
Exploring the Origins of Agriculture in Highland Mexico: Reconstructing Diet and Ecology in the Tehuacán 
Valley through Stable Isotope Analysis 

 

Abstract: 

This project explores the origins of agriculture by studying the biological collections excavated from a series of dry 
cave and floodplain sites in the Tehuacán Valley of Puebla, Mexico, one of the first centers of the world to adopt 
maize (Zea mays) farming. In Mexico, over 5,000 years passed from the original domestication of maize to the 
development of the first agricultural societies, and the factors involved in this transition from foraging to farming 
remain highly contested. This research uses accelerated mass spectrometry dating and stable isotope analysis of 
human bones (N=54) to firmly date the timing of when maize became a dominant dietary input in the Tehuacán 
Valley. A large sample of faunal bones (N=300) and plant samples (N=100) are also analyzed for stable isotope 
ratios to contextualize the human paleodiet signal, and to make inferences regarding changes in the local 
environment from the Terminal Pleistocene (~10,000 BC) to the Classic Period (~AD 700). By establishing the timing 
and context in which economies of food production emerged in highland Mexico, this study tests the notion that maize 
was a fallback food, initially less desirable than other resources but capable of being intensified during times of 
scarcity, and that environmental changes encouraged populations to exploit this resource with increasing frequency. 
In this sense, the research explores the idea that the development of agriculture was an adaptive social response to 
undesirable environmental change. Conclusions from this research will enhance our understanding of the motivating 
factors and decision-making processes involved with the abandonment of mobile foraging lifestyles in Mexico, and, 
more broadly, will contribute new socio-environmental data relevant to the question of why food-producing economies 
emerged across the globe at the end of the last glacial period. 

 

Question 1:      Describe your research question/hypothesis or research objective. That is, what will be the 
focus of your investigation? 

The transition from hunting and gathering to agriculture marks a fundamental turning point in the history of the human 
species as it provided the foundation for sedentism, population expansion, and the development of social complexity 
(e.g., Bellwood, 2005). The origins of farming economies, however, also resulted in increases in individual labor 
demands (Sahlins, 1972), declines in health (Armelagos & Cohen, 1984; Larsen, 2006), and the formation of extreme 
social inequalities (Scott, 2017). Such observations beg the question of why humans would ever abandon previous 
mobile hunting-gathering lifeways. The proposed research project will test the hypothesis that climatic and 
environmental changes pushed pre-Hispanic Mexican populations to increasingly rely on maize as a fallback food 
and to develop food-producing economies as an adaptive response. Through the use of accelerated mass 
spectrometry (AMS) dating and stable isotope analysis of human, animal, and plant samples from the Tehuacán 
Valley of Puebla, Mexico, one of the earliest centers of the world to adopt maize agriculture, the research will 
enhance our understanding of human decision-making processes and motivations during the transition to agriculture 
by situating human dietary practices within their dynamic ecological and environmental contexts. This research will 
contribute to broader discussions on the origins of agriculture and expand anthropological theories concerning how 
food-producing economies may have emerged as social responses to environmental changes (e.g., McCorriston & 
Hole, 1991; Rosen & Rivera-Collazo, 2012; Rosenswig, 2015). 

While climate or environmental changes are often evoked to explain the origins of agriculture, there is little agreement 
on their exact role. Following the terminology of Cohen (2009), “Demand side” explanations suggest that negative 
environmental changes forced humans to rely in increasing amounts on domesticates (Bar-Yosef, 2011; Childe, 
1952; Weiss & Bradley, 2001), while “supply side” explanations posit that climatic amelioration enabled humans to 
exploit particular resources more effectively (e.g., Bottema, 2002; Willcox, 2005; Zeder, 2012). In Mexico, 
environmentally-rooted stimulus models have a long history of explaining the adoption of maize agriculture. Notably, 
Flannery (1968, 1973, 1986) has suggested that the switch to food production was a risk-buffering adaptation to a 
highly seasonal climate, and that the initial role of maize was as an “emergency ration” (1973:296). Recently, 
Rosenswig (2015) has proposed that the switch to sedentary farming societies across Mesoamerica was incentivized 
by a global climatic disturbance (~2200-1900 BC) that caused three centuries of drought and pushed communities to 
intensify food production. To accurately assess such models for the adoption of agriculture, data are needed on: (1) 
the timing at which maize became a dietary staple in specific communities, and (2) regional and local 
paleoenvironmental conditions. 

