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Abstract

In this study we present new evidence from phytolith studies for the presence of Sabal sp.

(likely minor), an allochthonous plant, around Tesuque Creek in northern New Mexico dur-

ing the early part of the Late Holocene, in the vicinity of known Late Archaic hunter-gatherer

communities using the area at that time. We analyzed phytoliths from sediments taken from

an alluvial section on the east side of Tesuque Creek dating to c. 3600–2400 cal. BP. The

phytoliths demonstrated a change over time from a succulent dominated landscape to a

shrubby one, with the later introduction of high densities of palmetto phytoliths associated

with marshy deposits and adjacent burn levels. This evidence suggests a more diverse

resource landscape available to local hunter-gatherer groups than previously understood,

and may have implications for the early management of microenvironments, plant communi-

ties. This evidence demonstrates the value of phytolith analysis from alluvial sections for

understanding human land and plant use practices over time. Our study provides a new per-

spective on what resources and land use areas were available for Archaic peoples inhabit-

ing the area, and how they may have experimented with managing lesser known types of

wild plant resources before the establishment of the triad of crops from Mesoamerica. This

opens up new avenues for understanding the landscapes, land use practices, and environ-

mental impacts of pre-agricultural communities in the northern Rio Grande and in other

semi-arid environments worldwide.

Introduction

Recent research has shown that full-time foragers in numerous locations around the world cul-

tivated wild plants for at least 10,000 years before the emergence of truly domesticated culti-

gens and the adoption of farming [1–4]. In most cases, research on this phenomenon has

focused on wild progenitors of domesticated cultigens known as “Founder Crops” such as

wheat in Southwest Asia, rice in China, and maize in the Americas [5–12]. These crops attract

research attention because they are among the most important modern cultigens, but for
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foragers, other types of plants were of equal importance to their subsistence regime. Ethnohis-

toric research has shown that foragers also tended and cultivated a range of plants that were

not subsequently domesticated [13–15]. Here we provide compelling paleoecological evidence

for the availability of an important species of wild plant in northern New Mexico, which is out-

side its endemic range, and therefore may suggest Archaic forager participation in maintaining

its growth in the region.

Direct archaeological evidence for cultivation of non-domesticates by past foragers is rare

[16–22]. Two main factors contribute to the scarcity of evidence that can pinpoint pre-agricul-

tural cultivation of wild plants. First, many archaeobotanical studies derive from assemblages

collected at archaeological sites, where wild plants could represent collection rather than culti-

vation. Second, evidence for local wild plants found in paleoecological samples, for instance

from pollen cores, could indicate vegetation changes due to the effects of climatic fluctuations

and natural environmental change rather than human activity. One solution to these problems

is the identification of an introduced non-local wild plant growing in a landscape context

exploited by forager populations, which would clearly point to anthropogenic manipulation of

that species. For this study, we examined the geomorphological and microbotanical (phytolith)

record of a Late Holocene alluvial section in Tesuque Creek, an area adjacent to, but outside of

known forager archaeological sites. From this work, we report the first direct evidence for the

presence of dwarf palmetto (Sabal minor), a non-native plant, in the northern Rio Grande area

of New Mexico, USA, in an area accessed by Late Archaic foragers.

The detailed phytolith record obtained allowed us to reconstruct the local landscape, envi-

ronmental history, and changing plant communities from the period of Late Archaic forager

occupation through the beginning of cultivation. Our results add to emerging evidence that

low-level tending and cultivation of wild plants was widespread in foraging societies and

extends to taxa that were not subsequently domesticated. It also suggests possible early cultiva-

tion of wild species in regions beyond which they are endemic. This serves as a baseline for

understanding the dynamics of plant resource manipulation by preagricultural foragers living

in this region as a prelude to understanding how and why agriculture was ultimately adopted

by more recent inhabitants of the region.

Study area and resources

Throughout the Late Holocene, the vegetation in the northern Rio Grande Basin of New Mexico

has been dominated by piñon and juniper, with a component of Agavoideae in the form of yucca.

There are also steppic grasses such as Stipa along with shrubs such as chenopods and amaranth

[19, 23, 24]. These plants provided a wide range of resources for both foragers and agriculturalists,

fulfilling both nutritional and material needs. Vierra and Ford have suggested that such plants

were sometimes cultivated by Archaic foragers around cave sites in particular [12, 19, 25, 26].

