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We conduct a synthetic archaeological and ethnohistoric dating program to
assess the timing and tempo of the spread of peaches, the first Eurasian
domesticate to be adopted across Indigenous eastern North America, into the
interior American Southeast by Indigenous communities who quickly “Indi-
genized” the fruit. In doing so, we present what may be the earliest absolute
dates for archaeological contexts containing preserved peach pits in what is
today the United States in the early to mid-16" century. Along with our broader
chronological modeling, these early dates suggest that peaches were likely in
the interior prior to permanent Spanish settlement in the American Southeast
and that peaches spread independently of interactions with Spanish coloni-
zers. We further argue that that eventual spread of peaches was structured
exclusively by Indigenous communities and the ecologies produced through
long-term Indigenous land management and land use practices, highlighting
and centering the agency of Indigenous societies in the socioecological pro-

cess of colonization.

Harvested as early as circa 8000 BP in China and domesticated at least
by circa 5000 BP in the same region’, peaches (Prunus persica) eventually
spread across Eurasia via the Silk Road and on to the Americas during the
late 15" and 16" centuries via Spanish colonization, where it became the
first Afro-Eurasian domesticate, plant or animal, to be adopted by and
spread through Indigenous communities. By the time Europeans were
substantively making their way into the interior American Southeast in
the middle to late 17 century, dense peach orchards could be found
around Indigenous communities, new and greater varieties of the fruit
distinct from European strains could be identified, and Indigenous
people claimed that peaches were a Native plant species®®.

Indeed, peaches continue to play an important and enduring
cultural role among the Indigenous Native American societies that the

United States government forcibly removed from much of the Amer-
ican Southeast in the 19" century. Peaches played such an important
role in Indigenous lifeways that people carried the plants and pits
themselves during forced relocation to reservations in Oklahoma from
places like Georgia and Alabama’. Today, members of the Muscogee
(Creek) Nation grow peaches as a heritage or heirloom crop, and the
act of caring for these trees remains culturally important.

Historians and archeologists often assume that Spaniards intro-
duced peaches to the American Southeast sometime in the mid-16™
century>>*7°, but the timing and geography of their spread remain
ambiguous. Despite the uncertainty of these details, the ethnohistoric
and archeological records make it clear that peaches were widespread
and even naturalized as far north as New York and Pennsylvania by the
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late 17" century*"’. The rapidity of their propagation has led some to

refer to peaches as the first “weed” in the southern colonies of North
America’.

Many studies have been limited in their ability to firmly trace the
peach’s spread due to a lack of absolute dates and precise chron-
ological modeling. Recent work has done a thorough job of recording
many of the locations where peaches are documented between the 16"
and 19™ centuries (121). Indeed, this work has done an excellent job of
documenting the processes by which new European foodstuffs were
incorporated into Indigenous households, communities, and food-
ways after their initial spread. But, without high-resolution chron-
ological control, the structures of the spread of these plants are
difficult to pin down. For instance, Purcell”” presents a model in which
peaches spread through multiple Indigenous pathways into the inter-
ior of eastern North America. However, without direct dates on peach
pits themselves, or precise, high-resolution dating, as Purcell points
out, these models remain suggestions.

Further, while archeologists have commonly cited the peach
tree’s ability to spontaneously self-germinate, and their propensity to
become “naturalized” and spread easily>*®’, research in plant biology
suggests more nuanced biological and ecological characteristics.
Peach trees will indeed germinate spontaneously and self-reproduce
but cannot spread naturally beyond immediate localities. While they
can become naturalized or feral, they require (1) open spaces, as they
will not grow where sunlight is limited, and (2) consistent pruning to
ensure a healthy and robust fruit crop and to promote the overall
positive health of the organism. As such, human intervention is a
necessity for any sort of extensive and rapid spread of peaches across a
landscape. In this sense, misinterpreted biological characteristics of
the peach plant have been far more central in archeological narratives
that claim to explain the spread of this new domesticate and thus
indirectly downplay the role of Indigenous peoples and communities
in this proliferation, as if the Spanish colonizers released peaches and
the fruit diffused on its own accord.

A major component of the processes that would have shaped the
timing and geography of the spread of peaches, let alone any new
species introduced into a landscape, but that is often not considered
by archeologists, are the unique ecological requirements that must
have been met for these proliferations to have occurred. In this case,
given the specific ecological requirements for the spread of peach
trees, we argue that their rapid movement across eastern North
America could not have happened without the ecological legacies of
long-term Indigenous landscape use and management. More specifi-
cally, we argue that while the nature of Indigenous sociopolitics
allowed the rapid movement of peach seeds through dense, and
extensive social networks, ecological conditions characterized by
deep-time legacies (c. centuries if not millennia) of land clearing
practices (for agricultural fields, for the maintenance of forest and
grassland health, for fuel and firewood, and for Indigenous towns)
created the perfect environments for the successful anthropogenic
proliferation of peach trees. Without ecological alterations by Indi-
genous societies, the specific structures and character of their social
networks, or the historical circumstances of their interactions with
Spanish colonizers, peach trees would not have spread where nor
when the archeological and historical records indicate.

Extensive Indigenous social networks combined with anthro-
pogenically conditioned ecologies (e.g., long-term legacies of human
settlement and land-clearing) would have been the main factors driv-
ing the spread of peaches. In this regard, it was the explicit and pur-
poseful decisions, actions, networks, ecologies, and histories of
Indigenous communities in the American Southeast that underwrote
the initial spread of the first Eurasian plant domesticate into the North
American interior. We argue that the integration of peaches into
Indigenous food systems and lifeways is best understood along three
dimensions: historical, sociopolitical, and ecological and that the

specific details and character of the spread of peaches can yield critical
insight into questions of Indigenous-colonizer dynamics (historical),
the scale and structure of Indigenous networks across the American
Southeast at the time of colonization (sociopolitical), and the ecolo-
gical contexts of the widespread introduction of a new plant species
(ecological).

