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Abstract

We present three new analyses of existing data from past fieldwork at Teotihuacan. First, we confirm and refine the wealth-based housing
typology of Millon’s Teotihuacan Mapping Project (TMP). Second, we analyze the spatial configurations of excavated compounds, using
network methods to identify the size and layout of individual dwellings within walled compounds. Third, we use those results to generate
the first population estimate for the city based on measurements from the TMP map. We extrapolate the average sizes of dwellings from
excavated compounds to the entire sample of mapped residences as depicted on the TMP map of the city. We generate a range of

population estimates, of which we suggest that 100,000 persons is the most reasonable estimate for the Xolalpan-Metepec population of
Teotihuacan. These analyses show that legacy data from fieldwork long past can be used to answer research questions that are relevant and

important today.

INTRODUCTION

Teotihuacan was one of the largest and most influential cities in
ancient Mesoamerica (Smith 2019). In spite of many decades of
archaeological excavation and analysis at this site, the basic nature
of the city’s population and social groupings remain under debate.
A major reason is that most investigations have tended to rely
upon either an intensive reading of local-scale evidence, such as
one or two excavated structures (Cabrera Castro and Gomez
Chévez 2008; Daneels et al. 1996; Gémez Chdvez and Gazzola
2007; Manzanilla 1993, 2017a, 2017b; Ortega Cabrera and
Archer Velasco 2014; Sanchez Alaniz 1991), or a broadscale anal-
ysis of surface information (Cowgill et al. 1984; Millon 1973;
Robertson 1999, 2015), with little integration between the two
scales of analysis. Due to the unique urban residential structure of
the site, interpretations of the social organization strongly benefit
from the integration of multiple scales of analysis.

At its apogee, most of the residents of Teotihuacan lived in
multihousehold apartment compounds (Manzanilla 1996, 2017b;
Widmer and Storey 1993). In spite of the extensive description,
excavation, and interpretation of several examples, a significant
methodological issue remains: variation in the internal structure
and size of the compounds makes the number of household dwell-
ings in each compound difficult to evaluate or standardize.
Consequently, in the absence of robust estimates of the total
number of households at the time of the maximal occupation of
Teotihuacan’s urban area, the demographic models established by
Millon (1973) and Cowgill (2015:140-144) remain very unstable.
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Millon based his estimates on the total size of the apartment
compounds (see discussion in section Population Estimates), allo-
cating a standardized number of inhabitants per compound (the
total number of compounds taken into account was 2,300). His
final estimates range from 75,000 to over 200,000, with 125,000
as a “probable” population. Cowgill (2015) compared these esti-
mates with sherd abundance and obtained final estimates of
85,000 to 125,000 inhabitants for Teotihuacan at its height (A.D.
200-550; also see Cowgill 2008b).

In this article, we describe a reanalysis of available data using a
more integrated approach that employs finer observations of both
household dwellings and settlement-wide remains. We look at
two “new” datasets. They are not new in the sense of being newly
excavated archaeological finds; rather their novelty arises from the
study of existing archaeological results that have not been previ-
ously analyzed in detail. The present article is one of the results
of an ongoing project at Arizona State University on the systematic
reevaluation and archiving of data from the Teotihuacan Mapping
Project (TMP; Huster et al. 2018). The first dataset we analyze con-
sists of the reconstructions of housing and status made by Millon of
the TMP in the 1960s. The reconstructed outlines of stone buildings
are well-known from the published map of that project (Millon
1973; Millon et al. 1973). Less well-known are the judgments of
the social status of each residential structure made by Millon and
Cowgill and stored in the project’s database. The combination of
a robust residential typology and its representation in a plan map
permits new inferences about population and wealth or status at
Teotihuacan. Our second dataset consists of plans of excavated res-
idences. These structures and their plans are widely known, but sys-
tematic comparative analysis has been rare. Smith assembled a
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catalog and database of residential excavations, and Stewart redrew
plans using a consistent set of conventions (Smith and Stewart
2018). We analyze a sample of plans in order to reconstruct the
dwellings (the space inhabited by a household) contained within
Teotihuacan residential compounds. This, in turn, permits us to gen-
erate a new systematic population estimate for the site.

Our results illustrate some of the benefits that come from the sys-
tematic comparative analysis of individual excavated structures, and
from the combination of distinct types of data from different
sources. They also show the value of returning to the unpublished
records and data from prior fieldwork in order to answer research
questions that are relevant today.

Housing Typology
The Housing Typology of the TMP

The housing typology we employ derives from that of the TMP,
which recorded two categories of information for each collection
area: an “architectural interpretation,” which described what type
of structure or other archaeological feature was present, and a “func-
tional interpretation,” which provided the most probable use of that
structure. Both typologies are temporally focused. There is a rela-
tively high, but not total, overlap between categories in the two
types of interpretation. For example, 94 percent of apartment com-
pounds (an architectural category), are coded as residences of High-,
Intermediate-, or uncertain-status (three separate functional catego-
ries). In this paper, we have simplified some cases of nonagreement
between the two typologies or extrapolated from architectural to
functional categories when the latter was missing in the database.
As a result, our numbers for various categories of residences
differ slightly from those found in the original TMP database.

The basic functional categories of housing employed in the data-
base of the TMP are Low-status residence, Intermediate-status resi-
dence, High-status residence, and Residence of uncertain status. The
frequencies of these categories are shown in Table 1. The “Other
identified” category includes temples, shrines, workshops, and
plazas, while the “Unoccupied” category lists the count of collection
tracts without a significant occupation for the phases in question.
Although the historical procedures and metadata of that project
have survived in uneven and often fragmentary form, the basic out-
lines of early TMP work on housing can be reconstructed (Huster
et al. 2018). During the fieldwork of the TMP in the 1960s, archae-
ologists completed a form for each location of the more than 5,000
surface collections of artifacts. The two most important fieldwork
operations were the observations that permitted the basic architec-
tural form to be reconstructed and the collections of artifacts. In
addition, fieldworkers also noted the presence of key wealth-
and/or status-related materials, intact architectural features, and
loose fragmentary objects on the surface of the ground (e.g., lime
plaster and mural paintings). The field forms did not include judg-
ments as to the likely wealth or status level of the ancient inhabitants
of specific places.

At some point in the mid-1960s, Cowgill created a database with
one record for each collection location. This database contained
both contextual information and counts of artifact types. Millon
began the task of writing descriptions of each collection location.
Evidently, only a small number of these were completed; they
survive in Millon’s unpublished records at the University at
Buffalo, and this project was evidently never brought to conclusion.
We infer, from indirect evidence, that Millon created the four-part
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housing typology based on architecture and location, and the
results were later entered into Cowgill’s database. When Smith
began working with this database (version “DF6”) as an undergrad-
uate student of Cowgill’s, around 1973, the classification into Low-,
Intermediate-, and High-status residences seemed well-established.

This housing typology can be viewed as a two-level branching
decision tree (Figure 1). The first division separates stone-walled build-
ings—the majority of the structures at Teotihuacan—from more
ephemeral or insubstantial structures. The latter category are signaled
by concentrations of occupational debris (primarily potsherds and
obsidian artifacts), but without evidence of stone architecture. This
latter category has traditionally been referred to as insubstantial struc-
tures, but this encompasses two architectural and functional categories
in the TMP project coding. These are architectural “casas humildes”
the majority of which are coded as functional “low-status residences,”
and architectural “occupation without durable structures,” most of
which are coded as functionally “missing data” (Cowgill et al.
2012). Following Robertson (2019), we refer to the former as
Low-status residences and the latter as outbuildings.

