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ABSTRACT A detailed morphometric description of a dog skull from the pre-Hispanic archaeological site La Isla de
Tilcara (northwestern Argentina, ca AD 800–1200) is presented. The resulting data were compared with those
of dog skulls from other South American archaeological sites to establish dog morphotype. The examined
skull belonged to a small, long-snouted dog, similar to the smallest morphotypes from the central Andes.
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Introduction

In this study, we provide a detailed description of a dog
skull from the pre-Hispanic archaeological site La Isla de
Tilcara (northwestern Argentina, ca AD 800–1200). It
was excavated a century ago and is currently curated
at the Museo Etnográfico J. B. Ambrosetti (Universidad
de Buenos Aires). The studied skull is one of the most
complete from the south-central Andes. We performed
taxonomic identification and age determination of the
specimen, as well as morphometric measurements of
the skull and teeth, which were compared against pub-
lished data from the central Andes and the eastern
plains of Argentina (Pampean, Patagonian and Littoral
regions).
Dogs show a remarkable phenotypic diversity,

especially among modern breeds created to suit
aesthetic preferences or practical needs. Therefore,
zooarchaeological research on the phenotypic diversity
of pre-Hispanic dogs is potentially informative on their
radiation across diverse environmental and sociocul-
tural niches. However, there is little information on
the development of pre-Hispanic dog types or their

geographic distribution, partially because of the scar-
city of published morphologic and morphometric data.
In this context, the aim of this study is to contribute
new data to our knowledge of variability among dog
populations in pre-Hispanic South America.

Zooarchaeology of South-American
pre-Hispanic dogs

Pre-Hispanic dogs are assumed to have descended from
different founding populations that came across the
Bering Strait at the end of the Pleistocene, based on
genetic (van Asch, et al., 2013) and archaeological
evidence, for example, oldest dog remains (ca
10000–8500BP) in Danger Cave and Koster sites,
North America (Stahl, 2012). In pre-Hispanic South
America, dogs may have appeared later (Prates, et al.,
2010b, Stahl, 2012). The oldest remains found in
archaeological contexts of Peru such as Pachamachay
and Telarmachay are dated to 7500–6800BP, while
those in the Southern Cone, such as Los Toldos and
La Moderna sites, are dated to 7260BP and 6550BP,
respectively. However, the taxonomic identification of
the latter is still controversial. Recently, Larson et al.
(2012) suggested that dogs and grey wolves showed a
similar geographic distribution before agriculture.
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South American specimens became more frequent in
the Late Holocene, and in association with agro-
pastoralist societies. Specimens dated to ca AD 300–
1500 were recovered from archaeological sites in the
Andes area, such as La Isla de Tilcara (our case study)
and Santa Rosa de Tastil (both in Argentina); Sipán,
Ancón and Machu Picchu (Peru); Tiwanaku (Bolivia);
and Quitor 6 (Chile) (Brothwell, et al., 1979, Prates,
et al., 2010b). In addition, a small number of specimens
dated to ca 1000BP has been found in the eastern
plains of southern South America (Acosta, et al., 2011;
Prates, et al., 2010b).
Despite the evidence for a recent expansion across

the subcontinent, pre-Hispanic Andean dogs were
likely to exhibit a wide phenotypic variability, as
inferred from colonial documents and archaeological
records. Pre-Hispanic Andean dogs were classified into
hypothetical morphotypes or breeds on the basis of
differences in body mass, body morphology and hair
coat. For example, Allen (1920) described six types of
Andean dogs: (1) Inka: large body size; (2) techichi:
small body size; (3) hairless; (4) small body size, with
short legs and a short snout; (5) pug-like, with a
flat snout (brachycephalic); and (6) small body size,
with a long snout (dolichocephalic). Brothwell et al.
(1979) proposed two main morphotypes based on
craniometric measurements. Mendoza España and
Valadez Azúa (2006) recognised at least four breeds
based on documentary and archaeological sources:
(1) k’halas, hairless; (2) Ñañu, small body size, with
short legs; (3) Jinchuliwi, medium body size, with a
short snout and droopy ears; and (4) Pastu, medium to
large body size, with a long snout and erect ears.
Some types would have occurred at least in the

first millennium AD (Vásquez Sánchez, et al., 2009).
Although it is still a matter of debate whether these
types should be considered breeds (Brothwell, et al.,
1979; Vásquez Sánchez, et al., 2009), they might have
been subjected to artificial selection. An example of this
is provided by the ‘hairless’ trait of some pre-Hispanic
American dogs, which results from a mutation of
the FOXI3 gene. Heterozygous dogs are hairless,
while homozygous mutants die during embryogenesis
(Drögemüller, et al., 2008), suggesting that the persis-
tence of this allele from Mexico to northwestern
Argentina may be unlikely without human intervention.

