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S E C T I O N TWO

HUMANSKELETAL
REMAINS
FROM MACHUPICCHU
A Reexamination of the
Yale Peabody Museum's Collections
John W. Verano

Introduction
Since its "rediscovery" by Hiram Bingham in 1911, the site of Machu Picchu has stimulated the imagination of several generations of explorers and writers. Many have been
influenced by Bingham's vision of Machu Picchu as a "lost city" and as an isolated
refuge for the last of the Inca's "Virgins of the Sun." Bingham's conception of Machu
Picchu is an enduring classic among popular accounts of the Inca empire, although it
is based on very little hard evidence. The principal support for Bingham's "Virgins of
the Sun" hypothesis was drawn from George Eaton's monograph (1916) on the human
skeletons recovered from burial caves surrounding Machu Picchu. Eaton concluded
that the skeletal remains from Machu Picchu were almost exclusively those of women.
This fit Bingham's hypothesis neatly.
Since Eaton's time, however, there have been lingering doubts about the accuracy
of his sex assignments. Over the years several students have examined the skeletal collection at Yale University's Peabody Museum of Natural History (YPM) ,often reaching
different conclusions about its sex distribution. Unfortunately, although some of these
studies exist in manuscript form (Mayrer 1974; and a 1988 unpublished student paper
by Monica L. Russel y Rodriguez, "A Reanalysis of the Human Osteological Remains
of the Machu Picchu Collection at Yale University," prepared for Professor Leslie
Aiello, Department of Anthropology, Yale University), none have been published. As a
result, Eaton's 1916 monograph, as well as a recent Spanish translation of his work
(GuillCn 1990) are the only published descriptions of this important collection. There
clearly was a need for a reevaluation of Eaton's findings, given the many advances in
human osteological techniques since his time.
This paper is a reexamination of the Machu Picchu skeletal collection, using current osteological methods that include techniques for age and sex determination and
statistical analyses not available in Eaton's time. In addition to addressing basic paleodemographic issues, this report focuses in more detail on the skeletal biology and paleopathology of the individuals buried at Machu Picchu, with particular reference to
more recent models of the nature and function of the site and the possible identities of
those buried there.
The results of this study provide support for some of Eaton's interpretations and
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question others. His conclusion that the burial population at Machu Picchu was ethnically diverse and included natives from the coast as well as the highlands of Peru finds
additional support here. In contrast, his conclusion that most of the burials at Machu
Picchu are of adult women is not supported, nor is his diagnosis of multiple cases of
syphilis in the skeletal remains. Evidence of other infectious diseases, both specific (tuberculosis) and nonspecific (periostitis, pyogeuic osteomyelitis),were not recognized by
Eaton, but are identified in this study. Additional paleopathological findings provide a
fuller picture of health, disease and activity patterns of those buried at Machu Picchu.
These findings, combined with recent reanalyses of the burial contexts and grave goods
from Machu Picchu (Salazar 2001b), associated faunal remains (Miller 2002), and stable isotope analysis of bone collagen (Burger and others 2002), provide new insights
into the lifestyle, social dynamics and identities of the ancient inhabitants of Machu
Picchu.

Historical Context of the Collections
The human skeletal remains from Machu Picchu constitute a particularly valuable research collection, unusual for its time in several respects. Eaton made a concerted effort
to collect all skeletal material from the burial caves surrounding the site, and wherever
possible kept skeletons catalogued as units. This strategy was different from that of most
other early scientific expeditions seeking South American skeletal material for Peruvian,
European and North American museums. Collections made from other highland burial sites by Julio C. Tello and his students (Tello 1913),Ale3 Hrdlitka (1911, 1914) and
George Grant MacCurdy (1923) consisted almost exclusively of skulls and disassociated
postcranial elements, the latter frequently collected only if they showed obvious pathology. These collections, although initially lauded for their large size (Hrdlizka 191l),
would later prove to have serious limitations for osteological research because of commingled material and lack of secure dating and context. Commingled material was especially problematic for the study of pathological conditions that affect multiple bones
in the skeleton, since the patterning of bone reaction is of great importance in differential diagnosis (Buikstra 1977; Ortner and Putschar 1981).
Keeping Machu Picchu skeletons separate was not always possible, since bones
were often found scattered over the floors of caves, most of which housed the remains
of multiple individuals. Problems of access and movement within small caves, with distractions such as poisonous snakes and scorpions (Eaton 1916:36-7), also made the task
challenging for Eaton and his field assistants. Nevertheless, the collection and cataloguing of remains as associated sets rather than commingled material increases their research value considerably Finally, unlike many archaeologists and physical anthropologists of his time who believed that only the bones of adults had research value (Johnston
1968), Eaton also collected remains of infants and children at Machu Picchu.
It must be noted, however, that the quality of field records for the Machu Picchu
skeletal collection is variable. During the initial field season in 1912, Eaton personally
supervised the collection and field recording of material and made sketch maps of the
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52 burial caves where he collected. These maps, while useful for interpreting the general
context of the finds, lack the level of detail necessary for reconstructing the specific location of skeletal material, especially in caves that contained multiple individuals. During the second tield season Eaton could not be present, and material from an additional
55 caves was collected by local field assistants who did not record detailed information.
Potentially valuable contextual data on these burial caves and their contents was lost.
Despite these shortcomings, however, the agreement between Eatods original descriptions of the osteological material and the contents of boxes curated at the Yale Peabody
Museum is impressive. Although some material has been mixed, and some has apparently been lost since it was originally catalogued by Eaton, it remains a surprisingly intact and valuable research collection.

Motivations for Restudying
the Machu Picchu Collection
I had four principal reasons for wanting to reexamine the Machu Picchu collection.
First, some of Eaton's conclusions about the Machu Picchu skeletons have been questioned-in particular the sex ratio of the sample. Eaton classified most of the Machu
Picchu skeletons as female: 109 females and 26 males, which yields a 4:l sex ratio. He
then used this predominance of females to support Bingham's interpretation of Machu
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Picchu as an acllawasi-an architectural complex that housed Inca "chosen women" or
"Virgins of the Sun." More recent research has questioned such an interpretation, arguing instead that Machu Picchu was one of the royal estates of the Inca Pachacuti (Rowe
1990; Burger and Salazar-Burger 1993; Salazar and Burger, in press).
Eaton may have been unconsciously biased by a desire to provide skeletal data to
confirm Bingham's hypothesis. Alternatively, his lack of prior experience with Andean
skeletal remains may have led to misclassifications, particularly when he assigned sex
based on bone size and robusticity. Native Andeans are known to be of relatively short
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stature and small body size, and small males could easily be misclassified as female by a
researcher more accustomed to skeletal samples from taller and more robust populations. In addition, some anthropometric studies have found that sexual dimorphism in
body size is reduced in individuals growing up at high elevation (Frisancho and Baker
1970; Frisancho and others 1972), malting sex determinations from bone size potentially more difficult.
Eaton's estimates of age at death for the Machu Picchu skeletons likewise merit
reexamination. In his 1916 publication he does not describe the criteria he used to as-
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sign age. Presumably he used dental development and epiphyseal closure to age
subadults, although this is not made explicit. In adults, the only criterion he mentions
is cranial suture closure, which is known to be a method of limited reliability, particularly given the published standards available at the time (Masset 1989). In fact, most
adult aging methods used by physical anthropologists today had not been developed
in Eaton's time.
The potential errors in single aging methods, such as cranial suture closure, are
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highlighted by some substantial differences between Eaton's age assessments and my
own. In one such example (Cave 74, ANT.PA 03229), Eaton noted: "From the indications of age afforded by the sutures, the woman was young, probably but little more
than twenty-five years of age, yet the maxillary arch was practically edentulous at the
time of death" (191666). My own examination of this skeleton revealed not only heavy
tooth loss, but advanced degenerative changes of the auricular surface and vertebral column, osteoarthritis of multiple joints, generalized osteoporosis and a compression fracture of the 12th thoracic vertebra. My age estimate for this woman was 50 to 60 years,
substantially older than Eaton's. Her cranial sutures indeed show almost no closure, but
all other skeletal indicators are consistent with old age.
A third reason to reexamine the Machu Picchu collection was to do a more thorough paleopathological analysis. Paleopathology was not Eaton's principal research interest, and while he illustrated and provided brief descriptions of the more striking examples in his 1916 publication, he went no further. His observations were veryselective;
for example, he makes no mention of degenerative conditions of the skeleton, dental
pathology, or evidence of anemia. This may reflect in part a lack of interest, but there
are other reasons as well. Skeletal indicators of anemia, such as porotic hyperostosis and
cribra orbitalia, were not recognized as such in Eaton's day. Moreover, since his time,
substantial progress has been made in methods for differential diagnosis of skeletal
pathology.
A final objective was to develop new insight into both the origins and the daily activities of the people buried at Machu Picchu. If these were not the skeletons of"chosen
women" as suggested by Bingham and Eaton, then who were they? If recent interpreta-

72

Yale University Publications in Anthropology 8.5

tions of Machu Picchu as a royal estate of the Inca Pachacuti are correct, then those
buried in and around the ruins probably represent the estate's servants and caretakers
(Salazar 2001b; Salazar and Burger, in press). I hoped that some skeletal indicators of
the habitual activities of these people could be found, so as to indicate whether or not
they engaged in heavy manual labor or were involved in warfare or other violent encounters. The geographic origin and ethnicity of those buried at Machu Picchu is also
an important research question. Eaton found several distinct forms of cranial deformation at Machu Picchu and concluded that people from the coast as well as the highlands
were buried there. I hoped to explore this question further using comparative data from
coastal and highland Peruvian skeletal material I had examined in previous research.

