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The prehistory of wild potato use, leading to its domestication and
diversification, has beenwell-documented in, and confined to, South
America. At least 20 tuber-bearing, wild species of Solanum are
known from North and Central America, yet their importance in
ancient diets has never been assessed from the archaeological re-
cord. Here, we report the earliest evidence of wild potato use in
North America at 10,900–10,100 calendar years (cal) B.P. in the form
of well-preserved starch granules extracted from ground stone tools
at North Creek Shelter, southern Utah. These granules have been
identified as those of Solanum jamesii Torr. (Four Corners potato), a
tuber-bearing species native to the American Southwest. Identifica-
tion was based on applying five strictly defined diagnostic charac-
teristics (eccentric hilum, longitudinal fissure, lack of fissure branching,
fissure ratio, and maximum granule size) to each of 323 archaeological
granules. Of those, nine were definitively assigned to S. jamesii based
on possession of all characteristics, and another 61 were either likely
or possibly S. jamesii depending on the number of characteristics they
possessed. The oldest granules were found in substratum 4k (10,900–
10,100 cal B.P.). Younger deposits, dating to ∼6,900 cal B.P., also
contained tools with S. jamesii granules, indicating at least 4,000 y
of intermittent use. Ethnographic and historical accounts extend the
period of use to more than 10,000 y. The question then arises as to
whether some S. jamesii populations could have undergone trans-
port, cultivation, and eventual domestication over such a long period
of time.

potato | Solanum jamesii | starch granule analysis | tuber use |
Colorado Plateau

The discovery of starch granules persisting on ground stone
artifacts has established early dates for the dietary use of

many wild plant species, including 32,600 calendar years (cal) B.P.
for oat (Avena) in southern Italy (1); 30,000 cal B.P. for cattail
(Typha) in central Italy and the Czech Republic (2); 23,000 cal
B.P. for barley (Hordeum) and wheat (Triticum) in Israel (3); and
23,000–19,500 cal B.P. for grasses (Triticeae and Paniceae), beans
(Vigna), yams (Dioscorea), and snakegourd roots (Trichosanthes)
in China (4). These dates are significant because they are often
used to establish the ancestry of domesticated plants that even-
tually diverged from wild relatives (5–8).
In the case of tuber-forming species of Solanum, archaeological

tubers found in Casma Valley, Peru, have been directly dated to
7,800 cal B.P. (9, 10). The tubers contained starch granules re-
sembling those of the domesticated Solanum tuberosum but may
have still represented a wild species (10). Intensive exploitation,
perhaps of domesticated strains, took place between 3,400 and
1,600 cal B.P. in the western Titicaca Basin (11).
Herein, we report on starch granules from the wild Four Cor-

ners potato, Solanum jamesii (Fig. 1), found on ground stone tools
in deposits dating between 10,900 and 10,100 cal B.P. at North
Creek Shelter (NCS) near Escalante, Utah. This discovery is the
earliest documented use of potatoes in North America, an im-
portant energy source that has been largely undervalued or even
ignored when diet breadth analyses and optimal foraging theory
are applied in archaeological studies (12, 13).

Study Site: Archaeological Context
NCS is a deeply stratified site at the base of a south-facing sand-
stone cliff at an elevation of 1,900 m (37°46.200′N, 111°40.812′W)
(Fig. 2). Excavations of NCS occurred between 2004 and 2008,
uncovering numerous hearths and pits and abundant stone tools,
faunal assemblages, and botanical remains (14). The excavations
revealed seven cultural strata, dating from 11,500 to 150 cal B.P.
Thirty-five radiocarbon dates were obtained on various materials
(bone/collagen, dentin, wood/charcoal, fruits/seeds; Table S1),
allowing strata to be further subdivided into 68 substrata, some
interpreted as short-term living/use surfaces (14) (Fig. S1 and
Table S1).
Among the archaeological materials were 196 ground stone

tools (manos and metates, hand and milling stones, respectively)
varying in abundance from Paleoarchaic to Late Prehistoric times
(10,900–150 cal B.P.) (14). The majority had been manufactured
from sandstone (88%) and most (85%) were fragmented (Table
S2). Manos were bun-shaped, one- or two-sided, and tended to be
complete. The seven complete metates were slabs up to 46 cm in
length with one or two smoothly ground basin surfaces (Fig. 3).
The ages of these artifacts were established by radiocarbon
dating of associated materials from the same substratum. The
greatest number of tools occurred in substrata 5t and 5u (9,300–
8,500 cal B.P.), suggesting a technological and dietary shift toward
intensive use of plant resources that has been observed at about
this time in many other locations across arid western North
America (15–18).