The proposed research project investigates the origins of agriculture in highland Mexico by addressing these crucial 
issues. The primary methods that will be employed are AMS dating and stable isotope analysis of human, animal, 



and plant tissues from dry caves in the Tehuacán Valley, which were excavated by Richard MacNeish in the 1960s. 
This archaeological collection is unparalleled in the New World due to (1) the length of human occupation recorded in 
well-stratified layers stretching from ~10,000 BC to AD 1,500 (2) the number of Archaic-period human burials; and (3) 
the recovery of tens of thousands of animal and plant remains, including some of the earliest maize cobs in the world 
(Anderson, 1967; Byers, 1967; Flannery, 1967; Richard S MacNeish, 1967). The collection thus presents one of the 
best available datasets with which to diachronically assess the potential role of the environment in the adoption of 
agricultural lifeways and contribute to global anthropological theories on the subject. 

Analyses of this collection will advance two primary and related lines of investigation. The first seeks to refine our 
understanding of the timing at which maize became a major dietary staple in the Tehuacán Valley through direct AMS 
dating and stable isotope analysis of human bone and enamel samples. AMS dating will provide a firm date range on 
each human burial, and stable isotope analysis (carbon and nitrogen) will quantify their dietary practices. Together, 
the dating and stable isotope results will enable high-precision assessments of when mobile foraging subsistence 
strategies gave way to maize agriculture. Firmly anchoring the timing of these changes is critically important for our 
ability to correlate the adoption of food production with relevant climatic, environmental, and social variables. The 
second major line of investigation will use stable isotope analyses (carbon, nitrogen, and oxygen) on a sample of 
faunal bones and plants (ancient and modern) to reconstruct characteristics of the local environment and ecological 
structure of the Tehuacán Valley over time. Measuring the baseline values of the plants and animals in the region is 
necessary to accurately interpret the human dietary values, but isotopic ratios from the animal bones themselves 
record multiple facets of the paleoenvironment, including past levels of humidity and precipitation (Ayliffe & Chivas, 
1990; Huertas, Iacumin, Stenni, Chillon, & Longinelli, 1995; A.D. Somerville et al., 2015), temperature (Schoeninger 
et al., 2003; Hartman, 2011), and the amount of local grass cover (Cerling et al., 2011; Ségalen, Lee-Thorp, & 
Cerling, 2007). The resulting environmental data will be assessed alongside regional paleoclimate records (Bernal et 
al., 2011; Bhattacharya et al., 2015) to provide a rich and multi-scalar environmental context in which to better 
understand the transition to agriculture.  

Together, these research lines test the hypothesis that periods of drought coincided with the adoption of maize 
agriculture in the Tehuacán  Valley, and that early maize was a “fallback food”, a term popular in biological 
anthropology that refers to foods that are not preferred but are exploited when higher-quality resources are scarce 
(e.g., Marshall, Boyko, Feilen, Boyko, & Leighton, 2009). Such foods have oversized importance relative to their 
nutritional value as they can strongly influence a populations ecology, biology, and resilience over time (Laden & 
Wrangham, 2005; Marlowe & Berbesque, 2009; Marshall & Wrangham, 2007). Many models implicitly imply that the 
initial role of maize was as a fallback food, and that environmental changes pushed populations into exploiting it in 
greater amounts (Flannery, 1973; Rosenswig, 2015).  By using isotopic data to assess the timing of increasing maize 
consumption within its temporal and environmental context, we will obtain a clearer picture of the behavioral 
strategies and motivations for the adoption of agricultural lifeways, and contribute to long-standing debates on the 
role of the environment in this process.  