Taphonomy
The condition of the Machu Picchu burials varies from very well-preserved, nearly
complete skeletons (see Figure 2.1) to poorly preserved and fragmentary remains. Local
environmental conditions, which include high humidity, rainfall and acidic soil, combine to work against the preservation of organic remains, although the placement of
burials within sheltered caves resulted in the survival of skeletal material, and in a few
cases, even traces of skin and textiles (see Figure 2.2). Eaton noted that very few of the
Machu Picchu skeletons seemed to have been buried; they were instead placed on the
floors of caves in a seated position: "In only a few cases were the remains actually inhumed, that is, entirely covered with earth.. . . I think that whenever there was sufficient
headroom, the mummies were placed sitting in the contracted position, and it is very
likely that shallow pits not more than a few inches deep may have been excavated in the
floors of the caves...to keep them from toppling over" (1916:4). If burial practices at

FIGURE 2.7. Preauricular

03180.

sulcus development. A, G v e 14,ANT.PA 00523, Individual A; B, Cave 31,ANT.PA

FIGURE 2.8.

Examples of annular deformation. A, Cave 107, ANT.PA 03248; B,Cave 13, A N T P A 03166.

FIGURE2.9. Occipital flattening. A, Cave 4 (isolated male cranium); B, Cave 16, ANT.PA 03168, a young
adult male with slight asymmetric occipital flattening.
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Machu Picchu were similar to those recorded at nearby Inca burial cave sites by MacCurdy in 1914 and 1915, the bodies would have been wrapped in textiles and then
bound tightly in a flexed position with grass rope. Woven fiber rings were commonly
found at the base of mummy bundles, which allowed the body to he placed upright in
a seated position (MacCurdy 1923:219-220).
The placement of bodies on cave floors at Machu Picchu resulted in differential
preservation of skeletal elements. This was noted by Eaton in some of his burial descriptions, and can be seen clearly in many of the skeletons today. Parts of the body
that had the most direct and extended contact with the moist soil of cave floors decomposed more rapidly; the ends of long bones at the hip and ankle joints are often
poorly preserved, while at the knee joints the preservation is much better (see Figure
2.3A, B).
The luxuriant vegetation at Machu Picchu also affected skeletal preservation.
Plant roots penetrated and damaged several bones, fracturing some and warping others (see Figure 2.4). Eaton noted that "frequently the shafts of long bones were traversed
throughout the length of the medullary cavity by wire-like stems of bamboo grass"
(1916:4). While some subsequent studies of the Machu Picchu bones have suggested
that warped long bones may indicate pathological conditions such as rickets, paralysis
or some disease of unknown etiology (Mayrer 1974; unpublished 1988 student paper
by Russel y Rodriguez [see above]), my own opinion is that postmortem warping of the
bones due to moisture and root incursion is a more likely explanation, particularly
given the variety and number of bones involved and the obvious root damage in many
cases.
Eaton was puzzled by several burials that lacked skeletal elements, often in individuals that were otherwise relatively complete and well preserved. With reference to
Cave 33, Eaton noted: 'Xn odd circumstance that should certainly be recorded, is that
neither the skull nor any of the vertebrae and ribs were present, the few skeletal parts
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that remained being well preserved and lying on the floor of the cave" (191632). Eaton
hypothesized that the loss of body parts might have occurred as a result of Inca cultural
practices involving the removal of mummies from their caves on certain ceremonial occasions. Presumably, unintentional damage and loss of parts occurred before the bodies were returned to their normal place of rest. With reference to a skeleton in Cave 20
missing the skull, femora and humeri, Eaton noted that "this may be one of those instances where the skeleton, or perhaps one should say the mummy, had been moved
about until certain important parts were broken off and lost" (191620). Personally, I
find it hard to imagine "forgetting" to return a revered relative's head to its burial place
along with the body, although Eaton suggests that alcohol may have been involved. Citing accounts by several colonial sources, he states: "From the preceding quotations it
must be apparent that great quantities of intoxicating liquor were consumed by the Indians at their religious feasts.. .and no one.. .can doubt that the closing scenes of the an-

.

Human Skeletul Remuinsfiom Machu Picchu Verano

79

TABLE
2.1. Ace and sex distribution
?M

?

Age

Quantity

Male

Female

Fetal

1

-

-

1

Newborn to 4 years

9

-

-

9

5 to 9 years

-

-

5

10 to 14 years

5
6

-

-

6

15 to 19 years

18

6

5

20 to 29 years

17

8

5

30 to 39 years

18

6

8

40 to 49 years

13

2

11

Over 50 years

14

3

11

Adult, age indeterminate
Total

?F

1

I

6

1

3

I

76

14

18

I

7

36

177

39

60

2

12

64

cient festivals were occasionally conducted with less decorum than was in keeping with
their sacred character" (1916:92).
While Eaton's scenario is an evocative one, it may not be the most plausible explanation for the incompleteness of many of the Machu Picchu skeletons. In examining the material at the Yale Peahody Museum, I saw carnivore damage on many bones
(Figure 2.5A, B). The damage was most commonly found on the shafts of ribs and the
ends of long bones, areas particularly attractive to carnivores (Haglund 1997), and
tooth marks were visible in several cases. Eaton apparently did not notice these marks,
although he mentions one case where a mandible and left femur of an otherwise nearly
complete skeleton were missing, noting that "as the threshold of the cave was low, the
bones may have been disturbed a little by some marauding animal" (1916:31).
What animals, marauding or otherwise, were responsible for the damage? The size
of tooth marks and lack of major fragmentation of remains suggests a small carnivore
such as a fox or dog. Domesticated dogs were clearly present at Machu Picchu in Inca
times, since dog burials were found in some of the caves. Dogs are known to feed on exposed bodies and to gnaw at the ends of long bones, as well as drag off limbs and other
body parts for consumption elsewhere (Haglund 1997). Body scavenging by carnivores
may thus explain the absence of some bones and limb segments among the Machu Picchu burials. Bodies of the recently deceased exposed in caves around Machu Picchu
would have been attractive to dogs and other scavengers, and mummified bodies probably retained some attractiveness as well, particularly if they became damp during periods of high humidity or heavy rainfall. Damage to mummies could have continued
after the abandonment of Machu Picchu, particularly if dogs were left behind without
food. Eaton mentions that one of his workmen shot a bear cub near Machu Picchu. It
is thus possible that some damage and scattering of human remains was done by larger
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TAELE
2.2. Eaton's age and sex estimates for the Machu Piccllu skeletons
Age and sex

Quantity

Addt males

22

Adult females

102

Young males

4

Young females
Adults of unknown scx
Young persons of unknown sex

17

Infants

5

7
7

Source: Eaton 391694.

carnivores, although bears typically are much more destructive to bone than are smaller
carnivores (Rinford 1981; Murad 1997).
In addition to carnivore damage, rodent gnawing was seen on the bones of three
individuals (see Figure 2.6). The parallel linear tooth scars clearly distinguish them from
damage produced by carnivores (Haglund 1992). Rodent damage to the Machu Picchu
skeletons was relatively minor, however, and it is unlikely that rodents were involved in
the scattering and loss of large bones or articulated limbs.
Recent human disturbance of the Machu Picchu burial caves should also be considered a factor in bone scattering and loss. Despoiled burial caves and mortuary structures abound in the central and southern Andes, and there are descriptions of the systematic looting of Prehispanic graves that date back to the early Colonial period in both
highland and coastal Peru (Salomon 1995). Little is known about the postabandonment
history of Machu Picchu, but Eaton suspected that some of the burial caves had been
disturbed by treasure hunters in search of artifacts.

