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ABSTRACT—The mammal fauna from Harrodsburg Crevice, a late Pleistocene site from southern Indiana, U.S.A., has
several notable features, including one of the most northerly occurrences of Panthera onca augusta (Pleistocene jaguar) and
a putatively late occurrence of Platygonus vetus (Pleistocene American peccary). The fauna contains 1050 specimens dis-
tributed among 21 identifiable species, including members of Canidae, Felidae, Mephitidae, Equidae, Tayassuidae, Talpidae,
Geomyidae, Scuiridae, and Cricetidae. Two previously published radiocarbon dates (25,050 and 34,460 years before present
[ybp]) suggested that the Harrodsburg fauna belonged to an interstadial of the Wisconsinan (marine isotope stage [MIS] 2
or 3), which if true would make the occurrence of P. onca the northernmost of the Rancholabrean and the occurrence of
P. vetus the only one in the Rancholabrean. Based on biostratigraphic and environmental analysis of the mammals, we ar-
gue that the Harrodsburg fauna is older, likely from the last full interglacial period (Sangamonian, MIS 5e, approximately
125 ka). Cluster analysis failed to link the Harrodsburg fauna with any nearby late Pleistocene to Recent sites and more
closely linked it to sites in south-central Texas. Areas of maximum sympatry suggest that the paleoclimate of the Harrodsburg
fauna had mean annual temperatures of 12.5–14.5◦C, similar to modern Arkansas and Kentucky. Paleoclimate models suggest
that the nearest areas with that climate during the last glacial maximum (18–20 ka) were in northern Florida or Texas, whereas
the appropriate climate was found in the Harrodsburg area during the last interglacial. Attempts to replicate the published
radiocarbon dates failed because collagen in the fossil material is degraded, leading us to conclude that the published dates
are unlikely to represent the true age of the material.

SUPPLEMENTAL DATA—Supplemental materials are available for this article for free at www.tandfonline.com/UJVP

INTRODUCTION

The Harrodsburg Crevice has yielded an important but largely
unpublished Pleistocene mammalian fauna with several unusual
elements, including what are putatively an anomalously late
occurrence of Platygonus vetus and a northerly occurrence of
Panthera onca. The Harrodsburg fauna has never been fully or
coherently described, with partial faunal lists and age interpreta-
tions having been provided separately by Volz (1976), Parmalee
et al. (1978), and Munson et al. (1980). The site has been dated
twice with 14C, once at 25,050 ± 660 radiocarbon years before
present (ybp) using bone apatite from P. vetus and/or C. dirus
(Parmalee et al., 1978), which would put the site in marine iso-
tope stage (MIS) 2, and the other at 34,460 (no error reported)
radiocarbon ybp using bone apatite from unlisted specimens
(Volz, 1976), which would place it in MIS 3 (Fig. 1). However,
the fauna suggests that these dates may be too young (Munson
et al., 1980; Richards and Whitaker, 2008). The warm climate of
the first part of the Sangamonian interglacial is more consistent
with the warm-climate elements of the Harrodsburg Crevice
fauna, especially the presence of Panthera onca (Parmalee et al.,
1978). Deposits of Sangamonian age, the last interglacial (MIS
5e), would be approximately 120,000 years old (Lisiecki and
Raymo, 2005), well beyond the range of radiocarbon dating,
which may indicate that the published radiocarbon dates were
saturated and, therefore, erroneous.

The Harrodsburg Crevice fauna is fully described in detail here
for the first time, with an aim of better understanding the age of
the fauna and its biogeographic and environmental context. If its
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age is indeed Sangamonian, as is concluded here, then it is one of
the few sites of that age in the lower Midwest with an extensive
fauna other than Megenity Peccary Cave, which is still largely
unpublished as work on that site continues (Richards, 1986). To
gain a better understanding of the Harrodsburg Crevice, all ma-
terial was reevaluated, reidentified, and analyzed quantitatively
to compare the faunal diversity taphonomically, biostratigraphi-
cally, and biogeographically. We also attempted to replicate the
radiocarbon dates, but failed to obtain bone collagen from the
samples. Because the original work at the site was conducted by
two different research institutions (without their mutual knowl-
edge), previous publications were based on only parts of the
material (Volz, 1976; Parmalee et al., 1978). The Harrodsburg
Crevice is an important regional site: its fauna contains the only
confirmed occurrence of Platygonus vetus in the region, and rare
occurrences of Smilodon fatalis and Panthera onca (Parmalee
et al., 1978). The diversity of the taxa and the preservation con-
dition of the fossils are assessed to test how the assemblage was
accumulated. Taxonomic diversity is compared via cluster analy-
sis with other late Pleistocene sites to determine environmental,
temporal, geographic, and taphonomic similarities. Based on the
cluster analysis and an environmental analysis based on the ex-
tant species, the likelihood that this fauna represents a Sangamo-
nian or older deposit is addressed.

BACKGROUND

The Harrodsburg Crevice is located 10 km south of central
Bloomington, in a road cut on the east side of Indiana State
Highway 37 at 39.036257◦N 86.535260◦W (Fig. 1B). Fossil
material was first discovered in the 1970s when Indiana State
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FIGURE 1. A, location of the Harrodsburg Crevice relative to past glacial boundaries and modern topography. B, marine isotope curve for 200,000
ybp, including last glacial and interglacial.

