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ABSTRACT. This paper examines the process of agrivo (1400 a. C.-300 d. C.) a lo largo de la costa meridio-
cultural intensification as it occurred during the Forma-al del Golfo de México, en la zona olmeca de la Sierra
tive period (1400 BC-AD 300) along the southern Gutfe los Txtlas. Los resultados obtenidos analizando los
Coast of Mexico. Over the course of two millennia, ruralatos de animales y plantas provenientes del sitio de La
villagers living in the Olmec hinterland of the Sierra ddoya, un pueblo agricola ubicado en el sur de Veracruz
los Tuxtlas invested more time and labor into farmingMéxico) que abarca todo el Formativo, indican que la
activities as they became increasingly sedentary and dealiensificacion del maiz fue un proceso largo y gradual
with episodic volcanic eruptions and ash fall. This pegue se inicié en la fase media de esta etapa, cientos de
riod of time witnessed the development of a regional pafos antes del establecimiento de un centro regional. A
litical hierarchy in the Txtlas, which also had conse-finales del Formativo ardio, después de su consolida-
quences for village-level subsistence. In examining agaidn politica, una severa erupcién volcanica cubrié con
cultural intensification in the context of volcanic cataseeniza la region. Los aldeanos de La Joya respondieron
trophe and political development, | analyze archaeol@ esta catastrofe incrementando la produccion de maiz
gical plant and animal data from the site of La Joya, an las inmediaciones y ampliando sus territorios de caza
farming village located in southern Veracruz, Mexicg pesca para explotar una gama mas amplia de anima-
spanning the Formative period. The subsistence data ies.
dicate that maize intensification was a long, incremental
process that began in the Middle Formative period, huPALABRAS CLAVE: olmeca, Formativo, zooarqueolo-
dreds of years before political development and the estia, paleoetnobotanica, intensificacion agricola, riesgo.
blishment of a regional center. At the close of the Late
Formative period, after the region’s political consolida-
tion, a severe volcanic eruption blanketed the region with
ash, leading to significant, if temporary, environment HE RELATIONSHIPBETWEENAGRICULTURAL INTENSIFICA-
circumscription. La Joya villagers responded to this ca- I tion and the emergence of political complexity
tastrophe by intensifying maize production on infields has received a great deal of archaeological atten-
and expanding their hunting and fishing territories tdion (Boserup 1965, Clark and Blake 1994, Cohen 1977,
exploit a wider range of animal prey. Scarry 1986). This paper examines agricultural intensifi-
cation during the Formative period (1400 BC-AD 300)
KEYWORDS: Olmec, Formative, zooarchaeology, paalong the southern Gulf Coast of Mexico (fig. 1). This is

leoethnobotany, agricultural intensification, risk. the time and the place of the Olmec, one of the earliest
complex societies in Mesoamerica. Because the tarms
Received: 10-02-09. Accepted: 17-02-09. tensificationandcomplexityhave been used in a myriad

of different ways, it is hecessary to clarify the manner in
TITULO: Agricultura y catastrofe en La Joya: un exawhich | use them here. Bygricultural intensification |
men de la intensificacion agricola y riesgo en el periodefer to an increased investment of time and labor by
Formativo de la Sierra de loauXtlas. humans into farming increasingly smaller areas of land. |

use the phrasemergence of political complexity refer
RESUMEN. Este estudio examina el proceso de sedeto-the development of a regional political hierarchy cha-
tarizacion, intensificacion agricola y desarrollo de unaacterized by administrative centralization and institutio-
jerarquia politica regional durante el periodo Formati-nalized social inequality.
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Fig. 1. Map of Gulf Coastal Mexico including the Sierra de los Tuxtlas.

To examine agricultural intensification in the contexivarker 2006a, VanDerwarker and Detwiler 2000, Wet-
of political development, | analyze archaeological platérstrom 1994, Walkest al. 2001).
and animal data from the La Joya site, a farming village The development of political complexity occurred very
located in southern Veracruz, Mexico that spans the Forgarly along the southern Mexican Gulf Coast. Large ci-
ative period (Arnold 1999, 2000, 2002; McCormack 200%jc-ceremonial centers were established at places like San
VanDerwarker 2006a). Plant and animal data are rarelgrenzo during the Early Formative (1400-1000 BC) (Coe
considered together, and almost never by the same azad Diehl 1980a, 1980b; Cyphers Guillén 1994; Cyphers
lyst, which often creates a false dichotomy between plak®96, 1997), La Venta during the Middle Formative
and animal subsistence. The research | present her€¢l300-400 BC) (Druckeet al. 1959; Gonzalez Lauck
one of an increasing number of studies to ask similar qué®89, 1996), and Tres Zapotes during the Late Formati-
tions of both data sets (see also Bakelal. 1992, Ben- ve (400 BC-AD 100) (Pool 2003). These large political
dremer 1999, Cartwright 1998, Coadteal. 1996, Crane centers served as seats of power for regional elites who
and Carr 1994, Di Lernia 2001, Fischer 1998, Jacksonersaw large labor projects like extensive earthen
1989, Kidder and Fritz 1993, Lovi al. 2001, Martin mound-building and monument construction in the form
and Parks 1994, Mbida 2000, Moatal. 1994, News- of colossal heads, stone altars, and stelae (Pool 2007).
om and Wing 2004, Pauketdtal.2002, Reitet al.1985, Most explanations for social organization and the emer-
Scarry and Reitz 2005, Sobolik 1994, Spielmann amgnce of political complexity in the Olmec lowlands hin-
Angstadt-Leto 1996, Smith and Egan 1990, VanDege on economic control through possession of prime le-
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vee lands, trade in basic subsistence tools, and maize $owods, not maize, underwrote the rise to power by Olmec
plus and tribute (Coe 1981; Coe and Diehl 1980a, 198@#Hites—the exploitation of which would have still made
Heizer 1960, 1962; Rust and Leyden 1994). Unfortunknd along river levees important to this process (Bors-
tely, the lack of reported subsistence data from these tgiin 2001, see also Wendt 2003). In all probability, levee
tes inhibits our ability to support or refute explanationignds were important both for farming maize and for ac-
linking agriculture and political complexity. cess to aquatic resources. Bladeal. (1992) and Ro-
Subsistence data from the neighboring Sierra de Issnswig (2006) make similar arguments for the Formati-
Tuxtlas, however, make it possible to trace the relationge-period Soconusco.
hip between agricultural intensification and the develop- The Olmec have often been characterized in terms of a
ment of political complexity during the Formative petribute-based political economy. Presumably, political eli-
riod. Located approximately 60-100 km northwest of Sae would have commanded tribute from villages and far-
Lorenzo and La Venta, the Sierra de los Tuxtlas servetsteads in the form of maize, and labor for monument
as the source for basalt used in carving Olmec heads &mahsport and mound-building (Bernal 1971, Coe 1965;
other monuments (Williams and Heizer 1965). Despitdeizer 1960, 1962, 1971). Assessing the validity of the-
is geographical proximity to the lowland centers, howese tribute models is difficult. Most archaeological research
ver, the Sierra de los Tuxtlas did not experience its ovas focused on the civic-ceremonial centers, and as a re-
regional political development until after the fall of Lasult, we know very little of those sites comprising other
Venta, during the Late Formative period. In this paperpbrtions of the settlement system (but see Arnold 1999,
document the process whereby rural Olmec inhabitar#800, 2002; Borstein 2001; Kruger 1996, 1999, 2000;
intensified maize production at the Formative site of LRool 1997, Pool and Britt 2000, Wendt 2003). Another
Joya through the analysis of macrobotanical and zoogreblem with these tribute models is the lack of suppor-
chaeological assemblages spanning this 2,000 year fieg subsistence data (but see Rust and Leyden 1994, Rust
riod. The subsistence data indicate that maize intensdind Sharer 1998; Wing 1980, 1981; Zurita-Noguera
cation was a long, incremental process that began in t#97). Most regional studies that have related political
Middle Formative period, hundreds of years before poltomplexity to agriculture have explored this relationship
tical development and the establishment of a regionading indirect methods such as carrying capacity calcu-
center. lations, ecological and settlement studies, analogy to
modern farming practices, and non-subsistence material
culture (Borstein 2001, Coe 1981; Coe and Diehl 1980a,
AGRICULTURAL INTENSIFICATION IN 1980b; Drucker and Heizer 1960, Grove 1981, McCor-
THE OLMEC WORLD mack 2002).
The use of indirect methods for assessing agriculture
Michael Coe and Richard Diehl (1980a, 1980b) have ds-largely a product of a lack of available subsistence data.
gued that kin groups occupying the levee lands arouRdeservation of organic remains in tropical environments
San Lorenzo rose to power as a direct result of the grdike the Gulf Coast is often poor. Thus, there have been
ter agricultural potential of these lands. Because river liew analyses of plant and animal data (but see Rust and
vees offered higher maize productivity in terms of yield$,eyden 1994, Rust and Sharer 1998; Wing 1980, 1981,
these lands probably achieved renown as prime maizatita-Noguera 1997), and many analyses that have been
producing areas (Coe and Diehl 1980b:148). Kin groupgsnducted are not adequately reported. So although most
farming these lands would have been able to generatgional studies have modeled the relationship between
and store more surplus maize than other farming groujpsming and political complexitiy the absencef direct
in the region, which may have translated into the incresubsistence evidence, they have nevertheless been criti-
sed ability to underwrite feasts and other prestige-buial for exploring the possibilities of this relationship. The
ding events (Coe and Diehl 1980a, 1980b; see also Claskxt step, however, must involve testing these possibili-
and Blake 1994). In other words, the disparity in maizées with actual subsistence data, which is precisely the
production between groups occupying levee lands agdal of this paper (see also VanDerwarker 2006a).
groups located elsewhere would have ultimately led to In addressing the relationship between intensification
increasing social inequality among these groups, with taed political development, | focus on key questions re-
former achieving political eminence over the region. garding the timing of intensification related to the deve-
Joshua Borstein’s (2001) recent settlement analysispment of a settlement hierarchy in the Sierra de los Tux-
however, suggests that people were not so much focusled, approximately 60-100 km from the lowland Olmec
on agriculture prior to 1000 BC as they were on the esites (fig. 1). Did villagers intensity their cultivation sys-
ploitation of aquatic resources. He argues that aquatims? If so, how and why did they intensify, and what