Tracking the complex spread of this introduced species in such a
dynamic way allows us to challenge flat or unidirectional narratives of
colonial impacts on Indigenous societies. Such narratives often define
initial Indigenous-colonizer interactions as a singular event, from
which European materials spread unconstrained and homogenously
across an undifferentiated landscape of Indigenous peoples willing to
“catch” any new European things that flowed through their networks.
Instead, we argue that these “flows” were very much constrained along
a few axes, entangled with one another in complex, historically and
ecologically contingent ways. Thinking about the spread of peaches in
this way serves to highlight the complexities and heterogeneity of the
process of European colonization in North America while centering the
agential role of Indigenous communities in facilitating associated
socioecological transformations.

We demonstrate via direct Accelerator Mass Spectrometry (AMS)
radiocarbon dating of peach pits, a synthesis of known peach pits from
archeological sites, and historic accounts (Fig. 1A) that (1) there was a
substantial lag between initial Spanish contact and Indigenous adop-
tion of the peach, that (2) once Indigenous communities did begin to
adopt the peach, they spread rapidly across the region, and that (3)
despite this lag, there is evidence of peaches in the interior American
Southeast that pre-date permanent Spanish settlement in North
America. Indeed, we present as evidence what may be the earliest
dated peach-bearing contexts in the interior of eastern North America
and argue that the rapid spread of the fruit across the continent was
not a function of any inherent biological qualities, but of the unique,
anthropogenically modified landscapes and ecologies maintained by
Indigenous communities. As such, the results presented here are not
important simply because they contribute to understanding the
spread of a new domesticate but because they contribute to under-
standing how this process was a component of the complex socio-
ecological history of European colonialism in the Americas.

Results

Indigenous communities did not immediately adopt peaches
following initial Spanish contact

Of the 28 archeological sites across the broader American southeast
where we could determine that peach pits had been recovered,
roughly one-third of them (n = 9) are Ancestral Muskogean settlements
of the Oconee Valley of north-central Georgia (Fig. 1B), communities
that are ancestral to the modern Muscogee (Creek) Nation. Prior to this
study, just two peach-bearing sites across the American Southeast had
been dated via radiocarbon or AMS dating™". Because of its full cov-
erage survey, the density of sites yielding peaches, multiple 16" cen-
tury Spanish expeditions through its area, and archeologically and
historically demonstrated connections between the Indigenous com-
munities of the Oconee Valley and those of the Atlantic Coast where
Spanish missions were concentrated, the Oconee Valley serves as an
ideal representative for investigating the timing of the initial spread of
peaches into the interior. From six sites throughout the Oconee Valley,
37 organic samples were submitted for AMS radiocarbon dating
(Fig. 1B). These samples included large pieces of carbonized tree wood
for wiggle-matching dates across multiple tree rings, carbonized
hickory nut, and 13 directly dated carbonized peach pits (Fig. 2).
Results from Bayesian chronological modeling indicate that peaches
were likely present, and even widespread, across both large and small
Indigenous settlements of the Oconee Valley starting at cal AD 1625-
1640 (at the 1-sigma or 68% interval) or cal AD 1620-1645 (at the 95%
interval) (Fig. 2).
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At the 95% interval, these dates place the arrival and widespread
adoption of peaches into the interior of the American Southeast
between c. 107-132 years after the first Spanish contact in the region
by Ponce de Leon in 1513 in southern Florida, c. 80-105 years after the
first Spanish expedition into the interior (and through the Oconee
Valley) by Hernando de Soto between 1539 and 1543, and c. 55-80
years after the settlement of St. Augustine and Santa Elena, the first
permanent European settlements in what is today the United States
in 1565 and 1566 respectively. As such, these dates post-date all
expeditions previous to de Soto along the coasts (e.g., Ayllon in 1521,
Narvaez in 1527) and even subsequent expeditions such as De Luna’s
(1559-1561) and Pardo’s (1566-1568) which departed from the South
Carolina coastal Spanish town of Santa Elena where peaches have

indeed been identified, though none have been found at Pardo’s
interior outposts.

The dates from the Oconee Valley, compared to the arrival of
peaches in neighboring regions further into the interior (Fig. 1C), make
these Indigenous communities the first in the interior to actively adopt
and propagate peaches, defining a “lag time” of c. 115 years between
the first Spanish contact with Indigenous peoples of the region and the
eventual adoption of peaches by Indigenous communities, despite
multiple interactions between 1513 and the early 17",

The eventual adoption of peaches was widespread and rapid
Despite the significant lag between initial contact with Spanish colo-
nizers and the eventual widespread adoption of peaches, once the

N
A 700km

Fig. 1| Spatial distribution of AMS, archeological, and ethnohistoric data.