Highway 37 was rerouted (Parmalee et al., 1978). The opening of
the crevice is approximately 7 m wide and 5 m high with an inset
slab of limestone, leaving an approximately 2-m2 space where
the fossils were found. Road construction exposed the crevice,
and what remains of it is now open on top, most likely due to
erosion. The crevice formed from joint dissolution within the
Mississippian Salem Limestone. The Salem Limestone, together
with the Harrodsburg, St. Louis, Paoli, and Ste. Genevieve lime-
stones, constitutes the Mitchell Plain, a westward-dipping karst
in the unglaciated region of southern Indiana (Fig. 1B, inset).
The Mitchell Plain is bordered by two regions of highlands, the
Norman and Crawford uplands, which acted as a barrier for
glacial ice (Logan et al., 1922). The region where the crevice

is found is some 50 km south of the limit of the Wisconsin
glaciation, and there is no evidence that the area was glaciated
during earlier cycles, even though glacial lobes extended farther
south in the Wabash Lowland to the west and the Scottsburg
Lowland to the east (Gray, 2000).

The site was first found by Richard L. Powell of the Indiana
State Geological Survey in 1974 and excavated later the same
year by Patrick Munson, Department of Anthropology, Indiana
University, by which time a considerable amount of material
had been removed by unknown people (Parmalee et al., 1978;
Munson et al., 1980). Munson collected the disturbed sediment
and excavated part of the undisturbed talus slope, leaving some
intact sediments behind to avoid damaging fossils (Munson, pers.
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comm.). The bone-bearing layers were described as “partially
exposed, undisturbed mass of bone embedded in a beige-clay
limestone, detritus-travertine matrix” that formed a talus cone
within the crevice (Parmalee et al., 1978:65). The material was
processed at the Glen A. Black Laboratory of Archaeology, In-
diana University, and at the University of Tennessee–Knoxville
and later deposited in the Indiana State Museum in Indianapolis.

A second scientific collection was made in the winter
of 1974–1975 by Indiana University master’s degree student
Stephen A. Volz, who removed the remaining talus cone down to
ground level. Volz’s material was processed at the Indiana Uni-
versity Department of Geology and is now part of the Indiana
University Paleontology Collection (Volz, 1976; Parmalee et al.,
1978). Volz referred the fauna broadly to late Sangamonian to
Early Wisconsinan (Volz, 1976). He obtained a radiocarbon date
of 34,460 ybp, which falls in MIS 3 of the middle Wisconsinan
(Gibbard and Van Kolfschoten, 2004). Based on the fauna, Volz
described the surrounding paleoenvironment of the site as ‘grassy
upland with scattered stands of trees.’ Volz interpreted the site as
a natural trap. He noted that the fauna was ‘strongly biased to-
wards carnivores and peccaries’ and further observed that Platy-
gonus remains are often associated with holes or crevices. Volz
argued that the peccaries were trapped in the crevice and drew in
large carnivores, which in turn become trapped (Volz, 1976).

Parmalee et al. (1978) briefly reviewed the fauna a third time,
arguing that it belonged to a warm period, not a glacial. They
provided a faunal list and the minimum number of individuals
(MNI) for each taxon. They observed that the limestone detritus
in the crevice was corroded with rounded edges, conditions as-
sociated with moist, warm climates. Parmalee et al. considered a
Woodfordian Interstadial age (MIS 2) for the fauna based on a
radiocarbon date of 25,050 ybp but observed that the Woodfor-
dian was cold (approximately 0◦C mean temperature) and either
a Woodfordian or Farmdalian age (MIS 3) was inconsistent with
the fauna. They concluded that the Sangamonian Interglacial was
the most likely age for the fauna (Parmalee et al., 1978; Munson
et al., 1980). Parmalee et al. (1978) noted that taphonomic inter-
pretations were difficult because the original stratigraphic struc-
ture of the site had been destroyed, as was the three-dimensional
structure of the crevice. Nevertheless, they concluded that the
bones were part of natural habitation, from kills dragged into the
site, and possibly from fecal material (Parmalee et al., 1978; Mun-
son et al., 1980).

METHODS

All known material from the Harrodsburg Crevice from the
Indiana University Paleontology Collection, the Indiana Univer-
sity Zooarchaeology Collection, and the Indiana State Museum
was reexamined. Each individual fragment was given a brief de-
scription, a taphonomic score, and was entered into a database.
Prior determinations of taxa, as well as anatomical identifica-
tions, were reassessed using comparative collections and quan-
titative analysis. Where appropriate, specifically with diagnostic
taxa, dental measurements (length and width) were recorded and
compared graphically with modern species and fossil species from
known assemblages. Published measurement data were used for
comparison for Canis dirus (Merriam 1912, 1913; Sellards, 1916),
Platygonus vetus (Simpson, 1949; Ray et al., 1970; Murray et al.,
2005), and Panthera onca (Kurten, 1965; Slaughter, 1966). Data
for each separate element were recorded, including taxonomic
information down to species where possible, maximum dimen-
sion, repository, presence or absence of travertine (not used in
this study), presence or absence of tooth marks, a fracture score,
and if fractured whether the fracture took place during excava-
tion and preparation or during and before burial. For calculating
the MNI and for quantitative analyses, only those specimens that
could be identified to genus or species were included. The results

of the taxonomic analysis are presented in the Systematic Pale-
ontology section (Supplementary Data, Appendix S1).

To assess the general state of preservation at the site, the
completeness of each specimen was categorized using a ‘fracture
score’ (Lyman, 2008). Specimens were scored with an integer
ranging from 0 to 3, with 0 representing unbroken, 1 only minor
breaks with the majority of labeled element present, 2 major
breaks with much of the form preserved, and 3 when a fraction
of a particular element remains. To determine whether the
specimen was broken before/during burial or broken during
preparation/examination, the broken surface was examined un-
der magnification to determine if staining was present. If staining
was present it was given a score of 1 and if not a score of 2, with
a score of 3 representing evidence of both. Small, unidentifiable
bone fragments, mostly from long bones, were not included in
this study due to the difficulty of referring them to a particular
taxon.