Paleodemography
and Skeletal Biology
Eaton did not describe the methods he used to determine the age and sex of the Machu
Picchu skeletons. My own age estimates were often reasonably close to Eaton's, although
he seriously underaged some adults, apparently due to his reliance on cranial suture closure as an aging method. Our age estimates for subadults were in better agreement. It is
in sex determination where Eaton's and my own results diverge most widely. Eaton did
not speciij. the criteria he used to determine sex, although he mentions in several cases
that a pelvis was "clearly" male or female.
I estimated subadult age on the basis of dental calcification and eruption, long
bone length, and degree of epiphyseal closure. For adults I arrived at a composite age
estimate based on multiple criteria, including pubic symphysis and auricular surface
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TABLE
2.3A. Long bone length and adult stature estimates. Measurements are in centimeters; F = femur;
T = tibia.

YPM catalog
number

Femur
maximum length

Tibia
maximum length

Male mean

157

Females
ANTPA 03157

39.5

ANT.PA 03164

37.4

-

ANT.PA 03 165

37.6

30.2

Female mean

Stature
estimate

33.0

152 F, 153.6 T

146.6
147.1 F, 145.9 T

148.3

morphology, sternal rib changes, degenerative and other age-related changes (osteoarthritis, vertebral osteophytosis and enthesiophyte development), tooth wear, and
ectocranial suture closure (Iscan 1989; Buikstra and Ubelaker 1994; Ubelaker 1999).For
sex determination of adults I relied on pelvic morphology wherever possible, and on
cranial morphology and general bone size in cases where diagnostic features of the innominate bones were not preserved.
Appendix C presents my age and sex estimates as well as brief observations on
completeness and pathology by individual catalog number. Summary age and sex
data are presented in Table 2.1. It can be seen that the Machu Picchu sample includes
individuals of all ages, from a probable fetus to old adults. A total of 177 individuals
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were identified, 13 more than originally described by Eaton. Of these, 76 were adults
too poorly preserved to estimate age at death. Likewise, sex could not be determined
in 37 of the adults and six adolescents because of incompleteness or poor preservation. I classified 14 adolescents and adults as "probable" males or females (?M, ?F),
based on skeletal features such as general bone size and robusticity that suggested
male or female sex.
The number of infants and children is relatively small, although not insignificant.
A total of 20 children under the age of 15 were recovered from the burial caves at Machu
Picchu. The probable fetus was identified ti.om a single right humerus with a maximum
length of 53 mm. Its length is 10.5 mm shorter than the smallest humerus in a comparative sample of 49 Arikara Indian skeletons estimated to be newborn to 6 months of
age (Ubelaker 1999:70-71, table 14); it yields a fetal age estimate of eight lunar months
using regression formulae developed by K6sa from modern European fetal skeletons
(K6sa 1989).
In terms of sex, adolescent (15 to 19 years) and young adult males and females are
present in approximately equal numbers. Among middle aged (40 to 49 years) and
older adults (over 50 years) females outnumber males, although the sample is small. A
comparison of my results with those preseuted by Eaton in his 1916 publication underlines the differences in our sex assignments. Eaton's summary figures are given in
Table 2.2. His results indicate that females greatly outnumber males at Machu Picchu:
109 to 26, or approximately a 4:l ratio. My own analysis indicates otherwise: among
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adolescents and adults for whom I could confidently assign sex, 60 were classified as female and 39 male; a ratio of 1.54:l. If we include individuals I classified as "probable"
males and females, the numbers rise to 72 females and 41 males, a ratio of 1.761. In either case, my own results do not support Eaton's conclusion that the Machu Picchu
skeletol~sare primarily those of women.
In comparing my sex determinations with Eaton's on a case by case basis, I found
we were in agreement on all individuals where the innominate bones were well preserved and sexually dimorphic features could be scored. It was in the less well-preserved
and fragmentary material that we differed. While it is known that bias in sex determination can go either way-and not infrequently results in misclassification of robust females as males (Weiss K. 1972), Eaton's numbers suggest that he classified nearly all ambiguous cases as female. He also was less likely to classify sex as "unknown" (17
individuals, compared to 37 in my analysis). Eaton's prior experience with Andean
skeletal material was very limited, and this may have led him to misclassify small-boned
males as females. He may also have been unduly influenced by a desire to find osteological support for Bingham's "Virgins of the Sun" scenario. Interestingly, however, on
several occasions Eaton commented on the gracile nature of male skeletons at Machu
Picchu. He provides a particularly disparaging view of a male burial from Cave 63:
Measurements of the skull and the pelvis ...furnish satisfactory evidence of their male sex,
[although] very far from displaying those evidences of robust development that are commonly regarded as characteristic of hardy primitive warriors. As regards strength of bone
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and muscle, this individual was remarkably inferior to same male Indians whose fragmentary remains I had previously collected in a burial cave in the hills overlooking San
Sebastian, in the Cuzco valley, the comparison being by no means flattering to the
physique of the men whose remains were interred at Machu Picchu. (19163623

While Eaton may go a little far here, I do agree that most male skeletons at Machu
Picchu are not particularly robust in comparison to other Andean skeletal samples I
have studied. Coupled with the rarity with which advanced patterns of osteoarthritis
and other degenerative conditions of the skeleton were found in this collection (see
"Degenerative Disease and Activity Markers," below), this would lend support to the
idea that individuals buried in the caves around Machu Picchu were servants and caretakers of the royal estate rather than worlcers involved with heavy labor or strenuous activities, such as stone quarrying and transport, or defense of the site (see"Paleopathology" below).
The Machu Picchu skeletal sample, although dominated by adults (1351174, or
78%), includes a distribution of ages not atypical of many prehistoric cemetery samples, where infants are underrepresented due to differential burial practices (Gordon
and Buikstra 1981; Saunders 2000). The presence of infants and children is clearly problematic for Bingham's "Virgins of the Sun" hypothesis. Eaton was aware of this, and offered the following explanation:
\'~:\\~ngh u ~ l t d t toatow broadli .$;,.I witlluur inqulringtno irl~~nla~ely
I I I I C I the . I . l t i ~
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PICURE2.17 Cranium with postmortem brcakr~geCave 50, ANT.PA 03207.
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casional occurrence of infantile remains. It is probable, too, that other women of high
rank, not connected with convent or temple, were buried in the caves of the mountainside. (1916:95)

Recent studies of grave goods associated with the Machn Picchu burials do not
indicate that individuals of high rank were interred there (Salazar 2001b). The presence of infants and children does suggest, however, that at least some of the women
buried at Machu Picchu were reproductively active. Childbirth can produce scarring
of the dorsal aspect of the pubic bone (Angel 1969), although recent studies of documented cases indicate that it does not always occur, and the degree of scarring does not
necessarily correlate with the number of births (Suchey and others 1979). I found only
one example of what may be parturition scarring in a 45- to 55-year-old Machu Picchu female (ANT.PA 03174, Individual 1). It is not a pronounced case, and following
T. Dale Stewart's system would be classified as "trace to small" (Stewart 1970). Several
other female innominates do show large and deep preauricular sulci, however (see Figure 2.7A, B). This feature, in addition to being a sexually dimorphic trait (absent in
males), is commonly enlarged by childbirth as well (Kelley 1979). These pelvic data
suggest, therefore, that at least some of the women buried at Machu Picchu had borne
children-not surprising given the presence of infants and children in the burial caves.
Adult Stature
Eaton provided estimates of living stature for only two of the Machu Picchu skeletons, using measurements of the long bones. I was able to find femora or tibiae complete enough to calculate living stature estimates for 18 individuals: eight males and
10 females (see Table 2.3A). I used GenovPs's Mesoamerican stature formulae (Geneves 1967), which has been shown to work well for coastal Peruvian skeletal material
(Verano 1994, 1997a). No stature formulae have been developed specifically for na-
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F l ~ u n e2.19. Pronounced muscle attachments on hun~er~.
A, Cave 11, ANTPA 03165; B, Cave 83,ANT.PA
00535, Ind~vidual1.

tive South American populations, making the Genovks formulae the best choice at
present. However, I noted that in nearly all cases tibial length gave stature estimates
several centimeters higher than femoral estimates. Initially this suggested that Andean
populations might have different crural indices (tibial lengthifemoral length x 100)
than Mesoamericans, but a recent study found similar disparities in stature estimates
from femora and tibiae in Maya skeletons using the Genovks formulae (Mlrquez and
Angel 1997). For the Machu Picchu skeletons where both tibiae and femora were
measurable, stature estimates based on femur and tibia length were averaged. Summary statistics calculated from the data in Table 2.3A are as follows: adult males average 157 cm, or approximately 5'2", with a range of 148 to 168 cm; females average
148.3 cm, or approximately 4'11", with a range of 138 to 156 cm. These values are
similar to archaeological samples from northern coastal Peru, as well as to anthropometric data on modern native groups in coastal Peru and highland Peru and Bolivia
(Table 2.3B).

