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An understanding of the division of labor in different societies,
and especially how it evolved in the human species, is fundamen-
tal to most analyses of social, political, and economic systems. The
ability to reconstruct how labor was organized, however, espe-
cially in ancient societies that left behind few material remains, is
challenged by the paucity of direct evidence demonstrating who
was involved in production. This is particularly true for identifying
divisions of labor along lines of age, sex, and gender, for which
archaeological interpretations mostly rely upon inferences derived
from modern examples with uncertain applicability to ancient
societies. Drawing upon biometric studies of human fingerprints
showing statistically distinct ridge breadth measurements for
juveniles, males, and females, this study reports a method for
collecting fingerprint impressions left on ancient material culture
and using them to distinguish the sex of the artifacts’ producers.
The method is applied to a sample of 985 ceramic sherds from a
1,000-y-old Ancestral Puebloan community in the US Southwest, a
period characterized by the rapid emergence of a highly influential
religious and political center at Chaco Canyon. The fingerprint ev-
idence demonstrates that both males and females were signifi-
cantly involved in pottery production and further suggests that
the contributions of each sex varied over time and even among
different social groups in the same community. The results indicate
that despite long-standing assumptions that pottery production in
Ancient Puebloan societies was primarily a female activity, labor
was not strictly divided and instead was likely quite dynamic.

archaeology | division of labor | human fingerprints | US Southwest |
Chaco Canyon

he evolution of divisions of labor in the human species is

debated in many disciplines, with much discussion regarding
the biological, social, cultural, and economic influences on the
organization of activities in different societies (see reviews in
refs. 1 and 2). Most interpretations of how humans organize are
based on proposed socioeconomic efficiencies gained by coor-
dinated effort. For example, conventional wisdom suggests that
the division of labor started along the axes of age and gender,
presumably based on actual or perceived biological differences
and their impact on productivity, and became increasingly spe-
cialized around those axes as human societies evolved. The
problem with these or any other proposals, however, is that
identifying incipient divisions of labor is very difficult, especially
because their earliest manifestations occur in the context of
small-scale societies with comparatively small quantities of typ-
ically poorly preserved material culture.

With its access to material evidence of past human activity
over thousands of years, archaeology is uniquely poised to ex-
plore this topic from a deep evolutionary perspective. The disci-
pline does face significant challenges, however, in reconstructing
past forms of labor specialization, particularly along lines of age or
sex. Traditionally, archaeologists have relied upon historical and
ethnographic evidence and used observed material manifestations
as analogs for looking into the past (see reviews in refs. 2 and 3).
However, this evidence is often criticized as too heavily biased by
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histories of colonialism and European notions of gender and age
to provide adequate analogs for past behavior.

This is particularly true in the US Southwest, where assump-
tions regarding ancient gender roles typically rely on the docu-
mented behavior of descendent Native American communities to
build analogies back to precontact groups. For example, pot-
tery production among one such group known as “Ancestral
Puebloans” is usually reconstructed through reference to the prac-
tices of their descendants as recorded first by European invaders and
later by anthropologists (e.g., refs. 4 and 5). These observations of
a division of labor in which women were reportedly responsible for
pottery production have been projected onto the archaeological
record and used to interpret patterns ranging from gendered ac-
tivity areas to differential mortuary treatment. Other past behav-
iors have been interpreted as if gender did not play a role at all in
the organization of labor. This has been at least partly due to the
absence of independent, confirmatory evidence demonstrating
that the historical and ethnographic records are adequate for in-
ferring past behavior from material remains.

What is needed for archaeology to contribute to the history of
the human division of labor are methods for identifying gendered
activities that do not rely upon analogy (e.g., refs. 6 and 7). This
study provides an example of one such approach: the use of
fingerprint impressions in archaeological ceramics to identify the
sex of the potter. To the degree that the maker of each finger-
print is involved in ceramic production, and assuming that bi-
ological sex and cultural gender roles are correlated, the patterns
of fingerprints recovered from ancient vessels can be used to
infer gendered divisions of labor in pottery production.