A Map of archeological sites pre-dating the 18" century that have yielded charred or
preserved peach pits, sites from which peach pits have been directly dated via AMS,
and areas or sub-regions where archeological evidence for peaches is limited but
can be understood from ethnohistoric accounts. Information on numbered sites is
presented in Supplemental Data 1 of the Supplementary Information. B Expanded

map of Oconee Valley. C Hypothesized spread of peaches across the American
Southeast. A table of site names and information along with all AMS, archeological,
and ethnohistoric data and information for each individual site used to create the
dispersal model are all included as Supplemental Data 1. Basemap of elevation data
was downloaded from the publicly available USGS National Map (https://www.usgs.
gov/the-national-map-data-delivery).
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Fig. 2 | Bayesian chronological model. Bayesian chronological model of AMS
dated peach pits from the Oconee Valley, Georgia (left). This is the primary, sim-
plest model for the timing of peach introduction to the Oconee Valley. All AMS
measurements directly on peach pits were incorporated into a single, simple phase
model to yield amodeled start date for the arrival of peaches. Individual numbers in
parentheses after the sample ID correspond with sites listed in Supplementary
Data 1and presented in Fig. 1A. Alternative models (including expanded, individual

site-based models) that yield the same results as the primary model are presented
as Supplemental Information. Full methodological details for both the primary and
alternative models are included in the methods section below and as Supplemen-
tary Information. Photographs of directly dated charred peach pits from arche-
ological sites in the Oconee Valley, Georgia (right). Letters (A-D) are used to signify
which dates in the model are associated with the peach pits in each photograph.

dispersal of peaches began, Indigenous communities moved the plant
rapidly across the American Southeast (Fig. 1C), with communities of
the Oconee Valley adopting them soon after cal AD 1625-1640.
Excluding a single site in the Georgia interior discussed in the next
section, the earliest dated archeological contexts containing peaches
in the American Southeast are those from St. Augustine along the
Atlantic Coast in northern Florida, with contexts dating to 1565-1600,
and Santa Elena, the first capital of Spanish La Florida, established on
the South Carolina coast in 1566 and abandoned by 1587".

The first spread is contained locally to Spanish mission sites
across La Florida in the early 1600s, spanning parts of modern-day
northern Florida and southern Georgia, extending across the northern
edge of the Florida peninsula from the Atlantic to the Gulf Coast.
Concomitant with this local spread was the adoption of peaches by
Indigenous communities of the immediate interior, across the Oconee
Valley communities of north-central Georgia between 1625 and 1640.
From this interior position, peaches were spread by way of Indigenous
networks to the west and to the northeast. By c. 1640-1650, peaches
were present in both the Upper and Lower Creek (Muscogee) towns of

southwestern Georgia and central and eastern Alabama'®. At this same
time, c. 1650, they were adopted by the Indigenous inhabitants of the
town of Alarka in southwestern North Carolina. Similarly, a singularly
known pre-18™ century peach-bearing site in eastern Tennessee yields
a date of c. 1650 (potentially earlier). Peaches finally reached the edge
of the region to the west, in Arkansas, by at least 1673, when French
explorer Marquette noted a wider variety of peaches in North America
than in Europe". At around this same time frame, c. 1670-1680, while
they were already present in low numbers, Indigenous communities
began to intensify their cultivation of peach trees as the presence of
their fruit began to be found more widespread archeologically across
North Carolina and the Appalachians®'®"’, Indeed, in a 1701 account,
peach trees were witnessed growing in the North Carolina Piedmont
with “minimal encouragement”**°

While peach trees were proliferating across the mission provinces,
they were also doing so across the interior of the American Southeast,
reaching as far west as Arkansas in just 30 years after their initial
adoption by the Muscogee communities of the Oconee Valley.
Importantly, this spread represents not just the acquisition of peaches
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Fig. 3 | Lindsey site (9MG231) map. A Map depicting the general layout of the settlement pattern at Lindsey, showing the locations of excavated postholes and samples

dated via AMS. B Bayesian chronological model of AMS dates from Lindsey.

by Indigenous communities, but the explosion of fruit varieties across
the varied environments of the southeast during this time frame, as
evidenced by the documented number of peach varieties by European
colonizers and by accounts of dense, wild peach tree stands not only in
the southeast (e.g., around Charleston, South Carolina in 1682°), but as
far north as New York".

Peaches are found in the interior prior to permanent Spanish
settlement in North America

The Lindsey site is located in the Oconee Valley (Fig. 1B) and represents
a small Ancestral Muskogean farmstead of a single household.
Recovered from one of the post-holes comprising the round domestic
house (Fig. 3A) were two peach pits?. In the associated trash pit,
archeologists recovered a single blue bead. While it has been estimated
that this style of bead may have been introduced in the late 16" cen-
tury, no previous efforts have attempted to date the site?.. Ten samples
from across the site were thus selected for AMS dating. Two large
pieces of charcoal from post-holes associated with the house were
used to conduct “wiggle-matching” on AMS dates derived from mul-
tiple tree rings within the charcoal sample. Materials from three
additional post holes (one of which contained the identified peach
pits) were dated, while two dates in stratigraphic sequence were
acquired from the associated trash pit. While the contexts containing
peach pits were dated, the peach pits were not directly sampled. All
dates were incorporated into a Bayesian chronological model (Fig. 3B)
outlined in detail in the Methods section below. Three of the seven age
estimates were made on charcoal, while the rest of the samples were
short-lived species, including maize, hickory nutshell, and walnut shell.

While small charcoal samples without the outer rings may sometimes
produce erroneously old dates and not correlate with the behavior,
activity, or deposit being dated, the resulting age estimates from these
samples are in agreement with the dated and modeled ages of the age
ranges derived from the short-lived species.

