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Terracing, Raised Fields, and Tree
Cropping in the Maya Lowlands:
A New Perspective on the Geography
of Power

The dissolution of the swidden thesis before a growing body of
evidence for alternative means of food production is opening up
entirely new perspectives on ancient Maya subsistence and many
other aspects of the culture as well. The implications of the old
model were enormous and deep-rooted, and it will undoubtedly be
years before an integrated new perspective is fully achieved.
Taking steps toward such an achievment, we can begin to examine
the data with an eye to new insights and even tests for the
explanatory potential of the new and still emerging model.
One of the most important ways in which the newly discovered
subsistence systems of the Maya differed from swidden agriculture
is that by all appearances they were production intensive; that is,
yields per unit area were considerably greater over a long period of
time. In this way at least three identified systems, characterized
respectively by (1) terraces, (2) raised fields, and (3) kitchen-garden
tree cropping, were similar to one another and differed from
swidden techniques. They differed from one another in important
ways, however. Most important for the present discussion, experimental studies in combination with ethnographic data show
that the energy required to produce a given amount of food in
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each system was different—in one case enormously different. I shall
suggest here that the geographic distribution of major dependence
on each of these three systems was only partially overlapping and
that the discontinuities can be directly linked to the differential
distribution of major ceremonial centers in the southern Maya
lowlands. Specificially, in northeast Peten, where kitchen-garden
arboriculture appears to have been favored, I would suggest that a
vast human-energy resource was a by-product of the comparatively
greater energetic efficiency of this system. I see this available labor
resource as instrumental in the rise and apparent predominance of
the Peten core, a view which can explain one of the most basic and
yet enigmatic observations about the overall distribution of
ancient Maya settlements.
CORE PREDOMINANCE

The predominance of the lowland core area during Classic times
is an important datum in this argument. Though generally
accepted, it is still difficult to demonstrate quantitatively. Considerations of architectural mass, overall site size, extent and
volume of long-distance trade, and iconographic and hieroglyphic
evidence for political hegemony and military superiority are all
potential sources of relevant insights. I wish only to acknowledge
the importance of this problem here, since proper treatment would
require lengthy discussion of poorly controlled data and complex
arguments. Summarizing briefly, however, I think the best arguments for the assumption of core predominance, centered at Tikal,
rest in (1) the overall density of sites in the core area (fig. 12.1), (2)
the density of sites with greater total architectural mass in the core
area, as determined by inspection of what are often incomplete site
maps, (3) the presence of great temples at core sites, among them
some of the tallest and most massive temple structures in the New
World, (4) overall site size (the Tikal earthworks enclose an area
of approximately 120 square kilometers), (5) the abundance of
obsidian in household middens at Tikal and possibly other core
sites, (6) the relative wealth and abundance of exotic materials in
elite burials, (7) the consistency of ritual behavior as reflected in
stelae and building caches, (8) the abundance of carved monuments with hieroglyphic texts, and (9) the dynastic importance of

Figure 12.1. Site distribution map of the southern Maya lowlands. A higher density of
major centers, as well as sites in general, seems to characterize the central southern
lowlands, where utilization of kitchen-garden tree cropping is thought to have predominated. The system for rank ordering of the sites is based on and used with the permission
of R. E. W. Adams as presented at a School of American Research Advanced Seminar on
Lowland Maya settlement patterns, Santa Fe, 1977.
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Tikal (Marcus 1973). This incomplete list serves only to point the
way to a more comprehensive discussion in the future, when core
predominance and relative grandeur can be demonstrated quantitatively.
From a historical standpoint it is important to note that the
intrinsic discontinuity of the distribution of major Classic Maya
centers has not gone unnoticed in the past. Rathje (1971)
commented on the overall pattern and contrived an elaborate
hypothesis using the seemingly paradoxical predominance of the
core area to explain the rise and fall of Classic civilization. Briefly,
he hypothesized that without any significant marketable natural
resource and with a swidden subsistence base, the Maya in this
focal core were forced to develop complex sociopolitical organization in order to obtain three trade commodities essential to the
economy of every household. These commodities were metates,
obsidian, and salt. Because suprahousehold organization was
necessary to produce and distribute these nonlocal goods in the
"resource redundant" lowlands, sociopolitical development occurred there before it did in surrounding "buffer" or highlands
areas where resources were near enough to permit all necessary
exchanges to take place at the household level (Rathje 1972:368).
From my standpoint there are at least three essential flaws in
Rathje's argument, namely (1) his acceptance of the traditional
view that Classic Maya subsistence economy was based on swidden
agriculture, (2) his argument for the ecological redundance of the
Maya lowlands, because they [core and buffer zones] "are part of
the same biome and therefore contain the same resources" (Rathje
1972:372), and (3) his case for the essential role of metates,
obsidian, and salt.
Since the arguments against the third point have already been
mentioned by Sanders (1973:354), I will not pursue them in detail.
Perhaps it will suffice to say that obsidian does not occur with any
abundance in household middens at more than a few sites in the
Maya lowlands, most notably Tikal. Elsewhere the Maya seem to
have gotten along well with flint. The occurrence and apparent use
of limestone metates all across the lowlands suggest that imported
igneous metates were more an affordable luxury than a necessity.
The same may be said for salt. When we were on survey around
Tikal, experienced old chicleros on our crew showed us how food
could be "salted" with ash of burned palm leaves. A small amount

