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This article examines large-scale spatial and temporal patterns in the agricultural demographic transition (ADT) of Meso-
america and southwestern North America (“the Southwest”). An analysis of published settlement and subsistence data sug-
gests that the prolonged ADTs of these regions involved two successive eras of rapid population growth. Although both
periods of growth were fueled by the introduction or development of more productive domesticates, they had distinctive demo-
graphic and social consequences. The first phase of the ADT occurred only in a scattering of favorable regions, between 1900
and 1000 BC in Mesoamerica and 1200 BC–AD 400 in the Southwest. Its demographic consequences were modest because it
was underwritten by still rather unproductive maize. During this phase, increased population was confined mainly to a few
agricultural heartlands, whereas surrounding regions remained sparsely populated. The second phase of the ADT was
more dramatic in the spatial scale of its impact. This “high productivity” phase unfolded between 1000 and 200 BC in Meso-
america and AD 500–1300 in the Southwest, and it was fueled by more productive maize varieties and improving agricultural
technologies. It was accompanied by sweeping social, economic, and political changes in both regions.
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Este artículo examina la estructura espacial y temporal de la transición agrícola-demográfica (ADT por sus siglas en inglés)
en Mesoamérica y el Suroeste estadounidense. El análisis de los datos de patrones de asentamientos publicados hasta la fecha
sugiere que las ADT prolongadas que han ocurrido en estas regiones involucraron dos épocas sucesivas de rápido crecimiento
de la población que resultaron en estructuras espaciales de gran escala características particulares. La primera fase de la ADT
fue más débil a la escala espacial del impacto demográfico, probablemente porque estuvo basada en un maíz todavía poco
productivo. Esta fase temprana de crecimiento rápido ocurrió tan solo en algunas regiones relativamente favorables, amplia-
mente dispersas en el área de interés, durante el segundo milenio aC en Mesoamérica y durante finales del segundo milenio/
principios del primer milenio aC en el Suroeste estadounidense. La segunda fase del ADT fue más dramática en la escala espa-
cial de su impacto. Esta fase de “alta productividad” probablemente fue impulsada por variedades más productivas de maíz.
Esta fase se desarrolló durante el primer milenio aC en Mesoamérica y el primer milenio dC en el sudoeste estadounidense, en
numerosas regiones, incluidas aquellas que experimentaron la primera fase de expansión y muchas otras que no la experimen-
taron. Fue acompañado por cambios sociales, económicos y políticos radicales en ambas regiones.

Palabras clave: arqueología, agricultura, transición demográfica agrícola, transición demográfica neolítica, Formativo,
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Across the globe, the shift from hunting
and gathering to agriculture led to popu-
lation growth. A developing literature

characterizes that shift as a demographic transi-
tion comparable in certain respects to the current
“industrial” demographic transition that began in
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Western Europe around AD 1800 (Bocquet-
Appel 2002, 2008, 2011a, 2011b; Gage and
DeWitte 2009). By the time the latter transition
plays itself out in approximately AD 2100, it
will have led to an expansion of the world’s
population from 1 billion to perhaps 9.5 billion
over the course of 300 years (Lee 2003:185).
The Agricultural Demographic Transition
(ADT)—also referred to as the Neolithic Demo-
graphic Transition (NDT)—likewise led to sub-
stantial population expansion during the
Holocene. In terms of the sequence of change
in demographic parameters, however, the ADT
is envisioned as a mirror image of the Industrial
Demographic Transition (IDT; Bocquet-Appel
2011a). The trajectory of the IDT is a decrease
in mortality followed by a decrease in fertility.
The ADT is postulated instead to have involved
an increase in fertility, followed by increased
mortality.

The IDT has been a complex process—global
in scope but fundamentally historical. Different
societies have moved through a similar series
of stages at different times. Yet, the stages have
varied in character at different points in the over-
all historical trajectory—as suggested, for
instance, by higher peak growth rates in less
developed countries (where the demographic
transition is more recent) than in more developed
countries (where it started earlier) (Lee 2003:Fig-
ure 4). The concept of the IDT originates in a
descriptive model of observed trends in mortal-
ity, fertility, and population growth (Gage and
DeWitte 2009:650). Although it has proven to
have considerable predictive power, it is funda-
mentally a synthesis of patterns rather than an
explanation. Lee (2003:167–168) notes continu-
ing uncertainties about the relevance and effects
of different factors.

It is not self-evident that the ADT should be
conceived of as a coherent global process.
Worldwide, it unfolded over a much longer
time than the IDT (∼10,000 years compared to
300). The relevant crops varied considerably,
as did the availability and use of domestic ani-
mals. Bocquet-Appel (2002, 2008, 2011a,
2011b) nevertheless argues that the ADT was a
global process, repeated at different times in dif-
ferent world regions. His empirical case is based
on distributions of ages at death in prehistoric

human skeletal assemblages. Bandy (2005,
2008) adapted the approach for application to
settlement pattern data from regional surveys.
Our empirical focus in this article is on that alter-
native source of evidence.

We accept, as a working hypothesis, claims
for the ADT as a global process, although we
suspect that it unfolded in distinct ways in differ-
ent times and places. In this article, we examine
spatiotemporal variation in episodes of rapid
population growth during the ADT of Meso-
america and southwestern North America
(including the U.S. Southwest and northwestern
Mexico [henceforth “the Southwest”]; Figure 1).
For understanding spatiotemporal patterns
within these quasi-continental bounds, a crucial
scale of analysis proves to be the “macrore-
gion”—a unit that, although still quite large, is
considerably smaller than the continental.
“Regions” are valleys or other physiographically
defined areas typically in the range of 100–2,000
km2, the range in scale of larger archaeological
survey projects. “Macroregions” are bigger:
areas of approximately 10,000–40,000 km2 con-
sisting of several contiguous, historically con-
nected regions (Balkansky 2006; Kowalewski
2004; Schachner 2015).

For exploring spatial patterns, the work of
Peter Bellwood (2005, 2013) provides a helpful
point of departure. His work is less useful on
the issue of temporal structure, however. Indeed,
temporal patterning in the ADT needs to be dis-
covered through empirical analysis. An analysis
of published data from regional surveys suggests
that in some parts ofMesoamerica and the South-
west there were two phases to the ADT, with dif-
ferent consequences in terms of the spatial
distribution of population. We propose an ide-
alized model of demographic history at the macro-
regional scale, consider its relevance for making
sense of variation, and close with what we con-
sider an important causal factor: the changing
productivity of maize.

Spatial Structure

Based primarily on the European case,
Bocquet-Appel (2002) hypothesized the
large-scale spatial pattern of the ADT as a wave
of advance. Such a scenario is not appropriate
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for cases in the Americas. Our starting point is
instead Bellwood’s (2005, 2013) model of
early farming dispersals.