The number of identifiable specimens (NISP) was determined
from the total number of individual specimens able to be identi-
fied to the genus level (Lyman, 2008). The MNI for each genus
was calculated separately for seven element types: four types of
teeth, long bones, cranial elements, and any other postcrania. The
MNI was calculated using a set of formulas applied to the num-
ber of a given element per genus using the maximum level of ele-
ment identification as a baseline (Lyman, 2008). For example, in
the case of the genus Canis, some incisors were complete enough
to distinguish between left and right sides, whereas others could
simply be labeled upper, lower, or at times just incisor. The for-
mula for the MNI is as follows,

MNI = Ni-max/Nelement i

where Ni-max is the number of element i for a given species such
that it is the element that is most numerous for that species and
Nelement i is the number of element i that are found in a single,
complete individual of that species.

Using records from the Paleobiology Database (http://
paleodb.org), the Neotoma Paleoecology Database (http://www.
neotomadb.org/), and Bell et al. (2004), the first and last known
occurrences of the taxa present in the Harrodsburg Crevice
were determined. These ranges allowed us to assess the biostrati-
graphic age of the Harrodsburg fauna. Note that the Harrodsburg
Crevice, as dated radiometrically, contains the last occurrence of
Platygonus vetus. The next youngest occurrence of the species is
110,000 years ago (Dalquest, 1977; Guilday and Parmalee, 1979;
Dalquest and Schultz, 1992; Hulbert and Morgan, 1995).

To determine a modern environmental analogue for the Har-
rodsburg fauna, the modern geographic ranges were recorded for
those taxa that are extant using species accounts in the ‘Mam-
malian Species’ series published by the American Society of
Mammalogists (Hayssen, 2009). If the organism is now extinct,
a modern analogue, typically a closely related species, was used
(Lundelius, 1989). The only exceptions to this were for genera
Equus and Smilodon, which have no true modern analogues.
The following papers were consulted: Mech (1974), Hallet (1978),
Wiley (1980), Snyder (1982), Wade-Smith and Verts (1982),
Linzey (1983), Seymour (1989), Stalling (1990), Lariviere and
Walton (1997), Kwiecinski (1998), and Lariviere (2001). Regions
where species’ ranges overlapped were determined and out-
lined non-quantitatively. These overlapping regions show where
species found at the Harrodsburg tended to coexist.

Using the Neotoma Paleoecology Database (http://
www.neotoma.org/; Graham et al., 2009), 24 localities were
selected for comparison with the Harrodsburg fauna (Table 1).
Several criteria were used for selecting these sites. First, they
were selected by age to include Holocene, late Pleistocene,
and middle Pleistocene sites to help evaluate the age of the
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TABLE 1. A list of sites used in the faunal cluster analyses, along with their region, maximum ages, and climate category.

Site name State Age, oldest Region Climate category

Brynjulfson 1 Missouri 34,600 Midwest Warm
Brynjulfson 2 Missouri 2460 Midwest Warm
Ten Mile Rock Arkansas 35,000 Southwest Warm
Hollidaysburg Fissure Pennsylvania 11,000 Midwest Cold
American Falls Idaho 210,000 Northwest Cold
Echo Cave Ohio 110,000 Midwest
Papago Springs Arizona 107,600 Southwest Warm
Eagle Cave Texas 8760 Southwest
Charlie Lake (Canada) 10,560 Northwest
Hind’s Cave Texas 11,550 Southwest
Fossil Lake Oregon 29,000 Northwest
Porcupine Cave Colorado 800,000 Northwest
Potter Creek California 110,000 Northwest
Levi Shelter Texas 10,000 Southwest
Zesch Cave Texas 35,000 Southwest
Peccary Cave Arkansas 16,830 Southwest Warm
Hall’s Cave Texas 11,830 Southwest Warm
Cave Without a Name Texas 10,900 Southwest Warm
Eggleston Fissure Virginia 12,050 Midwest Cold
Sheriden Pit Wyoming 11,610 Northwest
Little Box Elder Cave Wyoming 9250 Northwest Cold
Natural Trap Wyoming 31,370 Northwest Cold
New Trout Cave Virginia 29,400 Midwest

Category ‘warm’ is based on the presence of indicator species Dasypus bellus; category ‘cold’ is based on the presence of indicator species Rangifer
tarandus.

Harrodsburg fauna. They were also selected for comparabil-
ity by choosing faunas that contained the two most common
Harrodsburg genera, Canis and Platygonus. Finally, sites were
also chosen to represent a range of climates and taphonomic
origins. Cold-climate faunas were selected using Rangifer (rein-
deer/caribou) as an indicator species and warm-climate faunas
were selected using Dasypus (armadillo) as an indicator. Faunas
were also categorized by geographic region.

