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A partial skeleton of the extinct ground sloth,Megalonyx jeffersonii, recovered from a farm nearMillersburg, Ohio
in 1890,was radiocarbon dated for the first time. The ungual dated is part of a skeletonmounted for exhibit at the
Orton Geological Museum at Ohio State University and was the first mounted skeleton of this animal. From its
initial discovery the bones were treatedwith multiple organic compounds that had the potential to compromise
the radiocarbon age and the specimen required special treatments in order to obtain a valid radiocarbon age. The
14C measurement on the ungual from this skeleton (11,235 ± 40 14C yr BP = 13,180–13,034 cal yr BP) is the
youngest 14C age presently determined for M. jeffersonii.

Published by Elsevier Inc. on behalf of University of Washington.
Introduction

The partial skeleton of the Megalonyx was discovered in December
1890 by Abraham Drushell while excavating a ditch to drain a bog on
his farm in Berlin Township, near Millersburg, Holmes County, Ohio, N
40°34.98′, W 81°48.82′. The elevation of the site is approximately
329 m (1080 ft). The bones were preserved in a foot-thick layer of
shell–marl overlain by a peat and were recovered at a depth of about
2 m (6 ft) below ground level (Claypole, 1891; Orton, 1891).

As reported by Claypole (1891), the recovered parts of the skeleton
included three teeth, one hyoid, one broken cervical, three lumbar,
one caudal, three complete ribs,five partial ribs, one clavicle, one radius,
two femora, one tibia, two fibulae, two patellae, and two calcanea.
Claypole (1891) also reported that 22 carpals and tarsals, five metacar-
pals and metatarsals, nine phalanges, and eleven unguals were recov-
ered. We have subsequently identified the following in the mounted
skeleton: left manus: lunar, ungual digit I, second metacarpal and
three phalanges, fourth metacarpal and proximal phalanx, fifth meta-
carpal; right manus: first metacarpal and proximal phalanx, all phalan-
ges second digit, fourth metacarpal and all phalanges, fifth metacarpal;
right pes: navicular, entocuneiform, mesocuneiform, secondmetatarsal
with proximal and second phalanges, fourthmetatarsal with all phalan-
ges; left pes navicular, second metatarsal with proximal phalanx, third
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metatarsal and the ungual of digit four. The digit assignment for the
phalanges is based onwhere they are currently placed in the articulated
skeleton. Given the general similarity of the phalanges from different
digits to each other, it is possible that some have been placed on the in-
correct digit of either themanus or pes. In 1891,Mrs. Drushell used a hot
glue to preserve the bones prior to their donation to Ohio State Univer-
sity (Murphy, 1979). These bones (OSU 15758) were subsequently
mounted for display at the Orton Geological Museum, Ohio State Uni-
versity, Columbus, Ohio (Fig. 1). Despite Megalonyx being the first re-
ported ground sloth in North America and first described by Thomas
Jefferson in 1799 (Jefferson, 1799), only two other partial skeletons,
one fromHenderson, Kentucky and the other from Natchez, Mississippi
had been found prior to theMillersburg specimen and bothwere repre-
sented by smaller portions of the skeleton (Leidy, 1855). All other pre-
vious records of Megalonyx consisted of isolated bones and teeth. The
Millersburg specimen is the first Megalonyx found in Ohio (Orton,
1891). Since its discovery two additional partial skeletons have been
found in the state, from Huron (Hay, 1923; Redmond et al., 2012) and
Darke County (Mills, 1975).

The Millersburg specimen has the distinction of being the first skel-
eton of Megalonyx mounted for a museum exhibit (Fig. 1) and was
installed in 1896, on Thomas Jefferson's birthday, April 13th. The skele-
ton was mounted by Ward's Natural Science Establishment of Roches-
ter, New York, with missing parts of the skeleton either being entirely
fabricated, e.g., the pelvis or provided by plaster casts of other
Megalonyx specimens. For example, the skull is a cast of the Owen
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Figure 3. Close-up view of the ungual phalanx and the infilling plaster, and exterior black
paint overlying reddish brown shellac on the bone's exterior surface.

Figure 2. Lateral (a) andMedial (b) views of theMegalonyx jeffersoniiungual phalanx used
for AMS 14C dating. Infilling plaster, and exterior shellac and black paint are evident.