Dennis E. Puleston

229

of ash included in the food can apparently meet the soluble salt
requirements of most diets. Salt, especially as it is used today, is
better considered a spice or condiment than a nutritional necessity.
Far more basic to Rathje's model are the first two flaws, and, as
in the case of the third flaw, his failure to assess them correctly has
a good deal to do with the traditional absence of and difficulties
involved in a systematic approach to investigations of both the
ecology and archaeology of the Maya lowlands. Archaeology in
this region, for obvious reasons, has always suffered from the
inordinately heavy bias toward "major ceremonial centers," their
tombs, monuments, and architecture. A balanced ecological
perspective has been similarly hamstrung by the unquestioning
acceptance of the primacy of the milpa in subsistence models. For
this reason, those ecological studies that have been carried out
have emphasized swidden agriculture. The basic assumption was
left unquestioned and unexamined.
Doubts regarding the assumption of the swidden maize cultivation model came initially from several angles. Bennet Bronson
dealt the first blow with his paper on root crops (1966), which,
though it did not question the primacy of the milpa as a
cultivation system, questioned the assumption that the uholy
trinity" of corn, beans, and squash were necessarily the caloric
heavyweights in that system. An argument from another angle,
resulting from the Tikal house-mound project, was proposed by
Haviland (1963:528), who recognized the inadequacy of space for
milpa cultivation around Tikal plazuela groups, and postulated the
existence of a "sustaining area" beyond the limits of the 16 square
kilometers of the site that had been mapped. The search for this
sustaining area began with my mapping of the 12-kilometer south
survey strip in 1965. This survey was followed by the mapping of
the east, west, and north strips in 1966, and stratified random
sampling of plazuela groups for ceramics on the north and southern
strips in 1967 (Fry 1969; Puleston 1973). Even before the ceramic
testing was begun, informal measures indicated that overall
density of Classic settlement was disturbingly in excess of expectations, even in the presumed sustaining area.
These survey results led us to begin casting about for possibly
unrecognized food supplements. As a beginning, in 1967, we
initiated a survey of ramon trees (D. E. Puleston and P. O.
Puleston in press), which yielded a startling correlation between
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the distribution of this species and prehistoric settlement. This
correlation, in combination with the productive potential, edibility, and high nutritional content of the fruit, led to the formulation of a hypothesis to the effect that ramon had served as a
primary staple (Puleston 1968a, 1968b). A third blow to the milpa
model came with the discovery in 1969 of floodplain raised-field
systems (Siemens and Puleston 1972) which further expanded the
breadth of rapidly accumulating alternatives to the traditional
model summarized by Wilken (1971). More recently, B. L. Turner
(1974a) has focused new attention on long-ignored terrace systems
represented by newly discovered examples in Campeche as well as
already reported ones in Belize. Before these advances, monolithic
adherence to the milpa model has begun to disintegrate. The
argument for economic and ecological redundancy is going with it.
NONMILPA SUBSISTENCE MODES

