 

broader context of population genetics in Peru and the Americas.

1.6.1  The peopling of the Americas

Although researchers agree that the ancestors of modern Native Americans 
came from northeast Asia through Beringia during the Last Glacial Maximum 

of dispersal in the Americas have remained highly contested topics. Early work 

allowed the accumulation of variation common to Native Americans existed 
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is also a better consensus among researchers regarding the rapid dispersal 

1.6.2  Population substructure within South America and Peru

has uncovered more complex scenarios in western South America (Nakatsuka 

initial population structure in the Andes (coast/Andes-north/Andes south) 

Andean subregions despite the sociopolitical transformations of expansive 

a high rate of lineage extinction has been detected after European contact in the 

the present-day genetic diversity.

2.  Emerging questions
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during the LIP. Some scholars argue that the ancestors of the Chachapoyas came 
from the highlands or from the jungle at this time but it is likely that sedentary 
populations existed much earlier in the area since human presence has been 

the genetic variation observed in our modern datasets give us some clues about 

archaeological and ethnic heterogeneity across the Chachapoyas region while 
bioarcheological research informs of certain level of homogeneity. Can our 
current genetic data reveal pre-Columbian population substructure patterns 

Although the Chachapoyas region experienced transformations in 

nor in the introduction of foreigners into this area. Does the genetic evidence 

region since there is evidence of short and long-distance exchange networks 

Chachapoyas region (i.e. more pronounced on the east side of the Utcubamba 

subpopulation units across Chachapoyas such as Leymebamba. 

3. Genetics: a view into the past and present

is why an examination of the genetic diversity can inform us about population 

as well as serve to its application in forensic genetics. Population genetics is 
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a fundamental framework used to study the genetic composition of natural 
populations and how this variation changes over time. Its approach involves the 

maintenance and evolution of genetic variation in a given population or species 

and interpreting genetic data as well as for making inferences is provided here.

3.1  The basics 

3.1.1  Inheritance, alleles and genotypes

one allele from the mother and one allele from the father. Most of the genetic 

determines the probability of each of the alleles to be passed to the next 

of the variant forms of a gene carried by an organism. At a particular single 

Autosomes X-chromosome Y-chromosome mtDNA
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3.1.2  Population 

of a population is rather arbitrary but it heavily relies in geography and also 
other criteria such as ethnicity or language as often these tend to produce 

populations would concomitantly inform about their demographic history. In 

only by geography but also by cultural determinants such as language as well 
as population prehistory and history. 

3.2  Evolutionary forces shaping the genetic diversity

given population or species.

3.2.1 Mutation

Mutation is the ultimate source of genetic variation as it will produce direct 

drift or selection.
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3.2.2 Genetic drift

of genetic drift is stronger in small populations because they exhibit larger 
sampling variation. Two examples of drift-driven mechanisms that shape the 
genetic diversity in a population are bottlenecks and founder events (Jobling 

dramatic population decline experienced across the continent at the time 
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peopling of the Americas which introduced only part of the genetic variation 
from the ancestral East Asian populations into this continent. In the absence 

Ne

from the random sampling of genetic variants (genetic drift) as the population 

3.2.3 Natural selection

variants of genes can become advantageous due to changing conditions. 
Certain individuals are more adapted to their environment than others as it is 

make inferences about population history.

3.2.4 Migration

reproduction- of individuals between populations. Unlike natural selection 

drift as it will increase and/or maintain the genetic diversity in a population 
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3.3  Independence within and across loci

of the previous generation. These kinds of populations are said to be in 

a structured population where two diverged populations have been sampled 

we must take into account that nonrandom mating leads to changes only in 

LD patterns result from the interaction between recombination and various 

the assessment of LD in humans has a vital role not only in gene mapping but 

of population structure and population history. The concept of genetic diversity 

determine the amount of genetic diversity in human populations worldwide. 
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these classical markers provided information on the genetic variation to a 

occurred throughout their lineage history which enables the reconstruction 
of possible phylogenies and allows to trace back the most distant common 
ancestor of any set of lineages. Because of the nature of inheritance of these 

Ne are smaller (one-fourth 
of that obtained from autosomal markers) and thus more susceptible to the 

polymorphic markers is called a haplotype. In order to classify these uniparental 

distribution of haplogroups and their sub-lineages in each continent can be 
used to deduce migration patterns in the distant past.

