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Introduction

The ancient Maya emerged from a dense tropical forest to establish a civilization that has 

long captivated the modern imagination. The Maya lowlands featured a population that numbed 

in the millions during its Classic Period fluorescence, which is impressive considering the 

seasonal droughts and lack of permanent, natural water sources that characterize the region. 

Prolific excavations of their urban centers have revealed much about ancient Maya culture, 

including their cosmological, artistic, political, and scientific institutions. On the other hand, 

comparatively little is known about larger Maya population dynamics or land use. The dense 

vegetation that characterizes this region prevents the kind of intensive archaeological survey that 

has revolutionized landscape archaeology in more arid regions during the late twentieth century. 

To further complicate studies of ancient demography, the soil in the Peten is usually very acidic; 

most organic matter, such as human and plant remains, does not appear the archaeological 

record. Despite these obstacles to studying the material remains of past societies at a large spatial 

scale, these broader questions cannot be ignored. Archaeology needs to dissect evidence of 

human behavior as completely as possible in any given environmental context, and local 

emphases on geographically convenient data types will skew holistic analyses of how things 

work. Therefore, there exists no discussion on the cost-benefits of archaeological survey in the 

Maya Lowlands while improvements to current methodology are desperately required.

XTREME is a proposed survey that experiments with new methodological techniques 

designed to incorporate diverse lines of evidence in order to understand ancient Maya 

adaptations to their changing environment. The availability of high -resolution multispectral 

satellite imagery has produced promising initial results for predicting archaeological features 

based on the spectral response of canopy vegetation (Saturn et al. 2007), but new methodologies 



need to be created in order to apply this imagery for systematic survey. This project will 

approach this objective by collecting archaeological and arboreal data around around a slightly 

systematized random sample of points spread over a 2 x 1 km survey universe stretching east 

from the large Classic Maya site of Xultun. The collected data will be incorporated into a 

relational database for use in a Geographical Information System (GIS) in conjunction with 

multiple types of remotely sensed data. This setup will facilitate quantitative techniques, such as 

spatial analysis and statistical testing, for interpreting these diverse types of data. This 

organization will be used to develop and test models of human-environment interaction and to 

understand the spectral response of the forest canopy on the basis of individual trees. Finally, this 

survey will educate foreign students as well as local workers in the developing technology, 

methodology, and theory that is shaping how landscape archaeology is being conducted in the 

Maya Lowlands.

Background

Cultural History

Xultun became a densely populated center featuring monumental architecture in the Late 

Preclassic period, contemporary with other large centers in the central Peten region such as Tikal 

and Uaxactun (Figure 1). At the end of the Late Preclassic, many low-elevation sites, such as the 

nearby site of San Bartolo and the distant metropolis of El Mirador, featured declines in 

populations, possibly due to anthropogenic erosion (Dunning et al. 2002). The upland location of 

Xultun and its water management features may have allowed it to survive this collapse, allowing 

it to flourish into the Classic period (Garrison and Dunning 2009). Following the demographic 

pattern of nearby contemporary cities, Xultun reached its peak level of population, 

monumentality, and power during the Late Classic period. A stele featuring one of the last long 



count dates ever recorded (889 A.D.) suggests that Xultun maintained a relatively high degree of 

centralization during a period when many Classic Maya sites experienced rapid depopulation 

(Demarest et al. 1997, Webster 2002, Gill et al. 2007). 

History of Survey

For the majority Maya archeology’s history, survey was implemented only in its 

extensive form for the purpose of site discovery. Until improvements in satellite remote sensing 

in the 1990's, archaeologists located sites using information from local chicleros, or gum 

harvesters, and aerial photography. Some time after the introduction of the “New Archaeology” 

movement  in the 1960's, Maya archaeologists began experimenting with more systematic survey 

to reveal settlement patterns across larger areas of space. Problems with this type of survey were 

immediately apparent. Dennis Pulestone's radiating transect survey of Tikal in the 1970's was 

only attempted due to existing paths through the forest (Figure 2, Puleston 1983). Despite using 

these paths, the surveyors, who were mostly locals experienced in navigating the forest, 

significantly delayed the project by getting themselves lost. Anabel Ford's (1981) Tikal-Yaxha 

transect could not keep pace with its time table and most its test pits were located within the city 

limits of Tikal itself. 