As analyzed by Robertson (2008, 2019), the Low-status resi-
dences have greater amounts of artifacts and construction stone on
the surface and tend to be located nearer to the outskirts of the
city, whereas the Outbuildings have fewer surface artifacts and
tend to be located closer to apartment compounds. We follow
Robertson in considering only the former to be residences. It is
likely that both types of structure were small buildings of adobe
brick, wattle-and-daub, or other perishable materials. It should be
noted that the small red squares identified as “Modest or
Insubstantial Structure” on the Millon map include localities
assigned to both sets of architectural /functional codes.

Millon divided stone-walled buildings into Intermediate- and
High-status residences. The basic unit of housing, the apartment
compound, was labeled as the Intermediate-status residence.
High-status residences were separated based on some (unspecified)
combination of the following features: location close to the Avenue
of the Dead; evidence of high-quality architecture (lime plaster and
cut stones); and presence of wealth or status markers such as mural
paintings. We do not know how the TMP category of “Residence of
indeterminate status” fits into this scheme: are these a type of stone
building, or a type of residence? The decision tree in Figure 1 is our
own construction, based on discussions in a number of sources
(Cowgill et al. 1984, 2012; Gottscho 1977).

As a separate operation, Millon began a study of residential archi-
tectural remains at Teotihuacan (these all fit in the TMP Intermediate-
and High-status categories). Like his study of individual surface loca-
tions, this operation was started but never completed. Among Millon’s
papers in Buffalo, Smith located photocopies of plan maps of exca-
vated compounds that Millon had evidently produced; these form
the basis for some of the plans analyzed in this paper. In several pub-
lications, Millon divided excavated residences into several wealth
levels that he termed social classes. For example, he identified six
status levels of just the stone buildings: two levels of elite or high
status, three levels of intermediate status, and one level of low status
(Millon 1976). His example of the latter is the Tlamimilolpa apartment
compound, not the non-stone buildings called Low-status residences in
the Teotihuacan database. In a later publication, Millon (1981) associ-
ated the lowest class of his hierarchy with the insubstantial structures of
the TMP survey. Subsequent researchers have discussed Millon’s
scheme, and some have made modifications and additions to
Millon’s scheme. Manzanilla (2004), for example, adds a seventh
(and lowest) category that includes a single example.
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Table 1. Simplified structure typology of the Teotihuacan Mapping Project (TMP).

TMP GIS This Millon 1976/ Manzanilla 2004
This Paper Original TMP Functional Category Database Cases Paper Category
High-status residence High status residence 275 283 283 Level 1; Rulers
Temple housing® - - - Level 2; Priest’s residences
Civic compound® - - -
Intermediate-status residences Level 3; High intermediate
Intermediate-status residences 1,860 1,994 1,994 Level 5; Low intermediate
Level 6; Low status compounds
Level 7; Small compounds
Low-status residence Low-status residence 545 796 545
Residence of uncertain status (High or Residence of uncertain status (High or 127 168 168
Intermediate) Intermediate)
Workshops (all types)® 132 - - Level 4; Mid intermediate
Non-residential Other identified 1,656 - -
Unoccupied Unidentified/ Unoccupied /Missing 455 - -
data
Outbuilding® - - - -
Total 5,050 3,241 2,990

“Category does not exist in TMP database.

"Most structures assigned as workshops by the original TMP have been assigned to the Intermediate or uncertain status residence categories in our analysis, on a case by case basis.

“Most coded as functionally unidentified (N = 237).

While Millon’s published scheme might contain useful informa-
tion on the relative wealth or status of the included compounds, we
do not find it a useful guide to social classes or to major status
groups for two reasons. First, systems of multiple social classes
are quite rare in premodern states, which tend to have a small elite
class (ca. 5 percent of the population) and a much larger class of
commoners (Olson and Smith 2016; Trigger 2003). Gradations of
wealth or status within social classes are found in most premodern
states, including Teotihuacan (Robertson 2001, 2015). Second, the
size of the sample Millon drew on was far too small to reliably iden-
tify that number of ranked categories. One of his categories has three
examples, one has two examples, three have only a single example,

Stone
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(Stone building)

Architectural and )
locational quality high
High-status

residence residence

present

Intermediate-status

and one has no examples at all. We have revived Millon’s program
of analyzing the excavated residences of Teotihuacan—this paper is
our first on this topic—but we prefer to retain the original housing
typology of the TMP instead of Millon’s unlikely six-class scheme.

Tests of the TMP Housing Typology

At first glance, it may seem unlikely that a housing typology based
entirely on surface finds made during fieldwork in the 1960s would
withstand the test of time. But, in fact, several tests of this typology
over the years provide strong support of its basic validity. The
first three tests are independent statistical evaluations of the

Non-specialized
structure
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(Insubstantial structure)
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Figure 1. Reconstructed structure of the Teotihuacan Mapping Project (TMP) housing typology. Image by Smith.
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distinctiveness of the housing types in terms of their quantified arti-
fact collections. The fourth test is our new evaluation of the results
of excavations of structures carried out after the initial classification
of their surface remains by Millon and Cowgill for the TMP datafile.
All four tests support the validity of the typology in two dimensions:
first, the distinctiveness of the three types is confirmed; and, second,
their interpretation as an ordinal scale of wealth or status is
supported.

First test. The first statistical test of the TMP housing typology
was carried out by Smith (1975) in his senior honors thesis at
Brandeis University. Under Cowgill’s direction, Smith used dis-
criminant functions analysis to evaluate the distinctiveness of four
architectural categories in terms of their artifacts: Low-
Intermediate-, and High-status residences and Temples. Smith
began with a preliminary sample consisting of all cases in the
data file with more than 50 sherds. The Intermediate-status residence
category was far larger than the others, so a systematic sample of
one-sixth of these collections was taken. This yielded a sample of
360 Low-status, 217 Intermediate-status, and 147 High-status resi-
dences, plus 261 temples. Using the program “Dispersion/
Discriminant Analysis” by John Rhoads (Biometric Software
Laboratory, Program PMO002), three discriminant functions were
extracted. Together, they explained 52.2 percent of the variance.
The first function, which explained 67 percent of the total discrim-
inatory power, clearly put the three status categories into the correct
order (Figure 2).

Among the artifact categories with a positive correlation with the
first discriminant function (and thus an association with high wealth
or status) are handled covers (0.42), Metepec total (0.40), regular
Thin Orange (0.31), and almenas (0.25). Categories with a negative
correlation with that function are ollas (-0.42), manos/metates
(-0.30), and puppet figurines (-0.28). The two basic conclusions
of that analysis from 1975 were the following. (1) The categories
of residences and temples can be distinguished on the basis of
their artifacts alone. That is, the discriminant functions can accu-
rately classify structures into the four categories using just the
surface artifact quantities. (2) The three ranks of residence are
arranged into their correct order by their artifacts alone (Figure 2).
These results provide support for functional or social validity of
the initial TMP typology of houses. See Smith (1975) for details
of the data and analysis. A subsequent analysis of almenas from
the TMP reported greater frequencies of houses with almenas
among High-status residences than with the other categories
(Smith and Paz Bautista 2015). The primary weakness of this anal-
ysis is that it did not control for chronological differences among
collections.