Cluster analysis was used to evaluate similarities between
these faunas and the one from Harrodsburg Crevice. A pres-
ence/absence matrix was created based on genera. Cluster
analysis was conducted using Simpson and Raup-Crick similarity
measures using the paleontological statistics program PAST
(Hammer et al., 2001). The Simpson index, or Simpson’s coef-
ficient of similarity (k), is the number of species (M) divided
by the smaller of the number of taxa (S) in each of the two
compared samples (Simpson, 1943; Hammer and Harper, 2006):

k = M/S (1)

Using the Simpson index, the comparison is insensitive to the
size of the samples being compared, a desired outcome due to the
high sample size variation among the chosen faunas. The similar-
ity of two samples can also be tested statically using a permuta-
tion test. All of the data are pooled from the two samples and re-
drawn for two new samples at random, then repeated 1000 times.
The Raup-Crick index, which gives the similarity between two
faunas standardized by the probability that they were drawn at
random from a single fauna, was also used (Raup and Crick, 1979;
Hammer and Harper, 2006).

Trophic and other taphonomic biases were assessed by com-
paring the proportion of major dietary groups found in the fau-
nas. Taxa in each fauna were categorized by diet as carnivore,
large herbivore, and small herbivore. Carnivores were any preda-
tory animal from Carnivora, large herbivores were artiodactyls
and perissodactyls, and small herbivores were lagomorphs and
rodents. Pie charts were created for each fauna showing the rela-
tive proportion of herbivores and carnivores.

Areas of modern sympatry for the extant species from Har-
rodsburg Crevice were assessed quantitatively using geographic
information system (GIS) analysis. If the relationship between
species and climate is the same today as it was in the past, the
area in the modern world where most of the extant species from
a fossil fauna are found in sympatry can be used as a model for
the paleoclimate (Semken, 1966; Graham and Semken, 1987).
Note that the assumptions of ‘area-of-sympatry’ analyses are
known not to hold in many specific cases or over time periods
long enough for the adaptations of species to climate to have
evolved (Varela et al., 2009; Polly and Eronen, 2011). Because
the time periods being examined here are all younger than 250
ka, it is expected that climate has varied more than the rate of
adaptive change of the species to climate (Lawing and Polly,
2011). Modern geographic ranges of North American mammals
were taken from the digital data set assembled by Patterson et al.
(2005; http://www.natureserve.org/getData/mammalMaps.jsp),
data that are updated from Hall’s (1981) mammal distribution
maps. Modern climate data for North America (1960–1990 aver-
age) were taken from the digital data set of Hijmans et al. (2005;
http://www.worldclim.org/). Only the mean annual temperature
(MAT) and total annual precipitation variables were used for
this analysis. Climate and geographic range data sets were
sampled using a grid of points spaced equidistantly 50 km apart,
a density that approximates the geographic mixing that might be
present in an average fossil assemblage (Fortelius et al., 2002;
Polly, 2010). The 50-km sampling grid can be obtained from
http://mypage.iu.edu/∼pdpolly/Data.html. Areas of sympatry
were found by counting the number of species shared with
the Harrodsburg Crevice fauna for each 50-km grid point in
North America. The points with the most shared species were
used as a proxy for the paleoclimate at Harrodsburg Crevice.
Rectilinear climate envelopes (Nix, 1986) were constructed for
the points with maximum sympatry using the minimum and
maximum values for MAT and total annual precipitation from
those points (see Lawing and Polly, 2011, for a discussion of why
rectilinear envelopes are preferred for studying paleoclimates).
Climate envelopes for the sympatric distribution of the modern
mammal species were projected on to global circulation models
(GCMs) of climate at the last glacial maximum, 21 ka (Braconnot
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FIGURE 2. Representative sample of well-preserved specimens from the Harrodsburg Crevice. A, Canis dirus (ISM-71.3.97.60); B, Lynx rufus
(ISM.71.3.97.282); C, Smilodon fatalis (IU-14627-50); D, Smilodon fatalis (juvenile; ISM-71.3.97.307); E, Panthera onca augusta (ISM-71.3.97.311); F,
Platygonus vetus (ISM-71.3.97.382); G, Synaptomys cooperi (ISM-71.3.97.40); H, Neotoma floridana (ISM-71.3.97.24); I, Microtus ochrogaster (ISM-
71.3.97.33). Scale bars equal 1 cm (A–F) and 1 mm (G–I).
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FIGURE 3. Quantitative comparison of select diagnostic species from the Harrodsburg Crevice with modern species and/or fossil species from
known assemblages. Dental measurements for modern specimens used in this comparison are available in Supplementary Data (Table S1).

et al., 2007), and the last interglacial, 120–140 ka (Otto-Bliesner
et al., 2006) to determine where on the continent paleoclimates
compatible with the Harrodsburg Crevice fauna would have
been found.

We attempted to obtain new accelerator mass spectrometry
(AMS) radiocarbon dates from bone collagen using P. vetus and
C. dirus bone fragments.

RESULTS AND DISCUSSION

Species Identification

Specimens of some of the pivotal taxa are shown in Figure 2.
Quantitative analysis was used to confirm the identification of the
most important and the most problematic of the taxa, particularly
those not normally found in association and those with biostrati-

graphic potential (see below). The occurrence of Canis dirus at
Harrodsburg Crevice was confirmed by quantitative comparison,
with the Harrodsburg specimens being larger than most modern
wolves and in the size range of other C. dirus material (Merriam,
1912, 1913; Sellards, 1916) (Fig. 3A). The Harrodsburg peccary is
confirmed to be Platygonus vetus, much larger than P. compres-
sus and very close in size to the type specimen (Simpson, 1949;
Ray, et al., 1970; Murray et al., 2005) (Fig. 3B). The occurrence
of Panthera onca was also confirmed, and the Harrodsburg ma-
terial is referred to the large Pleistocene subspecies P. onca au-
gusta based on its size (Kurten, 1965; Slaughter 1966) (Fig. 3C).
Occurrence of Urocyon cinereoargenteus is confirmed (Fig. 3D),
as is the occurrence of Lynx rufus, although the size of the Lynx
teeth have greater variation in width than the modern (Fig. 3E).
Descriptive results of the taxonomic analysis are presented
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TABLE 2. MNI and NISP data from this study and from Parmalee
et al.’s (1978) original analysis.