Figure 1. Photo ofmounted skeleton ofMegalonyx jeffersonii, OSU 15758, in Orton Geolog-
ical Museum, Ohio State University.
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specimen from Canoe Creek, near Henderson, Kentucky (Leidy, 1855,
Plates I–III). Following mounting, the entire skeleton was painted
black, therebymaking it difficult to distinguish original bone fromeither
the casts or fabricated parts.When the skeletonwas remounted in 1979,
the bones were cleaned and shellac was added as a preservative
(Murphy, 1979).

New dating details

A portion of the ungual from the second digit (“index finger”) of the
rightmanuswas sampled for 14C dating. Because the skeleton had expe-
rienced significant contamination during earlier preservation attempts,
dating the bones required more than routine chemical purification. The
bones had first been coated with an animal-based glue in 1891, paint in
1896 and finally shellac in 1979. Our approach combined physical
Figure 4. Collagen fibrils (a) remaining after decalcification and KOH extraction. The col-
lagen separates from glues and preservatives that have different physical behaviors than
the collagen and leaves individual fibrils. After KOH extraction that removes humates, col-
lagen is gelatinized, which dissolves collagen but not hot water-insoluble detritus such as
clays and silts, shellac, paint and iron oxides filling Haversian canals (3b).
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Figure 5. Freeze dried gelatin obtained by dissolving alkali-treated decalcified collagen in
90 °C, pH 2 water and filtering the solution through a 0.45 μmmembrane.
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dissection to avoid obvious contaminantswith dating of different chem-
ical fractions to identify contamination at specific stages of the purifica-
tion process.

Figures 2b and 3 illustrate how the paint and shellac are restricted to
the specimen's exterior and do not penetrate into the cortical bone.
These preservatives were physically avoided by removing bone as far
from the reddish brown shellacked bone as possible and closest to the
medullary cavity (Fig. 3). While shellac and black paint were easily
identified visually; the first preservative, animal-based glue applied in
1891, was not readily evident. Animal-based glues are collagen dis-
solved from hides and bones. Because their composition is identical to
fossil collagen being isolated for 14C dating, there is potential for the
glues to contaminate the bone collagen. Consequently, the ungual was
treated to remove the modern (1891 AD) glue as well as the paint and
shellac. Two different chemical fractions (Gelatin and XAD-collagen)
were dated to assess the removal of the three preservatives. During
Table 1
Radiocarbon ages forMegalonyx jeffersonii. Calendar ages are calculatedusing IntCal 13, OxCal 4.
nor are ages with greater-than values. Radiocarbon ages converted to calendar ages using OxC

Locality Specimen element 14C age
14C yr BP ± SD

Fraction date

Direct ages
1. Millersburg, Holmes Co.

Ohio
OSU-15758
Ungual phalanx

11,235 ± 40 XAD–gelatin

Millersburg, Holmes Co.
Ohio

OSU-15758
Ungual phalanx

11,205 ± 35 KOH–gelatin

2. Lang Farm, Bureau Co.
Illinois

SR-1463
Cortical bone from
mandible

11,430 ± 60 XAD–gelatin

Lang Farm, Bureau Co.
Illinois

ISM-492815
Cortical bone from
mandible

11,485 ± 40 XAD–gelatin

3. Niver Farm, North Fairfield,
Huron Co. Ohio

IL-2007-01
Femur

11,740 ± 35 XAD–gelatin

4. Haven Site, Emmons Co.
North Dakota

ND 00-10.1
Ungual phalanx

11,915 ± 40 XAD–gelatin

5. Bishop Ranch, Grant Co.
Washington

Cortical bone from skull 12,130 ± 50 XAD–gelatin

6. Big Bone Cave, Van Buren
Co. Tennessee

ANSP-15193
Caudal vertebra

N43,100
N50,800

Cartilage
XAD–gelatin

Associated ages
7. SeaTac Airport, King Co.