Second test. Shortly after Smith’s analysis, Sload (1982) carried
out additional tests of the artifacts associated with the TMP resi-
dence types during the Xolalpan and Metepec phases. As reported
in two publications (Cowgill et al. 1984; Gottscho 1977), these anal-
yses omitted temples and also divided both the Low-status and
High-status categories into two subcategories. Low-status resi-
dences were divided into cases close to apartment compounds and
cases distant from apartment compounds. High-status residences
were divided into “high-status room groups” and “high-status apart-
ment compounds.” While Sload’s discriminant analysis did separate
or discriminate among these groups by their artifacts, we have
chosen not to use her subcategories for several reasons. First, no
attempt was ever made to incorporate the new types into the TMP
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database. While it would be easy enough today to subdivide the
Low-status residences on spatial criteria, these groups were not
strongly separated in the discriminant analysis (Gottscho 1977:
11). The two groups of High-status residences were more strongly
distinguished by their artifacts, but the identification criteria are
vague and it would be difficult or impossible to extrapolate this dis-
tinction to the entire sample of High-status residences in the data-
base. Nevertheless, the three categories of residence used in this
paper do show the correct ranked order in Sload’s (Gottscho
1977:11) discriminant analysis. Because of its more restricted chro-
nological focus, this paper supports the notion that Smith’s findings
were not a product of temporal changes.

Third test. Independent of the earlier work of Smith and Sload,
Robertson carried out a number of analyses relating patterned vari-
ation in the distribution of Teotihuacan surface artifacts to structure
types. In one study (Robertson 2019), he used correspondence anal-
ysis to examine relationships between different kinds of residences
(as well as other structures) and TMP interpretations of status. The
analysis produced a dimension of variation that clearly ordered res-
idence types according to likely wealth or status level.

Fourth test. The fourth test of the TMP housing typology is
based on a new catalog of the excavated residences at
Teotihuacan (Smith and Stewart 2018). The locations of these struc-
tures are shown in Figure 3. Structures were classified using the
typology shown in Table 1: the three status levels of the TMP,
plus two new categories (Civic compound and Temple housing).
This new typology is discussed in greater detail below.

TMP archaeologists have made a number of subjective assess-
ments of the accuracy and usefulness of their initial housing typol-
ogy. Cowgill (2015:155), for example, writes, “[o]n the whole,
accuracy and validity of the original TMP survey have been
shown to be quite high in subsequent excavations.” To enable a
more detailed and precise evaluation, we assembled the information
portrayed in Table 2, which includes all structures in Smith’s catalog
excavated after 1966. Because the TMP data file was not updated to
reflect information from non-TMP excavations, these 36 structures
provide a test of the TMP housing typology. We consider 28 out
of 34 structures (82 percent) “correctly classified.” For Table 2,
we are considering structures in our two new categories (Civic com-
pounds and Temple housing) as High-status residences. Those new
categories did not exist in 1966 and they represent a recent refine-
ment of the category of elite or High-status residence. We also
include under correctly classified five “partially correct” results:
three residences classified by the TMP as of uncertain status were
shown to correspond to the Intermediate-status category after exca-
vation, and one remained classified as uncertain. Of the clear errors,
three consist of structures called temple platforms by the TMP that
turned out to be residences after excavation, and three consist of
areas where the TMP found no evidence of occupation that, upon
excavation, revealed residential structures.

The apparent accuracy of the initial residential typology of the
TMP is remarkable. It is a testament to the diligence of the TMP
fieldworkers and their ability to record architectural evidence from
surface remains only. This success also provides a justification for
basing our new housing typology on the prior work by the TMP.
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Figure 2. Group centroids from discriminant analysis of residences and temples as distinguished by their artifacts (from Smith 1975).
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Figure 3. Teotihuacan Mapping Project (TMP) map of structures at Teotihuacan, showing excavated residences. Image by Forest and Huster.
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Table 2. “Success” of the Teotihuacan Mapping Project (TMP) structure
classification for residences exacavated after 1966.

TMP Classification N %
Correctly classified 82
Intermediate-status residence 14 41
High-status residence® 9 26
Partially correct” 5 15
Structure, incorrectly classified
Temple platform in TMP 3 9
No structure identified
(empty area on the TMP map) 3 9
Total residences excavated 34 100

#Our “Temple housing” and “Civic compound” categories are called HSR here.
°4 uncertain status are ISR; 1 uncertain remained uncertain.

The Current Housing Typology

Our typology of excavated residences is based loosely on that of the
TMP, modified through analysis of house plans. We retain the label
“status” for the graded architectural types in order to maintain
continuity with prior work on the TMP. Nevertheless, we view
the distinctions between these categories as reflecting wealth more
strongly than status. Status refers to prestige: the way individuals
evaluate the relative standing of other individuals. Prestige is very
difficult to study archaeologically; how can we devise a rigorous
measure of what some people thought about other people long
ago? The term status is also used by some archaeologists as a
vague term for some kind of vertical ranking that avoids the neces-
sity of discussing wealth differences. Household wealth, on the
other hand, has a clear and strong archaeological proxy with consid-
erable comparative and theoretical support: the size of houses. The
evidence in support of this measure is cited in Olson and Smith
(2001), Kohler et al. (2017:Supplementary Online Materials), and
the chapters in Kohler and Smith (2018).

In order to systematize the study of the spatial attributes of houses,
Smith engaged Stewart to redraw a sample of the architectural plans
of excavated structures. Stewart began with the drawings Millon had
made and then redrew plans of the structures used by Chatterjee in his
access analysis (see below). These are part of a larger effort by
Stewart to redraw plans of most of the excavated residences at
Teotihuacan. This effort has three goals: (1) to provide a standard
set of conventions for all plans including a standardized scale and ren-
dering style; (2) to make sure key features (such as recessed patios)
are correctly identified and consistently indicated; and (3) to identify
patterns of architecture and layout in the residences.

These new plans required assembly of multiple published and
unpublished versions of each structure’s plan to create a composite
sketch of the overall structure. While there were some ambiguities
throughout the project—in particular, concerning recessed floors,
patios, and doorways—most were resolved through consultation
between Stewart, Chatterjee, and Smith.

Although our housing typology includes the three major categories
of the TMP, Smith assigned the excavated structures to types without
knowledge of their original TMP designations. Only two Low-status
residences have been excavated, at sites San José 520 and 15:N1E6
(Cabrera Cortés 2006, 2011; Robertson 2008, 2019). Given that the
TMP identified more than 500 of these locations at the site, their lack
of study has to be seen as a significant deficiency of the current
sample of excavated residences at Teotihuacan.

Smith, Chatterjee, Huster, Stewart, and Forest

Classification of the excavated stone residences proceeded as
follows. Smith started off by considering all excavated residences
as of intermediate status, and then changed some to high status.
This process results in a high level of variability in the category
of Intermediate-status residence (Figure 4). Most of these struc-
tures can be labeled apartment compounds. For the category
High-status residence, Smith began with the criteria of the TMP:
high architectural quality and location near the Avenue of the
Dead. As Stewart and Chatterjee proceeded with their drawings
and analysis, the authors would meet to discuss the housing typol-
ogy in light of new information. This led to a refined definition of
excavated High-status residences that focuses on their layout and
spatial organization (Figures 5 and 6). As noted above, in some
early TMP studies, this category was divided into two subcatego-
ries. Cowgill et al. (1984:5) call these “Apartment compounds
larger than 50 meters on a side” and “High status room groups ...
located within 250 meters of the Street of the Dead.” We do not con-
sider this distinction sufficiently clear to use it here.