Survey in the San Bartolo/Xultun Territory

Eric Von Euw first mapped Xultun's architecture in 1978 for the Harvard Peabody's 

Corpus of Maya Hieroglyphics project. His map included the monumental architecture of the 

southern A group, the northern B group, and an elevated causeway linking the two areas. In 

2008, Adam Kaeding digitized this map by shooting this same architecture using a Topcon™ 

GTS-229 total station. In 2010 and 2012 Jonathan Ruane expanded added more monumental 

architecture to the south of Group A and North of Group B, a ground level causeway running 



parallel to that mapped by Von Euw, 3 reservoirs between the two two groups, and many small, 

residential mounds surrounding the site. 

Despite the size and longevity of the Xultun polity, little is known about its surrounding 

landscape. The only probabilistic survey of the area surrounding Xultun has been the San 

Bartolo-Xultun Intersite Survey, conducted by Thomas Garrison during the 2004 and 2005 field 

seasons (Garrison 2007). Garrison realized that traditional transect surveys could give a skewed 

representation of an intersite area and that a survey utilizing randomized quadrats would allow 

for a more complete understanding of the area. This survey sampled a 25km² survey universe 

between San Bartolo and Xultun using a random block design stratified by qualitatively ascribed 

settlement signatures in high-resolution IKONOS imagery printed onto a map (Figure 3). 

Although this survey symbolizes a progressive step towards using more systematic methods, it 

suffers from a few pitfalls. The large sample size of 250m x 250m allowed for only a few 

observations in the case of some strata, which could lead to inaccurate results despite the survey's 

acceptable sample fraction. This metaphorical hole is evidenced by a 2.5km x 1.5km physical 

hole in the survey's coverage. This terra incognita's length is half that of the entire survey 

universe, and its area is large enough to include the surveyed portion of Xultun, one of the largest 

Maya cities, three times over. In addition, the multispectral image's appearance depended on the 

specific remote sensing software, image enhancements, printer, paper, and ink that were used to 

create it. None of these techniques were mentioned, preventing any replication of the exact 

image that was used as the foundation of the entire survey.  

Project Theory

This project incorporates evidence for both human and natural patterns through time and 

space in order to understand them as a coupled complex system. Complexity theory provides the 



foundation for this approach. This theory contends that large, observable patterns, such as the 

growth of a city, are emergent processes that are best understood by smaller scale interactions, 

such as a city's individual inhabitants. Social and natural systems are inherently connected by 

their coevolving constituents and must be analyzed in tandem to reveal their vital internals (Liu 

et al. 2007).  XTREME addresses these concerns by focusing on the archaeological and 

environmental record with equal weight. 

Types of Data

Total Station Mapping

The Topcon™ GTS-229, like most total stations, is an accurate tool for recording 3d 

points for use in a GIS. However, vegetation frequently obstructs desirable shots and setting up 

the station on uneven and rocky mounds can take a considerable amount of time. These issues 

cause total station mapping to be very time consuming in a forested environment. As LIDAR 

becomes more readily available, the total station mapping of vast areas of architecture will 

eventually become obsolete (Thomas Garrison, personal communication). While I don't suggest 

abandoning total stations for precise archaeological mapping, I think that they should be used 

sparingly and purposefully. In addition to the necessary task of mapping in excavation 

boundaries for the larger San Bartolo-Xultun project, XTREME will use a total station to define 

the boundaries of architectural and tree sample areas as well as mapping any architecture 

encountered with the survey area. However, if any of these points is obstructed, the total station 

will not be relocated. Instead, XTREME will shoot the nearest point and the spatial difference 

will be measured by hand. If a large portion of a feature is obscured by another feature, the 

former feature will be mapped by pacing with a compass. Due to the small sample size and 

research questions of the project, these obstacles are expected to be both infrequent and 



functionally inconsequential while having the potential to save a significant amount of time. 