Washington
Peat within pelvis 12,300 ± 200 ABA–macrofl

8. Ansonia (Carter Bog),
Darke Co. Ohio

Wood 12,190 ± 215 ABA–Wood

9. Livingston Dam, Polk Co.
Texas

Wood 21,590 ± 570 ABA–Wood
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decalcification, fragments of the glues and preservatives separated
from the fossil bone and its collagen, and were decanted and removed.
As decalcification and subsequent KOH extraction proceeded, individual
collagen fibrils became visible and it was evident that glues separated
from the fibrils and left the intact, fossil collagen (Fig. 4a). Heating the
fossil collagen in 90°C, pH 2 water for 15 min dissolved the collagen,
but left silts, clays, iron oxides and preservatives as insoluble residues
(Fig. 4b) that were separated from the gelatin solution during filtration
through a 0.45 μmMillex Durapore membrane. The freeze-dried gelatin
(Fig. 5) was hydrolyzed in 6 N HCl at 110°C and passed through an XAD
resin column to remove fulvic acids. Both the gelatin and XAD chemical
fractions were AMS 14C dated to test if their ages differed. The gelatin
fraction measured 11,205 ± 35 14C yr BP (UCIAMS-116384) and the
XAD-purified fraction dated 11,235 ± 40 14C yr BP (UCIAMS-116401).
Radiocarbon ageswere calibrated to ‘calendar’ ages using OxCal Version
4.2, IntCal 13 curve; Copyright C. Bronk Ramsey 2014, Updated May 9,
2014. The overlap of the two measurements at one standard deviation
is evidence that preservatives, especially the 1891 AD animal-based
glue, had been removed and did not affect the 14C/12C composition of
the fossil collagen. A less likely, but possible explanation, is that both
the gelatin and XAD fractions retained the same amount of 1891 AD
contamination and that the specimen dates older than its measured
age of 11,235 ± 40 14C yr BP.

Additional data regarding thequality of the collagen's chemical pres-
ervation are from the collagen's stable isotope analyses. The δ13C value
was −20.2‰ (VPDB) and the δ 15N value was 5.0‰ (AIR). The C/N
ratio (atomic percent) was 3.28 and the collagen measured 40.5% C
and 14.4% nitrogen, all values within accepted limits for collagen
(DeNiro, 1985).

The more highly purified chemical fraction is the XAD-purified hy-
drolyzate, therefore only the 14C age on the XAD fraction is used as the
age for the ungual. This value is 11,235 ± 40 14C yr BP
(13,180–13,034 cal yr BP) (UCIAMS-116401).

The−20.2‰ δ13C value for this specimen indicates a diet of only C3
plants, which is consistent with other specimens of Megalonyx. These
2. Agesmeasured on lower quality chemical fractions, e.g., KOH-Collagen, are not calibrated
al Version 4.2, IntCal 13 curve; Copyright C. Bronk Ramsey 2014, Updated May 9, 2014.

d Lab no. Cal yr BP 2 σ Reference

hydrolyzate UCIAMS-116401 13,180–13,034 This paper

UCIAMS-116384 – This paper

hydrolyzate CAMS-33974 13,413–13,135 Schubert et al. (2004)

hydrolyzate CAMS-82933 13,437–13,253 Schubert et al. (2004)

hydrolyzate UCIAMS-38250 13,714–13,454 Redmond et al. (2012)

hydrolyzate CAMS-87696 13,831–13,565 Hoganson and McDonald
(2007)

hydrolyzate CAMS-63089 14,151–13,811 Chatters et al. (2004)

hydrolyzate
CAMS-87691
UCIAMS-11681

–

–

Stafford and McDonald
(unpublished)

ora (UW-8) 15,093–13,770 McDonald (1998)
Dorn et al. (1962)

(UGa-666) 15,010–13,590 Mills (1975)

Radiocarbon Dating Lab
Shell Research Center

27,194–24,615 Lundelius and Slaughter
(1976)
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include the 400 ka, middle Irvingtonian (Interglacial) Camelot fauna in
South Carolina (Kohn et al., 2005) and Megalonyx jeffersonii specimens
from the late Pleistocene faunas from Saltville, Virginia (France et al.,
2007) and Edmonton, Alberta (Bocherens et al., 1994). The δ15N value
of 5.0‰ is similar to previous values on this species and indicates that
the animal's diet was that of a typical herbivore. The habitat of this an-
imal was one containing only C3 plants and was most likely a forest, al-
though pure C3 grasslands and wooded C3 grasslands would yield a
similar C3-dominated, δ 13C value of approximately −20‰.

