Chapter 5
The Cohune Ridge Terraces

Introduction
In my opinion, the most important features reported in over 70 years of research on the
Vaca Plateau are not the monuments, palaces, tombs or monumental constructions, but
the agricultural terraces.

Terraces are widely distributed throughout the region and

because of this, they have been the basis for a great deal of speculation about Maya
agriculture since at least 1927 (Gann 1927). Casual observations by early scholars placed
terraces as far north as Benque, as far south as the Chiquibul River and as far east as
Mountain Cow (figure 5.1).

Lundell (Lundell 1937), for example, remarked that

terracing was continuous from Benque, some 25 km north of Cohune, to Retiro, some 11
km southwest of Cohune. Thompson also (Thompson 1931) reported widespread terrace
construction near Mountain Cow, 10 km east of Cohune. During six seasons at Caracol I
observed terraces stretching from at least Round Hole Bank to Cohune, and from the
present day Guatemala border to Hatzcab Ceel. I would estimate that more than 500 km2
of the Vaca Plateau had some terraces during the Classic Period.

This may be a

conservative estimate, for I have no doubt that terracing was a regionally adaptive
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agricultural technology designed to level the impact of the plateau’s undulating
topography on long-term sustainable agriculture. Yet, despite their ubiquity, terraces are
some of the most poorly understood archaeological features in the region.

Figure 5.1. Regional map of western Belize illustrating Benque (adjacent to San Ignacio)
and other places noted in the text.
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History of Terrace Research on the Cohune Ridge
In over 70 years of research, there have been three significant projects that to varying
degrees targeted terrace technology on the Vaca Plateau. However unsystematically,
Lundell (Lundell 1933) was the first scholar to offer any full description and
interpretation. In early 1932, Lundell began one of what would become many trips
through Belize by mule train at Benque Viejo Del Carmen and Arenal and headed
towards the Valentin camp (figure 5.1). After an initial visit to Retiro, located 5-6 km
southwest of Caracol’s site center, he passed through the Cohune Ridge.

Lundell was taken aback by the number, size and distribution of terraces on the Cohune
Ridge and throughout the region. He remarked (Lundell 1933), “[there are] soil retaining
terraces throughout the plateau”, and added that the terrace region began near Benque and
Arenal and continued all the way to the Chiquibul and Macal Rivers (figure 5.1). He
wrote, “On one hillside I counted no less than 51 terraces, and this was not an exceptional
condition”.

These findings left Lundell puzzled.

He suggested that, contrary to

traditional reports about Maya agriculture, the Vaca Plateau terracing indicated at least
some form of semi-permanent agriculture, due to the significant investment of labor
involved in constructing the terraces. He (Lundell 1937: 73) wrote,
…that a shifting type of agriculture was practiced…in a terraced area is
unbelievable.
and concluded,
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The terracing of land, wherever it occurs in the world, indicates a higher
agricultural art than that of the milpa, for the great labor of terracing
implies permanent or at least long continued utilization of the land thus
secured for cultivation.
Lundell never carried out a systematic program of reconnaissance or survey, but his rich
descriptions and insightful speculation left an imprint on our present understandings of
the Caracol terraces. Following Thompson (Thompson 1931), Lundell (Lundell 1937)
believed the terraces were Late to Terminal Classic features, constructed just prior to the
collapse.

The next project centered on terracing was carried out by Paul Healy of Trent University
in 1980, some 40 years after Lundell made his observations (Healy, et al. 1983). Healy’s
efforts are historically the most substantial investigations of the terraces. He surveyed
and excavated in a roughly .05 ha area of settlement and terraces located 2 km east of the
Caracol epicenter (figure 5.2). Healy (Healy, et al. 1983) concluded that the terraces
were perhaps the most significant feature in the settlement, and set the stage for a new
conception of Caracol, which was further developed by the Chases. Healy was the first
to suggest that Caracol was a demographic giant, supported by the hundreds and
hundreds of hectares of terracing. Based upon his excavations, Healy (Healy, et al. 1983)
estimated a large population for Caracol and dated the terraces to the Late Classic.
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Figure 5.2. Map illustrating the Cohune Ridge, the location of this research.

More recently, the Caracol Archaeological Project completed some programs targeting
terrace technology on the plateau. The Chases and Lynn Coultas (Coultas, et al. 1994)
examined a variety of terraced soils in the region, comparing them to non-terraced soils.

150
No real variation was observed; however, they were able to establish the relatively high
productivity of the soils. Basically Coultas and others (Coultas, et al. 1994) illustrated
that the Caracol soils, while severely deficient in available P, could be considered
productive with regards to the other available nutrients. Moreover, the Caracol soils
exhibited ideal pH for maize agriculture. But the Caracol Archaeological Project’s most
important contribution was to produce maps for more than 3 km2 of settlement and
terraces, which for the first time provided an illustration of the scale of terracing around
Caracol (Chase and Chase 1998b). The Chases (Chase and Chase 1998b) concluded that
the terraces were constructed in conjunction with the large population growth and
expansion efforts of Caracol during the early Late Classic.

They argued that the

complexity of the terrace systems indicated some level of state management. Thus, they
suggest that the Caracol terraces were strikingly different than other terraces studied in
the lowlands, primarily based upon qualitative observations of the scale and intensity of
the systems at Caracol (for a more complete discussion of their conclusions, see chapter
three).