 

Question 2:      How does your research build on existing scholarship in anthropology and closely related 
disciplines? Give specific examples of this scholarship and its findings 

 

Various causal models have been proposed to explain plant domestication and the origins of food production, 
particularly those invoking population pressure, competitive feasting, and climatic change. Population-based models, 
such as those of Binford (1968) and Cohen (1977), suggest that prior to the onset of agriculture, population pressure 
was rising in many areas of the globe – either due to environmental changes that lowered regional carrying capacity 
or to growing populations that strained local resources – and that agriculture was a necessary adaptation to increase 
food supplies. In contrast, social explanations frequently emphasize internal competitive feasting dynamics between 
families or other social units as driving populations to begin cultivating and domesticating particular plant species 
(Clark & Blake, 1994; Hayden, 1990, 2009). Such theories also point to the sugar-rich qualities of domesticated grain 
staples and their ability to be fermented into alcoholic beverages, which are often featured prominently during feasts 
(Katz & Voigt, 1986; McGovern, Fleming, & Katz, 2003; Smalley & Blake, 2003). Climatic explanations, however, 
have received the most attention across disciplines over the last century, in part due to the need to account for the 
global parallels in the development of agriculture since the Holocene.  

The “Oasis Theory” of Childe (1952), inspired by the earlier work of Pumpelly (1908), was one of the first climatic 
explanations for the origins of agriculture. It proposed that increasing aridity at the onset of the Holocene drove 
populations into oases, putting them into intimate contact with plants and animals, eventually leading to their 
domestication. The specifics of the Oasis Theory have been refuted (e.g., Braidwood, 1960; Richerson, Boyd, & 



Bettinger, 2001), and there is little doubt today that the onset of the Holocene generally saw overall favorable climatic 
changes for plants, particularly warming temperatures, higher atmospheric CO2 concentrations, and generally more 
stable conditions (Bettinger, Richerson, & Boyd, 2009; Richerson et al., 2001). Within the Holocene, however, no 
general consensus exists as to why agriculture was adopted in multiple centers: some climatic hypotheses continue 
to suggest negative forcing (Bar-Yosef, 2011; Weiss & Bradley, 2001), and indeed climatic variations have occurred 
within the epoch (Mayewski et al., 2004; Piperno et al., 2007); others propose “niche breadth models” that suggest an 
increased exploitation of low-ranked resources after the megafauna extinctions and other Holocene-related 
environmental changes (Flannery, 1969; Kennett & Winterhalder, 2006); while still others posit that climatic 
ameliorations enabled the transition through human niche construction practices (Bottema, 2002; Smith, 2007; 
Willcox, 2005; Zeder, 2012). 

In studying the potential role of climate change and environmental conditions in the agricultural transition, it is 
necessary to distinguish between the concepts of “domestication” and “agriculture”, as these processes are often 
separated by large periods of time. While “domestication” refers to the morphological or genetic changes in plants 
due to manipulation by humans, “agriculture” refers to a subsistence strategy in which farming predominates and the 
diet is composed primarily of domesticated staples (Price and Bar-Yosef, 2011:165). In Mexico, maize was 
domesticated once from the ancestral teosinte (Zea mays ssp. parviglumis) around 9,000 years ago (~7,000 BC) in 
the modern state of Guerrero (Matsuoka et al., 2002; Piperno, Ranere, Holst, Iriarte, & Dickau, 2009; Ranere, 
Piperno, Holst, Dickau, & Iriarte, 2009). Its domestication, and that of squash (Cucurbita spp.), are argued to have 
been a response to climatically-induced changes in local resources at the beginning of the Holocene that required 
changes in human subsistence strategies (Piperno et al., 2007:11881). After domestication, maize spread rapidly 
from its original location of domestication (Piperno & Flannery, 2001; Pohl et al., 1996; Van Heerwaarden et al., 
2011), and gradually increased in cob and grain size through local cultivation practices (Benz, Cheng, Leavitt, & 
Eastoe, 2006; Vallebueno-Estrada et al., 2016), but populations continued living for over 5,000 years at “low levels of 
food production” (e.g., Smith, 2001) before they reduced mobility and became agriculturalists.  
 