Cranial Modification
Both undeformed and culturally modified crania are found in the Machu Picchu burials. As was noted by Eaton in his 1916 monograph, two and possibly three distinct
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TABLE
2.38. Machu Picchu stature estimates compared to other coastal and highland samples.
Males

Sample

Time
period

Quantity

Mean
stature

Females

Quantity

Mean
stature

Inca

~MachuPicchua
Quechua. Cuzco, Peruh

Modern

Quechua, NuRoa, PeruL

Modern

Aymara, Boliviab
Aymara, Copacabana,
Bolivia8

Modern
Modern
Moche

Chicama Valley, north
coast Perue

Late
Prehistoric

San Jose, Lambayeque
Valley, north coast Peruf

Modern

MonseM, Lambayeque
Valley, north coast Peruf

Modern

a

Saurcc Verano 2002
Source: Stinson 1990
Source: Frissnclio and Raker 1970

Source: Hrdlii-ka 1938
Source: Lasker 1962
8 Source: Kim 2000

Source: Verano 19978

forms of skull modification are present, suggesting that the ethnic composition of the
Machu Picchu burials is mixed. Annular or circumferential deformation, a form of intentional head shaping produced by wrapping cloth bands around the head in infancy,
is the most visually distinctive (see Figure 2.8A, B). Eaton called this "Aymara" deformation, because it was a common practice among the prehistoric and protohistoric Aymara of southern highland Peru and Bolivia. In fact, annular deformation is not unique
to the Aymara, but was practiced by various Andean groups, although more commonly
in the highlands than on the coast (Imbelloni 1933; Weiss P. 1972; Gerszten 1993). The
other frequent form of deformation at Machu Picchu is occipital flattening (see Figure
2.9A, B), which was probably a result of cradleboarding rather than a conscious attempt
to alter the shape of the head. This form of anterior-posterior cranial deformation is
not typical of highland groups, but is common in prehistoric populations of the central
and northern coast of Peru (Newman 1947; Weiss P. 1972;Verano 1994,1997a). As is
typical of cradleboarding deformation elsewhere, the occipital flattening in the Machu
Picchu skulls is usually more pronounced on one side than the other, as can be seen
when the skull is viewed from above or below (Figure 2.9B).
Of 60 Machu Picchu skulls that are complete enough to score, 33 (55.0%) are
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TABLE
2.4. Reference samples for canonical discriminant analysis
Dating

Sample size

Central highlands,
Huarochiri and
Yaiyos provinces

Late Prehistoric

43 M

lahuayb

Central coast,
35 kn~north of Catiete

Middle I-Iorizon

29 M
25 F

MalahrigoC

North coast,
Chicama River valley

Late Intermediate
Period

27 M
24 F

Pacatnamu

North coast,
lequetepeque
River valley

LIIC
Intermediate

37 M

Period

47 F

Sample
Yauyos"

Provenience

41

F

"oune: Hou.ells 1173, 1996
Source: Dricor 1976 \'erano 1987
5ource:Verano l91ia

undeformed, 13 (21.7%) show occipital flattening, and 14 (23.3%) show annular deformation. The 1 3 skulls with occipital flattening are perhaps of most interest, since
this is a form of cranial deformation not typical of highland people. Given what is
known about the Inca system of labor service, and their practice of resettling their
subjects to satisfy political and security needs (Rowe 1946; Rostworowski de Diez
Canseco 1999), it is perhaps not surprising that the resident population of Machu
Picchu would be ethnically mixed. Interestingly, deformation types show no apparent
patterning in the burial caves at Machu Picchu. No caves contained individuals of a
single deformation type, as might be expected if burial location was based on ethnicity or geographic origin. Thus, although head shape may have marked one's geographic or ethnic origin, such distinctions do not seem to have been expressed in burial location at Machu Picchu. This is consistent with recent studies of the grave
contexts and funerary offerings, which suggest that non-Inca mortuary practices were
suppressed at Machu Picchu (Salazar 2001b).
Some comparative data on cranial deformation is available from skeletal material collected at eight other Inca burial sites in the highlands northwest of Cuzco, reported by MacCurdy (1923). Collective burial caves at these sites also contained a
mixture of "Aymara type" deformed skulls and undeformed skulls. However, no skulls
were found with unequivocal occipital flattening (MacCurdy 1923:229). Of a total of
341 skulls examined, MacCurdy recorded 147, or approximately 43%, as of "Aymara
type:' and the remainder as undeformed. These data suggest that heterogeneity in
cranial deformation practices was not unique to Machu Picchu, but may have been
common in burial caves of the Cuzco area. While the dating of MacCurdy's material
is uncertain, it appears to be roughly contemporary with Machu Picchu.
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Craniometrics
and Geographic Origin
Since there is variability in cranial deformation types at Machu Picchu, I decided to use
multivariate analysis of cranial measurements as a tool to further explore the issue of
the geographic origin of those buried at the site. Multivariate analysis of cranial measurements has proven to be a useful method for estimating the degree of genetic relatedness between ancient populations (Droessler 1981; Buikstra and others 1990;
Pietrusewsky 2000), and has been applied successfully in the study of prehistoric South
American groups (Rothhammer and Silva 1990;Verano and DeNiro 1993;Verano 1994,
1997a). Discriminant function analysis (for two-group comparisons) and canonical
discriminant analysis (for multiple-group comparisons) are the most powerful techniques for addressing such questions (Pietrnsewsky 2000). Unfortunately, multivariate
analyses require original measurements, and cannot be applied to summary statistics
such as means and standard deviations. Thus, published data from earlier surveys of
cranial variation in ancient Peru, such as those of Newman (1943, 1947) and Dricot
(1976) could not be used in this study. Instead, data on three coastal cemetery collections I measured as part of my dissertation research (Verano 1987), and data from a
central highlands collection measured by Howells (1973) and recently made available
over the internet (Howells 1996), were used as reference samples to examine craniofacia1 variability at Machu Picchu. General information on the provenience, dating and
size of these comparative collections is presented in Table 2.4.

Methods
Fifteen craniofacial measurements were used to generate canonical discriminant functions using the statistical package SPSS 10.0 for Windows@.These measurements (see
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Table 2.5) have proven useful in discriminating cranial samples in previous studies
(Howells 1973) and have been shown not to be affected significantly by cradleboard deformation (Verano 1987). To maximize group discrimination, stepwise selection of
variables was used, with minimization of Wilk's lambda as the criterion for entering and
removing variables (Norusis 1985).
The purpose of the canonical discriminant analysis was to test whether craniofacia1 measurements can effectively distinguish cranial samples from different areas of the
Peruvian coast and highlands, and to evaluate the relative distinctiveness of the four
comparative samples. Twenty-hYo adult crania from Machu Picchu sufficiently complete to record all 15 measurements were then entered as unknowns to be classified by
the discriminant functions. Each Machu Picchu cranium was allocated to the group
with which it showed the greatest metric similarity. Analyses were done separately for
males and females.
Results
Table 2.6 and Figure 2.10 summarize the results of the canonical discriminant analyses.
Discriminant functions derived from the four reference samples are effective at distinguishing one from another, and produce some meaningful results about the correlation
between the geographic distance between the samples and the location of their group
centroids (multivariate means) as calculated by the functions. Separate analyses for
males and females produce similar results, so they will be discussed together. For each
four-group comparison, three canonical discriminant functions (n-1) were derived.
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TABLE
2.5. Measurements used to generate canonical discriminant functions. Measurements follow definitions in Howells (1973), and were taken with a sliding caliper and rounded off to the nearest millimeter.
1.

Basion-nasion length

2.

Basion-prosthion length

3.

Nasion-prosthion height

4.

Nasal height

5. Nasal breadth
6.

Orbit height

7.

Orbit breadth

8. Biorhital breadth
9.

Interorbital breadth

10. Ilimaxillary breadth

I I.

Palate breadth

12. Malar length, inferior
13. Malar length, maximum
14.

Minimum cheek height

15.