These three projects all contributed to our present understandings of intensive terraced
agriculture at Caracol and also formed the core around which my research was designed.
Following the Chases and Coultas (Coultas, et al. 1994), I carried out intensive terrace
survey and soil analysis. Following Healy (Healy, et al. 1983), I accompanied the survey
and soil analysis with terrace excavations. While their projects were very influential in
the overall design of my research, all of them were somewhat limited in scope, leaving
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many basic questions about the terraces unanswered. For example, we still did not know
how terracing affected the agricultural productivity of the landscape and how each
household in the settlement related to the terrace systems. Therefore, I set out to collect
some very basic data. I completed the following field research:
1. Two > 1 km2 blocks of terrace survey.
2. 17 excavations from a variety of terrace contexts.
3. 158 soil samples, 95 from specific terraced contexts and 63 from a predetermined
nonrandom sample.
What follows is a brief review of the field research methods I used to gather these data.

Terrace Research Methods

Terrace Survey
Intensive terrace survey was completed between 1998 and 2000 for the two roughly 1.1
km2 block areas located in figure 5.3. Terrace mapping is extremely time consuming and
labor intensive. Thus, the goals of the terrace survey were to retrieve full coverage of the
terraces located in those two 1 km2 blocks and most importantly to present a relative
picture of their distribution to the settlement. Terraces were identified, followed and
surveyed using a Brunton compass, 50 m tape and 2 m stick tape. Minimal cutting was
employed in order to most efficiently record the placement of the terraces. Points were
taken opportunistically to accurately represent terrace distribution. At each point taken
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along the terrace, height of the terrace wall was measured using a stick tape or relative
measurement.

All terraces were then tied into permanent stakes located along the

settlement baseline transects, using the total station.

While compass survey does

introduce errors, these errors should have been minimized by the fact that the survey
points were triangulated whenever possible xviii. Upon completion of daily survey, points
taken in the field were plotted at a scale of 1:1,000 or uploaded into AutoCAD for digital
representation.

Terrace Excavations
During the 2000 season 17 excavations between 1 m2 and 4 m2 were completed to fully
evaluate the construction of the terraces. Nine excavations were placed on top of terrace
walls and eight were placed on what was considered to be the prehistoric growing
surface.

Of the excavations located directly on terrace walls, four were placed on

weir/cross-channel, four were placed on contour terraces, and one was positioned on a
valley bottom terrace wall. The eight other excavations (1X1 m test pits) were placed
near terrace wall excavations on the terrace growing surface. A variety of soil samples
were retrieved from the excavations, along with a handful of diagnostic sherds that were
useful in estimating the date of the construction of the terraces. Appendix B contains
descriptions and drawings of each excavation as well as a table detailing the cultural
material contents and soil samples retrieved.
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Figure 5.3. Map illustrating the planned location of the 2 1.1 km2 blocks of settlement
and terraces surveyed and reported here.
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Soil Sampling
During the 1999 field season, 34 soil samples were retrieved opportunistically and
according to terrace context. In 2000, an additional 124 soil samples were retrieved using
two different sampling strategies.

First, sixty-one samples were retrieved

opportunistically from a variety of terraced contexts, similar to the 34 samples retrieved
in 1999. Thirty samples were taken from contour terraces, 25 from weir terraces and 6
from a swale associated with a weir terrace system. Second, sixty-three samples were
retrieved from a 630 ha grid superimposed over a portion of the survey areaxix. While
terrace context was recorded for these samples, the non-random sampling strategy was
employed as a baseline to test whether any bias was introduced by the opportunistic
sampling. Upon analysis, no bias was observed. Figure 5.4 graphically illustrates the
locations of each soil sample. Appendix C lists for each soil sample: UTM coordinates,
terrace context, sampling strategy, relative depth and the results of the laboratory
analysis.

Soil Sampling Methods
Soil sampling was carried out three ways:
1. Most of the samples were taken just below the humus with an auger, recording
beginning and ending depths.
2. 26 of the samples were taken from the excavation sections.
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Figure 5.4. Map with red crosses illustrating the location of the soil samples I extracted.
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3. Samples were also taken just below the humus, by hand, recording the beginning
and ending depths.
Once samples were retrieved they were sealed and stored in whirl-packs, transported to
the Department of Archaeology, Government of Belize where they were housed for one
year while export permits for the CAP were arranged. After the samples received a
permit, they were shipped to Penn State the following year, where they were processed
and analyzed by the Agriculture Analytical Soils Lab.

Terracing on the
Interpretations

Cohune

Ridge,

Introduction

and

Initial

The terraces on the Cohune Ridge were designed to overcome two of the primary
disadvantages to rain-fed and hill-slope agriculture in the lowlands: 1) thin soils (and
associated soil erosion problems) and 2) inadequate soil moisture (Donkin 1972). They
were also constructed to bring land with limited agricultural sustainability into long-term
cultivation by providing slopes with level growing surfaces (see chapter six).

A

conscious or unconscious side effect of the terracing must have been to delineate
agricultural plots. For example, Stone (Stone 1994) points out that terracing serves a
social function among the Kofyar of Africa. He illustrates that terraces serve to identify
divisions of plots on the landscape. When labor investment is made to improve the
landscape, there remains a standing reminder of who was responsible for the
improvement. While I recognize that terraces cannot be considered ‘fences’ or boundary
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lines, they do potentially represent symbolic ownership or use rights to a portion of the
landscape.