20 ARQUEOLOGIA IBEROAMERICANA 1 (2009) ISSN 1989-4104

were the consequences of intensification for the subsiarger villages and mounded architecture appeared, but
tence economy, and for local and regional political deveites remained functionally undifferentiated (Santty
lopment? And finally, how did volcanic eruptions affecal. 1997). Given these data, social organization in the
this process of intensification? | address these questidnsxtlas during the Early and Middle Formative has been
by considering subsistence practices at the site of La Joglaaracterized as relatively egalitarian with only minor
a farming village that spans the Formative period (14@@cioeconomic differentiation (Santleyal. 1997). Du-
BC-AD 300). Following a description of regional his+ing the Late Formative, a small regional center emerged
tory and site background, | organize my analysis arouatlthe site of Chuniapan de Abajo (dige 1), although
the discussion of two datasets: the maize remains franost people still resided in small villages and hamlets.
flotation samples and the zooarchaeological remains frarhis period may mark the beginnings of a differentiated
the screened assemblage. sociopolitical system with Chuniapan de Abajo represen-

ting a level of hierarchy above the village tier (Sangtey

al. 1997). A three-tiered settlement hierarchy has also
SIERRA DE LOS TUXTLAS AND THE been identified during the Terminal Formative period,
SITE OF LA JOYA with a regional political center located at the site of Chu-

niapan de Arriba, just a few kilometers east of Chunia-
The Sierra de los Tuxtlas is a volcanic uplift locatedan de Abajo (Santlest al. 1997:183).
approximately 60-100 km from San Lorenzo and La Venta Both Stark (1997) and Pool (2000) have argued for
(see fig. 1). Recent excavations in the Olmec hinterlaimtreasing regional political fragmentation during the Ter-
region by Robert Santley, Philip Arnold, and Christopheninal Formative period. Indeed, the Terminal Formative
Pool make this an ideal place for examining Formatiyeeriod in the Tuxtlas is marked by a radical decrease in
Olmec foodways (Arnold 1999, 2000; Arn@tdal. 1992; regional population. Nevertheless, settlement data indi-
Pool 1997, 2007; Santley 1992, Santlelyal. 1997). cate the continued presence of a three-tiered regional po-
Though settlement in the Tuxtlas does not appear to hdiieal hierarchy during this time (Santlest al. 1997).
been controlled or dominated by the lowland Olmec, TuGantleyet al. (1997; see also Santley 2000, 2003) link
tlas residents were not unaware of their neighbors to ttinés episode of regional depopulation with volcanic acti-
southeast (McCormack 2002, Santley and Arnold 199@jity during the Late and Terminal Formative periods. The
It is noteworthy that political development in the Tuxtlagnplication is that volcanic eruptions and their after-
occurred much later than in the lowlands, after the fall effects were severe enough that many of the regional in-
La Venta at the end of the Middle Formative (Sangiey habitants chose to leave. But why did some people cho-
al. 1997, see also Stark and Arnold 1997). This later dese to flee the region while others chose to stay? Though
velopment may be related in part to severe and recurrgntcanic ash may affect the entire area surrounding the
volcanic eruptions in the Tuxtlas (Santleyyal. 1997). blast, it does not fall in a homogenous fashion—because
Indeed, there were at least three major eruptions in thewind and precipitation, areas will be differentially

Tuxtlas during the Formative period (see below). affected. Were the people who left the region living at
sites that were the most severely affected by ash fall?
Tuxtlas Settlement Surveys Possibly. The decision to stay or to go may have also

been influenced by social ties to central administrators.

Settlement surveys by Santley and colleagues (Santkegrhaps regional elites offered benefits and incentives
1991, Santley and Arnold 1996, Santi¢wnl. 1997) have for people to stay, or perhaps people simply remained
laid the foundation for current archaeological researchdut of a sense of obligation to their leaders (e.qg., tribute
the Sierra de los Tuxtlas. In the 1970s, Robert Santldgmands) and/or kin groups. While we may never know
began a project of combined survey and excavation, ethe full range of factors that influenced peoples’ decisio-
ploying techniques similar to those used in the Basin n§ about staying or leaving, we can assume that people
Mexico (Sandergt al. 1979) and the Valley of Oaxacawere probably motivated by a combination of social, en-
(Blantonet al. 1982). They surveyed an area of approxivironmental, and political factors.
mately 400 krfy locating 182 sites representing 577 com-
ponents (Santlegt al. 1997). Volcanism in the Tuxtlas

These regional survey data provide critical informa-
tion regarding the emergence of a settlement hierarcfiyne volcanic eruptions that blanketed parts of the Sierra
During the Early Formative, the Tuxtla regional settlede los Tuxtlas with ash during the Formative period origi-
ment system was composed only of villages and hamletated from vents near Cerro Mono Blanco. The first erup-
By the Middle Formative, people began to aggregate intion coincided with the end of the Early Formative
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(1250-900 BC), the second towards the end of the Lates. Overall, we can expect that people would have di-
Formative (150 BC), and the third during the Terminalersified their subsistence strategies (see Morton and Shi-
Formative (AD 150-250) (Santley 2000, 2003; Santlepabukuro 1974) and expanded their collecting and hun-
et al.1997). Volcanic eruptions and subsequent ash fatiag ranges to extend beyond the area of volcanic impact.
undoubtedly impacted local climate, ecology, agriculturéndeed, those villagers who had begun to diversify their
and human health and livelihood. The accumulation stibsistence base prior to volcanic eruption and ash fall
ash in the sky reduces the amount of solar radiation theduld have had a distinct advantage for weathering the
can penetrate the lower atmosphere, resulting in changesv environment. Despite these immediate issues, howe-
in air pressure, temperature, and precipitation, amowgr, volcanic eruption and ash fall has a positive long-
other climatological factors (Gill 2000:199). Eruptiongerm impact on agricultural production, in that volcanic
and ash fall also destroy vegetation, crops, buildings, aash significantly contributes to soil fertility (Giller 2000).
in some cases human and animal life. Based on a stdiyce soils have weathered sufficiently for plant life to
of the 1943 eruption of El Paricutin in Central Mexicoregenerate, we would expect that Formative people would
Eggler (1948:426-427) found that it was not the lavhave gradually invested more time and labor towards far-
but the volcanic ash that most negatively impacted veging activities.
etation. The deposition of volcanic ash can reduce theWhile active volcanism certainly had ill effects, the
amount of oxygen that plants absorb into their root sylng-term result of repeated ash fall was ultimately posi-
tems, in addition to causing mechanical breakage frame in terms of creating fertile soils for farming. The best
the weight of the ash (Eggler 1948:427). farmland in the adjacent lowlands was located along the
Volcanic ash can also be dangerous to humans amdjor rivers, such that annual flooding renewed soil fer-
animals—heavy ash fall can result in death, and light titity. The only significant river in the Tuxtlas, however,
moderate ash fall can irritate eyes and respiratory systhe Catemaco, which in no way compares in size to the
tems (Chase 1981:63). Moreover, gases released fr@matzocoalcos or the Papaloapan; indeed the Catemaco
both the eruption and the volcanic ash combine with @&iver lacks the levee lands so characteristic of these lo-
mospheric water, resulting in acid rains, which are detsivland rivers. In the absence of significant expanses of
mental to humans, plants, and animals (Chase 1981:68nually renewed river levees, Formative Tuxtla farmers
Warrick 1975:11-12). Acid rains also contaminate wavould have had to practice shifting cultivation, alterna-
ter sources and thus reduce the abundance of aquatidire between fields located close to the residence and
sources and fresh drinking water (Chase 1981:64). Th#hers located at a distance (e.g., infields versus outfields).
weight of the ash on buildings can collapse roofs, espEaus, since much of the farmland in the Tuxtlas was not
cially during the rainy seasons—Chase (1981:64) calcsituated along water sources, farming and fishing tasks
lates that 1 inch (2.5 cm) of ash on a roof adds 10 pourdsuld have been exclusive activities requiring differen-
of weight per square foot (14.7 kg pef)mf ash fall tial scheduling. In other words, as farmers invested more
occurs during the rainy season, it can also lead to flodathe and labor into farming, they would have fewer op-
ing, erosion, mudflows, and landslides (Chase 1981:64prtunities for fishing excursions. Such a scheduling pro-
Regional recovery from such a major environmentélem could be offset through coordinating fishing trips
disaster would be a slow process. It would take approxiuring lulls in the farming cycle, or through establishing
mately 30 to 40 years after ash fall, or 1 to 2 generatiors\d/or strengthening existing trading relationships with
for soils to weather sufficiently to support climax vegecoastal groups. Nevertheless, awatrato the lowland
tation (Chase 1981:64). While larger trees might survivase, it is reasonable to expect an inverse relationship
and continue to fruit, most plant life would require timéetween fishing and farming activities in the Tuxtlas.
to regenerate (Eggler 1948:427). The potential for local
terrestrial fauna to rebound is directly dependent on thed Joya
succession of plant life. We can also expect that smaller
mammals with shorter reproductive cycles (e.g., rabbit§he site of La Joya represents a sizable Formative occu-
would rebound more quickly than larger mammals witpation in the Sierra de los Tuxtlas. Excavations uncove-
longer reproductive cycles (e.g., deer). Aquatic resoued substantial evidence of domestic occupation, inclu-
ces, on the other hand, tend to rebound more quickly théing domestic architecture, hearths, and storage pits.
terrestrial plants and animals (Chase 1981:64). Thus,BEmcavated by Philip J. Arnold Il during 1995 and 1996,
the short term, people would have had to adjust their sube site covers approximately 25 ha and is located on the
sistence strategies in order to survive. This may hasa#uvial flatlands along the Catemaco River in the southern
meant a reduction in large game hunting, and an incregsetion of the Tuxtlas. La Joya was occupied throughout
in the exploitation of small mammals and aquatic resoufe Formative period (1400 BC-AD 300), although sett-
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lement intensity varies over the site’'s occupation (Acular) through time also indicates more intensive maize
nold 2002). Despite this variation in settlement intensitprocessing (McCormack 2002). These changes in the La
there is clear cultural continuity in the people living aloya ground stone assemblage suggest a shift to a set of
La Joya throughout this period, as demonstrated by Acols geared toward maize processing. Moreover, this pat-
nold’s (1999) recent ceramic analysis that has revealetkan may be reflective of a broader trend seen throughout
gradual stylistic change indicative of ansitu cultural Mesoamerica during the Early to Middle Formative tran-
transition. sition (see Rosenswig 2006).