Nasion-bregma chord

The first function, which explains the greatest proportion of between-groups variance
(approximately 83%) separates the central highland skulls from the three coastal
groups. This can be seen in Figure 2.10 by the location of the central highland centroid
relative to the those of the three coastal groups (2,3 and 4) on the horizontal axis (Function 1).The second canonical discriminant function can be evaluated by examining the
position of group centroids on the vertical axis. Here the function groups the two north
coast samples (Malabrigo and Pacatnamn) and distinguishes them from the central
coast sample (Jahuay). Central highlands crania occupy an intermediate position on
Function 2. Although male and female plots show minor differences,the relative grouping of centroids and the distance between them is similar. Function 2 incorporates substantially less between-groups variation (13.7% for males, 15.9% for females) than
Function 1; Function 3 contributes little to group discrimination (as is normal in
canonical discriminant analysis).
Test classifications of crania used to develop the discriminant functions (Table
2.6) provide some additional information on the relative distinctiveness of the samples
and the ability of the discriminant functions to correctly assign a cranium to its proper
group. The overall percentage of correct classifications for males is 71.3%, and for females 69.3%, which are respectable numbers given prior probabilities of between
0.199 and 0.316 for correct classification by chance alone based on each group's sample size.
The central highlands skulls, which appear most distinctive in terms of the location of their group centroids, are classified most accurately: 93.0% in males and 90.2%

TABLE
2.6. Results of the canonical discriminant analyses.
Males
Eigenvalues
Function

F.igenvalue

Yo of variance

2.210
0.364
0.086

83.1
13.7
3.2

I
2
3

Wifb' lambda
Test of functions
Ithrough 3
2 through 3
3

Wilks' lambda
0.210
0.675
0.921

Chi-square

Females
Eigetlvalues
Function

Wiiks' lambda
Test of functions
1 through 3
2 through 3
3

40 (93.0%)
2 (6.9"/0)
2 (7.4%)
2 (5.4%)
6 (46.2%)

Eigenvalue

Wilks' lambda
0.228
0.701
0.979

37 (90.2%)
1 (4.0%)
I (4.2%)
1(2.1%)
3 (33.3%)

0.830
0.517
0.281

Degrees of fieedon~

Significance

18
10

0.000
0.000
0.030

4

Malabrigo

Pacatnamu

Total

1 (2.3%)
19 (65.5°/o)
8 (29.6%)
3 (8.1%)
2 (15.4%)

Yo of variance

Cumulative %

Canonical correlation

Chi-square

Degrees of freedom

Significance

192.955
46.419
2.758

Test classrfication of rrfirence samples and unknowns
(Machu YicchcO based on canonicnl discriminant scores
Actual erouph
Central highlands
Jahuay
Central highlands
lahuay
Malabrigo
Paratnamu
Machu Picchu

Canonical correlation

83.1
96.8
100.0

202.701
51.084
10.683

Test classification of reference samples and unknowns
(Machu Picchu) based on canonical discriminant scores
Actual group'
Central highlands
lahuay
Central highlands
lahuay
Malabrigo
Pacatnamu
Machu Picchu

Cumulative 96

0
18 (72.0%)
4 (16.7%)
6 (12.8%)
1(11.1%)

21

0.000
0.000
0.737

12

5

Malabrigo

Pncatnalnu

Total

I (2.4%)

3 (7.3%)

2 (8.0%)

4 (16.0%)
18 (75.0%)
39 (83.0%)

41
25
24
47

5 (55.6%)

9

1 (4.2%)
1(2.1%)
0

"Overall percentage of correct classifications (excluding Machu Piccho) is 71.3%.
"Overall percentage o f correct classifications (excluding Machu Picchu) is h9.3%
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in females. The most frequently misclassified sample is Malabrigo from the north coast,
where only 33.3% of males and 4.2% of females are correctly classified into their own
group. The high misclassification for Malabrigo crania seems to be a coastal phenomenon, however, because while Malabrigo crania are frequently misclassified into the
other coastal samples, only three crania (2 males and 1 female) were incorrectly classified into the central highlands sample. This is consistent with previous studies that have
found greater similarity among coastal Peruvian cranial samples than among highland
groups (Newman 1943; Dricot 1976; Verano and DeNiro 1993).
Machu Picchu crania, when entered into the canonical discriminant functions as
unknowns, classify roughly half-and-half into highland and coastal groups. Among
males, 46.2% classify as central highlands, 38.5% as north coast (Pacatnamu), and
15.4% as central coast (Tahuay). Females show roughly similar percentages: 33.3% classify as central highlands, 55.6% as north coast (Pacatnamu),and 11.1% as central coast
(Jahuay).Notably, although a substantial proportion of Machu Picchu crania classify as
"north coast,'' none fall into the Malabrigo group-all cluster with the more northern
Pacatnamu sample from the Jequetepeque River valley. In Figure 2.10, individual
Machu Picchu crania ("Ungrouped Cases") are plotted as dark triangles. In most cases
they fall in intermediate positions relative to the four-group centroids, although in
males there appears to be a distinct clustering of cases around the central highlands and
Pacatnamu centroids.
Individual test classifications for each Machu Picchu cranium are presented in
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TABLE2.7. Canonical discriminant function classification of Machu Picchu crania.
YPM catalog number

Cranial deformation

Classified into group

Cave 84, ANT.PA 03239

No

Central highlands

Cave 75, ANT.PA 03230

No

Central highlands

Cave 71, ANTPA 03227

Ciriu~nferential

Central highlands

Grave 42, ANT.PA 03196

No

Central highlands

Grave 23, ANT.PA 03173

Tumpline deformation

Central highlands

Males

Cave 5A, ANT.PA 03160

Possible tumplit~e

Central highlands

Grave 42,ANT.PA 03199

Circumferential

Central coast

Cave 52. ANT.PA 03211

No

Central coast

Cave 63, ANT.PA 03221

No

North coast

Cave 53, ANT.PA 03214

No

North coast

Grave 41, ANT.PA 03194

No

North coast

Cave 16, ANT.PA 03168

Occipital flattening

North coast

Grave 9, ANT.PA 03163

Circumferential

North coast

Females
Cave I , ANT.PA 03 156

No

Central highlands

Cave 37, ANT.PA 03186

No

Central highlands

Grave 9, ANT.PA 03164

Occipital flattening

Central highlands

Cave 80, ANT.PA 03235

Occipital flattening

North coast

Cave 3A, ANT.PA 03159

No

North coast

Cave 11, ANT.PA 03165

No

North coast

Grave 43, ANT.PA 03200

Occipital flattening

North coast

Cave 53B, ANT.PA 03215

No

North coast

Cave 37, ANTPA 03 187

No

North coast

Table 2.7. Here the results of the canonical discriminant classifications are compared
with the presence or absence of cranial deformation. Of the crania with occipital flattening which presumably are of coastal origin, three out of four classify as north coast
based on their craniofacial measurements; one skull (ANT.PA 03 164) classifies as central highlands. The three skulls with annular deformation do not seem to show any correlation with the canonical discriminant results: one classifies as central coast, one as
central highlands, and one as north coast. It should be noted, however, that craniofacial
measurements are affected significantly by annular deformation, making their metric
analysis problematic (Ant6n 1989; Kohn and others 1993). The undeformed Machu
Picchu skulls tend to be classified as either north coast or central highlands.
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Cranial deformation type and canonical discriminant analysis of craniofacial
measurements provide independent support for ethnic diversity in the burials of
Machu Picchu. The multivariate analysis is limited by a small number of available samples and only scattered geographic coverage. Inclusion of cranial samples from other
highland Peruvian areas, as well as additional coastal samples, would be useful; the present analysis should be seen as only a preliminaryexploration of the problem. Identifying geographic origin based on cranial deformation type alone must always be done
with caution, because similar forms of deformation were practiced in diverse locations
and time periods (Weiss P. 1972; Gerszten 1993; Hoshower and others 1995). Despite
these caveats, the two lines of evidence suggest that the burial population of Machu Picchu was ethnically heterogeneous, including natives of both the coast and highlands.

