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2. OBJECTIVES

1. INTRODUCTION
Parrots (Psittaciformes) are a diverse order of birds distributed mainly in the tropics and containing nearly 400, mostly
colorful species[1,2]. Macaws are a polyphyletic group
(including six genera) and the largest sized parrots in the
Neotropics with 16 species still extant in the wild. There is
ample evidence, both direct and indirect, of the long and extensive use of macaw feathers among prehispanic cultures of
the Andes. Moche and Nasca artisans represented what are
believed to be macaws in their ceramic art[3,4]. Studies of
“feathered cloths” and ornaments report that less than two
percent of all bird families and species in the Amazon region
were used, and the most commonly used were macaws and
parrots, followed by Muscovy ducks, curassows, flamingos,
and egrets[5].

In spite of the widespread and persistent
use and social significance of feather ornaments held among prehispanic Andean
cultures, there is a major lacuna in regard
to the taxonomic identity and provenience
of feathers used. In this study we use genomic analysis to investigate the identity
and origin of feathers used in prehispanic
feather artifacts excavated at the preeminent religious center of Pachacamac on
the central coast of Peru.

Figure 1. A) Map with the location of the site of Pachacamac
on the central coast of Perú. B) General view of the excavation in front of the famed Painted Temple (also known as
Temple of Pachacamac).

Figure 3. Species Identified from the total of 25 feather samples
from Pachacamac, based on both BLASTn and RAxML analyses

3. RESULTS
Preliminary results indicate that from the 25 feathers used,
nine provided enough endogenous DNA for taxonomic identification (Table 1), including three Scarlet macaws (Ara macao
macao), three Blue-and-yellow macaws (Ara ararauna,
although the amount of data is very limited for one sample), a
Red-and-green macaw (Ara chloropterus), a Southern mealy
amazon (Amazona farinosa), and a Sabine’s gull (Xema sabini)
(Figures 2–4).

Table 1. Reads mapping metrics from sequencing results of mitogenome-enriched ancient DNA libraries of feather
samples from Pachacamac.
Figure 4. Haplotype network analysis using Fitchi based on 2,250 bp (CYTB,
COI, 12S and 16S) from 121 individuals of Ara macao macao and Ara macao
cyanoptera, including the three samples identified as Ara macao in this
study (samples 11947, 11948 and 11959). Numbers represent distinct ha[21]
plogroups previously identified .
Figure 2. Maximum-Likelihood (ML) phylogenies (performed using RAxML) of the different species identified from feathers from Pachacamac. A) Ara species (samples 11947, 11948 and 11959); dataset: CYTB
(1,143 bp) and 225 taxa. B) Amazona species (sample 11942); dataset: 12S + 16S (892 bp) and 73 taxa.
C) Laridae and Sternidae species (sample 11960); dataset: CYTB (1,143 bp) and 120 taxa. Labels in selected nodes indicate bootstrap support values.

5. MATERIALS & METHODS

4. CONCLUSIONS
The presence of the diverse species of Psittaciformes identified in this study in a coastal region far from their current geographic distribution shows the exploitation of colourful big feathers from birds living in the densely forested area of the Upper Amazonia. Diverse color combinations were used as decoration of funerary bundles of
social elites buried at Pachacamac. Future studies may reveal that different color sets reflected difference in
gender, age, social roles and/or ethnicity of the deceased, and also the provenience and species of macaws that
provided feathers.

Samples: The 25 analyzed feather samples with chronology spanning ca. 1000 to 1400 CE were recovered
during the 2005 excavation of a large, nearly intact, stone-lined, chamber tomb[6,7] in the highly sacrosanct
elite burial ground, today called Uhle Cemetery, in front of the sacred Painted Temple at Pachacamac (Figure
1). Seven of the analyzed feather samples were derived from the head ornaments (Figure 5) of funerary bundles (Figure 6) in the upper level of the tomb. Additional samples were recovered from the fills of the burial pits
close to the chamber tomb.
Ancient DNA lab work, sequencing data processing and mapping: Feathers DNA extraction, double-stranded library construction and mitochondrial genome enrichment using home-made hybridisation captures synthesised
from DNA of an extant macaw were performed following established protocols[8-14]. Paired-end sequencing was
performed on an Illumina NextSeq using a 150-cycle Mid Output kit. Sequencing reads were demultiplexed and
filtered according to protocols published elsewhere[e.g.,10]. Filtered reads of each sample were initially mapped
to the Ara macao mitochondrial genome (GenBank accession number CM002021) using BWA aln[15]. Resulting
consensus sequences were taxonomically identified using BLASTn[16], and subsequent mapping to Ara ararauna
(KF010315), Amazona aestiva (NC_033336) and Larus brunnicephalus (JX155863) was performed for those
samples assigned to A. ararauna, Amazona, and Xema sabini, respectively.
Phylogenetic analyses: Three different alignments of mitochondrial genes were built using MUSCLE[17] and
analyzed using RAxML v.8.2.11[18] (performing 100 bootstrap replicates) to further explore the phylogenetic
affinities of the samples that yielded genetic information.
1- Complete CYTB sequences from Ara samples (11947, 11948 and 11959) were aligned to homologous sequences from 222 Ara individuals from eight different species and four Psittaciformes species as outgroups
(alignment: 227 individuals, 1,143 bp).
2- Concatenated fragments of 12S and 16S of sample 11942 were aligned to homologous sequences from 69
individuals of 31 species of Amazona (+ four taxa as outgroups) (alignment: 73 individuals, 892 bp).
3- The complete CYTB sequence of sample 11960 was aligned to homologous sequences from 117 Laridae and
Sternidae individuals from 75 and 48 species, respectively, and two Stercorariidae and an Alcidae as outgroups
(alignment: 120 individuals, 1,143 bp).
Haplotype network analyses: Haplotypes of the Ara macao samples were inferred using Fitchi[19] and aligning
CYTB (750 bp), COI (600 bp), 12S (356 bp) and 16S (537 bp) sequences to available data for A. macao[20,21]
(alignment: 2,250 bp, 121 individuals).
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Figure 5. Example of the feather samples used in this
study. Feather bundles tied to cords used as ornaments
(Bundle C, Tomb 1).
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