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Abstract

In recent years, researchers in pre-Hispanic Central America have used new approaches that greatly amplify and enhance evidence of plants
and their uses. This paper presents a case study from Puerto Escondido, located in the lower Ulúa River valley of Caribbean coastal
Honduras. We demonstrate the effectiveness of using multiple methods in concert to interpret ethnobotanical practice in the past. By
examining chipped-stone tools, ceramics, sediments from artifact contexts, and macrobotanical remains, we advance complementary
inquiries. Here, we address botanical practices “in the home,” such as foodways, medicinal practices, fiber crafting, and ritual activities,
and those “close to home,” such as agricultural and horticultural practices, forest management, and other engagements with local and
distant ecologies. This presents an opportunity to begin to develop an understanding of ethnoecology at Puerto Escondido, here defined as
the dynamic relationship between affordances provided in a botanical landscape and the impacts of human activities on that botanical
landscape.

INTRODUCTION

The development of ethnobotanical studies in pre-Hispanic Central
America has been slower than other regions, despite important foun-
dational research completed at sites from southern Mexico through
Panama. Critical work has been accomplished on the origins and
spread of cultigens such as maize (Perry et al. 2007; Pickersgill
2007; Piperno 2009; Ranere et al. 2009), the relationship between
plants and artifact use (Lentz et al. 1996; Piperno and Holst
1998), the importance of root crops in ancient societies (Cagnato
and Ponce 2017; Piperno 2006; Piperno et al. 2000; Sheets et al.
2011; Simms et al. 2013), agricultural practices and landscape
(Baldi 2011; Dickau 2010; Lentz et al. 2015; Matthews 1984;
Piperno 2007; Rue 1987, 1989), and forest management and
ecology (Anchukaitis and Horn 2005; Dussol et al. 2017;
Goldstein and Hageman 2009; Lentz et al. 1997, 2015; McNeil
et al. 2010; McNeil 2012). In recent years, researchers have used
new approaches that greatly expand the potential for recovery of evi-
dence of plants and their uses (Anchukaitis and Horn 2005;
Hageman and Goldstein 2009; Kraft et al. 2014; Lentz et al.
2015; McClung de Tapia 1985; McNeil et al. 2010; Morehart
et al. 2005; Morell-Hart 2011; Morell-Hart et al. 2014; Pickersgill
2007; Piperno 2009; Piperno et al. 2000; Sheets et al. 2011,
2012; Whitney et al. 2012).

These advances bring us to a point where we can begin to under-
stand ethnoecology (Conklin 1954), defined here as the dynamic

relationship between affordances provided in a botanical landscape
and the impacts of human activities on that botanical landscape.
This paper uses the case study of Puerto Escondido, located in the
lower Ulúa River valley of Caribbean coastal Honduras, to demon-
strate how we can explore ethnoecology in Central America. It
builds on the effectiveness of using multiple methods in concert
to interpret ethnobotanical practice in the past (Morell-Hart 2011;
Morell-Hart et al. 2014). By examining chipped-stone tools, ceram-
ics, sediments from artifact contexts, and macrobotanical remains
recovered from Puerto Escondido (Henderson and Joyce 1998,
2004a, 2004b; Joyce and Henderson 2001, 2002, 2003, 2010,
2017), research on botanical practices “in the home,” such as food-
ways, medicinal practices, fiber crafting, and ritual activities, can be
complemented by studies of practices “close to home,” such as agri-
cultural and horticultural practices, forest management, and other
engagements with local and distant ecologies. Such complementary
studies grant us a broader sense of the ways that people negotiated
with the world of plants in which they were embedded.

Multiple recovery methods produced a large inventory of plants
from Puerto Escondido that no single method would have recovered,
as several key plants are identifiable through only one of the avail-
able methods. A wide set of ethnobotanical practices is represented
by the recovered residues, including food preparation and consump-
tion, fiber and thatch processing, medicinal activities, and ritualized
practice. This broad range of ethnobotanical activities indicates a
rich knowledge of the surrounding landscape, and possession of
skills associated with the collection, management, and cultivation
of diverse plant species. Furthermore, such activities would have
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directed the ways that residents of Puerto Escondido molded the
landscape around them to provide these resources, including water
management, replanting select species in homegardens, and soil fer-
tilization and fallowing.

Previous research at Puerto Escondido has already demonstrated
the use of early pottery bottles and bowls to contain cacao-based
foods (Henderson and Joyce 2006; Henderson et al. 2007; Joyce
and Henderson 2009). The current study shows that such early
bowls contained an even wider range of foods, including maize
and squash. Obsidian blades provide more evidence of use in pro-
cessing fibers and wood, and relatively less use in food plant pro-
cessing. Nonetheless, our analysis of obsidian blades shows the
use of arrowroot, manioc, maize, and chile peppers at an early
period. Such plants are virtually unrecoverable or frequently uniden-
tifiable in macrobotanical residues recovered through flotation in
this region.

Obsidian blades and flakes from later periods (after a.d. 200)
also show more evidence of use in fiber and wood processing
than in food plant processing. Microbotanical remains in the sur-
rounding sediments from which these objects were recovered
reveal a much wider range of food plants, including arrowroot,
hackberry, bean, and maize, suggesting that the obsidian tools
were being used primarily in non-culinary processing but discarded
in locations where other plants, including food scraps, were depos-
ited. Macrobotanical remains of plants recovered from trash-filled
pits dating to this later period attest to the prevalence of maize
and beans, as well as the presence of several other food taxa.
Considering the botanical assemblage present at the site as a
whole, what is most striking is the many different plants that are
evident, representing uses beyond culinary consumption.

Without recovering residues from ceramics, obsidian tools, and
adhering sediments, the true breadth of plant use at Puerto
Escondido would not have been evident from the macrobotanical
remains alone. No single method employed would have detected
all the plants identified using the suite of methods used in this
study. Moreover, plants that participated in multiple kinds of prac-
tices would not have been visible across artifacts and contexts.
The evidence obtained from the direct examination of artifacts
and their adhering sediments provides a basis for understanding
not just which plants were present, but how assemblages of tools
were used to process different plants and how different plants
were processed using a variety of tools. Researchers working in
areas where plant remains are detected using only one method
may want to broaden the gamut of methods employed—even if
some additional methods can only be applied to samples of
limited size—in order to arrive at richer plant inventories.
Sampling residues from artifacts is critical, as even the most
widely accepted expectations about tool use may be based on ethno-
graphic analogues. These analogues best represent recent plant prac-
tices which may be different from earlier practices that have
dramatically narrowed or radically shifted over time (Perry 2005).

Based on this case study, we advocate a move toward socially
foregrounded and broad-based ethnobotanical approaches, where
research is framed from the beginning in terms of a wide scope of
plant uses and explicit definition of the kinds of practices that
would have engaged humans and plants in complicated relation-
ships. We necessarily draw on ethnographic and ethnohistoric ana-
logues to consider likely plant practices at this ancient community,
and infer impacts of these practices on the landscape based on the
preferred growing conditions of various plants. By contributing to
a broader understanding of foodways, medical practice, construction

of homes, and ethnoecology, analysis of ancient plant remains can
become an even more important contribution to understanding
human communities in the past, as well as their impacts on sur-
rounding botanical communities.

PUERTO ESCONDIDO: ARCHAEOLOGICAL
RESEARCH, SAMPLE CONTEXTS, AND LOCAL
ECOLOGY

Archaeological research at Puerto Escondido began in 1993, when
employees of the Honduran Institute of Anthropology and History
(Instituto Hondureño de Antropología e Historia, or IHAH) received
reports that bulldozing for a new housing development had dis-
turbed a human burial containing ceramic vessels and a group of
obsidian nodules. Preliminary recording of bulldozer-cut road
faces by IHAH employees led the IHAH to ask Henderson and
Joyce to focus research in 1994 on this site, as mitigation before
construction continued. Fieldwork carried out during six- to eight-
week seasons from 1994 to 1997 demonstrated that what was ini-
tially reported as a Late Classic (a.d. 500–1000) settlement actually
was a multi-component site with occupation beginning in the Early
Formative period (Henderson and Joyce 1998). A continuous
sequence of occupation from before 1600 b.c. through to a.d. 650
to 750 was defined based on analysis of 42 calibrated radiocarbon
dates reported in previous publications (Joyce and Henderson
2001, 2007, 2010, 2017). Ceramics collected from surface deposits
indicate that occupation actually continued later, to ca. a.d. 1000, in
contexts destroyed by bulldozing.

Following a break in fieldwork caused by Hurricane Mitch,
which flooded the IHAH repository where collections were
stored, a final season of excavation at the site in 2001 aimed to
investigate the extent of early village occupation through test exca-
vations of a stratified random sample of zones of the bulldozed site
(Early and Middle Formative periods, through 400 b.c.). Analyses
of the stratigraphic sequence of architecture from this early period
(Joyce 2007), burials (Joyce 2011), and the execution of symbolic
designs in ceramics and stone sculpture (Joyce and Henderson
2002, 2003, 2017) demonstrated that Puerto Escondido was a
village that participated in the use of Olmec-related symbolism
and practices (Joyce and Henderson 2010), with differentiation
among residents in different sectors of the village. This included
differences in the use of imported raw materials such as jade and
obsidian (Joyce et al. 2004) and luxury items made from locally
available marble (Luke et al. 2003).

The study of plant remains was part of the project from its begin-
ning. In 1994, when the deposits investigated dated to the late
Middle Formative through Classic periods (400 b.c.–a.d. 800),
Margie van de Guchte undertook flotation of samples and estab-
lished protocols which continued to be used through 1997, calling
for collection of 2-L sediment samples. During the 2000 field
season, Natasha Lyons reviewed field procedures for collection
and processing of sediment samples for flotation. Over these multi-
ple seasons, the volume of sediment processed for individual
samples ranged from 2 to 10 L. Many features were of small
overall volume and thus yielded smaller volumes of sediment for
flotation.

Lab processing of samples and identification of plants began in
2000, when Cane (2001) analyzed flotation samples from 32 exca-
vation units processed in 1995. As part of her doctoral dissertation
research, Morell-Hart (2011) included data from these 32 flotation
samples, and also conducted research to recover phytoliths and
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starches from six pieces of worked obsidian. In postdoctoral
research, Morell-Hart undertook analysis of an additional group of
artifacts, including five additional chipped obsidian objects (for a
total of 11 obsidian artifacts analyzed) and four ceramic sherds. In
addition to these macrobotanical and microbotanical analyses, a
sample of ceramic sherds was tested for the presence of chemical
residues potentially indicative of the presence of cacao-based
foods (Henderson and Joyce 2006; Henderson et al. 2007; Joyce
and Henderson 2007, 2009). These analyses led to the proposal
that early use of cacao fruit involved the production of fermented
drinks.

The archaeological contexts for recovered plant remains at
Puerto Escondido date as early as the Ocotillo phase (1400–1100
b.c.) based on 16 radiocarbon determinations (Joyce and
Henderson 2007:Table 1) through the early Ulúa phase (a.d.
450–650) based on five radiocarbon determinations (Joyce and
Henderson 2007:Table 1). Samples come from four out of five
sectors in the site that were extensively excavated (Operations 2/8,
4 North, 4 South, and 6; Table 1). Three of these sectors
(Operations 4 North, 4 South, and 6) can be correlated with one
of the two large earthen mounds truncated by bulldozing in 1993,
and the fourth sector (Operation 2/8) is located where the second,
somewhat smaller, mound once stood. In each excavation area,
the bulldozer-cut surface left parts of features visible below a thin
layer of redistributed sediments. The features the bulldozer truncated
included thick clay walls of rectangular structures (in Operation 2/8,
often with stone features), postholes, hearths, subsurface
bell-shaped pits, and human burials (in Operation 2/8, two stone
cist graves), indicating that the tested areas were used for dwelling
during their most recent preserved periods of occupation. The
sequences of features of this latest occupation level from which
plant remains were sampled dated to between a.d. 200 and 650.

Preceding this sequence of residential remains in all excavated
areas were sequences of buried ancient surfaces which yielded
plant remains. Blocks were excavated to depths of as much as
3.5 m, in one location in Operation 4 North, until there were no
new traces of cultural materials or constructions. In this area,
buried surfaces starting at depths of 2.2 m revealed a sequence of
wattle-and-daub building construction and remodeling (Joyce
2007). Early wattle-and-daub buildings were replaced by more sub-
stantial, more permanent buildings, with thick clay wall foundations
supporting wattle-and-daub superstructures, with the use of stone
for platforms in one area, and plaster floors in another. In two of
the sectors providing samples discussed in this paper (Operations
2/8 and 4 North), such residential buildings were replaced after
about 900 b.c. by wide earthen platforms with a stepped profile
or stairway with stone facing (Operation 2/8) or with traces of
plaster surfacing (Operation 4 North). Excavations within the
latter construction identified multiple buried vessels, one containing
jade ornaments, and remains of at least two human burials.