In addition to the three basic housing types, we also defined two
additional types. The first, Civic compound, is defined as a large,
walled compound that contains both residential quarters and temples
or shrines, in which patterns of spatial access differ significantly
from those of Intermediate- and High-status residences. The three
excavated examples of this type are the Xalla Compound (Figure 7),
the Plaza of the Columns, and the Structure Northwest of the Rio
San Juan. Although the Ciudadela compound might fit this definition
in formal terms, we do not include it because it is much larger than any
of the other Civic compounds. Instead, we classify the residential com-
pounds or room groups within the Ciudadela separately.

The room blocks inside the Ciudadela, north and south of the
Feathered Serpent Pyramid (structures 1D and 1E) are examples
of our fifth housing type: Temple housing. This type is defined
as walled compounds with highly symmetrical and formal repeated
dwellings located adjacent to a major temple. Other examples
include several residential compounds incorporated in the Plaza 5’
(“S Prime”) temple compound (Figure 8) and a small room block
adjacent to the Patio of the four small temples.

Dwellings: Fitting Households into Apartment Compounds

The residences of Teotihuacan show many spatial regularities,
although their internal organization is far from standardized.
Simple visual examination is rarely sufficient to understand their
layout. Some investigators have used network analysis and space
syntax methods (Hillier and Hanson 1984) to formulate access pat-
terns in plans of the compounds and have drawn functional and his-
torical conclusions (Hopkins 1987a, 1987b; Morton et al. 2012;
Robb 2007). We apply these methods not to characterize whole
compounds with network indices, but rather to address three specific
questions: (1) What were the principles that structured residential
space in Teotihuacan housing? (2) Can we use these principles to
identify the specific spaces (dwellings) that housed individual
households? (3) Are there systematic differences in the layouts, or
the spatial principles, between Intermediate- and High-status
residences?

We employ the concept “dwelling” to refer to the space that
housed a single household, whether simple or complex, nuclear or
extended (Smith 2014; Tipple et al. 1994). At Teotihuacan, dwell-
ings included both private residential space and semi-public space
that was likely shared among the households of an apartment com-
pound. Some researchers have used the term subcompound to refer
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Figure 4. Excavated Intermediate-status residences (a) Tetitla (#A2) and (b) Xolalpan (#Al). Numbers in parentheses are catalog

numbers from Smith and Stewart (2018). Images by Stewart.
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Figure 5. Excavated High-status residences (a) Quetzalpapalot! Palace (#A32) and (b) Ciudadela, structure IC (west; #A3l). Images by

Stewart.

to dwellings at Teotihuacan (Linné 1934; Séjourné 1966); we prefer
dwelling because it is an established concept in the literature on
comparative housing.

Identification of Dwellings Using Network Analysis

Seventeen apartment compounds were selected for network analy-
sis: eight Intermediate-status residences, five High-status resi-
dences, two Temple residences, and two Civic compounds
(Table 3). This sample consists of all Intermediate- and
High-status residences that match two criteria: (1) the residences
were completely excavated with a published plan; and (2) we felt
secure in our ability to interpret the architectural details from the
plan. The analysis was designed and carried out by Chatterjee,

based on a combination of graph-theory statistics (Kansky 1963)
and space syntax methods (Hillier and Hanson 1984). The building
blocks of this analysis are convex spaces and depths. A convex
space is a space within which all locations are mutually visible
and where the length and width of the space are approximately
equal. Depth is a measure of the minimum number of intermediary
steps or lines of movement that one must travel when moving
between two convex spaces.

The residence is first transformed into a network of nodes and
depths, following the approach proposed by Hopkins (1987b).
This reduces each convex space—such as patios, temples, porticos,
corridors, light wells, and rooms—into a single node without regard
to the size or nature of the space, and all transitions between those
spaces into depths, regardless of whether they are steps, doorways,
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Figure 6. Excavated High-status residence: West Plaza (# A46). Image by Stewart.

or colonnades. For the present case, the nodal network is built up
starting from the compound entrance along a traffic pattern permit-
ted by the walls of the compounds. It takes into account the degree
of accessibility of various areas of the compounds and continues
until a dead end is reached. A nodal network can be characterized
as either dendritic or connected. A dendritic network branches
repeatedly without rejoining, allowing maximum privacy and
minimum ease of movement. Dendritic networks create hierarchies
of access. On the other hand, a completely connected network con-
tains all possible routes, allowing great ease of movement and no
dead-end spaces, thereby ensuring no hierarchy of access.

The basic dwelling form at Teotihuacan consists of a single
central space, around which are arranged rooms that connect,
directly or indirectly, with the central space. In most cases, the
central space consists of or contains a sunken patio. Some dwellings
contain an additional, secondary, sunken patio. Most
Intermediate-status compounds also contain a central courtyard,
often with porches and doorways to inner rooms on three of four
sides. These courtyards were presumably shared among all or
most residents of the compound. High-status compounds have

larger central courtyards, with less regularity in their configuration.
These patterns were used to develop the following set of rules that
guided Chatterjee’s network analysis:

(1) A particular convex space can belong to only a single dwelling; there are
no cases of convex spaces that overlap between two dwellings.

(2) Adjacent dwellings cannot share more than one doorway. If adjacent
dwelling areas share two or more doorways, they are joined into a
single dwelling.

(3) Space within a dwelling is oriented around a central convex space (which
typically consists of a sunken patio).

(4) Rooms immediately adjacent to a compound’s central courtyard should
not be considered as part of a dwelling.

The number of rooms, patios, depths, doorways, and dead ends
are counted and multiple dendricity metrics are calculated for each
dwelling, such as number of alternate routes, percent redundancy,
normalized doorway ratios, and normalized dead-end ratios.
Figures 9 and 10 illustrate the methods used. The inset in
Figure 9 shows the various space syntax units using Dwelling 4
of Zacuala as an example. Percent redundancy is the ratio of
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Figure 7. Xalla compound (Civic compound, #A38) with network analysis. Image by Stewart and Chaterjee.

number of circuits present to the total theoretical number of circuits
possible for a given set of nodes (Kansky 1963). High-status resi-
dences such as Palace of the Jaguars, Ciudadela 1C (west), Palace
of the Sun, and the West Plaza have one or more rows of attached
rooms that communicate directly with the central compound open
space but are not directly connected to the dwellings. These
rooms have single depths that terminate in a dead end and do not
have any dendritic branches. This feature prevents them from
being classified as belonging to an individual dwelling. Hopkins
(1987b) has postulated that these rooms were not public and
would have served some auxiliary purpose. We propose that these
rooms were used for storage, since they resemble storage features
as identified for a number of early urban traditions in their standard-
ized form, small size, and single entrance facing the interior of a
building or compound (Anders 1981; Garza Tarazona de
Gonzilez et al. 2016; Rickman 1971). It is not clear whether exist-
ing excavation data from these structures is sufficiently detailed to
test this hypothesis.