Thomas Garrison's survey team mapped 10 and 30 250 x 250 m quadrants during the 

2003 and 2005 field seasons, respectively. Assuming that Garrison's team surveyed for the 

majority of the this second field season, they were able to map 1,875,000 m² of dispersed 

architecture. I assume that Garrison directed at least four workers and the entire team was 

familiar with the project's methodology. During the 2012 field season, Jonathan Ruane's team 

mapped about  5, 200m x 200m quadrants for a total of 200,000 m² of mapped architecture. This 

divide in survey coverage can be attributed the fact that mapping was conducted by Jonathan, an 

ayudante called “Zorro” and a single student for most of the field season. They also spent a 

significant portion of time excavating the central reservoir north of A group. Considering these 

two differently sized areas, XTREME counts on mapping a total area of 160,000 m² of 

architecture. This estimate uses Jonathan Ruane's progress as a foundation, and subtracts 40,000 

m² to account for increased time spent walking between samples and setting up the total station 

at each of the 100 samples. 

Tree Species

As time passes and technology progresses, it will become easier to map structures using 

new remote sensing techniques. However, not all types of data will become easier to understand 

in the future. Logging companies have already deforested a large portion of land around Xultun 

(Garrison 2007, Lauren Santini; personal communication). This logging is happening at a time 

when the tropical forest itself is emerging as a valuable archaeological dataset.  Research by 

Nanci Ross (2011a, 2011b) suggest that the modern distribution of tree species may that have 

been cultivated by the ancient Maya appear more frequently in areas that exhibit a “high density” 

of past settlement. Ross collected data for 63 20 x 20 m plots over 7 months of fieldwork. I have 



not been able to find any information on Ross's team or specific methodology, so I am not able to 

use her productivity to gauge what will be useful for this survey.

More importantly, understanding the distribution of specific tree species is a significantly 

missing link in understanding how multispectral imagery can be used to predict the location of 

ancient architecture. Garrison's (2007) intersite survey presented data that showed how the 

spectral signature at San Bartolo could not be used to predict settlement across the entire region, 

and was more indicative of either very large sites or vegetation that grows in thin, upland soil 

than it is for individual structures. However, the spectral response at San Bartolo is much more 

noticeable than that at Xultun, even though Xultun is a much larger site and is located at a higher 

elevation. Clearly, there needs to be more understanding of the forest itself before researchers 

can implement generalized understandings of multispectral imagery into their research.

 XTREME's directors are confident that our team will be able to map and record two, 

400m² squares of trees in one day of work (Lauren Santini, personal communication). Each tree 

within the given sample area will first be tagged with an identification number unique to all trees 

surveyed for XTREME. Next these numbers will be put into a table unique to the sample 

quadrat. For each tree, the associated species, diameter at breast height (DBH), and GPS 

coordinates will be recorded next to its ID. 

Post Hole Excavation

Architecture can only reveal so much about human land use. XTREME will conduct a 

post hole survey to detect evidence for human activity manifested in the archaeological record as 

portable artifacts, mostly in the form of small ceramic and lithic debris. The thick, rocky soil 

characteristic of the Maya lowlands prevents the use of a typical post hole digger. Instead, a large 



iron chisel will be used to excavate the post holes. This tool prevents precise assessments of 

stratigraphic changes. Therefore, XTREME will excavate its post holes using arbitrary levels of 

10cm. During the 2012 field season, the author directed 7 post hole excavations during a single 

day. Considering my personal inexperience and that team's leisurely attitude, XTREME involves 

excavating 8 post holes each day.

Remote Sensing

The thick vegetation that is prevalent throughout the Maya lowlands has the potential to 

obscure even the large structures from both ground survey and aerial photography. Although this 

characteristic prevents archaeologists from employing traditional survey methodology, recent 

developments in both satellite and airborne remote sensing techniques have the potential to bring 

landscape archaeology of a tropical forest environment up to the same level of rigor as those 

employed elsewhere. William Saturno (2007) observed on a paper map of high resolution 

IKONOS imagery that a certain spectral response given by trees was highly correlated with 

ancient architecture. This strategy allowed Garrison (2007) to locate the minor center of Chaj 

K’ek’ Cue between San Bartolo and Xultun. However, subsequent investigation of this 

phenomena found that this response was regionally variable and more indicative of shallow 

upland topsoils or large cities than limestone construction (Garrison 2007, Garrison et al. 2008). 