Bellwood argues that the demographic suc-
cess of subsistence systems oriented to food pro-
duction converted regions of early agriculture
into heartlands from which farmers migrated
radially, pushing aside or incorporating sur-
rounding hunter-gatherers. Expanding farmers
brought their languages with them, leading to a
global occurrence of language families with
extensive distributions surrounding the original
agricultural heartlands. The language distribu-
tions mark the persistent traces of expansions
by farmers thousands of years before. Although
Bellwood has focused on possible cases of very
large-scale (quasi-continental) expansions, the
model itself does not specify the spatial scale
of these processes.

At first glance, the model seems difficult to
apply to the Americas, but for Mesoamerica, at
least, Bellwood (2005:237–244, 2013:230–234)

builds a plausible case. He acknowledges several
steps in the development of food production and
a mosaic pattern in the transition to the Forma-
tive, as documented by regional specialists
(Rosenswig 2015). Crucially, Bellwood posits
multiple agricultural heartlands within Meso-
america—although he does not identify them
precisely. Early farmers expanded from each
of those but soon ran up against each other. It
was mainly at the extremes of this network of
interacting early farmers that there was potential
for large-scale expansion. Based on the linguistic
map, Bellwood identifies as candidates the broad
distribution of Mayan languages across the
Yucatán Peninsula and, much more dramatically,
the extension of Uto-Aztecan languages from
Central Mexico to the Southwest.

Both of those cases remain controversial. In
the Maya area, specialists have debated whether
the rapid appearance of pottery-using farming
communities across the Northern Lowlands dur-
ing the Middle Preclassic (1000–400 BC) was

Figure 1.Mesoamerica and southwestern North America, with insets showing the locations of survey regions considered
in this article. Macroregions mentioned in the text are identified by letter as follows: (A) Colorado Plateau; (B) Sonoran
Desert; (C) Central Mexico; (D) SouthernMexican Highlands; (E) Southern Gulf Coast; (F) NorthernMaya Lowlands;
(G) Southern Maya Lowlands; (H) Southeastern Pacific Coast.
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the result of in situ development or migrations of
farmers from the Southern Lowlands (summa-
rized by Bey 2006:19–23; see also Supplemental
Text 1, Note 1). Kaufman (2017) thinks migra-
tions played a role in the diversification of
Mayan languages, but his glottochronological
reconstructions place those during the preceramic
second millennium BC—a scenario consistent
with a recent isotopic study of human remains
from southern Belize that found increasing die-
tary dependence on maize from 2700 to 2000 BC
and full reliance on maize as a staple after 2000
BC (Kennett et al. 2020). Bellwood’s idea that
migrating farmers from western Mexico brought
maize to the Southwest has rekindled a debate on
the evolution of the Uto-Aztecan language fam-
ily (e.g., Hill 2012; Merrill 2012; Shaul 2014).
We think that demic expansions of farmers did
take place during the ADT in both Mesoamerica
and the Southwest at scales at least up to that of
the macroregion, but it is not our purpose here
to enter into the linguistic debate.

Within Mesoamerica, an attractive aspect of
Bellwood’s model is that it envisions multiple,
simultaneous expansions by early farmers speak-
ing diverse languages. It is therefore consistent
with both the complex subsequent linguistic
map and the widely scattered appearance of
ceramic-using villages from around 1900 BC1

(Clark and Cheetham 2002; Lesure 2008)—the
moment traditionally defined as the beginning
of the Formative. Although there is no simple
correspondence between Formative-era material
culture and the conquest-era linguistic map, the
scale at which languages of the same family clus-
ter together is similar to macroregional patterns
of coherence in material culture such as the
area of Central Mexico to which Vaillant’s
figurine typology applies (Reyna Robles 1971;
Vaillant 1930). Furthermore, it is at the macrore-
gional scale that specialists have for decades dis-
cussed possible cases of demic expansion of
agriculturalists during the Formative—for
example, the expansion of farming villages to
the north across Central Mexico from heartlands
in present-dayMorelos and the southern Basin of
Mexico (Lesure et al. 2013; Sanders et al.
1979:95–97). Such arguments have parallels in
the Southwest with the movement of farmers
from the southern deserts to the Colorado Plateau

(Coltrain and Janetski 2019; Matson 1991). In
sum, at macroregional scales, we find evidence
consistent with the processes postulated in Bell-
wood’s model—including, in some cases, pos-
sible instances of demic expansion.

Temporal Structure

The simultaneity of postulated population expan-
sions within Mesoamerica is one of the more
attractive features of Bellwood’s model. Yet,
the most convincing archaeological cases for
radial expansions of farmers (such as the Central
Mexico case) date from 1000 BC and thereafter,
whereas an expansion from the northern fringes
of Mesoamerica to the Southwest would have
occurred much earlier: maize farmers were pres-
ent in the Sonoran Desert by 3000 BC (Vint
2018:79).

Instead of drawing on any existing model, we
propose to develop an understanding of temporal
structure through a review of evidence. A funda-
mentally descriptive model, the IDT was devel-
oped with information on demographic
parameters that remain hypothetical constructs
in prehistoric cases, prompting Gage and
DeWitte (2009) to recommend caution concern-
ing the ADT. We focus here on changes in the
rate of population growth by phase, calculated
on the basis of settlement pattern data. We first
consider when the ADT began in Mesoamerica
and the Southwest. Then, we describe the
approach used to derive growth rates from settle-
ment pattern data.

The Beginning of the ADT

Bocquet-Appel (2011a:S502) argues that both
sedentism and a shift toward high-calorie/high-
carbohydrate foods are necessary to initiate the
ADT. Supporting that claim is a study of 47
ethnographically documented populations in
which the mean fertility for horticulturalists
was virtually identical to that of hunter-gatherers,
whereas that for agriculturalists was significantly
higher (Gage and DeWitte 2009:652). Those
observations cast doubt on one of multiple pos-
sible moments for the beginning of the ADT in
Mesoamerica: the initial spread of maize from
the tropical lowlands (reaching highland central
and southern Mexico by at least 4000 BC).
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That spread does not seem to have been accom-
panied by dramatic demographic consequences,
perhaps because maizewas only partially domes-
ticated when it spread beyond the tropics, and
key allelic changes conferring the domesticated
phenotype took place beyond the center of
domestication (Kennett et al. 2017; Kistler
et al. 2018).

In Mesoamerica, there are two more likely
candidates: the transition fromArchaic to Forma-
tive (1900 BC) or the transition from Early to
Middle Formative (∼1000 BC). We favor the
first of these. The initial Formative witnessed
the appearance of pottery and numerous attri-
butes of sedentism (long-lasting villages, earthen
platforms, more permanent residences, large
storage pits). Although the social value ascribed
to maize may have shifted after 1000 BC
(Rosenswig et al. 2015; VanDerwarker and Kru-
ger 2012), during what we refer to as the high-
productivity phase of the ADT, it is clear that
maize was a significant component of the diet
from the beginning of the Formative (Bérubé
et al. 2020; Hepp et al. 2017; Kennett et al.
2020; Lesure et al. 2021). An analysis of propor-
tions of young individuals in human skeletal
assemblages is also consistent with a long Meso-
american ADT beginning at 1900 BC and
extending throughout the Formative (Lesure
et al. 2014).