Every possible location, given the proper soil and topographic context, was terraced on
the Cohune Ridge. Having observed many areas of the site during survey, I would argue
that the two areas are more or less representative of the overall pattern of terraces on the
Vaca Plateau. There are other areas of the site with denser terrace construction; however
some areas, such as near Retiro to the southwest of Caracol, where terrace construction
was limited (likely due to the more even terrain). I observed terraces of two primary and
one secondary types, verifying early research by Chase and Chase (Chase and Chase
1998b), Healy et al (Healy, et al. 1983), and Lundell (Lundell 1933, 1937). The two
primary types are contour terraces and weir terraces. The secondary type of terracing is
a variety of what Donkin (Donkin 1972) and others have termed the valley bottom
terrace. I present a definition of each type of terrace, a discussion of their distribution
and construction, and then a review of the terrace systems as a whole.

Contour Terracing
Contour terraces are the most abundant type of terracing I found on the Cohune Ridge.
Reiterating Donkin’s definition (1972:32):
The lateral or contour terrace has many variations. At one extreme, the
natural slope is but little modified; at the other, substantial walls support
perfectly level benches that may be irrigated. Wherever surfaces are level,
the height of the wall (up to 9 m) is related to the steepness of the natural
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slope and to the width of the bench; similarly the thickness of the wall, to
the volume of the fill.
Such terracing is the most common type found throughout Mesoamerica, i.e., from
Central Mexico to the lowland tropics, and it is typically associated with non-irrigated,
hill slope maize agriculture. Figures 5.5 and 5.6 illustrate the two 1.1 km2 blocks of
terracing and settlement I surveyed. Contour terraces dominate more than 70% of the
total area covered by terraces.

Aside from being the most abundant type of terracing identified, contour terraces also
exhibit some of the greatest variation in construction form (figure 5.7). They range in
height from .25 to 1.5 m, but rarely exceed 1 m in height. The associated growing
surface (terrace bench) may vary from a little less than 1 m to well over 20 m wide.
Contour terraces are most often found on slopes between 4 – 8 °, but they are present on
some fairly steep slopes, over 8° and not so steep slopes, under 4°. Following Donkin,
the variation in size (volume), height of the terrace wall and width of the bench can be
attributed to slope characteristics, which is to say, the steeper the slope, the larger the
wall, and the narrower the growing surface. The inverse is also true. But one general
form of construction was observed for all of the contour terraces identified and excavated
as a part of this research.
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Figure 5.5. East Terrace block. The shaded area represents the area surveyed for
terraces. Hills are labeled and identified by a hatched outline.
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Figure 5.6. West Terrace block. Labeled and hatched fill represents areas not surveyed.
Labeled and hatched outline represents steep hills. Labeled and dashed outline represents
areas of the survey damaged by the Cohune Ridge Road.
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Construction
Generally, contour terraces were constructed from locally quarried and roughly shaped
limestone boulders, supported by a retaining wall of small fist sized limestone chunks
(figure 5.7). See figure 5.8 for a hypothetical construction sequence. The terraces
closely resemble Turner’s observations of a broadbase embankment construction form he
found in the Rio Bec region. Turner (Turner 1983: 77) writes,
It [broadbase embankment] is typically composed of two sections,
including a front wall and a rubble fill behind (upslope) and below the
wall.
The front wall, as in the case of the Rio Bec terraces, is typically constructed with dry
laid, roughly or moderately shaped limestone blocks. These blocks were commonly
about 40 X 25 X 20 cm in size, but do show great variation. Figure 5.9 illustrates various
contour terrace facings and cross sections.

Immediately behind the front wall is a

retaining wall, built mainly of small rubble fill. In the Rio Bec region fill stones are
generally fist sized or smaller, and the rear extension of the wall ranges from 40 to 260
cm. On the Cohune Ridge, the rubble fill is identical to that described by Turner.
Roughly fist sized stones are piled up behind the front wall, extending typically 40-80 cm
behind the front wall (figure 5.10). Both the fill and the front wall rest directly on top of
bedrock like the Rio Bec terraces. Coultas and Chase (Coultas, et al. 1993, 1994) suggest
that the soil was either removed and replaced during construction or had previously
eroded and was replaced by natural processes. In each excavation there was hard packed
clay associated with the rubble fill and front wall. Whether this was placed with the fill

162
during construction or is a process of erosion and leaching has yet to be determined;
however, there is no evidence to suggest that the main soil was not naturally formed
behind the terraces.

The soil was in all cases difficult to excavate and must have

presented a challenge to Maya farmers using stone and wooden tools. It contained few
stone inclusions, which has been interpreted by Chase and Coultas (Coultas, et al. 1993,
1994) as a result of systematic culling of the stones from the terrace beds during
construction.

All of the contour excavations revealed this similar type of construction, but minor
variations were observed. In some cases, a modified bedrock outcropping served as the
front wall, which ultimately required no retaining wall (figure 5.10).

One terrace

exhibited significant evidence of maintenance and reconstruction (figure 5.10). All of the
observed variation probably represents some combination of local natural and social
characteristics, such as soil, topography, proximity of bedrock, availability of stone and
use history.