Analysis of residential patterns from La Joya indicates Overall, the artifactual and architectural evidence from
that the site’s residents were sedentary by the end of tteeJoya reveals a long history of settlement marked by
Early Formative period (McCormack 2002:192). Prioincreases in sedentism, maize reliance, and social diffe-
to that, people were moving seasonally or annually, o@ntiation (Arnold 1999, 2000, 2002; McCormack 2002).
cupying multiple locations (Arnold 2000, McCormacKThroughout the site’s tenure, people became increasin-
2002:192). Architecture during this time was mostlgly sedentary and eventually intensified maize produc-
ephemeral, consisting mainly of “packed earthen suien. The emergence of social differentiation at the site
faces” with associated low-density sheet midden (Arnottlring the Late Formative occurs within the context of
2000:126). McCormack (2002:192) relates the transitioegional political change—a three-tiered settlement hie-
towards sedentism at the end of the Early Formative tarchy emerged at this time, centered at Chuniapan de
the eruption of Cerro Mono Blanco around 1250-900 B@bajo (see fig. 1). How closely were the residents of La
La Joya was located along the edge of the area impaciega integrated into this regional political system? Were
by the eruption, evidenced by a paltry 8-10 cm of aspeople dependent on regional elites for access to esoteric
which may have influenced the decision to settle downedia? Did they provide tribute to regional elites in the
(McCormack 2002:193). Given new constraints on aferm of food and/or labor? Lithic evidence from La Joya
able land as a result of ash fall, McCormack (2002:198)veals that the site’s Late Formative residents were pro-
suggests that households located on “good agricultucairing non-local obsidian from several sources (McCor-
land [that] abandoned the location for a season [couldfack 1996). Moreover, the high percentage of obsidian
risk losing claim to that land”. By the Late Formativalebitage relative to finished blades at La Joya suggests
period, architecture was more substantial and includedhat people were producing obsidian blades on site (Mc-
small residential mound approximately 1 m high (Arnol€ormack 1996). These data suggest that the people li-
2000; Arnoldet al. 1997). ving at La Joya maintained their own obsidian exchange

Indirect evidence of subsistence suggests an increetworks and thus were not dependent on regional elites
sing reliance on maize throughout the site’s occupatidior access to long-distance exchange (McCormack 1996).
Anincrease in the presence and size of subsurface st@at were La Joya residents obligated to provide maize
ge pits from the Early to Late Formative periods indicdribute to regional leaders? An increase in storage area
tes that La Joya residents may have been producing, taceugh time suggests that people were producing and
cumulating, and storing more maize (and perhaps ottetoring surplus maize (see above). Without a comparati-
foodstuffs) through time (see Arnold 2000). Moreovere analysis of plant datasets from different sites in the
the remains of ridged agricultural fields were identifiedegional settlement hierarchy, however, it is impossible
in several excavations units—these fields were overldiol trace the movement of surplus grain. Identifying the
with a layer of volcanic ash from the Terminal Formatishift to maize intensification at La Joya and its correla-
ve eruption (Arnold 2000). Thus, by the end of the Tetion to the establishment of a regionally-consolidated po-
minal Formative period, residents of La Joya were invelitical order, however, may provide clues as to the cause
ting more labor into field maintenance. of increased production. If people intensified maize pro-

Analysis of the ground stone artifacts from La Joyductionafterthe establishment of the regional settlement
demonstrates that the design and use of grinding tobisrarchy (which occurred during the Late Formative pe-
became more specialized from the Early to Middle Foriod), then one might argue that elites spurred intensifi-
mative periods (Arnold 2000:127; McCormack 2002cation through their demands for tribute. With this in
169). McCormack (2002:175, 178) has identified a shifhind, | now turn to the subsistence data.
from one- to two-handed manos and an increase in the
quantity of two-sided metates from the Early to Late For-
mative periods—both patterns suggest an increase in thl EARCHAEOBOTANICAL DATA
use of grinding implements which likely reflects an in-
crease in maize processing (see also Arnold 2000:12¥he details of the recovery and analysis of the carboni-
An increase in the use of naturally rougher basalt (vegied plant materials, as well as the raw data, are reported
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Table 1. Plant Taxa identified at La Joya. Modern botanical guides were used to determine what
Common Name T axonomic Nam: t_axa might occur in the assemblage_s (Manriquez and Co-
lin 1987, Sorianet al. 1997); the serial journ&llora de
FIELD CROPS Veracruzwas extremely helpful in this pursuit. Identifi-
Maize Zeamay: Ccations were made with reference to modern comparati-
Tepary bean cf. Phaseolus acutifolius ¢ V€ SPecimens hou_sed in the paleoe_thnobotanlcal Igbora—
tory at the University of North Carolina at Chapel Hill. |
Bean Phaseolus st ¢ollected most of the relevant comparative specimens du-
Bean cf. Phaseolus sp. ¢ ring a trip to southern Veracruz, Mexico in May 2000. In
Bean family Fabaceae 2ddition, several specimens were sent to Dr. Lee New-
_ som at the Pennsylvania State University for identifica-
Bean family cf. Fabaceae cf tion.
TREE CROPS Preservation of carbonized plant remains in tropical
Avocado Persea american  environments is generally poor. The archaeobotanical as-
. semblage from La Joya is no exception, and the diversity
Avocado cf. Persea americana c X . o
of species recovered and identified probably does not
Coyol Acrocomia mexican  reflect the diversity of plant resources originally exploi-
Sapote Pouteria sapoti  ted by the site’s inhabitants (Table 1). Of the plant taxa

