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RESUMEN

En el sitio maya clásico Motul de San José, Guate-
mala, se está utilizando la arqueología medioambien-
tal interdisciplinaria para comprender los patrones de
adquisición, uso y distribución de los recursos natu-
rales del medioambiente. Nuestras investigaciones
combinan zooarqueología, arqueobotánica y geoar-
queología para reconstruir, en primer lugar, la trayec-
toria de los recursos naturales a través de la antigua
comunidad de Motul de San José, en segundo térmi-
no, el uso de estos recursos por los diferentes miem-
bros de la comunidad y, por último, el movimiento
de los productos procedentes de recursos naturales
fuera de la comunidad a través del intercambio. El es-
tudio se encuentra en proceso, pero los resultados
preliminares sugieren que estos métodos pueden me-
jorar nuestra comprensión de las diferentes economí-
as y medios ambientes de la civilización maya.

Palabras clave: periodo Clásico maya, arqueología me-
dioambiental, economías, zooarqueología, geoarque-
ología, Motul de San José.

ABSTRACT

At the Classic Maya site of Motul de San José, Gua-
temala, interdisciplinary environmental archaeology
is used to understand patterns of acquisition, use, and
distribution of environmental resources. We are com-
bining zooarchaeology, archaeobotany, and geoar-
chaeology to reconstruct the flow of natural resources
into ancient Motul de San José, the use of these re-
sources by community members, and the movement
of natural resource products out of the community th-
rough trade. Research is on-going, but preliminary re-
sults suggest that these methods can enhance our un-
derstanding of Maya economies and environments.

Key words: Classic Maya, environmental archaeology,
economics, zooarchaeology, geoarchaeology, Motul
de San José.

INTRODUCTION

Among the most important and contentious issues
in the world today are the economics and politics of
sustainable natural resource use. This is particularly
true in the world’s most fragile environments, many
of which, like the tropical rainforests, are also hot
spots of biodiversity particularly vulnerable to abuse.
In the southern lowlands of Mesoamerica, archaeo-
logists have debated the sustainability of ancient
Maya tropical urbanism for more than 80 years. Un-
fortunately this debate often ignores the fact that land
use strategies are decisions made by individuals wit-
hin a set of politically defined economic parameters.
In addition to understanding the ecological effects of
deforestation, therefore, we need to understand the
factors that motivated Maya decision-making with re-
gard to the use of natural resources. We need, that is,
to understand ancient Maya environmental econo-
mics.

The archaeological intersection between cultures
and environments is often most clearly expressed in
the economic sphere. The environment is a storehou-
se of resources that must be stocked, maintained,
bought, and sold. These resources are essential to
daily survival, but are also essential for the mainte-
nance of political and social ties at household, com-
munity, and polity levels. If we can track the patterns
of acquisition, distribution, use, and discard of envi-
ronmental resources through an archaeological Maya
community, we have the potential to understand the
economic rules of ownership and control of natural
resources.
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MOTUL DE SAN JOSÉ

For the past several years, the Motul de San José
Ecology Sub-Project2 has been developing strategies
for approaching questions of natural resource econo-
mics in the Classic period Maya community of Motul
de San José (MSJ), located approximately three kilo-
meters north of the Lake Peten Itza in lowland Guate-
mala. My research articulates with the larger Motul
de San José Archaeological Project directed by Anto-
nia Foias, who has been investigating political and
economic systems at the site since 1998. She and her
team have laid the groundwork for my studies, provi-
ding archaeological and settlement data, as well as
information on the economics of production and trade
of other products such as ceramics.

Foias’ excavations across the site of Motul de San
José and detailed ceramic and radiocarbon analyses
have revealed that the site was occupied from the
Middle Preclassic (600-300 BC) until the Early Post-
classic (950-1200 AD) although the primary phase of
occupation was during the Late Classic period (650-
830 AD). Neighboring sites, likely subsidiary to Motul
de San José during the Classic period, were occupied
both earlier (Buenavista likely was first occupied bet-
ween 900 and 600 BC, and later (at Akte, occupied
into the Postclassic.

The Motul monumental core, approximately 0.4 km2

and the obvious political center of the site, includes
five elite residential/ritual groups. The epicenter or ur-
ban center of the site, extending for approximately 1.2
km2 around the monumental core, is continuously set-
tled with structures ranging from low to noble status.
The near periphery of the site likely extends to the sho-
re of the Lake Peten Itza and an equal distance in all di-
rections around the site (Figure 1). Transects mapped
to the northeast, south, and east have revealed small
subsidiary centers such as Buenavista (3 km south),
Trinidad (2.6 km south), Chakokot (2 km east), and Kan-
tetul (2 km north). Each site appears to have been stra-
tegically located close to specific resources or potential

transfer points. Moriarty’s regional surveys in the polity
have also suggested that more distant sites, such as
Akte (7.2 km) and Chachaklum (5 km), may also have
been part of the Motul polity and trading system.

THE STUDY OF ENVIRONMENTAL ECONOMICS

At the foundation of ecological investigation at Mo-
tul de San José is an application of interdisciplinary
environmental archaeology to issues of ownership
and control of natural resources in Classic Maya hou-
seholds and communities. We are combining zooar-
chaeology, archaeobotany, and geoarchaeology to re-
construct the flow of natural resources into ancient
Motul de San José, the distribution of those resources
among community members, and their specific use
at the household level. This research requires the co-
operative efforts of many experts, and the conclusions
reached by the MSJ Ecology Sub-Project are based
on collaborative geoarchaeological work with Richard
Terry, soil scientist at BYU and his students3, Henry
Schwarcz and Elizabeth Webb4, geochemists at Mc-
Master University; settlement and ethnoarchaeological
research by Matthew Moriarty5 at Tulane University;
preliminary archaeobotanical work6; as well as my
own zooarchaeological research at the site.

The methods required for such an investigation are
complex, in no small part because the very resources
we seek to trace are the organic materials most likely
to have disappeared from the archaeological record. It
is also difficult to bridge the middle range between
the archaeological data of discarded bone and plant
remains in an ancient Maya city and the complexities
of an economic system of acquisition, distribution,
and consumption. These issues are approached at two
levels:

First, at the level of primary resource acquisition
we seek to understand who controlled access to
«wild» resources including animals and undomesti-
cated plants, and who controlled the production of
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2 I have directed the Motul de San José Ecology Sub-Project since 1998 as part of the larger Motul de San José Archaeological Project directed
by Dra. Antonia E. Foias of Williams College.

3 Terry and the BYU student soil scientists have worked with the Motul project since 1999 and have been active field participants for several se-
asons (2001, 2002).

4 Schwarcz and Webb have been responsible for designing and carrying out all stable isotopic soil research at the McMaster University Stable
Isotope Geochemistry laboratories.

5 Matthew Moriarty is the director of the Motul de San José Settlement Archaeology project and has been a fundamental member of the Mo-
tul project since 2000, directing settlement work in 2000 and 2001, and acting as field director while carrying out regional survey and excavation re-
search in 2002 and 2003.