In order to track key elements of vegetation history, and the impact of human occupation

in this region, we focused our preliminary work on a small catchment of the Tesuque Creek

alluvial system in northern New Mexico (Fig 1). The study site is located on the Pojoaque

Pueblo land grant, in the southernmost part of the Española Basin, along the lower catchment

area of Tesuque Creek as it passes Pojoaque Pueblo and the ancestral Tewa village of Cuyu-

mungué. Today, precipitation in the study area averages around 350 mm per annum, with the

heaviest rainfall occurring during the summer months.

The section that we studied is located upstream from a known Late Archaic archaeological

site [27, 28]. We collected thirty sediment samples from this five-meter high alluvial section

and analyzed them for phytolith remains. These samples, deposited from about 3700–2600 cal

BP, provided new information about human impact on vegetation patterns within this alluvial
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floodplain. The microbotanical analyses produced large numbers of phytoliths dominated by

Agavoideae in the lower portion of the section. Shrubs and grasses increased in the upper part

of the section. There was a strong presence of palm phytoliths likely deriving from the dwarf

palmetto, Sabal minor, in the upper units associated with seasonally marshy floodplain depos-

its and associated burn levels. Most of these plants are native to this region and are currently

present along the modern floodplains. While the palmettos are not endemic to northern New

Mexico, they grow in moist micro-environments as far north as Oklahoma and Texas and as

far east as Florida up to South Carolina. The Sabal palmetto could have provided an important

resource for Late Archaic inhabitants of New Mexico, yielding an edible starchy stalk, roots

used for soap-making, and fronds and fibers used for a wide variety of useful material pur-

poses. We suggest that these palmettos were likely cultivated and maintained by the Archaic

inhabitants of this region, and may indeed have been opportunistically planted by them.

Late Holocene paleoclimate

The paleoclimate was a significant driver of stream flow, water resources and vegetation com-

position and coverage. Recent climate literature indicates that in the mid-Holocene altither-

mal, the climate was warm and dry. Climate proxies indicate a shift to generally wetter, cooler

conditions in the Late Holocene [29–32]. This cooler/moister period begins around 3,000 cal

BP in the Sangre de Cristo Mountains [33, 34], although Hall’s 2017 regional summary dates

this “Late Holocene Wet Period” from 4500–1000 cal BP. This would have led to greater runoff

into the valley alluvial systems, and higher water tables. This period was characterized as a

neo-glaciation event at higher elevations in the mountains and coincides with the expansion of

piñon pine forests and the retraction of grassland ranges [33, 35–37]. These climatic condi-

tions would seem to suggest an environment that was too cold to sustain a palmetto popula-

tion. However, Sabal minor is the hardiest and most frost-tolerant of all the palmettos [38].

Overview of Late Archaic occupation and plant use

In northern New Mexico and most of the Southwest, the Late Archaic spans c. 3500–1500 BP,

post-dating the Middle Archaic (c. 5500–3500 BP) and the Early Archaic (c. 8500–5500 BP)

Fig 1. Map of the location of the Tesuque Creek East Section.

https://doi.org/10.1371/journal.pone.0258231.g001
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[36, 39]. The Archaic Period landscape was populated by nomadic and semi-nomadic foragers

who exploited a broad range of plants and animals. The Late Archaic marks the emergence of

new technologies and subsistence patterns demonstrating complex land management strate-

gies that are considered foundational in the development of agricultural societies throughout

the region [36, 40–42]. Vierra and Ford have suggested low level cultivation of wild plants and

imported cultigens around cave sites [19].

In the northern Rio Grande, Archaic plant use patterns generally reflect regional trends

towards broad-spectrum foraging, which becomes more specialized over time as populations

begin low-level management of their landscapes and resources. The cooler and wetter late

Holocene environmental conditions presented opportunities for Archaic Period foragers who

inhabited this region. By the Late Archaic, the archaeobotanical records provide some evi-

dence of the introduction of early cultigens, although these arrive late to northern and eastern

New Mexico and remain minimal contributors to subsistence for quite a long time relative to

other parts of the region.