Recently, Rosenswig (2015) has suggested that, similarly to theories on the original domestication of maize, climatic 
factors may have been involved in the later transition to food-producing economies. He suggests that the switch to 
agricultural occurred after a 300-year period of drought (2,200-1,900 BC) during which time populations were pushed 
into lacustrine regions and incentivized to rely more heavily on maize agriculture. This argument echoes Flannery’s 
(1973) contention that early maize was an “emergency ration”, and both hypotheses implicitly consider maize to be a 
“fallback food”, which is a concept developed in biological anthropology to describe resources that are not preferred 
but are consumed when less desirable foods are not available (Laden & Wrangham, 2005; Marlowe & Berbesque, 
2009). Borrowing this concept provides some theoretical guidance in framing models for the transition to agriculture. 
Lambert (2007) distinguishes between low- and high-quality fallback foods, suggesting that their differential 
exploitation by populations has significant evolutionary consequences. Low-quality fallback foods are low in nutrition 
but abundant on the landscape (e.g. leaves or bark), and because they are harder to process, they result in 
morphological adaptations over time. High-quality fallback foods are of greater nutritional quality but rarer on the 
landscape (e.g. seeds or tubers) and tend to drive behavioral adaptations, such as changes in seasonal group size or 
in tool technology (see also Marshall et al., 2009:605). The research proposed here considers early domesticated 
maize to have been a high-quality fallback food, and indeed, MacNeish (1967; 1971) and Flannery (1968) have 
suggested that the transition to food-producing economies in Tehuacán can be understood as behavioral changes 
from micro- to macro-band foraging, with larger bands eventually settling in one place year-round to focus on 
cultivating domesticates. Unlike many fallback foods, however, maize was more amenable to artificial selection, 
perhaps because of its greater genetic diversity and high mutation rate (Tian, Stevens, & Buckler, 2009), and as 
Flannery (1968) has proposed, a series of positive feedbacks between human behavior and maize morphology may 
have led to increasing yields and eventually full-time agriculture. 
 
The proposed research project returns to the question of the origins of agriculture in the Tehuacán Valley and aims to 
expand our theoretical understanding of how and why foragers became agriculturalists by considering maize as a 
fallback food and investigating the role that environmental change may have played in incentivizing populations to 
cultivate it. 

 

Question 3:    What evidence will you need to collect to answer your research question? How will you go 
about collecting and analyzing this evidence? 

The proposed research will increase our understanding of the motivating factors involved in the origins of agriculture 
in Mesoamerica by testing the hypothesis that maize was a fallback food and became an increasingly important 
dietary item during periods of environmental change. Five separate analytical steps will be taken to address this 
research goal: (1) AMS dating of human bones; (2) stable isotope analysis of human bone and enamel samples; (3) 



stable isotope analysis of animal bones; (4) diagenesis (contamination) testing of bone samples; and (5) stable 
isotope analysis of archaeological and modern plant samples. 

To determine the timing at which maize became a major dietary staple, accelerated mass spectrometry (AMS) will be 
conducted on each sufficiently well-preserved human bone sample. These burials were excavated by MacNeish from 
six different contexts in the 1960s (Anderson, 1967). Every burial from levels associated with Terminal Pleistocene to 
Early Classic Period phases (10,000 BC – AD 700) will be targeted for analysis (N=49). Ongoing sorting of the faunal 
collection is discovering more isolated human bone fragments mixed in with animal remains, and an additional five 
human specimens will be included, bringing the total to 54. Analyses will be completed at the W. M. Keck Carbon 
Cycle Accelerator Mass Spectrometry Laboratory at the University of California, Irvine. This method will produce 
highly precise date ranges on each skeletal sample, and have the benefit of also producing stable carbon (δ13C 

collagen) and nitrogen (δ15N collagen) isotopes values from bone collagen, data that will also be used to assess the 
paleodiet of the humans.  

Additional paleodiet stable isotope analysis will be performed at the Stable Isotope Laboratory in the Institute of 
Geology at the National Autonomous University of Mexico. In addition to the δ13C collagen and δ15N collagen values 
produced from the AMS analyses, stable isotopic studies will be conducted on both bone and enamel mineral 
samples following established methods (Koch, Tuross, & Fogel, 1997; Sealy, Johnson, Richards, & Nehlich, 2014). 
Stable isotope analysis of bone and enamel mineral carbonate in skeletal hydroxyapatite produces both stable 
carbon (δ13C apatite) and oxygen (δ18O apatite) isotope values. These analyses will be conducted on the same individuals 
to be analyzed for AMS dating (N=54). While the resulting δ18O apatite values will be useful in determining whether any 
non-local individuals are present in the collection (e.g., White, Longstaffe, & Law, 2001), the primary focus will be on 
the resulting δ13C apatite values. Stable carbon isotope ratios in apatite reflect the δ13C of the total diet, while δ13C 