identified at La Joya, maiz&Zéa maykis ubiquitous
) _ throughout the site’s occupation. Moreover, maize, beans
Trianthema Trianthema st (phaseolussp.), avocadoRersea americana coyol
Achiote cf. Bixa orellana cf  (Acrocomiamexicand, and mamey sapotéuteria
sapoté appear to be the most common food resources at
the site. The latter three resources are all fruits from tro-
pical trees. Two other taxa identified in the La Joya plant
and published elsewhere (VanDerwarker 2006a). Thusgdsemblage include trianthem&ignthemasp.) and a
limit my present discussion of these issues to very bagiassible achiote specimdsiXa orellanacf.). Both plants
information. More than 600 flotation samples were takemere probably used to season other foods. Given the cu-
during the excavations of La Joya; the present analysient topic of agricultural intensification, | focus this dis-
includes all those samples that derive from features anglssion around maize. Please refer to VanDerwarker
well-defined activity areas (n = 318). The volume of so{R005, 2006a:79-89) for a more thorough discussion of
sampled was not standardized, but it was systematicabiypader plant resources and plant subsistence at La Joya.
recorded, with most samples measuring 3-8 liters. Soil A variety of quantitative techniques were used in the
was floated using a modified SMAP system, and carbanalysis of the archaeobotanical data, including ubiquity
nized remains from both the light and heavy fractions aneeasures, relative percentages, species diversity indices,
included in the analysis. Because of the extremely fragdependent ratios, box plots, and multivariate analyses
mented nature of the specimens, | identified carbonizéske VanDerwarker 2006a, 2006b). Because this paper
remains down to the 0.71 mm sieve size. Samples frgrimarily addresses agricultural intensification, | restrict
Early and Terminal Formative contexts were the mo#te present analysis to measures that deal specifically with
numerous, thus resulting in greater quantities of carbotiie production and consumption of maize.
zed remains. There were fewer samples from Middle and
Late Formative contexts, making it more difficult to asExpectations of Maize Intensification
sess changes in plant use during these periods (see be-
low). There are a variety of methods for assessing the intensi-
All plant specimens were identified to the lowest podication of maize production in the archaeological past,
sible taxonomic level. Once the plant specimens wemgost of which involve measures of non-food data, such
sorted and identified, | recorded counts, weights (ias changes in ground stone tool assemblages, increases
grams), portion of plant (e.g., maize kernels versus storage volume, carrying capacity calculations for a
cupules), and provenience information. Nearly all maizgarticular site or region, etc. It is far trickier to assess
kernels were too fragmentary to obtain length or widtintensification from the maize remains themselves (but
measurements or to determine variety. Other than salee Scarry 1986). In considering the process through
tary maize cupules, no cob fragments were identified, theich maize cultivation becomes intensified, there are
prohibiting additional observations regarding variety. two basic outcomes that can be expected: (1) an increase

MISCELLANEOUS
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or stability in the overall quantity of maize through time;
and (2) an increase in the evidence of maize processir
through time.

If people begin to invest more time and labor into faf-
ming maize, we might expect levels of maize consumptiol
to increase. Indeed, the whole point of intensification i<
to increase crop yields on a given plot of land througt
strategies that reduce competitors and encourage pla
growth (Netting 1993). Thus, with expectations of hig-
her yields also comes the expectation of more maize a|
pearing in the archaeological record through time. While
this may be a simple and compelling picture, it is not,
however, the whole picture. Intensive farming strategie:
lead to a reduction in shifting cultivation, and longer pe-
riods of cropping the same plot of land. Declining soil
fertility on a given plot of land is in part mitigated through
construction of field ridges, small-scale irrigation, inter
Slrr?g Fig]?evggzenzgorg[?Z;Sé:Zg ;)ri?jnlfgrfifi.Z?r.{gb\?virflsz{uvéeaﬁég. 2. Schematic representation of relative space in infield vs. outfield

’ reas (not to scale).

and animal waste. Despite all these efforts to maintain
high yields on a plot of land, yields will decline, and even-
tually the plot will be allowed to fallow. The point here
is that in the short term, yields will increase dramatically
for a single plot (Conelly 1992), but given declining yieldsing frequency of cultivation on a constant area of land
on that plot over the long term, the net increase in overailer time) with residential organization, presenting a far-
yields may not be much higher than more extensive faning system he refers to as infield/outfield cultivation.
ming methods, such as field scattering and annual crioields refer to plots located near the settlement, and
rotation (Boserup 1965). Thus, in terms of the archaeautfields to plots located at a distance from the settle-
logical plant data, we can expect maize intensification toent.
be represented by either mereaseor continuityin the When infields are cultivated more intensively than
overall quantity of maize remains through time. outfields, most farming tasks are conducted near or at

In addition to considering the overall quantity of maithe residence, including crop processing, tool manufac-
ze remains through time, | also address maize productiome/repair, and storage. Outfield cultivation, however,
through a consideration of one of the initial stages of maiequires travel and a temporary shelter away from the
ze processing, that of shelling. Before maize can Ipgimary residence. When outfields are cultivated more
ground into flour, the kernels must first be removed fromtensively, farmers must perform harvest-related tasks
the cob, leaving the cobs and cupules as byproductsirofthe fields, including initial processing, drying, bun-
the removal process. Because kernels represent the géng, and storage of crops. Thus, the spatial location of
of the maize plant meant for consumption and cupulé&m fields relative to the residence conditions the types
represent processing discard, lower ratios of kernel counfsactivities conducted at the residence, which in turn
to cupule counts would be indicative of elevated levet®nditions the organization of residential space (Killion
of maize processing (Scarry and Steponaitis 1997:117987).
If we were to compare maize kernel to cupule ratios from Killion’s (1987, 1990) analysis of modern Tuxtleco
different temporal periods, we could determine the relaouseholds has revealed certain insights into the relation-
tive degree of maize processing through time. ship between agricultural and residential space that are

| consider maize processing in the context of Killion'®f particular relevance here. First, he found that when
houselot model of residential activity. Thomas Killiorinfields are cultivated intensively most farming-related
(1987, 1990) has examined subsistence farming as it t&sks are performed at the houselot, thus requiring a larger
lates to residential space among contemporary Tuxtlesidential work area (Killion 1990:205). In other words,
farmers and has developed an ethnoarchaeological rhecause infields are located closer to the residence, it
del relating agriculture to the organization of householtiakes sense to transport harvested maize ears to the resi-
labor and residential patterns. Specifically, Killion (1987ential areas and shell them there. This would result in
1990) links cultivation intensity (defined as the increanore evidence of maize processing at the site, namely a
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Fig. 3. Box plot of standardized maize counts by period (EF: EarBig. 4. Dot chart of maize kernel to cupule ratios by period (EF: Ear-
Formative, LF: Late Formative, TF: Terminal Formative). ly Formative, TF: Terminal Formative).

higher proportion of maize cupules. If farmers were mofdaize Consumption: Overall Quantity of
focused on cultivating outfields than infields, then wé/laize
can expect that maize shelling would take place in the
outfields; presumably, farmers would return to the resl-o assess the overall quantity of maize remains at La
dential area with baskets of already-shelled maize kéwya through time, | employ box plots (see also Cleve-
nels. This would result in less evidence of maize procesand 1994, McGillet al. 1978, Scarry and Steponaitis
ing on site, with proportionately fewer maize cupules. 1997, Wilkinsoret al. 1992). Box plots summarize dis-
How do differences in infield/outfield cultivation re-tributions of data using several key features. The median
late to maize intensification? Let’s imagine a diagram @ marked by the area of maximum constriction at the
nested concentric circles with the residential core at thenter of the box. The edges of the box, or hinges, repre-
center, ringed by infields, which are in turn ringed bgent the 28and 73 percentiles of the distribution—the
outfields—the outfield ring consists of more area thaapproximate middle 50% of the data fall between the hin-
the infield ring (fig 2). More land translates into moreges (Cleveland 1994:139). Vertical lines, or whiskers,
potential for shifting (extensive) cultivation, allowingextend outward from the box and represent the tails of
plots to fallow for a time before cropping them agairthe distribution. Outliers are depicted as asterisks and far
The infield ring, on the other hand, has a limited amouatitliers as open circles. Box plots also allow for a quick
of potential farmland. A focus on infield production lim-visual assessment of statistical significance through com-
its the possibility of field rotation, which limits the amounparison of “notched” areas; notches are recognizable in
of time a plot can remain in fallow. Thus, unless resthat they give the box plot its characteristic hourglass
dences are moved periodically, a focus on infield prehape. If the notches of any two boxes do not overlap,
duction would require more intensive labor in the forrthen the medians of the two distributions are significant-
of weeding and fertilizing in order to make sure that plotg different at the 0.05 level (McGidt al. 1978:14; Sca-
continue to produce maximum yields. Thus, infield praty and Steponaitis 1997:113; Wilkinseiral. 1992:198).
duction would entail a more intensive cultivation strat- Maize counts are standardized by plant weight for each
egy than outfield cultivation. We can identify changes isample. Unlike the density measure that uses soil volu-
infield/outfield cultivation strategies through time byme as a standardizer, standardizing by plant weight con-
considering maize kernel to cupule ratios. According widers the contribution of a specific plant or category of
Killion’s model, intensification of maize productionplants solely in terms gllant-related activitiesAs a re-
would mean an increased focus on infield productiosult, a plant weight ratio more accurately reflects spatial
More infield production leads to more maize processirand temporal differences in plant use. Because | am pri-
on site, which results in elevated levels of maize cupulesarily interested in the importance of maieative to
Thus, if farmer at La Joya were intensifying maize prather plant resourceat the site, standardizing maize
duction, we can expect a reduction in maize kernel tmunts by plant weight is the most appropriate measure
cupule ratios through time. (see also Scarry 1986).
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The box plots reveal no significant differences in theold 2000, McCormack 2002:192). By the Terminal For-
distribution of maize through time (fig. 3). Given thatnative period at La Joya, people had intensified maize
maize only occurs in two samples from Middle Formatproduction. The kernel to cupule ratios indicate that
ve contexts, these data are excluded from the analygisople were processing significantly more maize at the
The box plots from the remaining periods illustrate thaite by this time. This increased maize processing proba-
the contribution of maize relative to the overall plant ably reflects both the shift to settled life and the shift to
semblage remained relatively consistent through timi&field production. People were also investing time and
Generally, it appears that the residents of La Joya confabor into ridging their fields by the Terminal Formative
med comparable amounts of maize throughout the Fgeriod (Arnold 2000). Stable Carbon and Nitrogen Isoto-
mative period, which conforms to the first expectatiope data from human skeletal remains confirm a focus on

for intensification that is outlined above. maize in the Terminal Formative Tuxtlas; unfortunately
human skeletal remains from the earlier periods in the

