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Archaic and Woodland period communities in eastern North America domesticated a suite of annual seed crops
referred to the Eastern Agricultural Complex (EAC), some of which subsequently fell out of cultivation and were
lost. Recently, a domesticated sub-species of one of these lost crops, erect knotweed (Polygonum erectum) has
been described. This paper reports the earliest example of this domesticated sub-species, which was recovered
from a sub-mound context at an Adena/Hopewell site in central Kentucky (Walker-Noe, 15Gd56) dating to c. 1
AD. Contemporary Middle Woodland erect knotweed assemblages from habitation sites in western Illinois are
not domesticated. A review of the paleoethnobotanical record suggests that farmers on the western front of the
Appalachian Mountains developed several innovative agricultural practices, beginning around 1000 BC, that
subsequently were adopted across the core area of EAC cultivation. The ethnography and sociology of 20th and
21st century farmer networks suggests that Adena/Hopewell exchange and community integration at mounds
and earthworks may have been instrumental to this process. Additional analyses of botanical assemblages from
mounds and earthworks, especially morphometric analyses of crop seeds, are necessary to test this hypothesis.
The dynamics of social learning involved in this process may also be implicated in the spread of crop varieties
and agricultural techniques in other regions.

1. Introduction
Ancient farmers in eastern North America domesticated several
annual seed crops beginning around 1800 BC (Fig. 1; Smith and Yarnell,
2009), including sunﬂowers (Helianthus annuus var. macrocarpus (DC.
Ckll.) and native squashes (Cucurbita pepo ssp. ovifera D.S. Decker)
(Cowan and Smith, 1993; Heiser, 1954; Kistler et al., 2015; Smith,
2014). Extinct domesticated sub-species have also been described for
several lost crops – species that are no longer cultivated. These include
goosefoot (Chenopodium berlandieri ssp. jonesianum Smith and Funk)
(Gremillion, 1993a; Fritz and Smith, 1988), sumpweed (Iva annua var.
macrocarpa Blake) (Yarnell, 1972), little barley (Hordeum pusillum
Nutt.) (Hunter, 1992; Graham et al., 2017) and, most recently, erect
knotweed (Polygonum erectum ssp. watsoniae N.G. Muell.) (Mueller,
2017d). Maygrass (Phalaris caroliniana Walt.) was also widely cultivated but does not appear to have been domesticated (Fritz, 2014).
These crops pre-date maize agriculture by centuries or millennia and
are referred to as the Eastern Agricultural Complex (EAC). This paper
reports the earliest evidence for erect knotweed domestication, from the
Middle Woodland Walker-Noe site (15Gd56), in central Kentucky, and
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the results of morphometric analyses from two contemporary Middle
Woodland sites in western Illinois, then addresses the signiﬁcance of
these assemblages for understanding the development and spread of
agricultural knowledge and practice in eastern North America.
As in other centers of domestication where there is a high resolution
archaeobotanical record (Fuller et al., 2011; Zhao, 2011), all evidence
indicates that the EAC changed in species composition, geographical
extent, and intensity over the course of thousands of years, as farmers
improved this diverse suite of crops and encountered neighbors with
diﬀerent seed stock and methods. Hundreds of years after the domestication of squash, goosefoot, sunﬂower, and sumpweed, changing
agricultural practices led to the addition of erect knotweed to the crop
complex, and its eventual domestication (Fig. 1). When innovative
agricultural practices or improved crop varieties are developed by one
community, what social conditions tend to favor their adoption by
neighboring groups? The sociology and anthropology of modern
farmers can provide some insight into why certain periods, such as the
Middle Woodland period in eastern North America, seem to have been
particularly conducive to the expansion and consolidation of agricultural systems.
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Fig. 1. Map of the core area of Eastern Agricultural Complex (EAC) cultivation. The three Middle Woodland sites included in this analysis are shown (Smiling Dan, Meridian Hills, and
Walker-Noe). Regions mentioned in the text: The Adena/Hopewell core areas extends both north and south of the Ohio River valley. Smiling Dan is located in the Lower Illinois valley
(LIV) and Meridian Hills is located in the American Bottom ﬂoodplain. The Whitney Bluﬀ site erect knotweed has been described as the type specimen for the domesticated sub-species,
and is included in the analysis of Middle Woodland sites as a point of comparison. A timeline of eastern North American periods mentioned in the text is included below the map. Ninetyﬁve percent conﬁdence intervals for the radiocarbon dates obtained directly from analyzed erect knotweed achenes are represented as bars below the timeline.

ﬂorescence of the Adena/Hopewell1 phenomenon in the Middle Ohio
Valley and its tributaries.
I characterize the morphology of this assemblage in comparison to
other archaeological and modern populations of erect knotweed and
show that it represents a (so-far) isolated occurrence of the domesticated sub-species in the Ohio Valley, and is unlike contemporary assemblages from western Illinois. The results of experimental studies of
erect knotweed provide a bridge between observed signs of domestication and the practices of Early and Middle Woodland farmers in
central Kentucky. I integrate these insights into what is already known
about the trajectory of agricultural innovation in eastern North
America. This study demonstrates the utility of data from cultivation
experiments with crop progenitors for reconstructing ancient agricultural practice and land use patterns. Finally, I use ethnographic
descriptions of contemporary farmer seed networks and the theory of
diﬀusion of innovations, borrowed from 20th century rural sociology,
to suggest some directions for future research into the connection between Adena/Hopewell networks and rituals, and the development of
agriculture in eastern North America. While this connection remains
hypothetical, the vast body of research documenting how modern
farmers adopt new crops and techniques should be more widely applied
to the study of the origins of agriculture. The seeds of domesticated

Erect knotweed ﬁrst entered the crop system of eastern North
America at the end of the Late Archaic period, c. 3500 years ago. The
earliest evidence comes from rockshelters in eastern Kentcuky
(Gremillion 1993b). A diachronic series of assemblages from the Lower
Illinois valley (LIV) and American Bottom ﬂoodplain, in western
Illinois, were analyzed (Mueller, 2017e). Previous research has shown
that erect knotweed cultivation had great time depth and was consistently intense in this region during the Middle and Late Woodland
periods (Asch and Asch, 1985c, Simon and Parker, 2006; Fig. 1), so I
expected to ﬁnd the earliest evidence for a domesticated subspecies
there. As expected, erect knotweed was locally domesticated in western
Illinois between ∼700 and 1000 AD (Mueller, 2017e). Domesticated
erect knotweed was widely grown by Mississippian times (1000–1400
AD): it has been documented at Mississippian sites in Arkansas, Illinois,
and Missouri (Mueller, 2017e). These data suggest that domesticated
erect knotweed evolved in western Illinois during the Late Woodland
period, then spread south as far as the Ozarks and perhaps elsewhere by
late Mississippian times.
But complicating this neat narrative of domestication and spread,
the earliest occurrence of domesticated erect knotweed is almost a
millennium older than those from western Illinois, and comes from
hundreds of miles to the east. It was recovered from Walker-Noe, a large
multicomponent site in central Kentucky (Pollack et al., 2005; Fig. 1).
The assemblage comes from beneath a small burial mound that dates to
∼1 AD (Table 3; Reimer et al., 2013). Contemporary Middle Woodland
assemblages from western Illinois do not show any signs of domestication, indicating that the Walker-Noe assemblage likely represents a
separate domestication process from the one documented in Illinois
during the Late Woodland–Mississippian. This precocious domesticated
population of erect knotweed can be used to reconstruct some elements
of Early–Middle Woodland agricultural practice before and during the