Here, we treat 1900 BC as the beginning of
the ADT in Mesoamerica. There is, however,
one more possibility: the mid-second millen-
nium BC, coinciding with evidence of extensive
forest clearing, the appearance of more produc-
tive varieties of maize, and isotopic evidence
that at least some individuals were relying on
maize as a staple (Kennett et al. 2010, 2017,
2020). Settlement pattern data to examine popu-
lation growth prior to 1900 BC are not available.

In the Southwest, there are also multiple can-
didates for the start of the ADT. The initial
appearance of maize in the late fourth and third
millennia BC seems unlikely given a lack of evi-
dence for marked behavioral or demographic
consequences. More promising candidates
would be the start of the San Pedro phase
(∼1200 BC) in the Sonoran Desert and the Bas-
ketmaker II period (∼400 BC) on the Colorado
Plateau. Both of these transitions are marked by

changes similar to that of the Mesoamerican For-
mative—larger and longer-lasting settlements
with more substantial architecture, abundant
maize in the macrobotanical record, and
13C-enriched bone collagen consistent with the
consumption of C4 plants (Carpenter et al.
2015; Coltrain and Janetski 2013; Geib 2011;
Vint 2018). In this case, pottery appeared later,
around the last few centuries of the first millen-
nium BC in the Sonoran Desert (Garraty 2011)
and a few hundred years later on the Colorado
Plateau (Skibo and Blinman 1999).

Kohler and colleagues (2008) examined the
ADT of the Southwest based on the percentages
of juveniles in burial populations. Using a relative
chronology (see Supplemental Text 1, Note 2),
they identified a strong ADT signal in cases pri-
marily dating to the first millennium AD, several
millennia after the appearance of maize (Kohler
et al. 2008). A shift to an absolute chronology
(Kohler and Reese 2014) preserves that strong,
comparatively late signal but reveals consider-
able regional variation—including a much
longer and more gradual ADT in the Sonoran
Desert and a sharp, late ADT on the Colorado
Plateau.

Temporal Patterns of the ADT

The central concern here is patterning in the
length or form of the ADT. In each region, we
look for evidence of shifts to higher fertility
based on rates of population growth. Relatively
small populations can exhibit high growth
rates, a point illustrated for the Valley of Oaxaca,
Mexico in Figure 2 (based on population esti-
mates provided by Kowalewski et al. 1989:
Tables A.III.2 and A.III.3). In the raw population
curve (Figure 2a), the most dramatic features are
the steep population rise after AD 1 and the high
overall population late in the sequence. A shift to
a logarithmic scale (Figure 2b) calls attention
instead to earlier periods of growth. In
Figure 2c, raw population figures are converted
into changing growth rates by phase, using a for-
mula introduced below. There were two episodes
of high growth during the Formative—a more
modest one (reaching 0.4% per year) during the
second millennium BC, followed by a period of
more rapid growth (reaching 1.4% per year) in
the middle of the first millennium BC. The
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argument developed in this article is that these
are, respectively, the signatures of the first and
second phases of a two-phase ADT that is iden-
tifiable in data from both Mesoamerica and the
Southwest.

Bandy (2005) calculated growth by ceramic
phase using the following formula for annual
growth rate from Hassan (1981):

r = 1
T
ln
Pf

Pi

This formula calculates the annual rate of popu-
lation change (r), where T is the length (in
years) of the phase, Pf is the estimated

population of the phase in question, and Pi is
the population of the previous phase (Bandy
2005:S111). Because the population for the
phase of interest is compared to that of the previ-
ous phase, the growth rate for the first phase in
any given region remains unknown. Conse-
quently, for the Valley of Oaxaca, population
estimates are available beginning from 1750
BC, but growth rate can be estimated only from
1350 BC (Figure 2c).

Bandy (2005, 2008) compared settlement
data from the Valley of Oaxaca, the Basin of
Mexico, and the Titicaca Basin. He identified
an ADT of two “stages”: a period of 800 years
or so of rapid population growth (0.5%–1.0%

Figure 2. Prehispanic demographic history of the Valley of Oaxaca, Mexico: (a–b) total population on regular and loga-
rithmic scales; (c) annual growth rate by phase. Based on data from Kowalewski and colleagues (1989:Tables A.III.2
and A.III.3).
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per year) followed by a decline in growth to 0%–

0.2% per year. The decline in growth rate could
signal stabilization of population at a new carry-
ing capacity or, perhaps, the rise in mortality pos-
tulated as the second stage of the ADT (Bandy
2008:334). Following Bandy, we treat this
pattern of a period of high growth rate (stage 1)
followed by a decline in growth (stage 2) as the
signature of an ADT episode in settlement pattern
data. We go farther than Bandy, however, when
we argue that the ADT of a given region may be
composed of multiple episodes—we call them
“phases”—each with a stage 1 and stage 2.

Data

As raw data for the figures in the next few sec-
tions, we have used the best available population
estimates (in numbers of people) from published
archaeological surveys. These of course are esti-
mates (Drennan et al. 2015:99–123). We have
not tried to correct for any of the potential pitfalls
of survey evidence beyond adjustments already
in the original publications. The goal of our anal-
ysis was to (1) distinguish periods of rapid
growth from periods of low growth or decline
within individual regions and (2) identify pat-
terns in the timing of periods of rapid growth
among adjacent regions. An important assump-
tion is that the procedures used to estimate popu-
lation in any given study are consistently
applicable throughout the sequence. We avoid
directly comparing estimated rates of growth
from different sequences.

Raw data and references are provided in Sup-
plemental Tables 1 and 2 (see also Supplemental
Text 1, Notes 3 and 4). Where the publication
consulted provided a range in the population
per phase, we computed an average of the high
and low value and used that as the basis of our
calculations. In Mesoamerica, the original popu-
lation estimates are based fundamentally on total
hectares occupied, translated into numbers of
people using formulas for people/ha that usually
take into account the density of occupation (Sup-
plemental Text 1, Note 5). In a few cases, we
have used hectares occupied when no population
estimates were provided (Supplemental Table 1).