Significance

The evolution of the sexual division of labor within human so-
cieties is difficult to reconstruct because of the scarcity of direct
evidence recovered from archaeological contexts, and yet many
disciplines make assumptions regarding how labor first became
specialized in our species. We propose an innovative method for
identifying the sex of potters through the analysis of fingerprint
impressions recovered from material culture. An application of
the method to ancient pottery demonstrates that males and
females were both significantly involved in producing vessels.
The study further suggests that the exact proportion of each sex
involved in pottery making was quite fluid, and may have varied
among different groups in the same community, as well as
changed from generation to generation.
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To demonstrate the utility of this approach, partial finger-
prints were extracted from a sample of archaeological ceramics
from what is now northern New Mexico. The fragmented vessels
were recovered during investigations of an Ancestral Puebloan
community that was primarily occupied in the 10th and 11th
centuries AD, a period associated with the growth of an in-
fluential socioideological system centered on the monumental
center of Chaco Canyon, the history of which impacted a large
part of the US Southwest (8). One of the many debated ques-
tions about the Chaco era is the degree to which labor became
specialized and the role of gender in religious, sociopolitical, and
economic organization (9-12). Because certain kinds of pottery
known as “corrugated wares” were created by pinching coils of
clay paste together, the resulting fingerprint impressions can be
used to determine the sex of the potter and thereby make in-
ferences about the organization of Chacoan labor through time.

Fingerprints and Biological Sex

The utility of fingerprints for identifying individuals is well
known, particularly in the forensic sciences, in which dermal
patterning has been used as proof of identity for more than a
century (13). The notion that every person’s fingerprint is unique
permeates popular media—so much so that “fingerprinting” is a
common metaphor applied to all kinds of situations, such as the
use of DNA to identify individuals. Even in archaeology, distinct
geochemical patterns that allow the investigator to trace stone
artifacts to their geological origins are often referred to as
“fingerprints” of that source.

Assumptions of human fingerprint uniqueness, however, have
come under scrutiny (13, 14), with some evidence that close genetic
relatedness can lead to shared elements of print pattern. Numer-
ous recent studies in the forensic fields, for example, demonstrate
strong relationships between specific fingerprint measurements
and sex, with especially robust statistical patterns distinguishing
adult males from adult females identified using friction ridge
breadth. One such study (15) found that ridge breadth measure-
ments of males and females differed significantly (P < 0.001),
identifying the sex of the fingerprint maker with 80-90% accuracy.
This relationship appears to be universal, having been confirmed
within a number of biological populations (e.g., refs. 16 and 17).
One recent study (16), for example, compared a sample of in-
digenous Argentinians with a sample from Spain and concluded
that while differences exist between the samples, statistically sig-
nificant sexual dimorphism in fingerprint ridge breadth can still be
found within each sample. Other investigations suggest that while
aging does impact print integrity, distinctions by sex are consistent
regardless of adult age (e.g., ref. 18).

Forensic research has also explored intra- and interdigit
comparability to determine whether different sectors of a fin-
gerprint and prints from different fingers can consistently iden-
tify sex. Studies across different biological populations (16, 17)
indicate that within a particular fingerprint, distal ridges tend to be
consistently sized and clearly distinct by sex, although proximal
ridges close to the knuckle are more variable. Not surprisingly, little
fingers and thumbs are the most dissimilar digits when the same
sector of the fingerprint is compared. In contrast, fingerprint ridge
densities on thumbs and index fingers are comparable, especially
on the ulnar side (toward the thumb) of these digits (15-17). In
general, distal ridge breadths are statistically different for males
and females, especially when comparing the same fingerprint sec-
tor of the same or adjoining digits.

Archaeologists often identify fingerprints in the material re-
cord, and yet only a very few have ever explored ways to use
“paleodermatoglyphs” to reconstruct the past. The reasons for
this apparent disinterest are varied—fingerprints identified in
archaeological contexts are thought to be too distorted or partial
to be useful, and the conventional view that fingerprints identify
individuals has not fit with the discipline’s focus on reconstructing
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normative sociocultural patterning. Accordingly, only a hand-
ful of research projects on ancient fingerprints have been
published. Most have focused on methodological approaches
to paleodermatoglyphics (19-21), while a handful have attempted
to use ancient fingerprints to address questions about past human
behavior (22, 23). These results mirror the recent forensic studies:
sex and perhaps age can be discerned from ancient fingerprints.