collagen values, on the other hand, are strongly biased towards dietary protein sources (S. H. Ambrose & Norr, 1993; 
Froehle, Kellner, & Schoeninger, 2010; Krueger & Sullivan, 1984; Schwarcz, 2000). Analyzing both ratios in tandem 
thus presents a more complete picture of the dietary inputs than either variable alone, and such analyses will be 
crucial for interpreting the inputs of maize in the diet. Preestablished stable isotope models will help discern different 
dietary sources (Froehle et al., 2010; Froehle, Kellner, & Schoeninger, 2012; Kellner & Schoeninger, 2007), and the 
baysean mixing model FRUITS (Food Reconstruction Using Isotopic Transferred Signals) will facilitate overall dietary 
interpretation (Fernandes, Millard, Brabec, Nadeau, & Grootes, 2014). Generally, diets high in tropical grasses (C4 
plants), such as maize and local foxtails (Setaria sp.), and cacti (CAM plants), exhibit much higher bone and enamel 
δ13C values than diets without these inputs (DeNiro & Epstein, 1978). Pre-agricultural diets in the Tehuacán  Valley 
are expected to have contained a percentage of C4 and CAM plants due to the consumption of wild grasses, cactus 
fruit, and roasted agave (Richard S MacNeish, 1967). The point at which maize became an important dietary source 
is expected to result in δ13C values significantly higher than occupation levels prior to the arrival of maize (i.e. pre 
4000 BC). Additionally, because domesticated dogs (Canis familiaris) frequently exhibit similar diets as their owners 
(e.g., Guiry, 2012), and because dogs are not likely to consume wild grasses or cacti, dogs will also be analyzed and 
their values treated as proxies for human maize consumption. 

To aid in interpretation of the human paleodiet and to reconstruct the paleoenvironment over time, a large sample of 
faunal bones will be analyzed by stable isotope analysis. In total, 300 specimens representing six genera (deer 
[Odocoileus], rabbits [Sylvilagus], dogs [Canis], foxes [Urocyon], peccary [Pecari], and turtles [Kinosternon]) will be 
selected for analysis, but deer and rabbits will comprise the bulk of the sample. These six genera were selected 
because (1) their abundance in the collection; (2) they reflect different aspects of the local ecosystem; and (3) all 
were significant dietary items over large periods of time. Deer and rabbits are favored as they were the most 
frequently consumed vertebrates (Flannery, 1967:170), and both have supporting literature indicating their 
significance as paleoclimate proxies. Deer bone δ18O values have been shown to correlate with local temperature 
(Luz et al., 1990), and my dissertation research, building on previous studies (Huertas et al., 1995), indicates that 
rabbit bone δ18O values correlate with local precipitation and relative humidity (Andrew D Somerville, 2015). Rabbit 
bone δ13C and δ15N values are also influenced by temperature (Somerville, 2015). Samples of rabbits and deer will 
thus be selected from each occupational phase to provide diachronic reconstructions of temperature, humidity, and 
precipitation. Most will be selected from the eastern portion of Coxcatlan cave, which had the best-preserved 
stratigraphy (Smith, 2005).  

To ensure that bone samples are presenting a biogenic signal (not contaminated) a series of diagenesis tests will be 
performed. Bone mineral will be analyzed by Fourier Transform Infrared Spectroscopy-ATR. This will monitor bone 
crystal size and the ratios of carbonate to phosphate (Beasley, Bartelink, Taylor, & Miller, 2014; Shemesh, 1990; 
Wright & Schwarcz, 1996). Collagen will be assessed by the percent of collagen yield and the atomic percent ratios of 
carbon to nitrogen (S. H. Ambrose, 1990). 

A sample of approximately 100 plant samples will also be selected for analysis, 25 of which will be ancient samples, 
and 75 will be modern. The modern specimens will be collected by myself and analyzed for stable carbon and 



nitrogen isotope ratios following established methods (e.g., Szpak, White, Longstaffe, Millaire, & Vásquez Sánchez, 
2013). Analyses of plants is essential to properly interpret the human paleodiet signal as variation in local soil and 
environmental properties can have large impacts on plant values and ultimately on the humans and animals that 
consume them (Amundson et al., 2003; Kohn, 2010; Murphy & Bowman, 2009). 