La Isla De Tilcara Archaeological Site

The skull analysed here comes from the archaeological
site of La Isla de Tilcara, which is located in the central
portion of the Humahuaca Gorge (Jujuy province,

northwestern Argentina, Figure 1). Northwestern
Argentina belongs to the south-central Andes macro-
area, sharing with it some main trends, such as domes-
tication of plant and animals during the Holocene,
sedentary lifeways related to food production (since ca
1000–500BC), eventual emergence of middle-range
polities (ca AD 500–1430), and ultimately the annexa-
tion of the area to the Tawantinsuyu (ca AD 1430–1536).
There are no radiocarbon dates from La Isla, but

Nielsen (2001) dated its ceramic styles to ca AD
800–1200. Human occupation was estimated to be
ca AD 900–1200 and ca AD 800–1100 by Rivolta
(2000) and Tarragó et al. (2010), respectively. La Isla
has been assigned to the Early Regional Developments
period, which is characterised by the earliest evi-
dences of social complexity in the Humahuaca Gorge
(Nielsen 2001).
The site encompasses three burial areas: El Morro,

Necropolis A and Necropolis B (Figure 1), which were
excavated by Debenedetti (1910). Debenedetti discov-
ered 11 tombs containing abundant grave goods in
El Morro, which lies over a natural mound (675m2).
Although it was initially considered a formal cemetery,
new excavations by Rivolta (2000) revealed the
remains of a built enclosure (Figure 1(C)).
The analysed skull came from tomb 6 in El Morro.

This burial consisted of a large ceramic jar containing
two human skeletons and several offerings. One of
the skeletons was headless; it was first identified as a
secondary interment (Debenedetti, 1910), but it is
now placed in the Andean tradition of trophy heads
(Nielsen 2001). The grave goods comprised 33 ceramic
bowls (pucos), an anthropomorphic vessel, two jars, a
bronze tumi-like knife, burnt corncobs, stone beads,
boulders, copper mineral, a mortar and a carnivore skel-
eton represented by only the cranium and mandibles.
The skeleton was catalogued and published as item
2624 by Debenedetti (1910) and assigned the cata-
logue number 2629 by the Museo Etnográfico
Ambrosetti; to avoid confusions, the specimen is herein
identified by the former number. A discussion on the
symbolism of animal offerings at the site was published
elsewhere (Belotti López de Medina, 2012)

Methods

The skull specimens were taxonomically identified at
the Instituto de Arqueología (Universidad de Buenos
Aires) and the Museo Argentino de Ciencias Naturales
(MACN-CONICET). Age was estimated based on
tooth eruption. Measurements of the cranium and
mandibles were made using the procedure of von den
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Driesch (1976) and teeth following that of Prevosti and
Lamas (2006) (Data S1 and S2). The mandibles were
measured from photographs taken shortly before this
study, while the rest of the material was measured with
a sliding calliper. These measurements were compared
with those reported for other archaeological specimens
and morphotypes from the central Andes (Data S3)
(Allen, 1920, Wing, 1978, Brothwell, et al., 1979), to
characterise specimen 2624 in relation to previously
described pre-Hispanic Andean dogs. Data from three
archaeological dogs from the Pampean, Patagonia and
Littoral regions of Argentina (Acosta, et al., 2011,
Prates, et al., 2010a) were used as independent controls.
Morphometric comparisons are difficult because of

the fragmentary nature of the material analysed and
differences in the type of variables reported in pub-
lished studies. Keeping this in mind, we applied two
approaches to achieve valid comparisons. On one
hand, the sizes of individuals and morphotypes were
compared by means of the log-size index (LSI)
(Meadow, 1999). In this technique, different measure-
ments taken from a number of archaeological skeletal
elements are transformed to a common scale derived

from a standard animal. In our study, morphometric
data were log10-transformed, and the mean values of
the Peruvian Group A of Brothwell et al. (1979) were
used as standard. In addition, the LSI was used to
compare palatal morphologies because the palate of
specimen 2624 was complete. On the other hand,
body mass was estimated using the regression equa-
tions of Losey et al. (2014); Losey et al. (2016);
Anyonge (1993) and Legendre & Roth (1988; Data S5).