1
The aﬃliation of Walker-Noe with “Adena” traits is discussed by Pollack et al. (2005).
To summarize, Walker-Noe is a Middle Woodland site and is contemporary with
“Hopewell” sites in Ohio (where Adena is generally considered an Early Woodland
phenomenon). Diagnostic Adena Plain pottery and Adena stemmed points were recovered
during the excavations. On the other hand, the mound itself is not typically “Adena.” By
using Adena/Hopewell, I am referring to the general Early-Middle Woodland trend in the
Middle Ohio valley and its tributaries towards increasingly large exchange networks and
elaborate monumental constructions (see also Henry 2017).
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1993). Erect knotweed was cultivated for its edible seeds. It produces
seeds that are encased in a hard pericarp, or fruit coat. This type of fruit
is called an achene. Both achenes (fruits) and kernels (seeds) are
commonly recovered from archaeological sites, although the latter are
usually more abundant in carbonized assemblages (Fig. 2). Erect
knotweed exhibits seasonally controlled achene dimorphism, which
means that individual plants produce two distinct fruit types in ratios
that vary over the course of the growing season (Costea et al., 2005;
Mueller, 2017c). The two morphs are called smooth and tubercled with
reference to the surface texture of their fruit coat. During the summer
and early fall, plants produce only tubercled morphs. Beginning in midSeptember, plants begin to produce both tubercled and smooth morphs.
The functional diﬀerence between them is that smooth morphs have
thinner, less water resistant fruit coats and will germinate immediately
the spring after they are produced, whereas tubercled morphs can
survive in the seedbank for at least 18 months (Yurtseva, 2001; Mueller,
2017c). Thus erect knotweed naturally produces a fruit type (smooth
morphs) that already has one key characteristic of a domesticated seed
crop: reduced germination inhibitors. Human selection was brought to
bear on this natural variation during the process of domestication
(Mueller, 2017b, 2017c; Table 1).
Speculation about a domesticated subspecies of erect knotweed
began when two curious assemblages were reported in the mid-1980s.
First, Asch and Asch (1985b; 1985c) reported a carbonized assemblage
from the Late Mississippian Hill Creek site, IL that was composed exclusively of abnormally large smooth morphs. Fritz (1986) reported a
similar, but desiccated, assemblage of large smooth morphs from the
Mississippian Whitney Bluﬀ site, in northwestern Arkansas. A taxonomic analysis of these assemblages and all native species of Polygonum
resulted in the naming of a new sub-species: Polygonum erectum ssp.
watsoniae (Mueller, 2017d). Domesticated erect knotweed diﬀers from
its wild progenitor in two ways: its achenes are larger, and tubercled
morphs are reduced or eliminated in favor of smooth morphs. The selective pressures that may have led to these changes under cultivation,
informed by three years of observations of wild populations and cultivation under controlled conditions, are described in detail elsewhere
(Mueller, 2017b). To summarize, domesticated erect knotweed is
probably the results of both active human selection and the relaxation
of certain selective pressures in human-mediated ecosystems. The inherent developmental plasticity of erect knotweed plants likely also
played an important role in this process. These forces and their eﬀects
are summarized in Table 1, and discussed with reference to the WalkerNoe site and the Adena/Hopewell phenomenon below.

Fig. 2. This ﬁgure provides a visual comparison of diﬀerent carbonized morphotypes
found in the archaeological record, as well as of the size diﬀerence between typical wild
erect knotweed and typical domesticated erect knotweed. Kernels (seeds), and achenes
(fruits) are both commonly recovered, but only achenes were used in this analysis.
Popped achenes were not used in the morphometric analysis (Analysis 1), unless they
could be easily corrected (an example of a corrected achene is shown at the bottom of the
ﬁgure). Otherwise, the pericarp texture of popped achenes was recorded for Analysis 2.
Achenes often have their receptacle and perianth (ﬂower) base adhering. Correction
factors for missing receptacle/perianth base were developed experimentally and are reported in Table 2. These correction factors were applied to all achenes that lacked these
parts. The top four rows show typical wild sized achenes/kernels, with tubercled morphs
on the left and smooth morphs on the right. A typical domesticated achene is pictured in
the ﬁnal row: domesticated assemblage have larger achenes and are predominately made
up of smooth morphs like the one pictured. This is an image of popped carbonized achene
from the Mississippian Gypsy Joint site, MO, that was manually corrected.

2. Materials and methods
I sought out well-deﬁned contexts that contained > 20 measureable
erect knotweed achenes because homogenous masses of seeds in welldeﬁned contexts are more likely to represent living populations than
many small samples. In instances where the assemblage I analyzed had
been dated by previous researchers and where I also obtained a second
date, these two dates were in close accordance (Mueller, 2017e). I ﬁrst
recorded the initial weight of all identiﬁable Polygonum (kernels,
achenes, and pericarp fragments) from a given context. Next, I sorted
the entire sample, counting all achenes that had suﬃcient observable
pericarp to classify them as either smooth or tubercled. I did not count
fragments of pericarp smaller than 50% of a complete pericarp to avoid
double counting. Of these, I separated achenes that had well-preserved
pericarps and had not grossly changed shaped during carbonization.
Many achenes were popped: they had perisperm extruding from cracks
in the pericarp (Fig. 2). These were excluded from the morphometric
analysis unless they could be easily corrected by manually removing the
extruding tissue from the photograph. Achenes both with and without
adhering receptacles/perianth bases were included (Fig. 2). Correction
factors for missing receptacles/perianth bases were developed experimentally (Mueller, 2017a) and are given in Table 2. I sampled one

plants are an archaeological proxy for the agricultural knowledge of
communities: they cannot be created or maintained in a consistent form
without an equally consistent set of management practices. Using the
occurrence of domesticates in the archaeological record, it is possible to
see the contours of exchange networks and communities of practice,
and boundaries across which knowledge and material do not spread.