6 Preliminary archaeobotanical work at Motul de San José was carried out between 2000 and 2001 by Andrew Wyatt of UIC. His research in-
dicated poor macrobotanical preservation in the Motul soils. The project plans for continued macro and microbotanical work in the future.
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domestic resources such as agricultural products and
potentially domestic animals. In essence then, this
means we need to understand who «owned» the land
in and around the site since in each case the land pro-
vides the natural resource products.

Second, at the level of product use (a much more
complicated issue) we need to know which members
of society controlled the movement of natural resour-
ces through the community. Which members of so-
ciety were involved in the modification of raw mate-
rials into final products? Who stored the materials
either in their raw state or as secondary products?
Who actually used or consumed the products? And
in whose garbage did the detritus end up after use?

This discussion considers only biotic resources in-
cluding wild and domestic animals and plants since
these are the resources most susceptible to overuse
and mismanagement. The broader investigation of
course includes mineral resources, water, and other
abiotic products, but that research is still in pro-
gress.

PRIMARY ENVIRONMENTAL RESOURCE 

ACQUISITION

Beginning, then, at the level of primary acquisition
of raw resources, we ask how, from where, and by

Figure 1. The Motul de San José region and catchment area. Note the site epicenter, near periphery (first circle) and likely re-
source catchment area (second circle). Subsidiary near periphery and distant periphery sites are noted (map adapted by Mo-
riarty from Ian Graham 1982).



whom natural resources were acquired. I am using a
combination of geoarchaeological and zooarchaeolo-
gical methods to determine source locations for envi-
ronmental products and to reconstruct land use pat-
terns. From these data we hope to use associative
patterning between settlement and source locations to
reconstruct ancient land «ownership» or «control».
Key to understanding the ownership and control of
initial acquisition of natural resources are the loca-
tions of agricultural lands vs. «wild» lands, as well as
the type of farmed land (i.e. out-field milpas or inten-
sively managed orchards or housegardens) in asso-
ciation with settlements which links structure types
with land use types.

Needless to say, this link is a difficult one at best.
The proximity of structures to resource areas, and par-
ticularly to areas of intensified production, has been
proposed as archaeological evidence of ownership
and maintenance in other areas of the world , and has
been used to posit changing patterns of land use and
ownership in the Maya realm. The association is con-
sidered to have been particularly clear in the Maya
lowlands where populations live close to their pro-
ductive lands. However, preliminary research at Motul
indicates that land use by community members was
considerably more convoluted than is suggested by
this simplistic model.

Agricultural Land Use

The local resource catchment area of the Motul de
San José polity can be roughly estimated to include all
the territory between this major center and its nea-
rest subsidiary sites (Chakokot, La Trinidad, Buena-
vista, and Kantetul), an area that includes two major
water systems, the lake Peten Itza (3 km south) and the
arroyo Kantetul (2 km north), as well as a various mi-
neral and other resources. Other resources, including
animals and plants available in savanna environs not
located within the immediate Motul catchment, were
available at a distance of some 5-7 km from the site
core, suggesting that a broader catchment estimate
might also include the slightly more distant sites of
Akte (7 km) and Chachaklum (5 km).

Among the resources available to the ancient MSJ
residents within the smaller estimated catchment was
land suitable for various types of agriculture. Agricul-
tural soil potential has been determined using the
USDA/NRCS soil classification system, and these po-
tentials have been supported using innovative indi-
genous soil knowledge research. In combination, this
work by Moriarty, Jensen, Johnson, and Terry identi-
fies highest potential soils as those located in upland
plateaus, including both those on slope edges (Ek
Luum soils = Tierra Negra), and soils of high fertility
but low longevity for agriculture (needing fertilization
or fallow periods) located on the flat surfaces of the
uplands where coincidentally most ancient settlement
is found (Sacnis), and clayey lowland low potential
soils suitable primarily for maize agriculture (Barro
Negro) (Figure 2). Two other soil types were identified
by Moriarty’s indigenous soil classification research
and lie outside the immediate Motul core. One of the-
se is the chachaklum soil characteristic of savanna
lands and found in significant quantities at a distance
of some 5 km from the Motul core (at the site of Cha-
chaklum).

From these analyses and a review of the informa-
tion provided by Moriarty’s settlement survey along
the east transect , we can estimate the proportion of
high-potential agricultural land in the site periphery
(Ek Luum = Tierra Negra soils = 20%), high
fertility/high maintenance land (suitable for in-field
gardening) (Sacnis soils = 52%), and low fertility/low
maintenance land (suitable for corn agriculture or as
unfarmed land) (Barro Negro soils = 14%)7.

However, potential resource availability provides
only one part of the resource use equation. In order to
understand resource control, we must describe actual
resource acquisition patterns. Two geoarchaeological
measures —phosphate levels and stable carbon iso-
tope ratios— have been combined with settlement
analyses to investigate likely patterns of land use for
agriculture in the Motul polity. Phosphates8 were map-
ped at a broad scale (25 meter intervals) across the
monumental core of the site and along the periphery
transects and at a finer scale around various groups
both in the monumental core and the periphery. These
geochemical analyses revealed significant phosphate
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7 Percentage land classified by soil type is estimated from data provided in Jensen et al. n.d. transect and soil maps. I calculated these percent
estimates as count of 50 meter units per soil type across the east transect. These are rough estimates only as they are based on a single transect
and therefore a limited evaluation of the total environs surrounding the Motul site.

8 Quantitative phosphate measures test for phosphate depletions that may be the result of agricultural activity without amendments, and phosp-
hate enrichments that may indicate the addition of agricultural fertilizers or the deposition of organic garbage or burials (Ball and Kelsay 1992; Crad-
dock et al.1986; Eidt 1986; Sánchez et al. 1996; Terry et al. 2000, Wells et al. 2000).
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enrichment in two flat, non-architectural areas in the
core9, as well as in association with several residential
groups in the core and in the site periphery. However,
test excavations in the epicenter non-architectural are-
as (Foias, personal communication 2003) and as part
of test pitting midden prospection revealed no midden
or burials in some of the areas with the highest phosp-
hates. In the residential test-pitting program, phosp-
hate testing showed correlation between elevated
phosphates and midden deposits in only 6 of the 25
test pits with high phosphate levels although the hig-
hest phosphate signature was correlated with a high
density midden. Similar results were found during test
pitting in a residential group (E2E) in the site perip-
hery. Moriarty (personal communication 2003), sug-
gesting that these areas of elevated phosphates unas-
sociated with archaeological materials might be the
result of either now invisible waste products, or orga-
nic amendments for in-field gardening10.

Further evidence that appears to support an inter-
pretation of in-field agriculture comes from a new and

innovative geoarchaeological technique designed by
Schwarcz; the method is described in. The techniques
were implemented on Motul samples in the University
of McMaster Stable Isotope Geochemistry laborato-
ries. This technique allows geochemists to use car-
bon isotope ratios to distinguish soils on which corn
has been grown11. Webb and Schwarcz have shown
an ancient increase in δ13C (or corn growing signature)
for almost all areas of the site (including both high
and low potential soils), but particularly on elevated
hilltops near peripheral residential settlement, and
more surprisingly near residences in the site core and
epicenter or suburbs12. These results are intriguing
because they hint at corn-growing not only in areas
between settlements in the rural periphery, but also in
areas close to residences in all areas of the site. Furt-
her evidence is needed to properly interpret these fin-
dings, including a broader program of coordinated
phosphate, δ13C, and archaeobotanical testing to clarify
the origins of the various signatures. In-field garde-
ning with organic amendments including corn pro-

Figure 2. Transect soil profile indicating topography, soil type, and settlement location (adapted from Jensen et al. 2003 and
Moriarty 2002a, data and figures).