Weir Terraces
Weir terraces, also known as cross channel terraces, are the second most prevalent form I
observed on the Cohune Ridge. Twenty-five percent of the terracing I recorded is of this
type. As Donkin and others have established, weir terraces are typically constructed
across intermittent or perennial streams in order to provide a level, well watered and
rejuvenated planting surface. Reiterating Donkin’s definition (1972:32 ),
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Figure 5.7. Contour terrace sketch based upon actual excavations near Chaquistero.
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Figure 5.8. Diagram illustrating the likely construction sequence for terracing, based on
(Treacy 1994).
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Figure 5.9. Facing and Stonework of Contour Terraces.
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Figure 5.10. Contour terraces with construction modification. Top excavation revealed
an earlier terrace construction. Bottom excavation revealed a modified bedrock
outcropping.
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One comprises fields supported by walls built across an embayment or a
narrow valley that was originally occupied by an intermittent stream. The
cropping surfaces are characteristically level, and water drains into the fill
from surrounding slopes. The catchment is usually many times larger than
the area cultivated, which is an important advantage. Such cross-channel
terracing represents a use of annual, but largely uncontrolled,
accumulations of alluvium. The combination of effectiveness and
essential simplicity of construction has prompted the suggestion that this is
the earliest form of true terracing (Spencer and Hale 1961).
In a general sense, the distribution of weir terraces is dependent on a narrower array of
natural conditions than contour terracing, and therefore, is more limited. These terraces
are typically larger than contour terraces, i.e., between 1-3 m in height and they create a
much narrower growing surface because of the steeper slope associated with these
terraces (figure 5.11). The height of the terrace, size of the wall and the width of the
bench (or growing surface) is determined in a large part by the local slope and use
history.

Construction
Weir terraces are similar in construction form to contour terraces, but generally larger.
Weir terraces were constructed of a straight to back-sloping front wall, built of dry laid
large roughly shaped limestone blocks averaging 40 X 50 X 40 cm. These front walls
were supported by an inner construction wall similar to those found behind contour
terraces (figure 5.11). The amount of silt build-up behind weir terraces is far greater than
that behind contour terraces, so, the soil immediately behind the weir terraces is typically
much deeper. Weir terraces often exhibit significant alteration and maintenance, as well
as double walls to provide greater strength to the front wall (figure 5.12). Generally, the
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front wall stones of weir terraces are more massive. This too could be evidence of the
annual dumping of new soil, thus requiring stronger walls.

Weir terrace construction did not receive a great deal of attention from Turner in the Rio
Bec region because few were apparently identified there. Based upon my observations
on the Cohune Ridge, weir terraces typically represent the most significant labor
investment of any terrace identified and also exhibit greater variation from location to
location with regard to size and construction forms. It seems clear to me that the actual
form of construction was a very localized decision, taking optimal advantage of natural
characteristics and land use history.

Valley Bottom Terraces
Valley bottom terraces, located in small bajos, were constructed intermittently on the
Cohune Ridge. According to Donkin (Donkin 1972), the Valley Bottom terraces are
perhaps the rarest form. He writes,
The walls or excavated faces lie roughly at right angles to the direction of
the drainage, but the stream remains in being. Breaks of slope of natural
terraces are sometimes incorporated in the system. The broad planting
surfaces are level, and it appears that the purpose of such terracing was
always to facilitate irrigation by water drawn off at some high point.
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Figure 5.11. Weir terrace system sketch based upon actual excavations.
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Figure 5.12.
Variation.

Weir Terrace Section Illustrating a Double Wall and Construction

171
While terraces matching this exact description were not identified in the study area, a
similar form was recorded within very specific natural conditions.

Valley bottom

terraces are small and found in low lying portions of the region. These terraces form a
right angle to the slight natural contours of the slope, but are not placed in a direct
relation to seasonal streams or drainages, as Donkin describes. The terraces are very low
and often difficult to identify. They are poorly constructed and are on average .5 m tall.
They typically do not have a significant support wall and were exclusively found adjacent
to weir terraces (figure 5.13). Chase and Chase (pc, 2002) indicate that a valley bottom
terrace excavation near Pajaro Ramonal revealed a double wall construction, which was
not found on the Cohune Ridge. I have not ruled these out as possible field boundaries.

Terrace Summary
To summarize, two primary and one secondary types of terraces were identified on the
Cohune Ridge landscape. Their somewhat even distribution, in relation to other types of
terraces suggests that through time, they functioned as a system. Each kind of terrace
serves slightly different functions, but they were all constructed to overcome two of the
primary constraints associated with lowland rain fed agriculture, i.e., to retain soil and
moisture, and to level the impact of the undulating topography of the region on the longterm sustainable agriculture. It appears that this led to slight variations in construction
techniques for each type.
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Figure 5.13. Valley Bottom Terrace Section.
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Terraces at Caracol, unlike those identified throughout the Belize River Valley, the Rio
Bec Region and the Petexpetun Region, are constructed in every possible location,
including nearly level surfaces to surfaces with great slope. While the distribution of
terraces at Caracol is impressive, this web of terracing can be misleading, suggesting
single, large-scale construction events and the use of considerable labor mobilization.
Unlike other lowland regions, the terraces are interconnected, and according to the
Chases may have required some level of organization above the household for conflict
resolution. My excavations and simulations reported in chapter six clearly illustrate that
these terraces need to be viewed as a part of the process of intensification and not a single
event (see my discussion of landesque capital in chapter two): 1) Terrace construction
was extremely contextual, depending on a wide array of highly localized variables, such
as soil characteristics, slope, drainage, the location of other terraces and the local history
of land-use; 2) Moreover, terrace construction was not uniform, but adapted to localized
natural conditions. Finally, many of the terraces show significant modification and/or
reconstruction.

Construction Requirements of Terracing
The terracing on the Vaca Plateau has prompted much speculation concerning how much
labor was required to construct the systems. From Lundell to the Chases, all researchers
have marveled at their ubiquity and apparent high cost in labor expenditure.
Unfortunately none of this speculation has been followed up with quantitative estimates
of the constructional requirements. I caution here that we must evaluate the actual
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construction requirements before we assume their magnitude. The assumption of high
labor cost also obscures the functional reality of terrace technology (something I address
further in chapter six). Hill slope and rain fed terraces, i.e., those not associated with
irrigation, are rarely the result of a single construction event or even a short term process.
They are most often the result of years of construction, improvement and maintenance. I
consequently present a brief discussion and quantification of terrace construction on the
Vaca Plateau.