1.1. Domesticated erect knotweed (Polygonum erectum ssp. watsoniae)
background
Erect knotweed is commonly recovered from storage pits, hearths,
and middens at archaeological sites in the core area of EAC cultivation
dating between c. 1000 BC and 1400 AD (see Fig. 1 for core area; Fritz,
41
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Table 1
Summary of hypothesized eﬀects of cultivation on erect knotweed achene morphology.
Agricultural practice

Rationale for agricultural practice

Evolutionary eﬀects

Seed saving
Seed exchange

Farmers maintain seed security – they have seeds to plant if crops are
wiped out before they reproduce
Landraces with desirable characteristics are shared
Erect knotweed crops can be destroyed by early summer ﬂoods, so
farmers move plants to more predictable environments on terraces and
in uplands

(1) Farmers replace the bet-hedging function of tubercled morphs by acting
as seed dispersers and by providing an alternative to storage in the seed
bank
(2) Farmers move a disturbance adapted plant to a predictable, protected
environment
Selective pressures maintaining achene dimorphism are relaxed. Plants
producing mostly smooth pericarp achenes become predominate in
cultivated populations
Relatively large smooth morphs germinate and grow more quickly than
small smooth morphs or tubercled morphs. Farmers eliminate the smaller
seedlings year after year, giving a selective advantage to plants producing
seeds that germinate as soon as they are planted and produce robust
seedlings
Active selection for plants producing mostly large smooth pericarp
achenes

Habitat expansion by
land clearance

Thinning seedlings

Farmers notice that thinning stands produces plants with more
branches, and more seeds. Farmers realize they will get a bigger
harvest by growing fewer plants per area

•

•

Summary of hypothesized eﬀects of cultivation on erect knotweed based on observations of populations of erect knotweed in their natural habitat and on experimental cultivation. See
Mueller (2017c) for detailed discussion.

during this time period.

achene per 0.01 g of Polygonum remains in order not to bias the photosample against poorly preserved (usually older) assemblages – or if
there were fewer measureable achenes than one per 0.01 g, then I
sampled all of them. The modern comparative sample used in this
morphometric analysis is comprised of measurements from 275 individual achenes derived from 21 herbarium specimens and collections
over the course of two years from two populations of erect knotweed
plants in Illinois and Missouri (Table 3).
I took grayscale photographs of each achene in the same orientation
with the widest of their three sides down using a Zeiss SV11 microscope
ﬁtted with a manual stage, z-stepping motor, and an AxioCam MRC5
digital camera. I recorded the texture of each pericarp as “Smooth” or
“Tubercled.” Using ImageJ open source software, then measured several shape factors and area, length, and width. In order to take area
measurements, the object to be measured must be thresholded (diﬀerentiated from the background on the basis of color or shade). With solid
objects such as seeds on a white or black background it is usually easy
to select all non-white or non-black pixels, but it is sometimes necessary
to manually trace the outline of fruits that are similar in color to
background shadows. Length and width are the two longest perpendicular straight line distances across the image of the achene. I applied
correction factors for change in size due to carbonization, which were
developed experimentally (Mueller, 2017a), and are reported in
Table 2.
Domesticated erect knotweed diﬀers from its wild progenitor in two
ways: an increase in fruit size and a decrease in fruit dimorphism. The
Walker-Noe assemblage is evaluated for these two diﬀerences by
comparing it to the modern comparative sample and to the
Mississippian Whitney Bluﬀ assemblage, which is the type specimen for
domesticated P. erectum ssp. watsoniae. Two other Middle Woodland
assemblages from western Illinois, Smiling Dan and Meridian Hills, are
also included in these comparisons to investigate regional variation

(1) Analysis 1: Comparison of fruit size. The size of tubercled and
smooth morphs, respectively, are considered in terms of area. Area
is a more accurate measure of size than length or width because it
more closely reﬂects volume (Mueller, 2017b). Length X width is
also reported to facilitate comparison with other studies. Where
variances are not signiﬁcantly diﬀerent, the means of each sample
are compared to the two reference populations (modern and
Whitney Bluﬀ) using Tukey’s Honestly Signiﬁcant Diﬀerences test.
Where variances diﬀer signiﬁcantly, pairwise Welch’s t-tests were
used instead. For signiﬁcant diﬀerences, p-values are stated in the
text.
(2) Analysis 2: Comparison of the proportion of smooth morphs. This is
a more diﬃcult variable to assess, especially in carbonized assemblages, because of preservation and sampling biases (Mueller,
2017a). Population proportions in modern populations range between ∼25 and 75% smooth morphs by the time the plant is ready
to harvest in late October or early November, so the proportion of
smooth morphs must signiﬁcantly exceed 75% in order to constitute
evidence of domestication syndrome. There are two complicating
factors. First, smooth morphs are more easily destroyed by carbonization and are thus systematically underrepresented in the archaeological record (Mueller, 2017a). Second, estimating population proportion accurately enough to recognize such a shift requires
an adequately large sample, which cannot always be obtained from
archaeological collections. There is an established probabilistic relationship between the true population proportion and the expected
accuracy of a sub-sample: the closer the true population proportion
is to 50–50, the larger the sample required to accurately estimate it
(Fig. 3). In archaeology, we cannot always dictate sample size, and
must instead be explicit about the error inherent in our estimates

Table 2
Measurements and correction factors.
Measurements

Description

Area

# of pixels within the margins of object

Length
Width

#of pixels along major axis of selected object
Number of pixels along minor axis of selected object

Correction factors
Smooth

Tubercled

A no receptacle * 1.10 = A1
A2 * 1.18 = A1
Lno receptacle * 1.12 = L1
LXW2 * 1.17 = LXW1

A no receptacle * 1.13 = A1
A2 * 1.22 = A1
Lno receptacle * 1.17 = L1
LXW2 * 1.23 = LXW1

Correction factors for missing receptacle (see Fig. 2) and for change in size due to carbonization were developed experimentally (see Mueller, 2017a). When correcting a carbonized
achene that is also missing its receptacle, the correction factors were applied in the order they are listed: ﬁrst, the achene measurement was corrected for the missing receptacle, then that
measurement was corrected for changes due to carbonization.
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Table 3
Contexts, sample summary, and results.
Site

Walker-Noe
15GD56

Context

Unit 9, Z2 L2
Feature 2

Date

2000 ± 60a 167 BCE – CE 125
1950 ± 25 21 BCE – CE 125

Site total
Smiling Dan
11ST123

F242
F194 Structure B
F110 Structure C
F164
F205
F92 Structure C

1840 ± 20 CE 125–238
1750 ± 20 CE 236–347

Site total

Sample
weight (g)

N Analysis 1
Photo sample

0.22
0.17

3
7

Mean area (mm2)

Mean LXW (mm)