9 Epicentral non-residential sampling was conducted as part of a grid test across the entire site epicenter, and the phosphate level for two flat,
non-architectural areas were the highest of all samples taken (Emery 1999). Epicentral residential sampling was conducted as part of a broader mid-
den test-pitting study by Foias’ team (Ramírez et al. 2000). Site periphery phosphates were analyzed in association with the broader geoarchaeo-
logical soil classification research by Terry’s team. Test excavations of Group E2E were conducted by Moriarty (personal communication 2003) and
reported on by Jensen [«Subsequent test pit excavations at one site (Group E2E), located on the edge of large upland area, did not find extensive
cultural deposits.» (Jensen et al. n.d.)].

10 Microbotanical and residue analyses will eventually be used to clarify causes of phosphate variability and pinpoint those that relate to land
use (Jones 1994; Pearsall 1990; Piperno 1988).

11 Corn is a C4 plant that, along with other grasses, is enriched in 13C in comparison to leafy forbs and forest trees that incorporate relatively gre-
ater proportions of 12C during photosynthesis. Corn growing leaves a residual 13C enriched signature in humic matter of the soils of agricultural
fields.

12 The 13C data will eventually be published in a separate paper by Webb et al, but for the moment these results are presented in Jensen et al.
n.d.: «…the measurements of humin within these profiles [CJ7 and CJ8 which are on hilltop plateaus in the site periphery on the east transect] pro-
vides distinctive signatures that likely originated from maize production … Similar results are also found in KJ1 and KJ5, which are located near
additional outlying structures and in the flat area adjacent to the site core».



duct waste might well create signatures identical to
middens originally containing only now-deteriorated
organic wastes.

Use of Animal Resources

The second set of biotic data on the ancient use of
natural resources at Motul de San José is gathered
from an analysis of animal remains recovered in the
archaeological deposits at the site. The ancient Maya
had only one domestic animal, the dog, during the
Late Classic period. So the majority of their animal
protein came from wild fauna, hunted and fished pre-
sumably from within the Motul catchment. The Motul
zooarchaeology collection currently numbers over
1000 identified non-intrusive remains and over 8000
total specimens including intrusives and unidentified
remains. Identification is on-going, as is excavation, so
this assemblage will continue to grow and all analyses
should be considered preliminary. 

Ranked in order of frequency in the archaeological
record, the favored Motul animal prey included the
white tailed deer, the large river clam, and the river
turtle (Table 1). Mammals and mollusks dominate the
sample, but many of the mollusk remains are from
marine shell used for adornment, not food (distance to
the coast precludes the use of marine molluscs as a
food source at inland sites). The white tailed deer is
clearly the favorite mammal, but dogs, armadillos,
peccaries, agoutis, pacas, and rabbits were also com-
mon. 

In total, this is not an unusual taxonomic assem-
blage for a Late Classic Maya site, and it represents re-
sources from a broad assortment of microenviron-
mental zones relatively accessible to the site (Figure 3).
Species like the river turtle and crocodile likely came
from the Lake Peten Itza a few kilometers away, while
the presence of wild cats indicates harvest in high ca-
nopy rainforest, and that of armadillos and rabbits
suggest hunting in more open, savanna regions ne-
arby. In combination this suggests that the larger Mo-
tul hunting territory (including local territories su-
rrounding subsidiary sites) was approximately 196
km2, or a 7 km radius. This is the shortest distance
that would encompass both lake systems large
enough for crocodiles and open savannah areas more
likely to be the habitat for armadillos and rabbits. It is
likely, though, that most of the animal resources for
domestic use were procured within the smaller catch-
ment of 36 km2 (a 3 km radius). 
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Motul Animals NISP Favored Habitat

Marine molluscs 80 Exotic

Molluscs 44

Freshwater snails 40 Rivers/Lakes

Crocodiles 5 Lakes

Turtles 21 Rivers/Lakes

Mud and Musk Turtles 5 Rivers/Lakes

Sliders 8 Rivers/Lakes

Large River Turtle 102 Lakes

Reptiles 1

Birds 5

Small Galliform birds 2 Disturbed Forest

Turkeys 1 Disturbed Forest

Mammals 181

Mammals
(intermediate) 108

Mammals (large) 150

Mammals (small) 7

Armadillo 12 Savanna

Opossum 3 Disturbed Forest/
Residential

Canids 5

Domestic Dog 18 Residential

Gray Fox 1 Disturbed Forest/
Canopy Forest

Jaguar 2 Canopy forest

Ocelot 1 Canopy forest

Wild Cats 4 Canopy forest

Peccaries 11 Disturbed Forest/Field

Deers 4

Brocket Deer 16 Disturbed Forest/
Canopy Forest

White Tail Deer 159 Disturbed Forest/Field

Pocket Gopher 1 Disturbed Forest/Field

Squirrels 1 Canopy forest

Small Rodents 9

Pacas 3 Disturbed Forest/Field

Agouti 2 Disturbed Forest/
Canopy Forest

Rabbits 8 Savanna

TOTAL 1020

Table 1. List of all Motul fauna in taxonomic order
with primary habitat preference listed for main taxa.
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The earlier information on agricultural land use pro-
vides additional data in our understanding of patterns
of wild resource acquisition. While most of the Motul
monumental core was densely settled, settlement
mapping in the suburban epicenter and periphery re-
veals lower settlement densities. Settlement density
across the region is variable, but averages 250 struc-
tures/ km2 in the monumental core, 125 structures/
km2 in the site suburbs or epicenter, and 79 structures/
km2 in the periphery13. Some proportion of the unoc-
cupied area may have been continuously or sporadi-
cally forested. However, the evidence for corn agri-
culture in all of the Motul soils leads us to question the
overall extent of agricultural activity. Possibly all the
unoccupied territory of the Motul periphery was in ac-
tive or rotating agricultural production. 

A closer review of the animal taxa recovered as zo-
oarchaeological remains in the Motul deposits indi-
cates that these have come primarily from disturbed
environments (such as secondary growth after agri-
cultural planting). Considered as proportions of all ha-
bitat types (including exotics), almost 40% of the fauna
prefer disturbed or secondary growth environs, or
agricultural field edges. Considered as a proportion
of only local land habitats, that number rises to over
80%. Only 2 to 3% of the fauna come from canopy fo-
rest habitats, with a similar number coming from sa-

vanna habitats. In combination, these results support
the suggestion from the corn isotopic analysis that
most of the Motul surroundings were in agriculture
despite the fragility of the upland soils and the relati-
vely poor potential of the lowland areas. Hunting was
likely carried out by farmers primarily on an opportu-
nistic basis within and around their milpas - though li-
kely in the lowland bajos, since true synanthropists
(those animal attracted to residences and people) are
fairly uncommon in the Motul assemblage, and fewer
animals would have been found around in-field gar-
dens. This «garden hunting» pattern is very common
in all forested areas of the world and is both opportu-
nistic and fairly sustainable over the long term.