The excavated areas of the site did not produce identifiable fea-
tures dating to the period between 200 b.c. and a.d. 200, although
pottery recovered in mixed fills can be identified as pertaining to
types made during those centuries. Instead, there is an apparent dis-
continuity in use of space with the building of new groups of resi-
dential structures that were truncated by bulldozing. In Operation
2/8, a larger building with a built-in bench dating to the period
after a.d. 200 may be a new kind of public structure. Buildings in
all areas occupied after a.d. 200 (Operations 2/8, 4 North, and 4
South) are oriented at right angles to each other, framing open
patios or yards. Hearths and subterranean storage pits are located

in the spaces surrounding the houses. Burials were located along
the walls of the houses and occasionally in reused storage pits in
the yards around houses. One burial in Operation 4 North contained
a very elaborate assemblage (Joyce 2011).

This pattern of deep stratigraphy, with multiple remodeling
events creating episodic depositional histories for mainly residential
structures, provides a very productive setting for the exploration of
plant use. Samples explored in this study came from a number of
well-defined depositional contexts and features (Table 1). The ear-
liest samples (dating 1400–1100 b.c.) include obsidian chipped-
stone artifacts examined for starch and phytoliths and sherds
tested for the presence of theobromine. These come from two
areas (Operations 4 South and 6), both with well-preserved
remains of thick clay building walls forming rectangular rooms pre-
sumed to be residential construction. Samples of ceramics tested for
theobromine come from one of these areas (Operation 4 South) in
sequences of remodeling that six radiocarbon dates suggest took
place between 1150 and 900 b.c. (Joyce and Henderson 2007:
Table 1).

Samples of ceramics assigned to the period from 900–700 b.c.

were tested for phytoliths and starches. These samples all come
from Operation 4 North, where a house with thick clay wall bases
supporting wattle-and-daub upper walls was burned, apparently
deliberately, and filled in as part of the building of a large platform
used for human burials and burial of cached pots. Before the burned
walls of the house collapsed inward, a group of bowls and bottles
were broken and their sherds deposited on the interior floor. Six
radiocarbon dates suggest this event took place around 900 b.c.

(Joyce and Henderson 2007:Table 1). The sherds sampled are
typical of vessels produced beginning around 1100 b.c. The botan-
ical remains recovered from these sherds should be differentiated
from other samples, an obsidian flake and flotation samples, recov-
ered from contexts that post-date these events. One flotation sample
(4AW-12) represents the contents of one of the pots placed in the
newly constructed platform (ca. 900–700 b.c.). Another flotation
sample (4AM-13) came from the sediments around clay hearths
postdating the platform. The third sample, an obsidian flake
(4AW-19/20), came from the matrix between the platform and the
level associated with the hearth. Both can be assigned to the
period from 700 to 400 b.c. A final early botanical sample is repre-
sented by another sherd tested for theobromine, deposited in an area
dated to 400–200 b.c. in the Operation 2/8 area (based on three
radiocarbon dates; Joyce and Henderson 2007:Table 1).

The remaining 36 samples, light fractions from flotation or res-
idues from obsidian flakes and blades, come from the Operation 4
North area on the larger mound, in houses built much later over
the platform, which dates to 900 b.c. These samples are derived
from features associated with residential compounds with buildings
laid out at right angles to each other around open spaces with hearth
features, and large subterranean pits on other sides. The samples
(Table 1) can be divided into two groups: one dating from the late
Chamelecon phase (a.d. 200–450; 22 samples) the other from the
early Ulúa phase (a.d. 450–650; 14 samples), with dates based on
eight radiocarbon samples (Joyce and Henderson 2007:Table 1).
These samples represent two intervals in the continuing history of
residential occupation of one area of the village of Puerto
Escondido.

In terms of affordances offered by the local ecology of Puerto
Escondido, there would have been a fairly wide range of plants to
collect, manage, and cultivate. Henderson and Joyce (2004a:3)
have even hypothesized that “high soil fertility and habitat
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diversity…were among the factors that allowed a large agricultural
population to live in rural farming settlements in situations of
relative affluence.” The primarily riverine ecology of this ancient

community was marked by some vertical differences in microenvi-
ronments, as well as seasonal variations in hydrology. Broadly, the
vegetation in the immediate region is marked by tropical rainforest

Table 1. All samples (all types), ordered by area of site and time period.

Area of Site (Operation) Operation-Suboperation-Locus Sequence Time Period Sample Type

4 North 04AC-04 1 a.d. 450–650 Light fraction
4 North 04AH-02 1 a.d. 450–650 Light fraction
4 North 04AH-05 1 a.d. 450–650 Light fraction
4 North 04AH-16 1 a.d. 450–650 Light fraction
4 North 04AH-17 1 a.d. 450–650 Light fraction
4 North 04AH-17-A 1 a.d. 450–650 Obsidian blade
4 North 04AH-18 1 a.d. 450–650 Light fraction
4 North 04AH-21 1 a.d. 450–650 Light fraction
4 South 04CU-06 1 a.d. 450–650 Light fraction
4 North 04D-15 1 a.d. 450–650 Light fraction
4 South 04DP-25 1 a.d. 450–650 Light fraction
4 South 04DP-25-A 1 a.d. 450–650 Obsidian blade
4 South 04DZ-02 1 a.d. 450–650 Light fraction
4 South 04DZ-02-A 1 a.d. 450–650 Obsidian blade
4 North 04I-14 1 a.d. 450–650 Light fraction
4 North 04R-07 1 a.d. 450–650 Light fraction
4 North 04R-13 1 a.d. 450–650 Light fraction
4 North 04R-15 1 a.d. 450–650 Light fraction
4 North 04T-07 1 a.d. 450–650 Light fraction
4 North 04T-08 1 a.d. 450–650 Light fraction
4 North 04Y-07 1 a.d. 450–650 Light fraction
4 North 04Y-09 1 a.d. 450–650 Light fraction
4 North 04AL-03 2 a.d. 200–450 Light fraction
4 North 04AL-07 2 a.d. 200–450 Light fraction
4 North 04AL-07-A 2 a.d. 200–450 Obsidian flake
4 North 04AS-09 2 a.d. 200–450 Light fraction
4 North 04AU-08 2 a.d. 200–450 Light fraction
4 North 04AV-03 2 a.d. 200–450 Light fraction
4 North 04F-06 2 a.d. 200–450 Light fraction
4 North 04F-06-A 2 a.d. 200–450 Obsidian blade
4 North 04G-04 2 a.d. 200–450 Light fraction
4 North 04G-04-A 2 a.d. 200–450 Obsidian blade
4 North 04G-06 2 a.d. 200–450 Light fraction
4 North 04G-21 2 a.d. 200–450 Light fraction
4 North 04P-09 2 a.d. 200–450 Light fraction
2/8 8K-31-J 3 400–200 b.c. Theobromine
4 North 04AM-13 4 700–400 b.c. Light fraction
4 North 04AW-12 4.5 900–700 b.c. Light fraction
4 North 4AW-19&20 4 700–400 b.c. Obsidian flake
4 North 4BQ-6 5 900–700 b.c. Ceramic sherd
4 North 4BQ-6 5 900–700 b.c. Ceramic sherd
4 North 4BQ-6 5 900–700 b.c. Ceramic sherd
4 North 4BQ-6 5 900–700 b.c. Ceramic sherd
4 South 4DC-104-B 6 1000–900 b.c. Theobromine*
4 South 4DC-116-B 6 1000–900 b.c. Theobromine
4 South 4DC-118-B 6 1000–900 b.c. Theobromine
4 South 4DC-118-J 6 1000–900 b.c. Theobromine
4 South 4DL-107-B 6 1000–900 b.c. Theobromine
4 South 4DC-130-B 6 1050–1000 b.c. Theobromine
4 South 4DC-130-B 6 1050–1000 b.c. Theobromine
4 South 4DC-23-B 6 1050–1000 b.c. Theobromine*
4 South 4DM-17-B 6 1050–1000 b.c. Theobromine*
4 South 4DK-136-J 7 1150–1100 b.c. Theobromine
4 South 4DC-130 7 1400–1100 b.c. Obsidian flake
4 South 4DK-136 7 1400–1100 b.c. Obsidian flake
6 6C-67 7 1400–1100 b.c. Utilized obsidian flake

Morell-Hart, Joyce, Henderson, and Cane538

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014


and wet tropical highlands (Marshall 2007). The riverine zone is
characterized by highly agriculturally productive soils, similar to
those of the lower Usumacinta in Guatemala, and the area encom-
passes fairly broad range of habitats (Pope 1987). Pope (1987:
115) identified the intensive use of alluvial and colluvial fan and
upland soils in the Classic period, but noted less intensive use of
the northern gallery forest and tributary plain soils. He suggested
that the best soils may have been reserved for commercial use, or
potentially avoided due to their propensity for flooding.
Contemporary agricultural uses of land in this region have
reduced overall taxa richness, but there is still a high number of
plant species that continue to thrive in the region.

PLANT USE AT PUERTO ESCONDIDO: RESEARCH
METHODS

The paleoethnobotanical data from Puerto Escondido encompass
nine kinds of contexts and five kinds of spaces, consisting of both
light fraction macrobotanical samples analyzed by Cane (2001),
and microbotanical extractions from obsidian artifacts and ceramic
sherds analyzed by Morell-Hart (2011). The methods and reasoning
for laboratory subsampling are outlined below.

Lithic Subsampling Strategy

During excavation, every piece of obsidian was collected individu-
ally, bagged separately, and left unwashed unless selected for com-
positional or other analysis. The objective of subsampling lithic
artifacts was to obtain plant residues related to tool use, provide
complementary lines of evidence for contexts where cacao residues
had been recovered, and maximize the overall quantity of recover-
able plant material. After first selecting for particular contexts
(e.g., time period orassociation with cacao residue vessels), the
selection criteria were as follows, in order of highest preference
first: (1) formal tool or fragment; (2) retouching evident; (3)
obvious usewear; (4) large size; and (5) visibly dirty, with adhering
sediment.

Where a preferred attribute was not available for a particular
context, we skipped this attribute and went on to the next criterion.
Criteria 1–3 were directed toward obtaining plant residues related to
tool use, while criteria 4–5 were directed toward maximizing the
amount of adhering sediment. We targeted plant use and
human-environmental interactions through analysis of the residues
from adhering sediments, and targeted specific tool uses through
sonicated residues. A total of 10 obsidian artifacts were included
in this analysis. Six obsidian artifacts were analyzed in the first
set (first described in Morell-Hart 2011), and four additional obsid-
ian artifacts were selected for the second set, described for the first
time here (Figure 1).

Blade fragments analyzed came from lined-pit fills (04AH-17
and 04DZ-02) and high-density midden material (04DP-25)
dating between a.d. 200 and 650, as well as from matrices
between defined occupational surfaces (04F-06 and 04G-04). Two
obsidian retouched flakes from a similarly dated deposit associated
with a hearth (04AL-07) were also studied.

Early obsidian flake fragments studied come from two contexts
(04DC-130 and 04DK-136) where cacao residues were chemically
recovered from ceramics dating to between 1100 and 1000 b.c. A
third flake fragment from a structure in a separate excavation area
(06C-67) dates to the same period. These three flakes represent
rapidly produced expedient tools, with no evidence of retouching.

More effort appears to have been expended on a fourth retouched
flake recovered from a deposit (04AW-19&20) dating between
700 and 400 b.c.

All of the lithic artifacts from which microbotanical residues
were obtained are made from obsidian. Analysis of the techniques
of manufacture, as part of a study of chemical composition of obsid-
ian at the site over time (Joyce et al. 2004), showed that before 1100
b.c. obsidian was worked using bipolar reduction, producing flakes
and distinctive cores from material mostly obtained within 100 km
of the site. Some of the flakes were worked into blade-like forms.
After 1100 b.c., prismatic blade production is represented, primarily
in obsidian from the newly used Ixtepeque source. Over time,
Ixtepeque obsidian and the prismatic blade industry increased to
the majority of obsidian tools used at the site, but bipolar reduction
of more local material never disappeared. All of the obsidian arti-
facts selected for analysis have evidence of being utilized, though
some in a more specialized way and others in a more expedient
way. As the results indicate, while differences in formality of tool
production may be culturally significant in other ways, they do
not provide a good basis from which to extrapolate assumptions
about tool use in plant processing.