The occupation at Lindsey was potentially short-lived, beginning
sometime between cal AD 1520 and 1550 (68% interval) and ending
sometime between cal AD 1530 and 1570 (68% interval). These date
ranges represent what may be the earliest dated archeological con-
texts containing peaches in what is today the United States. Even if the
peach pits were brought to the homestead at the end of its occupation,
this would mean that at least some peaches had made it into the
interior of the American Southeast before any permanent establish-
ment of Spanish settlements in North America. At a minimum, this
would be five years before the establishment of St. Augustine in 1565.
At a maximum it would be 30 years before the founding and perma-
nent settlement of St. Augustine. Twenty-five years before the estab-
lishment of St. Augustine and permanent Spanish settlement,
Hernando de Soto spent 11 days traveling up the Oconee River in 1540,
and 45 days moving through the greater surrounding region between
northern Florida and the Savannah River along the border of modern-
day Georgia and South Carolina*. While clearly not the impetus for
widespread dispersal of peaches across the region, such encounters
like this, or between any number of subsequent Spanish entradas
through the interior, could have introduced peach pits (though not
likely fresh peaches) to Indigenous communities of the American
Southeast long before sustained interactions between colonizers and
Indigenous communities were established.
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Discussion

Peaches are virtually absent from Spanish colonial shipping records®.
While archaeologically, they are found at most Spanish mission
sites”***?°, documentary evidence for their introduction remains lim-
ited, casting ambiguity across the dynamics and temporality of the
initial spread of the fruit. It cannot be ruled out that peaches were
introduced with the very first voyage to the Americas by Columbus in
1492. Though the status of peaches in the archeological record of the
Caribbean is unclear, it remains within the realm of possibility that
such an early introduction could have initiated the indirect spread of
peaches across widespread Indigenous networks. That said, this does
not seem to bear out archeologically. Even if peaches were introduced
this early, they would have been in limited numbers; a critical mass of
peaches was not met that could yet be detected archeologically or that
would have facilitated widespread adoption. Based on the results
presented here, the discussion below outlines the historical, socio-
political, and ecological conditions that facilitated the spread
and adoption of peaches by Indigenous communities across the
American Southeast circa 140 years after the first arrival of European
colonizers.

Importantly, many of the sites dated here, and many like them
across the American Southeast, have not previously been subject to
robust dating efforts, resulting in either zero directly dated contact-era
contexts or sites with limited sample sizes, including some of the sites
and models presented in this study. This is primarily because arche-
ologists either rely on material remains or have been thwarted by
radiocarbon calibration issues for this time period. As such, future
work must continue to design integrated dating programs for 16" and
17' century sites to increase the temporal resolution, and decrease the
uncertainty, of our models for processes of colonization.

Indigenous-colonizer dynamics

While there were numerous Spanish expeditions to the American
Southeast following Juan Ponce de Leon’s initial 1513 arrival in south-
western Florida, the nature of Spanish presence and interactions with
Indigenous communities, between c. 1513 and 1570 was not conducive
to the spread and adoption of peaches across the region. Indeed,
despite repeated maritime expeditions along the coasts, multiple
expeditions into the interior, and a number of established settlements
and fortifications during this time, this period, characterized by
Worth®® as primarily military in nature, did not see the diffusion of
much European material across the region except for in limited num-
bers. Indigenous-colonizer interactions during this early period were
infrequent and without the intensity that would have driven great
material exchange.

While the following period saw less Spanish presence and fewer
expeditions into the interior, Spanish settlement in northern Florida
and the Georgia Coast became permanent and more intensive as the
mission system, led primarily at this time by Franciscans, began to take
hold. This period, referred to by Worth®® as being defined by mis-
sionization, saw the establishment of permanent missions, the growth
of St. Augustine, and Franciscan missionaries embedded in Indigenous
communities across Spanish La Florida. Prior to 1573, when Francis-
cans took over the reins of Spanish colonial efforts in La Florida, there
was no substantive nor sustained interaction between Spanish colo-
nizers and Indigenous communities. Between 1595 and 1605,
Franciscan missions were established along the Georgia coast. As
demonstrated above, the swift spread of peaches into the interior was
not initiated until this new Spanish directive and a shift in the quality
and character of colonial efforts from militarization to missionization
was completed. The emergence of the mission system was the emer-
gence of true colonial infrastructure that served as the scaffolding for
Florida’s colonial economy®. Importantly, this system did not emerge
fully formed but followed decades of military-dominated exploration
and experimentation. Within this new mission context, Franciscan

friars served essentially as “cultural brokers” within sovereign Indi-
genous towns™.

The establishment and provisioning of permanent Spanish
missions among Indigenous communities would have facilitated the
regular availability of peaches, by way of both the establishment of
orchards at mission gardens and through increased and sustained
interactions between Spanish missionaries and Indigenous com-
munities. There is, however, a more specific mechanism by which
the spread of peaches would have been driven. This specific
mechanism, repartimiento, was a system of labor taxation in which
Indigenous chiefs of sovereign towns would select unmarried
young men to go to St. Augustine to provide labor***. The zenith of
this labor draft was in the mid-1600s and would have represented a
huge influx of European goods into Indigenous networks (discussed
below). Repartimiento would have facilitated regularized, indirect
connections between Indigenous communities and Spanish
economies and would have served to incorporate Spanish com-
munities as nodes within broader Indigenous networks that span-
ned the American Southeast.

The complexities of colonialism as a process played a key role in
mediating and driving the diffusion and distribution of peaches by
Indigenous communities. This is an important distinction that should
be applied broadly to studies attempting to understand and disen-
tangle Indigenous-colonizer dynamics. Indeed, the establishment of
permanent Spanish missions along the Georgia coast by 1605 and the
interval necessary for peach orchards to expand and mature around
these Spanish settlements, corresponds well with the adoption of
peaches by Indigenous communities of the interior by circa AD 1625.
While these historical particulars created critical conditions for the
spread of peaches, the actual spread to areas beyond direct Spanish
influence was mediated by the structure of Indigenous sociopolitical
networks.