Interestingly, some species do not come from the
direct Motul region. Although these represent a sma-
ller proportion of the total hunted prey than do the
animals from local habitats, their presence suggests
they were hunted by residents of the satellite centers,
such as Trinidad, close to the lake Peten Itza, and Cha-
chaklum, close to the savannah environs. Whether the
animals were brought into Motul as part of a trade
system or as tax for the elite is unclear. Motul was
also part of a larger resource area and was likely active
in both the import and export of exotic products as
adornments and status markers but possibly also as
domestic and subsistence resources. Moriarty’s work

13 Calculated from Moriarty (2002a, 2002b). Monumental core = 100 structures/0.4km2 = 250; Epicenter (mapped park) = (200-100 = 100) struc-
tures/(1.2-0.4 = 0.8)km2 = 125; Near Periphery (transects) = 175structures/2.2 km2 = 79.

Figure 3. Relative distribution of taxa from all habitats, and of all local terrestrial habitats to provide information on hunting
catchment. Calculations based on percent NISP for taxa for which specific habitats can be defined. Broader categories such as
«Mammalia» have been excluded.
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at La Trinidad, a subsidiary site located on the banks
of the lake Peten Itza, have shown this to be a port
town likely providing an important transfer point for
imports and exports. 

USE AND DISTRIBUTION OF NATURAL

RESOURCES AT MOTUL

Acquisition of natural resources is however, only
the first stage to the puzzle. We also need clear mate-
rial evidence of the use of natural resources by com-
munity members. For this aspect of the research into
Maya natural resource economics, we ask how natural
resources are distributed through the community hie-
rarchy at a Classic Maya site. Again, combined envi-
ronmental archaeology methods can be used to reco-
ver evidence of differential access to plant and animal
resources and to reconstruct the extent to which the
products were used within a household - in other
words, whether the products were modified in the
household, processed there, stored there, or actually
consumed there. These differentials in household con-

sumption of natural resources can then be used to re-
veal patterns in the control or ownership of these re-
sources through the community.

This stage of the analysis requires information on
patterning in archaeological plant and animal remains
in residential deposits, primarily middens and occu-
pational surfaces. Although much of this research is
still very preliminary, zooarchaeological analysis in
combination with house-floor residue analyses sug-
gests a valid route to understanding the basic para-
meters of resource use by the ancient Motul residents.

Animal Use

Zooarchaeological remains have been recovered
from all deposit types at Motul, including high and
low status residences, and ritual and occupational de-
posits. The remains are unequally distributed across
the site, with the majority recovered in two elite resi-
dential groups in the monumental core, where exca-
vations were most intense (Table 2). Archaeological in-
terest has highlighted these remains, but we can

Marine Ritual Savanna 

Deer Limbs Exotics* Species** Species*** Total

Group NISP NISP NISP NISP NISP NISP

MSJ 2 99 38 16 11 10 404
MSJ 15 42 13 101 0 6 334
MSJ 4 2 2 1 0 0 4
MSJ 1 2 4 0 0 0 14
MSJ 7 6 2 1 0 0 10
MSJ 10 1 1 0 0 0 11
MSJ 13 1 1 0 0 0 4
MSJ 16 1 0 0 0 3
MSJ 17 5 2 0 0 0 18
MSJ 18 0 0 0 0 2
MSJ 19 2 1 0 0 0 14
MSJ 29 0 1 0 1 0 5
MSJ 30 0 0 0 0 7
MSJ 31 0 1 0 0 5
MSJ 32 0 0 0 0 3
MSJ 33 0 0 0 0 3
MSJ 34 1 0 0 0 2

Table 2. List of zooarchaeological remains recovered from various proveniences, defined as epicenter, core,
or periphery. Counts are listed as NISP.

* shell and stingrays
** crocodile and jaguars
*** rabbit and armadillo
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calculate density per unit of soil to overcome the ex-
cavation bias. After recalculation, these two elite resi-
dences are still the loci of a large proportion of the fau-
nal remains, significantly greater than are found in
any core or periphery location. This distribution might
be a result of preservational differentials between core
and periphery, but assuming it is not, it is still difficult
to understand exactly what this distribution indicates
about elite use of (or ownership of) these resources.
Does it represent a greater access to, for example,
dietary resources, secondary products (decorative
adornments) made from animal products, or other
products such as blood used for rituals? It is even pos-
sible (although unlikely, with meat products) that the-
se residences were in fact temporary storage reposi-
tories for redistribution.

The same two residences are where we find most of
the large limb bones of both deer and peccary (food
favorites of the Maya elite), suggesting that in fact the
elite of Motul had preferential access to dietary favo-
rites (Table 2). However, it is important to recognize
the significance of alternative secondary uses of ani-
mal bones, particularly the heavy long bones of these
two largest common species. In both elite structures,

the proportion of artifactual remains to unmodified
remains is much higher than it is for most other loci,
suggesting in fact that the over-representation is in
secondary products - that is, ownership at a secon-
dary resource level, not a primary one.

Intriguingly, however, the proportion of bone wor-
king debris is much higher in structures of a secondary
status than it is in the upper-echelon elite residences
themselves (Table 3). This indicates that in these se-
condary status groups, bone remains in the trash may
also not indicate ownership of animal meat resour-
ces, but temporary use of those animal resources for
secondary production. Important support for this mo-
del of animal ownership at primary and secondary le-
vels lies in the distribution of both exotic (marine mo-
lluscs) and ritual species (crocodile, jaguar, etc.). In
both cases, these products are again much more fre-
quent in the highest status residences than in any se-
condary or lower status location (Table 2).

In combination, this preliminary zooarchaeological
research suggests that primary control over the ac-
quisition of animals likely lay with the domestic far-
mers, and that primary meat consumption might also
have been under domestic control. However, secon-

Artifact Debitage 

Frequency Density Frequency Frequency

Group (%NISP) (NISP/Unit) (% of Total) (% of Total)

MSJ 2 36.89 4.25 22.77 32.00
MSJ 15 47.56 6.41 71.29 32.00
MSJ 4 0.72 2.00 0.50 0.00
MSJ 1 1.81 3.33 0.99 12.00
MSJ 7 1.08 6.00 1.98 8.00
MSJ 10 1.99 1.57 0.50 0.00
MSJ 13 0.90 1.67 0.00 8.00
MSJ 16 0.36 1.00 0.00 0.00
MSJ 17 3.07 2.13 0.50 0.00
MSJ 18 0.36 2.00 0.00 0.00
MSJ 19 1.63 2.25 0.00 0.00
MSJ 29 0.90 1.67 1.49 0.00
MSJ 30 0.54 1.00 0.00 0.00
MSJ 31 0.72 1.00 0.00 4.00
MSJ 32 0.54 1.50 0.00 0.00
MSJ 33 0.54 1.00 0.00 4.00
MSJ 34 0.36 1.00 0.00 0.00

Table 3. List of zooarchaeological remains recovered from various
proveniences, ranked by status (most to least elite). Counts are listed

as NISP and as density/unit excavated.



dary production, at least of bone artifacts, and possibly
of other animal products (hides, tallows, etc.) may
have been in the hands of the secondary elite, while
control over final product ownership rested with the
nobility of the site.