MNI MNI
Genus NISP (this study) (Parmalee et al.)

Canis 423 13 10
Platygonus 271 12 14
Neotoma 94 10 12
Ursus 61 6 5
Panthera 32 5 6
Lynx 31 5 8
Microtus 30 5 5
Urocyon 17 4 5
Geomys 15 3 3
Vulpes 14 3 3
Sylvilagus 10 2 3
Tamias 8 2 2
Synaptomys 7 2 1
Parascalops 3 2 2
Smilodon 3 2 2
Crotalus 2 1 1
Spilogale 2 1 1
Equus 1 1 1
Marmota 1 1 1
Total 1025 80 85

in the Systematic Paleontology section (Supplementary Data,
Appendix S1).

Minimum Number of Individuals

Reanalysis of the complete set of remains from the Harrods-
burg Crevice found the NISP to be 1050, and the MNI to be 80
(Table 2). We found five fewer individuals than did Parmalee
et al. (1978), despite our data set being based on a larger com-
bined database. The larger number of individuals found by Par-
malee et al. (1978) may be due to overcounting of fragmentary
material.

Trophic and Age Diversity

The Harrodsburg Crevice has an unusually high proportion
of carnivores relative to herbivores, including two large felids,
Smilodon fatalis and Panthera onca (Fig. 4). The site yielded
nearly twice as many carnivores as herbivores, which would not
be the case in a representative sample of a natural community.

FIGURE 4. Comparison of trophic groups between select faunal assem-
blages and the Harrodsburg Crevice fauna.

When compared with MNI data from other sites, the Harrods-
burg fauna ranks third for the proportion of carnivores, after the
two samples from the La Brea tar pits, which are known to have
a disproportionate number of carnivores.

The only juvenile individuals in the Harrodsburg fauna, as in-
dicated by the presence of deciduous teeth, were peccaries and
Smilodon. Five juvenile peccaries made up roughly 40% of the to-
tal peccary sample. Note that around half of the juvenile remains
contained bone and other evidence that indicate the individual
had perished rather than merely lost a deciduous tooth.

Biostratigraphy

Biostratigraphically, the Harrodsburg fauna contains species
that originated as early as the Blancan North American Land
Mammal Age (NALMA) and persist to the present day. Many
Harrodsburg species originated in the Cudahyan subage of the
Irvingtonian NALMA, which coincides roughly with the begin-
ning of the middle Pleistocene, 780 ka. Seventeen out of 21 of the
Harrodsburg species are still extant and of the four that are now
extinct, three terminate at the end Pleistocene mass extinction
event. The fourth, Platygonus vetus, became extinct at the end of
the Sangamonian (Kurten and Anderson, 1980) or the end of the
Irvingtonian, 780 ka (Bell et al., 2004), if the Harrodsburg occur-
rence is disregarded as misdated.

Radiocarbon Dates

Attempts to obtain new AMS radiocarbon dates for the site
failed. The bone material failed to yield collagen, with attempts at
extraction made in our own laboratories and at the laboratory of
Beta Analytical. The published radiocarbon dates were based on
bone apatite, which is often unreliable as an indicator of age be-
cause the isotopes in carbonates can be easily exchanged with iso-
topes in ground water (Zazzo and Saliège, 2011). Such exchange
is likely in the case of the Harrodsburg material, which was pre-
served in a sinkhole in carbonate bedrock where the fossils were
preserved in calcium carbonate–cemented sediments under and
within a layer of travertine. Based on the concern that the apatite
isotopic composition may have been altered and on the weight of
the evidence suggesting that the Harrodsburg material represents
a full interglacial fauna, we conclude that the published radiocar-
bon dates are younger than the true age of the site.

Areas of Sympatry and Climate

The Harrodsburg Crevice has a ‘non-analogue’ or ‘disharmo-
nious’ fauna (Hibbard, 1960; Graham and Semken, 1987), con-
taining species that no longer live sympatrically. Of the 17 ex-
tant species in the fauna, a maximum of 13 of them are found
living sympatrically today. Panthera onca is the most notable ex-
ample in the fauna of a non-analogue species with no modern
areas of sympatry with 8 of the 17 extant species (Mustela vison,
Parascalops breweri, Geomys bursarius, Marmota monax, Tamias
striatus, Microtus ochrogaster, Synaptomys cooperi, and Neotoma
floridana). Interestingly, the northern range of the jaguar has
probably contracted to its current position during historical times.
Jaguars were found as wandering individuals in the deciduous
forest biomes east of the Mississippi prior to the early 19th cen-
tury, with verified kills reported in Kentucky, northern Ohio, and
western Pennsylvania (Rafinesque, 1832). The available evidence
suggests that there were no breeding populations of jaguars in the
areas now belonging to the Midwest, but this example of ‘dishar-
mony’ is one that results from human impacts on carnivore pop-
ulations and biomes.