Three basic subsistence modes are emerging from these new
data, characterized respectively by terraces, raised fields, and tree
cropping. To understand their impact on ancient Maya cultural
development, it is necessary to discuss them as separate systems.
Terracing

Terraces, as mentioned above, seem to occur at various localities
in the Maya lowlands, notably in the Rio Bee region (Turner
1974a; P. Thomas 1974) and in western Belize (Joyce 1926; Joyce,
Clark, and Thompson 1927:315; J. E. S. Thompson 1931:228; H.
H. Bartlett 1936:14; Lundell 1940:9; Wright et al. 1959:111-13;
Saxe and Wright 1966). Turner (1974a) also has located a terraced
site beside the road east of Flores, but apart from this report
terraces seem comparatively elusive in central Peten. Negative
evidence, despite its limitations, suggests a discontinuous distribution for terracing. J. H. Kempton (quoted in Hester 1954:95) refers
specifically to the lack of evidence for terraces in northern
Yucatan. Farther south, in the Peten, the Ricketsons found no
evidence for them at Uaxactun (Ricketson and Ricketson 1937:12).
They were not found anywhere on the more than 25 square
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kilometers of closely mapped terrain around Tikal (Puleston
1973:209). They were not found around Seibal (Willey et al. 1975:
fig. 3) nor have they been reported elsewhere along the Usumacinta, in southern Peten, or in the Belize River Valley. Though a
number of linear ridges running perpendicular and at angles across
hillslopes were recorded in Rio Hondo Project surveys in northwest
Belize, there were no more than a few possible "terraces" in the
form of barely discernible horizontal lines of stones. Clearly even
these possibilities did not occur with anything like the predominance and frequency found at Becan and in the Maya Mountains of
western Belize. Given these suggestions for variability in the
distribution of terraces, we may turn to questions regarding their
function and origin.
In view of the paucity of controlled excavation, the dating of
terraces must be tentative. Arthur Saxe's (Saxe and Wright 1966)
excavation of a terrace at Cubetas Viejas produced possible
Preclassic Mars Orange ceramics, but for the most part ceramics
were undiagnostic. Similarly, B. L. Turner's excavations in the
vicinity of Becan have not resolved the problem. The excavation
of mounds attached to the terraces did produce datable ceramics,
but the exact nature of the temporal association between the
mounds and terrace walls is not precise enough to establish a firm
date for the terraces. Their dating must be tentative with little
more to go on than associated occupations that may considerably
precede terrace construction. On this basis, terraces in the Rio Bee
area are unlikely to have been constructed before the Late PreClassic period (Ball 1974:113). It is probably safe to guess that
utilization was principally during the Classic period and may or
may not have extended into Postclassic times.
Terraces in the Maya lowlands were almost certainly used in
some form of food production. The possibility that some of them
also served a residential function, however, as in the case of the
linear terraces that encircle Monte Alban, should be examined.
Assuming that terraces were for food production, it is unlikely that
they were utilized for tree cropping as opposed to some form of
open-field agriculture that would expose the soil to erosion. Wright
(Wright et al. 1959:112), who believes that they served for
permanent, intensive maize cultivation, outlines an evolutionary
scheme for their development. He begins with the milpa. As a step
toward intensification, he invokes the shifting of rocks during
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weeding to field edges for the creation of low, linear field walls.
Some of these inevitably ran parallel to hillslopes and soon
demonstrated on their own the principle of the silt trap. With
refinements in wall construction (fig. 12.2), the Maya were able to
make erosion an ally and at the same time utilize the greater
fertility of hill soils. Grass fallowing or perhaps even continuous
multi-cropping would have been possible, barring droughts, as
suggested by Wright et al. (1959:113) and Turner (1974a).
Pollen analysis probably offers the best opportunity for determining at least some of the crops that may have been involved. A
potentially informative attempt was made by Herbert Wright,
John Bradbury, and William Watts, who took a sediment core
from the Becan aguada, but fossil pollen were too degraded by the
occasional drying out of the sediments to be identifiable. Without
these data we are probably safe in assuming that maize was a
principal crop, but let us remember that this is an assumption.
Judging by the distribution of terraces and structures around
Becan, where some three square kilometers of land outside the site
have been mapped by Prentice Thomas (1974), an intensive infield
agriculture (Wolf 1966) may have been in operation.
In view of the greater investment of time and effort necessary for
the construction and maintenance of terraces (Wilken 1971:434) as
compared to milpa fields, we may suspect that yields per unit area
over a period of time were proportionately higher. Unfortunately
the experimental reconstruction, cultivation, and monitoring of
terraces, so strongly advocated by Wright et al. (1959:113), have
not yet been carried out, so any estimate of productivity of
agricultural systems must be based on ethnographic analogies.
Bronson has reviewed the productivity of agricultural labor
ranging from extensive root cropping in Africa to intensive
irrigation in Southeast Asia (1966: table 8.1). His data show that
semiintensive maize cultivation in Guatemala can achieve a
calculated productivity of 1.07 bushels per man-day. Productivity
increases proportionately with labor-time investment, so intensive
cultivation of terraces was probably more productive than modern
maize cultivation, although it is doubtful that it approached the
levels given for intensive rice irrigation. Clearly what we need are
some good experimental data. For the time being, I think it is safe
to assume that effective maintenance required a labor commitment substantially higher than that necessary for a milpa of