It remains very difficult to distinguish actual ow-
nership or consumption of animal meats, fats, and
blood from the recovery of its bony remains in zooar-
chaeological assemblages. In the southern Maya low-
lands, environmental archaeology is hampered by
both abandonment behavior and poor preservation
of organic remains. Ancient Maya occupation surfaces
were typically cleaned before abandonment and are
therefore devoid of floral and faunal debris. At the
same time, high humidity and rapid soil nutrient trans-
fer allow the preservation of only the most robust or-
ganics, even in the middens and fill where the remains
are typically found. Organic remains are almost invi-
sible in lowland Maya archaeological deposits. A so-
lution to this methodological problem lies in the recent
resurgence of interest in geoarchaeological chemistry
and its application to household archaeology.

Charting Distribution through 

Residue Analysis

The recovery of plant remains from house-floors,
middens, or any other deposit at Motul de San José
has been difficult. In fact, Wyatt has reported that des-
pite flotation of many large soils samples (two to ten
liters) from various deposit types, no macrobotanical
remains have been recovered (A. Wyatt, personal
communication 2002). It is probable that these re-
mains simply have not been preserved in the soils of
the site. Animal remains are recovered from most de-
posit types at the site, and are fairly well preserved in
comparison with other lowland sites. However, the
total amount of the recovered animal remains is mini-
mal in comparison with the number of animals that
must have been hunted and used by the large Motul
population over the period of occupation of the site.

The Motul de San José Project has incorporated an
innovative new geochemical testing method into the
repertoire of more traditional macro-remain analyses
in order to track and recognize patterning in otherwise
invisible organic resources. Geoarchaeological che-
mical prospecting, particularly using phosphate mar-
kers, is now common in Mesoamerican household ar-
chaeology. Phosphates, heavy metals, and trace
elements are readily detected and quantified to provi-

de information for archaeological prospecting and ac-
tivity area studies. Recently, Terry has made strides in
the use of inorganic heavy metals and trace elements
as indicators of craft activities and residues at low-
land Maya sites.

Another set of chemical tests —analyses of specific
organic residues such as proteins, fats, starches, and or-
ganic carbon and nitrogen— have even greater poten-
tial, however, for the study of plant and animal resource
use by the southern lowland Maya. Researchers, parti-
cularly in northern Mexico, have developed a range of
tests for organic chemical residues in archaeological
occupational surfaces. This work has shown that orga-
nic residues become trapped in plaster and hard-packed
soil floors and do not leach over time, and that post-
abandonment detritus does not affect the record sealed
within the floor surfaces. These methods have been
well tested in other regions , but until now have not
been attempted in the southern Maya lowlands.

Our preliminary tests of these analytical techniques
at the site of Motul de San José suggest that measu-
res of organic residues in house-floors may provide a
viable avenue for investigation of otherwise invisible
evidence for plant and animal use even in the poor
preservational conditions of the southern lowland rain-
forests. Foias’ team has systematically sampled plaster
floors from the elite residences and well-preserved
occupational surfaces wherever these are encountered
(using a 25 cm grid). Analysis of heavy metal distribu-
tions using these samples has been successful , but
more importantly, preliminary tests for organic resi-
dues are intriguing. Phosphate distributions (known
to be stable in soils) are complemented but not dupli-
cated by distributions of albumin, a protein-based re-
sidue indicative of animal flesh and blood (Figure 4).
This suggests variable patterns of preparation, use,
or storage of plant vs. animal products in the house-
holds of the Motul elite. Tests of fatty acid distribution
have not been as successful, but regardless, the evi-
dence indicates that some organics do remain trapped
in Motul’s plaster floors, and these will have enor-
mous potential where other remains are absent.

Needless to say, the chemical record preserved in
floor surfaces is a «signature» of combined traces,
and the real information lies in the overlap. Phospha-
tes are well correlated with organic materials. While al-
bumin residues come from solutions containing pro-
teins; fatty acids are the residue of substances formed
by oils, fats or resins; and carbohydrates are the result
of spilled substances with high starch and sugar le-
vels. Some heavy metals and trace elements are also
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Figure 4. Distribution of phosphates and albumin across the occupation surface of Structure 2, an elite residence in the Mo-
tul de San Jose epicenter (Data provided by Richard Terry 2001).



indicative of certain activities. Fernández et al. have
found that high alkalinity, potassium, and magnesium
are associated with ash and lime water from maize
preparation. The combination of phosphates and car-
bohydrates might reveal organic plant materials; a
signature combining phosphates with high alkalinity
and potassium might indicate maize preparation; and
albumin, iron, and fatty acids together might reveal
animal product residues. With the addition of com-
plementary studies, we will combine data from inor-
ganic and organic chemical residues to strengthen the
interpretive value of our results.

CONCLUSIONS

At the Classic Maya site of Motul de San José, Gua-
temala, interdisciplinary environmental archaeology
is aimed at recreating the economics of ancient natural
resource use through the study of patterns of acquisi-
tion, use, and distribution of environmental resour-
ces. Zooarchaeology, archaeobotany, and geoarchae-
ology have been combined to reconstruct the flow of
natural resources into ancient Motul de San José, the
use of these resources by community members, and
the movement of natural resource products out of the
community through trade. Research is on-going, but
preliminary results suggest that these methods can
enhance our understanding of Maya economies and
environments.

In combination, the conclusions that we can reach
using environmental archaeology in concert with tra-
ditional archaeological research are intriguing, even at
this preliminary stage. For the residents of Motul de
San José, remote subsidiary sites like Chachaklum,
La Trinidad, etc. likely provided non-local animal re-
sources, such as lake fish, turtles, and crocodiles, as
well as species from savanna habitats not found in
the Motul precincts. Possibly plant products grown in
these other habitats were also provided by the resi-
dents of these more distant sites. The site of Trinidad
undoubtedly played a broader role as intermediary
for trade in many exotics, including coastal products,
such as marine shell and stingray spines, that are
found in the Motul zooarchaeological assemblages.

The vast majority of the basic natural resources
were however available from within the Motul core
and periphery. Soils analyses have shown that much
of the Motul region had highly fertile soils suitable for
corn and mixed crop agriculture. These were more or
less susceptible to over-farming and erosion, but were

clearly farmed as either in-field or out-field gardens th-
roughout the region. The fact that the preponderance
of the animals found in the Motul middens could ea-
sily be found in close proximity to agricultural fields
suggests that animals were opportunistically hunted
by Maya farmers. Most intriguing is the suggestion
from soil research that all Motul householders, whet-
her rich or poor, living within the site epicenter or out-
side it, maintained household gardens including corn
among their products. 