Results
Extractions of surface and interstitial residues were performed
on 101 ground stone tools from strata 4, 5, and 6 and on seven
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sediment samples for purposes of establishing background starch
concentrations (19). Although 90 of these tools yielded starch
granules, 24 manos and metates bore granules with eccentric hila
and were from substrata 4k, 5t, 5u, 6a, and 6d (Table 1 and Table
S3). Recovered granules were well-preserved, tested positive
with potassium iodide, and retained most, if not all, of their
diagnostic characteristics, unlike whole tubers that apparently
degrade in archaeological contexts. The levels of background
starch granules from surrounding sediments were negligible (19)
(Materials and Methods). The normalized yields of starch gran-
ules (mean number per gram) from the surfaces of ground stone
tools were 100 times more than all sediment samples combined.
Residue samples had an average of 129 ± 51 (95% CI) starch
granules per gram of residue, whereas sediment samples yielded
an average of 1.3 ± 2.7 (95% CI) starch granules per gram of
sediment (19).
A total of 323 starch granules were recovered from the 24 tools,

of which 122 granules had pronounced eccentric hila (Table 1).
Those with eccentric hila are almost exclusively produced by un-
derground storage organs (USOs) (20), reducing the number of
possible sources to two plant families (Solanaceae and Liliaceae)
and only six species within the greater Colorado Plateau region

(21). Using morphometric measurements pertaining to another
four diagnostic characteristics (Materials and Methods), nine
granules were definitively assigned to S. jamesii and 61 (for a total
of 70) were likely or possibly S. jamesii based on possession of
three or two characteristics (Table S3 and Figs. S2–S4).
Reduced confidence in identification was most often because

the fissure ratio (width of longitudinal fissure/width of granule;
wf/wg) was not within the strictly defined range (0.21–0.28).
Nevertheless, these starch residues place the earliest use of
S. jamesii tubers at 10,900 cal B.P. The overlying substratum 5t
also contained tools with at least one granule definitively assigned to
S. jamesii and another 17 likely or possibly S. jamesii (Fig. 4).
This layer is described as an extensive living surface with at least
10 roasting pits in addition to 20 ground stone tools (14) (Fig.
S5). The pits span contiguous surfaces and could have been
available for use over several hundred years.
Younger deposits, such as 6a and 6d (∼6,900 cal B.P.), also

contained tools with S. jamesii granules, indicating at least 4,000 y
of intermittent use. Although tools from the late Holocene strata
(1,150–150 cal B.P.) have yet to be examined, ethnographic and
historic records indicate the importance of this species in the local
diet during recent times (22–27).

Fig. 1. S. jamesii (Left), tubers produced by a single individual after one growing season (Center), and a tuber at the end of a stolon (Right).

Fig. 2. Location of NCS in southern Utah and nearby population of S. jamesii (Inset).
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Discussion
Ethnographic accounts of S. jamesii use come from Apache,
Hopi, Kawaik, Navajo, Southern Paiute, Tewa, Zia, and Zuni
groups (22–27). There were various cooking and processing
techniques associated with the species. For example, tubers were
collected by Apache during late summer, then “boiled, unpeeled
and thus eaten. The S. jamesii product was sometimes dried,
stored, and later ground into flour for making bread” (22, p. 42).
S. jamesii tubers were also eaten with a pinch of clay to reduce
bitterness (24–26).
Tissues of S. jamesii are reported to contain the glycoalkaloids

solanine, tomatine, and chaconine, which produce the bitterness.
These compounds are steroid-based with various sugar moieties
attached to hydroxyl groups on the genin portion (28). One re-
port on the glycoalkaloid content of S. jamesii found ∼100 mg
tomatine/g of dried tuber from samples collected at Zuni Pueblo
(29). However, collections of tubers from other archaeological

sites in New Mexico and Arizona were found to have significantly
lower total glycoalkaloid content (30).
Calvary soldiers on early expeditions into Escalante also

consumed wild tubers of S. jamesii and remarked that the place
had already been named “Potato Valley” by pioneers: “We
have found wild potatoes growing from which the valley takes
its name” (Captain James Andrus, August 1866, among the
first Europeans to enter this region). A soldier’s diary (John
S. Adams, Cavalryman, 1866) recorded, “. . .we gathered some
wild potatoes which we cooked and ate them; they were some-
what like the cultivated potato, but smaller” (31). Settlers and
their descendants also consumed this potato from the 1870s
through the Great Depression of the 1930s and are even now
grown in a few backyard gardens.
S. jamesii is known to be highly nutritious, having twice the