Smooth

Tubercled

Smooth

Tubercled

4.64
4.42

–
4.04

7.23
7.11

–
6.48

N Analysis 2
All achenes

% Smooth

24
16

100
94

0.39

10

4.49

4.04

7.15

6.48

40

98

1.62
0.19
0.14
0.86
0.22
0.15

21
2
10
27
12
11

3.69
–
2.90
4.08
2.51
3.36

3.35
4.03
2.38
3.54
3.11
3.24

4.95
–
4.61
6.84
3.85
5.53

5.36
6.20
3.71
5.84
4.92
5.24

43
14
40
79
35
30

23
0
28
37
34
43

3.18

83

3.43

3.29

5.57

5.30

241

31

Meridian Hills
11MS1258

55

1830 ± 20 CE 130–237

2.37

28

4.26

3.46

6.85

5.58

31

6

Whitney Bluﬀ
3BE20

32-57-5
32-57-3

885 ± 20 CE 1046–1217

0.88
1.2

81
120

5.66
5.67

4.73
—

9.54
9.62

8.42
—

706
601

100b
100

2.08

201

5.67

4.73

9.59

8.42

1307

100

Bellews Creek
Crawford Creek
Herbarium
specimens

2014–2015
2014–2015
1950–present

N/A
N/A
N/A

140
87
48

2.77
3.69
3.90

3.16
3.03
3.51

4.70
6.30
6.16

5.05
4.75
5.71

140
87
48

29
24
27

N/A

275

3.23

3.18

5.41

5.06

275

27

Site total
Modern

Modern total

Sites included in this analysis are listed, along with contexts sampled, and results of both analyses. All but one of the dates listed were obtained by the author from the National Ocean
Sciences Accelerated Mass Spectrometer (NOSAMS; Mueller, 2017e). Size and shape measurements were taken only from well-preserved complete achenes (Analysis 1). Pericarp texture
was noted from all achene fragments greater than one half of a complete achene (Analysis 2).
a
Pollack et al. (2005:67-8).
b
Two out of 1307 achenes were tubercled, which rounds to 100%.

For all carbonized assemblages, the number of achenes with observable pericarp texture (Analysis 2) was greater than the number that
were well-preserved enough to include in the photosample for morphometric analysis (Analysis 1), so both sample sizes are reported in Table 3.

given the sample available. The relationship between sample size
and the accuracy of a population proportion estimate at 95% conﬁdence is modeled in Fig. 3, and Table 3 reports samples size and
sample proportion of smooth morphs for the assemblages discussed.

Fig. 3. These two charts are visualizations of the probabilistic relationship between population proportion and sample size. For both graphs, conﬁdence is set at 95%. Left: It is more
diﬃcult to estimate population proportion accurately from a sample the closer the population proportion is to 50/50. If the true population proportion is skewed towards one or the other
type (90% or 10% in this chart), it is relatively easy to estimate. Right: Since the ideal sampling conditions cannot always be met, the graph on the right shows the margins of error for
diﬀerent sample sizes given diﬀerent true population proportions (which are unknown for archaeological assemblages) again with 95% conﬁdence. The maximum population proportion
of smooth morphs observed in modern wild populations is 72%, so the 75% line represents a hypothetical ancient population that is only slightly outside of the norm. Example: The
Walker-Noe assemblage had 40 achenes with observable pericarp texture (Table 3). Since the true population proportion is unknown, the margin of error is also unknown. Could the
Walker-Noe sample have been drawn from a population with a normal proportion of smooth morphs, ∼75%? Fig. 3 shows that the margin of error for such a population at a sample size
of 40 is ∼15%, meaning that the highest proportion of smooth morphs expected for a sample of that size from a normal population is 90%. Thus we can be conﬁdent that the Walker-Noe
sample is drawn from a population that is outside the range of natural variation for erect knotweed. It is important to reiterate, too, that smooth morphs are systematically underrepresented in carbonized assemblages, so this conclusion is conservative.
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3. The sites and sample contexts

assemblages that were most clearly associated with structures (Table 3).
The calibrated 95% conﬁdence spreads from the two structures overlap
very slightly, supporting the excavators’ impression that they represent
sequentially occupied houses (Staﬀord and Sant, 1985:449). The
Middle Woodland Smiling Dan homestead consists of three small
houses and their associated pits and middens. It was subject to a very
thorough botanical analysis for such a small site, with 12,000 l of sediment ﬂoated and analyzed (Asch and Asch 1985a:344). This sampling
eﬀort yielded a richly detailed portrait of Middle Woodland agriculture
in the Lower Illinois Valley. Not surprisingly given the richness of the
assemblage, Smiling Dan also provides the largest assemblage of Middle
Woodland erect knotweed in this analysis by far, with a total of 103
achenes in the photosample. But these come from six distinct contexts
(Table 3). I consider these both as a single sample and as individual
samples below.

3.1. Walker-Noe
Walker-Noe is located in central Kentucky on a tributary of Paint
Lick Creek, which ﬂows into the Kentucky River some 23 km north of
the site. It is a large site complex (∼50 hectares) that, on the basis of
artifact scatters, was repeatedly occupied from the Paleoindian period
through the Fort Ancient period and is likely made up of several discrete sites. The entire complex is characterized by a high density of
debitage scatter. Its size and the longevity of occupation can probably
be attributed to its importance as a quarry and lithic production site:
both Boyle and Crab Orchard chert outcrop on-site. In addition to
quarrying, production may have occurred at Walker-Noe. At the nearby
Peter Village site, a lack of debitage suggests that the ﬁnished Boyle
chert points recovered there were produced elsewhere – perhaps at
Walker-Noe (Clay, 1987).
The Kentucky Archaeology Survey carried out a 42 m2 excavation at
Walker-Noe in 2000, after the landowner unearthed a concentration of
calcined bone while plowing part of the site (Pollack et al., 2005). The
excavation focused on a small mound with a diameter of about 10 m
and a height of 30–40 cm. Characteristic Adena Plain pottery and
Adena points were recovered, but unlike the typical Adena mound in
the Kentucky Bluegrass region, Walker-Noe is not accretionary, lacks a
log crypt or any extended burials, and does not cap any discernable submound structure. Instead, this mound covered between 17 and 40
human cremations, including infants, adolescents, and adults
(Herrmann et al., 2014). Both ﬂeshed and deﬂeshed individuals were
cremated, indicating a mixture of primary and secondary interments.
These remains are associated with a large area of burned red clay loam
and ﬁre-cracked dolostone (a sedimentary rock that outcrops on site).
The only other feature beneath the mound was an anomalous pit, also
ﬁlled with densely packed burned dolostone. The pit contained very
little wood charcoal and trace amounts of hickory nut shell, indicating
that it was probably not used for preparing plant foods (Rossen, 2002).
The three dates from these deposits indicate that the burning episode
occurred between 50 BC and 70 AD, and their concordance suggests
that the cremations and the mound could represent a single event
(Table 3, Pollack et al., 2005). Because the contexts of the two samples
from Walker-Noe are continuous and both have been directly dated to
the same period, I treat them as a single sample for both analyses. The
burials were accompanied by abundant plant food remains. Recovered
seeds include goosefoot (n = 161), sunﬂower (n = 15), sumpweed
(n = 3), and erect knotweed (n = 225, this total includes both achenes
and kernels), as well as the seeds of fruits, and nutshell fragments, all of
which were recovered from the central feature or other cremation
burials beneath the mound (Pollack et al., 2005:71-72; Rossen, 2002).