The laboratory extractions of residues from lithic tools involved
standard protocols (as detailed in Morell-Hart 2011; Morell-Hart
et al. 2014). Stone artifacts were first dry brushed, if sediments
still visibly adhered. All artifacts underwent a wet wash to remove
additional adhering residues, then a sonicating wash to remove
embedded materials in the fissures and pores of the artifact. The
dry wash and first wet wash were carried out using sterile non-
powdered gloves (two unique sets per artifact; one unique set per
sample). Both wet washes were carried out in a distilled water
medium. The sonicating wash was carried out using a Baxter
large capacity ultrasonic cleaner. In this process, artifacts were son-
icated for 5 minutes, and only partially immersed in water to isolate
the usewear portion of the artifact.

The effluvium from each of the 2–3 washes per artifact was con-
centrated using centrifugation, at 3,000 rpm for 5 minutes. The con-
centrated residues were mounted on slides and viewed under a
polarizing 100–1000× Nikon microscope.

Ceramic Subsampling Strategy

All of the ceramics from which microbotanical residues were
obtained were recovered from a single deposit extending at least
6 × 4 m on the floor of a demolished house. Reconstructable
vessels were recovered from this very large deposit, indicating delib-
erate in situ smashing of whole vessels, likely the remains of a feast-
ing event. Ceramics in the sealed ceramic deposit had a higher
frequency of carved/incised iconography than contemporary
ceramics elsewhere at the site. Rubble from the collapse of
burned daub walls effectively sealed the context of the floor
deposit. The vessels in the sealed deposit were primarily bowls,
with some small bottles, and there were no traces of cooking or
storage vessels.

The objective of subsampling ceramic artifacts was to identify
potential use differences associated with ceramic types, identify
plant use associated with feasting events, and maximize the quantity
of residues recovered. As with the lithic artifacts, we targeted evi-
dence of human-environmental interactions generally. We also
sought to identify potential associations between plants and partic-
ular ceramic types. We first selected from one context associated
with a feasting event, drawing all the sherds from this same locus.
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We also selected for the same vessel form, in this case flaring-wall
bowls. Through this sampling strategy we hoped to identify the dif-
ferent and similar uses of a particular form of ceramic across
ceramic types at a single feasting event. After selecting for these
attributes, the criteria were as follows, in order of highest preference
first: (1) type (not duplicated with others); (2) basal sherd where
available, body/rim sherd where basal sherd unavailable; (3) large
size; (4) interior surface intact; and (5) visible interior residues.

As with the lithic artifacts, where a preferred attribute was not
available for a particular context, we skipped this attribute and
went on to the next criterion. Criterion 1 targeted differences asso-
ciated with type, while criteria 2, 3, and 5 maximized the potential
for adhering residues, and criterion 4 reduced the possibility for
paste/temper contamination during the extraction process.
Ultimately, of the available collection, only four sherds proved suit-
able for analysis (Figure 2).

Laboratory extractions of residues from the ceramic samples
were both complicated and simplified by the fact that all of the
ceramics had previously been washed. For this reason, the ceramics
were first wet-washed again to remove potential contamination,
using a distilled water medium and independent sets of sterile
powder-free gloves. The second wet wash, as with the lithic tools,
involved sonication. In this case, however, a hand-held sonicating
device was used, in place of a water bath sonicator. The sherds
were positioned to maximize interior holding volume, filled with
distilled water, then sonicated using a Junghoon Corp La Belle
Ultrasonic cleaner (30–40 kHz; Figure 3). As with the lithic arti-
facts, the effluvium from each of the wet washes was concentrated
using centrifugation at 3,000 rpm for 5 minutes. The concentrated
residues were mounted on slides and viewed under a polarizing
100–1000× Nikon microscope.

Macrobotanical Subsampling Strategy

The macrobotanical samples analyzed are light fractions from sedi-
ment flotations of 32 excavated loci (Table 1) collected during the
1995 field season, represent a total volume of approximately

64 L, and present a diverse selection of taxa (Table 2; Cane 2001;
Morell-Hart 2011). Few taxa present could be identified due to
poor preservation conditions, but botanical remains were classified
as wood, parenchymous tissue, cupules from Zea mays, seeds, and
other unidentifiable tissues. Samples were taken from selected loci
based on the visible concentration of organic matter or association
with particular features, such as burials and possible hearths.
Sediment samples of 2 L were taken from most loci. Some
samples consisted of the entire contents of a locus, whether it was
greater or less than 2 L.

The sediment samples were processed in the field using a simple
hand-held flotation system. The light fraction was skimmed off the
top of thewater in the bucketwith a sieve. Both the light and heavy frac-
tions were dried on cloth squares. The corners of the cloth squares were
tied tomake small bags to store the contents of the light and heavy frac-
tions. These light fractions are the focus of our analysis.

In the laboratory, samples were selected by Cane and Joyce for
greater recovery of charred plant remains as well as to explore spe-
cific contexts. During sorting and identification, Cane divided the
light fractions of the floated sediment samples according to particle
size using geological sieves. Charred materials, and other materials
such as bone or snails, were removed from the sample once identi-
fied under the microscope. Basic initial identifications designated
wood, parenchymous tissue, seeds, and other materials.
Subsequent identifications classified specimens according to more
specific morphological attributes, generally including size, the
shape of the macrobotanical specimen’s “footprint,” surface pattern-
ing, and other related morphological characteristics such as presence
or absence of testa. As is common with archaeobotanical specimens,
morphologies were often drastically altered through taphonomic
processes, complicating identification (Boardman and Jones 1990;
Hubbard and al Azm 1990; Smith and Jones 1990; Stewart and
Robertson 1971). For this reason, many remains were left unidenti-
fied. Other unknown or unrecognized yet potentially diagnostic
specimens were drawn and photographed by Cane, Morell-Hart,
and several undergraduate student assistants, with the expectation
that they may eventually be identified.

Figure 1. Obsidian artifacts selected for 2013–2014 analysis: (a) 4DC-130 flake fragment, (b) 4DK-136 flake fragment, (c) 6C-67 flake
fragment, and (d) 4AW-19&20 retouched flake. Photographs by Morell-Hart.
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Specimens were compared with materials in the modern refer-
ence collections housed in the U.C. Berkeley Paleoethnobotany
Laboratory, and with images in books (e.g., Lentz and Dickau
2005; Martin and Barkley 1973) and online in various databases
(e.g., Kew Royal Botanic Gardens 2011; United States
Department of Agriculture 2011). Once identification was com-
plete, surviving portions of the macrobotanical specimen and taph-
onomic transformations were noted, for additional clues as to
potential processing regimens (Fosberg 1960; Pearsall 2008).
After cataloging the macrobotanical specimens, Cane curated all
removed materials in gelatin capsules and boxes, labeled with
accompanying site and contextual information.

The greatest number and greatest diversity of organic remains
came from locus 04DP-25, a deep pit filled with trash dating to
a.d. 200–450, located beneath a later adult burial in the Operation
4 South area. A total of 334 parenchymous tissue fragments and
276 cupules were recovered from this locus. Unfortunately, the con-
dition of materials in 04DP-25 prohibited identification of many of
the materials. The materials in 04DP-25, especially compressed
maize cupules, showed evidence of heat-related and mechanical
deformation. Locus 04AH-21 represented the next highest number
of organic remains. This locus is the most deeply buried level
sampled of mottled and lensed contents of a bell-shaped pit
(locus 04AH-11), possibly used originally for subterranean

Figure 2. Ceramic sherds selected for analysis from context 4BQ-6 (1100–900 B.C.). From top to bottom: Fia Metallic Grey, Boliche
Black, Bonilla Yellow-Brown, and Sukah Differentially Fired. Exterior (left) and interior (right). Photographs by Morell-Hart.
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storage, located in the Operation 4 North area. The pit was filled
with trash in primary deposition, including elaborately decorated
ceramics interpreted as brewing and drinking cups dating to a.d.

450–650. Several other loci processed come from levels of the con-
tents of this pit deposited above this locus. They also contain a sig-
nificantly high number of botanical remains.

RESULTS

In total, a minimum of 23 and a maximum of 60 distinct taxa were
recovered from 36 excavated loci at Puerto Escondido (Table 2).
This minimum number accounts for the possibility that some taxa
were identified through one type of residue analysis (e.g., Poaceae
seeds recovered from the light fraction) but redundant in another
type of residue analysis with specimens that were unidentifiable,
non-diagnostic, or diagnostic to a broader or narrower taxonomic
clade (e.g., Panicoideae phytoliths recovered from adhering sedi-
ment). The maximum number of distinct taxa accounts for the pos-
sibility that no overlap exists between differentially identified
residues. The actual number of recovered taxa is likely somewhere
in between these two figures.

Of the minimum 23 species, at least 15 were recoverable only
from artifact residues as microremains (e.g., Manihot [manioc]), at
least four were recoverable only as macrobotanical remains from
light fraction flotation samples (e.g., Nicotiana [tobacco]), and 2–4
overlapped across several types of samples (e.g., Fabaceae and
Phaseolus and Poaceae and Zea mays) (Table 3). We record the
total counts of each taxon in the final column of Table 2 to reflect
the combined number of instances of each taxon recovered.
Sediments adhering to artifacts are likely more representative of sur-
rounding matrices and activities, whereas sonicated materials are
likely more representative of actual artifact use (Pearsall 2008;
Perry 2004). We calculated final ubiquity values using only the
adhering sediments of the artifact dry wash and the light fractions
of flotation samples (Table 2). This way, each location was counted
only once in “overlapping” loci from which both types of samples
were taken. Integrating the botanical data in this way allows us a
better overall view of taxon presence across the site, in spite of the
fact that each recorded presence might represent a different anatomi-
cal part (phytolith, starch grain, fruit, or seed).

A wide set of ethnobotanical practices is represented by the
recovered residues, as inferred from diverse ethnohistoric and

ethnographic sources. There are plants commonly associated with
food use, plants more commonly associated with fiber and thatching
purposes, plants frequently associated with medicinal use, and
plants more commonly associated with ritualized practice. There
is also a great deal of wood represented, which is to be expected
given its almost universal use as fuel and in construction. These rep-
resent fluid categories, however, as many plants are utilized in a
number of ways (described in the section Discussion below). This
typological fluidity has been marked historically and in contempo-
rary times, and is likely to have been evidenced in the ancient past,
as well.

Common food plants recovered at Puerto Escondido, aside from
the ubiquitous maize (Zea mays) include amaranth grain
(Amaranthus sp.), palm fruits (Arecaceae spp.), squash fruits
(Cucurbitaceae and Cucurbita spp.), hackberry (Celtis sp.),
peppers (Capsicum sp.), goosefoot grain (Chenopodium sp.),
beans (Fabaceae and Phaseolus spp.), and, potentially, bromeliads
(Bromeliaceae family) and sagebrush (Artemisia sp.). Previous
residue analyses confirmed the use of cacao (Theobroma sp.) as
well. There were several root and tuber crops represented in the
archaeological assemblage, including arrowroot (Maranta sp.),
manioc (Manihot sp.), and possibly léren (Calathea sp.), along
with plant remains generally categorized in the arrowroot family
(Marantaceae spp.). Although spurge family (Euphorbiaceae)
species have wildly differing properties, ranging from the simply
painful to toxic, there are several species recorded as having food
uses (Atran 1993; Rico-Gray 1991), including chaya (Cnidoscolus
spp.) and the already mentioned manioc. Outside of its use as
edible grain, goosefoot leaves (recovered here as seeds) have also
been widely cited as a condiment and an edible green (Standley
and Steyermark 1946). Hirtella, less commonly consumed, has
been recorded as having edible fruit (Nelson Sutherland 1986).

Plants that were likely used at Puerto Escondido primarily for
fiber and thatching include the various grass species (Poaceae
family; Arundinoideae, Bambusoideae, Panicoideae, and Pooideae
subfamilies), as well as palm fronds (Arecaceae spp.), sedges
(Cyperaceae and Cyperus spp.), and potentially bromeliad
(Bromeliaceae family) leaves. Unidentified wood charcoal, along
with an enormous abundance of unidentified wood phytoliths,
mark construction and fuel use. Wood from several identified
taxa, including hackberry, palm, and the bean family, may also
have been used as fuel and in construction.