Indigenous networks

Socially and politically, the Georgia coast at the time of Spanish con-
tact was split between northern Guale peoples and southern Mocama
peoples®. Mocama networks and relationships were primarily directed
south, into northern Florida, where Spanish presence was also estab-
lished. Guale networks and political relationships, however, were
funneled into the interior of Georgia by way of rivers, though con-
nections to St. Augustine were also strong. Even before the arrival of
Spanish colonizers, archeological evidence indicates a long history of
established networks and population movements between the Georgia
coast and the interior®. Historically these relationships are directly
documented, including recorded travels specifically of Indigenous
inhabitants of the Oconee Valley to the Georgia coast on political
business*. The interior of Georgia would have been the only region in
the interior American Southeast with direct, frequent, and established
interactions and networks with Indigenous communities from areas
where the Spanish mission system was established, which is clearly
supported by the early dating of peaches in the Oconee Valley. Further,
once adopted by Indigenous communities of central Georgia, peaches
spread rapidly to Indigenous communities widespread across the
broader American Southeast. This may suggest the social, political,
and economic role of communities in central Georgia as continental
brokers between colonizers and the broader American Southeast,
though more work on reconstructing these continental scale networks
could further define the nature of this potential, critical mediative role.
In any case, Gremillion®, in a study of the correlation between peaches
and other European materials, demonstrated that peaches were likely
transmitted via the same networks as other European trade goods.
Even so, the number of other trade goods is not a good predictor of
whether peaches would be found at any site, indicating heterogeneity
of access to different kinds of networks by Indigenous communities.
Indeed, the topological heterogeneity and complexities of Indigenous
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networks played a key role in how, when, and where Indigenous
communities drove the spread of peaches.

Importantly, this study contributes to our understanding of broad
Indigenous sociopolitics and allows us to begin to move beyond many
of the highly regional political studies that often characterize the
archeology of the American Southeast. Very rarely do archeologists of
eastern North America or the Southeast consider the region en masse
when evaluating sociopolitical organization, choosing instead to focus
on individual polities or comparisons between the internal organiza-
tion of polities. Our study presents a model, albeit one of coarse
resolution, for Indigenous sociopolitical networks of the entirety of the
southeastern Tribes from the lens of interactions with Spanish colo-
nizers. From a different lens or angle, this broad-scale picture may take
on a different form, but in our case, we demonstrate how interactions
with European and European-introduced materials took the form of a
dendritic tree of interlocking and widespread social networks. More
specifically, we demonstrate the long-term, enduring role of the Oco-
nee Valley communities of central Georgia in brokering interactions
with the European inhabitants of Spanish La Florida. From this vantage
point, we interpret these Oconee Valley communities as the “trunk” of
broader social networks from which dense “branches” of network
interactions and relationships fan outwards into the interior of the
American Southeast and eastern North America.

Even so, the demonstrated heterogeneity of the spread of differ-
ent kinds of European goods lends insight into the heterogeneity of
Indigenous sociopolitical relationships. Just as we argue that we cannot
assume a homogenous transfer of European items into and across
Indigenous communities, we also have to recognize the heterogeneity
and complexities of relationships between Indigenous societies
themselves. These nuanced, complex social and political relationships
between Indigenous communities, polities, and families would have
been rooted in centuries, if not millennia, of social and political his-
tories, machinations, relationships, and tensions, resulting in a het-
erogeneous landscape of mosaiced relationships and networks. Our
studies contribute to the broader discussion of the role of network
histories among Indigenous communities in structuring and shaping
the complex ways that sociopolitical relationships facilitate certain
kinds of interactions and the conditional spread of resources, whe-
ther material, immaterial, or otherwise.

The Ecology of Peach introduction

Archeologists and historians alike have noted the apparent “weedy”
spread of peaches across eastern North America®'. Others have made
the argument that certain biological characteristics of peach trees
contributed to their spread and adoption, including such features as
spontaneous germination and their low-maintenance nature, requiring
little in the way of husbandry®"**¢, Gremillion®*® has argued that these
ecological characteristics, combined with Indigenous experience
managing forests and other native fruit trees, would have facilitated a
seamless incorporation of peach trees into existing Indigenous
“orchards,” or at the least into existing Indigenous labor patterns
associated with these arboreal foodways.

Peaches are indeed self-pollinating®” and can proceed from ger-
mination to fruit-bearing tree quickly, within just 2-3 years®. They
prefer ample amounts of water but require well-drained soils*. Inun-
dation of root systems by water for as little as 48 hours can lead to the
death of the organism; in fact, peach trees are considered to be one of
the most sensitive fruit species to waterlogging®. Beyond requiring
these general conditions, peach trees require substantial sunlight. As
such, peaches will not spread into existing forested areas where dense
canopies restrict access to sunlight. Maxing out at 15-20 ft in height,
peach trees will not compete with dense forest stands and will instead
spread most readily into open and disturbed spaces®*°*%,

Clearings around Indigenous towns and the maintenance of
agricultural field systems across well-drained landscapes with fertile

soils would have created key components of local ecologies, driving
the patchy, mosaic, and disturbed character of these landscapes that
would have served as prime environments to grow peach trees®. In
fact, early English settlers in the 18" century noted the density of peach
stands around abandoned Indigenous towns but remarked at the
absence of these trees in forested areas®. These ecological constraints
mean that peaches will not spread naturally into and across forested
areas. As such, the rapid spread of peaches up the eastern seaboard to
New York and Pennsylvania, and west across to Arkansas would have
necessitated anthropogenic intervention, as peaches are not biologi-
cally or ecologically equipped to spread beyond specific localities.
Birds, deer, and squirrels, while consumers of the fleshy fruit, are likely
not prime movers of the peach pits themselves*, mostly leaving them
behind, though small rodents have been documented to collect the
seeds of different Prunus species elsewhere**.