Cheno-ams and wild weedy plants appear in archaeobotanical records alongside piñon as

important Archaic resources providing starch and protein to local foragers [43]. Succulents,

particularly Yucca baccata and possibly other Agavoideae, also provided essential calories and

starch, and seem to have served both subsistence and technical purposes throughout the

Southwest [44–48]. Eventually starch-rich Mesoamerican cultigens such as maize, cucurbits

(squash and gourd), and Phaseolus spp. (various beans) were incorporated into the local sub-

sistence system, but remained less important resources for centuries [19, 22, 49]. Indeed, the

rarity of these early introduced cultigens until quite late in the Archaic, and their slow incorpo-

ration into existing subsistence systems, is a distinctive and notable feature of the archaeobota-

nical record for Eastern and North-Eastern New Mexico [12, 39, 50, 51]. The archaeobotanical

record also indicates a persistent focus on resources from alluvial catchment zones throughout

the Archaic [52–54]. This emphasizes the importance of studying these alluvial zones to under-

stand the diversity of plant communities within these microenvironments and how they

responded to human plant exploitation and management.

Results

The modern channel of Tesuque Creek generally supports an ephemeral stream with some

limited perennial flow throughout most of the year. Today, this portion of the arroyo is deeply

incised with strong flash flooding after storms, but the flow can no longer reach bankfull con-

ditions or develop a floodplain in our study area. We identified exposures of alluvial deposits

that were five- eleven meters deep on the east and west faces of the drainage. One of the geo-

logical sections of this study, Tesuque Creek East (TCE) (N35, 51’ 29.2”; W106, 0.0’, 02.9”;

elev. 1860 masl), provided an approximately five-meter deep sequence of Late Holocene sedi-

ment deposition. The lowermost portion of the section consisted primarily of sandy silts with

some laminated bedding, indicating deposits from an aggrading floodplain of a primarily

perennial stream, with some overbank levee deposition. In the upper three meters of the sec-

tion there are sets of organic-rich clayey silts indicating ponding and seasonal marsh deposits

on these ancient floodplains. The sediment units were described, and sampled for 14C dates,

sediment analyses and phytolith determinations. We identified eight sediment units which

reflect changes in the depositional regime, including marshy deposits (Units 1, 3, and 5), near-

channel overbank sediments (Units 2, 4, 6, and 8), and one unit with sets of both types of depo-

sitional microenvironments (Unit 7). Small well-sorted and rounded channel gravels appear at

intervals throughout the section indicating periods of well-sustained perennial flow (Fig 2).

Throughout the section there are lenses of ash and charcoal indicating burned surfaces. These
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are commonly associated with the marshy facies of these deposits (Units 1, 3, 5, and 7),

although one burn level appears in Unit 6. For the purposes of this paper we primarily will dis-

cuss the results of the phytolith analysis (See S1 File for full counts).

Phytolith analysis

We collected 30 sediment samples for phytolith analysis from every unit throughout the TCE

Geo-Section. The full results of all phytolith forms counted are provided in the S1 File as abso-

lute numbers of phytoliths per gram of sediment. Generally, we found substantial quantities of

phytoliths in most samples. Most of the phytoliths were silica bodies from monocotyledons

(grasses, sedges, palms), with the exception of the shapeless silica masses termed “siliceous

aggregates” and “platelets” which form within the woody parts of dicotyledonous trees and

shrubs [55]. We also found large quantities of raphids from succulents in a number of the sam-

ples (S1 File).

Fig 2. Tesuque Creek East Section showing units and location of C14 dates.

https://doi.org/10.1371/journal.pone.0258231.g002
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Here we wish to highlight four categories of plant types that are indicative of vegetation and

landscape shifts through time, and provide information about the types of plants which might

have been available for exploitation by the native inhabitants of the region during the Late

Archaic Period. These four categories include 1) Gramineae 2) General dicotyledonous shrubs,

3) Agavaceae (most likely yucca), and 4) Palmettos within the more mesic sediment units.

These plant categories are related to both environmental and human impact (Figs 3 and 4).