Ritualized practice may be represented in the archaeological
samples by bromeliads, including those of the Tillandsia species.
Species in this genus were historically used by the Honduran
Lenca in rituals, particularly the construction of perishable altars
decked with Tillandsia plants (Chapman 1985; Meluzín 1997).
Ritual use of plants merges with potential medicinal uses for
many plant taxa. A wide range of plants—some recovered at
Puerto Escondido—are mentioned in the translation of the colonial
Yucatec Maya Ritual of the Bacabs (Roys 1965), where they are
embedded in incantations intended to restore health from conditions
described generically as “seizures” or convulsions. Plants recovered
from Puerto Escondido that are noted in the Ritual of the Bacabs
include tobacco (Nicotiana spp.), species in the spurge
(Euphorbiaceae) family (such as Tragia), and grasses (including
Arundo spp. and Phragmites spp.). These plants were invoked to
fight fainting, hiccups, tarantula-eruption, and tarantula-seizure,
while Tillandsia was recommended to relieve fainting spells.

The plants recovered from Puerto Escondido that potentially
index medical practices could have been applied to a wide variety

Figure 3. Demonstrating method of ceramic sherd sonication using
Junghoon Corp La Belle Ultrasonic cleaner. Photograph by Morell-Hart.
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of conditions as well as the general maintenance of good health.
Aside from the Ritual of the Bacabs (Roys 1965), plants with
known medicinal uses are documented in ethnobotanical studies
across southeastern Mesoamerica (Anderson 2003a, 2003b;
Arellano Rodríguez et al. 2003; Atran 1993, Atran et al. 2004;
Balick and Arvigo 2015; Cook 2016; de Becerra 2002; Kufer et al.
2005; Lentz 1986; Shanti Morell-Hart, personal observation 2006;
Nelson Sutherland 1986; Rico-Gray et al. 1991; Standley and

Steyermark 1946; Ticktin and Dalle 2005). The selection below
links potential medical treatments with plants identified at the
family or genus level at Puerto Escondido.

Some recovered plants may have been used to treat general mal-
adies and conditions. Goosefoot (Chenopodium) leaves have been
placed below pillows to induce sleep (Standley and Steyermark
1946) and ingested for a variety of purposes (Anderson 2003a,
2003b; Atran et al. 2004; Balick and Arvigo 2015; Cook 2016).

Table 2. All taxa ubiquities, tabulated by sample type. Minimum number of taxa represented= 23. Numbers do not indicate raw counts of taxa, but rather
reflect the number of instances in which each taxon was recovered. An individual sample type from an individual locus is counted as a single instance.

Taxon Common Name Adhering Sediment Brushed Sediment Light Fraction Sonicated Material Total Ubiquity

Amaranthus sp. Amaranth – – 1 – 1
Arecaceae A (Palm family) 10 – – 13 23
Arecaceae B (Palm family) 1 – – 1 2
Artemisia sp. Sagebrush 2 – – – 2
Arundinoideae (Grass subfamily) – – – 1 1
Bambusoideae (Grass subfamily) 2 – – 2
Bromeliaceae (Bromeliad family) 1 – – 2 3
Calathea sp. Léren 1 1 – – 2
Capsicum sp. Chili pepper 1 – – – 1
Celtis sp. Hackberry 1 – – – 1
Chenopodium sp. Goosefoot – – 1 – 1
Chloridoideae (Grass subfamily) 2 – – 2 4
Cucurbita sp. Squash 1 – – – 1
Cucurbitaceae (Squash family) – – – 1 1
Cyperaceae (Sedge family) 1 1 – 1 3
Cyperus sp. Sedge 2 – – – 2
Euphorbiaceae (Spurge family) 1 – – 1 2
Fabaceae (Bean family) 1 – 2 – 3
Hirtella sp. Hirtella – – – 1 1
Manihot sp. Manioc – – – 1 1
Maranta sp. Arrowroot – – – 3 3
Marantaceae (Arrowroot family) 2 – – 2 4
Nicotiana sp. Tobacco – – 1 – 1
Panicoideae (Grass subfamily) 6 4 – 10 20
Phaseolus sp. Common bean 1 – 1 – 2
Poaceae (Grass family) 1 2 2 4 9
Pooideae (Grass subfamily) 2 – – 1 3
Unidentified – – 8 – 8
Unidentified glume – – 1 – 1
Unidentified nutshell – – 2 – 2
Unidentified seed – – 14 – 14
Unidentified stem – – 1 – 1
Unknown cystolith 1 – – – 1
Unknown fiber 1 3 – 3 7
Unknown parenchyma – – 39 – 39
Unknown phyto 1 1 – – – 1
Unknown phyto 12 1 – – 1 2
Unknown phyto 14 – – – 1 1
Unknown phyto 16 – – – 1 1
Unknown phyto 19 – – – 1 1
Unknown phyto 2 – – – 2 2
Unknown phyto 3 – – – 1 1
Unknown phytolith 1 1 – 3 5
Unknown raphide – – – 1 1
Unknown starch 8 – – 7 15
Unknown stem – – 1 – 1
Unknown vascular phytolith – 1 – – 1
Unknown woody sp. 10 4 24 14 52
Zea mays Maize 5 1 13 7 26
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The juice from Cassia grandis legumes (bean family) has been con-
sumed fresh to strengthen the blood (Lentz 1993). Plants in the palm
family (Arecaceae) have been noted as having a variety medicinal
uses (Anderson 2003a; Balick and Arvigo 2015; Lentz 1986,
1993; Rico-Gray et al. 1991). More specific uses of plants for rec-
ognizable diseases have also been documented in these same ethno-
graphic and historic sources. Tobacco (represented by a recovered
seed) and the Panicoid grass Imperata contracta (potentially repre-
sented by phytoliths) are recognized as useful in treatment of chills,
fever, and asthma. Spurge family genera such as Tragia,
Cnidoloscolus, Croton, and Euphorbia have all been documented
historically and ethnographically to treat rheumatism, “bone
aches,” and coughs, and several of these may be represented in
the assemblage at Puerto Escondido. Grasses such as Arundo and
Phragmites have been prescribed as treatments for “phthisis,” an
archaic term for wasting diseases with symptoms like tuberculosis.

Historic and ethnographic sources provide an equally rich range
of potential medicinal uses of plants recovered at Puerto Escondido
for digestive and urinary system diseases. Tobacco, the Panicoid
grass Imperata contracta, and Tillandsia are generally cited for
use in “bowel complaints,” with Imperata also cited as medicine
for biliousness and jaundice (Roys 1965) and tobacco (Nicotiana
spp.) for urinary conditions. Arundinoid grasses, including
Arundo and Phragmites, have been used to treat kidney pains
(Arellano Rodríguez et al. 2003; Atran 1993; Nelson Sutherland
1986; Rico-Gray et al. 1991), dysentery, retention of urine, and
ulcers (Roys 1965). Tragia has relieved abdominal pains caused

by sorcery (Roys 1965). White sagebrush (Artemisia ludoviciana)
has been used in southeastern Mesoamerica as a digestive tranquil-
izer (noted in the Centro de Investigación Científica de Yucatán
[CICY] Jardín Botánico in Mérida, Yucatán [Shanti Morell-Hart,
personal observation 2006]). Some arrowroot family
(Marantaceae) species have been used as foods for invalids (Atran
1993). Representatives of these genera and families were all recov-
ered from the Puerto Escondido botanical assemblage.

The treatment of injuries, infections, and general pain would also
have been possible with plants recovered from Puerto Escondido.
Some plants in the spurge family (Euphorbiaceae), such as
Jatropha curcas and Acalypha arvensis, have measurable antimicro-
bial properties (Lentz et al. 1998), and may have been used to treat
or prevent infections. Goosefoot leaves have been used in poultices
for infections (Standley and Steyermark1946). Arundinoid grasses,
including Arundo spp. and Phragmites spp., have been used to treat
wounds, inflammations, and general pain (Arellano Rodríguez et al.
2003; Atran 1993; Nelson Sutherland 1986; Rico-Gray et al. 1991).
Tillandsia and the Panicoid grass Imperata contracta were used to
relieve headache and neuralgia (Roys 1965). Eye conditions and
skin diseases were both treated with tobacco, while Imperata con-
tracta was also used for skin diseases. Tragia was specifically iden-
tified historically as a pimple medication (Roys 1965).
Ethnographically, the sap of Jatropha curcas is noted as sometimes
applied to cold sores of the mouth (Lentz 1993).

Another wide area of medical practice includes plants used to
treat discomfort from bites, stings, and parasites. These practices

Table 3. Taxa ubiquities in sonicated residue, tabulated by artifact type. Only taxa recovered from sonicated material are tallied. Taxa recovered from adhering
sediment are not included in these totals. Numbers do not indicate raw counts of taxa, but rather reflect the number of instances in which each taxon was
recovered. An individual artifact type from an individual locus is counted as a single instance.

Taxon Ceramic Sherd Obsidian Blade Fragment Obsidian Flake Fragment Obsidian Retouched Flake Total Ubiquity

Arecaceae phyto 3 10 – 1 14
Arundinoideae phyto – – 1 – 1
Bromeliaceae phyto – 2 – – 2
Chloridoideae phyto – 1 – 1 2
Cucurbitaceae phyto 1 – – – 1
Cyperaceae phyto – – 1 – 1
Euphorbiaceae phyto – 1 – – 1
Hirtella sp. phyto 1 – – – 1
Manihot sp. starch – – – 1 1
Maranta sp. phyto – 1 – – 1
Maranta sp. starch – – 2 – 2
Marantaceae phyto – 1 1 – 2
Panicoideae phyto 1 4 3 2 10
Poaceae phyto 1 – 3 – 4
Pooideae phyto – 1 – – 1
Unknown fiber phyto 1 – 2 – 3
Unknown phyto 12 – 1 – – 1
Unknown phyto 14 – – – 1 1
Unknown phyto 16 – 1 – – 1
Unknown phyto 19 – – 1 – 1
Unknown phyto 2 – 1 1 – 2
Unknown phyto 3 – 1 – – 1
Unknown raphide – – 1 – 1
Unknown starch 4 1 2 – 7
Unknown woody phyto (sphere) 4 5 4 1 14
Zea mays phyto (leaf cross-body) – 2 1 1 4
Zea mays phyto (cob rondel) 1 1 – – 2
Zea mays starch (caryopsis) 1 – – – 1
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include treating tick bites and colmoyote worms with tobacco and
spider bites with the flowers of Phyllanthus niruri (in the spurge
family). Ethnographically, goosefoot leaves have been used as ver-
mifuge when mixed with garlic infusion (Atran 1993). Leaves of
Gliricidia sepium (in the bean family) are boiled in water and
used to bathe the head for lice infestations (Lentz 1993). Tobacco
applied to clothing has been used to ward off snakes.

The many unknown phytoliths recorded in this study correspond
with species undocumented so far, and would expand our ideas of
plant use at Puerto Escondido if ever identified. Even with the
abbreviated list of potential uses associated with identified taxa,
however, a wide range of ethnobotanical practice is potentially
revealed. Such diversity of plants indicates a rich knowledge of
the surrounding landscape, and skills associated with the collection,
management, and cultivation of diverse plant species (detailed
below). Our recognition of this understanding would have been
substantially narrower if only one of the analytical methods had
been used.

Plant Taxa Represented on Artifacts and in Sediments: An
Overview of Differences

The analysis of sonicated artifact residues allows us to link specific
plants directly to artifact use. It is likely that many tools and vessels
were also used in the processing and serving of animal products, and
these activities may have left diagnostic protein or lipid signatures.
Even with the study of botanical residues alone, however, we see a
diversity of uses for specific artifacts, and some activities that appear
across artifact types. The study of lithic and ceramic artifact residues
has provided some unexpected findings, and in some cases, docu-
mented the use of specific plants that are identifiable solely
through microbotanical analysis.