Paleopathology
Paleopathology, the study of disease in ancient populations, was not a major interest of
George Eaton, as is made clear by its limited treatment in his 1916 monograph. Eatoo
makes brief comments on some of the skeletal and dental pathologies he observed in the
Machu Picchu skeletons and illustrates the more striking examples with photographs and
radiographs. He does not discuss the cases in any detail, however, nor does he attempt to
put skeletal and dental pathology in a cultural or comparative context. Two recent but unpublished studies, a dissertation by Andrew Mayrer (1974) and Monica Russel y Rodriguez's 1988 student paper [see above] focus more directly on paleopathology of the
Machu Picchu skeletons. Mayrer's dissertation in particular, which included a radi-
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ographic study of the material, is a valuable addition to Eaton's brief descriptions.
Results of my own paleopathological analysis are summarized below. Included are
specimens Eaton described and illustrated, as well as pathological conditions he did not
recognize or consider important.
Trauma
I identified nine examples of healed fractures in the Machu Picchu skeletons. All individuals were adults, although it is possible that some fractures occurred in childhood or
adolescence. Five were likely the result of falls or other accidents: a fractured distal tibia
and fibula (see Figure 2.1 1); two humeral fractures, one proximal (see Figure 2.12) and
one midshaft; one fracture of the distal radius; and one compression fracture of the
12th thoracic vertebra (see Figure 2.13). Others may have resulted from interpersonal
violence. These include two depressed skull fractures on one individual (see Figure
2.14), a broken nose in another (see Figure 2.15), and a blow to the right side of the face
in a third (see Figure 2.16).
The overall incidence of fractures is low in the Machu Picchu sample, particularly
given the rough terrain and steep slopes characteristic of the region. Many of the skeletons are fragmentary, however, making it difficult to estimate the actual population frequency. Nevertheless, the very low number of fractures indicative of interpersonal vio-
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lence is in contrast to what was found at nearby Inca burial caves collected by MacCurdy (1923) and at central Peruvian highland sites hy Tello (1913) and HrdliZka
(1914). MacCurdy found many skull fractures, often severe, in skeletal remains from
burial caves at the sites of Paucarcancha, Patallacta and Torontoy. Many of the vault
fractures were treated by trepanation, a surgical procedure involving scraping or cutting
away a portion of the skull vault. Of 273 relatively complete skulls collected by MacCurdy, 47 (17%) were trepanned at least once; 17 (28%) of these to treat skull fracture.
Tello's and HrdliZka's collections come from the more distant region of Huarochiri in
the central Peruvian highlands. These skulls also show a high frequency of healed and
unhealed skull fractures, and trepanation is common as well (Verano 1997b).
It is noteworthy that no trepanned skulls have been found at Machu Picchu and
that only a few cases of injury to the face and skull vault are present. This suggests a different lifestyle-certainly one with less exposure to violence-than experienced by
roughly contemporary populations at other sites in the Urubamha and other nearby
highland valleys. Although the hilltop location of Machu Picchu is well suited for defense (and certain architectural features indicate that defense of the site was an issue
[Salazar and Burger, in press]), the skeletal data suggest that individuals buried there
were not involved with active defense of the site.
With reference to trauma and militarism, however, one unusual skull from Cave
50 needs mention. It was found with a scatter of skeletal remains representing at least
three individuals. Eaton noted the unusual features of this skull, describing it in the following manner: "Practically all the basal portion of the skull was missing, the line of
fracture from the lower parts of the temporal squamae through the lambda being almost as straight and even as if the skull had been artificially sectioned (191647).
Although Eaton associated the skull with a partial skeleton of an adult female,
from his sketch map of scattered bones (191649, fig. 46) it is unclear how this association was made. The skull indeed shows what seems to be intentional breakage, indicated
by multiple impact scars around the margins of the broken edges (see Figure 2.17). The
coloration of the broken margins matches that of the rest of the skull, indicating that
the breaks are not recent. There is no damage to the upper parietals, frontal bone, or
face, which suggests some deliberateness to the breakage. The missing base and posterior portion of the vault is similar to what I have seen in some Nasca trophy heads (Veran0 1995), but the skull lacks the perforation of the frontal bone that is a diagnostic
feature of such heads. The Inca were known to have collected the heads of enemies on
occasion and to have modified some of them as trophy vessels (Hemming 1970; McIntyre 1975),although in these cases it was the top of the skull, not the base, that was broken away. The Cave 50 skull is a puzzling specimen, as it is the only example of intentional postmortem modification of human bone at Machu Picchu, and it is modified in
a way not previously documented in Andean skeletal remains.

Degenerative Joint Disease and Activity Markers
Degenerative changes of the joints can provide insight into habitual activities during life
(Larsen 1997). In addition to the normal wear and tear that weight-bearing joints suf-
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fer through time, in some cases it may be possible to infer certain activities based on the
patterning of joint disease in the skeleton (Merbs 1983), although this must be done
with caution (Jurmain 1990; Boyd 1996). In tandem with observations on muscularity
and joint morphology, such observations are often referred to as markers of occupational stress, or MOS (Kennedy 1989;Wilczak and Kennedy 1998).
The adult skeletons from Machu Picchu are unusual in showing very little evidence of advanced arthritic changes, even in old adults. With the exceptions of a case of
temporomandibular joint osteoarthritis and one case involving the apophyseal joints of
two lower lumbar vertebrae (see Figure 2.18), no examples were found of severe degenerative changes such as eburnation, pronounced marginal lipping, or joint distortion in the major synovial joints (hips, knees, ankles, shoulders, elbows and wrists). Degenerative changes of the spine were limited in most cases to mild vertebral
osteophytosis and relatively minor changes to the apophyseal joints.
I have seen much more pronounced arthritis in old adults from northern coastal
Peruvian sites such as Pacatnamu and El Brujo. Its absence at Machu Picchu suggests
one of several possibilities: a resident population that engaged in very little hard physical labor (as servants, caretakers and attendants), or perhaps a group with an early "retirement" from labor service. A lack of older adults in the burial sample can be discounted as an explanation, as 14 individuals were estimated to be over 50 years of age.
Although little degenerative joint disease is present, a few individuals show
strong development of certain muscle groups. Two females show especially pro-
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nounced attachment areas on the proximal humeri for the pectoral and deltoid muscles (see Figure 2.19A, B). One of these, a 50- to 60-year-old woman from Cave 11,
also shows prominent flexor sheath insertions on the hand phalanges (see Figure
2.20). While this feature may be age-progressive, it is a good indicator of strength in
grasping objects with the fingers. What habitual activities could have led to upper
limb robusticity in these individuals is a matter of speculation, but reasonable possibilities would include weaving, agricultural work, or some other repetitive behavior
requiring strong arms and hands. Unfortunately, very few hand bones were recovered
with the Machu Picchu burials, making it difficult to compare robusticity with other
individuals.
A 16- to 18-year-old male skeleton (Grave 23 from the Rock-sheltered Terrace)
shows unusually pronounced gluteal tuberosities, the insertion area on the proximal
femora for gluteus maximus, the major extensor muscle of the thigh (see Figure 2.21).
The skull of this individual is also of interest, because it shows a post-hregmatic depression and slight porosity of the right parietal bone that suggests flattening and irritation from pressure across the top of the skull (see Figure 2.22), as might result from
carrying heavy loads with a tumpline. Gluteus maximus is a muscle that plays a limited
role in walking on level ground, but is important in climbing stairs or inclined surfaces.
The skeletal evidence from the skull and femora would be consistent with habitual
load-bearing over rugged terrain. While other femora in the Machu Picchu collection
did not show comparable hypertrophy of the gluteal tuberosities, the skull of a 30- to

F l ~ u 2.27.
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40-year-old female from Cave 53 (ANT.PA 03215) shows a post-bregmatic depression
similar to that of the young male from Grave 23, and an adolescent male from Cave 84
(ANT.PA 03238) shows flattening anterior to Bregma. These individuals may also have
carried heavy loads habitually using a tumpline.
Two Machu Picchu skeletons, both old adult females (Cave 13, ANT.PA 03166,
and Cave 26, ANT.PA 03175), show degenerative changes of the lateral femoral
condyles, known as "osteochondritic imprints" (Kostick 1963). These porous areas of
bone resorption can result from chronic pressure on the lateral femoral condyles during squatting, a common resting position in many nonwestern cultures. John Rowe, in
a description of Inca domestic architecture (Rowe 1946:222-224), notes that Inca
households had very little furniture: "A few houses had stone or adobe benches along
one wall, though the Indians generally squatted on their haunches, pulling their tunics
down over their bent knees so that the cloth helped to hold their legs in place"
(1946:224). Habitual squatting also can produce an extension of the articular surface
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of the medial femoral condyle, known as "Charles's facet" (Kennedy 1989). A third female from Cave 13 (ANT.PA 03266), with an estimated age of 45 to 55 years, has both
osteochondritic imprints and Charles's facets (see Figure 2.23). The skeletal evidence
from Machu Picchu provides support for Rowe's observations on Inca postural behavior.
Overall, the skeletons from Machu Picchu are distinctive in showing little evidence of advanced arthritic changes or skeletal trauma that would suggest a particularly
active life. Evidence of violent injuries such as skull fractures are rare, and no cases of
trepanation are present. These findings are in sharp contrast to other Inca burial caves
in the region, which have produced impressive examples of skull and other bone fractures, as well as evidence of trepanations performed in an attempt to treat cranial Fractures (MacCurdy 1923).