The extant species from the Harrodsburg fauna have their
maximum modern sympatry in two localized areas to the south-
east of the site in the northern Cumberland Plateau and to the
southwest in the Ozark Highlands (Fig. 5A). The MAT in these
areas ranges from 12.5◦C to 14.5◦C and the annual precipitation
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FIGURE 5. Area-of-sympatry analysis. A, map showing the number of extant species from the Harrodsburg fauna living sympatrically today. Shading
indicates the number of species shared in common with the Harrodsburg fauna, with the maximum (13 species) shown in black. The location of
Harrodsburg Crevice is indicated by the white dot. B, areas of modern North America whose mean annual temperature (MAT) and total annual
precipitation are compatible with the areas of modern maximum sympatry (red). C, areas of North America whose MAT and annual precipitation
were compatible with areas of modern maximum sympatry during the last glacial maximum (21 ka) based on GCM data. D, areas of North America
whose MAT and annual precipitation were compatible with areas of modern maximum sympatry during the last interglacial (120 ka) based on GCM
data.
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FIGURE 6. A, Map showing the locations of faunas used in cluster analysis. The location of Harrodsburg Crevice is shown as a white dot.
B, Raup-Crick cluster analysis of selected Pleistocene faunas. Climatic, age, and regional categorizations for each assemblage are indicated.

from 1047 to 1281 mm. The MAT at the crevice today is 12.2◦C
and the annual precipitation is 1079 mm (1960–1990 average),
slightly cooler than the areas of maximum sympatry. Today’s cli-
mates that fall within the MAT and annual precipitation envelope
of the areas of maximum sympatry are spread in an east-west belt
just south of the Harrodsburg Crevice and in isolated pockets in
California and Mexico (Fig. 5B). Based on global circulation pa-
leoclimate models (see Methods), the only areas with compatible
climates during the last glacial maximum (LGM, 21 ka) were lo-
cated far to the south and southwest (Fig. 5C), but during the last
interglacial they were roughly in the same locations as present
day (Fig. 5D).

This evidence suggests that the assemblage of species found
at Harrodsburg would unlikely have lived together in the area
at any time other than a full interglacial, contradicting the two
radiocarbon dates that placed the fauna in MIS 2 or MIS 3.

Cluster Analyses

Three main faunal clusters were found (Fig. 6). Results were
similar using both the Simpson and Raup and Crick indices, so
only the Raup and Crick results are shown. The Harrodsburg was
included in Cluster 2 with Hall’s Cave, Zesch Cave, Cave Without
a Name, Hind’s Cave, Echo Cave, and Papago Springs, which are
all warm-climate faunas from the southwest. Cluster 1 contains
mostly cold-climate faunas from the northwest, whereas Cluster
3 had a mix of warm and cold sites from eastern North Amer-
ica. Site age does not appear to be strongly correlated with the
clustered groups.

The faunas that clustered most closely with the Harrodsburg
were all warm-climate and all from the southwest. The close asso-
ciation of these faunas with Harrodsburg is due to the presence of
Canis, Mephitis, Microtus, Geomys, Lynx, Equus, and Panthera.

Taphonomy

The taphonomy of the Harrodsburg Crevice is largely beyond
the scope of this analyisis, but based on fragment size, faunal
composition, the condition of the bones, and the topography of
the accumulation, the assemblage is consistent with a natural trap
(Volz, 1976). Other relevant taphonomic information has been
destroyed by the original road construction, excavation, and sub-
sequent erosion. Any ancient openings that may have existed at
the time of the deposit cannot now be determined. Animal re-
mains can be deposited in caves in a variety of ways and often
a single cave will contain multiple types of deposition, compli-
cating taphonomic interpretation. Remains can be brought in by
predators who den within the cave, animals can fall into the cave
and die there, or animals can die outside of a cave and have their
remains transported into it (Andrews, 1990).

There are several key features that can be addressed from the
data in this project. The first taphonomically relevant data are
the degree of fragmentation and the nature of that fragmenta-
tion. Most of the elements are less than 2 cm in size. Given that
most species in the fauna are of medium to large size (up to
perhaps 360 kg; Christiansen, 2006), the material from the site
can be characterized as highly fragmented. In addition, many
of the specimens are mildly abraded, which may explain the al-
most complete lack of tooth marks. Digestion can give bone an
abraded appearance, but most of the evidence of this is incon-
clusive because not all mammals will leave marks of digestion on
ingested skeletal remains (Andrews, 1990). Abrasion can also oc-
cur as fossils are transported, most often as the result of water
transport. However, the identification of the bones as abraded is
highly tenuous as in situ remains can degrade naturally in similar
ways.

The other piece of taphonomic evidence is the high propor-
tion of carnivores to herbivores, almost 2 to 1 for MNI. In our
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site-to-site comparison, Figure 4, the only sites that have a greater
proportion are known natural trap sites from La Brea. The high
number of carnivores supports Volz’s (1976) interpretation of the
site being a natural trap rather than Parmalee et al.’s (1978) in-
terpretation that the site was a carnivore den. However, despite
the high number of carnivores, a den should not be ruled out,
especially when consideration is given to the complexity of cave
taphonomy. Evidence of denning is still present in the form of de-
ciduous peccary teeth, and the site may represent multiple stages
with different accumulation conditions.

Age

The reconfirmed occurrences of Platygonus vetus and Panthera
onca augusta support the interpretation that the Harrodsburg
Crevice fauna is older than the radiocarbon dates place it, and
our area-of-sympatry and cluster analyses both indicate that the
fauna belongs to a full interglacial climate. It seems unlikely that
the site belonged to a mid-Wisconsinan period as close to the
glacial margins as southern Indiana was, even though that is what
a literal reading of the published radiocarbon dates would sug-
gest. Based on our analyses, we conclude that the fauna is most
likely Sangamonian in age (MIS 5e, 120 ka) because of the co-
occurrence of Canis dirus, which is thought to have a first ap-
pearance in the late Pleistocene (Dundas, 1999; Bell et al., 2004),
and Platygonus vetus and Panthera onca augusta, which have Irv-
ingtonian last occurrences (Bell et al., 2004).