4.1.1 Mitochondrial DNA markers

ten times higher than in the nuclear DNA but varies across the mitochondrial 

in article I) in the mitochondrial control region harbor one of the highest 
mutation rates in mammals and have been widely used in population genetic 

allowed a speedier genotyping of full genomes. A particular trait of mtDNA 
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that deal with challenging samples in both aDNA and forensic genetics.

4.1.2 Y-Chromosome markers

million base pairs (Mb). Recombining pseudoautosomal regions account for a 

used to predict the haplogroup in a probabilistic manner with various tools (e.g. 

alleles. Mutation rates on STRs vary depending on the repeat-motif type as 

structure. The high mutation rates among STRs therefore make them ideal 

 

human population history. STRs mainly mutate through the gain and loss of 

intermediate alleles (smaller than a repeat motif) can occur. Two traits have 
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allelic STR markers have also the advantage of providing more information 

genetic variation then provides insights on the population history as it allows 

5.1 Genetic diversity and its distribution in space

sampling strategy should be based on the individuals and in geography 
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in the distribution of human genetic diversity observed vary according to 

An important framework employed to partition the genetic diversity is 
F

FIT

FIS

FST

between randomly chosen alleles from a subpopulation relative to the entire 
population. FST

hierarchical or nested model to assess the apportionment of genetic variation 
within and between populations. The genetic variances can be estimated either 

-statistics analogous to 
the conventional F-statistics that show the correlation of haplotypic diversity at 

Another common way to detect structure is by using model-based clustering 

are produced by a set of probability distributions where each component 

the advantage of identifying the optimal number of clusters (K). Bar plots are 

Ks are performed. Since the optimal K value is an 
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scenarios can produce indistinguishable plots which is why other methods 
should be used alongside to disentangle complex demographic events. This 

are model-free multivariate approaches which aim to reduce the dimensionality 

eigen method that projects samples into a series of orthogonal axes (principal 
components) independent of each other and ranked according to their variance 

of resolution because of the inherent ascertainment bias of some genome-wide 

5.2 Demographic history deductions

Contemporary patterns of human genetic variation within and between 
populations are the result of various demographic processes acting through 
time. Although descriptive approaches (e.g. PCA) can be used to reveal 

approaches rely on the comparison of the observed patterns of genetic 

Ne

5.2.1 Mismatch distributions and neutrality tests
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the genetic diversity. The shapes of these histograms are used for assessing 

unimodal mismatch distributions whereas a multimodal pattern suggests 

that considers the mutation rate site heterogeneity has also been implemented 

neutrality tests. The neutral theory of molecular evolution states that most 

D FS

negative D and FS



42

Review of the literature

 5.2.2  Phylogenetic inference

Phylogenetic inference attempts to reconstruct the evolutionary history of species 
by grouping individuals based on shared genetic ancestry into a phylogenetic 

molecular phylogeny carries some information about the species phylogeny. A 
coalescent tree (bifurcating tree) follows a backward direction and it is composed 
of internal nodes which represent coalescent events where two lineages merged 
to one ancestral state. Bootstrapping then is performed to assess how strongly 
the data supports each reconstructed node. Algorithm-based methods such 
as NJ (Neighbor-Joining) and UPGMA (unweighted pair group method with 

(MP) or maximum likelihood (ML). These approaches consist on generating a 
large number of trees and searching across the tree space to identify the one(s) 

minimum number of changes of state needed on a tree in order to explain the 

increase in computing power has allowed ML to become one of the most popular 
tools for inferring phylogenies. ML evaluates the probability that a hypothetical 
branching pattern under certain substitution model would have produced the 
observed data. A tree with the highest probability (maximum likelihood) is then 
selected as the best.