Finally, while multiple accounts note “naturalized” stands of
peaches, and while natural or “feral” populations of peaches continue
to thrive in regions across the globe*’**, production of edible, sub-
stantial fruit requires human intervention and maintenance. A healthy
peach crop requires pruning to facilitate substantial access to sunlight.
Without pruning, the increased density of the canopy will lead to the
death of both root systems and even lower branches*. Pruning thus
opens the canopy to increase the health of the organism. In addition to
pruning, the manual thinning of the fruit is required to produce well-
sized peaches of a healthy crop®. Finally, consistent with ethnohistoric
and historic accounts of peach varieties, the ease by which traits can
segregate does indeed create incredible variability. While such segre-
gation can occur naturally, these biological characteristics also make
artificial selection for traits by people both an easy and rapid process.

With these understandings of the ecological requirements for
successful peach tree propagation and proliferation, this study paves
the way for future research to more deeply explore not only the rela-
tionships between historical ecologies and the spread of new plant
species and foodstuffs but also, more broadly, the nature and scale of
Indigenous land management and land use histories and practices
across the American southeast. What were the specific practices
undertaken by Indigenous communities that altered landscape ecol-
ogies at scale (whether intentionally or unintentionally)? To what scale
were ecologies altered by millennia of Indigenous habitation and
landscape use? And, importantly, what are the ecological legacies of
these Indigenous histories that shape modern ecologies?

In contrast to narratives of peaches as “weeds,” their spread would
have been highly constrained and facilitated by anthropogenic factors.
From the structure of Indigenous networks to the long-term ecological
legacies of anthropogenic land use and modification, the spread of
peaches was primarily driven by anthropogenic ecologies and condi-
tions. Combined with the historical process of colonialism and the
broad topologies of social networks, the spread of peaches across the
American Southeast was fundamentally a complex, multifaceted
socioecological process driven primarily by the agency, decisions, and
knowledge of Indigenous peoples and communities. Despite the
introduction by European colonizers, it was the long-term legacies of
Indigenous histories and the immediate expressions of Indigenous
agency that facilitated the spread of peaches across the American
Southeast and solidified its status as a cultural icon today.

Methods

Ethics & inclusion statement

All proper consultations and permissions were acquired from relevant
descendant communities to undertake this work and to ensure that the
study does not cause risk to these communities. Through the Uni-
versity of Georgia’s Laboratory of Archeology, consultations were
completed with appropriate, relevant, federally recognized Tribal
Nations whose ancestry can be linked to the lands and sites leveraged
in this study. Two citizens and official representatives of the Muscogee
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(Creek) Nation are also included as co-authors for their contributions
to interpretations and project design.

Materials

Materials used in this study include archeological information from
excavations and specialized analyses of botanical remains, radio-
carbon dates of organic materials via accelerator mass spectrometry
(AMS), and information gleaned from historical documents and
records. These varying domains of data are described in detail in the
following sub-sections. Supplementary Data 1 includes a summary of
all archeological, chronometric, and historical data consulted and
synthesized.

Archeological and historical data

Archeological data leveraged in this study include information from 28
individual archeological sites and two regional locales. These include
12 sites located in Georgia, 5 sites in North Carolina, 4 sites in Florida,
3 sites in South Carolina, 2 sites in Alabama, 1 site in Tennessee, and
1 site in Arkansas. The two regional locales include (1) the Upper
and Lower Creek towns of southwestern Georgia and eastern Alabama
and (2) eastern Arkansas. The 28 individual sites represent most of the
known instances of preserved peach pits recovered from archeological
sites in the American Southeast. It is possible that more peach-bearing
sites exist, but (1) the data may be unknown or difficult to access in the
“gray” literature of archeological compliance reports (2), the data or
results of excavations and analyses may remain unpublished (3), or
specialized botanical analyses have not been regularly conducted and
thus peach pit identifications may not have been made even for sites
from which peaches were recovered.

Across these 28 sites, the time frame for peach presence and
adoption has been estimated either through (1) direct AMS radio-
carbon dating of peach pits, (2) direct AMS radiocarbon dating of other
organic materials found in association with peach pits, (3) broad AMS
radiocarbon dating of the site as a whole, (4) the chronological pla-
cement of diagnostic archeological materials (e.g., ceramic styles or
European materials), or (5) historical information related to the set-
tlement’s occupation.

The regional locale of Upper and Lower Creek towns was included
as a regional entity instead of individual sites because the high-
resolution chronological placement of individual towns is currently
unavailable. At present, the botanical data can only be placed within a
broad temporal range, as internal settlement chronologies have not
been reconstructed through direct absolute dating. The regional
locale of eastern Arkansas represents a place where no peaches have
been recovered at archeological sites, but where historical accounts
can be used to establish a terminus post quem for the introduction of
peaches (or the latest possible date).

Historical data includes primary accounts by European and
American colonizers or travelers. In most cases, references to these
accounts in Supplementary Data 1 link to syntheses of the primary
literature. These accounts include mostly references to the presence of
peach trees in particular areas, sometimes commenting on their
character including their densities, specific locations, the environ-
ments they were growing in, and the nature of their fruit. Some
examples are listed below:

From William Bartram*’ traveling through Georgia and South
Carolina:

“...observed whenever we come to any old Indian Settlements,
One or more of these high Indian Mounds, made their appearance
-surrounded with little groves of Black Walnut, Mulberry[,] Wild Plumb
& Chesnut Trees [.] whether these were anciently cultivated by the
natives for their fruit I can't say. but the present nations that inhabit
these lands seem very fond of all kinds of eatable fruits & Nuts & take
great care to cultivate Peaches [,] grapes, Plumbs &c. The Chickasaw &
Cherokee Plumbs is a delicious & excellent fruit & some extraordinary

fine Peaches have in their Towns[.]. this is a description of when he
traveled through Piedmont.”