Ceramic Artifact Residue Samples. The four ceramic sherds
included in this study are flat-bottomed, flaring-wall bowls with
complex surface treatments in the types Boliche Black, Sukah
Differentially Fired, Bonilla Yellow-Brown, and Fia Metallic
Grey (Joyce and Henderson 2007, 2017). All the sherds had been
previously washed, and after rewashing and extraction through son-
ication, recovery of residues was limited, yet still quite informative
(Figure 4). Maize was represented as five starch grains coming from
a single bowl (the Boliche Black sherd). One maize rondel was also
recovered, perhaps indicating the serving of cut maize cob sections,
or the use of maize cobs as cleaning implements. Also of interest
were Hirtella genus and squash family phytoliths, both from the
Bonilla Yellow-Brown bowl. This may indicate the serving of
sliced squash with the rind still attached. A few palm family phyto-
liths were scattered among the bowls, along with many damaged
starch grains. Overall, the bowls contained few identifiable starch
grains. This was expected, considering the common use of
serving vessels to serve cooked foods that have undergone transfor-
mations in starch grain morphologies (Henry et al. 2009), often
leaving them fully gelatinized. Many woody species phytoliths
were recovered (at least 50 percent of the assemblage in each
case), indicating either fuel residues from the firing process, wood
implements used to clean the sherds, or perhaps bits of ash incorpo-
rated into the slip matrices.

While the sample is limited, these results show that highly dec-
orated bowls—of the same types and shapes that previously tested
positive for cacao residues—were used to serve a wide range of
plant-based foods, including maize, squash, and Hirtella.

Differences in the specific residues recovered from individual
vessels suggest that these bowls were used in a cuisine which fea-
tured different foods or recipes, reinforcing previous suggestions
that these vessels were used to serve a complex cuisine appropriate
for hosting a feast that included cacao in multiple forms (Joyce and
Henderson 2007, 2009).

Lithic Artifact Residue Samples

Obsidian blade fragments and flakes represent a variety of different
kinds of deposits, different sectors of the site, and different time
periods. Of the five obsidian blade fragments analyzed, two
(04F-06-A and 04G-04-A) date between a.d. 200–450, while
three others (04AH-17-A, 04DP-25-A, and 04DZ-02-A) date
between a.d. 450–650. They were recovered from a variety of con-
texts—lined-pit fills, a high-density midden, and matrices between
occupational surfaces—and evidenced a wide variety of uses
(Figure 5). Palm family and grass family phytoliths were commonly
recovered from the residues, as well as a few bromeliad phytoliths.
Grasses present included Chloridoid and Pooid representatives (very
rare in the assemblages) and Panicoid representatives (common in
the assemblages). Only non-edible parts of maize—leaf and cob
phytoliths—are represented, and no kernel starch grains were
recovered. This may indicate the processing of maize leaves using
obsidian blades and, as with the ceramic sherds, may represent
the use of maize cobs to clean sharp implements. Several spurge
family (Euphorbiaceae) and arrowroot family (Marantaceae) phyto-
liths were also recovered from the obsidian blade residues. Although
these could be indicators of arrowroot and manioc tuber processing,
the lack of starch grains (only a single starch grain was recovered
from the sonicated material from all of these blades) would
appear to indicate, as with the maize microfossils, fewer uses in pro-
cessing starchy foods. In contrast, samples from sediments around
the obsidian blades yielded residues from a wider variety of food
plants, including arrowroot, hackberry, bean, and maize kernels,
as well as many of the fibrous taxa previously mentioned
(Figure 6). For this reason, there appear to be more general
associations between these obsidian blades and fiber processing
(of grasses, woods, and palm fronds) than with food processing
(of roots, tubers, and other starchy tissues).

Two retouched obsidian flakes were also sampled for residues:
04AL-07-A (dating between a.d. 200 and 400) and 04AW-19&20
(dating between 700 and 400 b.c.). The sonicated residue from
04AL-07-A included a single palm phytolith, two maize leaf phyto-
liths, and a starch grain that is likely manioc, along with woody
species and Chloridoid and Panicoid grasses. Only a few phytoliths
from woody species and palms were recovered from the adhering
material, along with a single unidentifiable starch grain. These
results would indicate a more wood- and fiber-oriented use for
this flake (as with the obsidian blades), with perhaps a single use
to process manioc starchy tissues. Similarly, the earlier retouched
flake 04AW-19&20 was used for fibrous tissues (such as Panicoid
grasses), but seems to have been used very infrequently or
perhaps more frequently for animal tissues, given that the entirety
of the sonicated material from this flake (analyzed fully in two
slides) contained only three phytoliths. Wet-washed adhering sedi-
ment contained phytoliths of woody species only, whereas the dry-
brushed surrounding sediments contained phytoliths from cf. lerén
and maize along with many woody species and grasses.

Two other obsidian flake fragments (4DC-130 and 4DK-136)
with no visible usewear were also analyzed. Both flake fragments
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come from contexts dating between 1150 and 1000 b.c., and
ceramic sherds collected from these contexts yielded cacao residues
(Henderson et al. 2007; Joyce and Henderson 2007). The sonicated
residues included phytoliths from grasses (Poaceae: Arundinoid and
Panicoid subfamilies), wood, sedges, and potentially a phytolith
from maize leaf. As with the retouched flakes and blades already
discussed, these implements seem to have been used primarily for
fiber, leaf, and wood processing. In spite of the diversity of uses
(at least four taxa cut/scraped by each flake) these activities did
not leave much trace of usewear, indicating infrequent or very
limited use-life for these two artifacts.

One obsidian flake fragment (06C-67) with visible usewear was
also analyzed from the Operation 6 area, in deposits dating between
1400 and 1100 b.c. This artifact yielded a rich array of plant remains
from the sonicated residues. Identified specimens included arrow-
root starch grains, as well as phytoliths from the arrowroot family.
There were also a number of other residues including grass family
phytoliths, unknown fibers and phytoliths, wood phytoliths, and
damaged starch grains. Chile pepper and maize starch grains were
recovered from the wet-washed adhering sediments but not from
the sonicated residues extracted from the obsidian flake itself.
Only grass and wood phytoliths were noted in the exterior dry-
brushed sediment attached to the flake. For these reasons, it
appears that this flake fragment was either discarded among
refuse that included chile and maize remnants, which preserved
well in the adhering material but less well in the more exterior dry-
brushed sediments, or that this flake fragment was discarded after
first uses for arrowroot and fibrous materials and secondary uses
for maize and chile. It is also possible that, during the course of
cleaning this artifact in antiquity, chile and maize starches were
transferred through dishwater or cleaning implements before even-
tual discard of the flake. In any event, this single early lithic and

its adhering sediment provide a rich and complex picture of plant
use, and of the way plants were processed, in an early village resi-
dential setting.

Comparison with Bulk Flotation Sediment Samples

Given the intensity of analysis required in working with artifacts,
bulk flotation of sediment samples continues to provide the most
widely feasible method for recovering plant remains. Yet the
results presented above clearly show that not all plant remains
will be recovered through flotation samples and, without artifact
analyses, we run the risk of presuming uses for stone tools based
on implement morphology only (cautioned against by Perry 2004,
2005). Similarly, as we demonstrate, flotation samples provide a
rich view of plants that are either unrecoverable from artifact resi-
dues or unidentifiable to the same degree of taxonomic specificity.

The bulk flotation sediment samples analyzed in this project date
primarily to the period between a.d. 200 and 650 (29 samples, a
combined N= 1,245 items), with only a few dating between 900
and 400 b.c. (3 samples, a combined N= 8 items). The light frac-
tion samples come from a variety of contexts, including lined-pit
fills, burial matrices, matrices between occupational surfaces,
hearths, high-density middens, an exterior surface, burned deposits,
and ashy deposits. The early samples contained only unidentifiable
plant tissues (an unidentifiable seed and amorphous fragments of
parenchymous tissue) and two small wood fragments. In contrast,
the diversity of plants represented in the later samples—as expected
given the much larger sample volume—is much greater.

Two samples were recovered from matrices between occupa-
tional surfaces, yielding unknown wood and parenchymous
tissues, as well as a cf. Phaseolus (common bean) cotyledon and
a maize cupule. These clearly represent secondary or tertiary

Figure 4. Select microremains identified in sonicated residues recovered from ceramic vessel interiors. (a) cf. Hirtella phytolith from
Bonilla Yellow-Brown sherd. (b) Panicoid grass phytolith from Fia Metallic Grey sherd. (c) Unknown fiber from Boliche Black sherd. (d)
Palm (Arecaceae) phytolith from Sukah Differentially Fired sherd. Images by Morell-Hart.
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deposits of rubbish used as construction fill. Three burial matrices
yielded a maize cupule, a bean family seed, and a tobacco seed,
as well as many unknown wood and parenchymous tissues. None
of the materials recovered from the matrix around burials are pre-
sumed to have been placed deliberately. Rather, it is assumed that
they are in secondary or tertiary contexts, and incorporated into
burial fill (detailed in Morell-Hart 2011).

The majority of the flotation samples analyzed, however, came
from contexts with potentially interpretable activities. One exterior
surface deposit yielded only unknown parenchymous tissues and
wood fragments, likely secondary or tertiary deposits from hearth
rake-outs or ash sweeping. An ashy deposit yielded only an uniden-
tifiable fragment of parenchymous tissue. A single burned deposit
sample had a similar makeup of unidentifiable parenchymous
tissues, along with wood and a maize cupule. Each of these three
samples likely represents the in situ remnants of burned fuel, as
well as potential detritus from root and tuber processing.

Almost everything recovered from the five hearth contexts was
unidentifiable (damaged seeds) or unknown (small fragments of
parenchymous tissues and wood). This is likely due to the high
degree of fragmentation and vitrification from proximity to the
hearth. Amaize cupule and a bean family seed recovered were recov-
ered, however, both from the same context (04G-06). This indicates
some measure of cooking activity, as expected, near the hearth.

A single high-densitymidden context (04DP-25) contained enor-
mous quantities of highly fragmented and eroded seeds, nutshell/dry

fruits, parenchymous tissues, and wood. Disappointingly, little was
identifiable. This sample included 274 maize cupules, however,
accounting for 22 percent of the total macrobotanical assemblage
across all samples and contexts. The well-preserved cupules in this
case may indicate the dumping of hot ash on a midden containing
maize cobs, or the light charring of cobs kept near a fire for cleaning
or other purposes.

Lined-pit fills presented the greatest diversity of species. As with
the midden context, many maize cupules were represented, though
not at the density seen in the midden. Also, as with the midden and
other contexts, many fragments of parenchymous tissue, wood, and
eroded seeds were recovered. Although unidentified, these represent
at least 10 taxa, distinguishable through mutually exclusive charac-
teristics (variable general sizes and broad morphologies). Identified
seeds included only amaranth (Amaranthus sp.) and goosefoot
(Chenopodium sp.). Such clay-lined pits may represent storage or
processing locations (similar to those described in Sheets 1998),
later filled in with sweepings or other secondary or tertiary fills.
The botanical materials recovered would be consistent with such
late-stage use.

While the flotation samples provided a good basis to document
the presence of dietary staples such as maize and beans, broad culi-
nary plant use would appear very different without the analysis of
artifacts. We would lack the confirmation of root crops, chile
peppers, and squashes provided by phytoliths and starches, not to
mention the absence of indicators of cacao food and drink provided

Figure 5. Select microremains recovered in sonicated residues from obsidian implements. (a) Sedge family (Cyperaceae) phytolith from
4DC-130. (b) Arrowroot (Maranta) starch grain under normal and polarized light, from 6C-67. (c) Maize (Zea mays) cob phytolith from
4F-6a. (d) Palm (Arecaceae) phytolith from 4AH-17a. Images by Morell-Hart.
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by chemical analyses. Medicinal or ritual use of plants would have
been suggested by the recovery of a tobacco seed, but the lack of
bromeliad residues would not have allowed potential associations
with historical use of Tillandsia by Lenca people, as we are able
to do with direct recovery of bromeliad phytoliths from artifacts.
Wood and fiber fragments were retrieved using both flotation and
artifact sonication, but the specific intensity of obsidian tool use
in fiber processing, and the identification of specific fiber materials,
required artifact residue analysis. The processing of grasses made
visible through the analysis of obsidian artifacts encouraged us to
examine the assemblage of plants that might otherwise have been
taken as environmental background. This analysis led to the realiza-
tion of the rich medicinal uses potentially represented by various
species.

DISCUSSION

No single method of recovery would have detected all the plants
identified at Puerto Escondido, in contrast with the rich results
derived from the suite of methods combined in our analysis.
Recovering macrobotanical remains through flotation, phytoliths,
and starches from artifact residues and distinctive chemical signa-
tures from artifact matrices allows for the construction of a botanical
inventory that exceeds any documented or hypothesized in the
archaeological literature from Central America, though sites in the
nearby Maya area have revealed rich botanical assemblages using
both macrobotanical and microbotanical data (Cagnato 2018;
Cagnato and Ponce 2017; Dedrick 2013; Devio 2016; Dussol
et al. 2017; Farahani et al. 2017a, 2017b; Lentz 2001; Lentz and
Hockaday 2009; Lentz et al. 2012, 2015; Morgan 2010; Santini
2016; Thompson et al. 2015).