5.2.3  Bayesian inference and Markov chain Monte Carlo algorithms

Simulations also help us understand the impact evolutionary and demographic 

are forward and backward simulations. A forward simulation starts with an 

parameters resulting in a simulated dataset that can be contrasted with the 

with the current observations and moves backwards in time to deduce which 

genealogy-based population genetics methods have often been used to 

coalescent phylogenetic inference as they allow the incorporation of prior 
information for the estimation of the posterior probability distribution of 
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- from high posterior areas while reducing the number of “samples” from low 

methods for parameter estimation. This software estimates a probability 
distribution of trees which then are used to create Bayesian Skyline plots 

Ne

Ne through 
time (e.g. constant Ne

6.  Forensic applications of population genetic data

genetics. Contrasted to the large population samples and widely varying sets 

capable of identifying individuals. DNA data is nowadays commonly used 

contexts. It also illustrates the application of genetic data to cases of missing 

forensic genetics.
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repeated DNA fragments among individuals. The individual variation allowed 

genetics. The ability to detect tandemly repeat DNA units coupled with the 
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sample processing as well as usage of a relatively large number of markers 

that genotype a small set of highly polymorphic short tandem repeats (STRs) 
in conjunction with capillary electrophoresis have become the most widely 

as standard forensic markers. This predilection relies in the fact that STRs 
have a higher discriminatory power than single nucleotide polymorphisms 

to resolving crimes (i.e. linking suspect and crime by proving the origin of 
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it needs to be compared to reference DNA data or DNA traces from a crime 
scene. This involves the screening of dedicated national DNA databases 

genotyping purposes. Although virtually every country manages large DNA 

being arguably the largest database in the Americas. In these country-level 

as supplementary sources for forensic investigations. Two widely known 

expansion of existent databases and the creation of new ones. Two examples 

on the best practices in forensic genetics are provided by the European DNA 
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Forensic Genetics (ISFG) which also promotes collaborative exercises that 

remains and associated biological materials on personal items (e.g. brushes) 

human DNA databases are integral parts of forensic investigations involving 
biological samples which is why considerable time and resources are allocated 
for building and maintaining them in every country across the globe.

6.4  Forensic genetics in Peru

Unidad de 
Biología Molecular y Genética) from the Peruvian Institute of Legal Medicine 
and Forensic Sciences (Instituto de Medicina Legal y Ciencias Forenses

its main aim was to aid in the search of missing persons during the period 

Mesa redonda
other cases in the civil (e.g. paternity assessments) and penal (e.g. murders) 
jurisdictions. They use a wide array of marker systems which include minimal 

and cases of missing persons in human rights violations and crimes against 
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Mesa redonda incident by means of DNA typing while in 

The estimation of dead and missing persons during the armed internal 

Path (Partido Comunista del Perú – Sendero Luminoso

and Reconciliation Commission (Comisión de la Verdad y Reconciliación

there was a weak state presence and marginal integration to the national 

including those critical areas where large human losses have been reported. 

and X-chromosome STRs. They speculated this may have been the result 
of inbreeding or high co-ancestry levels in this particular region. Although 

advantage of weak regulations ignites often confrontations between state 



49

Review of the literature

Since every year a large number of dead and missing persons as a result 

deems necessary to continue increasing the available genotypes from various 

and improve the power of evidence by combining STR and SNP data from the 
Northeastern Peruvian populations.

6.5  Power of evidence and forensic genetic parameters

this principle is straightforward since the probability of a match can be 

Commonly used indices indicative of the probability of a match are described 
here.

The random match probability (RMP) evaluates the probability of matching 

in discriminating between two unrelated individuals. This is a statistic easily 

added.
The polymorphism information content (PIC) estimates the probability to 

likelihood that the alleles present in the child support the assumption that the 
tested man is the biological father rather than a random selected man from the 

in a target population.
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AIMS OF THE STUDY

approached with genetic tools and data from study and reference populations. 

on the contemporary genetic variation in such a remote and understudied 
region of Peru. Although the ultimate aim of this dissertation was unravelling 
the population structure and demographic history of one region of South 

(archaeological and ethnohistorical sources) in the Chachapoyas region 
translates to genetic substructure (II)

more dramatic population decline on males than on females (II)

greater in regions where Inca occupation was more intense (II)

of forensically relevant autosomal STR and SNP markers for both length- 

markers increases the power in the calculation of various forensic genetic 
parameters (III).
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 MATERIALS AND METHODS

1. The context: modern populations in this study

themselves as their descendants although they do not self-identify as members 
of any indigenous or native group but as mestizo (admixed) instead. The 

Incas and Spanish seem to have indeed removed the signatures of the alleged 
ancient ethnic diversity of the region. 