Dental Disease
Dental disease was a common ailment at Machu Picchu. Given that the Inca were an
agricultural society with a diet based on maize, potatoes and other carbohydrate-rich
crops, one tvould expect dental caries, abscesses, periodontal disease and antemortern
tooth loss to be relatively frequent (Elzay and others 1977; Larsen 1997). Machu Picchu
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adults conform to these expectations. Carious lesions are common, as are abscesses and
periodontal disease (see Figures 2.24 and 2.25). Older adults typically show heavy antemortem tooth loss, as well as active caries and abscesses.
Dental disease would have been a source of considerable discomfort to most,
and a more serious health concern to some, particularly if infection spread from a
dental abscess. A striking example of this is an adult female from Cave 3 who had an
abscessed upper right first molar (see Figure 2.26). The inflammatory process spread
to involve most of the right maxilla, affecting the external surface of the bone and visibly enlarging the infraorbital foramen. Drainage of the inflamed area would have
been through the infraorbital vein into the cavernous sinus, which could have led to
meningitis and death.
In addition to dietary carbohydrates, coca leaf chewing has been implicated as a
contributor to gum inflammation, caries, and posterior tooth loss in prehistoric Andean populations who used coca (Aufderheide 1996; Langsjoen 1996; Indriati and
Buikstra 2001). Some of the posterior tooth loss seen in Machu Picchu burials could
have resulted from this practice, but features considered most diagnostic of heavy coca
use, such as triangular root caries and severe root exposure on the buccal aspects of molars (Indriati and Buikstra 2001), were not seen, although the young female from Cave
9 (Figure 2.25) is a possible case. Coca use can be confirmed through radioimmunoassay of hair (Cartmell and others 1991),but none of the Machu Picchu burials had preserved hair.
Bone Infection
Most infections, particularly the acute viral diseases, do not leave their mark in the
skeleton; it is primarily chronic bacterial infections that can be identified in ancient
remains. The specific pathogen usually cannot be specified, except in a few diseases
such as tuberculosis, treponemal infection and leprosy (Aufderheide and Rodriguez-
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Martin 1998). Some of the Machu Picchu skeletons show evidence of bone infection;
Eaton noted several of these cases and concluded that they represented syphilis. A reexamination of these does not provide support for his diagnosis, however. Alternative
diagnoses are presented below.
NONSPECIFIC
PERIOSTITIS
Four adults-a 30- to 40-year-old female from Cave 3A (ANT.PA 03157), a 45- to 55year-old female from Grave 26 (ANT.PA 03175), a probable female from Cave 8
(ANT.PA 00522), and a tibia of indeterminate sex from a set of commingled remains in
Cave 78 (ANT.PA 00534)-show nonspecific periostitis. Three of the cases show
swelling or patches of subperiosteal bone deposition on the tibial shafts, and one shows
unilateral swelling of the midshaft of the left femur. In ANT.PA 03157, ANT.PA 03175
and ANT.PA 00522 the bone is remodeled, indicating a healed condition, while ANT.PA
00534 shows the woven appearance of unremodeled periostitis. Eaton described the
swelling on ANT.PA 00534 as "syphilitic periostitis,"and as "syphilitic osteomye1itis:'on
ANT.PA 00534, but trauma or nonspecific bacterial infection are equally plausible diagnoses. Treponemal infection is a possible diagnosis in the case of ANT.PA 03175,
where both tibial shafts are swollen, but periosteal inflammation from other causes cannot be ruled out. Eaton apparently did not recognize the periostitis on ANT.PA 03175
and ANT.PA 00522.
Three infant crania at Machu Picchu-an infant less than 2 years old from Grave

.
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41, an infant of approximately 12 to 18 months old from Cave 65, and an infant 6 to 18
months old from Cave 88-have bone deposits on their endocranial surfaces that probably represent either meningitis or ossified epidural hemorrhage. Such lesions, unrecognized in Eaton's time, are now known to be common in many prehistoric skeletal
samples (Roberts and Manchester 1995; Schultz 1995). Another infant, 6 months to 1
year, from Grave 40 (ANT.PA 03 191) has subperiosteal bone apposition on both the internal and external surfaces of the left parietal bone (see Figure 2.27A, B). Possible diagnoses include ossified hematoma from head trauma or scurvy, or infantile rickets
(Ortner and Putschar 1981).
PYOGENIC
OSTEOMYELITIS
A 13- to 15-year-old child from Cave 78 (ANT.PA 03234) shows a classic example of
pyogenic osteomyelitis of the left tibia. Its shaft is swollen, particularly at the proximal end, where a drainage channel (cloaca) is present (see Figure 2.28A, B). Radiographs show clear involvement of the medullary cavity. The right tibia is normal in
appearance, and no other bones are affected. The most likely diagnosis is a bacterial
infection, either direct or through hematogenous spread from some other location in
the body (Ortner and Putschar 1981; Aufderheide and Rodriguez-Martin 1998). One
possible source of infection was an abscess of the upper left second deciduous molar,
which apparently led to premature loss of the tooth and to maleruption of the permanent second premolar. Eaton diagnosed this tibia as affected by "syphlitic os-

FIGURE 2.33. Cranium. Cave 51, ANZPA 03210. Radiograph courtesy of Gerald Conlogue,
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teomyelitis," but syphilis is unlikely given the involvement of a single long bone and
the focus of the infection within the medullary cavity.
Tun~ncu~os~s
Two possible cases of tuberculosis are present in the Machu Picchu skeletal sample.
The first, a 20- to 25-year-old male from Grave 9 (ANT.P.4 03163), shows lytic defects
on the bodies of the 7th through the 9th thoracic vertebrae, with most severe involvement of the 8th (see Figure 2.29A, B). Although there is no collapse or kyphosis,
as is characteristic of Pott's spine (Buikstrd 1981; Aufderheide and Rodriguez-Martin
1998), the lytic nature of the lesions (with little or no evidence of new bone deposition) as well as the location in the spine, the lack of involvement of the vertebral
arches, and the fact that only a few vertebrae are affected, are all typical features of tuberculosis infection (Buikstra 1981; Ortner and Putschar 1981). The neck and angle
of right ribs 9 and 10 (see Figure 2.30) show subperiosteal bone apposition on their
visceral surfaces, apparently representing a spread of infection from the primary vertebral focus. Several recent studies have found similar rib lesions in confirmed cases
of tuberculosis (Roberts 1999).
The second possible tuberculosis case is a 5- to 7-year-old child from Cave 51
(ANT.PA 03210) with cranial lesions that Eaton described as "syphilitic necrosis:' but
that are more typical of the cranial involvement sometimes seen in tuberculosis. The remains are quite incomplete, consisting of a cranium and mandible, shafts of both tibiae and one femur, a right humerus and radius, three cervical vertebrae, a rib fragment
and one metatarsal (see Figure 2.31). The external surface of the skull shows two defects
that penetrate through the outer and inner tables of the vault (see Figures 2.32 and
2.33). The first is located on the frontal bone at the midline and measures approximately 25 by 12 mm in maximum dimensions on the external surface. It penetrates the
inner table through three smaller openings. The second, slightly smaller lesion (approximately 16 by 20 mm; edges are damaged and a section has been cut from its margin) is located on the right frontal. On the ectocranial surface, both lesions show a small
elevated rim of bone around their margins. Endocranially, there is a much more pronounced periosteal reaction, with a broad area of woven bone extending posterior from
lesion 1 on the midline, joining an area of reaction around lesion 2 and continuing posteriorly along the sagittal sulcus (see Figure 2.34). The lesions correspond well to descriptions of cranial vault tuberculosis in Ortner and Putschar (1981), and the child
falls into the most commonly affected age group for cranial tuberculosis: infants and
children under 10 years of age (Ortner and Putschar 1981).
Although debated for many years, it is now well established that tuberculosis was
present in the New World before European contact (Buikstra 1981,1999). Several prehistoric cases have been identified in the Andean area, primarily from southern coastal Peru
and northern Chile, the earliest dating to before A.D. 700, but most appearing after A.D.
1000 (Allison and others 1973; Arriaza and others 1995; Buikstra 1999). The two cases
from Machu Picchu constitute the first additional evidence of Prehispanic tuberculosis in
the Cuzco area since the classic description of an Inca mummy by Garcia-Frias (1940).
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FIGURE2.34. Endocranial view .IS le\li,i, 2. (:we 51, AN%PA 01210.