Having a rich plant inventory is only the first step in shifting
interpretation from pure subsistence reconstruction toward broader
and more socially foregrounded ethnobotanical approaches
(Morehart and Morell-Hart 2015). By examining artifacts to dis-
cover what plants they might have processed or contained, the anal-
yses employed here open windows into botanical practices. The
importance of processing fiber and wood merits particular attention,
as most archaeological reports spend little time on such activities.
Plants with medicinal applications also need to be kept in mind
when interpreting presence and location of botanical residues. As
illustrated above, plants were likely used in a variety of endeavors,
and even plants commonly categorized as foodstuffs may have also
formed part of medical and spiritual practice.

The wide range of ethnobotanical activities represented by plant
residues indexes a deep knowledge of the surrounding landscape, as
well as a broad skill set associated the procurement, processing,
serving, and disposal of diverse plant species. Some plants and prac-
tices fall more frequently within the sphere of house lot and home,
while other plants and practices fall more frequently within the
sphere of field and forest.

Palm leaves, bromeliads, hackberry fruits, wood from dicotyled-
onous trees, and some herbaceous medicinal species may have come
from wild or managed forests beyond the edge of the fields (Dussol
et al. 2017; Lentz 1999; Lentz and Hockaday 2009; Lentz et al.
1996; Rico-Gray et al. 1991; Thompson et al. 2015). Useful wild
plants growing along riverbanks and in wetlands would have
included sedges and some grass species (Dunning et al. 2015;
Fedick 2017), although some sedges may have come from forest
assemblages or fallowed milpas. Fields under cultivation likely con-
tained food crops such as manioc, lerén, arrowroot, squash, beans,
maize, and chile peppers, and perhaps goosefoot and amaranth

Figure 6. Select microremains recovered from sediments adhering to obsidian implements. (a) Chili pepper (Capsicum) starch grain
from 6C-67 under normal and polarized light. (b) Maize cob phytolith from 4AH-17a. (c) Cf. bean family (Fabaceae) starch grain
from 4DK-136. (d) Maize (Zea mays) starch grain from 6C-67. Images by Morell-Hart.
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(Atran 1993; Ford and Nigh 2009, 2010; Lentz et al. 1996; Sheets
et al. 2011, 2012). During fallowing periods, fields likely contained
herbaceous plants such as grass family species and medicinal herbs
such as wild sagebrush, alongside fast-growing and nitrogen-fixing
wild bean family species (Anderson 1995; Lentz et al. 2015). Even
adventitious “weeds” pulled from areas under cultivation may have
served occasionally as medicine, condiment, or expedient tool
(Anderson 1995). The archaeological deposits testify to robust prac-
tical knowledge and management of plants in forests, along river-
banks, and in cultivated and fallow fields. This knowledge
included not only where plants grew but also how they could be har-
vested, processed, and used.

Closer to home, palms, fruit trees, shade trees, and medicinal
herbs may have been planted in the house lot along with domesti-
cated plants such as manioc and chile peppers (Atran et al. 2004;
De Clerck and Negreros-Castillo 2000; Fedick et al. 2008; House
and Ochoa 1998; Lentz 1997; Lentz et al. 1996; Montagnini
2006). Preliminary processing of plants likely took place outdoors,
while finer elaboration of medicines and meals likely took place
indoors. Inside structures and next to hearths, implements were
used in ways specific to particular plants or expediently for a
variety of tasks. Different vessel types were considered appropriate
for serving different preparations of foods, with some overlap
between them. Disposal of remains including food scraps and ash
likely took place at a range of distances in relation to processing
areas, from the convenience of the house lot (e.g., swept out the
door) to the more distant field (e.g., basketed and removed).
These deposited remains could have been used in landforming or
as mulch and fertilizer (Fedick et al. 2008). There is also evidence
that plant remains deposited in midden areas were reused as fills
in later features and constructions inside the house lot
(Morell-Hart 2011). Making use of nearby resources—and deposit-
ing debris close to the home—entailed an intimate knowledge of
plant uses (e.g., adventitious medicinal herbs) and plant needs
(e.g., the use of fertilizer for garden plants), as well as an attentive-
ness to appropriate disposal areas (e.g., less potent-smelling plant
refuse permitted near the home).

The combined botanical deposits reflect a robust practical
knowledge of the surrounding landscape, near and far, and reveal
affordances provided by decades and even centuries of
human-environmental interaction. Cultivation, management, and

other ethnobotanical activities transformed the landscape through
the promotion of certain plants—intentionally or unintention-
ally—and had long-term impacts on local botanical communities.
Such impacts have been signaled in studies that upend the Pristine
Myth (Denevan 1992) to address “escaped species” of homegardens
and orchards (Folan et al. 1979) and visualize the landscape of
southeastern Mesoamerica as a “managed mosaic” (Fedick 1996)
or a “constructed niche” (Lentz et al. 2015). Although models of
early village life in southeastern Mesoamerica are frequently
based on maize cultivation, results for this area of Honduras indicate
a much lower ubiquity of maize than anticipated by such models
(Morell-Hart 2011; Morell-Hart et al. 2014).

Instead, our results accord with models of settlements that are not
predicated entirely on maize cultivation (e.g., Sheets et al. 2011,
2012) and indicate ethnobotanical activities with a smaller footprint
on the surrounding landscape, given the use of wild and
fallow-dwelling species. The higher-impact cultivation practices
necessary for intensive production of maize are complemented,
and perhaps even counterbalanced by, the lower-impact cultivation
strategies necessary for root-crop production. The many non-
domesticated species gathered or managed by Puerto Escondido
residents implicate the maintenance of places on the landscape
that were not used exclusively for cultivation or horticulture.
These more limited impacts on local ecology, as evidenced by the
wide array of plants consistently cultivated and collected over
several hundred years, could also implicate a fairly high degree of
resilience over time. Although further paleoethnobotanical (and in
particular, palynological) research in the region would help to
better assess these ideas, the array of plants and practices revealed
in this study nonetheless provide insights into local ethnoecological
relationships.

Our analysis suggests that, with a richer inventory of plant
remains, researchers are positioned to more thoroughly characterize
the plant worlds that enveloped settlements. Such worlds, actively
negotiated, maintained, and cultivated by ancient communities,
included kitchen gardens, fields planted with staple crops, groves
of trees under management, and forested and transitional zones of
uncultivated plants. Understanding the complicated dynamic
between people and plants requires a full array of analyses to
move beyond flora inventories and subsistence strategies toward a
more holistic view of ethnobotanical practice.

RESUMEN

En los últimos años, investigadores en Centroamérica han utilizado recursos
nuevos para amplificar y enriquecer la evidencia de las plantas antiguas y sus
usos. Aquí presentamos un estudio de Puerto Escondido, ubicado en el valle
Ulúa de Honduras de la Costa Caribe. Demostramos la eficacia del uso de
múltiples métodos para la interpretación de prácticas etnobotánicas en el
pasado. Utilizando muestras macrobotánicas obtenidas por flotación de sed-
imentos, análisis de residuos microbotánicos de artefactos de obsidiana y
cerámica, y análisis de residuos químicos de vasijas, proveemos datos
nuevos sobre el uso de plantas en el período Formativo de Mesoamérica.
Contribuimos al entendimiento de la complejidad del uso de plantas, la
importancia relativa del maíz, y las ventajas de utilizar metodologías
múltiples para detectar materiales botánicos en sitios arqueológicos.

Nuestros datos sugieren algo más complicado que la dependencia en el
cultivo de maíz y otras plantas domesticadas, demostrado por la muy baja fre-
cuencia del maíz, los frijoles y las calabazas. Esta evidencia, añadida a una
muestra amplia de raíces comestibles, productos de árboles, y el uso de

plantas para otros fines además de los culinarios, indica un conocimiento pro-
fundo delmedioambiente cerca del solar y a una distanciamás larga.Aquí, nos
dirigimos a prácticas botánicas “adentro de casa”—tales como actividades
culinarias, prácticas medicinales, elaboración de fibra y actividades ritualiza-
das, y prácticas “cerca de casa,” como las prácticas agrícolasy hortícolas, fore-
stales y otros compromisos con ecologías locales y distantes.

Nos presenta un modelo más amplio, basado en métodos múltiples, para
entender mejor el uso de plantas durante los primeros siglos del desarrollo de
las sociedades complejas en Honduras, y probablemente, en otras partes de la
región. En particular, señalamos la importancia imprevista de productos de
palmas y plantas silvestres, y el amplio rango de tubérculos procesados
con las herramientas examinadas. Nos permita una oportunidad para desar-
rollar un entendimiento de la etnoecología en Puerto Escondido, un concepto
definido aquí como la relación dinámica entre las habilitaciones presente en
un dado medioambiente y los impactos de las actividades humanas en ese
medioambiente.

Ethnoecology in Pre-Hispanic Central America 549

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014


ACKNOWLEDGMENTS

The authors would like to thank the many excavators and apprentices who
aided in the recovery and processing of materials from Puerto Escondido.
Funding for the research was provided by the Stahl Fund of the

Archaeological Research Facility, a Research Assistantship in the
Humanities, and a Research Enabling Grant of the Committee on Research
of the Academic Senate of the University of California, Berkeley.

REFERENCES

Anchukaitis, Kevin J., and Sally P. Horn
2005 A 2000-year Reconstruction of Forest Disturbance from Southern

Pacific Costa Rica. Palaeogeography, Palaeoclimatology,
Palaeoecology 221:35–54.

Anderson, Eugene N.
1995 Natural Resource Use in a Maya Village. In The View from

Yalahau: 1993 Archaeological Investigations in Northern Quintana
Roo, Mexico, Vol. 2, edited by Scott L. Fedick and Karl A. Taube,
pp. 139–148. Latin American Studies Program Field Report Series.
University of California, Riverside.

2003a Those Who Bring the Flowers: Maya Ethnobotany in Quintana
Roo, Mexico. El Colegio de la Frontera Sur (ECOSUR), San
Cristobal de las Casas, Chiapas.

2003b Traditional Knowledge of Plant Resources. In The Lowland
Maya Area: Three Millennia at the Human-Wildland Interface,
edited by Arturro Gómez Pompa, Michael F. Allen, Scott L. Fedick
and Juan Jiménez-Osornio, pp. 533–550. Food Products Press,
New York.

Arellano Rodríguez, J. Alberto, Jose Salvador Flores Guido, Juan Tun
Garrido, and Maria Mercedes Cruz Bojorquez
2003 Nomenclatura, forma de vida, uso, manejo y distribucion de las

especies vegetales de la Peninsula de Yucatan. Etnoflora
Yucatanense Fasciculo 20. Facultad de Medicina Veterninaria y
Zootecnia, Universidad Autónoma de Yucatan, Mérida.

Atran, Scott
1993 ItzaMaya Tropical Agroforestry.Current Anthropology 34:633–700.

Atran, Scott, Ximena Lois, and Edilberto Ucan Ek’
2004 Plants of the Petén Itza’ Maya. University of Michigan Memoirs,

No. 38. Museum of Anthropology, University of Michigan, Ann Arbor.
Baldi, Norberto F.
2011 Explotación temprana de recursos costeros en el sitio Black Creek

(4000–2500 AP), caribe sur de Costa Rica. Revista de Arqueologia
Americana 29:85–121.

Balick, Michael J., and Rosita Arvigo
2015 Messages from the Gods: A Guide to the Useful Plants of Belize.

Oxford University Press, Oxford.
Boardman, Sheila, and Glynis Jones
1990 Experiments on the Effects of Charring on Cereal Plant

Components. Journal of Archaeological Science 17:1–11.
Cagnato, Clarissa
2018 Shedding Light on the Nightshades (Solanaceae) Used by the

Ancient Maya: A Review of Existing Data, and New Archeobotanical
(Macro-and Microbotanical) Evidence from Archeological Sites in
Guatemala. Economic Botany 72:180–195.

Cagnato, Clarissa, and Jocelyne M. Ponce
2017 Ancient Maya Manioc (Manihot esculenta Crantz) Consumption:

Starch Grain Evidence from Late to Terminal Classic (8th–9th Century
CE) Occupation at La Corona, Northwestern Petén, Guatemala. Journal
of Archaeological Science Reports 16:276–286.

Cane, Rachel
2001 Botanical Analysis from the 1995 Field Season of Puerto Escondido

(CR-372). Report No. 46. Unpublished manuscript on file, Berkeley
Paleoethnobotany Laboratory, University of California, Berkeley.