Cajamarca are common in southern towns such as Leymebamba but they are 

represents an enclave population whose ancestors came from the Mantaro 
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2.  Samples

were collected for this research. All of these were used in publication I while 

representatives and each sample donor were informed about the nature and 
aims of the study. DNA was extracted using a high salt protocol extraction 

Reference datasets from published sources were also included in the 

used for study III. Details of these reference datasets are provided in the 

Table 1. Number of study samples per publication

Study Marker Chachapoyas Jívaro Huancas Cajamarca Total

I
113

II

II, III
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3.  Methods

to the Materials and Methods sections of each original article for a detailed 

Table 2. Methods and corresponding publications

Methods

 

 

D
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 RESULTS

These results are based on the analysis of new genotypes from four populations 

mostly on the Chachapoyas dataset but information from the other study 
populations complements the observations at a regional level.

1.  Haplogroups in the study populations

1.1  MtDNA

(Study I) as well as in full mitochondrial genomes (Study II) whose absolute 

distribution patterns as in study I. In order to determine whether the lack 

random sampling procedures were computed. Assuming average Peruvian 
N

processes. The random sampling method revealed also that in the Jivaroan 
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1.2  Y-chromosome

2.  Genetic diversity in northeast Peru

2.1  MtDNA

were observed in all study populations (h

less diversity for full mtDNA genomes in Study II (h
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2.2  Y-chromosome

were observed in most study populations (h

relatively low (h
also resembles the moderate diversity observed in non-admixed populations 
from South America.

3.1.1  MtDNA

ST p

ST

( ST p
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ST p

and Pomacochas ( ST ST p

3.1.2 Y-chromosome

ST p
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ST p

ST p 
the rest of the subunits.

p

3.1.3 Autosomal markers

FST p

Chachapoyas and the Cajamarca.

3.2.1 MtDNA

to ancient and modern populations from the North and Central Peruvian Andes 
as well as with populations in the Peruvian Altiplano ( ST p
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assume a basal position among most South American populations. This is also 

ancient and modern populations from Central Peru ( ST p

the centroid while the other study populations cluster either with Andean or 

3.2.2 Y-chromosome

ST p
populations from the north and central Peruvian highlands as well as 

much less common than for mtDNA. There were only short genetic distances 
between the Chachapoyas with three central Andean populations and one 

ST p
this study shorter genetic distances were detected between the Chachapoyas 

ST p

3.2.3 Autosomal markers

(FST p
the Cajamarca. The African American (AFA) and the Asian American (ASN) 
datasets remained distant to all study populations.
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Pomacochas LaJalca

Chachapoyas

Huancas

Jívaro

Cajamarca

Bolivia (m)

Bolivia (NA)

Cachoeira

Rio de Janeiro
Sao Paulo

CostaRica (m)
Panama

Hispanic (USA)

Athapaskan

Inupiat

Yupik

Mexican (USA)
Catamarca

Chubut

Córdoba

Entre Rios

Jujuy

La Pampa

San Luis

TucumánYanesha HS

Yanesha IS

Huambisa

Aymara
Quechua

Kichwa

Waorani

Guambiano

Embera

Huanca

Shipibo

Trinitario

Wayuu

Toba (Chaco)

Toba (Formosa)

Pilagá (Formosa)

Mbyá-Guaraní

Wichí (Formosa)

Tiriyó
Kayapo

Arara

Asurini
Gavião

Karitiana

Colla (Tucumán)

Uros (Puno)

Pampa Aullagas

Andamarca

Pajchiri

Chimu

Santa Rosa de Yanque

Capachica

Cusco

Huancavelica

Potosí

Taquile

Amantaní

Arawak Itza

Yucatán
Cakchikel Quiché

Other areas

Amazonian

Andean

m: Mestizo
NA: Native American

Study populations
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4.  Further insights on population structure 

4.1  Analysis of molecular variance (AMOVA)

(FSC FCT

yield low FSC

FSC values were 

FSC 
values was observed only when the Pomacochas subunit was grouped with 

FSC and FCT values also 
pointed to negligible population structure with any kind of marker used (see 

 

4.2  Admixture proportions

Admixture proportions for autosomal data were assessed at three hierarchical 

P (X|K) K) 

rd component which could not be 
associated to any of the known major groups. This component was observed 

i.e. Chachapoyan subunits. The Native American component is present at 
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4.3  A perspective from ordination methods

structure in the Chachapoyas was with PCA. Samples from all study 
populations and the dataset CAU (European ancestry) were included in the 

rd

rd

rd

synthetic population and then compared with other populations worldwide in 

on the availability of published reference data and the completeness of the 
rd component shows 