From Jonathan Dickinson’s*® journal relating his accounts along
the Atlantic coast from Florida to South Carolina, in this case specifi-
cally referencing St. Augustine:

“The town we saw from one end to the other. It is about three-
quarters of a mile in length, not regularly built, the houses not very
thick; they had large orchards, in which are plenty of oranges, lemons,
pome-citrons, limes, figs, and peaches”

From European communications*® documented and interpreted
by Worth*:

“...on Sapelo- very large plantations where we see the ruins of
houses burned by the Spaniards themselves We see the Vestiges of a
ffort; many great Orange Trees cut down by the Spaniards in septr last
There was great plenty of figs peaches; Artechocks onions etc. growing
in the priests garden his house had been of Brick & his small Chappell,
but all had been burned to Ashes last harvest by themselves; we see the
remains & rags of old clothes wch some of our people know to have
belonged to the Inhabitants of port Royall.”

Chronometric data

Of the 28 archeological sites from which peach pits have been recov-
ered, 10 of them have been dated via AMS radiocarbon dating (Sup-
plemental Data 1). Seven of these sites were dated as part of this study,
six from the Oconee Valley in Georgia and one from the Runion site in
eastern Tennessee. Three other sites, Alarka in North Carolina, the
Spanish Mission on Sapelo, and Coweeta Creek in North Carolina had
been previously dated.

Forty-six new AMS radiocarbon dates from these seven sites are
reported in Supplemental Data 2. Organic materials dated include
carbonized tree rings from wood samples, carbonized nut fragments,
and carbonized peach pits. All materials dated represent either short-
lived materials (e.g., nuts or seeds) or individually dated and wiggle-
matched rings from large charcoal/wood samples to maximize the
precision of dating and the correlation between dated materials and
the contexts within which peaches were recovered. For all but one site,
all AMS radiocarbon dates were incorporated into site-based Bayesian
chronological models. Each model incorporated AMS radiocarbon
dates, site stratigraphy, and other chronological and contextual
information. These methods are described in detail below. All data and
detailed descriptions for each individual site model are included as
Supplemental Information. All OxCal code is included as Supple-
mental Code 1.

Bayesian chronological modeling: foundations

Bayesian statistics allow us to “analyze new data we have collected
about a problem in the context of our existing experiences and
knowledge about that problem”°. By doing so, we can “arrive at a new
understanding of the problem which incorporates existing under-
standings about the problem and our new data”®. To use the asso-
ciated terminology, new data or observations, can be referred to as
likelihoods. Existing experiences and knowledge are referred to as
prior beliefs, a priori information, or priors. The resulting under-
standings we achieve from incorporating our prior beliefs into the
analysis of new data are understood to be posterior beliefs. Bayesian
statistics are uniquely situated for the analysis of radiocarbon data
because of their focus on probabilities. As extensive overviews of
Bayesian analysis of radiocarbon dates have been published by experts
in the technique (e.g.,>*), only a brief introduction is provided here.
The results of “scientific dating are always interpreted contextually,”
and Bayesian statistics “provide an explicit, quantitative method which
can combine raw dates with other prior information included in a
model to produce formal statistical date estimates which combine
both sets of evidence”. In the following case, radiocarbon determi-
nations represent likelihoods. The association of radiocarbon dates
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and archeological sites assigned to particular cultural traditions
(especially based on particular stone tool technologies) represent our
posterior beliefs. The results of the Bayesian modeling efforts repre-
sent the posteriors. All models were built using OxCal v 4.4°**° and the
IntCal20 calibration curve®’.

Adopted by researchers for use in archeological applications over
two decades ago (e.g.,”***), Bayes’ theorem is often expressed math-
ematically, with variables representing a set of parameters, observa-
tions or measurements, likelihoods, and posterior probabilities™. The
likelihood is determined by the probability of the data or observations
given the set parameters and is proportional to the probability of the
parameters themselves. The combination of these two observations/
measurements and prior information or beliefs is where the value of
Bayesian statistical methods lies, especially in regard to interpreting
radiocarbon data.

Because radiocarbon dates are actually measurements of isotopic
ratios, in order to be read as proxies for calendrical dates, they must be
calibrated against an established calibration curve that reflects fluc-
tuations in atmospheric carbon isotopes over time***. The process of
calibrating a radiocarbon determination, thus results in a probability
distribution along which the actual calendrical age of the sample likely
lies. The incorporation of prior information about these observations
allows for a formal assessment of observations as well as a formal
evaluation of the prior assumptions used to interpret the data. Thus, a
formalized Bayesian model allows for the simultaneous, quantitative
evaluation of both radiocarbon data and our assumptions about the
archeological record. Through these efforts, the probability distribu-
tions of radiocarbon determinations can be modeled using this prior
information and may significantly enhance both the precision and
accuracy of chronometric dating by producing modeled posterior
probability distributions. Arguably the strongest prior information we
have as archeologists are the depositional environments from which
radiocarbon data are. More general priors, including culture-historic
frameworks, ceramic sequences, settlement patterns, stone tool tra-
ditions, and documentary evidence, can also be employed as prior
information. When using more generalized prior information, the
assumptions employed may serve as a working hypothesis on which
the analysis is based*.

Bayesian chronological modeling: terminology and commands
A more thorough discussion of the mathematical expressions under-
lying each of the parameters discussed below is presented by Bronk
Ramsey*’. One of the simplest parameters to impose on a group of
radiocarbon dates is their inclusion in a phase. A phase is an unordered
group of events. When dates are grouped in a phase, it is assumed that
all dates within the group are equally likely to occur anywhere between
the start and end boundaries of the phase. No information concerning
order is assumed. For the grouping of dates into a phase to serve as an
informative parameter (sensu’’), the phase must be given start and end
boundaries. The use of particular kinds of boundaries defines how
events (dates) are distributed within the phase. The distributional
parameters imposed by particular types of boundaries provide
another set of informative parameters that will produce variation in
model outputs.