Chapman, Anne
1985 Los hijos del copal y la candela. 1st ed. 2 vols. Serie

Antropológica. Universidad Nacional Autónoma de México, Instituto
de Investigaciones Antropológicas, Mexico City.

Conklin, Harold C.
1954 An Ethnoecological Approach to Shifting Agriculture.

Transactions of the New York Academy of Sciences 17:133–142.
Cook, Suzanne
2016 The Forest of the Lacandon Maya: An Ethnobotanical Guide.

Springer, New York.

de Becerra, Margarita C.
2002 Flora medicinal centroamericana: Plantas más usadas y comunes
de la región. Graficentro Editores, Tegucigalpa.

De Clerck, Fabrice A.J., and Patricia Negreros-Castillo
2000 Plant Species of Traditional Mayan Homegardens of Mexico
as Analogs for Multistrata Agroforests. Agroforestry Systems 48:303–317.

Dedrick, Maia
2013 The Distributed Household: Plant and Mollusk Data from K’axob,
Belize. Ph.D. dissertation, Department of Anthropology, University of
North Carolina, Chapel Hill.

Denevan, William M.
1992 The Pristine Myth: The Landscape of the Americas in 1492.
Annals of the Association of American Geographers 82:369–385.

Devio, Jessica
2016 Reconstructing Late Classic Food Preparation at Xunantunich,
Belize, Using Starch Grain Analysis. Ph.D. dissertation, Department
of Anthropology, University of Texas at San Antonio, San Antonio.

Dickau, Ruth
2010 Microbotanical and Macrobotanical Evidence of Plant Use and the
Transition to Agriculture in Panama. In Integrating Zooarchaeology
and Paleoethnobotany: A Consideration of Issues, Methods, and
Cases, edited by Amber M. Van Derwarker and Tanya M. Peres, pp.
99–134. Springer, New York.

Dunning, Nicholas P., David L. Lentz, and Vernon L. Scarborough
2015 Tikal Land, Water, and Forest: An Introduction. In Tikal:
Paleoecology of an Ancient Maya City, edited by David L. Lentz,
Nicholas P. Dunning, and Vernon L. Scarborough, pp. 152–185.
Cambridge University Press, New York.

Dussol, Lydie, Michelle Elliott, Dominique Michelet, and Philippe
Nondédéo
2017 Ancient Maya Sylviculture of Breadnut (Brosimum alicastrum
Sw.) and Sapodilla (Manilkara zapota (L.) P. Royen) at Naachtun
(Guatemala): A Reconstruction Based on Charcoal Analysis.
Quaternary International 457:29–42.

Farahani, Alan, Katherine L. Chiou, Rob Q. Cuthrell, Anna Harkey, Shanti
Morell-Hart, Christine A. Hastorf and Payson D. Sheets
2017a Exploring Culinary Practices through GIS Modeling at Joya de
Cerén, El Salvador. In Social Perspectives on Ancient Lives from
Paleoethnobotanical Data, edited by Matt P. Sayre and Maria C.
Bruno, pp. 101–120. Springer Press, New York.

Farahani, Alan, Katherine L. Chiou, Anna Harkey, Christine A. Hastorf,
David L. Lentz and Payson Sheets
2017b Identifying ‘Plantscapes’ at the Classic Maya Village of Joya de
Cerén, El Salvador. Antiquity 91:980–997.

Fedick, Scott L.
1996 Introduction: New Perspectives on Ancient Maya Agriculture and
Resource Use. In The Managed Mosaic: Ancient Maya Agriculture and
Resource Use, edited by Scott L. Fedick, pp. 1–14. University of Utah
Press, Salt Lake City.

2017 Plant-Food Commodities of the Maya Lowlands. In The Value of
Things: Prehistoric to Contemporary Commodities in the Maya Region,
edited by Jennifer P. Mathews and Thomas H. Guderjan, pp. 163–173.
University of Arizona Press, Tucson.

Fedick, Scott L., Maria De Lourdes Flores Delgadillo, Sergey Sedov,
Elizabeth S. Rebolledo, and Sergio P. Mayorga
2008 Adaptation of Maya Homegardens by “Container Gardening” in
Limestone Bedrock Cavities. Journal of Ethnobiology 28:290–304.

Folan, William J., Laraine A. Fletcher, and Ellen R. Kintz
1979 Fruit, Fiber, Bark, and Resin: Social Organization of a Maya
Urban Center. Science 204:697.

Ford, Anabel, and Ronald Nigh
2009 Origins of the Maya Forest Garden: Maya Resource Management.
Journal of Ethnobiology 29:213–236.

Morell-Hart, Joyce, Henderson, and Cane550

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014


2010 The Milpa Cycle and the Making of the Maya Forest Garden. In
Research Reports in Belizean Archaeology: Papers of the 2009
Belize Archaeology Symposium, Vol. 7, edited by John Morris,
Sherilyne Jones, Jiame Awe, George Thompson, and Melissa
Badillo, pp. 183–190. Institute of Archaeology, National Institute of
Culture and History, Belmopan.

Fosberg, Francis R.
1960 Plant Collection as an Anthropological Field Method. El Palacio
67:125–139.

Goldstein, David J., and John B. Hageman
2009 Power Plants: Paleobotanical Evidence of Rural Feasting in Late
Classic Belize. In Pre-Columbian Foodways: Interdisciplinary
Approaches to Food, Culture, and Markets in Ancient Mesoamerica,
edited by John Staller and M. David Carrasco, p. 421. Springer,
New York.

Hageman, John B., and David J. Goldstein
2009 An Integrated Assessment of Archaeobotanical Recovery Methods
in the Neotropical Rainforest of Northern Belize: Flotation and Dry
Screening. Journal of Archaeological Science 36:2841–2852.

Henderson, John S., and Rosemary A. Joyce
1998 Investigaciones arqueológicas en Puerto Escondido: Definición del
formativo temprano en el valle inferior del Río Ulúa. Yaxkin 17:5–35.

2004a Human Use of Animals in Prehispanic Honduras: A Preliminary
Report from the Lower Ulúa Valley. In Maya Zooarchaeology: New
Directions in Method and Theory, C, edited by Kitty Emery, pp.
223–236. Cotsen Institute of Archaeology, University of California,
Los Angeles.

2004b Puerto Escondido: Exploraciones preliminares del formativo
temprano. In Memoria VII Seminario de Antropología de Honduras
“Dr. George Hasemann,” pp. 93–114. Instituto Hondureño de
Antropología e Historia, Tegucigalpa.

2006 Brewing Distinction: The Development of Cacao Beverages in
Formative Mesoamerica. In Chocolate in Mesoamerica: A Cultural
History of Cacao, edited by Cameron L. McNeil, pp. 140–153.
University Press of Florida, Gainesville.

Henderson, John S., Rosemary A. Joyce, Gretchen R. Hall, W. Jeffrey Hurst,
and Patrick E. McGovern
2007 Chemical and Archaeological Evidence for the Earliest Cacao
Beverages. Proceedings of the National Academy of Sciences of the
United States of America 104:18937.

Henry, Amanda G., Holly F. Hudson, and Dolores R. Piperno
2009 Changes in Starch Grain Morphologies from Cooking. Journal of
Archaeological Science 36:915–922.

House, Paul H., and Lorena Ochoa
1998 La diversidad de especies útiles en diez huertos en la aldea de
Camalote, Honduras. In Huertos caseros tradicionales de américa
central: Características, beneficios e importancia, desde un enfoque
multidisciplinario, edited by Rosanna Lok, pp. 61–84. Centro
Agronómico Tropical de Investigación y Enseñanza, Turrialba.

Hubbard, Richard N.L.B., and Amr al Azm
1990 Quantifying Preservation and Distortion in Carbonized Seeds; and
Investigating the History of Friké Production. Journal of
Archaeological Science 17:103–106.

Joyce, Rosemary A.
2007 Building Houses: The Materialization of Lasting Identity in
Formative Mesoamerica. In The Durable House: House Society
Models in Archaeology, edited by Robin A. Beck, pp. 53–72. Center
for Archaeological Investigations, Occasional Paper No. 35. Southern
Illinois University, Carbondale.

2011 In the Beginning: The Experience of Residential Burial in
Prehispanic Honduras. In Residential Burial: A Multiregional
Exploration, edited by Ron L. Adams and Stacie King, pp. 33–43.
Archaeological Papers of the American Anthropological Association.
Wiley Periodicals, Wilmington.

Joyce, Rosemary A., and John S. Henderson
2001 Beginnings of Village Life in Eastern Mesoamerica. Latin
American Antiquity 12:5–24.

2002 La arqueología del período Formativo en Honduras: Nuevos datos
sobre el <<estilo olmeca>> en la zona maya. Mayab 15:5–18.

2003 Investigaciones recientes de la arqueología del período formativo
en Honduras: Nuevos datos según el intercambio y cerámica
Pan-mesoamericana (o estilo “olmeca”). In XVI Simposio de
Investigaciones Arqueológicas en Guatemala, 2002, edited by Juan

Pedro Laporte, Barbara Arroyo, Héctor Escobedo, and Héctor Mejía,
pp. 819–832. Museo Nacional de Arqueología y Etnología and
Asociación Tikal, Guatemala City.

2007 From Feasting to Cuisine: Implications of Archaeological
Research in an Early Honduran Village. American Anthropologist
109:642–653.

2009 Forming Mesoamerican Taste: Cacao Consumption in Formative
Period Contexts. In Pre-Columbian Foodways: Interdisciplinary
Approaches to Food, Culture, and Markets in Ancient Mesoamerica,
edited by John E. Staller and M. David Carrasco, pp. 157–173.
Springer, New York.

2010 Being “Olmec” in Formative Honduras. Ancient Mesoamerica 21:
187–200.

2017 “Olmec” Pottery in Honduras. In The Early Olmec and
Mesoamerica: The Material Record, edited by Jeffrey Blomster and
David Cheetham, pp. 264–287. Cambridge University Press,
Cambridge.Joyce, Rosemary A., M. Steven Shackley, Kenneth

McCandless, and Russell Sheptak
2004 Resultados preliminares de una investigación con EDXRF de

obsidiana de Puerto Escondido. In Memoria VII Seminario de
Antropología de Honduras “Dr. George Hasemann,” pp. 115–129.
Instituto Hondureño de Antropología e Historia, Tegucigalpa.

Kew Royal Botanic Gardens
2011 Electronic database, http://www.kew.org/science-research-data/

databases-publications/index.htm, accessed January 13, 2011.
Kraft, Kraig H., Cecil H. Brown, Gary P. Nabhan, Eike Luedeling, José de
Jesús Luna Ruiz, Geo Coppens d’Eeckenbrugge, Robert J. Hijmans, and
Paul Gepts
2014 Multiple Lines of Evidence for the Origin of Domesticated Chili

Pepper, Capsicum annuum, in Mexico. Proceedings of the National
Academy of Sciences of the United States of America 111:6165–6170.

Kufer, Johanna, Harald Forther, Elfriede Poll, and Michael Heinrich
2005 Historical andModern Medicinal Plant Uses – The Example of the

Ch’orti’Maya and Ladinos in Eastern Guatemala. Journal of Pharmacy
and Pharmacology 2005:1127–1152.

Lentz, David L.
1986 Ethnobotany of the Jicaque of Honduras. Economic Botany 40:

210–219.
1993 Medicinal and Other Economic Plants of the Paya of Honduras.

Economic Botany 47:358–370.
1999 Plant Resources of the Ancient Maya: The Paleoethnobotanical

Evidence. In Reconstructing Ancient Maya Diet, edited by C.D.
White, pp. 3–18. University of Utah Press, Salt Lake City.

2001 Diets Under Duress: Paleoethnobotanical Evidence from the Late
Classic Maya Site of Aguateca. Paper presented at the 66th Annual
Meetings of the Society for American Archaeology, New Orleans.

Lentz, David L., Marilyn P. Beaudry-Corbett, Maria Luisa Reyna de
Aguilar, and Lawrence Kaplan
1996 Foodstuffs, Forests, Fields, and Shelter: A Paleoethnobotanical

Analysis of Vessel Contents from the Ceren Site, El Salvador. Latin
American Antiquity 7:247–262.