3.3. Meridian Hills
Meridian Hills was a Middle Woodland site 1.3 km east of the bluﬀ
edge of the northern American Bottom at the headwaters of an intermittent stream running west into Cahokia Creek. It was destroyed by
development in 1984. A salvage excavation was carried out by a local
amateur archaeologist, Robert A. Williams, who documented 72 features – mostly pits, with remnants of midden and three post holes. It is
likely that many more features, including the remains of any Middle
Woodland structures, were destroyed by grading before excavations
began (Williams, 1993). Feature 55 yielded the analyzed erect knotweed assemblage: it was an 80 cm diameter pit that was 40 cm deep
when excavated (Williams et al., 1988). The site was dated using diagnostic ceramics to the American Bottom Holding Phase, named for
the nearby ﬂoodplain village of the same name. This is consistent with
the date I obtained for the analyzed erect knotweed, 130–237 AD,
which also indicates that the occupation of Meridian Hills was contemporaneous with at least the earlier part of the occupation of Smiling
Dan, some 100 km to the north. Both western Illinois assemblages were
deposited somewhat later than the Walker-Noe assemblage (Table 3).
The botanical remains recovered from the Meridian Hills site were typical of Middle Woodland farming communities in the region in terms
of their diversity and abundance.
4. Results
4.1. Walker-Noe
The morphology of the Walker-Noe erect knotweed is as extraordinary as its context. Fig. 4 illustrates that while the Walker-Noe
smooth morphs are not as large on average as those from the type
population for P. erectum ssp. watsoniae (Whitney Bluﬀ), they are signiﬁcantly larger than modern erect knotweed. The Walker-Noe assemblage falls squarely in between these two reference populations, and the
diﬀerences are highly signiﬁcant (p = < 0.0001 for both comparisons). The Walker-Noe assemblage also displays the second aspect of
the domestication syndrome: reduction in achene dimorphism. A total
of 40 achenes had enough pericarp preserved to observe texture. Of
these, 98%, were smooth morphs (this total includes the photosample,
of which 9 out of 10 were smooth morphs). Assuming that all of the submound achenes come from the same population, this sample proportion
is distinguishable from the observed modern erect knotweed harvest
proportion maximum of 72% (see Fig. 3). The Walker-Noe assemblage
exhibits intermediate forms of both aspects of the domestication syndrome that characterizes later Mississippian assemblages, such as
Whitney Bluﬀ.

3.2. Smiling Dan
Smiling Dan presents a unique opportunity to examine the development (or lack thereof) of one household’s cultivated erect knotweed
over a period of a few hundred years during the Middle Woodland
period in western Illinois – a region that was already becoming the
heartland of erect knotweed cultivation by that time (Asch and Asch,
1985c; Simon and Parker, 2006). Smiling Dan is located on the ﬂoodplain of Campbell Creek, a small stream that drains the uplands east of
the Illinois River. The site is bisected by what was during the Middle
Woodland an even smaller intermittent stream, and sprawls onto the
ﬂoodplain of Campbell Creek and the adjacent bluﬀ slopes (Staﬀord
and Sant, 1985:87). Middle Woodland deposits range in thickness from
a 30 to 60 cm layer over most of the site, to a 2 m deep midden within
the old stream channel. Six dates were obtained by the excavators of the
site from well-deﬁned Middle Woodland contexts. These suggest a
Middle Woodland occupation of ∼200 years, from 125 to 400 AD
(Hajic, 1985:49). I obtained new dates for the two analyzed

4.2. Smiling Dan
The Smiling Dan erect knotweed is very similar to the modern
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Fig. 4. This chart shows the distribution of size
measurements for the assemblages included in this
analysis. Each dot represented the area (mm2) of a
photograph of an achene taken in a standard orientation (see Section 2). The lines represent the mean
and conﬁdence interval of the mean for each sample.

preservation bias, but it may also represent early plastic responses to a
sunnier, less crowded growth environment (Mueller, 2017b; 2017c).
Although most are tubercled morphs, the Meridian Hills achenes are
signiﬁcantly larger than the modern sample (p < 0.0001), thus exhibiting the beginnings of one part of the domestication syndrome.

comparative sample (Table 3, Fig. 4). While Smiling Dan smooth and
tubercled morphs are on average slightly larger than those of modern
populations, they are statistically indistinguishable, and none of the
individual samples has a percentage of smooth morphs higher than
50%.
Smiling Dan is the only site in this study for which I have analyzed
more than one large concentration of erect knotweed, and it provides
an opportunity for intra-site comparison. There are slight diﬀerences in
terms of fruit size between the individual photosamples from Smiling
Dan. While the assemblage as a whole is statistically indistinguishable
in terms of achene size from the modern comparative population, the
sample from F164 has signiﬁcantly larger achenes than the modern
population and the other Smiling Dan samples (p < 0.0001). With no
direct date it is impossible to say if this assemblage is later than the
others, but it may represent the ﬁrst small eﬀects of human mediated
selection on erect knotweed in the Lower Illinois Valley. Further morphometric analysis and more extensive dating will be necessary to test
this hypothesis.

5. Discussion
5.1. The location, timing, and dynamics of erect knotweed domestication
Erect knotweed cultivation may have begun in western Illinois
during the Late Archaic, although the small numbers of seeds recovered
from this era may also represent incidental burning of a plant that tends
to colonize the trampled earth of camps and pathways (Asch and Asch,
1985c; Simon and Parker, 2006). There is a much stronger case for
cultivation in the Early Woodland era, especially on the eastern margin
of the core area. Assemblages from rockshelters on the Cumberland
Plateau (Gremillion, 1993b; 1998; 2004) are unlikely to be the result of
accidental burning of a weedy camp followers, because erect knotweed
does not naturally occur in such high and dry locations (Murray and
Sheehan, 1984; Asch and Asch, 1985c; Mueller, 2017c). It is also clear
from paleofecal specimens that Early Woodland people on the eastern
margin of the core area were consuming erect knotweed (Faulkner,
1991). On the southwestern margin of the core area, the Ozark Escarpment, people were evidently experimenting with one or more
members of the closely related genus Periscaria, the smartweeds, based

4.3. Meridian Hills
Twenty-nine out of 31 achenes with observable pericarps were tubercled morphs – a very high proportion of tubercled morphs even for a
wild population. Given the small sample size and the fact that carbonization biases against the preservation of smooth morphs, this population proportion may be partially attributed to sampling error and
45

Journal of Anthropological Archaeology 49 (2018) 39–50

N.G. Mueller

scoured riverbanks (Smith, 1992), but it may also have been critical for
maintaining food security during a period of climate change. By cultivating erect knotweed in newly cleared gardens where ﬂooding never
occurred, as well as by saving seeds in rockshelters, Early Woodland
farmers would have relaxed the selective pressures that maintain fruit
dimorphism as a bet-hedging strategy in wild erect knotweed.
Direct evidence in support of this scenario comes from the comparison of erect knotweed assemblages presented here. Walker-Noe, the
earliest Middle Woodland assemblage analyzed, and the closest to
western Appalachia, is also the earliest assemblage to exhibit the full
domestication syndrome of erect knotweed – increase in fruit size and
decrease in fruit dimorphism – hundreds of years before such a landrace
was developed in the major river valleys of western Illinois.