Fransisco Estrada-Belli (2007) applied an ISODATA classifier to both IKONOS and Landsat 

data draped over an AIRSAR DEM. Certain elements of this classification were correlated to 

architectural remains. He used this correlation to guide subsequent surveys, and was able to 

predict evidence of settlement with as high as 95% accuracy at the site of Hamontun (Estrada-

Belli 2010). 



This project will utilize the distinct strengths of Landsat, IKONOS, and Quickbird 

multispectral data. Landsat data has a poor spatial resolution, but includes a thermal infrared 

band and an extra near infrared band that can help in distinguishing between different types of 

vegetation. IKONOS and Quickbird offer significantly higher spatial resolution that facilitate 

identification of smaller areas of spectral responses of vegetation. While IKONOS and Quickbird 

both have similar spatial and radiometric resolutions, the two images were taken at different 

times of day, which offer complimentary strengths and weaknesses. The IKONOS image was 

taken in the morning, recording shadows that reveal the texture of the canopy. The Quickbird 

data was taken around noon and does not contain shadows, which can confuse image processing 

algorithms such as an unsupervised classification.  A digital elevation model (DEM) is one of the 

most important parts of any attempt to reconstruct an ancient landscape. Currently, the best data 

available to the Xultun project is from the ASTER satellite. However, this data has a spatial 

resolution of 30m and contains many anomalies, making it a less than ideal choice for 

archaeological use. AIRSAR data, used by both Estrada-Belli (2007) and Garrison (2007) 

features a 1.5 x 3 m spatial resolution and a higher degree of accuracy. XTREME is in the 

process of acquiring this superior DEM data.

LIDAR sensors rapidly emit beams of light to acquire distances between the sensor and 

its target. This technique produces a dense point cloud that can be used to construct an extremely 

high-resolution DEM. LIDAR data effectively revealed structures, agricultural features, and 

causeways over a large area surrounding the large ancient Maya city Caracol (Weishampel et al. 

2009, Chase et al. 2011). The cost for this ease and utility exceeds most projects budgets. 

However, this technology, like all other before it, to become increasingly inexpensive and 

available in the next decade or two. Considering the possibility of acquiring LIDAR data in the 



future, XTREME does exert an excessive focus on mapping architecture with a total station, but 

instead includes data on tree species which, along with its other objectives, could recognize 

patterns in its LIDAR points clouds that can be combined with Quickbird data to map individual 

species of trees over large areas using object based image classification (Ke Quackenbush and 

Im 2010).

Other Data

The data recorded in this survey will be compared to previous research around San 

Bartolo that lends itself to similar questions. Nick Dunning has directed numerous 

geoarchaeological studies both in the bajos around San Bartlolo and as part of the intersite 

survey (Garrison 2007, Dunning et al. 2008). John Jones and David Lentz have conducted 

paleoethnobotanical studies around San Bartolo, which will compliment XTREME's data by 

providing evidence for broad vegetational patterns (Dunning et al 2008). Both the 

geoarchaeological and paleoethnobotanical data will provide environmental data that contains 

temporal qualities, a critical factor to understanding coupled human and natural systems that 

escapes the scope of XTREME.

Methodology

Team

The XTREME team will consist of the author, Lauren Santini, two undergraduate 

students, two excavators, and 2 assistants. Lauren and I will work together to co-direct the 

project. The author has experience using the Topcon™ GTS-229, measuring distance using pace, 

and interpreting buried architecture. Lauren has experience identifying trees and conducting  

post-hole survey. 

The undergraduate students will be part of William Saturno's study abroad program that is 



organized through Boston University. They are not allowed to use a machete for their safety and 

may not be allowed to excavate for legal reasons. These students will count tree species, direct 

excavations, and map structures both by hand and using the total station. These student may be 

required to map architecture using their pace. To control for this variable measurement, students 

will measure will record the accuracy of their pace each day. This data can be used to construct 

confidence intervals for measurements taken by pace for each student. This interval will allow 

later analysis to incorporate a conservative value for these distances.