The siliceous aggregate phytoliths from woody shrubs and trees are most abundant in the

deposits which indicated more mesic conditions in the form of seasonally marshy floodplain

deposits. They appear in Unit 1, but are most abundant in the marshy deposits of Unit 3, and

the top of Unit 4. They are also prominent in the seasonal marsh deposits of Unit 5, and the

lowermost part of Unit 7. These shrubs are likely responding to the increased flow and residual

moisture of Tesuque Creek when it was a more perennial stream under the cooler/moister

conditions of the Late Holocene [29, 56].

The distribution of succulents throughout the section shows a strong presence in the lower

units but tapers off into the upper portion of the sequence. The main succulent in this region

today is Yucca, specifically the Yucca baccata (banana yucca) which grows throughout central

Fig 3. Tesuque Creek East Section showing with phytolith density results (n/gram). Phytolith densities are shown for proxies for shrubs, palmetto, and agave, as well

as photos of these representative morphotypes.

https://doi.org/10.1371/journal.pone.0258231.g003
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and western New Mexico. Although Agave plants are native to New Mexico, most are

restricted to the south and southwestern portions of the state [43]. The Yucca baccata is partic-

ularly hearty and is more frost tolerant than other Agavoideae. It was used ethnohistorically by

a number of native groups throughout the Southwest for food, medicine, utilities, and fiber

[57, 58].

The fourth category of significant plant types are the dwarf palmettos (Sabal minor). The

spheroid echinate phytoliths [59] representing this plant have almost the opposite distribution

from the yucca. The palmetto phytoliths appear only in the sediments indicating moister

microenvironments, and are more frequent in the upper portion of the geological section. Phy-

toliths from palmettos were unexpected, since there is no record in the biogeographic

Fig 4. Tesuque Creek East Section with phytolith density results (n/gram) for the grasses.

https://doi.org/10.1371/journal.pone.0258231.g004
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literature for palms or palmettos growing anywhere in this region before European contact. In

order to verify this finding, we investigated the geological record and found no convincing evi-

dence for fossil palms from any other sedimentary deposit (see S1 File). Additionally, our pal-

metto phytoliths are most abundant in the marshy sediment contexts and burn levels, rather

than the more sandy/silt floodplain deposits, indicating their presence in the kind of microen-

vironment which suits their growth preference [60].

Another silica morphotype which could possibly be confused with phytoliths from palmet-

tos are the ‘spherasters,’ silica microscleres which form in sponges [61]. These silica bodies

look remarkably similar to those spheroid echinates formed in palmettos [59]. However, we

feel confident that we were able to discount these sponge precipitates based on three main fac-

tors. One was that the spherasters from sponges contain a small pore either on the body of the

spheroid or on the spines [62]. For the purposes of this study, Damick examined scores of our

spheroid echinates under high magnification (400x) light microscopy. She then used a scan-

ning electron microscope (SEM) and an optical profilometer to examine fifteen additional

spheroid echinates from our samples and did not confirm a single pore feature in any of the

forms she examined (see S1 File). Additionally, sponges produce elongated spicules at a much

higher density than spherasters. The density of sponges spicules throughout all samples from

TCE was extremely low, and distributed throughout the section units, whereas the spheroid

echinates are very dense and concentrated within burn levels and seasonal marsh deposits.

This is a strong indicator that the spheroid echinates did not derive from sponges, but rather

from palmettos.

Another possibility that needed to be considered in evaluating evidence from an alluvial

context is that the phytoliths were eroded from older sediments or bedrock. In our review of

the geological literature, there is not compelling evidence for significant palms present in the

underlying formations (one fossilized palm wood fragment) [63]. Furthermore, phytoliths,

being amorphous silica, show evidence on their surfaces of chemical degradation, weathering

and erosion of edges when extensively transported by wind or water, and like all minerals are

subject to diagenesis [64]. However, the examples in our samples appear relatively fresh, with

defined edges and distinct echinate processes. Furthermore, the fact that the spheroid echi-

nates almost exclusively appear in the ponding levels and overlying burn layers, rather than

throughout all of the sediments sampled, suggests that they were not deposited randomly by

natural erosion processes but are in fact associated with those contexts. As a counter-example,

several types of prismatic crystals were found consistently throughout all sediments analyzed,

probably remnants of volcanic glass eroded from nearby basalts. We also measured the diame-

ters of the TCE spheroid echinate forms from our alluvial section and compared them to those

produced by Arecaceae (the palm family) in our modern reference collection, in order to

determine the type of palm/palmetto with which they best compare. The only reasonable pos-

sibilities were Sabal sp whose range today includes Texas and Oklahoma, or Washingtonia sp
found today in California and Arizona. The results showed that there was a highly significant

statistical correlation (T = -2.11459, P = 0.035471, two-tailed) with the spheroid echinates

from the Sabal minor palmetto, ruling out the possibility that they were from the Washingtonia
filifera palm (See S1 File).