Figure 12.2. Cross section of excavated terrace at Cubetas Viejas, Belize. Prepared from
Saxe's (1966) figure by Eileen Flory.
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average productivity, with productivity falling somewhere in the
range of 1.00-1.20 using Bronson's formula.
Raised Fields

The distribution of raised fields is still uncertain, as will be
indicated below. Though these features have now been reported
and even hypothesized for many parts of the Maya lowlands,
actual excavations sufficient to confirm their identification as
human artifacts have been carried out at only two locations—across
the river from the settlement at El Tigre on the Candelaria River
(Siemens and Puleston 1972) and at San Antonio, on the Hondo
River in Belize. In all other areas where the fields have been reported, their identification is based on aerial inspection and aerial
photographs alone, including Harrison's (1975) identification of
nearly twenty-five hundred square kilometers of potential fields in
Quintana Roo as well as a suggestion for the presence of fields in
interior bqjos of northeast Peten. The latter has been followed up
with further aerial investigations carried out by Siemens and
Dahlin in March 1976 (Dahlin 1976b).
In my opinion, the case for the presence of raised fields in the
bajos of northeast Peten is extremely weak, and certainly even the
most prominent features in Quintana Roo are going to require
careful examination on the ground and excavation in order to
demonstrate conclusively their human origin. The call for caution
comes from the great similarity of raised fields to the natural
rectangular, circular, and linear features, first described for
Australia by J. A. Prescott (1931), called gilgai (fig. 12.3). These
features, extremely similar in appearance and origin to surface
patterns formed in cold climates by frost action (Washburn 1956),
have been described for warm climates and have a formidable
nomenclature (Hallsworth, Robertson, and Gibbons 1955). Out of
six main types—(1) normal or round gilgai, (2) lattice gilgai, (3)
wavy gilgai, (4) tank gilgai, (5) stony gilgai, and (6) melon-hole
gilgai— at least three (normal, lattice, and tank gilgai) appear to be
likely alternative identifications for features assumed to be raised
fields in northern Belize, Quintana Roo, and Peten. Typically
these features occur in montmorillonitic clays that can absorb a
great deal of water and swell from 15 to 60 percent when they are