on the assemblage from Marble Bluﬀ, AR (Mueller, 2017e), but there is
no evidence from those rockshelters that they were also harvesting
erect knotweed at this time.
If casual gathering of erect knotweed began in the major river valleys of the core area during the Terminal Archaic, and moved into the
highlands when populations abandoned the major ﬂoodplains during
the Early Woodland (Kidder, 2006), this may have been a signiﬁcant
moment in the evolution of domesticated erect knotweed. The fruit
dimorphism exhibited by wild erect knotweed is a form of evolutionary
bet-hedging (Mueller, 2017b; 2017c). Organisms that are evolutionary
bet-hedgers exhibit strategies that do not maximize the survival of their
oﬀspring within a single generation, but which instead tend to reduce
variation in survival rates over many generations. In the case of erect
knotweed, most of its tubercled morphs do not germinate the spring
after they are produced, which means that they are subject to an entire
year of potential predation and pathogen risks before they germinate.
Once they do germinate, they also grow more slowly than seedlings
sprung from smooth morphs, meaning that they are less competitive in
the dog-eat-dog world of a seasonally scoured river bank, where dozens
of diﬀerent weedy species compete for light and space. Smooth morph
germination rates are much higher, sometimes 100% (Mueller, 2017c).
In short, a mother plant that uses resources producing tubercled morphs
that could otherwise be used to produce smooth morphs is not maximizing its ﬁtness for the next generation – so why has the production of
tubercled morphs evolved, and how is it maintained?
The speciﬁc source of strong selective pressure suggested by my
observations is the unpredictability of ﬂooding from year to year. When
ﬂoods occur in the early spring, they are probably beneﬁcial to populations of erect knotweed because they clear the riverbank and deposit
soil nutrients (Smith, 1992). Robust erect knotweed plants can also
survive fall ﬂoods – although they probably lose some of their immature
seeds to such events. But ﬂoods that occur in the early summer can
eliminate an entire generation of erect knotweed plants (Mueller,
2017c). When this occurs, the near-100% germination rate of smooth
morphs is a liability that could lead to localized extinctions. Tubercled
morphs allow the population to regenerate the following year, because
they are able to weather bad years, remaining in the soil seedbank
when conditions improve. In order for this protective fruit dimorphism
to be eliminated under cultivation, I have hypothesized that farmers
were protecting populations of erect knotweed from the eﬀects of unpredictable ﬂooding, both by creating clearings for erect knotweed
seedlings in micro-topographic zones that rarely or never ﬂood and by
storing seed stock, which provided an alternative to the soil seed bank
(Table 1).
A combination of several lines of evidence suggests that this process
began during the Early Woodland period. First, many communities
evidently abandoned the ﬂoodplains in several regions of eastern North
America to escape the eﬀects of unpredictable and/or severe ﬂoods
(Kidder, 2006). It is clear that they took their ﬂoodplain adapted crops,
including erect knotweed, with them, because we ﬁnd the cached seeds
of these plants in upland rockshelters both in the Ozarks and western
Appalachia (Fritz, 1986; Gremillion, 1993b), and they have recently
also been recovered from a Late Archaic site in the mixed Appalachian
forest zone of southeastern Ohio (Patton and Curran, 2016). There are
ﬂoodplains in the uplands, albeit narrower ones, and people may have
used a variety of micro-topographic zones to grow their crops. Uplands
is also a relative term – there are uplands near the major river valleys:
zones that are protected from ﬂooding by relatively small diﬀerences in
altitude. But during the Early Woodland, there is also evidence for the
clearance of forests (Delcourt et al., 1998), and naturally forested terraces oﬀer low slopes and fertile soils that could have been turned into
productive gardens (Gremillion et al., 2008). Perhaps these Early
Woodland refugees of severe ﬂooding in the major river valleys were
the ﬁrst EAC farmers to recognize the importance of altitudinal diversity in ﬁeld placement. It was probably more work to clear terrace
forests for cultivation than to it was to grow crops along the annually

5.2. The spread of agricultural knowledge and practice
Beginning around 3000 year ago, and intensifying throughout the
last millennium BC, several lines of evidence indicate that communities
along the western Appalachian front developed novel agricultural
techniques. First, there is dramatically increased evidence for the storage of crop seeds in caves and rockshelters at this time. At Cold Oak
rockshelter, KY, both the percentage of crop seeds in the assemblage
and their overall abundance increase markedly around 3000 years ago
(Gremillion, 1993b; 1998; 2004). Concurrently, there is direct evidence
that people were consuming the seeds of EAC lost crops from human
paleofeces recovered from dry caves, such as Mammoth Cave, KY
(Gremillion and Sobolik, 1996; Yarnell, 1969), and Big Bone Cave, TN
(Faulkner, 1991). Analyses of pollen and charcoal from Patton Bog, OH,
Cliﬀ Palace Pond, KY, and the Little Tennessee River, TN all agree that
there was a clear change in forest composition along the western Appalachian edge of the core area from 1000 to 800 BC. Forests were
cleared, and ﬁre tolerant species became better represented in pollen
cores, while the pollen of ﬁre intolerant species became rare (Abrams
et al., 2014; Delcourt et al., 1986; Delcourt et al., 1998; Delcourt and
Delcourt, 2004). By the end of the Early Woodland period, a shift to a
greater reliance on cultivated annual grains is also evident at open sites
on the western Appalachian front (Rossen, 1999).
All of these developments were directly followed by the appearance
of a distinct Middle Woodland botanical assemblage in the two regions
compared in this analysis (western Illinois and the Middle Ohio valley).
Fire-loving hazelnuts are one hallmark of this diverse emerging
Woodland agroecosystem. People were still growing all of the crops that
were domesticated during the Late Archaic (sunﬂower, sumpweed,
squashes, and goosefoot), but the starchy seed complex (erect knotweed, little barley, goosefoot, and maygrass) had become much more
abundant. Caches or large concentrations of EAC seeds in pits that were
rarely seen at earlier open sites, and a diverse array of nutshells, fruit
seeds, and sometimes even the elusive remains of root crops are recovered from Middle Woodland sites in both regions (Asch and Asch,
1985c; Johannessen, 1988; Simon and Parker, 2006; Wymer, 1993,
1996, 2009, 2017; Wymer and Abrams, 2003).
The Smiling Dan and Meridian Hills assemblages are both at least a
century later than the assemblage from Walker-Noe, and they come
from a region where erect knotweed cultivation was the most intense
and of the greatest duration. Contrary to expectations, then, these two
assemblages show only the beginnings of a domesticated morphology,
whereas the Walker-Noe assemblage is fully domesticated. There is
another important diﬀerence to consider between the western Illinois
populations and the Walker-Noe population. The Smiling Dan and
Meridian Hills assemblages come from pits at habitation sites, and
likely represent the accidental burning of erect knotweed fruits as they
were processed or cooked. If so, they are a random subset of all erect
knotweed achenes harvested by the community. But the Walker-Noe
assemblage was deliberately interred with human burials and then
capped with a mound, just like the various other classes of artifacts that
inform archaeological theories about Adena/Hopewell interaction
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remarkably low seed density compared to either habitation or mound/
earthwork assemblages in general. At the Evans site in Montgomery
County, 270 l of soil yielded a substantially richer assemblage. The
seeds of maygrass, goosefoot, and sunﬂower were recovered, a few of
which were associated with human cremations (Rossen, 2016). At
Amburgey, also in Montgomery County, Feature 2 contained a tetrapodal vessel, two copper ear spools, debitage, and the seeds of goosefoot, squash and several other plants. This unusual assemblage of artifacts was interpreted as a ritual cache (Richmond and Kerr, 2005).
Walker-Noe, Edwin Harness, and Evans provide evidence that seeds
were sometimes among the objects included in burials and mortuary
rituals. It is intriguing that the person buried with crop seeds at Edwin
Harness was a woman, given the likely leadership of women in all
matters agricultural. However, it is impossible to say how common this
practice was because the vast majority of mortuary excavations were
carried out before it was commonplace to take ﬂotation samples from
such contexts. In general, the idiosyncrasy in the mound/earthwork
assemblages from the Middle Ohio Valley, contrasting with relative
uniformity in habitation site assemblages, is also found in the LIV
during this period (Mueller, 2013).
The same communities who lived in Middle Woodland houses also
built and visited Adena/Hopewell mounds and earthworks, but they
clearly weren’t doing the same things with plants at these sites as they
were at their houses. This is hardly surprising, given the complex acts of
ritual, remembering, and negotiation that occurred at these sites
(Henry, 2017). Most Adena/Hopewell researchers work from the premise that mounds and earthworks were places on the landscape where
people from diﬀerent households and communities periodically came
together, making the integration of societies at multiple scales one key
component of the Adena/Hopewell phenomenon (Abrams, 2009;
Buikstra and Charles, 1999; Carr 2008; Ruby et al., 2005; Seeman and
Branch, 2006). How might this phenomenon be related to the adoption
and spread of new crops and agricultural techniques during the same
era? The following discussion is not meant to present conclusions, but
rather to generate hypotheses and further research on plant remains
from Adena/Hopewell ritual contexts and similar sites in other regions.