In the Southwest, estimating population
growth rates was more complicated because the

period of interest includes both preceramic and
ceramic eras. Although published population
estimates for the ceramic era are common and
usually based on structure counts, estimates for
the preceramic era have rarely been made due
to the paucity of architecture visible on survey
and the difficulty of translating surface artifact
distributions into population. There is also less
consistency in how site sizes in the Southwest
are reported compared to those in Mesoamerica.
For example, ceramic-era site size is often
reported as a structure count, and site areas are
infrequently reported in published reports even
though this information likely exists on the ori-
ginal forms or site cards. In the discussion that fol-
lows, we calculate growth rates using (1) changes
in the total site area occupied per period for
preceramic- and ceramic-era sites, and (2) pub-
lished population estimates derived from structure
counts and expected use life for the ceramic era.
The former is parallel to how Mesoamerican
population estimates are made, albeit without the
use of intermediary conversion factors.

Because of the different types of data under-
lying our growth rate estimates, we avoid directly
comparing estimates derived from different
methods, but we note that even for the prece-
ramic estimates based on site area, there should
be a robust relationship between site size and
the intensity and longevity of occupation (Ham-
ilton et al. 2018). We also note that in the few
cases where we were able to determine growth
rates using site area across the preceramic and
ceramic periods, the overall patterns of popula-
tion change track previous estimates based on
structure counts (Supplemental Text 1, Note 4).
Regardless, we are focused here on changes in
rates of growth, not absolute population counts.

A central point in the argument developed
here is that the spatial manifestations of rapid
growth differed between the two phases of the
ADT. That point emerges in our comparisons
of adjacent regions. The first phase is observed
only in a few “heartland” regions, whereas
many regions experienced the second phase of
rapid growth. The first phase led to a heteroge-
neous population distribution at the macrore-
gional scale. Populations remained concentrated
in heartland regions, somewith substantial commu-
nities extending over dozens of hectares, whereas
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surrounding regions remained sparsely popu-
lated by widely dispersed people living in
small villages and hamlets. In figures presented
in the following sections, we track that hetero-
geneity by noting the initial appearance in each
region of villages of 10+ ha.

The Agricultural Demographic Transition in
Two Macroregions

This section brings the notion of an ADT of two
phases, with differential impacts at the macrore-
gional scale, to a consideration of concrete
cases—(1) the Southern Highlands of Mexico
and (2) the Sonoran Desert of southern Arizona
(USA) and northern Sonora (Mexico; Figure 1).
For each of these areas, we examine population
growth rates by phase in multiple constituent
regions. Similarities between the two cases pro-
vide the basis for an idealized model of macrore-
gional demographic history during the ADT.

The Southern Highlands of Mexico

The Southern Highlands of Mexico is a rugged,
semiarid area in which the Valley of Oaxaca con-
stitutes the largest expanse of arable land (rainfall
400–800 mm per year). Preceramic occupation is
known from this heartland area (Flannery 1986),
but population estimates are not available. Sur-
vey evidence begins from approximately 1800/
1750 BC (Supplemental Text 1, Note 3).

Growth rates by phase from the Early Forma-
tive to the Late Postclassic are shown in
Figure 3a. A single region—the Valley of
Oaxaca—experienced a period of rapid growth
during the second millennium BC (San José
phase), concentrated in the Etla arm of the valley
(e.g., Feinman and Nicholas 2013:Figure 4.5).
San José Mogote was persistently the largest
site: perhaps 7 ha in the early second millennium
BC and between 20 and 70 ha by the late second
millennium (Flannery and Marcus 2005:7, 11).
Yet, regions surrounding the Valley of Oaxaca
remained virtually unpopulated. The overall
scarcity of population across the macroregion
changed dramatically in the mid-first millennium
BC, when farming communities appeared every-
where. In most regions, the highest growth rates
of the entire sequence (2000 BC–AD 1500)
occurred at this time (Figure 3a). Although

these high growth rates were associated with
urbanization, including the founding and territor-
ial expansion of Monte Albán, we propose that
the ADT was still in progress. At this time,
some areas of the Southern Mexican Highlands
likely experienced dispersals of farmers compar-
able to those envisioned in Bellwood’s model.
Sorting out the details is difficult: there were
likely both in situ expansions from small initial
farming populations and radial movements of
farmers from the heartland.

The ADT of this macroregion consisted of
two phases with distinct spatial manifestations.
An initial period of rapid growth during the
second millennium BC was confined to one
“heartland” region, the Valley of Oaxaca. A
second, more dramatic phase of rapid growth dur-
ing the first millennium BC was registered across
themacroregion, including in the original heartland.

The Sonoran Desert

The Sonoran Desert is substantially drier than
Oaxaca, with arable river valleys receiving
200–300 mm of annual rainfall. Irrigation was
consequently an important component of farm-
ing practices from the second millennium BC
forward. Settlement data derived from survey
are available for several locations in southern
Arizona (Supplemental Text 1, Note 4). For the
Tucson Basin and southeastern Arizona, we pre-
sent two versions of growth rates by phase: one
derived from total site area and the other from
population estimates (Figure 3b).

We again find two discrete periods of popula-
tion growth. The first occurred in the Tucson
Basin and immediately adjacent regions of
southeastern Arizona with perennial river sys-
tems during the San Pedro phase (1200–800
BC), in both cases registered clearly in the site
area data. Accompanying the population surge
were increases in the number of habitation
sites, the complexity of sites, and average site
size. This initial period of growth overlapped in
time with the first ADT signal in the Valley of
Oaxaca. As in Oaxaca, sites of 10 ha or more
appeared for the first time (although all 10+ ha
were not necessarily occupied simultaneously).
The largest of these, Las Capas (1220–730
BC), is 40 ha in extent, and it includes a complex
network of canals and irrigated fields that

600 Vol. 86, No. 3, 2021AMERICAN ANTIQUITY

https://doi.org/10.1017/aaq.2021.23 Published online by Cambridge University Press

https://doi.org/10.1017/aaq.2021.23


required a level of suprahousehold coordination
previously unknown in the region (Vint 2018).
By the Cienega phase (800 BC–AD 50), most
people in the Tucson Basin occupied large flood-
plain sites ranging up to 80 ha. The numerous but
ephemeral structures were likely only occupied
for several years before being abandoned. Still,
these large San Pedro and Cienega phase
sites represent a dramatic population increase

compared to the preceding Silverbell interval
(2100–1200 BC), and they present clear evi-
dence for a commitment to maize agriculture.
Some well-watered locations in northern Sonora
also experienced rapid population growth during
the San Pedro phase and hosted sites covering
well over 100 ha during the Cienega phase (Car-
penter et al. 2018:113, 117). Much of the rest of
the Sonoran Desert, however, remained sparsely