 

Question 4:    Describe your training and preparedness for this research (examples: language competence, 
technical skills, previous research, and any other relevant experience). Describe any work you have already 
done on this project, and/or how it relates to your prior research. If you are collaborating with other academic 
personnel describe their role/s in the project and the nature of the collaboration. 

SKILLS AND TRAINING: Three aspects of my training and background have prepared me to complete the proposed 
research: (1) my years of experience working in stable isotope laboratories; (2) my previous paleodiet and 
paleoenvironmental research; (3) and my prior experiences working within Mexico and collaborating with Mexican 
researchers. 

Through my experiences in working in three different stable isotope laboratories since 2005, I have I become 
competent in the methods of stable isotope analysis and capable of carrying out the proposed research. My first 
laboratory training occurred when I served as an undergraduate research assistant in the Archaeological Chemistry 
Laboratory (ACL) at Arizona State University, directed by Dr. Kelly Knudson. As an ACL laboratory technician, I 
learned, performed, and taught other students the procedures to prepare bone for isotopic studies of mineral apatite. 
Additionally, I learned how to operate a mass spectrometer and run my own isotopic analyses. In graduate school, I 
studied at the University of California, San Diego under Dr. Margaret Schoeninger, a pioneer of isotopic paleodiet and 
paleoenvironmental studies. From 2009 to 2017, I managed her Paleodiet Laboratory, training two dozen 
undergraduate and graduate students in the methods of stable isotope analysis, while conducting my own research 
and learning the methods of collagen analysis. Currently, I am a UCMEXUS-CONACYT postdoctoral research fellow 
in the Stable Isotope Laboratory of the Institute of Geology at the National Autonomous University of Mexico (UNAM). 
I continue to assist students with research, and I am actively involved with several ongoing projects as I lay the 
groundwork for the present study. 

In addition to laboratory skills, I have become proficient in the literature on how stable isotopes are used for dietary 
and environmental reconstructions and have contributed to it through research publication. Working in collaborative 
teams, I have conducted research on gendered maize consumption in ancient Peru (A.D. Somerville et al., 2015), a 
project on dietary change within highland New Guinea (Andrew D Somerville, Martin, et al., 2017), and research on 
food production strategies at the ancient city Teotihuacan, Mexico (Andrew D Somerville, Sugiyama, Manzanilla, & 
Schoeninger, 2016, 2017). Switching from paleodiet studies, my dissertation research focused on issues of 
environmental reconstruction. It developed a method for the use of rabbit bones as paleoclimate proxies by analyzing 
a large sample of modern bones (N=150) for stable isotope ratios of carbon, nitrogen, and oxygen. It then compared 
the results with local environmental data, finding several significant correlations (Somerville, 2015). In particular, 
δ18O values correlated significantly with local precipitation and humidity, and δ13C and δ15N values correlated with 
local temperature. This research is important to mention as it indicated the that rabbits, the second most abundant 
animal in the Tehuacán collection, are useful environmental proxies. Together, my paleodiet and paleoenvironmental 
research experiences have prepared me to study the role of the environment in the adoption of maize agriculture in 
the Tehuacán Valley. 

I am currently living in Mexico, and I have been coming to the country for archaeological research since 2006 when I 
worked on an archaeological research project in Calixtlahuaca, Toluca, directed by Dr. Michael Smith of Arizona 
State University. Since then, I have also spent four summers excavating with archaeologists of the Mexican National 
Institute for Anthropology and History (INAH), Peter Jimenez Betts and Laura Solar, at the site of Cerro del Teúl in 
Zacatecas. I also lived in Mexico City for four months in 2012 as part of an internship with Dr. Emily McClung de 
Tapia in the Laboratory of Paleoethnobotany and Paleoenvironment at the UNAM. I have published several articles 
with Mexican collaborators, and I will be giving a co-authored poster presentation on my archaeological research in 
Zacatecas next week at the Southwest Association of Biological Anthropologists. These experiences and 
collaborations have contributed to my ability to speak Spanish and my familiarity with the customs and regulations for 
conducting research in Mexico. As part of my dissertation research, for example, I was awarded an official project 
with the Mexican federal government and I exported nearly 300 archaeological bone specimens from the country, 
processes that acquainted me with the details of the bureaucracy. 