protein, zinc, and manganese and three times the calcium and
iron content as S. tuberosum (32). Under optimal growing con-
ditions in a greenhouse, a single “mother” tuber produced
125 progeny tubers during a 6-mo growing season. In the field,
tubers do not produce shoots until the onset of summer rain,
usually in July, but carbon allocation to forming progeny tubers
begins as soon as leaves are aboveground. Summer drought and
autumn frost cause immediate senescence of shoots. Tubers,
however, can persist underground for at least 8 y (33), achieving
high densities and yielding at least 1.7 kg of starchy food per
10 m2 of habitat area (32). Thus, a summer-active and highly
productive herbaceous perennial would have provided a reliable,
yearlong source of carbohydrate and minerals that significantly
improved dietary quality.
Evidence for the processing of starch-rich tubers has impli-

cations with respect to the ecology of human diets and optimal
foraging theory. Calculations of dietary species richness and
evenness, used to define the energetics of food choices, have
traditionally been based on faunal evidence. When macro- and
microbotanical evidence are added to the calculations, we are
able to achieve a fuller picture of dietary change through time
(34). Tubers and other USOs rank just below small- and large-
bodied animals (35, 36), therefore energetic gains would be
greater than those obtained from small seeds alone. Adding
S. jamesii to the tally of dietary species richness at NCS would
accentuate a shift toward broader diets, especially during the
middle Holocene (34). Similar to pine nuts and perhaps acorns,
S. jamesii would disproportionally mitigate for the loss of higher
ranked resources. However, unlike pine nuts and acorns, these
perennial tubers would not be susceptible to reproductive failure
during the increasing aridity and changing ecosystem composi-
tion of the Holocene.
Five small and isolated populations of S. jamesii are known from

the Escalante Valley, including one only 150 m from NCS (34, 37)
(Fig. 2). The next closest population is 150 km to the east in the

Fig. 3. Slab metate (2004.8.2346.1) from substratum 5u and two-sided
mano (2004.8.3474.1 and 2004.8.3474.2) from substratum 5t. Both yielded
starch granules of S. jamesii and dated between 9,300 and 8,500 cal B.P. (NCS
collections held at BYU Museum of Peoples and Cultures).

Table 1. Summary of starch granules extracted from ground stone tools excavated at North Creek Shelter

Granules assigned to S. jamesii

Substratum
Dates

(cal B.P.)
Ground stone

tools
Total starch
granules

Total granules
w/ eccentric hila

Eccentric hila granules
w/ longitudinal fissure Total no.

Mean fissure
ratio,wf/wg

Mean length,
μm

6d 6,900 4 46 5 1 1 0.28* 41.78*
6a 6,900–8,300 4 30 7 3 0 — —

5u 8,500–8,800 10 101 55 35 5 0.25 49.00
5t 9,300 5 101 35 18 1 0.25* 48.36*
4k 10,100–10,900 1 45 20 13 2 0.26 43.65

Totals 24 323 122 70 9 0.25 42.43

*Measurements based on a single grain.
Definitive assignment of nine granules to S. jamesii based upon the possession of five diagnostic characteristics. Another 61 granules were likely or possibly

S. jamesii based upon possession of fewer characteristics (Figs. S3–S5 and Table S3). Fissure ratio calculated from the width of the longitudinal fissure (wf) and
width of the grain (wg). Mean lengths are from log-transformed data.
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vicinity of Newspaper Rock, another well-known archeological
site in southern Utah. At both locations, the species occupies
woodlands of pinyon, oak, and cottonwood that did not become
established until the mid-Holocene (38). It is likely, therefore,
that during the late Pleistocene and early Holocene, when cli-
matic conditions were cooler and the vegetation surrounding NCS
was dominated by spruce-fir forest (34), S. jamesii was confined to
warmer, lower elevation regions of the southwest where mon-
soonal climates persisted (39). Two other tuber-producing species
(S. fendleri A. Gray ex Torr. and S. cardiophyllum Lindl.) are also
restricted to warm, subtropical climates much farther south (40,
41) that would not have been present in the Escalante/Colorado
Plateau region during the late Pleistocene and early Holocene.
The confinement of tuber-bearing Solanum species in North
America to warm, monsoonal climates suggests a physiological
constraint on distribution that might only be overcome by human
transport into favorable microsites at higher latitudes during
ancient times. The long prehistory of S. jamesii in North America
raises the question of whether its populations in the Four Cor-
ners region could have undergone transport, cultivation, and
eventual domestication.

Materials and Methods
Starch Granule Extraction. Starch granules were extracted from ground stone
tools by using three different treatment methods (19). Each residue sample
was sieved by using a 125-μmmesh Endecott sieve (to remove material >125 μm).
Water plus sieved sample (<125 μm) was transferred to a 50-mL Falcon
tube. Samples were centrifuged for 3 min at 2,720 × g. The supernatant
was discarded, and the resuspended sample was transferred to a 15-mL
centrifuge tube.