Figure 3. Population growth data from two macroregions—(a) the Southern Highlands of Mexico and (b) the Sonoran
Desert—showing in each area an ADT with two phases of rapid growth: an initial “low productivity” phase and a sub-
sequent “high productivity” phase. For constituent regions of each macroregion, estimated annual population growth
rates by phase are shown from 2000 BC through AD 1500. An asterisk marks the first phase in each region in which at
least one site of 10 ha or more is reported. Shaded phases are those in which growth rates were particularly high
(≥0.25%, a value selected arbitrarily and used in this and subsequent figures to make patterns more readily visible).
Because growth rates for initial phases cannot be calculated, we have left those blank. In a few cases, we have blackened
initial phases of occupation because a high growth rate seems likely given the raw population estimate in relation to the
overall length of the phase. For instance, the Sierra Norte of the SouthernMexican Highlands was registered as unoccu-
pied prior to 500 BC; the initial phase of occupation is Early Monte Albán I (500–350 BC), when the population is esti-
mated at 700 to 1,825 people. Further notes by macroregion: For the Southern Mexican Highlands, note how the
low-productivity ADT unfolded in a single region (the Valley of Oaxaca) while other regions remained unoccupied;
the subsequent high-productivity phase occurred simultaneously throughout the macroregion. For the Sonoran Desert,
note that for the Tucson Basin and Southeastern Arizona regions, we draw on data from two sources (summed site areas
and published population estimates). The “All Hohokam” row is based on pooled population estimates that include pe-
ripheral regions other than the Tucson and Phoenix Basins and Southeastern Arizona (phases left blank in that row due
to space limitations all had growth rates of less than 0.1). For configuration of regional survey boundaries, see Figure 1.
For raw data and references, see Supplemental Tables 1 and 2 as well as Supplemental Text 1.
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occupied by more mobile groups less invested in
maize agriculture (Hall 2018).2

As in the Southern Mexican Highlands—
although after a considerably longer interval—a
second phase of rapid growth occurred in all
regions of the Sonoran Desert beginning in the
first millennium AD (Figure 3b). In calculations
based on site area, the second period of growth
in the Tucson Basin appears to be spread over a
long period (AD 100–1350) due to difficulty in
assigning sites dominated by undecorated ceram-
ics to specific intervals. Most of the growth likely
occurred after AD 500 (see Wallace and Linde-
man 2012:38), as registered in published popula-
tion estimates for the Tucson Basin and in the
other regions considered in the figure (see Supple-
mental Text 1, Note 4 for additional commentary).

This second period of growth coincided with
the rise of the previously sparsely settled Phoenix
Basin as the demographic center of the macrore-
gion. Although in the past this expansion has
sometimes been linked to migration from outside
the microregion—even from Mesoamerica
(Haury 1976; Wallace et al. 1995)—we suggest
that it was instead the product of processes within
the macroregion during the second phase of the
ADT. Hohokam archaeologists have highlighted
the late Pioneer and early Preclassic periods
around AD 500–900 as an era of substantial
growth in village size that coincided with more
intensive craft specialization, the expansion of
canal systems, the rise of ballcourt ritual, and
increasingly complex exchange systems (Craig
et al. 2012; Wallace and Lindeman 2012).
Again, we see a two-phase ADT with an initial
phase confined to specific portions of the macro-
region followed by substantial and widespread
expansion that coincides with extensive socio-
political change.

A Model of Macroregional Demographic
History

Similarities between these two macroregions
prompt the following preliminary, idealized
model of macroregional population history dur-
ing the ADT in Mesoamerica and the Southwest.
The demographic transition began in widely dis-
persed heartland regions surrounded by less
favorable areas. In the less favorable areas, popu-
lation remained low throughout the first phase of

demographic expansion. In these secondary
regions, there were small agricultural settlements
or continued low-density occupation by hunter-
gatherers with or without supplemental domesti-
cates. An initial period of high growth followed
by a decline in growth occurred in the heartland
region. The resulting population expansion was
at this point mainly accommodated within the
heartland, often yielding sizable communities.
This initial episode of growth was likely fueled
by a relatively low-productivity agricultural
package—a topic that we return to below.

At some point, a second phase of rapid growth
occurred. The second episode was more dramatic
than the first in terms of macroregional impact.
This is the period in which farming villages, pre-
viously scarce, suddenly appeared in most
regions. Notwithstanding its association with
major sociopolitical transformations—urbanism
and state formation in the Southern Highlands
of Mexico, and the rise of the Hohokam regional
system in the Sonoran Desert—this second epi-
sode was part of the ADT still in progress. We
refer to this as the “high productivity” phase of
the ADT—again, a point revisited below.

A Look at Other Macroregions

We think that the preceding model can help make
sense of population history in other macroregions
of both Mesoamerica and the Southwest, even if
only a handful of cases match it in detail. The
macroregional scale is crucial here. Most regions
experienced a single phase of rapid growth, dur-
ing the high-productivity phase of the ADT (the
first millennium BC in Mexico and the second
half of the first millennium AD in the South-
west), yet they were part of a larger system in
which some regions had already experienced an
initial phase of rapid growth. Teasing out that ini-
tial phase from survey data can be difficult. In the
Southwest, it is preceramic. In Mesoamerica,
phase divisions of the earlier Formative are
often too coarse to pick up an initial spike in
growth, and demographic events prior to the
appearance of pottery are undetectable in avail-
able settlement pattern evidence. In both Meso-
america and the Southwest, many surveys do
not yield data amenable to the sort of analysis
presented in Figure 3.

602 Vol. 86, No. 3, 2021AMERICAN ANTIQUITY

https://doi.org/10.1017/aaq.2021.23 Published online by Cambridge University Press

https://doi.org/10.1017/aaq.2021.23


We perceive several variants among macrore-
gional population histories. Some areas other
than the Southern Highlands and the Sonoran
Desert did experience a two-phase ADT with
identifiable heartlands emerging in the first
phase. In other cases, multiple, contiguous
regions may have experienced gradual growth
such that they were all thinly populated by agri-
culturalists on the eve of the high-productivity
phase of the ADT, when villages suddenly prolif-
erated across the macroregion. In some cases, the
trajectory of the ADT was complicated by
regional-scale instabilities. People moved en
masse, apparently due to political, economic,
and/or ecological factors beyond the simple set
of processes posited for the ADT. The following
paragraphs provide examples.

Variability in Mesoamerica

InMesoamerica, highland Central Mexico appears
to have undergone a two-phase ADT, with mul-
tiple heartlands in Morelos, southern Puebla, the
southern Basin ofMexico, and possibly the Toluca
Valley (Figure 4). An early rise and decline of
population growth is not clearly detectable in the
survey data, probably due, in part, to coarse tem-
poral subdivision of the crucial era as well as the
fact that the second phase followed closely on
the heels of the first. To support our claim for a sep-
arate, initial episode of high growth, we note the
emergence of large settlements (10+ ha) during
the later second millennium BC in regions that
were settled from 1400 BC or before. The site of
Tlapacoya, for instance, in the southern Basin of
Mexico, reached 70 ha (Niederberger 2000).
Such sites indicate considerable buildup of popula-
tion in heartland zones even while the larger
macroregional landscape remained sparsely popu-
lated. This heterogeneous population distribution
with concentrations in several heartlands is similar
towhat we observed during the secondmillennium
BC in the Southern Highlands (Figure 3a).