In this study, simple boundary commands were used as well as
more complex trapezium boundaries. Whereas the use of the bound-
ary command assumes a uniform distribution of observations within a
phase, trapezium boundaries are used to account for the unknown
temporalities of start and end events®. Trapezium boundaries include
two transition parameters that allow for flexibility and “reflect arche-
ological situations in which start and end boundaries could be more
realistically expressed by a transition period from a beginning to a
peak, and a similar decline towards the end”®.

Models can also be built by including multiple phases within a
model and defining the relationships between those phases. The

primary model for the Oconee Valley (Model A) used in the Main Text
uses a simple, single phase. For this primary model, all AMS dates
made directly on peach pits in the Oconee Valley were grouped into a
single phase, and the start boundary for their adoption was modeled.
An alternative to this model (Model B), included more prior infor-
mation. Instead of grouping all peach dates into a single phase for a
region, individual sites were modeled that included both peach dates
and dates on other materials. These dates were modeled using
archeological information like stratigraphy and contextual associa-
tions. Modeled peach dates from each individual site model were
then saved as priors. All of these modeled peach dates, or priors,
were then included in an independent phase using the prior com-
mand. This is similar to the primary model (Model A), except the
likelihoods included in the phase were not corrected radiocarbon
ages, they were modeled priors extracted from individual site mod-
els. Start boundaries were then modeled for this ‘phase of priors’ to
determine an overall start boundary for peach introduction into the
Oconee Valley. This method has recently been used by others to
estimate age ranges for regional archeological traditions and cul-
tures (e.g.,>%¢%%),

Another set of concepts relevant to the current study that need to
be defined are outliers and outlier models. A full review of the kinds of
outliers and outlier models that may be applied in Bayesian analyses
for archeological applications can be found in Bronk Ramsey®’. Outlier
models are used to “determine whether there are problematic deter-
minations that do not agree with the prior framework”¢. The model
output is thus affected by the down-weighting of particular determi-
nations based on the modeled fit of each outlier. To assess the effects
of these model parameters on outputs, the same model frameworks
for many of the alternative models were run with and without the
application of outlier models.

Charcoal outlier models were used on determinations made on
charcoal. More specifically, on charcoal samples that were not
subject to wiggle-matching (see below). When multiple samples
(e.g., multiple rings) were run from a single charcoal sample, an
SSimple outlier model was used, as there is no assumption that the
sample to be dated (the individual ring) is older than the event we
are interested in dating (the individual ring). We follow this guide-
line from other published models (e.g., Manning et al. 2018,
“Radiocarbon Re-Dating of Contact-Era Iroquoian History in
Northeastern North America, Science Advances 4:eaav0280). A
General outlier model was applied to each non-charcoal date
included in the models. This is especially important as a check on
model fit (for all likelihoods), as agreement indices are not useful
when employing outlier models. See Bronk Ramsey®® for the
detailed summary and mathematical basis for each of these types of
outlier models.

Wiggle-matching was also used to refine individual ages of large
charcoal pieces when they were available. Wiggle-matching is so
named because it is used to “match” radiocarbon ages to the wiggles of
the calibration curve®”’°"2, The process involves extracting two or
more samples from a single piece of charcoal or wood where the
number of tree rings between the samples is known. The D_Sequence
command in OxCal uses this information to produce a single, refined
age for the sample based on the known spacing of AMS-dated samples
from the specimen. These resulting ages are then incorporated
alongside other dated materials and prior information into site-based
chronological models.

Alternative models and sensitivity

In total, a primary modeling procedure (Model A), an alternative
modeling procedure (Model B), and seven individual site models
(Models C-H) were used to evaluate the timing and temporality of
peach introduction to the interior of Georgia and eastern Tennes-
see. All models produced comparable results for all outputs in
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question, indicating the reproducibility of our results, and the
robustness of our analyses, given our particular data sets. Each of
these nine models is described in detail below, and all OxCal codes
used to produce model results can be found after each model
description.

To formally probe the sensitivity of our primary models, we used
the Difference command to evaluate the formal difference between
the start boundaries produced by Model A (primary model) and Model
B (alternative model). Both model codes were placed into the same
Plot space, and the difference command was used with the overall Start
Boundary for Model B as Parameter 1 and the overall Start Boundary
for Model A as Parameter 2. The calculated difference at the 68%
interval is between 0 and 15 years, while at the 95% interval, the esti-
mated difference could range between —10 and 20 years (Supple-
mentary Fig. 1). As a value of zero is included within the range of the
95% Cl, we do not interpret this as a significant difference and that the
two models are comparable.

Reporting summary
Further information on research design is available in the Nature
Portfolio Reporting Summary linked to this article.

Data availability

All data and code used to produce results presented in this text are
available in either the main text, supplementary materials, or Zenodo.
Source Data for plots presented in Figs. 2 and 3 can be reproduced
directly with Supplemental Data 2 and Supplemental Code 1. Data are
also archived and available at Zenodo (https://doi.org/10.5281/zenodo.
13685025). All collections accessed for this study are curated at the
University of Georgia Laboratory of Archeology under the direction of
Dr. Amanda Roberts Thompson.

Code availability

All OxCal code for conducting analyses presented here is included as
Supplementary Code 1, archived at both the journal and at a publicly
accessible repository described in the Data Availability Statement.
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