Figure 12.3 The vegetation lines marking natural gilgai in this aerial photo are Tocated
in the Red River Valley of northwestern Minnesota. Formed on montmorillonitic clay
soils like those in Maya lowland bajos, they reveal the insufficiency of aerial reconnaissance
alone for the identification of artificial raised fields. (Source: U.S. Dept. of Agriculture
survey, 1948, BXW-1E-121)
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wet but contract to leave deep open cracks when they are dry.
Material washing or falling into the bottoms of these cracks
produces lateral and upward pressure when the clays reabsorb
water during the rainy season. This process ultimately results in
raised surfaces ("puffs") separated by lower areas ("shelves")
which, depending on local conditions, can manifest great variety
in overall configuration, shape, and size. Olson (1969:17, 40) noted
evidence of gilgai action in the escoba bajo along the south side of
the Tikal airstrip, as indicated by undulating topography and deep
vertical cracks filled with dark soil in the test-pit section. Having
reviewed this material, examined the Tikal gilgai, and looked for
raised fields in the Santa Fe bajo on the ground in October 1975, I
am now very reluctant to accept aerial photographs alone as
evidence for the presence of raised fields. Any case for raised fields
based on aerial photographs alone will be particularly weak when
the presumed fields occur on known montmorillonitic clays, where
the seasonal alteration between wetting and drying is extreme and
unrelieved by connections to more permanent water supplies. In
many cases surface inspection will be insufficient. I am sure that
certain features we have identified as raised fields in our 1973-74
surveys of northern Belize are indistinguishable, without excavation, from tank gilgai. The possibility that the bajos had much
more water in them during Classic times than they do today and
could provide permanent moisture seems very unlikely in light of
Cowgill and Hutchinson's detailed examination of Santa Fe bajo
sediments near Tikal. Without evidence of littoral deposits and the
occurrence of dead root casts throughout the five-meter section,
they were led to "conclude unequivocally that there had not been
open water in the Bajo de Santa Fe at the site of the'pit for the past
eleven and a half millennia" (Cowgill and Hutchinson 1963b:39).
Recently Dahlin (personal communication) has argued that since
CowgilPs pit was not located at the lowest point on the bajo floor
she may have missed evidence for a more limited body of water at
its center. Granting such a possibility for the sake of argument, the
overall flatness of the bajo and the consequent shallowness of the
water, in combination with evapotranspiration and variations in
rainfall, would seemingly make this limited body of water
extremely variable in size and permanence. The lack of permanent
water, of course, does not mean that swidden agriculture could not
have been carried out on natural gilgai, but clearly such a system
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would be very different from riverine canal—raised field systems
and would not have the same advantages.
We may now turn briefly to the question of the distribution of
raised field utilization in time. Radiocarbon dating of worked
timber found in canals on the Hondo River (Puleston 1977) may
take them back to at least 1110 ± 230 B.C. Pollen data indicate the
possibility of an even earlier date of 1800 B.C. (Bradbury and
Puleston 1974). Perhaps with considerable variation in their relative importance, the use of raised fields evidently continued right
through the Classic and Postclassic periods into the mid sixteenth
century in the lowlands.
The function of raised fields as planting surfaces for maize and
cotton is demonstrated by ethnohistoric accounts and by the
identification of the fossil pollen of these cultigens in canal
sediments (Puleston 1977). Excavation suggests that the fields were
initially built up out of floodplain sediments (fig. 12.4, stage 1) and
that at some later date they were converted to laboriously
constructed limestone marl platforms (fig. 12.4, stage 2). The
limestone was brought from still extant quarries on the uplands.
How widespread this earlier phase was, and when the transition to
marl platforms took place, are questions which require further
archaeological work.
Experimental reconstruction of a raised field on the Hondo
River has confirmed J. E. S. Thompson's (1974) case for the
potential of fish protein production in the canals. Cultivation
experiments show that squash, beans, tomatoes, and cotton grow
well in the fields. A maize crop has not yet been successfully
harvested because of difficulties with birds, flying insects, leafcutter ants, and coatimundis. All indications are, however, that,
given proper protection, the crop should do well. As in the case of
terracing, the rationale for the substantial labor input was the
increased productivity of a field on which permanent cultivation
could be carried out. Water, available through bucket irrigation
from the surrounding canals, eliminated the risk of drought,
always a threat to harvests on upland terraces. Perhaps the higher
and presumably better drained limestone marl platforms reduced
the opposite risk of too much water produced by excessive rain or
flooding.
The calculation of productivity is hampered by the preliminary
nature of the experiments carried out to date. In comparison to