The excavators and assistants are Guatemalan locals who have spent much of their lives 

in the forests of the Peten. They are all efficient at clearing brush with a machete. The excavators 

have years, or even decades, of experience excavating Maya ruins. However, digging post holes 

does not require this experience. Both excavators and assistants will be instructed to dig post 

holes and clear brush. Two excavators, Grio and Rogelio, provided useful information about 

various tree species during the 2012 field season. XTREME will hopefully acquire these workers 

for a second season and incorporate their knowledge into that of the project. These workers will 

be informed of the projects goals, methods, and updated results to incorporate their familiarity 

with the landscape into the project's creative pool for hypothesis generation.

Sampling Strategy

This field season will last for twelve weeks from the middle of February to the beginning 

of May. The last week of this project requires that I map excavations with the total station, 

allowing XTREME 11 weeks of work. The San Bartolo project conducts field work Monday 

through Saturday, and Sunday is a rest day. This schedule gives XTREME 66 days of theoretical 

fieldwork. Of course, weather, illness, visitors, vehicle maintenance and an infinite range of 

other obstacles will inevitably present themselves. Therefore, XTREME counts on having 50 



days of fieldwork. 

In the previous section, I have predicted that this project will be able to map 160,000 m² 

of architecture in one season and process 400  m² of trees and 8 posts holes in a single day. These 

total calculations are divided into 100 individual sample areas that XTREME will process at a 

rate of two per day. Each sample area will consist of a 40 x 40  m square and a 20 x 20 m square, 

each centered on a local datum recorded using a high-precision GPS device (Figure 5). The 

larger square has the potential to contain the remains of several households or a few larger 

structures. The smaller square will contain approximately a dozen trees, the largest of which can 

be individually identified using Quickbird imagery, especially with the aid of the .6m resolution 

panchromatic band (Figure 5). The central datum will be marked with a wooden stake, which 

will serve as a point of reference for the total station. From this location we will shoot in the 

boundaries of the two squares and the perceived vertices of all mounds within the larger square 

according to the Maudsley convention of illustrating buried architecture. As described earlier, if 

desired points are obstructed we will record them by measuring to the nearest visible location. 

The smaller, 20m x 20m square will define the boundary for recording arboreal data. 4 post holes 

will be excavated at random points within the smaller 20 x 20 m square.

The survey universe for XTREME is a 2 x 1 km rectangle radiating east from Xultun 

(Figure 4). This area was chosen for its proximity to the main road leading from camp to Xultun, 

significant local variation in both elevation and spectral response, and the presence of unmapped 

hillside terraces about 50 meters west of the road and a large sinkhole to the east of the same 

point in the road. Based on Garrison's (2007) survey, XTREME expects to encounter a dense, 

heterogeneous distribution of residential groups, agricultural features, water management 

features, quarries, and chultunes, This survey universe and sample size grants the project an 8% 



sample fraction for architectural mapping that, combined with the small sample size, will give a 

broad representation of ancient occupation in this area as well as being likely to detect any 

smaller centers that are currently undiscovered. The 2% sample fraction for recording tree 

species and excavating post holes is not large enough for making significant inferences about the 

composition of the forests in this region but will allow us to make statistical inferences about 

how tree species are distributed in association with other types of data, mainy multispectral 

imagery.

This survey will use a random sample with arbitrary stratification and very slight 

systemization to distribute its initial points. Unlike Garrison's (2007) intersite survey, XTREME 

does not assume any understanding of how its types of data will relate to each other. For this 

reason, this survey does not stratify its sample based on current knowledge of the area, which 

includes elevation and spectral response. Additionally, XTREME's objective is to understand 

spatial patterns of human occupation and land use. Under this paradigm, areas containing little or 

archaeological evidence are equally important as areas containing a high amount of such 

evidence. Therefore, XTREME does not implement a Bayesian stratification strategy for 

predicting potential areas of high occupation, although this this survey may be used to train such 

an equation for future research. 