ST p

genetic distances ( ST p rd



63

Results

5. Demographic history

5.1 Mismatch distributions, Tajima’s D and Fu’s Fs (Study I)

showed no signs of a drastic reduction in their diversity. The Chachapoyas had 
FS (FS p < 

D (D p
expansion which is compatible both with the high levels of diversity and its 
mismatch distribution in this population. The mismatch distribution for 

with few instances of reduction of their diversity.
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5.2 Coalescent approach: BSP (Study II)

5.2.1 MtDNA

The BSP plots for all study populations and Chachapoyan subunits show a 

Ne

of growth at any stage in stark contrast with the study populations (see Figure 

5.2.2 Y-chromosome

past male population dynamics are seldom assessed. In order to compare 

the Andean region does not show any signatures of population decline in the 
Ne

It is relevant to note that the temporal congruence between mitochondrial 
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e
e
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6. Tests of independence and forensic genetic parameters

6.1  HWE and LD (Studies II and III)

.

NGS technologies allowed the investigation of nominal allele lengths in 

6.3 Hexp and RMP in the Chachapoyas (Study III)

exp) and RMP were calculated for both length- 

(N
exp
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exp

independently.
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DISCUSSION

data from Native American and admixed populations from Peru. This new level of 
resolution has allowed to explore population dynamics pre- and post-European 

highland and jungle) signaling the importance of genetic barriers such as 

considerable advances on completing the genetic landscape of this area of the 
globe there are still few underrepresented regions of Peru that deserve our 

approaches to understand the population structure and demographic history 
of northeastern Peru by using various kind of genetic markers. This research 
has aimed to assess the levels of genetic diversity in the Chachapoyas from 

with others from the Americas and detected insubstantial pre-Columbian 

relevant data that can be useful for forensic genetics in Peru and South America.

1. High levels of genetic diversity in the Chachapoyas

Several ethnohistorical sources document a drastic population decline in the 

policy which consisted in the transference of segments of the Chachapoya 

also caused population decline in this and many other Peruvian regions 

D Fs and unimodal 
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is evident in the lack of extensive haplotype sharing between Chachapoyas 
and other populations from Peru and South America. This has led to claims 
on which the high diversity in the Chachapoyas has been ascribed to the 

development of such high levels of Native American diversity in the gene pool 
of the Chachapoyas because we are not examining directly the ancient genetic 

only a few neighboring populations have been studied so far.

large Ne estimates (Study II). This observation complies with studies exploring 
the levels of diversity of other species in the region. A study that relied on 
the analysis of birth and persistence of biological diversity indicates that 

In silico and empirical data in this study point to Northeastern Peru and 
Southwestern Ecuador as one of the hotspots of biodiversity in South America 

environmental net production that could support population growth in many 

to maintain higher or more stable population densities through time would be 

The ancient and modern Chachapoya people have inhabited a territory on the 
eastern slopes of the northern Andes which has a gradient of ecosystems that 

Ecuadorian coast indicate that long distance movement of people occurred 
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basal position in phylogenetic trees (Study I) and a location near the centroid 

ancestry and/or connections. 

populations from the Americas may suggest the survival of common shared 
ancient genetic diversity accumulated during much earlier periods.

between the Chachapoyas and the Cajamarca are not surprising since there 
is archaeological evidence of intense exchange networks at least starting by 

migrants from the neighboring region of Cajamarca towards the Chachapoya 

as there are no documented accounts of Jivaroan migrations further south into 

2.1  Pomacochas – Jívaro connections

from the other subgroups for both lineage markers (Study II). In addition to 

also for autosomal data. Although within archaeology/ethnohistory it remains 
to be established whether the area around Pomacochas and further north share 
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cultural features with the other regions considered part of the Chachapoya 

exchanges. Archaeological/ethnohistorical research examining connections 
between these regions may shed light on the nature of those interactions in 
the future.

Even though recent archaeological and ethnohistorical research point 
to cultural diversity in the Chachapoyas region at least during the Late 

no strong signatures of modern genetic subdivision in the region. Although 

markers examined indicate that present-day substructure is insubstantial. 

together regardless of the hierarchical setting in which they were placed 

population substructure.