Figure 12.4. Section of raised fields and canal at San Antonio on the Hondo River, Belize.
Stage 1 represents the earlier low field mode of raised fields characterized by well-preserved
resurfacing. The later Stage 2 is distinguished by massive platforms of limestone marl.
(Drawing prepared by Eileen Flory)
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terracing, however, it seems probable that the labor investment
required for initial construction was greater. The transport of
approximately eighty-six tons of limestone marl from a quarry to
the experimental field required 34.5 man-days of work and resulted
in a minimal 10—15 centimeter cap on an area of about 620 square
meters (Puleston 1974a). Topsoil built up from the excavation of
the canals required additional work. Once constructed, the experimental field has required maintenance by weeding with a
heavy digging stick; occasional dredging of the canals in combination with resurfacing the field; mulching; and repairs on the fence
built to keep out pigs from the nearby village. Even without the
supplementary fish protein from the canals, it seems probable that
reduced risk and the potential for continuous cultivation would
have given raised fields a higher productivity than terracing. The
apparent absence of significant terracing on hillslopes along the
rivers where raised fields occur suggests to me the possibility that
both terraces and raised fields were used for the cultivation of
maize, and that where raised fields were possible, the presumably
less productive terraces were not necessary. With maize production
shifted to the floodplain, the uplands may have been kept under
the cover of shady and comparatively permanent orchards and
kitchen gardens, which would have protected the soil from erosion.
Raised-field productivity probably fell in the range of 1.00-1.50
bushels/man-day, with the higher end of this range favored if the
production of fish protein were somehow included. (Bronson's
productivity table might be usefully supplemented with calculation of productivity in terms of protein production per man-day.)

Ramon-Tree Kitchen Gardening
The case for the importance of ramon-tree cropping has been
presented in my M.A. and Ph.D. theses (Puleston 1968a, 1973).
Rather than reargue it here, I shall refer to relevant points as they
arise. The distribution of chambered chultunes (fig. 12.5), apparently used for ramon-seed storage (Puleston 1971), seems to
offer the best spatial indicator for utilization of ramon trees in
Classic times. Subterranean chultunes are found over much of the
Maya lowlands. We found them associated with residential

Figure 12.5. Section and plan of Chultun 5C-1, Tikal. Though one of the smaller
chambered chultunes at Tikal, it is otherwise typical and displays all characteristics
adaptive for ramon seed storage.
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settlement along the Candelaria in Campeche, to the west, and
along the Hondo in Belize, to the east. They occur as far south as
Ixkun and Seibal in Peten and north up into the Chenes Zone,
with one example recorded for Mayapan. Despite this broad
distribution, however, chultunes are really abundant only in
northeast Peten. Prentice Thomas (1974:143) notes, for instance,
that "only five chultuns have been found in the environs of
Becan." On a total of almost 3.5 square kilometers of carefully
surveyed ground, this means an average of 1.4 chultunes per
square kilometer. At Tikal the four survey strips in combination
with the central 9 square kilometers have yielded approximately
480 chultunes on a total of 18 square kilometers for an average of
26.7 chultunes per square kilometer. Thus there are roughly 19
times more chultunes per unit area around Tikal than around
Becan.
Chultunes date back to the Late Preclassic and possibly the
Middle Preclassic. The construction and use of chambered chultunes for ramon-seed storage seems to have terminated with the