Maize Processing: Kernel to Cupule Formative were either lacking or did not yield enough

Ratios bone collagen to determine isotopic signatures (see Van-

Derwarker 2006a). Thus, in order to elucidate the pro-

Kernel to cupule ratios were calculated and expressedcass of intensification of maize production as it unfolded
a dot chart (fig. 4). The Middle and Late Formative peduring the Middle and Late Formative periods, | now turn
riods at La Joya were excluded from this calculation-te the other half of the subsistence system at La Joya,
sample sizes for these periods were low, and these coepresented by the zooarchaeological remains.
texts yielded no cupules, making the calculation impos-
sible. The resulting dot chart shows a dramatic decrease
in maize kernels versus cupules through time. This ratidiHE ZOOARCHAEOLOGICAL DATA
decreases by a factor of 15 from the Early to Terminal
Formative periods, suggesting that La Joya residents ifie zooarchaeological assemblage from La Joya comes
creasingly processed more maize at the residential locirem features, well-defined activity areas, and levels

Given Killion’s houselot model presented above, | awithin excavation units. All specimens that could be
gue that the change in maize kernel to cupule ratios atfiranly assigned to a clear temporal period were included
Joya indicates a shift over time to a focus on infield prin the analysis. A total of 4,585 bone specimens weigh-
duction, which would have required a more intensivieag 2,920 g were recovered from screened contexts; an
cultivation strategy. While this measure makes it possdditional 2,425 bone specimens weighing 62 g were re-
ble to identify a shift towards maize intensification, it i€overed from the 318 flotation samples that were selected
difficult to narrow down the timing of this shift. The smalifor analysis. For the purposes of this analysis, | restrict
sample sizes of plant remains from Middle and Latay discussion to the screened assemblage; please refer
Formative contexts makes it impossible to determinie VanDerwarker (2006a:123-140) for a fuller discussion
whether this intensification of maize production begaof the zooarchaeological remains, including bones from

earlier in time. flotation samples. Identification and analysis followed
standard zooarchaeological procedures (Reitz and Wing
Summary 1999). Specimens that could not be identified with refer-

ence to the zooarchaeological comparative collections at

Overall, the plant data from La Joya indicate a focus dne University of North Carolina at Chapel Hill Research
maize by the Early Formative period. Kernel to cupuleaboratories of Archaeology were taken to the Zooar-
ratios, however, reveal that Early Formative people wechaeology Comparative Collection at the Florida Museum
not processing much (or any) maize at, or adjacent tuf, Natural History for comparison.
the site itself. Because the Early Formative period at LaAlthough not discussed here, a thorough taphonomic
Joya represents part of a larger seasonally-based setlgalysis was conducted on the faunal assemblage (see
ment system, it is possible that people chose to sgttlevanDerwarker 2006a:152-153). This analysis (and asso-
La Joya after the maize harvest, bringing an abundamated chi-square tests) revealed that the bone assembla-
supply of already shelled maize with them. Thus, whge from the Middle Formative period may have been more
appears to be a focus on maize during the Early Formatvaged by taphonomic processes than the Early, Late,
ve may simply reflect a more seasonal subsistence strated Terminal Formative samples; the Middle Formative
ay. sample also had the smallest sample size of all periods.

People stopped moving seasonally and settled pernfdnus, we must be cautious in attributing too much me-
nently at La Joya by the end of the Early Formative (Aening to patterns identified in the Middle Formative zo-
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Table 2. Animal Taxa Identified at La Joya (asterisk * indicates prerarchaeological assemblage. The Early, Late, and Ter-

ferences for disturbed environments, such as secondary growth, aH’ﬁ“naI Formative assemblages, however, produced simi-
cultural fields and gardens, and human habitations). ’ '

Common Name

Taxonomic Nam

FISH

Alligator gar

Sucker family

Catfish family

Snook

Jack

Snapper

Mojarra
AMPHIBIANS

Toad*

Frog

REPTILES

Mexican giant musk turtle
Box/Pond turtle family
Slider

Green iguana

Boa constrictor
BIRDS

Duck family

Muscovy duck

Duck

Hawk*

Falcon family
Turkey/Pheasant family
Wild turkey

Northern bobwhite
Yellow-bellied sapsucker
MAMMALS
Opossum*
Nine-banded armadillo
Squirrel*

Mouse/Rat family
Coues’ rice rat*
Hispid cotton rat*
Mexican wood rat
Mouse*

Rabbit*

Domestic dog
Skunk/Weasel family
Ocelot*

Peccary family
Collared peccary*
Deer family
White-tailed deer*
Red brocket deer

Lepisosteus spatu
Catostomide
Pimelodida
Centropomus S|
Caranx sp
Lutjanus sp
Cichlasoma sy

Bufo sp
Rana sp

Staurotypus triporcatL
Emydide

Trachemys script
Iguana iguan

Boa constricto

Anatidac

Cairina moschat:
Anas sp

Buteo sp

Falconida
Phasianic
Meleagris gallopav:
Colinus virginianus
Sphyrapicus variu

Didelphis sp
Dasypus novemcinet
Sciurus sg

Murida

Oryzomys coue
Sigmodon hispidt
Neotoma mexicar
Peromyscus s|
Sylvilagus sg

Canis familiaris
Mustelidz

Leopardus pardali
Tayassuid

Tayassu tajac
Cervida

Odocoileus virginianu
Mazama american

lar results in terms of the taphonomic measures used to
assess the data, indicating that these assemblages were
affected similarly and are thus comparable for the sake
of further analysis (see also VanDerwarker 2006a:152).

A variety of animals was identified in the La Joya bone
assemblage and represent all five vertebrate taxonomic
classes (fish, amphibians, reptiles, birds, and mammals)
(see Table 2). The vast number of species identified in
the assemblage prohibits a detailed discussion of each
animal and its habitat preferences here. Suffice it to say
that mammalian taxa were the most abundant and ubi-
quitous species identified at the site during all time pe-
riods. Nevertheless, a diversity of fish, reptiles, and birds
also contributed to the Formative diet at La Joya. The
amphibian remains (represented mostly by toads), howe-
ver, probably do not represent food remains; the bufo-
toxins produced in the skin of these toads would have
made the flesh too bitter for consumption. Moreover, the
possible species to which these toad remains could be
assigned (based on local biogeography) tend to prefer li-
ving in close proximity to human habitations, thus ma-
king them probable commensals.

Expectations: The Garden-Hunting
Model

The analysis of the plant remains revealed that residents
of La Joya had become more invested in farming by the
Terminal Formative period. In order to use the zooar-
chaeological data to assess earlier shifts in agricultural
intensification, | frame my discussion and analysis around
the garden-hunting model. As humans disturb vegetation
through the clearing and planting of fields and gardens,
they provide new habitats for a wide variety of weedy
pioneer plants that thrive in open habitats (Emslie
1981:317; Neusius 1996:276). The diversity and concen-
tration of crops and weedy species, in turn, attracts in-
sects, which attract animals that prey on those insects
(Emslie 1981:317; Neusius 1996:276). Browsing animals
are attracted to the new diversity of highly edible vegeta-
tion, which may include both wild and cultivated spe-
cies. Ultimately, the changes wrought on the local envi-
ronment through farming activities create habitats that
favor a greater diversity and density of small animals than
found in forested environments (Emslie 1981:317; Linares
1976:332; Neusius 1996:276; Speth and Scott 1989:71;
Szuter 1994:55). While large animals, like deer, are also
attracted to disturbed environments, the overall quantity
and diversity of smaller animals is much greater. This
anthropogenic process results in a local pool of readily
available animal protein that humans can easily exploit.
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Thus, a new predator/prey cycle is established in disturbeduld probably involve traps and snares (Coe and Diehl
environments that is qualitatively and quantitatively dif1980b:106; Hovey and Rissolo 1999:261); (3) constitute
ferent than those in undisturbed, primary environmenta.self-sustaining system in that smaller mammals (e.g.,