This project originally planned on implementing a simple random sample sample to 

ensure that no presupposed knowledge could bias its data. ArcMap 10.1 was used to generate 

random points across the survey universe. However, when ArcMap generated the survey 

quadrats around these points, many of them overlapped. For the larger architectural quadrat this 

overlap does not raise obvious issues, but overlap of the smaller quadrats seemed redundant. To 

circumvent this issue, a program was coded in Java to generate the points for the survey (Figure 



7). A user enters 4 pairs of coordinates to define the survey's extent, the number of samples that 

they wish to create, and then the desired size of the sample quadrats that they do not want to 

overlap. From these inputs, the program generates a list of coordinates while checking that every 

associated quadrat does not overlap with those already generated. After the final list is 

completed, the program returns lists of coordinates for the central points of each sample, the 

vertices of the non-overlapping sample squares, and the vertices of squares with twice the 

dimensions of the smaller squares. These lists were loaded back into ArcMap for visual 

confirmation of the program's success (Figure 4, Figure 5).

While this slightly systematized random sample does avoid sampling bias, it does not 

give an even representation across the landscape. This characteristic presented itself immediately 

after the author rendered the generated random sample into ArcMap (Figure 4). The western side 

of the survey universe contains dozens of points while the south-central region contains only a 

few. To overcome this obstacle, XTREME will stratify its sample into eight, square-shaped strata 

to ensure a more even coverage of the survey universe. As long as each strata contains the same 

number of points, this sample can still be treated as a random distribution.

Implementation 

XTREME will always be operating with two teams working across two different sample 

areas. Lauren,  an undergrad, and two excavators will be the first, “tree” team. The other 

undergrad, the two assistants, and the author will compose the second, “map” team. 

The tree team will be the first into any given sample area. They will stake out the sample 

datum using the GPS. Next, they will set up the total station above the datum and shoot in in the 

boundaries of the 20 x 20 m square and the locations for the post holes. At this point, the total 

station will be transferred to the map team. The tree team will continue to dig the post holes in 



arbitrary 10cm levels. Every artifact will be collected and recorded according to their level. 

Changes in soil characteristics will be documented. Each level will be terminated by filling a 

small bag with a soil sample. Post holes will be dug by an excavator and directed by an 

undergraduate. Lauren and Don Antonio will label and record both the species and diameter at 

breast height (DBH) of the trees in the 20 x 20 m sample. Once the tree team records the tree 

data and finishes the post holes, they will move on to the next sample area.

The map team will replace the tree team at the original sample area. The undergrad will 

sketch the locations of structures in the area or set up the total station. The assistants will clear 

the area of brush to give the total station lines of site to the surrounding architecture. The author 

will preform either of these activities depending on the situation. The author expects the tree 

team's objectives to take much longer than the map team's objectives. Therefore, the map team 

will help the tree team once they have finished, or vice versa. 

Analysis

Database

All of these diverse types of data will be stored in a PostgreSQL relational database 

(Figure 6). This type of organization differs from “flat” data structures by allowing entries across 

multiple tables to be connected to one another. This characteristic avoids redundant entries and 

allows data to be added or changed more efficiently. Most importantly, using the SQL database 

language, a user can query their data according to any number of conditions. For example, a user 

could access a list of post holes that are both associated with architecture and contain more than 

5 lithic artifacts. XTREME chose to use PostgreSql specifically for the PostGIS extension which 

attaches spatial information to its entries.

Quantitative Analysis



Although it is impossible to know exactly what quantitative analysis techniques will be 

used, this sample design presents an array of possibilities. Recording diverse types of data from 

the same set of points facilitates linear regression testing. Linear uni and multivariate regression 

analysis has the ability to create and test models of relationship between different variables. 

Multivariate regression is especially suited for application to multispectral imagery, where each 

band represents its own dataset that may or may not have be able to predict a certain 

observations. For inferences about categorical data, an analysis of variance (ANOVA) test might 

be used. For example, to test the hypothesis that ancient architecture imposes nutritional stress on 

a certain tree species, one can calculate using ANOVA whether the DBH of that species 

significantly varies depending on distance thresholds from architecture. These comparative tests 

will be key to the project's goal of establishing relationships between satellite imagery, canopy 

dendrology, and past human activity. Different types of data can also be independently 

understood through tests of linear auto-correlation, which quantifies the degree of spatial self-

similarity for a numeric variable, or cluster analysis. 