end of the Classic period. Despite this time depth, a disproportionately large number of chultunes seem to have been constructed
at the beginning of Late Classic times, when TikaPs overall
population reached its peak (Puleston 1973: table 22). The relative
abundance of chultunes even during Late Preclassic and Early
Classic times combines with the lack of evidence for terracing and
field demarcation to suggest that open-field agriculture was not a
predominant subsistence mode around Tikal even during earlier
times. Nor is there much evidence for a system in which infield
ramon-tree orchard gardens would be balanced by outfield maize
cultivation. The latter system is a possibility I have discussed
elsewhere (Puleston 1968a:114, 1973:160, 229, 1974b:209) on the
basis of the greater availability of cultivable land in intersite areas.
A comparison of the ratio of chultunes to structures close to Tikal
with that outside the earthworks system might be expected to show
a significant difference if an infield-outfield system had been
present, but it shows no decline in chultunes toward the periphery
of Tikal. Evidently ramon-tree cropping was just as important in
outlying areas as it was nearer the center—perhaps even more
important, as the proportion of "discovered" chultunes is probably
greater in the site area, where they are more likely to be found by
archaeologists and workmen.
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Assuming that the seed of the ramon was as important as maize
has been in modern times, let us turn to the question of
productivity. Typically a modern Maya family consumes
2,400-3,800 pounds of maize per year (Stadelman 1940:103;
Steggerda 1941:103; Hester 1954:106; Cowgill 1962:277; Reina
1967:106). Weighing of fresh ramon seed at Tikal in 1973 revealed
that a measured bushel held 48.2 pounds. If we round off the figure
for annual carbohydrate consumption to 3,000 pounds, an equivalent year's supply of ramon can be calculated to be 62.2 bushels.
The labor required to obtain one year's supply of food is
minimal. Obviously tree cropping requires no clearing, hoeing,
planting, weeding, or mulching. The seeds of the ramon ripen on
the tree and fall to the ground when they are ready to be eaten.
Since individual trees are quite variable in yield, a specific grove
has been used to calculate average annual production by collecting
fallen seed from a randomly selected series of squares on a grid.
Four years of data yield an average of 2,406.6 pounds per acre, or
2.7 metric tons per hectare.
In a separate experiment an estimate of productivity was
obtained in the following manner. On August 7, 1973, a Maya
woman, Marcela Quixchan de Contreras, and three of her
daughters, Aida Henerlita (aged 16), Sonia Esmeralda (13), and
Ali Amina (7), were engaged to collect ramon seed at Tikal.
Working for one and one-half hours, not including a break of an
hour and ten minutes for Marcela to breastfeed her baby, they
collected a total of 72 pounds, 11 ounces (33 kilograms). Counting
them as a unit of 3.5 people, a total of 5.25 "man"-hours was
required to collect this amount. At this rate of 13.9 pounds per
man-hour, 3,000 pounds of seed could be collected over a period
of weeks during the fruiting season with a total labor investment of
215.8 man-hours. This figure is rounded off to 225 hours to allow
for the additional time required to transport the harvest to a
family chultun. This works out to 22.5 man-days on the basis of a
10-hour workday. With Bronson's bushels/man-day formula, a
62.2-bushel harvest collected in this amount of time yields a
calculated productivity of 2.76. No agricultural system in the
world approaches even remotely this astounding figure.
The implications of the productive efficiency of ramon-tree
cropping for Maya history would appear to be significant. In
northeast Peten, where this form of subsistence apparently pre-