In the US Southwest, archaeologists have been aware of the
fingerprints that appear in some material culture, but they too
have rarely used paleodermatoglyphs to interpret the past. Ex-
ceptions include the innovative research of Kamp et al. (24),
who, after collecting information from living humans to develop
correlations between friction ridge breadth and age, used fin-
gerprints extracted from Ancient Puebloan ceramic vessels and
figurines to identify the role of children in the manufacture of
these artifacts. In another study (25), Susan Stinson used
Southwestern Native American and Filipino fingerprint datasets
for reconstructing the sex and general age of the producers of
ancient Hohokam figurines. Despite the utility of paleo-
dermatoglyphics demonstrated by these studies, however, few if
any other archaeologists working in the US Southwest have used
ancient fingerprints to understand the past.

Chaco Canyon and the Chaco World

Located in northern New Mexico (Fig. 1), the monumental ar-
chitecture of Chaco Canyon has earned it a designation as a
UNESCO World Heritage Site (26). The buildings found there,
many of which are up to five stories high and contain hundreds of
rooms, were primarily constructed in the 10th and 11th centuries
AD (27-30). Surrounding Chaco Canyon itself were hundreds
of contemporaneous farming communities spread across the
northern US Southwest, most of which were tied socioculturally
to the central canyon to such an extent that the region is often
referred to as the “Chaco World” (31, 32). The excellent pres-
ervation, precise dendrochronological control, and lengthy his-
tory of archaeological investigation in this area contribute to a
rich and detailed material record that continues to be the subject
of scientific examination and anthropological interpretation.
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Fig. 1. Location of Chaco Canyon and surrounding Chaco World in north-
western New Mexico, USA.
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Fig. 2. Reconstructed corrugated vessel recovered from the Blue J Ancestral
Puebloan community, a Chaco-era village located in the Chaco World.

While scholars still debate exactly what Chaco Canyon was
and its causes and consequences, there is nearly universal
agreement that its development signaled important changes in
Ancient Puebloan sociocultural organization (33-35). Less clear,
however, is exactly what changed and why. The role of women in
society, the intensity of craft production, and the scale and
manner in which labor was specialized are among the topics that
researchers are actively exploring. The evidence so far suggests
that women were generally responsible for the production of
domestic goods such as cooking and serving vessels, while men’s
roles were focused on other activities, such as ritual preparation
and hunting (36-38). Most of these conclusions are drawn from
ethnographic analogy and cross-cultural comparisons (39), with
imagery on pottery or in rock art seemingly confirming this gen-
dered division of labor (40, 41). A handful of scholars, in contrast,
have pointed to ethnographic and historical accounts suggesting
that women and men often shared responsibilities for some crafts
(42). What is missing is any direct evidence of the gender(s) of the
individuals involved in specific production tasks.

Of all of the archaeological materials recovered from Chaco
World contexts, fragmentary ceramic vessels are the most nu-
merous. Ancient Puebloan people in the Chaco Canyon region
produced several different kinds of pottery, ranging from finely
made and beautifully painted “black-on-white” serving vessels to
undecorated utilitarian jars. Because of their ubiquity, chrono-
logical sensitivity, and variability in material, source, and style,
these ceramics are an excellent source of information for recon-
structing past human behavior in the US Southwest.

12222 | www.phas.org/cgi/doi/10.1073/pnas. 1901367116

One notable pottery type relevant to this study is “corrugated”
cooking ware, the name reflecting a surface texture created by the
potters manually pinching the coils of clay paste together (Fig. 2).
Studies suggest that this production method provided a number of
advantages, including easier handling, better temperature control,
and increased use-life (43-45). Thousands of these pots were
imported into Chaco Canyon from communities dozens of miles
away that produced them in large quantities (46, 47).

Because corrugated pottery was produced by pinching coils
together, the resulting vessels are covered with the partial fin-
gerprints of the potters involved in production (Fig. 3). Assuming
that fingerprints encode an individual’s sex, it should be possible
to determine the sex, and thus make strong inferences about the
gender, of the individuals involved in the production of each
Chaco-era corrugated vessel. We propose that an examination of
a large number of fingerprints across an entire collection of
pottery can be used to draw conclusions about the role of men
and women in the production of corrugated wares. Furthermore,
sampling collections from different time periods can contribute
to discussions regarding how craft production and gender roles in
Chaco society changed over time.