While no detailed observations have been published concerning the

quantitative inputs of terrace construction in the Maya lowlands, I relied on numerous
ethnographic observations of architectural construction in the Maya lowlands as a basis
for my calculations.

There are as many as five main tasks associated with terrace construction of any type in
the region:
1. Procurement of the raw material for front wall and retaining wall construction.
2. Manufacturing the front wall stones, i.e., the crude shaping of the stone quarried
in step one.
3. Construction of the front terrace wall.
4. Construction of the retaining wall.
5. Possible excavation and replacement of the soil behind the terraces.
As with the population estimates I reported in chapter five, I recognize that it is
impossible to perfectly calculate the absolute constructional requirements of terracing. I
instead sought to develop a range of estimates that would encompass actual labor
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requirements. The low estimate includes the first four stages presented above, and does
not include any labor for excavation and replacement of the soil. The low estimate,
therefore assumes that terrace construction was accompanied by wholly natural processes
which led to the deposition of soil behind the terraces. The high estimates include all five
steps listed above and therefore, assumes that the soil behind the terraces was removed
and replaced as part of the terrace construction process. No transportation figures were
included in the construction estimates, because all of the evidence from excavation
suggests that the materials used in construction were local.

For all of the figures

presented below, Elliot Abrams’ (Abrams 1984) and Charles Erasmus’ estimates were
used as a foundation. I explicitly present my methods in order to provide other scholars
with the data to derive independent estimates.

Contour Terrace and Weir Terrace Construction
In order to estimate the construction requirements for contour and weir terraces, I sought
first to establish a labor currency that could be applied to a linear meter of terracing, with
known heights. I then use this currency in chapter seven for a discussion of household
labor. For all of the construction inputs and volume, I relied on the terrace excavations I
completed during this research. For contour terraces, I used a terrace height of 1 m,
supported by a retaining wall that extended 80 cm behind the wall, with a 14 m terrace
bench (see figure 5.14). For weir terraces, I used a terrace height of 1 m, supported by a
retaining wall that extended 1.25 m behind the wall, with a 7 m terrace bench. The
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constants applied to each of the possible five operations listed above are presented in
table 5.1. All of these constants are supported by Abrams’ and Erasmus’ observations.

Figure 5.14. Sketch of ideal Contour and Weir Terraces.
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Table 5.1. Table identifying the constants applied to the different operations associated
with terrace construction. These constants were applied to both the contour and terrace
estimates calculated here.
Operation/Weight
Procurement of the Front Wall
Stones
Procurement of the Retaining Wall
Stones
Weight of Front Wall Stones
Weight of the Retaining Wall
Stones
Manufacturing of the Front Wall
Stones
Construction of the Front Wall
Construction of the Fill Wall
Excavation and Replacement of
Soil

Constant Applied
300 kilograms / person hour
900 kilograms / person hour
1300 kilograms / m3
1300 kilograms / m3
300 kilograms / person hour
1 m2 / person hour
.6 m3 / person hour
.75 m3 / person hour

For the contour terrace estimates, the construction volumes and other measurements are
presented in table 5.2. These figures were calculated from the ideal types discussed
above. The measurements were then combined with the constants in table 5.1, and the
results are presented in table 5.3.

For the weir terrace estimates, the construction

volumes and other measurements are presented in table 5.4.

These figures were

calculated from the ideal types discussed above. The measurements were then combined
with the constants in table 5.1., and the results are presented in table 5.5.
Table 5.2. Contour Terrace measurements used in the labor requirement calculations.
Wall Measurement / Weight
Figure
Front Wall Length
1m
Front Wall Height
1m
Front Wall Width
.30 m
Front Wall Volume
.30 m3
Front Wall Weight
390 kilograms
Retaining Wall Volume
.4 m3
Retaining Wall Weight
520 kilograms
Terrace Bed Volume
4.69 m3
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Table 5.3. Results of the labor requirement estimates for one linear m of a one m tall
'typical' contour terrace.
Person Hours
Operation
Formula
Required
Procurement of the Front Wall stones
390 kg / 300 kg
1.30
Procurement of the Fill Wall stones
520 kg / 300 kg
1.73
Manufacture of the Front Wall stones
390 kg / 300 kg
1.30
Construction of the Front Wall
1 m2 * 1 ph
1.00
Construction of the Retaining Wall
0.4 m3 / 0.6 (m3 / ph)
0.67
Low Total Construction Requirement:
6.00
Excavation and Replacement of soil
4.69 m3 / .75 (m3 / ph)
7.04
High Total Construction Requirement:
13.04

Table 5.4. Weir Terrace measurements used in the labor requirement calculations.
Wall Measurement / Weight
Figure
Front Wall Length
1m
Front Wall Height
1m
Front Wall Width
.40 m
Front Wall Volume
.40 m3
Front Wall Weight
520 kilograms
Retaining Wall Volume
.625 m3
Retaining Wall Weight
812.5 kilograms
Terrace Bed Volume
2.35 m3