Dennis E. Puleston

243

dominated, a staggeringly large and otherwise uncommited allmale labor resource would have been in the hands of anyone who
could control it. We may now look more closely at the evidence for
an expected surplus of human energy in the Central Peten, where
chultunes are most abundant.
At Tikal the utilization of an abundance of human energy is
clearly implied by the Late Classic building craze of the megalomaniacal Ruler B. During his 34-year reign (A.D. 734-68), Temple
I was completed, a "twin-pyramid" group was built that has been
dated to 9.16.0.0.0 (A.D. 751), Temple IV was constructed and
dedicated, and work on Temple VI was initiated (Jones 1977).
The power and influence commanded by Ruler B and his
impressive predecessor and presumed sire, Ruler A, who reigned
from A.D. 631 to 733 (9.12.9.17.6-9.15.2.2.0+), is very possibly also
linked to a period of militarism. Clemency Coggins (1975:406)
finds that between 9.12.0.0.0 (A.D. 672) and 9.14.0.0.0. (A.D. 711)
the ceramics of Tikal changed completely in character "from
curving, rounded graceful forms . . . to an emphatic, virile and
simplified vocabulary of forms with a radically reduced iconography, executed in intense color. . . . the new order emphasized
weapons and death in its personal emblemata, and the new
ceramic aesthetic seeks clarity and simple visual solutions in
military fashion."
Apart from such leads provided by iconography, an increase in
the importance of warfare at this time is suggested by the presence
of Tikal's 40-50-kilometer defensive earthworks. A midden associated with a moat causeway excavated in 1966 (Puleston and
Callender 1967:43, 45) suggests use and possibly construction
during early Late Classic times, though an earlier construction
date cannot be ruled out. It is suggested here that the realization of
the labor commitment necessary to create such a barrier and the
maintenance of the human military support required to defend it
effectively were facilitated by the efficiency of the tree-cropping
subsistence mode.
Trade is one more aspect of ancient Maya culture that would
have placed heavy demands on the energetic potential of an
ancient Maya center. Without beasts of burden or wheeled land
vehicles, the size of the human labor resource available to serve as
porters would have been a critical variable in determining the
magnitude and effectiveness of trading operations. As the summa-
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ries of Rathje (1971), Tourtellot and Sabloff (1972), and many
others have suggested, trade was probably of considerable importance to the ancient Maya. Tourtellot and Sabloff have argued that
the bulk of this trade at regional and areal levels principally
involved nonutilitarian, ceremonial, and luxury goods without
significant movement of basic, particularly subsistence, resources.
As in Rathje's (1971) model, discussed above, the argument derives
a great deal of its strength from the assumption of resource
redundancy and the relatively low productivity of swidden agriculture. Clearly, arguments based on these assumptions deserve
reexamination. With a large available labor resource and what I
would argue was a low per-capita production of maize, northeast
Peten may well have imported substantial quantities of maize over
relatively long distances. While it is probable that only the elite
actually enjoyed any substantial proportion of maize in their diets,
it is possible that the general population had access to limited and
probably variable quantities of maize to mix with their ramon
seed, even as modern populations do (Puleston 1968a:71, 73). The
Rio Bee region and other terraced inland localities may have been
a source for this hypothetical trade maize, but, given the likelihood
that productivity was higher on raised fields, I suggest we look to
the riverine floodplains for evidence of major commitments to
interregional movements of both maize and cotton.
Preliminary assessments of the still scanty data available suggest
the existence of ties between Tikal and the east coast of Yucatan
during Preclassic times. Marine materials that appear in Preclassic
tombs were important early elements in Peten Maya symbolism
(Coggins 1975:56) and must have come from this region. Pendergast (1968) has described two vessels from San Antonio, on the
Hondo, that are almost identical to Cauac vessels found at Tikal.
Whatever ties existed during this time were apparently broken off
during the Protoclassic. Tikal seems to have entered a period of
relative isolation that was maintained until the Early Classic.
Under a strong new "Teotihuacan influence," Tikal renewed its
connections to the Yucatan coast (Coggins 1975:155), and I suspect
a flow of maize, cotton, and other subsistence resources from the
riverine floodplains was resumed. Assuming this model does not
violate the available evidence, we may shift to consideration of the
Late Classic, when major changes occur. Following the hiatus of
9.5.0.0.0-9.9.0.0.0 (A.D. 534-613), Tikal seems largely to have
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relinquished its relationships to the east in favor of ties to the west,
specifically to the major sites of the Usumacinta Drainage. There is
no evidence of extensive raised fields here (Siemens and Puleston
1972: fig. 1) apart from those of the Candelaria Basin to the north,
and it is possible that intersite movement of subsistence goods
declined. The increase in chultun construction in Tikal at the
beginning of the Late Classic may be evidence of such a decline; at
the very least, it seems to suggest a shift to greater utilization of the
ramon.
Greater reliance on the ramon would have reduced the energetic
commitment to the transport of maize. It may well have been
economies of this nature, engineered by the new order of Ruler A,
that fostered the Late Classic renaissance of Tikal.
With all this going on in the core area, what was happening in
the peripheries, where we find evidence of major commitments to
raised fields, canals, and terraces? By all appearances and despite
tentative evidence for an equivalence of local population densities
(Turner 1976b; Dahlin 1974), proportionately less effort was going
into the construction of major architectural monuments. In
northern Belize, where the maintenance of raised fields presumably consumed even more energy than open-field terracing, major
sites appear to be correspondingly less elaborate and less massive.
In conclusion, then, a direct relationship between the energetic
requirements of major intensive subsistence modes and the nonsubsistence achievements of distinct lowland Maya regions is
hypothesized. The explanatory potential of our new subsistence
data appears at first glance to be considerable, but at this point we
are still working with only the most rudimentary of concrete data.
If the vague patterns visible from the air in the vast Peten bajos
turn out to be Classic-period raised fields rather than gilgai, then
clearly a great deal of the model discussed above will have to be
rejected. If it is found that chultunes were not for ramon storage,
or that terraces were nonagricultural, it will similarly be subject to
major overhaul or complete rejection. Be that as it may, our new
perspective on the complexities of pre-Hispanic Maya subsistence
cannot fail to catalyze reassessment and new discoveries on a broad
front.