Skeletal and Dental Stress Indicators
Evidence of childhood anemia, in the form of porous lesions on the skull vault and
roofs of the orbits (porotic hyperostosis and cribra orbitalia), were observed in nine
individuals in the Machu Picchu sample (see Figures 2.35 and 2.36). Three individuals exhibited porotic hyperostosis without orbital lesions, four showed orbital lesions
only, and two showed both. With the exception o f a 10- to 12-year-old child and an
adolescent male, all individuals were adults, both males and females. Nearly all lesions
show healing, indicating recovery from dn episode of anemia during childhood (Stuart-Macadam 1985).An exception are two pronounced cases of cribra orbitalia-one
in an adult and one in an adolescent-that seem to have been active at the time of
death (ANT.PA 03213 cranium 2, and ANTPA 03248; Figure 2.36). There is n o clear
association between theselesions and the coastal or highland origin of the affected individuals, as can be inferred by cranial deformation type. Two affected skulls are undeformed, three show occipital flattening suggesting coastal origin, two show annular
deformation suggesting highland origin, and one is too inco~npleteto assess.
HrdliSka, in a study of several thousand highland and coastal Peruvian crania, noted
a significantly higher frequency of porotic hyperostosis in coastal samples (HrdliTka
1914). Similar differences have been found for prehistoric coastal and highland
Ecuadorian samples by Ubelaker, who suggests that hookworm infection, common in
coastal areas today and rare in the highlands, might be a contributing factor (Ube-
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laker 1992). It is generally recognized that diet, infection and parasite infestation can
act synergistically to produce anemia, and single factor models are probably inadequate to explain the causes of anemia in the Machu Picchu skeletons. What can be
concluded is that some individuals buried at Machu Picchu suffered periods of
chronic nutritional stress during childhood.
Linear enamel hypoplasias, which represent episodes of growth disruption in the
formation of tooth enamel (Goodman and Rose 1990),were observed in three individuals (see Figure 2.37). Enamel hypoplasias can result from various childhood stresses,
such as fevers or periodic food shortages, causing the temporary cessation of growth.
The relatively low frequency of hypoplasias in the Machu Picchu sample, and the presence of only a single hypoplastic line in most cases, suggest relatively good childhood
health.
Parasitosis
One possible indication of parasitic infestation was found associated with the commingled skeletal remains of an adult, probably female, and a child from Cave 83. It is a
calcified structure, 30 by 37 mm in maximum dimensions, irregularly shaped, with an
open end that leads to a hollow interior (see Figure 2.38). Its appearance is similar to
published photographs of hyatid cysts recovered with human skeletal remains in archaeological contexts (Ortner and Putschar 1981), although calcified cysts also can be
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produced by tuberculosis, and fungal or pulmonary infections, and can be difficult to
distinguish from hyatid cysts except by histological or immunologica~ methods
(Aufderheide and Rodriguez-Martin 1998). Hyatid cysts result from infection with the
tapeworm Echinococcus granulosis, which can be transmitted to humans and domestic
animals such as sheep, cattle and pigs through infected dogs (Ortner and Putschar
1981). Sheep, cattle and pigs were not present at Machu Picchu in precolonial times, but
domesticated dogs are known to have been-indeed, a dog burial was found in Cave 83
along with the human remains. The cyst-like object was not associated with a specific
set of remains, but it is unlikely to come from the dog skeleton. Dogs serve as the definitive host for adult Echinococcus granulosis tapeworms, but humans are accidental
intermediate hosts for the larval stage, which forms the hyatid cysts (Aufderheide and
Rodriguez-Martin 1998). The cyst, therefore, was probably associated with the adult female or the child.

Developmental Defects and Minor Skeletal Variants
Developmental defects seen in the Machu Picchu skeletons were few and minor in
clinical significance. One example of a sagittal cleft centrum ("butterfly" vertebra)
was found in the 9th thoracic vertebra of a 50- to 60-year-old female from Cave 11
(ANT.PA 03165; see Figure 2.39). A butterfly vertebra, named for its appearance in
anterior-posterior radiographs, results from failure of the fetal notochord to recede
during development of the spine; it is a rare and often clinically silent defect (Silver-
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man 1985; Barnes 1994). Butterfly vertebrae have been reported in various skeletal
populations, including several cases from northern coastal Peru (Mann and Verano
1990; Barnes 1994). A more common developmental variant, occipitalization, or fusion of the atlas to the occipital condyles (see Figure 2.40), was seen in a 25- to 35year-old male from Cave 75 (ANT.PA 03230). Similar cases have been reported in the
paleopathological literature, including several examples from the central and north
coast of Peru (Hrdliika 1914; Barnes 1994).
The only minor ossification variant seen with some frequency at Machu Picchu
is retention of the metopic suture (see Figure 2.41). This suture divides the frontal
bone in infancy, but normally fuses by the second year of life (Hauser and De Stefano
1989). The frequency of metopism differs substantially among human populations,
making it useful as a measure of genetic relatedness (Brothwell 1981). In Andean
South America, metoyism is relatively common in highland populations, but is rare
in coastal groups. At Machu Picchu, it is present in 6 of 64 individuals (9.4%) in
which the frontal bone was sufficiently preserved for observation. Four of the six
show annular cranial deformation, the other two are undeformed. MacCurdy (1923:
268) reported a similar frequency of metopism, approximately 9%, in cranial material from nearby highland burial caves, although he did not provide information on its
association with cranial deformation. My own studies of crania from the Peruvian
central and north coast reveal metopism to be a very rare trait, present in less than
0.1% of crania I have studied (Verano 1987).
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Conclusions
The results of this restudy of the Machu Picchu skeletons provide some contrasts with
George Eaton's original findings. The most obvious differences are our divergent
views on adult sex distribution. My own analysis indicates that the sex ratio of adult
burials at Machu Picchu is relatively balanced, not heavily biased towards females as
Eatou believed. The revised age and sex profile of the sample lends support to the hypothesis that the burials at Machu Picchu are those of the resident staff of an Inca
royal estate, rather than exclusively those of "chosen women" or acllacona The lack of
advanced cases of osteoarthritis and the generally gracile skeletal morphology of the
burial population suggests that this was not a group subject to heavy physical labor,
and the rarity of cranial trauma and the absence of trepanation further indicates that
defense of the site was not a principal duty of its resident population.
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Eaton's conclusion that natives of the coast as well as the highlands are present in
the burial caves surrounding Machu Picchu is supported by the presence of distinct
forms of cranial modification, as well as by the results of a multivariate analysis of craniofacial measurements. Given the well-documented Inca practice of moving their subjects around the empire to provide labor and other services, ethnic diversity in Machu
Picchu's resident population is perhaps not surprising.
Some of Eaton's conclusions about skeletal pathology in the Machu Picchu remains can be revised in light of subsequent advances in the diagnosis of disease in ancient bone. For example, several cases of bone infection he identified as syphilis are better interpreted as the result of tuberculosis and osteomyelitis. My own study finds no
unequivocal evidence of syphilis or other treponemal disease in the Machu Picchu
skeletons. The two probable cases of tuberculosis, however, are significant findings, and
provide new support for Garcia-Frias's assertion that tuberculosis was present in the
Cuzco area prior to Spanish contact (Garcia-Frfas 1940). Other skeletal and dental
pathologies in the Machu Picchu skeletons are typical of the kinds of diseases commonly seen in prehistoric skeletal samples (Ortner 1992).
Observations on the taphonomy of the Machu Picchu skeletons provide some additional insight into their postmortem environment and history. For example, there is
clear evidence of carnivore scavenging in many of the Machu Picchu burials. Carnivore
disturbance is a better explanation for damaged and missing skeletal elements than loss
resulting from the careless manipulation of funeral bundles during religious rites. However, other taphonomic observations Eaton made are well supported, such as the differential preservation of bones from contact with cave floors, and damage and warping
caused by plant roots.
The human skeletal remains collected from Machu Picchu by the Yale University
Peruvian Expedition of 1912 constitute one of the most complete and best preserved
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FIGURE2.40.Occipilalization oilhe atlas. Cave T i , hN'1:l'A 032311

collections of Inca skeletal material available. It is a collection that merits further study
as new techniques are developed in human osteology and paleopathology. Some of the
conclusions reached in the present study will no doubt be revised or refined by future
research, which underscores the importance of the preservation and long-term curation
of human skeletal collections.
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