Palace of the Jaguars and Conjunto del Sol have almost identical
layouts with two large dwellings diagonally located on either sides
of the central open space. Within the elite compounds,
Quetzalpapalotl stands out with a large and impressive patio associated
with a cordoned off group of rooms. The West Plaza has four distinct
and large dwellings around a central open space, with the unique
pattern of rows of single-depth rooms described earlier. One can

argue that presence of four dwellings (a clear outlier for High-status
compounds) and its unusually large total compound area make it a
“complex of elite compounds,” rather than one single compound. For
the sake of simplicity, we have decided to categorize it as a High-status
residence with four dwellings. Unlike Intermediate-status compounds,
dwellings in High-status compounds are spatially separated from one
another with non-residential spaces in between. Intermediate-status
residences, on the other hand, have multiple dwellings adjacent to
each other and appear more ‘“cluttered” than elite compounds.
Intermediate-status residences and Temple housing compounds have
a central common space but lack the distinctive rows of single-depth
rooms of the High-status compounds.

Civic compounds such as Xalla and Conjunto Noroeste del Rio
San Juan have significant spatial depths but very few doorways and
dead ends. In space syntax terminology, they are highly connected
with a low hierarchy of space. Nodal analysis reveals hardly any
“rooms” where people could have resided. This is the primary
reason we did not delineate dwellings for individual residential
units in civic structures (Figure 11). We propose that these com-
pounds were likely used for administrative or special purposes
where privacy was of lower concern. Manzanilla (2017c¢) interprets
Xalla as a possible royal palace, an interpretation that is compatible
with our results.

The architecture of temple housing compounds is unique in the
high level of formality and repetition of their dwellings (Figure 8).
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Figure 8. Excavated Temple housing: Group 5 (#A43). Image by Stewart.

Table 3. Sample of residences for spatial and demographic analysis.

Compound Catalog No. Total Area (m?)  Number of Dwellings Compound Area per Dwelling (m? Common Area (%) Illustration

Intermediate status

Oztoyahualco Al7 534.92 3 178.31 15.90 -
La Ventille frente 3 A9 2,673.04 13 205.62 18.70 -
Tlamimilolpa A4 3,534.86 17 207.93 27.30 -
Xolalpan Al 1,120.53 5 224.11 58.00 Figure 4
Tetitla A2 3,821.10 9 424.57 49.20 Figure 4
Atetelco Al3 2,995.00 5 599.00 54.49 -
Yayahuala A3 3,619.11 6 603.19 58.40 -
Zacaula Palace A5 3,576.37 4 894.09 42.10 Figure 9
High status
Palace of the Jaguars A54 2,128.07 2 1,064.04 72.40 Figure 9
Ciudadela 1C (west)  A31 1,138.84 1 1,138.84 64.50 Figure 5
Conjunto del Sol A33 2,757.20 2 1,378.60 72.80 —
West Plaza Ad6 8,199.12 4 2,049.78 74.90 Figure 6
Quetzalpapalotl A32 2,233.06 1 2,233.06 69.50 Figure 5
Temple housing
Ciudadela 1D (north) A29 1,529.19 5 305.84 32.60 Figure 10
Ciudadela 1E (south) A30 1,815.33 5 363.07 40.30 -
Civic compounds
Xalla A38 39,489.21 - - - Figure 7
Northwest compound  A37 4,864.80 - - - -
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Figure 9. Network analysis for (a) Zacuala (Intermediate-status residence, #A5) and (b) Palace of the Jaguars (High-status residences,

#A54). Images by Stewart and Chatterjee.

They tend to have one relatively large dwelling located to the east of
the central open space (Figure 10), with “wings” of smaller dwell-
ings attached to either ends of the larger dwelling. This specific
arrangement of convex spaces is not found in other compounds.
Furthermore, the dwellings interact with the central patio through
porticos, unlike the other residential compounds. Another unique
aspect of Temple housing architecture is that all internal routes
cross the main patio and one cannot bypass the central patio
except by walking around the outside of the building (Hopkins
1987b). Ciudadela 1C (west) shares common space syntax attributes

with the Palace of Jaguars and Quetzalpapalotl, compared to the
nearby Ciudadela 1D (north) and Ciudadela 1D (south), and is
therefore categorized as an elite compound and not Temple
housing in our study. Tlamimilolpa has been thought to be of low
status (Millon 1976) but dendricity analysis does not support
separating this compound from other Intermediate-status residences
and creating a new, lower category. Tlamimilolpa shares a number
of equivalent space syntax parameters with other Intermediate-
status compounds such as Yayahuala, Xolalpan, and La Ventilla
Frente 3.

Downloaded from https://www.cambridge.org/core. Arizona State University Libraries, on 25 Apr 2019 at 14:18:19, subject to the Cambridge Core terms of use, available at
https://www.cambridge.org/core/terms. https://doi.org/10.1017/50956536118000573


https://www.cambridge.org/core/terms
https://doi.org/10.1017/S0956536118000573
https://www.cambridge.org/core

Apartment Compounds, Households, and Population in The Ancient City of Teotihuacan, Mexico 13

DWELLING 1

DWELLING 2

ENTRANCE 1

¥

™~
w
g_
=
= @
z
w
m
U]
=
i |
- |
w
™ =
ﬁ o
Z
o
=
z
w
@
&
w
W]
b=
<
o
=
z
w

DWELLING 4
Slerra Stewart DWELLING 5
ENTRANCE 5
0 20
N
m.

Figure 10. Network analysis of the Ciudadela, structure ID (north) (Temple housing, #A29). Image by Stewart and Chaterjee.

Statistical Analysis of Dwellings

We investigated whether the raw distribution of space syntax
metrics fall within 3 o (or standard deviations) of the overall distri-
bution, in order to statistically validate the dwelling demarcation
exercise and its set of spatial rules. Strict adherence to these statistics
will ensure that any errors are distributed across the entire sample
size under study and are not skewed to a particular status level or
compound. Figure 11 clearly shows that normalized dead ends for
all dwellings are within mean + 3-sigma distribution and almost
matched to one another across all status levels. This essentially con-
firms that the basic Teotihuacan dwelling type has the same spatial
signature regardless of status level and reinforces the accuracy of the
dwelling definition method.

The areas of the apartment compound were calculated using the
publicly available ImageJ 1.501 software (Ferreira and Rasband
2012). Comparison of mean compound area per dwelling shows
significant differences between elite status compounds (1,572.9 m?)
compared to intermediate compounds (391.1m?%) and Temple
housing compounds (334.5m?). Elite compounds also show a
significantly higher common area (70.8 percent of total compound
area) compared to intermediate compounds (38.5 percent) and
Temple housing (36.5 percent). Common area reflects the com-
pound area that is not occupied by individual dwellings, e.g.,
patios, light wells, courtyards, and porticos. This comparative
analysis provides a numerical validation of our initial visual
impression that the High-status residences seem less cluttered
than others.
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In order to test the statistical difference between elite and inter-
mediate compounds, T-tests were performed on two selected param-
eters, total compound area per dwelling and ratio of open space to
total compound area, using the JVS script on the JMP Pro 11.2.1
platform. The two-sample T-test is used to test if two populations
are statistically equivalent. For the present case, a two-sided T-test
with 95 percent confidence interval and a = 0.05 was used. Alpha
is the significance level and is defined as the probability of rejecting
the null hypothesis when it is true. The outcome of the T-test
revealed P-values (significance values) of 0.0005 and 0.0027 for
these values, which are lower than alpha. The statistical implication
is that the hypothesis that elite status compounds are equivalent to
intermediate compounds for these two variables is clearly rejected.
In other words, High-status residences can be distinguished from
Intermediate-status residences on some measurements, but the fun-
damental spatial structure of the layout of dwellings is similar in
both categories.