Our analyses of the process of use and secondary
production of animal products suggest that the move-
ment of products through the Motul community was
neither simple nor predictable. It is likely that, alt-
hough lower status householders procured animals
for their own food, animal products like bone and hi-
des may well have been supplied to the wealthier re-
sidents of the site core for production into tools,
adornments, and the like. These products may then
have been provided as a tertiary step to the final users,
the elite nobles of the site. Whether a similar step-
wise procurement system was in place for food pro-
ducts is difficult to ascertain. Certainly the animal evi-
dence suggests that the noble elite were in control
over externally acquired exotics such as marine shell,
but interestingly, they may have had less control over
products from subsidiary sites within the polity.

Eventually, with the addition of macro- and microbo-
tanical analyses in combination with research on food
production and storage artifacts, we may be able to re-
construct far more accurately the movement of these
often invisible products through the social system of the
Motul community. These environmental archaeology
methods hold considerable promise in our quest to ex-
plore the economics of natural resource use in the an-
cient Maya world. To reconstruct resource acquisition,
we must find evidence of ownership or control over
the source locations, in this case the land itself as the
provider of both agricultural and wild products. The
clues to ownership may well lie in associative patter-
ning between land use and settlement type, although
the complexity of this link is clear. Once resources arri-
ve in a community, they are processed, distributed, se-
condarily reprocessed, stored, and finally consumed.
Only the details of household use will provide the ro-
bust archaeological data to understand who really ow-
ned these materials, and for what purpose. Since envi-
ronmental products are those most susceptible to
degradation in the archaeological record, our job is
even more complex, but the methods of residue analy-
sis are opening new doors every day.
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Finally, it is important to reiterate that the study of
the economics of natural resource use is important in
Maya archaeology for several reasons: First, our as-
sumptions of the process of control of the domestic
economy are poorly supported by archaeological evi-
dence. Second, understanding the mechanics of con-
trol over non-renewable resources will allow us to bet-
ter approach models of cultural growth and collapse in
the Maya world. And finally, the more we understand
about ancient use of the fragile tropical rainforest en-
vironment, the better equipped we shall be to deal
with current struggles in the same arena.

Acknowledgements

The success of the Motul de San José environmen-
tal archaeology research is due entirely to the conti-

nued support and enthusiasm of Antonia Foias. Funds
to support the project were generated by her through
Williams College, FAMSI, and NSF, and it is her larger
project that has generously provided not only the raw
materials for the analyses, but the field and labora-
tory amenities that have made the research feasible.
Other funding for the Ecology Sub-Project was provi-
ded by research grants from SUNY Potsdam and from
the Florida Museum of Natural History. The work re-
ported on herein is the result of collaborative rese-
arch, and could not have been accomplished without
the generosity, first, of Richard Terry, and later also of
Henry Schwarcz, in supporting geochemical and soils
analyses. Finally, much of the field data was generated
by the hard work and direction of Matthew Moriarty,
as well as the Motul field crews. This paper has bene-
fitted from comments by Foias, Schwarcz, and Mo-
riarty, and editing by Frances Emery.

REFERENCES CITED

ABRAMS, Elliot M., Anncorinne FRETER, David J. RUE and John D. WINGARD. 1996. «The Role of Deforestation in the Collapse
of the Late Classic Copan Maya State». In Tropical Deforestation: The Human Dimension, Eds. L.E. Sponsel, T.N. Headland
and R.C. Bailey, pp. 55-75. Columbia University Press. New York.

ALVARD, Michael S., John G. ROBINSON, Kent H. REDFORD and H. KAPLAN. 1997. «The sustainability of subsistence hunting
in the Neotropics». Conservation Biology 11 (4): 977-982.

BALL, Joseph W. and Richalene G. KELSAY. 1992. «Prehistoric intrasettlement land use and residual soil phosphate levels in the
Upper Belize Valley, CA». In Gardens of Prehistory: The Archaeology of Settlement Agriculture in Greater Mesoamerica, Ed.
T. Killion, pp. 234-262. The University of Alabama Press. Tuscaloosa.

BARBA, Luis Alberto. 1986. «La química en el estudio de áreas de actividad». In Unidades habitacionales mesoamericanas y sus
áreas de actividad, Ed. L. Manzanilla, pp. 21-39. Universidad Nacional Autónoma de México. México.

BARBA, Luis A., Agustin ORTIZ, Karl F. LINK, Leonardo LÓPEZ LUJAN and Luz LAZOS. 1996. «Chemical Analysis of Residues
in Floors and the Reconstruction of Ritual Activities at the Templo Mayor, Mexico». In Archaeological Chemistry: Organic,
Inorganic, and Biochemical Analysis, Ed. M.V. Orna, pp. 139-155. American Chemical Society. Washington, D.C.

BAUTISTA, Pablo. 2000. «Chemical Techniques Applied in the Mayan Area». Paper presented at the 32nd International Sym-
posium of Archaeometry, Mexico City.

CAMERON, Catherine M. and Steve A. TOMKA. 1993. Abandonment of Settlements and Regions: Ethnoarchaeological and Ar-
chaeological Approaches. Cambridge University Press. Cambridge.

CRADDOCK, Paul T., D. GURNEY, F. PRIOR and M. J. HUGHES. 1986. «The Application of Phosphate Analysis to the Location
and Interpretation of Archaeological Sites». The Archaeological Journal 142: 361-376.

CULBERT, T. Patrick. 1988. «The Collapse of Classic Maya Civilization». In The Collapse of Ancient States and Civilizations. Eds.
N. Yoffee and G. Cowgill, pp. 69-101. University of Arizona Press. Tucson.

DEMAREST, Arthur A. 1996. «War, Peace, and the Collapse of a Native American Civilization: Lessons for Contemporary
Systems of Conflict». In A Natural History of Peace, Ed. T. Gregor,pp. 215-248. Vanderbilt University Press. Nashville.

DRENNAN, Robert D. 1988. «Household location and compact versus dispersed settlement in prehispanic Mesoamerica». In
Household and Community in the Mesoamerican Past, Eds. R.R. Wilk and W. Ashmore, pp. 273-293. University of New Me-
xico Press. Albuquerque.

DUNNING, Nicholas P. 1995. «Coming Together at the Temple Mountain: Environment, Subsistence and the Emergence of Low-
land Maya Segmentary States». In The Emergence of Lowland Maya Civilization: The transition from the Preclassic to the
Early Classic. Ed. N. Grube, pp. 61-69. Verlag Anton Saurwein. Möckmühl.



46 MAYAB

Mayab 16 (2003): pp. 33-48

DUNNING, Nicholas P. and Timothy BEACH. 2000. «Stability and Instability in Prehispanic Maya Landscapes». In Imperfect Ba-
lance, Ed. D. Lentz, pp. 179-202. Columbia University Press. New York.

EARLE, Timothy K. 1987. «Specialization and the Production of Wealth: Hawaiian Chiefdoms and the Inka Empire». In Specia-
lization, Exchange, and Complex Societies. Eds. E.M. Brumfiel and T.K. Earle, pp. 64-75. Cambridge University Press. Cam-
bridge.

EATON, Jack D. 1975. «Ancient Agricultural Farmsteads in the Rio Bec Region of Yucatan». Contributions of the University of
California Archaeological Research Facility 27: 56-82.