Indeed, expanding coverage of the Southern
Highlands to the Mixteca Alta (bottom of
Figure 4) reveals additional probable heartland
areas. In both Yucuita and the Central Mixteca
Alta, villages of 10 ha or more appeared before
1000 BC. In those cases along with Quachilo
(a small area with full coverage survey in the
Tehuacán Valley), there is a subsequent spike

in the growth rate during the first millennium
BC, which corresponds to the high-productivity
phase of the ADT.

Population instability involving abandon-
ments of entire regions complicated the ADTs
of both the southeastern Pacific coast and the
southern Gulf coast. In both areas, heartland
zones with large centers and substantial con-
centrations of people emerged during the
second millennium BC in an otherwise sparsely
populated landscape (Mazatán on the Pacific
coast [Pye et al. 2011:Table 10.1] and Middle
Coatzacoalcos on the Gulf [Symonds et al.
2002:Figure 4.4]). Those are important elements
of the two-phase model for the ADT. Yet, both
those regions experienced dramatic population
declines around 1000 BC. Although overall
population on the Gulf coast grew during the
Middle and/or Late Formative, surveys reveal
continuing instability at the regional scale (see
Supplemental Text 1, Note 6).

Based on the available settlement pattern evi-
dence, the Maya Lowlands would appear to be a
case of gradual population expansion preceding a
dramatic, single-phase ADT (Supplemental Text 1,
Note 1). Ceramics were adopted late compared to
the rest of Mesoamerica (1200–1000 BC), and
shortly thereafter, villages proliferated in the
manner of the high-productivity phase of the
ADT unfolding contemporaneously elsewhere
in Mesoamerica. Kaufman (2017:65–67) and
Kennett and colleagues (2020) envision an ear-
lier demic expansion from the Guatemalan High-
lands during the second millennium BC. That
expansion would have been coeval with the low-
productivity phase of the ADT observed else-
where, but it was different in character because
population growth was not bottled up in heart-
land regions but instead led to a radial expansion
of farmers. If further research bears out that scen-
ario, it might be accommodated to our model by
recognizing the significance of mobility in the
adaptations of these preceramic Maya farmers.
We note that the early farming adaptation in
the Sonoran Desert was also comparatively
mobile (Carpenter et al. 2015:247–248; Vint
2018:81). A heartland pattern was retained in
that case because areas suitable for irrigation
agriculture were spatially restricted and highly
contested.
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Variability in the Southwest

There is evidence of a two-phase ADT in western
portions of the Colorado Plateau, with an initial
period of increased growth rates in the late first
millennium BC in portions of what is now Utah
and Arizona (e.g., Cedar Mesa, northern Black
Mesa, and Canyon del Muerto). All regions
experienced an even more dramatic period of
growth beginning around AD 600 (Figure 5).
The second period of rapid growth corresponds
with the ADT identified by Kohler and Reese
(2014) via mortuary data. In some areas, exempli-
fied in Figure 5 by the Village Ecodynamics Proj-
ect (VEP) data from the central portion of the
northern San Juan, we see little or no agricultural
population preceding massive growth during the
high-productivity phase of the ADT. This vari-
ability in the timing of regional population growth
and potential effects of agricultural expansions on
the Colorado Plateau have been noted by other

researchers (e.g., Vierra and Carvalho 2019).
Western portions of the plateau, such as the Tusa-
yan and Chuska Mountains regions, are better
candidates for a two-phase ADT, with the first
phase beginning during the Basketmaker II period
(Coltrain et al. 2007; Geib 2011). Eastern areas,
especially in the Rio Grande Valley (Vierra and
Carvalho 2019:12–13), experienced a mix of in
situ expansion and farming dispersals during a
single phase of rapid growth restricted to the high-
productivity phase of the ADT. Although the
western Colorado Plateau is often not considered
a favorable location for agriculture due to its arid-
ity, its geographic proximity to the populations
involved in the first phase of the ADT in the Son-
oranDesert may have spurred earlier experimenta-
tion with agriculture and a two-phase ADT (see
Coltrain and Janetski 2019; Matson 1991).

Population instability at a regional scale was a
widespread phenomenon in the Southwest. In the
Sonoran Desert, although individual communities

Figure 4. Growth rates between 2000 BC and AD 1 in 13 additional regions of Mesoamerica. Note the shorter interval
than in Figure 3. Most cases are from the macroregion of Central Mexico. Also included are a single case from the
TehuacánValley and two additional cases from the SouthernHighlands (Mixteca Alta). Again, phases with particularly
high (≥0.25%) growth rates are shaded. In these cases, it is also crucial to note the asterisks, which mark the first phase
in each region in which at least one site of 10 ha or more is reported. As before, initial phases are blank because growth
rates cannot be calculated. In three cases, we have blackened initial phases of occupation because a high growth rate
seems likely given the raw population estimate in relation to the overall length of the phase. For configuration of regional
survey boundaries, see Figure 1. For raw data and references, see Supplemental Table 1 and Supplemental Text 1.
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were often long-lasting compared to those on the
Colorado Plateau, the second phase of the ADT
included a dramatic shift in the demographic
pole of the region, with the Phoenix Basin far out-
stripping the population of the Tucson Basin. On
the Colorado Plateau, there was marked popula-
tion instability even during periods of overall
population growth. Population swung wildly on
both northern Black Mesa and in the northern
San Juan regions (Figure 5). Although we are
able to better track these changes and identify
regional variation during the ceramic era, it is pos-
sible this instability was also characteristic of the
first phase of the ADT in the Southwest—albeit
masked by a much coarser chronology.

The Changing Productivity of Maize and the
Two-Phase ADT

The changing productivity of maize was an
important causal factor behind the two-phase
ADT. We support this idea by placing evidence
of maize productivity and consumption along-
side the results of the foregoing analysis of demo-
graphic data. The question is, Do periods of

rapid population growth—the “low productivity”
and “high productivity” phases of the ADT—
correspond to morphological or genetic changes
in maize, or to evidence of intensifying produc-
tion or consumption?