PREVIOUS RESEARCH: A small pilot study on 12 samples from the Tehuacán  Valley was analyzed over 30 years 
ago in one of the first applications of isotopic techniques to archaeological questions (DeNiro & Epstein, 1981; 
Farnsworth, Brady, DeNiro, & MacNeish, 1985). Surprisingly, the authors found a radical jump to extremely high δ13C 



collagen values during the phase coinciding with the earliest arrival of maize to Tehuacán (5000-3500 BC). However, 
they cautioned that larger sample sizes and analyses of faunal and plant samples are needed before conclusions can 
be made. In 2015, my laboratory collaborators at the UNAM received permission from the Mexican government to 
analyze the remainder of the burials, and the bones are in the Stable Isotope Laboratory awaiting analysis. 

After the original analysis of the Tehuacán faunal collection by Kent Flannery in the 1960s, the collection has been 
missing for many years in Mexico. After a year of trying to locate the bones, however, I found them last month in the 
INAH Laboratoria Arqueozoología, directed by Dr. Joaquim Arroyo. I recently completed an inventory of the 
collection, and created a digital database of individual specimens (N=7007).  

PERSONNEL: Stable isotope analyses will be conducted in collaboration with Pedro Morales, director of the Stable 
Isotope Laboratory, Dr. Laura Beramendi of the Geology Institute, and Dr. Isabel Casar of the Physics Department, 
as they are my postdoctoral advisors. Francisco Otero and Edith Cienfuegos are laboratory technicians and they will 
assist with the processing and analysis of bones. Dr. Joaquin Arroyo directs the INAH laboratory where the faunal 
bones are located, and will help me with sample selection and the identification of any questionable specimens. 
Finally, I will hire a student research assistant to help with sample processing. 

Question 5:    The goal of the Wenner-Gren Foundation is to support original and innovative research in 
anthropology. What contribution does your project make to anthropological theory and to the discipline? 

This project will expand our knowledge of the origins of agriculture, a long-held subject of anthropological concern. 
The development of food-producing economies was a global phenomenon that occurred independently in multiple 
regions within the last 10,000 years, and these parallels beg generalized theoretical explanations (M. Cohen, 2009; 
Gremillion, Barton, & Piperno, 2014). Since the early 20th century, climatic and environmental-change explanations 
have featured prominently in debates concerning the motivations to abandon hunting and gathering lifestyles and 
adopt sedentary farming strategies. The proposed project contributes to the discussion by testing the notion that 
agriculture developed in Mexico as a response to increasing aridity, and that maize cultivation intensified as an 
adaptation to these pressures. Through the use of stable isotope analysis and AMS dating, the project will provide a 
chronology for agricultural development in the Tehuacán Valley of Mexico, one of the first agricultural communities of 
the New World, and will reconstruct the local environmental conditions present during the process. These advances 
in our knowledge of the timing and context for agricultural intensification are critically important as they enable us to 
weave together diverse datasets, including broader climate records, regional archaeological and environmental data, 
and local ecological conditions into more robust models. Results of the research will increase our understanding of 
the incentives and decision-making processes involved in the origins of agriculture in Mexico, and ultimately across 
the globe. 

More broadly, this research will contribute to theoretical discussions on the role of food in social change by borrowing 
the concept of “fallback foods” from the biological anthropology literature. The term refers to undesirable foods that 
are consumed when preferred resources are scarce, and has been used to explain morphological adaptations of 
primate species, the emergence of hominins onto the savannah, and the foraging ecology of modern hunter-
gatherers (Constantino & Wright, 2009; e.g., Marshall & Wrangham, 2007). This research contends that the fallback 
foods concept has an equally valuable role to play in theoretical discussions regarding the origins of agriculture by 
providing an interpretive framework through which to understand why populations would adopt a subsistence strategy 
that resulted in greater labor costs, declines in health, and growing social inequality. Such cross-pollination of 
concepts within the subdisciplines of anthropology has the potential to enrich the literature on both sides. Ultimately, 
through the application of new methods and concepts to an old question and collection, this project seeks to better 
understand the role of the environment in stimulating the origins of agriculture across the globe and providing the 
basis for the rise of modern civilization. 
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