POPULATION ESTIMATES
Population Estimates by Millon and Cowgill

Millon and Cowgill each published several estimates of the popula-
tion of Teotihuacan. Given their pathbreaking construction of a
complete map of the Xolalpan-phase architecture of the site
(Millon et al. 1973), it is surprising that their population estimates
were based only tangentially on that map. Millon’s (1970, 1973:
44-45) method is described succinctly by Cowgill (2015:143) as
follows:

Millon estimated population by different methods. He assumed
about 30 sleeping rooms in a 60X 60 compound and 1-3
persons per sleeping room, to get 60—100 occupants. But if acom-
pound of that size had six apartments, this would mean 10-17
persons per apartment, larger than most households in other soci-
eties. ... Millon also estimated 30-50 occupants of a 40 x40

compound and 12-20 in a 25 X 25 compound. He arrived at a
minimum population of 75,000, with 125,000 more probable
and perhaps more than 200,000, if his assumptions were too con-
servative. I think his assumptions were too generous.”

Millon (1973) later changed his estimate from three figures—
75,000, 125,000, and 200,000—to two: 100,000 to 200,000 resi-
dents (Millon 1976:212).

Cowgill’s most recent method of population estimation for
Teotihuacan may be summarized as follows (Cowgill 2015:
141-143). Most apartment compounds had four to six dwellings.
An estimate of six persons per dwelling yields 36 residents,
whereas an estimate of 10 per dwelling yields 60 persons.
Millon’s estimate of 60 to 100 persons per compound seems too
high. Thus, an estimate of 30 to 60 persons per compound seems
reasonable. Assuming a mean between three and five households
per compound yields a total of 6,900 to 11,500 households in the
city. For a maximal estimate, assume five dwelling per compound
and 10 persons per household; this yields 120,000 persons. Add
20,000 additional persons from Low-status residences, to arrive at
a maximal estimate of 140,000. For a minimal estimate, assume
that some compounds were empty and five persons per household;
this yields a population of 26,000. Add 4,000 for Low-status resi-
dences, for a minimal estimate of 30,000. The midpoint of the
maximal and minimal estimates is 85,000; this is Cowgill’s popula-
tion estimate for the city.

In a 2008 paper, Cowgill (20082:962) had suggested (without
comment) that Teotihuacan had “a population near 100,000 or pos-
sibly more.” Subsequent works by other scholars seem to have
selected one of Millon’s or Cowgill’s figures as their preferred pop-
ulation estimate for the ancient city. For example, Alvarez-Sandoval
et al. (2015) cite Cowgill (2008a) and Manzanilla (2006) to justify a
population estimate of over 100,000 (although the latter source lacks
a demographic reconstruction), and Sugiyama and Somerville
(2017) cite Cowgill (2008a) for an estimate of 100,000.
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Extrapolating From Excavated Residences to the Entire City

In cases where population estimates are based on counts of structures
(as opposed to methods based on site size or artifact densities), the
resulting population estimate can be seen as the result of the interplay
between three variables: the number of observed residential struc-
tures, the percentage of structures assumed to be occupied contem-
poraneously, and the number of occupants per structure. Calculating
the latter variable at Teotihuacan requires two sub-variables.
Because apartment compounds are multihousehold dwellings, esti-
mating the population per structure involves estimating both the
number of households per structure and the number of individuals
per household. Additionally, because the previous section demon-
strates that residences of difference classes are significantly different
in size, categories of residential structures must be stratified by res-
idential category and estimates produced separately for each.

First, we use the TMP map and associated database to calculate
the number of Xolalpan-Metepec-phase residential structures at the
site and assign them to residential classes. To do so, we use a GIS of
Teotihuacan created by the “Service Access in Premodern Cities”
project. Readers can consult the publications of that project for
details of the digitizing and map construction (Dennehy et al.
2016; Stanley et al. 2016). The most important observation about
the GIS is that the structures were digitized manually directly
from a scan of the TMP map sheets, published at a scale of 1:
2,000 (Millon et al. 1973).

We begin with the observation that the distinction between
Intermediate-status and High-status residences, as made by the
TMP, is largely accurate and correct; this flows from both the
prior tests and the network analysis presented above. For the major-
ity of cases, we followed the TMP database assignment of residen-
tial status for apartment compounds (as High-, Intermediate-, or
Uncertain-status residence). Our modestly higher counts for these
residence types, compared to the TMP database (Table 1), are due
to our inclusion of cases where the TMP data is incomplete (e.g.,
the architecture is coded as an apartment compound, but no func-
tional interpretation is given), a non-residential function that likely
co-occurred with residence was given precedence in the database
(e.g., most workshops located in apartment compounds), or the
database merged into one entry the artifact collections from two
physical structures which were digitized separately in the GIS.

Our two new categories within the original TMP High-status res-
idence category, Temple housing and Civic compounds, cannot be
separated in the survey data at this time. Given these facts—that
High-status residences make up a relatively small percentage of
the total residences at the site, that both new structure types are rel-
atively infrequent in the excavated sample, and that the two catego-
ries would have opposing effects on population counts (the former
increasing and the latter decreasing estimates)—we assume their
inclusion has a minimal effect on our population estimates.

Residences of uncertain status are treated as Intermediate-status res-
idences for the purposes of population estimation, since the relative
frequencies of different residences of identifiable status suggest that
most apartment compounds are of Intermediate-status. Additionally,
the average measured compound size for uncertain-status residences
in the GIS is much closer to that of Intermediate-status residences
than to High-status residences.

Estimating the number of Low-status (non-apartment compound)
residences features a separate set of issues, namely that different
facets of the TMP identified such residences differently. As described
in the earlier section TMP Housing Typology, the Millon map uses
the same insubstantial structure icon for two different database cate-
gories, only one of which were likely residences. Additionally, the
number of insubstantial structure icons shown within any given col-
lection tract on the map was a rough estimate by Millon (1973), and
he cautions that these should not necessarily be taken to indicate a
precise number of structures. As a result, we use the database count
of Low-status residences, rather than the map-based GIS count.
The database count is probably an underestimate, since it is a count
of areas with evidence of Low-status residences, some of which
may have included more than one such residence. Since such lower-
status adobe houses would have been significantly less durable than
apartment compounds, however, it is not unreasonable to think of
multiple Low-status houses in the same collection tract as represent-
ing a household series of sequential occupations.

Second, there are few analogs for estimating the degree of con-
temporaneous occupation at Teotihuacan, mainly because there are
very few sites in the central highlands with the same degree of struc-
tural preservation. In the Maya area, it is common to assume a 10
percent disuse factor, in addition to any reductions in occupancy
based on problems of the contemporaneity of occupation within a
phase, which can range from 045 percent in modern estimations
(Culbert and Rice 1990; Inomata et al. 2018; Ortega-Mufioz et al.
2018). Given the high construction costs and durability of
Teotihuacan apartment compounds, however, it is more likely that
there was a certain level of sub-maximum occupancy of compounds,
rather than cycles of disuse and reoccupation of entire compounds,
which effectively combines the short-term disuse and longer-term
contemporaneity factors used in the Maya area. This is closer to
the situation observed in the southwest United States, where physi-
cal architecture will preserve (and can be subsequently reused) even
in the absence of maximum occupancy. In that region, archaeolog-
ical and ethnographic estimates of occupied space range from 50-80
percent of the maximum room count, with the assumption that sites
occupied for longer periods of time are more likely to have sub-
maximum levels of occupation on average (Hill et al. 2004;
Kintigh 1985). While more architecturally appropriate, such esti-
mates likely do not take into account the pressures created by the
scale of urban settlement at Teotihuacan.