3.1 Autosomal variation component of undetermined origin in the 
Chachapoyas

was nearly absent in others (e.g. La Jalca). This autosomal component could not 
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of the component of undetermined origin were placed in a synthetic population 

rd unknown 
component remained distant to most populations with the exception of the 

the north Peruvian tropical rainforest. Based on the geographic proximity and 
rd 

our current data and resolution.

in the Chachapoyas. Non-Native American haplotypes in the Chachapoyas 

populations and founded the city of Chachapoyas as their capital. Due to its 
importance as the center of Spanish rule during colonial times and because 

of the Utcubamba River. Potential explanations to all these patterns are as 
follows. Leymebamba is one of the most important settlements on the eastern 
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slopes of the northern Andes and is located in a key position along one of the 

to connect the Cajamarca and the Chachapoyas regions as well as the town 

fertile soil and large rivers may have also contributed to draw the attention 
of the new settlers to permanently establish in this area. Kuelap is one of the 
largest and most important archaeological sites in the Chachapoyas region. 

it has been seldom cited in early documents and was rediscovered late during 

proportion of European variation in this area and what motivated European 

around Kuelap and neighboring localities.

5. Demographic trajectories 

Demographic histories were assessed for both mitochondrial and 
FS D and 

coalescent approaches (i.e. BSPs) all convey the same picture of population 
expansions in the Chachapoyas for both lineage markers. During more recent 
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activity around the lake may not necessarily imply population growth but rather 
mobility of the communities.

population decline is associated with demographic changes during and after 

showed that European contact had a profound impact on the local demography. 

between males and females which otherwise would remain speculative.  

very moderate to non-existent population growth in the distant past. These 
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6. Forensic genetics aspects

more comprehensive screening of the variation in South America.

6.1 Deviations from independence

we cannot rule out possible population-level mechanisms at play in these 
particular populations.

6.2  Levels of diversity and forensic parameters

genotypes in the Chachapoyas when compared to the other study populations. 

American populations which is why comparisons cannot yet be carried out.
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it has been demonstrated that the calculation of genetic parameters for 

6.3  The importance of increased diversity at sequence level

improves discrimination power which can be useful in kinship and mixture 
deconvolution cases. This aspect is particularly important when applied to 

result of higher levels of non-Native American admixture in northeastern 

our study populations and other Native American sets were not able to 
uncover population structure within Peru. This is largely due to the reduced 

of individual samples.
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CAVEATS AND LIMITATIONS

the ancient genetic diversity as it would have been expected when evaluating 

the inferences provided here are mostly based on robust evidence and laid 

selected for forensic genetics use. It is clear that a large number of genome-
wide markers (millions of SNPs) could give another level of resolution but 
demographic history patterns have often been deducted based on a reduced 
number of markers for decades. These patterns have been mirrored later on 
with studies including a large number of markers showing again the usefulness 

them were designed to uncover variation on a global scale and because few 
Native American populations were initially included in the assays. It is still 
a pending task to design new arrays that include more indigenous variation 

and South America where there is little or non-existent genetic information 
for the type markers used in this study. These undoubtedly restrict the type of 

genetic data. 
Regarding the methodology for the construction of coalescent-based 

the results.
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CONCLUDING REMARKS AND FUTURE 
PROSPECTS

dissertation has opened new avenues in the genetic investigation of the cloud 

of population genetics in Peru but also provides new data for other applied 

genetic structure and population history of the Chachapoyas from northeast 
Peru and their immediate neighbors were resolved with this dissertation while 

follows:

showed exceptionally high levels of Native American genetic diversity.

there was negligible population structure in the region.

the patterns of populations from the Andean area where larger population 

males being more drastically impacted by European contact.

the pattern does not mirror Inca settlement density which was used as a 
proxy for more intense European settlement in the region.

data provided by this research added another level of resolution when 

The following steps on the study of the Chachapoyas include the analyses 
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spectrum has also broaden considerably to include stable isotope data and 
other ancient human populations from the tropical rainforest and the central 
Peruvian coast.

until modern times and determine if there were pre-Columbian European 

Finland and Germany we are also exploring ancient pathogens persistence 
and evolution particularly in the context of pre- and post-Columbian contact 
in Peru.

contemporary and past populations is increasing exponentially and the 

diseases and evolution. The Chachapoyas and various aspects of their life will 
still remain a mystery but as technological advances occur and more data is 

key role in the context of Peru and South America.
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