EIDT, Robert C. 1986. «Methodology of Phosphate Analysis: Field Application». Advances in Abandoned Settlement Analysis,
pp. 33-44. University of Wisconsin. Milwaukee.

EMERY, Kitty F. 1997. The Maya Collapse: A Zooarchaeological Inquiry. Ph.D. Dissertation. Cornell University. Ithaca.

—. 1999. «Investigaciones ecológicas de 1998». In Proyecto Arqueológico Motul de San José, Informe #1. 1: Temporada de
Campo 1998, Ed. A. Foias, pp. 63-75. Report submitted to the Instituto de Antropología e Historia de Guatemala. Williams
Collage. Williamstown.

—. 2002a. «The Economics of Natural Resource Use at Ancient Motul de San José,Guatemala». Paper presented at the 67th An-
nual Meeting of the SAA. Denver.

—. 2002b. «Investigaciones ecológicas preliminares del medio ambiente antiguo de Motul de San José». In Proyecto Arqueo-
lógico Motul de San José, Informe #4, Temporada de Campo 2001. Ed. A. E. Foias, pp. 108-130. Report submitted to the Ins-
tituto de Antropología e Historia de Guatemala. Guatemala. Williams Collage. Williamstown.

—. 2003. «Use and Measures of Sustainability at Late Classic Motul de San José». Paper presented at “Testing Economic and
Political Models of the Classic Maya” at the 68th Annual Meeting of the SAA. Milwaukee.

—. n.d. «Measuring Hunting Sustainability in an Ancient Community: Zooarchaeology at Motul de San José, Guatemala». Eth-
nobiology submitted October 2003.

FERNÁNDEZ, Fabián G., Richard E. TERRY, Takeshi INOMATA and Marcus EBERL. 2002. «An Ethnoarchaeological Study of Che-
mical Residues in the Floors and Soils of Q’eqchi’ Maya Houses at Las Pozas, Guatemala». Geoarchaeology 17 (6): 487-519.

FOIAS, Antonia E. (Editor). 1999. Proyecto Arqueológico Motul de San José: Informe #1: Temporada de Campo 1998. Report
submitted to the Instituto de Antropología e Historia de Guatemala. Guatemala. Williams Collage. Williamstown.

—. 2000a. «History, Politics and Economics at Motul de San José». Paper presented at the Annual Meetings of the Maya Hie-
roglyphic Meetings: Core-Periphery Interactions in Mesoamerica & Tikal and its Neighbors. Austin.

—. (Editor). 2000b. Proyecto Arqueológico Motul de San José: Informe #2: Temporada de Campo 1999. Report submitted to the
Instituto de Antropología e Historia de Guatemala. Williams Collage. Williamstown.

—. (Editor). 2001. Proyecto Arqueológico Motul de San José: Informe #3: Temporada de Campo 2000. Report submitted to the
Instituto de Antropología e Historia de Guatemala. Guatemala. Williams Collage. Williamstown.

—. 2002a. «Introducción». In Proyecto Arqueológico Motul de San José, Informe #4: Temporada de Campo 2001. Ed. A. E. Foias,
pp. 1-8. Report submitted to the Instituto de Antropología e Historia de Guatemala. Williams Collage. Williamstown.

—. (Editor). 2002b. Proyecto Arqueológico Motul de San José: Informe # 4: Temporada de Campo 2001. Report submitted to the
Instituto de Antropología e Historia de Guatemala. Williams Collage. Williamstown.

—. 2003. «The Motul de San José Archaeological-ecological Project: Theoretical Perspectives on the Dynamics of the Classic
Maya State». Paper presented at «Testing Economic and Political Models of the Classic Maya» at the 68th Annual Meeting
of the SAA. Milwaukee.

FORD, Anabel. 1991. «Economic Variation of Ancient Maya Residential Settlement in the Upper Belize River Area». Ancient Me-
soamerica 2: 35-46.

GRAHAM, Ian. 1982. Corpus of Hieroglyphic Inscriptions, Vol. 3, Part 3: Yaxchilan. Peabody Museum of Archaeology and Eth-
nology. Harvard University. Cambridge.

HODELL, David A., Jason H. CURTIS and Mark BRENNER. 1995. «Possible Role of Climate in the Collapse of Classic Maya Ci-
vilization». Nature 375: 391-394.

JENSEN, Christopher, Kris D. JOHNSON and Richard E. TERRY. 2001. “Análisis químico de suelos en Motul de San José”. In
Proyecto Arqueológico Motul de San José, Informe #4: Temporada de Campo 2001, Ed. A. Foias, pp. 136-143. Report sub-
mitted to the Instituto de Antropología e Historia de Guatemala. Williams College. Williamstown.



KITTY F. EMERY 47

Mayab 16 (2003): pp. 33-48

JENSEN, Christopher, Matthew MORIARTY, Richard E. TERRY and Kitty F. EMERY. 2003. «Soil Typologies and Connections bet-
ween Agriculture and Settlement at Motul de San José, Guatemala». Paper presented at “Testing Economic and Political
Models of the Classic Maya” at the 68th Annual Meeting of the SAA. Milwaukee.

JENSEN, Chistopher, Richard E. TERRY and Kris Johnson. 2002. «Soil Properties and Chemical Signatures of Classic Maya Land
Use at Motul de San José, Guatemala». Paper presented at the 67th Annual Meeting of the SAA. Denver.

JENSEN, Chistopher, Richard E. TERRY, Kris D. JOHNSON, Sheldon D. NELSON, Matthew MORIARTY, Kitty EMERY, Elizabeth
A. WEBB and Henry P. SCHWARCZ. n.d. «Connections between Settlement Patterns and Soil Types in the Close-Periphery
of Motul de San José, Guatemala.» Geoarchaeology (in preparation).

JONES, John. 1994. «Pollen Evidence for Early Settlement and Agriculture in northern Belize».Palynology 18: 205-211.

KOLATA, Alan L. 1992. «Economy, Ideology, and Imperialism in the South-Central Andes». In Ideology and Pre-Columbian Ci-
vilizations. Eds. A. Demarest and G.W. Conrad, pp. 65-86. School of American Research Press. Santa Fe.

LINARES, Olga F. 1976. «Garden Hunting» in the American Tropics». Human Ecology 4 (4): 331-349.

MANZANILLA, Linda. 1996. «Corporate Groups and Domestic Activities at Teotihuacan». Latin American Antiquity 7 (3): 228-246.

MANZANILLA, Linda and Luis A. BARBA. 1990. «The Study of Activities in Classic Households: Two Case Studies from Coba
and Teotihuacan». Ancient Mesoamerica 1: 41-49.

MCANANY, Patricia A. 1995. Living with the Ancestors: Kinship and Kingship in Ancient Maya Society. University of Texas
Press. Austin.

MIDDLETON, William D. and Douglas T. PRICE. 1996. «Identification of activity areas by multi-element characterization of se-
diments from modern and archaeological house floors using inductively coupled plasma-atomic spectroscopy». Journal
of Archaeological Science 23: 673-687.