Results

The cranium is slightly longer than 13cm antero-
posteriorly and is broken into four parts (Figure 2).
Although several teeth are missing, the number of
alveoli in the maxilla–premaxilla and mandibles agrees
with that expected for a complete dentition. Taking
into account the eruption of the second and third
molars, specimen 2624 might have been at least
5–7months old at death. The specimen shows the most
important diagnostic characters of Canis lupus familiaris,

Figure 1. Left: Northwestern Argentina and location of La Isla de Tilcara; Map was created with QGIS. Vector data from Instituto Geográfico
Nacional (http://www.ign.gob.ar/) and Natural Earth (http://www.naturalearthdata.com/). Right: layouts of El Morro based on Debenedetti (1910)
(upper) and Rivolta (2000) (lower). This figure is available in colour online at wileyonlinelibrary.com/journal/oa
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the domestic dog, for example, crowded tooth row and
pronounced angle between the nasal/maxilla bones and
the frontal bones.
Figure 3 plots the distribution of LSI values for spec-

imen 2624, and all specimens reviewed (Data S4). To
accomplish a more comprehensive analysis, we in-
cluded the LSI of diverse variables, giving preference
whenever possible to the palatal length. The histogram

clearly shows that the specimen under study is among
the smallest pre-Hispanic dogs (�0.068), together
with the Peruvian Group N (Brothwell, et al., 1979)
and the pug-nosed dog (Allen, 1920).
The values of LSI for palatal length and breadth are

plotted in Figure 4. The palate of specimen 2624 is
narrower than that of dogs within the Peruvian Group
N and its palatal breadth/length ratio approximates that

Figure 2. Item no. 2624 (Debenedetti 1910) / 2629 (catalogue number of the archaeological collection of the Museo Etnográfico J. B. Ambrosetti).
Cranium bones partially assembled for photography: right frontal (A), left parietal (B), loose teeth (C), cranium (D), left (E) and right (F) hemimandibles.

Figure 3. Log size index (LSI) distribution of archaeological morphotypes and specimens.
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of larger dolichocephalic dog types like the Peruvian
Group A.
Figure 5 plots the results of the regression analyses

(Data S5). Each case shows a wide range of variability
in predicted body mass depending on the available
measurements and the corresponding regression equa-
tions. This was expected because of the well-known
allometric disparities among dogs and the probabilistic
nature of the regression model. Nonetheless, specimen
2624 is again among the smallest dogs, with a mean
body weight of 6 kg. Group N has the highest variance

among Andean morphotypes, partly due to its palatal
morphology. On a side note, dogs from the eastern
Argentinian plains seem to have been larger than the
Andean types.

Discussion

Present-day dogs show the widest phenotypic vari-
ability among mammals and the same applies to pre-
Hispanic South American dogs. Our results support

Figure 4. Log size index (LSI) values for palatal measurements of pre-Hispanic South American dogs (VDD: von den Driesch 1976).

Figure 5. Body mass regressions of the item 2624 and other pre-Hispanic dogs from the central Andes and Argentinian plains.
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the notion that Andean dogs exhibited a broad range
of body sizes and at least two facial morphologies, prob-
ably representing subpopulations that resulted from
both natural and relaxed artificial selective pressures
(Brothwell, et al., 1979).
The dog specimen 2624 from La Isla is smaller than

morphotype Group N from Peru and the Rosamachay
specimen, but its palatal morphology resembles that
of large dogs. The size of modern small breeds may
be influenced by six polymorphic genes (Rimbault,
et al., 2013), but it remains to be determined if the same
alleles were responsible for small pre-Hispanic Andean
dogs and if they were subjected to some degree of
artificial selection. Indeed, ancient agropastoralist
communities should have been familiar with breeding
procedures, and the existence of hairless dogs suggests
some control over reproduction. Research on the
genetics underlying phenotypic diversity in modern
dogs has gained increasing attention over the last de-
cade and its application to ancient DNA would help
to clarify issues regarding pre-Hispanic morphotypes.
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