Discussion and review of previous radiocarbon ages for Megalonyx

This is only the sixth radiocarbon age based directly on a specimen of
Megalonyx (Table 1). Other radiocarbon ages in the literature for
M. jeffersonii are associatedwith organicmatter that does not accurately
date the specimen (Table 1). Given the uncertainty of datingmacroflora
physically associated with vertebrate fossils, these 14C analyses provide
only an age estimate, not an absolute date suitable for extinction or cli-
mate change chronologies. The age differences between a vertebrate
Figure 6.Map showing distribution of sites withMegalonyx jeffersonii. Numbers on the map cor
McDonald (2007).

oi.org/10.1016/j.yqres.2014.11.006 Published online by Cambridge University Press
specimen and associated wood or other organic matter, particularly in
bog environments, can range from a few tens of years to, more com-
monly, 400–1000 yr or more (Joyce, 2006; Waters et al., 2011).

As the youngest date forMegalonyx, the age of 11,235± 40 14C yr BP
(13,180–13,034 cal yr BP) overlaps by 28 yr with the earliest age esti-
mate for the Clovis Culture, the Lange Ferguson Site (11,080 ±
40 14C yr BP; 13,062–12,816 cal yr BP) (Waters and Stafford, 2007). Un-
like the North Fairfield, OhioMegalonyxwith cutmarks (Redmond et al.,
2012), the Millersburg specimen has no indications of having been
killed or processed by humans. While informative, this new youngest
record for this taxon cannot by itself be used to support any argument
for its extinction along with other members of the late Pleistocene
North American megafauna whether due to humans, climatic/
environmental change or any of the other causes that have been pro-
posed. Coupled with the geographically close North Fairfield specimen
11,740 ± 35 14C yr BP (13,714–13,454 cal yr BP) the two sites suggest
500–700 cal yr of overlap between humans and Jefferson's sloth. How-
ever, the increasing evidence for even older pre-Clovis sites in North
America, e.g., Manis Washington, Paisley Caves Oregon, and Buttermilk
respond to the sites with radiocarbon ages listed in Table 1. Base map after Hoganson and

https://doi.org/10.1016/j.yqres.2014.11.006
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Creek Texas, among others (for specific references on each site see
Waters and Stafford, 2014) indicate that the overlap between humans
and the Jefferson's Sloth could be at least 2000 cal yr. The Millersburg
Megalonyx predates the start of the Younger Dryas at 12,900 cal BP
(11,021 14C yr BP = 12,890 cal yr BP) (Stuiver et al., 1995; Kinzie
et al., 2014) by at least 70 yr.

To assess the possible causes for the extinction of the Jefferson
sloths, a sample of only six high-accuracy radiocarbon ages is too
small. To fully determine why the Jefferson's ground sloth went extinct
and the geographic pattern of its extinction, significantlymore radiocar-
bon ages are needed for the entire geographic range of the species. Com-
pared to the 25 radiocarbon ages available for the Shasta ground sloth,
Nothrotheriops shastensis (see Steadman et al., 2005 for list), the number
available for Megalonyx is minimal. However, the ages available for
Nothrotheriops represent only seven of the 50 localities within the
range of radiocarbon dating (McDonald and Jefferson, 2008), and of
the 25 ages listed, ten are from a single locality, Rampart Cave, Arizona.
The distribution of N. shastensis was substantially smaller than that of
Megalonyx in the latest Pleistocene (Hoganson and McDonald, 2007)
and most of the finds with radiocarbon ages are from the arid south-
western United States (McDonald and Jefferson, 2008). In comparison,
the five direct, finite ages on Megalonyx are a very small subset of the
104 known Rancholabrean localities for the species (Fig. 6) (Hoganson
and McDonald, 2007) that are b50,000 yr old, but while they cover a
wider geographic area there are still substantial parts of the taxon's
range for which no radiocarbon ages exist. So, while informative, the
new age is not definitive, with regard to explaining the extinction of
the Jefferson's sloth given the overall small sample size of quality radio-
carbon ages. The number of direct, high-accuracy radiometric ages is
even smaller or nonexistent formanyof the other NorthAmerican Pleis-
tocene taxa, therefore determining the ultimate cause and patterns of
their extinction at this time is impossible and cannot be resolved until
there is a larger database of high quality radiocarbon ages obtained di-
rectly from morphologically identifiable specimens.
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