MORIARTY, Matthew. 2001. «Notas preliminares sobre la clasificación indígena de suelos en San José, Petén, Guatemala». In
Proyecto Arqueológico Motul de San José, Informe #4: Temporada de Campo 2001, Ed. A. Foias, pp. 131-135. Report sub-
mitted to the Instituto de Antropología e Historia de Guatemala. Williams Collage. Williamstown.

—. 2002a. «A Preliminary Assessment of Settlement at Motul de San José, Petén, Guatemala». Paper presented at the 67th An-
nual Meeting of the SAA. Denver.

—. 2002b. «The Highs, the Lows, and All Points in Between: A Preliminary Classification of Settlement Units in the Motul de San
José Region». Paper presented at the 67th Annual Meeting of the SAA. Denver.

MORIARTY, Matthew. n.d. «Trinidad: Investigation of an Inland Maya Port on Lake Peten Itza, 2003». In Proyecto Motul de San
José, Informe Preliminar #6, Temporada 2003. Eds. M. Moriarty and A. Foias. Report in preparation, to be submitted to the
Instituto de Antropología e Historia de Guatemala in 2004. Williams Collage. Williamstown.

MORIARTY, Matthew, William L. HAHN, Eric KERNS, Freeden OEUR, Julia DRAPKIN and Tirso MORALES. 2003. «In the Land of
the Ik Lords? Recent Investigations at Akte, Peten, Guatemala». Paper presented at «Testing Economic and Political Models
of the Classic Maya» at the 68th Annual Meeting of the SAA. Milwaukee.

MORIARTY, Matthew, Fredy RAMÍREZ, Ellen SPENSLEY and Jeffrey BUECHLER. 2001. «Reconocimiento, mapeo y sondeos en
la periferia de Motul de San José: el transecto este». In Proyecto Arqueológico Motul de San José, Informe #4: Tempora-
da de Campo 2001, Ed. A. Foias, pp. 86-103. Report submitted to the Instituto de Antropología e Historia de Guatemala. Wi-
lliams College. Williamstown.

MORIARTY, Matthew and Andrew WYATT. 2001. «Reconocimiento preliminar de algunos sitios menores en la zona de Motul
de San José». In Proyecto Arqueológico Motul de San José, Informe #4: Temporada de Campo 2001, Ed. A. Foias, pp. 104-
107. Report submitted to the Instituto de Antropología e Historia de Guatemala. Williams College. Williamstown.

MORRIS, C. 1974. «Reconstructing Patterns of Non-Agricultural Production in the Inca Economy». In Reconstructing Complex
Societies: An Archaeological Colloquium, Ed. C.B. Moore, pp. 46-68. John Hopkins University Press. Baltimore.

NEUSIUS, Sarah W. 1996. «Game procurement among temperate horticulturists: The case for garden hunting by the Dolores
Anasazi». In Case Studies in Environmental Archaeology. Eds. E.J. Reitz, L.A. Newsom and S.J. Scudder, pp. 273-288. Ple-
num Press. New York.

PARNELL, Jacob J., Richard E. TERRY and Charles GOLDEN. 2001. «Using In-Field Phosphate Testing to Rapidly Identify Mid-
dens at Piedras Negras, Guatemala». Geoarchaeology 16 (8): 855-873.



48 MAYAB

Mayab 16 (2003): pp. 33-48

PEARSALL, Deborah M. 1990. «Paleoethnobotany: a handbook of procedures». Journal of Field Archaeology 17: 334-337.

PECCI, Alessandra. 2000. «The Chemical Analysis of Floors: A Case Study in Teotihuacan». Paper presented at the 32nd Inter-
national Symposium of Archaeometry, Mexico.

PIPERNO, Dolores R. 1988. Phytolith Analysis: An Archaeological and Geological Perspective. Academic Press. New York.

RAMÍREZ, Fredy, Anita SÁNCHEZ and María ALVARADO. 2000. «Programa de excavaciones de sondeo». In Proyecto Arqueo-
lógico Motul de San José, Informe #3, Temporada de Campo 2000. Eds. A. Foias and J. Castellanos, pp. 9-28. Report sub-
mitted to the Instituto de Antropología e Historia de Guatemala. Williams College. Williamstown.

RICE, Don S. and Prudence M. RICE. 1980. «La utilización de las sabanas del Petén Central por los mayas clásicos». Antropo-
logía e Historia 2: 69-80.

ROBIN, Cynthia. 1999. Toward an Archaeology of Everyday Life: Maya Farmers of Chan Noohol and Dos Chombitos Cik’in, Be-
lize. Ph.D. Dissertation. University of Pennsylvania. Philadelphia.

SABLOFF, Jeremy A. 1992. «Interpreting the Collapse of Classic Maya Civilization: A Case Study of Changing Archaeological
Perspectives». In Metaarchaeology: Reflections by Archaeologists and Philosophers. Ed. L. Embree, pp. 99-119. Kluwer Aca-
demic Publishers. Dordrecht.

SÁNCHEZ, A. and M. L. CANABATE. 1999. «Identification of Activity Areas by Soil Phosphorus and Organic Matter Analysis in
Two Rooms of the Iberian sanctuary Cerro El Pajarillo». Geoarchaeology 14: 47-62.

SÁNCHEZ, A., M.L. CANABATE and R. LIZCANO. 1996. «Phosphorous Analysis at Archaeological Sites: An Optimization of the
Methods and Interpretation of the Results». Archaeometry 38 (1): 151-164.

SANTLEY, Robert S., Thomas W. KILLION and Mark T. LYCETT. 1986. «On the Maya Collapse». Journal of Anthropological Re-
search 42 (2): 123-159.

TERRY, Richard E., Perry J. HARDIN, Stephen D. HOUSTON, S. D. NELSON, Mark W. JACKSON, J. CARR and Jacob PARNELL.
2000. «Quantitative Phosphorus Measurement: A Field Test Procedure For Archaeological Site Analysis at Piedras Negras,
Guatemala». Geoarchaeology 15 (2): 151-166.

WEBB, Elizabeth A., Henry P. SCHWARCZ and Paul F. HEALY. 2003. «Carbon Isotope Evidence for Ancient Maize Agriculture in
the Maya Lowlands». Paper presented at the 68th Annual Meeting of the SAA. Milwaukee.

WEBB, Elizabeth, Henry P. SCHWARCZ and Paul F. HEALY. 2004. «Detection of Ancient Maize Agriculture in the Maya Lowlands
using the Stable Carbon Isotope Compositions of Soil Organic Matter: Evidence from Caracol, Belize». Journal of Archa-
eological Science (in press).

WELLS, E. Christian, Richard E. TERRY, Jacob J. PARNELL, Perry J. HARDIN, Mark W. JACKSON and Stephen D. HOUSTON.
2000. «Chemical Analyses of Ancient Anthrosoils in Residential Areas at Piedras Negras, Guatemala». Journal of Archae-
ological Science 27: 449-462.

WRIGHT, Lori E. 1997. «Ecology or Society? Paleodiet and the Collapse of the Pasion Maya Lowlands». In Skeletal Studies of an
Ancient People, Eds. S. Whittington and D. Reed, pp. 181-195. Smithsonian Institution Press. Washington D.C.