spheres. Perhaps it is time to consider the possibility that high quality
seed stock was a prestige good and exchange item on par with exotic
materials or iconographically rich pottery and pipes used to infer social
roles and organization (Carr, 2008). Such an investigation might also
make more space to imagine the role of women in Adena/Hopewell
ceremonialism and exchange, since it is likely that women were the
keepers of seeds (Watson and Kennedy, 1991; Mueller and Fritz, 2016).
5.2.1. Previous research on botanical assemblages from Adena/Hopewell
ritual contexts
Many Adena/Hopewell habitation botanical assemblages have been
analyzed from the LIV (Asch and Asch, 1985a; Calentine, 2005;
Mueller, 2013), the American Bottom (Johannessen (1988); Simon and
Parker, 2006), the Middle Ohio River’s northern tributaries in Ohio
(Wymer, 1993; 1996, 2017; Wymer and Abrams, 2003), and southern
tributaries in Kentucky (Bonzani, 2005; Lopinot, 1988; Rossen, 2006).
Analysis of assemblages from clearly ritual contexts has been rarer, but
that is beginning to change.
One of the earliest analyses comes from the Edwin Harness mound
excavations within the Liberty earthworks in Ross County, OH (Smart
and Ford, 1983). Two maize kernels recovered there have long been
considered among the earliest evidence of maize cultivation in eastern
North America. Simon (2017) has recently called into question early
dates on maize macroremains by showing that all of the Middle and
early Late Woodland maize from the American Bottom is either not
maize or not accurately dated. Both maize kernels from Edwin Harness
were directly dated to c. AD 300 (Crawford et al., 1997), but their
identiﬁcation as maize was not corroborated by isotope analysis. If they
were correctly identiﬁed, the early presence of this exotic crop at a site
of Adena/Hopewell ritual gathering lends support to the hypothesis
that these networks were implicated in the spread of new agricultural
techniques and materials. Along with these enigmatic kernels, a total of
at least 31 goosefoot seeds and 29 “knotweed” seeds (probably erect
knotweed) were recovered from an unknown volume of ﬂotation
samples. Some came from the ﬂoor and a pit associated with the submound “Big House.” The bundled burial of a 19–22 year woman (Feature 60) was associated with a great variety of diﬀerent kinds of wood
charcoal, one of the two maize kernels from the site, at least four
goosefoot seeds, and at least 16 “knotweed” seeds (Belovich, 1983;
Smart and Ford, 1983).
Another point of comparison comes from an analysis of archived
samples collected at Seip Earthworks (Wymer, 2009). Most of the recovered seeds, including goosefoot and single erect knotweed and little
barley seeds, come from the ﬁll of a large post mold located within the
earthwork, but of uncertain association. Flotation samples were also
taken from a large pit containing ﬁre-cracked rock, similar to the submound pit at Walker-Noe. Like the Walker-Noe pit, this one did not
contain any seeds, but did contain abundant wood charcoal. Wymer
(2017) has also recently analyzed 143 l of ﬂotation samples from the
Datum H “ceremonial encampment” area of the Hopewell Mound
group. These come from a diverse range of contexts including pits,
earthovens, post molds, and a possible midden. The contextual diversity
of this assemblage is unprecedented for a Hopewell mound or earthwork in Ohio, and has likewise yielded an uncommonly rich botanical
assemblage, with a density of seeds similar to that of habitation sites.
These assemblages, along with her analyses of assemblages from
Hopeton, Liberty, and Capitolium, contribute to Wymer’s (2009) general impression of botanical assemblages from mounds and earthworks
in Ohio: “Unlike Hopewell habitation sites, there appears to be less
consistency in what plant materials have been found in ceremonial/
ritual contexts… unusual plants, or caches of speciﬁc species, have been
noteworthy in a number of well-documented ceremonial contexts.”
In Kentucky, there are also several points of comparison. My own
recent analysis of 94 l taken from an interior sheet midden, post molds,
and the encircling ditch of the Winchester Farms earthwork in Fayette
County, KY (Jeﬀeries et al., 2013) yielded only three seeds – a