An increasing commitment to farming to meet basiabbits) have high reproductive rates and would not be-
subsistence needs likely involved the reorganization odme locally depleted like deer; and (4) help control los-
the larger subsistence system, which would have affeses to animals feeding on young plants or ripe crops.
ted the organization of domestic labor. As people devo-Whether farmers choose selective versus opportunis-
ted more time to farming activities, scheduling other suki€ hunting strategies may in part depend on how predic-
sistence activities like hunting and fishing would haveble their farming returns are. Maintaining a focus on
become more difficult. The garden-hunting model prdarge mammals is a risky venture in that it requires a well-
poses that people dealt with new scheduling conflicts lbpordinated long-distance hunt that takes farmers away
hunting and trapping animals inhabiting their fields anfilom their fields for a period of time. This type of high-
gardens (Emslie 1981:306; Linares 1976:331; Neusitsk selective hunting may imply a certain confidence in
1996:276). Since many of these animals were crop peste farming cycle. As Speth and Scott (1989:77) state,
garden-hunting served the dual purpose of providing prtihe increased emphasis on large species among groups
tein to the diet and protecting crops from competitor8ho obtain a substantial proportion of their total calories
(Emslie 1981:306; Neusius 1996:276; Szuter 1994:6@)om cultivated plants may be a response... to the greater
Following this line of reasoning, Neusius (1996:276) hgwedictability of their horticultural food base.” Thus, the
argued that as farming became a more prominent subsiigth risk involved in a selective hunting strategy is offset
tence activity, hunting, in turn, became a non-selectiviey the minimal risk involved in the farming subsistence
opportunistic activity that increasingly occurred duringpase. Of course, a few “well-coordinated long-distance”
other subsistence-related tasks. This change in huntimgnts could easily be scheduled around the farming ca-
patterns would be reflected archaeologically by an itendar. Moreover, if people were practicing a gendered-
crease in smaller prey and an increase in species diveddiHsion of labor in which women were farming and men
ty (Neusius 1996:276). This scenario supposes that peopkere hunting, occasional hunting trips would probably
would have exploited a representative sample of the ant have significantly impacted farming. If farming evol-
mals inhabiting agricultural fields, gardens, edge locaed as an outgrowth of women'’s plant collection and ma-
les, and local areas of secondary vegetation, includinggement activities, then men would have been relative-
animals that have traditionally been considered commdg-free to continue their hunting and fishing activities
sals (see also Szuter 1994, Szuter and Bayham 1989)wvithout scheduling conflicts. However, in a region whe-

Linares (1976), who first proposed the garden-hunting people may have practiced year-round farming, there
model, argued for a morgelectivehunting strategy in undoubtedly would have been critical times in the far-
which people focused their efforts on the larger specigsng cycle when men and women alike would have par-
(in this case, white-tailed deer and peccary) attractedticipated in farming-related activities—these times may
their cleared and cultivated fields. She argued that wiiave precluded extended hunting or fishing trips.
te-tailed deer could withstand intensive harvesting by One could also argue that an opportunistic garden-hun-
people (Linares 1976:347). Moreover, she suggested thiag strategy implies that the subsistence economy may
an increased focus on garden-hunting might displace the somewhat stressed. For example, if people are eating
exploitation of aquatic fauna (Linares 1976:347). As etlany animal they come across, then this suggests a “take
nographic studies in Amazonia have shown, however, lvhat you can get” attitude in which people do not have
cal populations of large game surrounding farming cortie luxury of being selective. Rather than being selective
munities soon become depleted by over-hunting (Griffi@bout the animals they exploit, people may choose to di-
1989:69; Rai 1982:184-188; Speth and Scott 1989:Arsify—and diversification often represents a strategy
Vickers 1980). Once people have depleted local levead$ risk management or risk response (Fenoaltea 1976,
of preferred larger game, they can either focus on leGsiillet 1981, Netting 1993, Walker and Jodha 1986).
desirable smaller speciesefisuNeusius 1996), or they Thus, it is possible that a shift towards garden-hunting
can travel farther away from the residence to continueay reflect a response to a set of new risks associated
exploiting larger prey. Focusing on smaller game inhabiith the transition to farming. However, the entire pre-
ting fields and gardens adjacent to the houselot may hawise of the garden-hunting strategy is the economy of
been a more attractive option in that it would: (1) effectresources. This conflict between garden-hunting as risky
vely deal with scheduling conflicts between farming anand garden-hunting as economical can be resolved if we
hunting during key periods in the farming cycle; (2) insimply uncouple “garden-hunting” and “opportunistic”
volve little effort or risk in that procurement strategiegsee also Rosenswig 2005).
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expect a decrease in species diversity (richness), as people
would focus their animal diet primarily on mammals.

100 ' '

Disturbance Fauna
807 B
The presence of disturbance taxa in an assemblage re-
presents two different processes. When people clear land
to farm, they create new “disturbed” habitats which su-
pport a greater diversity and density of terrestrial fauna
40 B than primary habitats. Thus, an increase in disturbance
fauna in an archaeological assemblage reflects both an
anthropogenic modification of the local environment (e.g.,
207 B field clearance) and a choice made by people to exploit
animals inhabiting local disturbed environments. A de-
B crease in disturbance fauna, however, does not necessa-
07 rily reflect a decrease in the creation of disturbed habi-
EF  MF LF TF tats, or by extension a decrease in agricultural field clea-

Fig. 5. Bar graph of disturbance fauna (%NISP) by period (EF: ga@nce. Rather, a decrease in disturbance fauna may sim-

ly Formative, MF: Middle Formative, LF: Late Formative, TF: Ter-Ply reflect a choice made by people to exploit fauna from
minal Formative). other habitats.
To examine this process at La Joya, | began by assign-
ing each species identified to primary and secondary habi-
Does garden-hunting have to be opportunistic? Just hats (see also VanDerwarker 2006a). Information on habi-
cause local resources of large prey may become depleigtdpreferences was collected from modern field guides
and agricultural fields abound with small animals doemnd ecological studies from the region (Coe and Diehl
not mean that farmers will not be selective about wha®80b, Howell and Webb 1995, Lee 2000, Reid 1997,
they put in their mouths. While they may increasinglorianoet al. 1997). Because animals are not fixed onto
focus on the exploitation of small animals using a gathe landscape, this was not a straightforward task. Many
den-hunting strategy, they may still be selective aboahimals identified in the assemblages inhabited as many
which small animals they choose to eat. Thus, we mighs five habitat zones. As a result, | simplified my approach
expect that farmers were more selective in their garddwy creating a simple dichotomy of animals that prefer
hunting practices when farming was more predictable adisturbed habitats and those that do not (see Table 2).
harvests were good. In times of crop failure, howevebjsturbance species include animals that prefer second-
people would have been faced with food shortages—thasy growth and forest edge areas, animals that can be
may have turned to opportunistic garden-hunting as a wegnsidered agricultural pests, and animals that take ref-
to buffer against shortages. This would be reflected arge in and around human habitations. The disturbance
chaeologically by high animal species diversity. species include both commensal taxa and food species.
Given the environmental context of the present ca8ecause dogs are domestic animals and aquatic taxa are
study, | propose the following expectations of La Joyalestricted to bodies of water, they are excluded from these
zooarchaeological assemblage if the site’s residents shifeasures. While dogs were certainly being eaten by the
ted their hunting/fishing subsistence strategy to focus site’s residents (evidenced by burning, disarticulation, and
garden hunting. First, we can expect an increase in faungcher marks on the remains), they would not have been
that prefer environments disturbed by human activitiesunted and trapped in the same way as wild fauna. In-
edge locales, farm fields, house gardens, etc. Second, diged, perhaps it is best to think about dogs as meat stored
ce most disturbance fauna tend to be mammals, we ¢an the paw.” It may also be worth mentioning that there
expect a decrease in the proportion of birds, reptiles, ands a slight increase in dog NISP at La Joya during the
fish in the diet, and hence in the zooarchaeological a§®rminal Formative period; a chi-square test, however,
emblage through time. Third, because farmland adjacetidl not reveal this pattern to be statistically significant.
to La Joya is not contiguous with prime bodies of water | calculated the percentage of disturbance fauna by time
(e.g., Catemaco Lake and the Gulf Coast), we can exppetiod using NISP (number of identified specimens), MNI
that an increased focus on farming would result in a rggainimum number of individuals), and presence (see Van-
triction on fishing/turtling opportunities, thus resultingDerwarker 2006a:162). All three measures produced si-
in a decrease in aquatic fauna in the diet. Finally, we carilar patterns; given constraints on time and space, | res-

607 B

% NISP Disturbance Taxa
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trict my presentation to %NISP (fig. 5). The percentag

for the Middle Formative period equal 100% for all thre 2.5 L L L L

measures, likely a result of small sample size. If we sir

ply ignore the Middle Formative values, we find that th % 204 -

percentage of disturbance fauna is roughly compara z

(and quite high) during the Early and Late Formatiy o § 154 i

. . . n :

periods. After the Late Formative, there is a subsequy = g

decline in the %NISP of disturbance faunainthe Ternf B2 | i

nal Formative period. A chi-square test confirms this drq @ *E 1.0

in the percentage of disturbance fauna to be statisticg =

significant 2 = 234.6, p > 0.001). = 0.57 i
This pattern suggests a high level of field clearan

through time, accounting for the high percentages of d 0.0 - -

turbance fauna through the Late Formative period. N

only were the residents of La Joya creating anthropog 10 ' ' ' '

nic habitats through field clearance, they were also chj 7 i
osing to exploit the animals inhabiting those niches. &; 87 i
some cases, they were probably just getting rid of pe Z 7 B
like mice and rats, but in other cases they were procuri g > 64 B
animal protein through garden-hunting. The subsequé z % - -
decrease in disturbance fauna during the Terminal F X7 % 4 L
mative period does not necessarily mean that people wj - S A B
clearing fewer fields and creating fewer anthropogen g P N
habitats. Rather, this decline in disturbance fauna prok = i i
bly reflects a response to a landscape altered by volca 0 L] l

eruption and subsequent ash fall occurring at the close
the Late Formative. , . . .