Table 5.5. Results of the labor requirement estimates for one linear meter of a 1 m tall
'typical' weir terrace.
Person Hours
Operation
Formula
Required
Procurement of the Front Wall stones
520 kg / 300 kg
1.73
Procurement of the Fill Wall stones
812.5 kg / 300 kg
2.71
Manufacture of the Front Wall stones
520 kg / 300 kg
1.73
Construction of the Front Wall
1 m2 * 1 ph
1.00
Construction of the Retaining Wall
0.625 m3 / 0.6 m3 / ph
1.04
Low Total Construction Requirement:
8.21
3
3
Excavation and Replacement of soil
2.35 m / .75 (m / ph)
3.53
High Total Construction Requirement:
11.74
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Discussion of the Estimates
On their own, the results of the labor estimates for contour and weir terrace construction
are quite reasonable, and don’t necessarily suggest high labor requirements or special
skills or organization for the construction of either type. Essentially between 1 - 2
persons could construct at least one linear meter of either type of terrace in one day. But
these figures don’t necessarily offer an understanding of just how much labor would have
been required for terrace construction throughout the region. Using these labor figures,
the population estimates I presented in chapter four, and the terrace data reported, I now
estimate the labor requirements for the construction of all terraces throughout the
proposed 177 km2 of the Caracol polity.

Step 1: In order to carry out these calculations, I first needed to estimate the amount in
linear meters of each type of terracing throughout the 177 km2 of the Caracol polity. To
do this, I rely on the two 1.1 km2 blocks of terracing reported previously in this chapter.
In both of those square blocks, roughly 70% of the entire region showed some sign of
terrace construction, either weir, contour or valley bottom. Of that 70%, roughly 75%
were contour terraces, 24.5 % were weir terraces and less than 1 % were valley bottom
terraces. In order to simplify the process, I will substitute the valley bottom with weir
terrace estimates. Thus, of the 177 km2 area of Caracol, I estimate roughly 12, 400 ha of
land actually terraced, composed of roughly 9300 ha of contour terraces and 3100 ha of
weir terraces.
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Step 2: With those figures established, I needed to estimate the distribution of each type
of terrace for any given hectare of terracing. Using GIS, I measured the linear length of
each terrace and divided that by the total area covered by each type of terrace. For
contour terraces, there are roughly 600 linear meters of terrace walls per hectare of
contour terraced land. For weir terraces, there are roughly 1000 linear meters of terrace
walls per hectare of weir terraced land.

Step 3: With the amount of linear meters of each type of terrace estimated per hectare, I
estimated the low and the high labor estimates for both types of terraces per hectare. I
first needed to establish the average height of the terrace walls for each type. Using the
figures gathered during terrace survey weir terraces average 1.28 m tall, where as contour
terraces average .69 m tall. For purposes of these estimations I will use 1.5 m tall for
weir terraces and .75 m tall for contour terraces. To estimate the low and high estimates
of labor requirements per hectare of each type of terrace, the following formula was
applied:
Labor Requirements per hectare = (SC * LE) * LMT
where,
SC = The Size Constant (.75 for contour and 1.5 for weir)
LE = The Labor Estimate (see tables 5.3 and 5.5 for Low and High)
LMT = Linear Measure of Terraces per hectare (600 linear m for contour and 1000 linear m for weir terraces)

The above formula yields between 2700 - 5850 person hours of labor per hectare of
contour terraces and 12,000 - 19,560 person hours of labor per hectare of weir terracing.
Assuming a 6 hour work day, labor expenditures will amount to 450 - 975 person days
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per hectare of contour terracing and 2000 - 3260 person days per hectare of weir
terracing.

Step 4: These figures were then multiplied by the estimated number of hectares of
contour and weir terraces. By applying these estimates and adding them together, I
estimate that between 10,385,000 and 19,173,500 person days were required to construct
all of the terraces in the entire 177 km2 area of the Caracol Polity.

As I stated previously, there are no ethnographic reports from the Maya lowlands to
verify these calculations. However, ethnographic and experimental research in Peru on
the construction of weir terraces, associated with irrigation canals, reported highly
congruent estimates. Treacy (Treacy 1994) estimated between 2,400 and 2,900 person
days (6 hours per day) would be required to construct one hectare of weir terraces. The
core observations Treacy reported, (two persons could construct 6m2 of new terrace wall
in one day) are nearly identical to the estimates I used for weir terraces here, despite the
fact that the terraces Treacy (Treacy 1994) reported were roughly twice as large and more
complex than the Cohune Ridge terraces. Ultimately this serves to suggest that the
estimates I calculated are slightly elevated.

Discussion
At first glance, my figures do really seem to indicate an enormous amount of labor used
in the construction of terracing on the Vaca Plateau. If we assume (however absurdly)
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that the labor was carried out in 100 days in one year, the construction of the terraces
would have required the labor of between 103,850 and 191,173 persons. Such estimates
dwarf the population estimates I presented in chapter four, which fall between 55,000 and
84,000.

But these figures clearly are misleading. As I summarized previously, I will argue that
terrace construction was a long standing and early-initiated adaptation to the undulating
topography of the Vaca Plateau. I caution that terrace construction likely occurred over
the course of at least 100 years, not 100 days. In order to evaluate this, I calculated the
number of persons that terrace construction would have required not only in one year, but
over the course of several years and several hundred years. The results (which use a 6 hr
work day and 100 work days a year) are presented in table 5.6. From the table and the
two graphs of the estimates presented in figure 5.15, the labor requirements are
significantly offset even if they were constructed over a 10 year period. From the
agricultural simulations presented in chapter six, I will suggest that the majority of terrace
construction likely occurred over the course of at least 100 – 250 years. If we take the
high and low estimates presented below as an accurate representation of the labor
requirements, such requirements would have required only 2% of Caracol’s population
for 100 days each year and six hours a day for 100 years. While the initial calculations
seem to indicate high labor investment, in fact costs were negligible over the course of a
few generations. Such labor demand could have easily been managed by each household
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on the Plateau. So minimal is the investment that centralized recruitment of labor was
likely not necessary for the completion of these features.