Framework

All of these analyses will be implemented using the R statistical programing language  

There are multiple third party “packages” that allow R to connect to and query a PostgreSQL 

database. This interface will allow statistical tests to be quickly applied to data meeting a certain 

criteria established in the database, such as finding the mean DBH of only Ramon trees. 

Additionally, the PostGIS extension of PostgreSQL can communicate with the dozens of R 

packages that are able to process spatial data. Using this interface, one could ask how proximity 

to both architecture and Escobo trees affects both the spectral response and DBH of Ramon trees. 

Using R allows a user to run such tests on not only a single variable, but also lists of variables; 



imagine replacing Escobo and Ramon trees in the above equation with every every combination 

of tree species in the database. Most importantly, the benefits of R as a statistical programming 

language versus a statistical program is that one can code and run scripts, or long chains, of R 

commands. This significantly hastens data processing by eliminating repetitive steps that are 

required to complete basic tasks. Scripts that prove to be useful can be exported and run directly 

from any GIS software. 

Software

While dozens of integrated development environments (IDE's) exist for R and 

PostgreSQL, XTREME will use only Eclipse. Eclipse was created as a IDE for the Java 

programming language but  is highly extendable. By using WalWare's StatET and the Eclipse 

SQL Explorer extensions, a user can both visually display their PostgreSQL database while 

coding scripts in R using the same program, and the ability to incorporate these scripts into a 

Java-based program presents an intriguing option. A GIS software is required to compliment the 

powerful functions of R with its ability to display layers of spatial data in meaningful ways to 

guide a researcher's analyses. ESRI's ArcGIS Desktop 10.1 is preferred by XTREME for its ease  

and stability of use. 

Moving Forward

Future Work

Pending the success of XTREME's first field season, a secondary investigation would 

provide even more important data to establish relational models. The objective of this first field 

season will be to understand remotely sensed data by understanding the trees themselves. 

However, to understand the trees themselves the soil that they emerge from must be thoroughly 



studied. The physical and chemical qualities of the soil provide yet another interface of immense 

variation to understanding coupled human and environmental systems in the Peten. In her study 

of “Forest Garden” species, Ross (2011a) collected data for slope, drainage, Nitrogen, 

Phosphorus, exchangeable cations, pH, percent organic matter, and texture. Each of these factors 

will need to be considered to isolate potential influences on the distribution of individual tree 

species. In addition to the soil characteristics tested for by Ross, carbon isotopic ratios have been 

used to define areas of ancient maize production ( Beach et al. 2011, Burnett et al. 2012). By 

adding these types of data to the XTREME database, the project will be able to build stronger 

predictive models for analyzing human-environment interaction over large areas.

Conclusion

All stages of XTREME have been designed to facilitate the study of both the spatial 

characteristics of Maya land use and the relationships between architecture, forest ecology, and 

spectral response. The slightly stratified and systematized random sample of the survey universe 

assumes no prior knowledge of this latter dynamic, which will generate less biased results than 

previous research on the archaeological utility of multispectral satellite imagery in a tropical 

forest ecosystem. Collecting diverse types of evidence using a common sample permits powerful 

statistical tests, such as multivariate regression, to both test for relationships between these 

factors and build models to predict distributions of phenomena over larger areas. By using 

versatile software that allows successful analyses to be instantly repeated on different variables, 

XTREME will be able to efficiently establish both conclusions for publication and plans for 

future survey within a short amount of time. Finally, by incorporating both archaeological and 

ecological data in one survey, XTREME will take an important first step in establishing a 

standard for conducting research on the specific human and natural processes that shaped the  



emergent properties of not only the  of the ancient Maya civilization but also the dense vacuum 

that is the Peten today.
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Appendix

Figure 1. Location of Xultun in northeastern Guatemala. From 
Saturno et al. 2007.