15

Animal Class Ratios &

_Z
| consider the contribution of birds, reptiles, and fish{ & & 10 | -
the Formative diet through the use of animal class rat]f = O
(fig. 6). | use independent ratios instead of relative p§ = E
centages to avoid the effects of dependency (e.g., if é‘% 5 i
percentage increases, another must decrease). | calg =
te ratios of bird, reptile, and fish NISP standardized =
white-tailed deer NISP. There are both advantages &
disadvantages to using white-tailed deer as a standa 0 - r -
zer for class-based comparisons. Two advantages to us EF MF  LF TF

deer for this measure are: (1) white-tailed deer is ind
pendent of the other taxonomic classes; and (2) white- _ _ _ —
taied der was deniied during all ime periods. Howds. 521950 oG css s Sencerdnea o vile led
ver, if deer NISP is not a constant variable throughoi | r: | ate Formative, TF: Terminal Formative).
the sequence, then changes in the abundance of deer
would affect the resulting ratios. However, based on timeains low throughout the Late Formative, only to increase
%NISP of white-tailed deer from La Joya, the abundargain during the Terminal Formative period. Reptiles
ce of deer is roughly comparable throughout the sequémostly aquatic turtles) are fairly unimportant throughout
ce (see VanDerwarker 2006a:134). the Early, Middle, and Late Formative periods, but in-
These ratios are presented in fig. 6 and mirror patteroiease dramatically during the Terminal Formative pe-
presented elsewhere that use relative percentages of NI&#.
MNI, bone weight, and flotation NISP (see VanDerwar- These patterns suggest a trend toward an increasing
ker 2006a:137-138, 141). The contribution of birds arfdcus on mammals from the Early to Late Formative pe-
fish declines markedly after the Early Formative and reiods. After the Late Formative period, however, people




ISSN 1989-4104 ARQUEOLOGIA IBEROAMERICANA 1 (2009) 31

bitats to a greater extent than before. Given that aquatic
30 | | | | .

fauna would have rebounded more quickly than terres-
trial fauna after volcanic eruption and ash fall (see abo-
ve), it makes sense that La Joya villagers would have
increased their exploitation of aquatic habitats after the
n eruption at the close of the Late Formative period.

20

Faunal Species Diversity

The final expectation | address is species diversity, spe-

104 B cifically richness. Richness refers to the number of taxa
in a given assemblage; the more taxa present, the richer
the assemblage (Kintigh 1984, 1989; Reitz and Wing

F 1999). It stands to reason that larger assemblages will
EF MF LF TF

% NISP Aquatic Taxa

yield a richer array of taxa than smaller assemblages (Bax-
ter 2001, Jonest al. 1983, Kintigh 1989, Rhode 1988).
Moreover, larger samples are more likely to yield rare
Fig. 7. Bar graph of aquatic fauna (%NISP) by period (EF: EarkpXa than smaller samples. Thus, it is problematic to as-
Formative, MF: Middle Formative, LF: Late Formative, TF: Termi-sume that assemblages with more taxa have greater di-
nal Formative). versity than assemblages with fewer taxa without first
ruling out whether differences in richness are structured
appear to have widened their net by exploiting propapy differences in sample size (Baxter 2001, Jated.
tionally more birds, fish, and reptiles. The diversifica1983, Kintigh 1989, Rhode 1988).
tion of animal procurement during the Terminal Forma- In order to deal with issues of sample size with respect
tive period may represent a response to either a declinemeasuring species diversity, | use DIVERS, a statisti-
in yields from primary resources (e.g., mammals), or aal program designed to measure the diversity of assem-
increase in subsistence risk, both potentially linked tdages of different sample sizes (Kintigh 1984, 1989,
volcanic activity towards the end of the Late Formative991). The DIVERS program simulates a large nhumber

period. of assemblages based on the categories and sample size
of a given archaeological assemblage and produces ex-
Aquatic Fauna pectations that can be compared with the actual data (Kin-

tigh 1984, 1989). Thus, it is possible to judge whether
Linares (1976:347) suggests that as people became nmbeearchaeological assemblage is more or less diverse than
committed to farming, they would have increasingly preexpected by comparing the richness of the actual assem-
cured terrestrial disturbance fauna, a subsistence shift thizige to the expected values that are randomly generated
would have displaced the reliance on aquatic fauna. | tegtthe simulation (Kintigh 1984, 1989). Archaeological
this expectation by calculating the %NISP of aquatic taxessemblages, then, are not directly compared to each
through time at La Joya (fig. 7). Aquatic taxa identifiedther. Rather, actual diversity values are compared with
at La Joya include fish, turtles, and waterfowl. The unéexpected values for the same sample. The actual values
dentified turtles were not included in this measure as thage then plotted against sample size with a 90% confi-
might represent terrestrial species. However, all bird spgence interval that is based on the expected values. If a
cimens identified to the family Anatidae were includedjalue falls above the confidence interval, then it is more
as this family is composed entirely of waterfowl. Figuréiverse than expected. Conversely, if a value falls below
7 reveals that the Early, Middle, and Late Formative réhe confidence interval, then it is less diverse than expec-
sidents of La Joya exploited fewer aquatic taxa througéd.
time. Aquatic taxa compose only 10% of the NISP du- Figure 8 reveals that the Early Formative animal as-
ring the Early and Middle Formative periods, and evesemblage is significantly richer than expected. The Mid-
less during the Late Formative. During the Terminal Fodle and Late Formative assemblages fall below the ex-
mative period, however, this figure increases dramatigaected range of richness values. The Terminal Formative
Ily to 24%, a pattern that is statistically significagit£ assemblage falls well within the expected range of rich-
192.7, p > 0.001). It appears that La Joya residents aess values given its sample size. In terms of richness,
creasingly focused on aquatic species until the Termirtak Early Formative assemblage is significantly more di-
Formative period when they began to exploit aquatic heerse than later assemblages, representing a broad-based
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Richness

EF Early Formative
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Fig. 8. Species diversity plot of richness against sample size by period (NISP).

diet. After the Early Formative period, assemblage riclime capturing more birds, reptiles, and fish than during
ness drops well below expected values, a pattern whiearlier periods, or perhaps increasing subsistence-rela-
corresponds with the intensification of agriculture. Durted trade with groups less affected by the consequences
ing the Terminal Formative period, animal assemblagé eruption.
diversity increases again, though this value is still not as
high as during the Early Formative period. Summary

Overall, the DIVERS results suggest that the Middle
and Late Formative residents of La Joya exploited few&hese data reveal several interesting trends in faunal pro-
types of prey than the preceding Early Formative resiurement at La Joya. From the Early through Late For-
dents. After the Late Formative period, La Joya residentstive periods, residents of La Joya appear to have in-
began exploiting a wider range of species again, a strateesasingly focused on terrestrial taxa, and mammals in
gy similar to the one employed during the Early Formatparticular. The high percentages of disturbance fauna in
ve occupation at the site. This pattern may reflect thiee Early through Late Formative assemblages point to a
level of risk that the residents of La Joya perceived to fecus on garden-hunting throughout this time. Because
a factor in their subsistence system. During the Early Fanost of the hunting took place in disturbed habitats near
mative period, the residents of La Joya were still mobitbe settlement, people probably did not travel far to pro-
and relatively new farmers. They may have chosen ¢are faunal resources. Thus, this focus on garden-hun-
offset the risk of a new venture by exploiting a wide rariing indicates that hunting was largely embedded in far-
ge of potential food sourcesgnsuSpeth and Scott 1989: ming-related tasks. The decrease in species richness du-
77). As they became more adept at farming, the risk fig this span of time also suggests that people became
failure lessened and people became more selective inthere selective about the animals they chose to exploit.
animals they chose to exploit for food. During the TeBased on the garden-hunting model presented above, this
minal Formative period, however, it appears that La Joyecrease in prey selectivity from the Early through Late
residents may have perceived a new risk, one that [Edrmative periods may indicate that farming had beco-
them to diversify their animal resource base again, thise a more dependable and less risky venture.
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During the Terminal Formative, however, these trendbat people began to establish more permanent settle-
in animal use reverse. At this time the residents of ltaents. They grew maize using a shifting cultivation strat-
Joya began to exploit a wider range of habitats, procegy, and their plots were probably scattered across the
ring more animals from aquatic and primary forest habandscape in areas adjacent to prime foraging areas. In
tats. An increase in species richness during the Termialdition to planting maize, Early Formative people har-
Formative supports this pattern. This expansion of tivested wild and domesticated tree fruits, hunted a wide
hunting territory may have involved more time away fromariety of terrestrial animals, and fished a great deal
the houselot and fields. Nevertheless, an increase in fq@anDerwarker 2006a). Although the diet was highly di-
storage (see Arnold 2000) may indicate that La Joya neersified, the plant data indicate that maize was an im-
sidents intensified maize production at this time. Volcgortant plant resource during the Early Formative. In ad-
nic eruptions at the end of the Late Formative periatition to being mobile forager-farmers, early Early
would have affected the abundance of local fauna aRdrmative people were also relatively egalitarian (Arnold
may have limited the availability of good farmland du2000, McCormack 2002:267). As population levels in-
ring the subsequent Terminal Formative period. Residewteased and people began to settle down towards the end
of La Joya may have responded to these new subsisteotcthe Early Formative period, they retained an ethos of
limitations by focusing more intensively on fewer maizegalitarianism. A volcanic eruption coincided with this
fields and widening their hunting range. People probabéhift toward sedentism and may have influenced the de-
dealt with scheduling conflicts between hunting and facision to settle down—ash fall following the eruption
ming by dividing subsistence-related tasks among differould have blanketed parts of the region, thereby limit-
rent genders and age groups. Overall, these patterns sng4and available for foraging and farming (McCormack
gest that the Terminal Formative residents of La Jop®02:193; Santlegt al.1997). Moreover, the abundance
may have been faced with increasing subsistence riskd distribution of wild plants and animals would have
possibly related to local environmental catastrophe (vddeen negatively impacted.
canic eruptions and ash fall), in addition to potential tri- By the Middle Formative period, people were fully se-
bute demands by regional leaders in the face of local dentary, and they began altering their subsistence practi-
covery from environmental catastrophe (see below). ces and material culture. Although the subsistence data