CONCLUSIONS

The Harrodsburg Crevice is a site dominated by carnivores
and peccaries, which is interpreted here to have accumulated
as a natural trap during a full interglacial period whose climate
was marginally warmer than the site today. The site has a fauna
most similar to Pleistocene sites in the southwestern United
States, not with late Pleistocene sites from the midwestern and
northwestern United States. Combined with the more modern
or southerly distribution of extant fauna and analogues, it can
be concluded that the Harrodsburg was deposited in warmer
weather conditions not typical of the Wisconsinan of southern
Indiana. The fauna belongs to an earlier interglacial cycle, most
likely the Sangamonian (MIS 5e).

The uniqueness of the site and its potential to yield fossils from
older interglacial cycles demands further consideration. The site
itself was only excavated down to road level. With perhaps sev-
eral meters of material remaining below road level, further ex-
cavation would be fruitful. The most needed piece of informa-
tion is a verifiable and reliable age date. Newer techniques, such
as amino acid racemization and electronic spin resonance, may
be applicable to this fauna. The presence of travertine, both as
cement for the fossils themselves as well as flowstone deposited
among and above the bone rich material, may prove useful in age
dating using the uranium-thorium series dating techniques. Re-
gardless, the Harrodsburg fauna and site warrant further study
because they represent a rare window into a period of the Pleis-
tocene that has yielded few faunal remains in this region.
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G. Ramstein, P. Valdes, S. L. Weber, Y. Yu, and Y. Zhao. 2007. Re-
sults of PMIP2 coupled simulations of the mid-Holocene and Last
Glacial Maximum. Part 1: experiments and large-scale features. Cli-
mate of the Past 3:261–277.

Christiansen, P. 2006. Body size of Smilodon (Mammalia: Felidae). Jour-
nal of Morphology 267:1186–1198.

Dalquest, W. W. 1977. Mammals of the Holloman local fauna, Pleistocene
of Oklahoma. The Southwestern Naturalist 22:255–268.

Dalquest, W. W., and G. E. Schultz. 1992. Ice Age Mammals of North-
western Texas. Midwestern State University Press, Wichita Falls,
Texas 309 pp.

Dundas, R. G. 1999. Quaternary records of the dire wolf, Canis dirus, in
North and South America. Boreas 28:375–385.

Fonda, S. 1986. Late Pleistocene fauna of the Hollidaysburg crevice. Vir-
ginia Division of Mineral Resources 75:128–129.

Fortelius, M., J. T. Eronen, J. Jernvall, L. Liu, D. Pushkina, J. Rinne,
A. Tesakov, I. Vislobokova, Z. Zhang, and L. Zhou. 2002. Fossil
mammals resolve regional patterns of Eurasian climate change over
20 million years. Evolutionary Ecology Research 4:1005–1016.

Fritzell, E. K., and K. J. Haroldson. 1982. Urocyon cinereoargenteus.
Mammalian Species 189:1–8.

Gibbard, P., and T. Van Kolfschoten. 2004. The Pliestocene and
Holocene epochs; pp. 441–452 in F. M. Gradstein, J. G. Ogg, and
A. G. Smith (eds.), A Geologic Time Scale. Cambridge University
Press, Cambridge, U.K.

Graham, R. W. 1987. Late Quaternary mammalian faunas and paleoen-
vironments of the southwestern plains of the United States. Illinois
State Museum Bulletin 22:1–64.

Graham, R. W., and H. A. Semken Jr. 1987. Philosophy and procedures
for paleoenvironmental studies of Quaternary mammalian faunas.
Illinois State Museum Science Papers 22:1–17.

Graham, R. W., A. Ashworth, E. Grimm, S. Jackson, J. Williams, M.
Anderson, B. Bills, B. Ketchum, and J. Sloan. 2009. Neotoma Pa-
leoecology Database, Plio-Pleistocene to Holocene. Available at
www.neotomadb.org.

Gray, H. H. 2000. Physiographic divisions of Indiana. Indiana Geological
Survey Special Report 61:1–15.

Guilday, J. E., and P. W. Parmalee. 1979. Late Pleistocene and Holocene
distribution—from Savage Cave (15L011), Kentucky. Annual Re-
port, Western Kentucky Speleological Survey 62:5–10.

Hall, E. R. 1981. The Mammals of North America. John Wiley and Sons,
New York, 1181 pp.

Hallett, J. G. 1978. Parascalops breweri. Mammalian Species 98:1–4.
Hammer, Ø., D. Harper, and P. D. Ryan. 2001. PAST: paleon-

tological statistics software package for education and data
analysis. Palaeontologia Electronica 4.1.4A:1–9. http://palaeo–
electronica.org/2001 1/past/issue1 01.htm.

Hammer, Ø., and D. Harper. 2006. Paleontological Data Analysis. Black-
well Publishing, Maldon, Massachusetts, 351 pp.

Hayssen, V. 2009. Index for Mammalian Species. American Soci-
ety of Mammalogists. Available at www.science.smith.edu/msi/
msicommon.html



420 JOURNAL OF VERTEBRATE PALEONTOLOGY, VOL. 33, NO. 2, 2013

Hibbard, C. W. 1960. An interpretation of Pliocene and Pleistocene cli-
mates in North America; pp. 5–30 in President’s Address, Report of
the Michigan Academy of Sciences, Arts, and Letters (1959–60).