A heavy liquid separation technique was used to isolate any starch in the
archaeological sample. Sodium polytungstate (Specific Gravity 2.35) was
added to the sample pellet in each tube, resuspended with a vortex mixer,

and centrifuged for 15 min at 300 × g. The suspended fraction (with starch if
present) was decanted into another set of labeled centrifuge tubes. Two
more rinses (addition of DH2O and centrifugation, 3 min at 2,720 × g) were
undertaken to remove any residual heavy liquid. Acetone was added to
each, spun, and allowed to dry overnight.

The pellets were resuspended in a few drops of a 50% glycerol and 50%
DH2O solution, and the sample was mounted on a glass slide. Total slide
scans were completed by using a Zeiss Axioskop II transmitting, brightfield
microscope fitted with polarizing filters and Nomarski optics. A Zeiss HRc
digital camera and Zeiss Axiovision and Zen software were used for image
capture and archiving (all manufactured by Zeiss International).

Starch Granule Identification. Our approach to identifying archaeological
starch granules with eccentric hila began with an ethnographic inventory of
all native food plants significant to Utah’s southern Paiute people, inhabi-
tants of the Basin-Plateau region (42) (Table S4). Of these 65 plant taxa,
those belonging to only two plant families (Solanaceae and Liliaceae) have
starch granules with pronounced eccentric hila similar to those of S. jamesii
(21). We were then able to develop a set of strict, statistically defined di-
agnostic characteristics so that archaeological granules from many species
could be sorted for purposes of identification. Using reference materials
from three populations of S. jamesii (21), those characteristics included
(i) possession of an eccentric hilum, (ii) the presence of a longitudinal fissure,
(iii) the absence of fissure branching, (iv) a ratio of fissure width to granule
width in the range of 0.21–0.28 (mean ratio ± 99% CI), and (v) mean max-
imum granule length (top 20% of granules possessing characteristics 1–3)
greater than 34.88 μm (mean minus the 99% CI).

The utility of starch granules in archaeobotanical studies depends heavily
on achieving high levels of confidence during the process of identification
(43, 44). Assignment of archaeological granules to any taxonomic level is
facilitated by larger sample sizes, a greater number of diagnostic charac-
teristics, the use of metrics for establishing objective criteria, and compari-
sons with modern reference material (21). Statistical analyses can then be
used to characterize interpopulation and interspecific variation and the ef-
fects of selection under domestication. Confidence in our identifications has
been elevated by (i) the use of substantial archaeological starch assem-
blages, (ii) statistically robust reference sample sizes systematically examined
for variation within and between populations and (iii) the derivation of at
least five measurable or strictly defined diagnostic characteristics. Having
a smaller subset of potential food plants, in this case possessing eccentric
hila, limited the number of comparisons between archaeological and
reference materials.

Background Starch Concentrations from Surrounding Sediments. Sediment
samples were collected from the east and west walls of the NCS excavations
during 2006 and 2007 (14) and included substrata 5a, 5f, 5q, 5s, 5t, 6a, and 6d.
No sediment samples were collected from substrata 4k, 5r, or 5u. Sediment
samples were processed for starch to establish background concentrations. All
were weighed and transferred to 50-mL Falcon tubes. Deflocculation of clays
was facilitated by the addition of Calgon (sodium hexametaphosphate) and
gentle agitation for several hours.

To directly compare starch granule counts, sediment samples and a sub-
sample of residue samples (19) were normalized by weight. One gram of
material from seven sediment samples was processed according to standard
protocols (45). Weights were determined for residue samples (n = 34) by
recording the dry weight of stones before and after sonication. All residue
weights were less than 0.1 g, about one-10th of the sediment weights. Be-
cause there was 10 times more sediment than residue in any one sample, the
probability of detecting background levels of starch granules was increased.

Contamination Sources. Starch contamination can originate in soils, air cur-
rents, and on laboratory and human surfaces (46–49), so precautions were
taken to minimize contamination of the samples. In this study, sources of
contamination were linked to slide preparation rather than laboratory
processing. For example, new sheets of Whatman’s lens papers and human
fingertips could be sources of starch contaminants. Fresh pairs of powder-
free laboratory gloves, new microscope slides and coverslips, DH2O, and
bottled glycerol did not, however, contribute detectable amounts of starch
granules. We also tested the plastic and paper bags that held the ground
stone tools in collections, and the paper labels with accession numbers, none
of which were detectable sources of contamination.

ACKNOWLEDGMENTS. Processing for starch residues was conducted in
Dr. Judith Field’s laboratory at University of New South Wales. Nomarski
images (in supporting figures) were taken with Dr. Field’s Zeiss microscope.

Fig. 4. Starch granules of S. jamesii. (Upper) Modern reference material
from Escalante, Utah. (Lower) Archaeological granules from a ground stone
tool (2004.8.3607.2) in substratum 5t (9,300 cal B.P.).
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