Figure 2. Map of Dennis Puleston's transect survey of the areas around Tikal. From Puleston 
1983.



Figure 3. Map of Garrison's San Bartolo-Xultun intersite survey of 2004 and 2005 (Garrison 
2007).  The color of the grid squares represents Garrison's stratification of each quadrat based 
on its spectral response in IKONOS imagery. Note that this image is a 4-2-1 false color 
Quickbird image enchanced by histogram equalization, and does not represent the paper map of 
IKONOS imagery used by Garrison.



Figure 4. Location and extend of XTREME's survey universe to the east of Xultun. This figure 
shows the slightly systematized random sampling strategy created by a Java program. Note the 
dense clusting of point in the western third of the survey universe. XTREME evens the sample 
coverage by arbitrarily dividing the survey universe into 8 identical square strata.



Figure 5. The layout of the individual samples, showing the initial GPS points, the smaller 
quadrats for collecting tree and post hole data, and the larger quadrats for collecting 
architectural data. Notice that the larger quadrats are allowed to overlap, while the smaller 
quadrats are not. A 4-2-1 false color Quickbird imagery enhanced by histogram equalization is 
shown to compare the spatial resolution in Quickbird imagery to the sample size. 



Figure 6. Types of data to be collected for analysis. 
Data types under the soil section will not be 
collected during XTREME's first field season, but 
are planned to be incorporated for the future.
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import java.util.Random;

public class Sampler {
static int xMin=243700; //western boundary
static int xMax=245700; //eastern boundary
static int yMin=1933600; //southern boundary
static int yMax=1934600; //northern boundary
static int n = 100; //number of samples
static int size=10; //half of the width of the smaller sample
static int dsize=size*2; //calculates the above for the larger sample

public static void main(String[] args) {
Random gen = new Random(); //creates random number generator
double[] x = new double[n]; //creates array to store x coordinate
double[] y = new double[n]; //creates array to store y coordinate
double tempX;
double tempY;
for(int i = 0; i < n; i++) { //repeats n times

while(x[i] == 0.0) {
tempX = gen.nextInt(xMax-xMin) + xMin - 1 + gen.nextDouble(); //generates 
x coordinate within given dimensions
tempY = gen.nextInt(yMax-yMin) + yMin - 1 + gen.nextDouble(); //generates 
y coordinate within given dimensions
for(int j = 0; j <= i; j++) { //checks the distance between the newly 
created point and previous point 

if(x[j] < (tempX+size) && x[j] > tempX) break;
else if(x[j] > (tempX-size) && x[j] < tempX) break;
else if(y[j] < (tempY+size) && y[j] > tempY) break;
else if(y[j] > (tempY-size) && y[j] < tempY) break;
else if(y[j] == tempY || x[j] == tempX) break;
x[i] = tempX; //stores x coordinate in its array
y[i] = tempY; //stores y coordinate in its array

}
}

}
System.out.println("trees"); //prints the coordinates for the boundaries of the tree 
sampling quadrats
for(int i = 0; i < n; i++) {

System.out.println((x[i] + size) + ", " + (y[i] + size));
System.out.println((x[i] - size) + ", " + (y[i] + size));
System.out.println((x[i] + size) + ", " + (y[i] - size));
System.out.println((x[i] - size) + ", " + (y[i] - size));

}
System.out.println("arch"); //prints the coordinates for the bondaries of the architecture 
sample quadrats
for(int i = 0; i < n; i++) {

System.out.println((x[i] + dsize) + ", " + (y[i] + dsize));
System.out.println((x[i] - dsize) + ", " + (y[i] + dsize));
System.out.println((x[i] + dsize) + ", " + (y[i] - dsize));
System.out.println((x[i] - dsize) + ", " + (y[i] - dsize));

}
System.out.println("points"); //prints each coordinate pair
for(int i = 0; i < n; i++) {

System.out.println(x[i] + ", " + y[i]);
}

}
}

Figure 7. Code for the “Sampler” program implemented in Java and developed in Eclipse 3.8. 
This program currently generates an undesirable sample (Figure 4) but will be improved to 
incorporate stratification strategies and be more flexible in general.