Figure 6 compiles relevant evidence for
Mesoamerica and two parts of the Southwest—
the Sonoran Desert and the Colorado Plateau.
We are able to consider macroregions separately
for the Southwest because of the greater avail-
ability of data. We anticipate that future work
will show variability also between macroregions
within Mesoamerica. The timing for the low-
productivity and high-productivity phases of
the ADT is based on Figures 3, 4, and 5, and
associated discussion. Direct evidence derived
from ancient maize includes genetic data
(Table 1), attributes of cob and kernel morph-
ology (Table 2), and 14C measurements. In order
to assess the timing of the initial appearance of
maize varieties with important genetic and
phenotypic changes in each region, we present
kernel density estimation (KDE) models using
14C measurements derived primarily from maize.
Similar to summed probability distributions,

Figure 5. Growth rates between 2000 BC and AD 1500 on the Colorado Plateau. Individual rows are based either on
previously published population estimates or summed site areas, as indicated on the figure; both are available for
Cedar Mesa and yield a similar picture (see Supplemental Text 1, Note 4 for details, including how we calculated a
growth rate for the initial phase in the population estimate row for Cedar Mesa). As before, phases with particularly
high (≥0.25%) growth rates are shaded. For the Village Ecodynamics Project (VEP) survey area in the Northern
San Juan, we have blackened the initial phase of occupation because the rapid appearance of significant population
(estimated at 1,826 people) during a short phase makes a high annual growth rate likely. For configuration of regions,
see Figure 1. For data and references, see Supplemental Table 2 and Supplemental Text 1.
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KDEmodels summarize a group of 14Cmeasure-
ments by pooling probability, but they differ in
assuming a coherent relationship between mea-
surements within a group, and they are less sus-
ceptible to the high-frequency noise introduced
by the calibration curve (Bronk Ramsey 2017;
McLaughlin 2019). Also considered are signifi-
cant advances in agricultural technologies, the
appearance of standardized grinding tools suit-
able for intensive flour production, and isotopic
data from human bones (e.g., Adams 1999; Col-
train and Janetski 2013; Kennett et al. 2020;
Lesure et al. 2021).

The patterns presented in Figure 6 and sum-
marized in Table 3 support our suggestion that
the two-phase nature of the ADT in

Mesoamerica and the Southwest was at least in
part related to changes in the productivity of
maize. In each of the cases examined, the onset
of the low-productivity phase of the ADT corre-
sponded with an era of increased dietary impor-
tance of maize, as registered by 13C enriched
human bone collagen consistent with the con-
sumption of C4 plants. In Mesoamerica and on
the Colorado Plateau, the low-productivity
phase followed or accompanied the development
or introduction of more productive maize with
12–16 rows of kernels per cob. In the Sonoran
Desert, maize with lower kernel row counts
(Table 2) fueled the initial phase of the ADT, a
point to which we return below. In Mesoamerica,
the development or introduction of 12–16 row

Figure 6. Timing of the low-productivity (LP) and high-productivity (HP) phases of the ADT compared to lines of evi-
dence for the changing productivity, dietary importance, and processing strategies of maize. Probability distributions
for the initial appearance of maize varieties with important genetic and phenotypic changes are derived from kernel
density estimation models (Bronk Ramsey 2017). Other information (13C enriched human bone collagen, standardized
maize-grinding tools, the appearance of flourmaize varieties, and use of irrigation canals) is based on published sources.
The left-most side of the shaded box for each of those other sources of information marks the local appearance of that
trait: light-gray shading indicates that the trait appeared in association with the low-productivity phase of the ADT;
black shading with the high-productivity ADT. For the appearance of flour-rich maize varieties in Mesoamerica and
on the Colorado Plateau, the hatched area represents the potential initial appearance based on the adoption of ground
stone technology used to process flour-rich kernels in each region. References, further explanations, and model descrip-
tions are provided in Supplemental Text 2. Radiocarbon data and model code are provided in Supplemental Table 3.
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maize also coincides with the initial appearance
of standardized maize grinding equipment—
shallow, flat, or concave metates and elongated
manos used with a reciprocal stroke (Figure 7).

The high-productivity phase of the ADT
appears to have been associated with further
improvements in the agricultural package—in
particular the widespread availability of maize
with larger, flour-rich kernels. This relationship
is evident in the Southwest by a reversal in the
trajectory of increasing kernel row counts
(Table 2), the widespread adoption of tools opti-
mal for dry-grinding flour-rich kernels, and fix-
ation of the su1 allele (associated with starch
quality in kernels).3 In Mesoamerica, some simi-
lar developments were in place well before the
late ADT: the modern su1 allele was likely gen-
etically fixed by 2400 BC, and as previously
noted, a standardized maize-grinding tool kit
became widespread during the second millen-
nium BC (Supplemental Text 2). Our proposed

relationship between flour-rich maize varieties
and the high-productivity ADT in Mesoamerica
remains speculative, but we note a similar rever-
sal in the trajectory of kernel row counts
(Table 2), the potential appearance of new
maize varieties (McClung de Tapia 1979:188–
189; Miksicek et al. 1981; however, see VanDer-
warker and Kruger 2012:511–512), evidence of
alkali-treating kernels (Cheetham 2010), and
recent suggestions that 1000 BC represents an
important threshold in the development of
maize as a staple (Rosenswig et al. 2015).4

One significant point of variability among the
three cases considered is that the development of
early 8- to 10-rowmaize inMesoamerica and ini-
tial introduction of 8- to 10-row maize on the
Colorado Plateau did not initiate the ADT in
either case. In the Sonoran Desert, by contrast,
the low-productivity phase of the ADTwas fueled
by still relatively unproductive maize and increas-
ing investment in irrigation infrastructure. The

Table 1. Genes Associated with Maize Domestication and Improvement.

Region 4000–2500 BC 2500–2000 BC 1000–400 BC 400 BC–AD 200 AD 1000–1300

Mesoamerica tb1a, bt2a,
tga1b, su1b

tb1a, pbfa,
su1a

tb1a, pbfa,
su1a

– –

Colorado Plateau — — — tb1a, bt2a, tga1a,
pbfa, su1b

tb1a, bt2a, tga1a,
pbfa, su1a

Notes: An annotated version of this table is available in Supplemental Text 2. tb1=teosinte branched1 (plant architecture);
bt2=brittle endosperm2 (glycogen biosynthesis); tga1=teosinte glume architecture1 (glume hardness and morphology);
pbf=prolamin box binding (protein storage in kernels); su1=sugary1 (starch debranching in kernels).
a Nucleotide variability similar to modern maize land races.
b Nucleotide variability intermediate between modern maize and teosinte (Zea mays ssp. parviglumis).

Table 2. Kernel Row Counts Observed on Archaeological Maize Cobs.

Region Row Count
3500–

2500 BC 2500–2000 BC 2000–1000 BC
1000 BC–
AD 200 AD 200–700 AD 700–900

Mesoamerica 8–10 100% 14.3% 6.3% 15.7% 28.1% —

Mesoamerica 12–16 0% 85.7% 90.6% 76.0% 70.2% —

Southern SW 8–10 — — 70.8%a 24.3%c 28.3%e
—

Southern SW 12–16 — — 29.2%a 74.3%c 72.7%e
—

Northern SW 8–10 — — 80.0%b 21.8%d 30.0%e 47.6%
Northern SW 12–16 — — 20.0%b 78.2%d 70.0%e 52.2%

Notes: An annotated version of this table is presented in Supplemental Text 2. Row count data are provided in Supplemental
Table 3.
a 2100–800 BC
b 2100–400 BC
c 800 BC–AD 50
d 400 BC–AD 300
e AD 400–700
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subsequent development ofmore productive 12- to
16-row maize did not generate a new era of rapid
population growth in the Sonoran Desert, but it
had a profound impact when introduced onto the
Colorado Plateau. The differences between the
Sonoran Desert and the Colorado Plateau lead us
to also expect variability among macroregions

within Mesoamerica. Documentation of those dif-
ferences will require additional data.