Table 5.6. Construction requirements of terraces in the 177 km2 of Caracol's polity
compared along a timeline.

% of High
(Low) # (High) # % of Low % of High
# vs. High
Number of
of People of People # vs. Low # vs. High
Years in
Published
Required Required Population Population
Population
Construction
Per Year Per Year Estimate
Estimate
Estimate
227.72%
127.45%
103,850
191,173
188.15%
1
45.54%
25.49%
20,770
38,235
37.63%
5
22.77%
12.74%
10,385
19,117
18.82%
10
9.11%
5.10%
4,154
7,647
7.53%
25
4.55%
2.55%
2,077
3,823
3.76%
50
2.28%
1.27%
1,039
1,912
1.88%
100
1.14%
0.64%
519
956
0.94%
200
0.57%
0.32%
260
478
0.47%
400

In chapter seven I calculate the agricultural labor requirements for each household on the
Cohune Ridge; but here I estimate the labor demands of terrace construction per
household throughout the entire Caracol site, based upon the figures above. The results
are presented in table 5.7 and I feel that they more clearly illustrate the process of
intensification at Caracol.
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Raw Labor Requirements Based Upon Number of Years of Construction
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Figure 5.15. Graphs illustrating the amount of labor required for construction of all of
the terracing in the 177 km2 area of the Caracol Polity. The top graph illustrates the raw
number of persons required to work 6 hours a day for 100 days each year, based upon the
total years in terrace construction. Bottom graph illustrates the percentage of the
population that would be required.
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Table 5.7 demonstrates that if the terrace construction occurred over a period of just 25
years, i.e., essentially within one generation of farmers, each household would have to
contribute one person for 100 days a year to account for all of the terrace construction,
based upon an average household (with an extended family) size between 10 and 15 as
reported in chapter four. Two persons from each household would be required to work
50 days each year over a 25 year span. This corresponds very well with the known
ethnographic and experimental research reported by Treacy, who concludes that despite
the seemingly large labor inputs into terrace systems, even complex systems with
irrigation could have easily been constructed by household labor (Treacy 1994).

The major point behind this quantitative model is to illustrate that terrace construction
would not have placed a severe labor burden on any household throughout the region,
when considered as part of a protracted process. Even if these figures underestimate the
labor demands or alternatively the number and size of terraces by 50%, two persons per
household working 50 days each year over a 37.5 year span would have been required to
construct all of the terraces at Caracol. It is more likely that all terrace construction was
continuous for at least a period of 200 – 300 years, thus requiring the work of less than
one individual per household per year and not interrupting labor used for cultivation.
Clearly, the construction of terraces did not place a significant burden on households
throughout the Classic, even if these estimates severely under-represent actual labor
costs.
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Table 5.7. Household by household labor requirements for terrace construction in the
entire 117km2 area of Caracol. Each of the 5563 households would construct about 2.2
hectares of terraced land, using these data.
Based upon a 6hr work day with 100 days of work per year.
Number of
Years in
Construction

Persons per
Household (outside
the central 3.14
km2) per Year Low

Persons per
Household
(outside the
central 3.14 km2)
per Year High

1
5
10
25
50
100
200
400

18.67
3.73
1.87
0.75
0.37
0.19
0.09
0.05

34.37
6.87
3.44
1.37
0.69
0.34
0.17
0.09

1
5
10
25
50
100
200
400

Percent of
Average
Household
Labor Needed
Per Year
(Low)
186.68%
37.34%
18.67%
7.47%
3.73%
1.87%
0.93%
0.47%

Percent of
Average
Household
Labor Needed
Per Year (High)

Based upon a 6hr work day with 50 days of work per year.
68.73
37.34
373.36%
13.75
7.47
74.67%
6.87
3.73
37.34%
2.75
1.49
14.93%
1.37
0.75
7.47%
0.69
0.37
3.73%
0.34
0.19
1.87%
0.17
0.09
0.93%

229.10%
45.82%
22.91%
9.16%
4.58%
2.29%
1.15%
0.57%
458.20%
91.64%
45.82%
18.33%
9.16%
4.58%
2.29%
1.15%

Dating of the Terraces
Before I began this research I had hoped to devise a means of accurately and efficiently
dating the construction and use of the terraces. Excavation after excavation, however,
revealed no significant data from which dates could be derived. As is evident from
Appendix B, very few diagnostic ceramics were recovered from the terrace excavations.
The few datable artifacts that were retrieved range in date from the Preclassic to the Late
Classic. While this is by no means a robust statistical observation, the majority of the
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diagnostic sherds are early in date. It wasn’t until I completed the simulations, which are
presented in chapter six, when it became clear to me that terrace construction must have
been an early-initiated and long-term endeavor for Maya farmers.