Given the above, we are confident that the spheroid echinate phytoliths from Tesuque

Creek are almost certainly from the Sabal minor dwarf palmetto. These are the most cold-

tolerant of the North American palms and palmettos [38]. This has significant implications

for the role of humans in influencing plant distributions and native plant habitats. Since the

dwarf palmetto is not native to New Mexico—and particularly not found naturally in northern

New Mexico—their presence in our Late Archaic Period geological deposits demands

explanation.
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Discussion

In this pilot study we investigated an alluvial drainage in northern New Mexico in order to

clarify which plant resources were available to inhabitants of this region through time and how

Late Archaic populations impacted the landscape and existing vegetation communities.

Through phytolith analysis we were able to record some of the major vegetation changes that

took place over the course of about 1,000 years during the time period in which Late Archaic

populations were inhabiting this landscape. Some of these vegetation changes might have been

related to the Late Holocene cooling and increase in moisture availability within the drainages

of this region [29]. However, some are likely to be related to the human management of plant

communities preceding the earliest local farming activities.

At the base of this alluvial section we recorded a strong presence of raphid phytoliths related

to the Agavaceae subfamily. The phytolith morphology of these types are consistent with

Yucca baccata (banana yucca), the only native Agavaceae presently growing in this region. As

one of the more frost tolerant Yuccas, banana yucca is well adapted to weathering climatic

extremes, and would have done well on the sandy deposits of the drier floodplain environ-

ments represented by the lower portions of the Tesuque Creek section. Scholars have known

for decades that Agavaceae were important plants for Archaic peoples [65]. Their starchy fruits

and stalks would have been an important source of carbohydrates in a region with relatively

low-calorie content in the other plant foods, as has been the demonstrated case elsewhere [20,

66, 67].

Notably, we also found surprisingly large numbers of spheroid echinate phytoliths, which

are typically abundant in palms and palmettos. Our research eliminated other possible “confu-

sers” fossil types (see S1 File), and statistical analyses of the diameter of those spheroid echi-

nates show that there is a high probability that they came from the cold-hardy dwarf palmetto

(Sabal minor). We propose two possible explanations for the occurrence of Sabal minor phyto-

liths in Late Holocene sediments from Tesuque Creek. These are: a) the phytoliths represent

remnant refugia groups of palmettos from earlier widespread populations that thrived during

recurring short-term warming episodes within the broader regional cold period; or b) the pal-

mettos were introduced opportunistically by Late Archaic forager communities. The latter

need not have been anything close to intensive cultivation, but rather populations of foragers

carrying the seeds or vegetative parts of this plant into these moist alluvial valleys and planting

them there. In either scenario, whether remnants of natural refugia or anthropogenically intro-

duced, the palmettos may have been used and maintained over time by local forager groups, a

type of “low-level” cultivation in a setting where populations could visit on their yearly or sea-

sonal rounds [1].

The greatest obstacle to understanding the presence of the palmettos in northern New

Mexico is their ability to survive the paleoclimatic conditions of the Late Holocene. These con-

ditions suggest an environment that was too cold to sustain a widespread palmetto population,

even though the Sabal palmetto is the most cold-hardy of the palmettos. In the context of the

first possible explanation for these palmettos, where they derive from natural refugia, we must

look back at the evidence for their earlier presence in the region, and reconsider the variability

of local climate conditions. The broad North American range of Sabal appears to have begun

to fragment in the Eocene, continuing to gradually diminish until Pleistocene glaciation

pushed it southward into its current range [68, 69]. Eventually, the Mid-Holocene Altithermal

transitioned into the cooler Late Holocene, which again might have been too cold for most

species of Sabal. However, there is clear evidence that periodic short warm episodes occurred

in New Mexico during the Late Holocene Cool/Wet Period. Hall and Penner’s (2013) isotope

studies of sediments from Abo Arroyo in Central New Mexico (reproduced in Hall’s 2017
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Southwest Paleoclimate overview) significantly show occasional warm peaks that rival the

Altithermal temperatures [29]. Armour’s 2002 study of sediments from the glacial moraines of

the Sangre de Cristo Mountains also show highly variable readings for organic content, mag-

netic susceptibility, and δ13C readings, all of which could indicate temperature variability [33].