Table 4. Descriptive statistics for three categories of housing in the excavated sample.

Area per Dwelling (m?)

Common Area (%)

Compound N Mean sd Median Mean sd Median
Intermediate status 8 417.1 261.3 3243 40.5 17.5 45.7
High status 5 1,572.9 535.8 1,378.6 70.8 4.0 72.4
Temple housing 2 3345 40.5 334.5 36.5 5.4 36.5
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Table 5. Demographic calculations. Bolded values indicate proposed population estimates for each model.

Persons per Household

Type N Total Area (m?) Dwelling Unit Size® Total Households A B C D
Model 1: Median dwelling size
Low 545 - - 545 5.5 5.5 5.5 5.5
Intermediate 1,994 4,350,282 324.3 13,414 5.5 74 9.7 74
High 283 379,724 1,378.6 275 5.5 74 9.7 9.7
Uncertain 168 370,746 324.3 1,143 5.5 7.4 9.7 74
1A: 1B: 1C: 1D
Raw population estimates based on median dwelling size 84,579 112,762 146,878 113,395
—15% Unoccupancy 71,892 95,848 124,846 96,386
Model 2: Mean dwelling size
Low 545 - - 545 5.5 5.5 5.5 5.5
Intermediate 1,994 4,350,282 417.1 10,430 5.5 74 9.7 74
High 283 379,724 1,572.9 241 5.5 74 9.7 9.7
Uncertain 168 370,746 417.1 889 5.5 74 9.7 74
2A: 2B: 2C: 2D:
Raw population estimates based on mean dwelling size 66,578 88,542 115,131 89,098
—15% Unoccupancy 56,591 75,261 97,861 75,733

“Median or mean of square meters per dwelling.
Preferred model (1D).

Burgage cycles, as seen in historic European cities, are periodic
dips in population resulting in lower occupation densities within
lots, rather than the contraction of the urban area or the abandonment
of entire lots (Conzen 1969). The initial rapid growth and subsequent
plateau in the size (and presumably the population) of Teotihuacan
suggests that there was sufficient empty space within existing struc-
tures to accommodate changes in household composition, the arrival
of immigrant households, temporary moves to accommodate repair
work, and other ongoing shifts in residence. In 2018 in the United
States of America, approximately 87.5 percent of housing units
were occupied (United States Census Bureau 2018) and this was per-
ceived as a tight housing market, resulting in rising rents and new
construction. On the basis that the less-flexible housing provided
by apartment compounds likely resulted in a higher disuse rate
than in the Maya area, but that the lack of rooms used for refuse dis-
posal during the active life of structures indicates a lower disuse rate
than in the Southwest, we assume that 15 percent of available resi-
dential space at Teotihuacan was not concurrently occupied. This
factor is applied at the end of the calculation process in order to facil-
itate the application of alternative unoccupancy rates. This disuse
rate falls within the 0-25 percent range that Cowgill (2015:
140-144) uses for his estimates of the population of Teotihuacan
during this period.

Third, in order to calculate the number of residents per structure,
we assume that our samples of excavated structures, as discussed
above, are approximately representative of the populations of
these classes of structures in the TMP map. This may be an optimis-
tic assumption, but it seems to be the simplest way to proceed.
For these samples, we calculated the average area per dwelling for
each compound by dividing the total compound area by the
number of dwellings from the network analysis. This procedure
partitions the common spaces within each compound (central
patio, likely ritual rooms, and corridors) equally among the dwell-
ings in the compound. Our measure is therefore larger than the
actual living area of individual households. These data are in
Tables 3 and 4.

We calculated the mean and median for the compound area per
dwelling for the Intermediate- and High-status residences in the exca-
vated samples. We next added up the total area of all residences in four
categories of unexcavated structures from the TMP map: High-status
residence, Intermediate-status residence, Uncertain-status residence,
and Low-status residence. Table 5 shows these data and calculations.
Calculations based on the median dwelling size in Table 4 are referred
to as Model 1; those based on the mean are Model 2. These calcula-
tions yield an estimate of the total number of dwellings in each of
the four categories. Based on the assumption that each dwelling
housed a single household, we arrive at a total number of households
for each of the four housing categories.

Estimating the Population

Our next step is to estimate the size of households at Teotihuacan.
This is probably the weakest link in our chain of reasoning. We
start with the assumption that the primary social unit at
Teotihuacan—and the group inhabiting a single dwelling—was
the household. Household organization is almost universal among
the premodern agrarian societies of the world (Bender 1967;
Netting et al. 1984), including Mesoamerica (Carballo 2011;
Santley and Hirth 1993; Wilk and Ashmore 1988). While it is con-
ceivable that residence at Teotihuacan might have been organized
on some other basis (e.g., gender- or age-based quarters), we
believe that the available comparative and theoretical literature
make this highly unlikely.

We employ three different household-size constants to produce
estimates of the population of Teotihuacan. We begin with the com-
parative study of Kolb (1985), who surveys a large body of literature
and concludes that best overall estimate for Mesoamerica is 5.5
persons per household. This happens to match rather precisely the
size of peasant households in the Teotihuacan Valley in the mid-
twentieth century (Charlton 1970; Diehl 1970). On this basis, we
employ 5.5 persons as the lowest of our three parameters of house-
hold size. For our other constants, we turn to some of the most
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detailed records of conquest-era household form and size in all of
Mesoamerica: a series of Nahuatl-language census documents
from several towns in Morelos, compiled less than three decades
after the Spanish conquest (Cline 1993; Diaz Cadena 1978; Hinz
et al. 1983; Smith 1993). When the Morelos census towns are
arranged by their dominant form of agriculture, the one town
relying on terrace agriculture, Tepoztlan, had an average of 5.4
persons per house, while the five towns relying on irrigation agricul-
ture had an average of 7.4 persons per house (Carrasco 1964). Given
that irrigation agriculture was practiced at Teotihuacan, we use 7.4
persons per house as our second parameter.

For a third household-size constant, we use a specific figure from
the Morelos census of the community of Molotla (part of the
Yautepec polity). Carrasco’s (1976) data show that for joint-family
households (a form of extended household), the mean number of
persons per house was 9.7. This is our third and highest parameter
of household size for Teotihuacan. We should note that all figures
cited above are for the number of persons per house. The Molotla
estimate (9.7) is specifically for joint-family households only, but
the other figures include both nuclear and joint or extended families.

In Table 5, we present four scenarios for household size of the
four categories of residence, labeled A through D. Scenario A
uses the smallest household-size parameter for all residential catego-
ries, yielding the smallest pair of rounded population estimates:
72,000 (median) and 57,000 (mean). Scenario B uses the intermedi-
ate parameter for all but the Low-status residences, while Scenario C
uses the highest parameters, yielding the highest estimates
(median = 125,000, mean = 98,000). Scenario D is based on
varying parameters for the residential categories.