Conclusions

We have examined large-scale spatial and tem-
poral patterns in the Agricultural Demographic

Table 3. Proposed Dates for Changes to Maize Productivity, Dietary Importance, and Preparation Strategies.

Region
2–4

RowMaize
8–10

RowMaize
12–16

RowMaize

13C Enriched Human
Bone Collagen

Standardized Maize
Grinding Tools

Mesoamerica 4300 BCa 3300 BCa 2200 BCa 2000 BC 1700 BC
Sonoran Desert 3100 BCa,b 2000 BCa 700 BCa 1200 BC AD 450
Colorado Plateau — 2100 BCa 300 BCa 400 BC AD 250

Note: Supplemental Text 2 contains detailed discussions of radiocarbon models and the proposed date ranges for dietary
indicators.
a Kernel Density Estimate (KDE) Model derived median rounded to the nearest 100 years.
b Earliest directly dated maize cupules (n = 4); morphology of cobs (including row counts) is not known.

Figure 7. Early formalized maize-grinding tools associated with the dry-grinding technological tradition in the South-
west and the wet-grinding technological tradition in Mesoamerica: (a) plan and profile views of a ¾ trough metate and
pairedmano, northern Arizona, USA, AD 400–550 (PEFO-00029 [NPS] / PF-42 [Reed 1947]); (b) plan and profile views
of a flat/concave metate fragment (width intact) from Paso de la Amada, Chiapas, Mexico, 1700–1300 BC (304041); (c)
plan and profile views ofmanos usedwith reciprocal strokes on only ventral surfaces, northernArizona,USA,AD250–550
(AZ Q:1:114 [ASM]); (d) plan, longitudinal, and transverse profile views of manos used with reciprocal strokes on dor-
sal and ventral surfaces from Paso de la Amada, Chiapas, Mexico, 1700–1500 BC (catalog numbers from top left to
bottom right: 304321, 305055, 305060, 305054). (Photographs and drawings by R. J. Sinensky.)
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Transition of Mesoamerica and southwestern
North America. One temporal pattern revealed
in the analysis of settlement data is that, overall,
the ADTwas very long—as much as 2,000 years
or more. That point emerged in previous analyses
based on human skeletal remains (Kohler and
Reese 2014; Lesure et al. 2014). The settlement
data reveal that regions with very long ADTs
tended to experience two phases of rapid growth.
Sometimes, the second phase closely followed
the first (as in Central Mexico). In other cases,
hundreds of years intervened between the two
(as in the Sonoran Desert).

To understand the ADT in Mesoamerica and
the Southwest, it is important to also consider
large-scale spatial patterns. Taking “regions” as
the basic unit of analysis, one might conclude
that there were no spatial patterns to the ADT.
In one region, a long, two-phase ADT is
observed, whereas neighboring regions experi-
enced short ADTs with a single phase of rapid
growth. We have argued that this apparent
chaos at the regional scale can be resolved by
shifting to a larger, macroregional scale that
takes clusters of historically connected regions
as a unit of analysis. The second, high-
productivity phase of the ADTwas relatively uni-
form, exhibited throughout most macroregions.
The first, low-productivity phase of the ADT
was more variable in occurrence. Many regions
and some entire macroregions do not exhibit
any clear period of rapid population growth
that can be identified as the first phase of the
ADT.

That first phase was restricted to certain favor-
able “heartland” regions such as the Valley of
Oaxaca, Morelos, the southern Basin of Mexico,
and the Tucson Basin. In this phase, larger
populations were mostly accommodated within
the heartland. In such areas, communities of
10–100+ hectares appeared. Adjacent regions
remained sparsely populated, although in some
cases there was a gradual infilling of agricultural
populations. Some macroregions lacked any
clear heartland during this era; populations
grew gradually without an identifiable period of
rapid growth. As noted above, mobile farming
adaptations in the Maya Lowlands may have
generated a more homogeneous distribution of
population during this era.

The second phase of the ADT involved ex-
plosive population growth in all regions, both
heartland zones and their peripheries. Possible
instances of demic expansion of populations
from heartland zones are more common,
although individual cases are often debated.
The important point is that the large-scale spatial
pattern of the second phase is distinct from that of
the first. Instead of clumps of relatively dense
population in an overall landscape still sparsely
populated, the second phase was characterized
by rapid and roughly synchronous growth in
most regions, and it was often accompanied by
substantial sociopolitical change, including
urbanism, the rise of archaic states, and the
development of extensive regional systems.

We conclude with a few reflections on Bell-
wood’s (2005) model forMesoamerica, a signifi-
cant source of inspiration for the research
presented here. We noted at the outset that the
simultaneity in expansions of farmers speaking
different languages was an attractive feature of
the model. Yet, there was also a significant prob-
lem: demographic events postulated in Bell-
wood’s model or observed archaeologically
were not simultaneous. For instance, if farmers
migrating from the northern fringes of Meso-
america brought maize to the Southwest, this
would have occurred during the third millennium
BC, whereas the best evidence within Meso-
america for possible demic expansions of farm-
ers dates to the first millennium BC. For
Mesoamerica, our results point to a partial reso-
lution of these incongruities in what might be
called “serial simultaneity.” The first and second
phases of the ADT each unfolded approximately
simultaneously during the second and first mil-
lennia BC, respectively. Still, to preserve the
potential viability of Bellwood’s postulated
expansion of agriculturalists to the Southwest,
we would need to push the beginning of the
low-productivity phase of the ADT back into
the third millennium BC, and there we reach
the limits of the settlement data for Meso-
america. We do not expect that situation to
change soon. A next step for Mesoamerica
might instead be work on more detailed data
on macroregional variability in the changing
productivity of maize such as that presented
here for the Southwestern cases.
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Notes

1. All dates presented in this article are cal BC/AD.
2. Rapid population growth and the formation of

early villages also occurred during the San Pedro phase
(1200–800 BC) in Chihuahua, Mexico (Hard and Roney
2020).

3. Experiments comparing the maize processing effi-
ciency of shallow flat/concave and deep trough metates sug-
gest that the former were used to process fresh, soaked, or
alkaline treated kernels, whereas the latter were used to pro-
cess dried flour-rich kernels (Adams 1999; Adams et al.
2015).

4. Flour-rich kernels are preferred for alkaline treatment
due to substantially reduced cooking time and increased ease
of pericarp removal.
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