Apart from the few records we have, it can be difficult to identify high resolution patterns of

temperature change within regional climatic trends. We suggest that in the case of Tesuque

Creek, such periodic short-term warm episodes could easily support taxa like Sabal palmettos,

and the appearance of palmetto phytoliths in episodic marshy deposits rather than across the

entire section is consistent with the plant’s fluctuating range and abundance over the course of

this time period.

In support of the second possibility for the presence of palmettos in this region, in which

humans introduced them to the area opportunistically, we look to the environmental, ethno-

historical, and archaeological records of the region more broadly. The Sabal palmetto thrives

in moist soils along streams or in wetlands and floodplains, exactly like those in which its phy-

toliths were found in our study section [38]. Ethnohistoric records report that the Sabal pal-

metto along such waterways was used by native peoples such as the Houma in the southern

parts of North America for fiber, medicinal purposes, and importantly, the roots were roasted

and eaten as a kind of bread, or transformed into a soap [70]. The small fruits were also edible.

In ongoing research, A. Rosen (with T. Hart) has identified the same types of “spheroid echi-

nate” phytoliths from Sabal (dwarf palmetto), in the roasting pits of the Late Paleoindian/Early

Archaic Genevieve Lykes Duncan Site in the Big Bend area of West Texas. Thus, we suggest

that this palmetto was moving north with forager populations very early in the Archaic, and it

may well have been planted and maintained by the local pre-agricultural Late Archaic foragers

even as far north as the northern Rio Grande Valley.

The maintenance required for palmetto plants is not extensive, and they are hardy in the

face of many of the effects of a changing climate and human exploitation. For instance, pal-

metto hearts can be exploited without killing the plant, but growth would be slowed, so a yearly

replacement of seed would ensure a constant supply of this resource. Palmettos are slow grow-

ing, but once started, it takes just five to seven years before the cycle can continue. Palmettos

are also highly resistant to fire damage [71]. This low-maintenance and productive plant

would have been an ideal early wild cultigen for mobile foragers. It would have been an impor-

tant source of starchy food that could have supplemented the starches provided by the yucca

found in the earlier levels of this section. As yucca might have been less adaptable to the mar-

shy microenvironments represented by the later period deposits, palmetto may have been an

appealing alternative. With the later introduction of maize agriculture in this region, the need

for starchy wild plants might have decreased.

Maize starts to appear in the archaeological record of New Mexico at different points

throughout the Middle to Late Archaic. The Northeastern and Southeastern Rio Grande Basin

regions appear to be the latest of the populations in New Mexico to adopt full-time maize agri-

culture. The presence of starchy alternatives such as yucca and palmetto may be one reason why

these populations did not take on maize as quickly as in other areas; Yang et al. have also sug-

gested such a scenario to explain Sago palm use in pre-agricultural China [66]. Other reasons

for the delayed adoption of maize agriculture could include environmental inhibitors such as

too few frost-free days during this Late Holocene cool/moist episode, demographic factors such

as low population densities allowing Late Archaic foragers to move freely in their home ranges,

and the lack of incentives to adopt labour-intensive, high-risk agricultural activities. With the

introduction of maize to this region, the need for wild sources of starch and calories would have

diminished. Both yucca and palmetto not only would have fulfilled nutritional needs, but also

thrive in the riverine environments already preferred by Archaic forager populations.
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Another important factor to consider about the use of palmetto and yucca is that they are

evergreen plants which yield important food resources all year long. Since they are available

for consumption year-round, populations can rely on them when other food sources are scarce

either seasonally, or in years of poor yields. Thus, the palmettos preclude the need for storage

features. Ramsey and Rosen [67] describe a similar situation in the semi-arid zones of Western

Asia, where foragers focused on wetlands as a source of starchy rhizomes which were available

year-round, thus minimizing risk in drought prone regions. The use of these evergreen starch-

rich plants may partially explain why storage features are rare in the Late Archaic Period of

eastern New Mexico.