Given the lack of normality in the distribution of mean areas per
dwelling (Tables 3 and 4), the median is a better estimator of central
tendency than the mean. We therefore conclude that Estimates 1A
through 1D, based on the median, are more reliable than
Estimates 2A through 2D. Of the four scenarios, we suggest that
Scenario D is the most realistic, given the near-universal association
between wealth or status and household size (Netting 1982;
Wheaton 1975; Wilk and Netting 1984). Therefore, our best esti-
mate of the population of Teotihuacan in the Xolalpan phase is
96,000, which we round to 100,000.

We are currently engaged in spatial analysis of the distribution of
Teotihuacan residences, and that work will be presented separately.
We can report, however, a preliminary GIS-based estimate of the
size of the built-up area at Teotihuacan: 1,876 ha (18.76 kmz).
When the population estimate of 100,000 is distributed over the
built-up footprint, the resulting urban population density is 53
persons per ha. While this is considerably lower than the density
of Aztec Tenochtitlan—157 persons per ha (Smith 2008)—it is
high for a Mesoamerican city (Smith 2005).

DISCUSSION AND CONCLUSIONS

Our analyses advance two domains of Teotihuacan research. First,
we have contributed to an understanding of housing and inequality
by confirming the validity of the three-part residential typology of
the TMP. In addition, we have identified key aspects of the spatial
and social principles of Teotihuacan dwellings and compounds.
Second, we have used our analyses of housing to generate the
first estimate of the population of Teotihuacan that is based on the
actual sizes of houses as depicted in the map of the TMP. Our anal-
yses in both domains show the continuing usefulness of the data and

concepts of the TMP, and they point the way for continuing research
to complete some of the unfinished studies of that project.

The data and analyses reviewed above give strong support to
Millon’s initial three-category typology for Teotihuacan residences
(High-status, Intermediate-status, and Low-status residences). This
scheme was devised to create order in the several thousand struc-
tures documented by the surface methods of the TMP in the
1960s. It is part of a larger architectural classification system that
includes temples, shrines, roads, plazas, and other features of the
built environment at Teotihuacan. The non-residential architecture
of Teotihuacan remains very poorly understood (apart from the
major excavated pyramids), and additional research is needed badly.

We have presented three kinds of information that support the
interpretation of Millon’s housing typology as an ordinal scale of
wealth or status. (1) Studies of associated artifacts by Cowgill and
his students reached two main conclusions. First, the three house
types can be distinguished on the basis of their surface artifacts
alone; and, second, the rank ordering by wealth/status in the artifact
data matches that of the architecture, thereby supporting the architec-
tural classification. (2) Our assembly of information on residences
excavated since 1966 (Table 2) shows that most of the excavated
structures match the categories identified by the TMP. (3) Our
network analysis of architecture in High-status and
Intermediate-status residences confirms that the distinction between
these two types is marked by distinct principles of compound
layout and access. Although High-status compounds are smaller
overall than Intermediate-status compounds, the dwelling sizes of
High-status compounds are much larger. The fact that a typology
of housing that was devised in the 1960s from surface finds
remains valid and useful today is nothing short of remarkable. This
is a testament to the quality of the field methods and the interpretive
decisions made by Millon and other members of the TMP in the
1960s.

While our analyses support the notion that the three categories
do indeed mark distinct levels of household wealth at
Teotihuacan, they do not inform us of either the content or the mag-
nitude of such differences. The artifact studies by Cowgill’s students
described above (Cowgill et al. 1984; Gottscho 1977; Smith 1975)
provide some clues as to the nature of distinctions among the resi-
dents of the three residential categories. But these were crude anal-
yses that should be integrated with the results of more thorough
recent analyses of the surface artifacts of the TMP (Robertson
2015). Additional detailed analysis of the architecture and artifacts
of well-excavated compounds (Manzanilla 1993, 2012, 2017a;
Ortega Cabrera 2013) can also contribute to a better understanding
of how lifestyle, activities, and conditions may have varied among
and within social classes.

Our results can be used to generate a more reliable study of the
quantitative expression of wealth in equality at Teotihuacan. In a
preliminary analysis, Smith et al. (2014) used the TMP map to cal-
culate a Gini coefficient of 0.12 for Teotihuacan. This indicates a
remarkably low level of wealth inequality for a major preindustrial
state society, but that study did not have available the catalog of
excavated residences, which was assembled after 2014 (Smith and
Stewart 2018). This, in turn, means that extrapolation of results
from excavations to the unexcavated residences was less reliable
than is possible now. We intend to pursue a reanalysis of wealth
at Teotihuacan using the Gini coefficient in a later paper.
Supplementing our analysis of house size with estimates of con-
struction labor (Murakami 2015) would be another profitable
avenue of research.
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Our new population estimate does not differ radically from
those offered previously by Millon and Cowgill, but we feel it is
based on much stronger data. As reviewed above, their population
figures were based on guesses and estimates of the typical sizes
of apartment compounds, whereas ours is based on the actual
measured sizes in the TMP map. Cowgill (George Cowgill,
personal communication 2014) was not confident of the rigor of
any of those earlier estimates, including his own. His population
figures had tended to drop throughout his career, with his final
estimate being 85,000. Our best estimate—which can be rounded
to 100,000—is close to this value, and it lies within the upper and
lower bounds of Millon’s various estimates for the population of
the city.

Smith, Chatterjee, Huster, Stewart, and Forest

The three analyses presented above have significance on two levels.
Most basically, they improve our understanding of the nature of
Teotihuacan dwellings, wealth inequality, and demography. On a dif-
ferent level, they demonstrate that continuing relevance and usefulness
of the data from the TMP. For whatever reason, many of the analyses of
that project were never brought to conclusion or published. But the arti-
facts, catalogs, datafiles, photographs, and paper records of the project
are still available to scholars. We are pursuing a variety of additional
lines of research using this material, and we will be archiving project
data and records on the Digital Archaeological Repository (tDAR)
to make them available to others (Huster et al. 2018). Past fieldwork
at Teotihuacan still has a lot to tell us today about important issues in
ancient urbanism, society, and cultural history.

RESUMEN

Presentamos tres nuevos andlisis de datos existentes del trabajo de campo
anterior en Teotihuacan. Primero, confirmamos y refinamos la tipologia de
vivienda basada en la riqueza del Proyecto de mapeo Teotihuacan (TMP)
de René Millon. En segundo lugar, analizamos las configuraciones espa-
ciales de los conjuntos habitacionales excavados, utilizando métodos de
red para identificar el tamafio y el disefio de las viviendas individuales
dentro de los conjuntos amurallados. Tercero, usamos esos resultados para
generar la primera estimacién de poblacion para la ciudad en base a las med-
iciones de las estructuras del mapa TMP. Extrapolamos los tamafios

promedios de las viviendas desde los complejos excavados hasta la
muestra completa de residencias asignadas como se muestra en el mapa
TMP de la ciudad. Generamos un rango de estimaciones de poblacién, de
las cuales sugerimos que 100,000 personas es la estimaciéon mds razonable
para la poblacion Xolalpan-Metepec de Teotihuacan. Estos andlisis muestran
que los datos heredados, del trabajo de campo del pasado, pueden usarse para
responder preguntas de investigacion que son relevantes e importantes hoy
en dia.
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