Results and Discussion

Fingerprint impressions from 985 corrugated ceramic sherds
were analyzed to determine the sex of individuals involved in the

Fig. 3. Sample images of magnified ceramic sherds (25x) showing residual
fingerprints in the corrugations, and the measurements made using Motic
Images Plus 2.0 software.
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production of pottery in the Blue J Ancestral Puebloan com-
munity (Fig. 4), a Chaco-era village located within the Chaco
World (Fig. 1). As shown in Fig. 5, the histogram of fingerprint
breadth measurements exhibits a bimodal distribution, strongly
suggesting that adult males and females were equally involved in
pottery production—or at least in the stage of production in
which coils of clay paste were pinched together to form vessels.
While a bimodality coefficient measure of 0.45 for the dataset is
below the 0.55 threshold for statistically confirming a bimodal
distribution (48), this is not unexpected since forensic studies
show that fingerprint breadth distributions for males and females
overlap (15, 20).

Confirmation that both sexes were involved in production of
these ceramics is provided by comparing the fingerprint breadth
measurements with the average breadth ranges identified in
living humans by Kralik and Novotny (20). Of the 985 sherds, 464
(47.1%) fall exclusively in the adult male range, 398 (40.4%) are
in the adult female or juvenile range, and the remaining 123
(12.5%) sherds exhibit breadth measurements that fall into the
range for both sexes—although the histogram suggests that more
of these unknowns are in the presumably female mode of the
bimodal distribution (Fig. 5). A Mann-Whitney U test on the
adult male and female modes, with likely juveniles and unknown
sex removed, rejects the null hypothesis that the distributions of
fingerprint breadth are the same (v = 147,088, P = 0.000, n =
904); the effect size value (d = 0.85) suggests a high practical
significance. While using breadth ranges identified by other re-
searchers (e.g., refs. 15-17 and 25) would change the exact dis-
tributions of adult males and females, the results would still lead
to the conclusion that the two sexes were both significantly in-
volved in producing corrugated pottery in the Blue J Ancestral
Puebloan community.

Beyond this important conclusion, the data suggest two addi-
tional patterns. First, when the sample is parsed chronologically,
a trend emerges indicating that older corrugated vessels were
produced primarily by males, while later production included
equal numbers of both sexes. This pattern is identified when the
smaller sample of sherds associated with a particular time period
(n = 430) is divided into those dating before and after AD 1040.
For the earlier period, 66.7% of datable sherds (n = 40) exhibit
fingerprints in the male range, with a mean ridge breadth of
0.52 mm, while the later period is almost evenly split among the
sexes, with 49.9% of the sample (n = 390) affiliated with males
and a mean ridge breadth of 0.48 mm. A Mann—Whitney U test
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suggests that the pattern is significant (u = 5,917, P = 0.021),
although the effect size (d = 0.11) is weak, likely due to the
smaller size of the early sample. The pattern nonetheless indi-
cates that gender roles in corrugated pottery production were
likely not fixed and static.

This apparent shift to equal numbers of male and female
potters as the Chaco phenomenon became more elaborate is
suggestive. During this later period, Chaco Canyon had become
a major consumer of pottery, with many surrounding areas likely
overproducing vessels to be transported to the central canyon
(46, 47). It may be that this growing demand necessitated, almost
literally, “all hands on deck” to produce enough corrugated pots
to meet both local community needs and the external demand.

A spatial pattern suggesting the presence of two social groups
with distinctive divisions of labor in pottery production is also
seen in the data (Fig. 4 and Table 1). The earliest Blue J habi-
tations (cluster A) were established directly to the south of the
community’s only spring, with a separate cluster (cluster B)
appearing soon thereafter just to the west, below a series of
gulches draining the mesa. The ceramic samples from these two
initial habitation clusters show distinct patterns, with cluster A
exhibiting an average fingerprint breadth of 0.440 mm, while the
cluster B breadth is 0.462 mm. As these residential centers ex-
panded—cluster A likely growing eastward to establish a new
habitation area (cluster D), and cluster B creating clusters C and
E to the west and north—the residents of the newer habitations
produced pottery with average fingerprint breadths nearly identi-
cal to those in the parent clusters.

Converting the breadths into sex using Kralik and Novotny’s
ranges (20) indicates that corrugated sherds from the “Spring
Group” (clusters A and D) have slightly more adult female than
male prints (52.4 vs. 47.6%), while habitations in the “Gulch
Group” (clusters B, C, and E) have many more adult male than
female prints (65.4 vs. 34.6%). A y* test of association between
habitation cluster and fingerprint sex is significant (y* = 22.39,
df =1, P <0.0001, n = 775), although a low Cramér’s V does not
suggest a strong association (¢. = 0.173). These patterns are
consistent with the hypothesis that the Blue J community was
established by at least two social groups, perhaps organized
around kinship (35), and that each maintained distinct divisions
of labor by gender for the production of corrugated pottery.