Our data supplements and extends the vast ethnohistoric literature that provides numerous

examples of North American forager communities tending wild plant resources. Ethnohistoric

sources show that foraging communities in California tended oak forests, silviculture was prac-

ticed by foragers in the eastern U.S. woodlands, and widespread burning to manage local ecosys-

tems is documented in California [13–15]. Previous archaeological research in the Tesuque

Creek locality supports evidence for the kinds of foraging societies which would have exploited

such resources. Archaeological excavations of parts of Tesuque Creek just south of our study

area have documented extensive Late Archaic features, including campsites occupied multiple

times over the years as well as multiple hearth features [27, 28]. We have further identified and

sampled anthropogenic burning activities (hearths and roasting pits) in the broader study area

that we will be analyzing for phytolith content to see if we can trace the presence of palmettos in

contexts representing direct human use. Damick has also extracted residues from grinding stones

associated with Archaic material culture in these areas, which is pending analysis and publica-

tion. We can be fairly confident, then, that there was enough Late Archaic human activity in the

area that they would have been familiar with these micro-environments and what they offered.

Conclusions

In this study we have presented evidence for the presence of a previously unknown non-local

plant taxon, the Sabal palmetto, in the floodplain of Tesuque Creek in northern New Mexico

during the Late Archaic period. This has compelling implications for the management of

microenvironments and plant communities, and possibly even introduction of the palmetto,

by forager communities living in the area at that time. The sediments analyzed here derive

from an alluvial section on the east side of Tesuque Creek dating to c. 3600–2400 cal. BP. This

evidence demonstrates the value of phytolith analysis from alluvial sections for understanding

human land and plant use practices over time. Wild plant cultivation by pre-agricultural forag-

ers has long been theorized and is indirectly suggested by other data; this study adds strong

evidence of this practice via the presence of an introduced wild plant that was never domesti-

cated and does not appear to have been used by early agriculturalists in this region. Whether

its introduction to the area was natural or anthropogenic, we believe the palmetto was culti-

vated during the Late Archaic because it was identified in an area on the landscape outside of a

primary occupation site, and therefore cannot be confused with plants that were grown outside

of the region and brought in after harvesting or as artifacts. Rather, the context of the palmetto

phytoliths suggests that they were cultivated in this floodplain setting, in association with

burning activities. This provides a new perspective on what resources and land use areas were

available for Archaic peoples inhabiting the area, and how they may have experimented with

managing other types of plant resources before the establishment of the triad of crops from

Mesoamerica. This opens up new avenues for understanding the landscapes, land use prac-

tices, and environmental impacts of pre-agricultural communities in the northern Rio Grande

and in other semi-arid environments worldwide.
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Materials and methods

Sediments were described in the field at the same time that sediment samples were taken from

every unit. These samples were shipped to the Environmental Archaeology Lab at the Univer-

sity of Texas at Austin, where they were processed for phytoliths, counted, and recorded

according to Rosen’s protocol (See S1 File). Morphotype descriptions conform as closely as

possible to the International Code for Phytolith Nomenclature 2.0 [59]. Selected samples were

observed under Scanning Electron Microscope and Optical Profilometer to confirm the sur-

face microtopography of the spheroid echinate types. These methods are described in detail in

the S1 File.

Supporting information

S1 File. Supporting text and tables. This file contains (1) text providing details on the pro-

cessing and analysis of the phytoliths described in this research, as well as extensive details on

the identification of the spheroid echinates and possible confusers for that morphotype; (2) S1

Table: Density counts (n/gram) of all phytolith morphotypes observed in the Tesuque Creek

East Section samples. (3) S2 Table: Standardized measurements of Spheroid Echinates from

Washingtonia filifera, Sabal minor, and the paleoecological samples from Tesuque Creek East

Geo-Section, Unit 1; (4) S3 Table: All measurements of spheroid echinates from Sabal minor

and Washingtonia Filifera Reference Collections and paleoecological samples from TCE.

(DOCX)
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