The Productivity of the Cohune Ridge Terraced Soils
The majority of soils in the Cohune Ridge region and more or less the entire Caracol
region fall under the major classification of Rendolls. According to Wingard (Wingard
1992), ‘Rendolls are Mollisols of humid regions that were formed mainly under forests
from highly calcareaous parent materials such as limestone”. The Vaca Plateau consists
largely of limestone parent material (Lundell actually referred to the plateau as the
Limestone Plateau). The majority of the Vaca Plateau soils fall under the great groups
Lithic or Typic Haprendolls, i.e., they are freely drained soils and may have lithic contact
within 50 cm. While these soils appear deficient in many nutrients except calcium,
nutrient uptake is optimized due to their moderate pH level. According to Wingard
(1992), it is these soils that have some of the highest native fertility in the Copan Valley.
The same can be said for the Cohune Ridge soils. Due to formation processes or past
use, I expected to observe some variation in the basic chemistry of the Cohune Ridge
soil, perhaps based upon terraced context. But the results of the analyses I present below
clearly illustrate that there are no great differences among the various samples, even
between terraced and non-terraced soils. The raw soil data are reported in Appendix C,
and the data are summarized here in figures 5.16-5.19.
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Soil Nutrients and Productivity
The relationship between soil nutrients and plant productivity is extremely complex. A
number of factors, ranging from absolute levels of nutrients to relative levels of nutrients,
will affect the development of different plant species.

Most macronutrients, those

required in large amounts, have optimum absolute levels expressed in ppm (parts per
million), which are discussed for each macronutrient below. These data were reported by
the Agriculture Analytical Soils Laboratory at Penn State for each sample analyzedxx.
The relative nutrient levels are often just as important as the absolute levels (Wingard
1992).

Perhaps the most important factors with regard to soil productivity is the

availability and plant uptake of the nutrients.

A number of factors can affect the

availability of macronutrients, but one of the primary variables affecting proper uptake of
available nutrients is pH of the soil.

pH
Figure 5.16 illustrates the distribution of pH values for all of the soil samples tested,
according to context. A pH value between 7.0 and 8.0 is optimal for maize production
and over 90% of the soils tested fall in this range. Only fifteen of the samples tested
showed above or below optimum values, i.e. more than 8 and less than 7. From table 5.1
and the graph, it is clear that no statistically significant variation in pH was observed for
the soils. The non-terraced valley bottom soils show a trend towards lower pH values;
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however, the samples with low pH values were retrieved well below what would have
been the prehistoric growing surface, and should be considered control samples.

P (Available)
The results of available P tests are illustrated in figure 5.17. 95 % of the samples,
regardless of terrace context, exhibit available P levels between 0 – 10, well below
optimal levels (optimal is at least 50 ppm). All but one of the samples reported extremely
low available P levels. The lone sample, taken from an organic rich humus horizon from
a bajo, yielded an optimal or ideal value, i.e. greater than 50 ppm. But still, 99 % of the
soils had severely low levels, i.e., less than 10 ppm. There was, essentially, no real,
identifiable, difference among the sample contexts.
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K
Potassium levels for the Cohune Ridge soil samples are illustrated in figure 5.18. While
there appears to be greater variation in the quantitative results, the qualitative assessment
indicates that the majority of the samples had optimal or above optimal levels of
Potassium (~100 ppm). Roughly 20 % had levels below optimum, but they were not so
low as to affect crop development.

Ca
Perhaps the most consistently positive results were reported by the Ca tests, illustrated in
figure 5.19. All of the Cohune Ridge soils demonstrated optimum or high levels of
Calcium. These results are likely due to the limestone base underlying the Plateau.
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Figure 5.16. Dotplot of pH by soil sample context. NTVB=No Terrace Valley Bottom
Soil; NTSW=No Terrace Hill Swale; NTHT = No Terrace Hill Top; NTHS=No Terrace
Hill Slope; NS=Not Specified; CT=Contour Terrace; WT=Weir Terrace.
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Figure 5.17. Results of the available P plotted by soil sample context. NTVB=No
Terrace Valley Bottom Soil; NTSW=No Terrace Hill Swale; NTHT = No Terrace Hill
Top; NTHS=No Terrace Hill Slope; NS=Not Specified; CT=Contour Terrace; WT=Weir
Terrace.
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Soils Summary
In sum, the soils found in the Cohune Ridge region can be generally considered
productive soils. Despite extremely low phosphorous levels, the majority of soils have
adequate levels of other nutrients for predictable plant growth. Additionally, nearly 100
% of the soils had moderate pH levels, which would provide optimum conditions for
nutrient uptake and/or nutrient release. The soils at Caracol were a rich resource base for
agricultural production. Unfortunately, 90% of the soils were susceptible to erosion and
it seems that the terraces served to level the detrimental impacts of such erosion.

The residents of the Vaca Plateau had an extremely valuable soil base from which to
produce maize and other crops. Two primary obstacles remained, however, for the
producers: the effects of soil erosion, due to the steep terrain, deforestation and problems
associated with long term production, i.e., declining soil nutrients, and infestation of
weeds and pests. While terraces certainly addressed the primary problems associated
with soil erosion, it remains unclear just how problems associated with fertility were
circumvented. The following chapter addresses these questions, and also some basic
issues concerning archaeological interpretations of intensive agricultural features.
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Figure 5.18. Dot Plot of Potassium by soil sample context. NTVB=No Terrace Valley
Bottom Soil; NTSW=No Terrace Hill Swale; NTHT = No Terrace Hill Top; NTHS=No
Terrace Hill Slope; NS=Not Specified; CT=Contour Terrace; WT=Weir Terrace.
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Figure 5.19. Dot plot of Calcium, by soil sample context. NTVB=No Terrace Valley
Bottom Soil; NTSW=No Terrace Hill Swale; NTHT = No Terrace Hill Top; NTHS=No
Terrace Hill Slope; NS=Not Specified; CT=Contour Terrace; WT=Weir Terrace.