Lentz, David L., Alice M. Clark, Charles D. Hufford, Barbara
Meurer-Grimes, Claus M. Passreiter, Javier Cordero, Omar Ibrahimi, and
Adewole L. Okunade
1998 Antimicrobial Properties of Honduran Medicinal Plants. Journal

of Ethnopharmacology 63:253–263.
Lentz, David L., and Ruth Dickau
2005 Seeds of Central America and Southern Mexico: The Economic

Species. Memoirs of the New York Botanical Garden, Vol. 91.
New York Botanical Garden Press, Bronx.

Lentz, David L., and Brian Hockaday
2009 Tikal Timbers and Temples: Ancient Maya Agroforestry and the

End of Time. Journal of Archaeological Science 36:1342–1353.
Lentz, David L., Kevin Magee, Eric Weaver, John G. Jones, Kenneth B.
Tankersley, Angela Hood, Gerald Islebe, Carmen E. Ramos Hernandez, and
Nicholas P. Dunning
2015 Agroforestry and Agricultural Practices of the Ancient Maya at

Tikal. In Tikal: Paleoecology of an Ancient Maya City, edited by
David L. Lentz, Nicholas P. Dunning, and Vernon L. Scarborough,
pp. 152–185. Cambridge University Press, New York.

Lentz, David L., Carlos R. Ramírez, and Bronson W. Griscom
1997 Formative-Period Subsistence and Forest-Product Extraction at the

Yarumela Site, Honduras. Ancient Mesoamerica 8:63–74.

Ethnoecology in Pre-Hispanic Central America 551

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014


Lentz, David L., Sally Woods, Angela Hood, and Marcus Murph
2012 Agroforestry and Agricultural Production of the Ancient Maya at

the Chan Site. In Chan: An Ancient Maya Farming Community in
Belize, edited by Cynthia Robin, pp. 89–112. University of Florida
Press, Gainesville.

Luke, Christina, Rosemary A. Joyce, John S. Henderson and Robert H.
Tykot
2003 Marble Carving Traditions in Honduras: Formative through

Terminal Classic. In ASMOSIA 6, Interdisciplinary Studies on
Ancient Stone - Proceedings of the Sixth International Conference of
the Association for the Study of Marble and Other Stones in
Antiquity, Venice, June 15–18, 2000, edited by Lorenzo Lazzarini,
pp. 485–496. Bottega d’Erasmo, Padova.

Marshall, Jeff S.
2007 The Geomorphology and Physiographic Provinces of Central

America. Central America: Geology, Resources, and Natural
Hazards 1:75–122.

Martin, Alexander C., and William D. Barkley
1973 Seed Identification Manual. University of California Press,

Berkeley.
Matthews, Meredith H.
1984 ARTICLE 13: Results of Macrobotanical Analysis for the

Proyecto Prehistorico Arenal: Preliminary Evidence of Resource Use
and Subsistence Strategies. Vínculos: Revista de Antropología del
Museo Nacional de Costa Rica 10:193.

McClung de Tapia, Emily
1985 Investigaciones arqueobotánicas en Mesoamérica y Centroamérica.

Anales de Antropología 22: 133–157.
McNeil, Cameron L.
2012 Deforestation, Agroforestry, and Sustainable Land Management

Practices among the Classic Period Maya. Quaternary International
249:19–30.

McNeil, Cameron L., David A. Burney, and Lida Pigott Burney
2010 Evidence Disputing Deforestation as the Cause for the Collapse of

the Ancient Maya Polity of Copan, Honduras. Proceedings of the
National Academy of Sciences of the United States of America 107:
1017–1022.

Meluzín, Sylvia
1997 Ritual Use of Bromeliads in the Maize-Planting Ceremony of the

Lenca of Honduras: Part 1. Journal of the Bromeliad Society 47:
252–260.

Montagnini, Florencia
2006 Homegardens of Mesoamerica: Biodiversity, Food Security, and

Nutrient Management. In Tropical Homegardens: A Time-Tested
Example of Sustainable Agroforestry, edited by B. Mohan Kumar
and P. K. Ramachandran Nair, pp. 61–84. Springer, Dordrecht.

Morehart, Christopher T., David L. Lentz, and Keith M. Prufer
2005 Wood of the Gods: The Ritual Use of Pine (Pinus spp.) by the

Ancient Lowland Maya. Latin American Antiquity 16:255–274.
Morehart, Christopher T. and Shanti Morell-Hart
2015 Beyond the Ecofact: Toward a Social Paleoethnobotany in

Mesoamerica. Journal of Archaeological Method and Theory 22:
483–511.

Morell-Hart, Shanti
2011 Paradigms and Syntagms of Ethnobotanical Practice in

Pre-Hispanic Northwestern Honduras. Ph.D. dissertation,
Department of Anthropology, University of California, Berkeley.

Morell-Hart, Shanti, Rosemary A. Joyce, and John S. Henderson
2014 Multi-Proxy Analysis of Plant Use at Formative Period Los

Naranjos, Honduras. Latin American Antiquity 25:65–81.
Morgan, Molly
2010 Fixing Residence: Formative Period Place Making at Chiquiuitan,

Guatemala. Ph.D. dissertation, Department of Anthropology,
Vanderbilt University, Nashville.

Nelson Sutherland, Cyril
1986 Plantas Comunes de Honduras. 2 vols. Editorial Universitaria,

Tegucigalpa.
Pearsall, Deborah M.
2008 Paleoethnobotany: A Handbook of Procedures. 2nd ed. Academic

Press, New York.
Perry, Linda
2004 Starch Analyses Reveal the Relationship between Tool Type and

Function: An Example from the Orinoco Valley of Venezuela.
Journal of Archaeological Science 31:1069–1081.

2005 Reassessing the Traditional Interpretation of “Manioc”Artifacts in
the Orinoco Valley of Venezuela. Latin American Antiquity 16:
409–426.

Perry, Linda, Ruth Dickau, Sonia Zarrillo, Irene Holst, Deborah M. Pearsall,
Dolores R. Piperno, Mary Jane Berman, Richard G. Cooke, Kurt
Rademaker, and Anthony J. Ranere
2007 Starch Fossils and the Domestication and Dispersal of Chili
Peppers (Capsicum spp. L.) in the Americas. Science 315:986.

Pickersgill, Barbara
2007 Domestication of Plants in the Americas: Insights from Mendelian
and Molecular Genetics. Annals of Botany 100:925–940.

Piperno, Dolores R.
2006 Identifying Manioc (Manihot esculenta Crantz) and Other
Crops in Pre-Columbian Tropical America through Starch Grain
Analysis: A Case Study from Central Panama. In Documenting
Domestication: New Genetic and Archaeological Paradigms, edited
by Melinda A. Zeder, pp. 46–67. University of California Press,
Berkeley.

2007 Prehistoric Human Occupation and Impacts on Neotropical Forest
Landscapes during the Late Pleistocene and Early/Middle Holocene. In
Tropical Rainforest Responses to Climatic Change, edited by Mark B.
Bush, John R. Flenley, andWilliam D. Gosling, pp. 193–218. Springer,
New York.

2009 Identifying Crop Plants with Phytoliths (and Starch Grains) in
Central and South America: A Review and an Update of the
Evidence. Quaternary International 193:146–159.

Piperno, Dolores R., and Irene Holst
1998 The Presence of Starch Grains on Prehistoric Stone Tools from the
Humid Neotropics: Indications of Early Tuber Use and Agriculture in
Panama. Journal of Archaeological Science 25:765–776.

Piperno, Dolores R., Anthony J. Ranere, Irene Holst, and Patricia Hansell
2000 Starch Grains Reveal Early Root Crop Horticulture in the
Panamanian Tropical Forest. Nature 407:894–897.

Pope, Kevin O.
1987 The Ecology and Economy of the Formative-Classic Transition
along the Ulúa River, Honduras. In Interaction on the Southeast
Mesoamerican Frontier: Prehistoric and Historic Honduras and
El Salvador, edited by Eugenia J. Robinson, pp. 95–128.
BAR International Series, Vol. 203. British Archaeological Reports,
Oxford.

Ranere, Anthony J., Dolores R. Piperno, Irene Holst, Ruth Dickau, and José
Iriarte
2009 The Cultural and Chronological Context of Early Holocene Maize
and Squash Domestication in the Central Balsas River Valley, Mexico.
Proceedings of the National Academy of Sciences of the United States
of America 106:5014–5018.

Rico-Gray, Victor, Alexandra Chemás, and Salvador Mandujano
1991 Uses of Tropical Deciduous Forest Species by the Yucatecan
Maya. Agroforestry Systems 14:149–161.

Roys, Ralph L.
1965 [1779] Ritual of the Bacabs: A Book of Maya Incantations.
University of Oklahoma Press, Oklahoma City.

Rue, David J.
1987 Early Agriculture and Early Postclassic Maya Occupation in
Western Honduras. Nature 326:285–286.

1989 Archaic Middle American Agriculture and Settlement: Recent
Pollen Data from Honduras. Journal of Field Archaeology 16:177–184.

Santini, Lauren Mee
2016 The Fabricated Forest. Ph.D. dissertation, Department of
Anthropology, Harvard University, Cambridge.

Sheets, Payson D.
1998 Place and Time in Activity Area Analysis: A Study of Elevated
Contexts Used for Artifact Curation at the Ceren Site, El Salvador.
Revista Española de Antropología Americana 28:63.

Sheets, Payson D., Christine Dixon, Mónica Guerra, and Adam Blanford
2011 Manioc Cultivation at Ceren, El Salvador: Occasional
Kitchen Garden Plant or Staple Crop? Ancient Mesoamerica 22:
1–11.

Sheets, Payson D., David L. Lentz, Dolores R. Piperno, John Jones,
Christine C. Dixon, George Maloof, and Angela Hood
2012 Ancient Manioc Agriculture South of the Cerén Village, El
Salvador. Latin American Antiquity 23:259–281.

Simms, Stephanie R., Francesco Berna, and George J. Bey
2013 A Prehispanic Maya Pit Oven? Microanalysis of Fired Clay Balls

Morell-Hart, Joyce, Henderson, and Cane552

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014


from the Puuc Region, Yucatan, Mexico. Journal of Archaeological
Science 40:1144–1157.

Smith, Helen, and Glynis Jones
1990 Experiments on the Effects of Charring on Cultivated Grape
Seeds. Journal of Archaeological Science 17:317–327.

Standley, Paul Carpenter, and Julian Alfred Steyermark
1946 Flora of Guatemala. Natural History Museum, Chicago.

Stewart, Robert B., and William Robertson
1971 Moisture and Seed Carbonization. Economic Botany 25:381–381.

Thompson, Kim M., Angela Hood, Dana Cavallaro, and David L. Lentz
2015 Connecting Contemporary Ecology and Ethnobotany to Ancient
Plant Use Practices of the Maya at Tikal. In Tikal: Paleoecology of
an Ancient Maya City, edited by David L. Lentz, Nicholas P.

Dunning, and Vernon L. Scarborough, pp. 124–151. Cambridge
University Press, Cambridge.

Ticktin, Tamara, and Sarah Paule Dalle
2005 Medicinal Plant Use in the Practice of Midwifery in Rural

Honduras. Journal of Ethnopharmacology 96:233–248.
United States Department of Agriculture
2011 PLANTS Database. Electronic database, http://plants.usda.gov/,

accessed January 13, 2011.
Whitney, Bronwen S., Elizabeth A.C. Rushton, John F. Carson, José Iriarte,
and Francis E. Mayle
2012 An Improved Methodology for the Recovery of Zea mays

and Other Large Crop Pollen, with Implications for Environmental
Archaeology in the Neotropics. The Holocene 22:1087–1096.

Ethnoecology in Pre-Hispanic Central America 553

https://doi.org/10.1017/S0956536119000014 Published online by Cambridge University Press

https://doi.org/10.1017/S0956536119000014

	ETHNOECOLOGY IN PRE-HISPANIC CENTRAL AMERICA: FOODWAYS AND HUMAN-PLANT INTERFACES
	Abstract
	INTRODUCTION
	PUERTO ESCONDIDO: ARCHAEOLOGICAL RESEARCH, SAMPLE CONTEXTS, AND LOCAL ECOLOGY
	PLANT USE AT PUERTO ESCONDIDO: RESEARCH METHODS
	Lithic Subsampling Strategy
	Ceramic Subsampling Strategy
	Macrobotanical Subsampling Strategy

	RESULTS
	Plant Taxa Represented on Artifacts and in Sediments: An Overview of Differences
	Ceramic Artifact Residue Samples

	Lithic Artifact Residue Samples
	Comparison with Bulk Flotation Sediment Samples

	DISCUSSION
	RESUMEN
	ACKNOWLEDGMENTS
	REFERENCES