5.2.2. Insights from ethnography and sociology
Contemporary farmers are dealing with the pressures and the opportunities of global exchange networks and capitalism very diﬀerent
from those faced by early food producing communities, but studies of
contemporary farmer networks can still provide some basic insights
into how seeds and information ﬂow between farmers. Seeds are the
fundamental agricultural input, along with the farmers themselves.
Small scale farmers rely on various kinds of networks to make sure that
they always have access to seeds. Informal seed networks often map
onto other exchange networks and institutions that exist to facilitate
communal labor (Stromberg et al., 2010) – such as those needed to
build mounds and earthworks and obtain the exotic materials interred
there. Another consistent factor that falls out of many diﬀerent ethnographies is that people procure seed from individuals who they trust,
and who are members of their own perceived community or social
network (Badstue et al., 2006; Kiptot et al., 2006; McGuire, 2008;
Misiko, 2010). For example, Perales et al. (2005) investigated the relationship between landraces and ethnolinguistic groups in Chiapas,
Mexico. The authors found that distinct maize landraces were maintained by neighboring ethnolinguistic groups, even though one variety
had consistently higher yields. The lower yielding landrace was maintained partly because it was a marker of social identity, but more importantly because farmers obtained both and seed an information about
how to grow it only from trusted members of their own social group.
Both information and seeds ﬂow unevenly between members of a multiethnic society.
It is also possible to draw on the theory of diﬀusion of innovations
(Rogers, 2003) to understand how the spread of seeds and knowledge
may have been related to ritualized exchange networks. The theory of
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exposure to “change agents,” a cosmopolitan traveler in the Adena/
Hopewell case (Rogers, 2003). The cyclical rituals that Adena/Hopewell sites represent would have provided stability for networks of innovators and early adopters. Henry and Barrier (2016:103), after a
close reading of the Wright Mound burials, argue that they represent a
society “in which interaction – and evaluation – was based upon regular
face-to-face interactions in and apart from ritual settings…those buried
in the mound were individuals who were valued within their networks…” With reference to neither the ethnography of seed networks
nor the theory of diﬀusion of innovations, they have nonetheless perfectly described the individuals and circumstances that most readily
facilitate the adoption of new agricultural practices: individuals with
large and varied social networks who can demonstrate their innovative
practices via regular face-to-face interactions. The multi-scalar nature
of Adena/Hopewell interaction would have allowed early adopters to
receive information and material from cosmopolitan change agents,
and then to repeatedly model new techniques and crops to the more
recalcitrant, isolated, or conservative members of their network. How
might we see this in the archaeological record? One possibility is that
new domesticated varieties would appear ﬁrst in association with the
innovators and early adopters themselves – that is, in burials and other
contexts at mounds and earthworks.

the diﬀusion of innovations is rooted in rural sociology, and its progenitors developed the key tenets of this theory working among
American farmers in the 1940s and 1950s. Diﬀusion studies have since
branched out into many diﬀerent settings and kinds of innovations, and
generally have shown that:
(1) The rate of adoption of a new technology or idea is S-shaped, with
innovators and early adopters being key individuals in the successful adoption of a new practice or idea.
(2) People seldom adopt a new innovation unless they are able to
discuss it with individuals within their social network.
(3) Innovators and early adopters tend to be cosmopolitan and are
often economic elites.
There were almost certainly cosmopolitan people in Early and Middle
Woodland eastern North America: those who traveled widely to create
the continent wide trade networks that provided people with copper,
marine shell, obsidian, and mica, among other materials (DeBoer, 2004;
Emerson et al., 2005; Lepper, 2006; Wright and Loveland, 2015), and,
at least between western Illinois and the Scioto valley, the movement of
people is also supported by ancient mtDNA analysis (Bolnick and Smith,
2007). These cosmopolitan individuals in general may have been both
men and women, but we know that historically women were responsible for skilled agricultural labor and seed selection among Indigenous eastern North Americans, so for this scenario it is more
plausible to imagine a woman. She may have been the person who ﬁrst
told distant communities about the agricultural innovations of her
community – new techniques that had emerged on the western Appalachian front around 1000 BC. Diﬀusion studies indicate that, even if
her crop varieties and methods were consistently more productive or
less risky, she is only likely to have convinced a small percentage of any
given community to adopt them – these people are called early adopters.
When new technologies or practices are adopted by an entire
community, the process often starts with the biased cultural transmission of knowledge from high status early adopters to the rest of society
through social emulation (Henrich, 2001). When people chose which
members of society to emulate, their choices may reﬂect their perception of the model’s skill or success in a given domain, not high status per
se (Henrich and Gil-White, 2001; Henrich and Broesch, 2011). High
status in Adena/Hopewell societies in some places may have been ascribed (from birth) (Cook, 1981), but most lines of bioarchaeological
evidence do not support this scenario (Bolnick and Smith, 2007;
Buikstra, 1976). Situational leadership and a ﬂuid tribal organization
are suggested by the variability of the ritual landscape in the Kentucky
Bluegrass region (Henry, 2013). The unique features of the Walker-Noe
mound and artifact assemblage, on the southern edge of this region, are
an apt example. In the Scioto Valley, Carr (2008) has used mortuary
analysis to identify clans and sodalities that were present from the
beginning of the Middle Woodland period, and grew in size and complexity throughout the period. All of these lines of evidence paint a
picture of a society in which there were diﬀerences in rank, but also a
malleable social structure that responded to displays of skill, wisdom,
or worldliness from individuals.
High status in these societies was almost certainly connected to
another general characteristic of early adopters and inﬂuencers: they
have larger social networks and a greater frequency of social interaction
than do late adopters. As Henrich points out, “Large social networks
and high status may have nothing to do with an individual’s chances of
innovating, but they may be critical to the subsequent transmission of
these traits. When poor, low-status individuals innovate, no one copies
them…”(2001:1010). The words poor and rich are likely not appropriate descriptors for any members of Middle Woodland society, but
there were diﬀerences in social status and (even more so) in the size of
social networks, which allowed some individuals to inﬂuence more
people than others. Early adopters have more frequent and predicable

6. Conclusions
Several lines of evidence indicate that communities on the eastern
margin of the core area began to make more use of uplands during the
last millennium BC, that they burned forests in order to move their
gardens and ﬁelds out of naturally disturbed environments into what
would otherwise have been stable forest ecosystems, and that many
communities either adopted new crops or intensiﬁed their cultivation of
old ones, ultimately culminating in the distinctive botanical assemblages recovered from Middle Woodland houses in western Illinois and
the Middle Ohio valley. Using the ethnography of seed networks and
the theory of diﬀusion of innovations, I have argued that Adena/
Hopewell networks facilitated the adoption of new practices and crops
and the consolidation of agricultural knowledge during this period. To
determine how widespread the early domesticated landrace of erect
knotweed from Walker-Noe was, more morphometric analyses of other
Middle Woodland assemblages from the Ohio valley are needed. This
assemblage provides preliminary evidence for a scenario in which
multi-scalar Adena/Hopewell exchange networks, anchored as they
were to monumental landscapes and various kinds of performance and
negotiation by prestigious individuals, facilitated the exchange of superior seed stock and agricultural knowledge between communities.
The ethnography and sociology of farmers in the modern era suggest
that similar networks and institutions in other times and places would
also have facilitated the rapid spread of new crops and techniques between communities.
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