Parsing the sample simultaneously by both spatial and chrono-
logical distributions to further explore these suggestive patterns
and their proposed explanations is not possible due to the limited
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Fig. 4. Map of Blue J Ancestral Puebloan community showing locations of domestic structures and habitation clusters. Those structures with site numbers
were sampled for this study. Arrows indicate directions in which the community expanded from the earliest clusters A and B.
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Fig. 5.
thresholds defined in Kralik and Novotny (20).

sample sizes (SI Appendix, Table S1). We also cannot assume that
patterns observed for the corrugated vessels extended to the
production of other utility or decorated wares; it may be, for ex-
ample, that the production of particular ceramic types were more
restricted to men or to women. Similarly, we cannot readily extend
any conclusions about the division of labor in pottery making to
other activities in Ancestral Puebloan society.

What is clear, however, is that the production of corrugated
pottery during the 10th and 11th centuries AD in the northern
US Southwest was not subject to a highly gendered division of
labor. Instead, the direct evidence from fingerprints on pottery
sherds demonstrates that both adult males and females were
routinely involved in production. The evidence also suggests
considerable spatiotemporal variability in the Blue J Ancestral
Puebloan community, reflecting sociocultural differences among
groups residing in the village, changes over time during the
evolution of the Chaco phenomenon, or a combination of both.
Insofar as past assumptions about craft labor have often singled

Histogram of fingerprint breadth measurements from 985 corrugated pottery sherds. Colors indicate the distribution of sex identifications based on

out pottery production as among the activities most restricted to
a particular gender, the fact that pottery making involved varying
numbers of men and women challenges the notion that gendered
divisions of labor observed in the ethnographic present or through
historical accounts can be extended into the distant past. Instead,
they illustrate complexity of human behavior among our ancestors
that mirrors differences in gender roles observed among many
human populations today.

Materials and Methods

The Blue J Ancestral Puebloan community, located in northwestern New
Mexico (Fig. 1), includes 75 archaeological sites, the majority of which are
domestic structures typically consisting of 3-15 rooms each. These habitations
are arrayed in clusters along the front and top of a low mesa, at the base of
which is one of the region'’s rare springs (Fig. 4). Additional details about the
community and its history of investigation are provided in S/ Appendix.
Materials recovered from Blue J suggest a close affinity with Chaco Canyon,
and the community’s location places it in the midst of the Chaco World—
an area under the influence if not direct control of Chaco Canyon (31, 49).

Table 1. Average fingerprint breadth and sex identification for each habitation cluster
Habitation Mean ceramic # of sites  # of sherds  Average print
cluster* date range, AD sampled analyzed breadth Female, % Male, %
Spring Group
Cluster A 885-1124 3 240 0.440 51.1 48.9
Cluster D 969-1126 3 124 0.440 55.1 449
Gulch Group
Cluster B 914-1115 7 306 0.462 31.5 68.5
Cluster C 946-1121 2 194 0.456 39.5 60.5
Cluster E 1005-1080 1 8 0.454 40.0 60.0
Others
Cluster F 999-1111 3 113 0.463 34.8 65.2

*No sherd samples were analyzed from habitation clusters G and H.

12224 | www.phas.org/cgi/doi/10.1073/pnas. 1901367116
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Focusing on a community outside of the central canyon provides a number
of advantages compared with analyses of materials from the monumental
center itself. First, the occupational history of the canyon is complex, and as-
sociated deposits represent complex palimpsests of past behavior (30). Second,
material culture from all over the Chaco World was brought to Chaco Canyon
during its height, resulting in extensive mixed deposits reflecting a wide array
of sources (47). In contrast, Chaco World communities like Blue J have much
simpler occupational histories, allowing for more control of the many variables
that contribute to patterns in the material record. For example, a geochemical
analysis of ceramics from Blue J demonstrated that most ceramics there were
produced locally from nearby clays (50). Insofar as a community like Blue J is
representative of the Chaco World, analysis of its material culture provides
significant advantages over a comparable sample from Chaco Canyon.

For this fingerprint study, 19 of the 47 total habitations from the Blue J
Ancestral Puebloan community were selected to ensure a representative
spatiotemporal sample (S/ Appendix, Table S1). All 3,063 corrugated sherds
collected from these habitations were examined for partial fingerprint
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