from Middle Formative contexts are few, some trends
DISCUSSION: LA JOYA IN REGIONAL are nevertheless apparent. Tuxtla residents began to shift
CONTEXT their faunal procurement strategies away from fish and

other aquatic fauna and towards terrestrial mammals that
Analyses of the archaeobotanical and zooarchaeologipatfer disturbed habitats, which suggests that the process
data have offered a means through which to better undef-intensification began during the Middle Formative
stand changing subsistence in the Sierra de los TuxtlesensuRosenswig 2006). They continued to cultivate
Patterning in the plant data from La Joya suggests an inaize and to harvest avocados and coyol palm fruits (Van-
tensification of maize production by the Terminal FormeéDerwarker 2006a:88). Ceramic assemblages became more
tive period. This shift towards intensification may havediverse, indicating the development of a wider range of
begun earlier, but the small sample sizes of plant materéoking and serving practices (McCormack 2002:84). The
als from Middle and Late Formative contexts at La Joyaanufacture and use of ground stone tools was also more
prohibit documenting the timing of this process witlspecialized than during the Early Formative period, sug-
macrobotanical data alone. Fortunately, the zooarchagesting an increased focus on maize grinding, and by ex-
logical data allow us to further narrow the timing of agritension, maize production and consumption (McCormack
cultural intensification at La Joya. Evidence of garde?002:175-178).
hunting in the animal data suggests that people becamdélthough the faunal data suggest an increase in gar-
increasingly committed to farming during the Middle anden hunting which may be indicative of an increased com-
Late Formative periods. Changes in faunal patterning dunitment to maize-based farming and the ground stone
ing the Terminal Formative period suggest that this wasta suggest an increase in maize production, the plant
a time of increased subsistence risk, probably associatlda from Middle Formative contexts are simply too spar-
with volcanic eruptions. Combined, these subsistence datato speak to changing farming strategies at La Joya.
paint a picture of changing subsistence economy throudthevertheless, it appears that maize-based farming may
out almost two millennia. have become a more important subsistence strategy than

Tuxtla residents were relatively mobile during the Earlit was during the Early Formative period. Villages and
Formative, moving seasonally or annually (Arnold 200amlets formed the basis of the Middle Formative settle-
McCormack 2002). It was not until the end of this periothent system in the Tuxtlas, with no known political cen-
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ters established at this time (Santéyal. 1997). Indivi- manded agricultural tribute from villages in the region
dual households appear to have been independent @idCormack 2002, Pool 1997). Increases in storage vol-
self-sufficient, and society at large continued to be relame at La Joya point to the accumulation of agricultural
tively egalitarian (McCormack 2002). surplus, which may have been used to help support re-
The Late Formative period heralded the emergencegibnal leaders (Arnold 2000, Pool 1997). Whether or not
social ranking in the Tuxtlas. Regional population intibute demands from regional elites could have precipi-
creased, and the first regional center was establishedatieéd this period of risk is another issue. Did regional
the site of Chuniapan de Abajo (Santleyal. 1997). elites have sufficient power that their tribute demands
Despite these changes in settlement and social rankiafpne could have stressed village-level subsistence? Given
the level of socio-political complexity in the Tuxtlas washe scale of regional political complexity during the Ter-
not nearly as pronounced as among the lowland Olmexnal Formative period and the nature of chiefly power,
(McCormack 2002; Santley and Arnold 1996). Archaeat seems unlikely that excessive tribute demands could
botanical evidence points to a continued focus on maizegve been enforced and even less likely that tribute would
standardized counts of maize did not change significantigave been paid in the form of subsistence goods. Indeed,
at La Joya, indicating that maize consumption may haifgpeople were dissatisfied with elite demands, they could
been relatively stable through time. The faunal data suggve left the region, as many others chose to do at the
gest an increased focus on terrestrial disturbance animatsl of the Late Formative period.
indicative of garden-hunting, suggesting that people in- It is more likely that volcanic eruptions at the end of
tensified their farming activities even more than they hatle Late Formative and the middle of the Terminal Forma-
during the Middle Formative. Indeed, a decrease in faurtale influenced peoples’ decisions to alter their subsist-
species diversity suggests that farming had become a lesse strategies. The short-term effects of volcanic erup-
risky subsistence strategy. tions and ashfall on maize production would have been
Regional population declined dramatically during thdevastating. It is possible that, despite increasing sub-
Terminal Formative period, and a new regional centsistence risk precipitated by volcanic activity, Tuxtlas
was established at the site of Chuniapan de Arrilvdlagers were still encouraged to provide tribute to re-
(Santleyet al. 1997). Volcanic activity towards the endgional elites. Determining the flow of tribute from vil-
of the Late Formative and during the Terminal Formdages to centers, however, requires the excavation and
tive likely influenced peoples’ decisions to leave the renalysis of additional data.
gion (Santlet al.1997). Those who stayed in the Tuxtlas
continued to grow maize, focusing on fields adjacent to
their settlements. Moreover, people further intensified ONCLUSION
maize production through the construction and mainte-
nance of ridged fields. It is interesting that Terminalhe data presented in this paper suggest that maize was
Formative residents of La Joya focused their farming @m important staple crop in the Tuxtlas by the time people
less land (which in turn required them to intensify prcsettled into permanent villages. Sedentism and the initial
duction even more), when regional depopulation likelyntensification of maize production (during the Middle
freed up much potential farmland. | suggest that ash f&lbrmative) preceded the rise of regional leaders (during
blanketing the region during the Late and Termindhe Late Formative) by approximately 600 years. After
Formative eruptions of Cerro Mono Blanco affected theepeated volcanic activity in the region following the
viability of farmland throughout the region, leading te@mergence of political complexity, the continued inten-
significant (if temporary) environmental circumscriptiorsification of maize production (seen in the construction
(see also VanDerwarker 2006a: 202-203). The site of baridged fields) appears to have been a product of in-
Joya appears to have been on the edge of this ash dedlasing environmental circumscription brought about by
zone, with relatively shallow ash deposits from these erugetive volcanism.
tions. Hunting strategies also changed drastically from The timing and nature of agricultural intensification
earlier periods. Residents of La Joya diversified thesnd the emergence of political complexity in the Sierra
faunal procurement by exploiting a wider range of habile los Tuxtlas, as represented at La Joya, suggest that
tats than they had during Middle and Late Formatiwvegional developments are best explained by both politi-
times. This shift in hunting strategy points to a decreasal and environmental factors. The subsistence data indi-
in species selectivity that | argue to be indicative of irgate that maize intensification was a long, incremental
creasing subsistence risk catalyzed by volcanic activitgrocess that began in the Middle Formative period, hun-
It has been suggested that regional elites centereddegds of years before political development and the esta-
Chuniapan de Arriba and Tres Zapotes may have coblishment of a regional center. Farmers at La Joya do
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appear to have intensified production even more during in the Tuxtlas. Paper presented at3f& Annual meet-
the Late Formative period, evidenced by an increased shifting for the Society for American Archaeolo@itts-
towards garden-hunting. It is possible that elites cente- burgh.
red at Chuniapan de Abajo encouraged rural peopleBexeLs, C., D. WEsSELINGH AND |. VAN AMEN. 1992, Acqui-
produce more maize, which would have led people to ring a taste: the menu of Iron Age and Roman-period
spend more time in their fields, thus increasing their cap- farmers at Oss-Ussen, the Netherlaisalecta Prae-
ture of animal prey lurking nearby. After the volcanic historica Leidensi&29:193-211.
eruption at the end of the Late Formative period, howBaxTer, M. J.2001. Methodological Issues in the Study of
ver, the cause of increased maize intensification (eviden- Assemblage Diversithmerican Antiquity(4):715-25.
ced by field ridging and maize kernel to cupule ratioBeHrensMeYER A. K. 1978. Taphonomic and ecologic in-
during the Terminal Formative period) appears to have formation from bone weatherin§aleobiology4:150—
been primarily environmental in nature. While some may 62.
criticize this explanation as environmentalgterminis- Benpremer J. C.1999. Changing strategies in the pre- and
tic, environmentally catastrophic events like volcanic post-contact subsistence systems of southern New Eng-
eruptions cannot be ignored by archaeologists—nor could land: archaeological and ethnohistorical evideGce-
they have been ignored by Formative Tuxtlas villagers rent Northeast Paleoethnobotad94:133-55.
trying to make a living. BERNAL, lenacio. 1971. The Olmec Region-OaxacaQb-
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