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embedded in a rib fragment that was recovered
ex situ from sediments excavated when a back-
hoe uncovered the bone bed (Fig. 1 and fig. S4)
(8). Organic matter associated with the masto-
don yielded calibrated radiocarbon ages of ~14
thousand years ago (k&, (LO) (table S1). Over
the past 35 years, the age and evidence for hu-
man involvement with the Manis mastodon have
been challenged.8).

We obtained 13 accelerator mass spectrom-
etry (AMS)C dates from purified bone collagen
(4) extracted from the mastodon rib containing
the embedded osseous object and from both
tusks (table S2). All dates were statistically iden-
tical at 1 SD and establish an age of 11,960
17 *“C years before the present (yr B.P.) for the
Manis mastodon (Table 1; average of four XAD
fractions; 13,860 to 13,765 calendar yr B.Bj)(
These dates show that the ex situ mastodon rib
and in situ skeleton are contemporaneous.

High-resolution x-ray computed tomography
(CT) scanning 15) revealed that the osseous
object embedded in the rib is dense bone shaped

to a point (Fig. 1 and movies S1 and S2). Theig, 1. Mastodon rib with the embedded bone projectile point. (A) Closeup view. (B) Reconstruction

point penetrated 2.15 cm into the rib; the tiRhowing the bone point with the broken tip. The thin layer represents the exterior of the rib. (C) CT

broke after entering the rib and separated frofaray showing the long shaft of the point from the exterior to the interior of the rib. (D) The entire rib

the main shaft. The combined length of the poirftagment with the embedded bone projectile point.

fragment (tip length plus the length of the em-

bedded and external shaft piece) is 3.5 cm. 12 .
The rib with the embedded projectile point isTable 1. AMS ~°C ages used to date the Manis Mastodon.

a right 12th, 13th, or 14th rib in a series of 195pedmen dated

: i : Date (**C yr B.P. T1 SD)
but most likely the 14th rib (Fig. 2). The projec

Lab number Material dated

tile point entered the dorsal surface of the prO)Mastodon tusk ivory 11,975 T 35 UCIAMS-11350 XAD-gelatin

imal end of the rib immediately distal to the lateral sample no. 1 (KOH collagen)

margins of the two articular facets at apprOXiMastodon tusk ivory 11,975 T 35 UCIAMS-12046 XAD-gelatin

mately a 45° angle relative to the axis of the head sample no. 1 (KOH collagen)

of the rib. The point would have penetrated thMastodon tusk ivory 11,890 T 35 UCIAMS-11677 XAD-gelatin

hair and skin and about 25 to 30 cm of super- sample no. 2 (KOH collagen)
11,990 T 30 UCIAMS-29113

ficial epaxial muscles (Fig. 2 and fig. S5). Thus ifastodon rib with
was at least 27 to 32 cm long, comparable with émbedded bone
the known length of later, Clovis-age thrown and Projectile point
thrust bone points (16). There is no evidence derage of four
bone growth around the point, indicating that the radiocarbon
mastodon died soon after it was attacked. measurements
DNA and protein sequencing were under-
taken on the rib and bone point (supporting on-
line material text 4 and 5). Attempts to amplifyS7 and supporting table of bone point markemegafauna populations collapsed there between
a 140-base pair (bp) fragment of theSGito- peptides). These results and controls show thi4.8 and 13.7 karj. Thus, the impact of human
chondrial DNA (mtDNA) from the rib using the point was fashioned from mastodon bone.hunters on the North American megafauna was
universal vertebrate primets7§ produced only The Manis site provides further evidence ofmore prolonged than previously hypothesized and
modern (human) contamination. However, rea human presence in the New World 800 yeamsas not & Clovis blitzkrieg” (21). The absence
designing primers for a 69-bp fragment (includindpefore Clovis [13 ka (4 and shows that people of stone projectile points at Manis, Hebior,
primers, table S8) of D-loop mtDNA producedwere hunting with mastodon bone weaponSchaefer, and Orcas Island and the presence of
sequences from both the rib and bone point thatade from earlier kills. Evidence for pre-Clovisan osseous projectile point at Manis suggest that
were identical to mastodon and distinct fronhunting also comes from the 14.2-ka Schaef@sseous projectile points may have been the pre-
other proboscideans (mammoth or elephant) kejte and 14.8-ka Hebior site, Wisconsi8,(19), dominant hunting weapon during the pre-Clovis
nine substitutions. where stone artifacts, but no projectile pointgeriod. Bone and ivory points and other tools
We also obtained high-resolution tandem massere found with the remains of mammdtfiefn- are common in the Upper Paleolithic of Siberia
spectrometry (MS/MShased protein sequencesmuthus primigeniysAdditional evidence of mega- and in late Pleistocene sites in Beringia-g4).
from the projectile point and rib, and used anothdauna hunting comes from sites where artifactBhey are durable and lethal hunting weapons
mastodon sample as a second reference (takdge absent, but taphonomic evidence suggests Ithat continued to be used during and after Clovis
S3 to S6). The MS/MS spectra from the bonenan butchering, such as at the 13.8-ka Ayer Portl6, 23, 25). The invention and spread of a new
point matched the reconstructed mastodon cdlite (45SJ454), Orcas Island, Washingtor).(20hunting weapon at 13 kathe Clovis lithic poirt—
lagen sequences, with the highest scores beiSgudies of the dung fungal spaBporormiella may have accelerated the demise of or doomed
within a reference set of collagen sequences (taliiem lakes in Indiana and New York imply thatthe last megafaunal species.

XAD-gelatin
(KOH collagen)

11,960 T 17 *C yr B.P.
(13,860 to 13,763 calendar yr B.P.)

n=4
XAD-gelatin
(KOH collagen)
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Fig. 2. Anatomical position of the
Manis rib. (A) Two vertebrae with
the Manis rib inserted into its cor-
rect anatomical position. The blue
arrow points to the embedded point
fragment. (B) Side view of mastodon
vertebrae with the Manis rib inserted
into its correct anatomical position,
with the trajectory of the point indi-
cated. (C) Mastodon skeleton show-
ing the location of ribs 12 to 14.
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