Hijmans, R. J., J. L. Cameron, P. G. Parra, P. G. Jones, and A.
Jarvis. 2005. Very high resolution interpolated climate surfaces for
global land areas. International Journal of Climatology 25:1965–
1978.

Hulbert, R. C., Jr., G. S. Morgan, and S. D. Webb (eds.). 1995. Paleontol-
ogy and geology of the Leisey Shell Pits, early Pleistocene of Florida.
Bulletin of the Florida Museum of Natural History 37:1–92.

Kurten, B. 1965. The Pleistocene felidae of Florida. Bulletin of the
Florida State Museum 9(6):215–273.

Kurten, B., and E. Anderson. 1980. Pleistocene Mammals of North
America. Columbia University Press, New York, 442 pp.

Kwiecinski, G. G. 1998. Marmota monax. Mammalian Species 581:1–8.
Lariviere, S. 2001. Ursus americanus. Mammalian Species 647:1–11.
Lariviere, S., and M. Pasitschiniak-Arts. 1996. Vulpes vulpes. Mammalian

Species 537:1–11.
Lariviere, S., and L. R. Walton. 1997. Lynx rufus. Mammalian Species

563:1–8.
Lawing, A. M., and P. D. Polly. 2011. Pleistocene climate, phylogeny, and

climate envelope models: an integrative approach to better under-
stand species’ response to climate change. PLoS ONE 16:e28554.

Linzey, A. V. 1983. Synaptomys cooperi. Mammalian Species 210:1–5.
Lisiecki, L. E., and M. E. Raymo. 2005. A Plio-Pleistocene stack of

57 globally distributed benthic δ18 O record. Paleoceanography
20:1–16.

Logan, W. N., E. R. Cumings, C. A. Malott, S. S. Visher, W. M. Tucker,
and J. R. Reeves. 1922. Handbook of Indiana Geology. Indiana De-
partment of Conservation Publication 21, 1120 pp.

Lund, P. W. 1842. Blik paa Brasiliens Dyreverden for Sidste Jordomvaelt-
ning. Fjerde Afhandling: Fortsaettelse af Pattedyrene. Detkongelige
Danske Videnskabernes Selskabs Skrifter Naturvidenskabelige og
Mathematisk Afhandlinger 9:137–208.

Lundelius, E. L. 1989. The Implications of disharmonious assemblages
for Pleistocene extinctions, Journal of Archaeological Sciences
16:407–417

Lyman, R. L. 2008. Quantitative Paleozoology. Cambridge University
Press, Cambridge, U.K., 348 pp.

Mech, L. D. 1974. Canis lupus. Mammalian Species 37:1–6.
Merriam, J. C. 1912. The fauna of Rancho La Brea, Part II. Canidae.

Memoirs of the University of California 1:217–273.
Merriam, J. C. 1913. Preliminary report on the horses of Rancho La Brea.

Bulletin of the Department of Geology of the University of Califor-
nia 7:397–418.

Munson, P. J., P. W. Parmalee, and J. E. Guilday. 1980. Additional com-
ments on the Pleistocene mammalian fauna of Harrodsburg Crevice,
Monroe County, Indiana. National Speleological Society Bulletin
42:78–79.

Murray, L. K., C. J. Bell, M. T. Dolan, and J. I. Mead. 2005. Late Pleis-
tocene fauna from the southern Colorado plateau, Navajo County,
Arizona. The Southwestern Naturalist 50:363–375.

Nix, H. 1986. A biogeographic analysis of Australian elapid snakes. Atlas
of Elapid Snakes of Australia 7:4–15.

Otto-Bliesner, B. L., E. C. Brady, R. Tomas, S. Lewis, and Z. Kothavala.
2006. Last glacial maximum and Holocene climate in CCSM3. Jour-
nal of Climate 19:2526–2544.

Parmalee, P. W., P. J. Munson, and J. E. Guilday. 1978. The Pleistocene
mammalian fauna of Harrodsburg Crevice, Monroe County, Indi-
ana. National Speleological Society Bulletin 40:64–75.

Patterson, B. D., G. Ceballos, W. Sechrest, M. F. Tognelli, T. Brooks, L.
Luna, P. Ortega, I. Salazar, and B. E. Young. 2005. Digital distribu-
tion maps of the mammals of the Western Hemisphere, Version 2.0.
NatureServe, Arlington, Virginia.

Polly, P. D. 2010. Tiptoeing through the trophics: geographic variation
in carnivoran locomotor ecomorphology in relation to environment;
pp. 347–410 in A. Goswami and A. Friscia (eds.), Carnivoran Evo-
lution: New Views on Phylogeny, Form, and Function.

Polly, P. D., and J. T. Eronen. 2011. Mammal associations in the Pleis-
tocene of Britain: implications of ecological niche modeling and a
method for reconstructing palaeoclimate; pp. 279–304 in N. Ashton,
S. Lewis, and C. Stringer (eds.), The Ancient Human Occupation of
Britain. Developments in Quaternary Science 14. Cambridge Uni-
versity Press, Cambridge, England.

Rafinesque, C. S. 1832. On the large wandering Tygerss [sic] or Jaguars
of the United States. Atlantic Journal 1:18–19.

Ray, C. E., C. S. Denny, and M. Rubin. 1970. A peccary, Platygonus com-
pressus Le Conte, from drift of Wisconsinan age in northern Penn-
sylvania. American Journal of Science 268:78–94.

Richards, R. L. 1986. The Quaternary distribution of the eastern woodrat,
Neotoma floridana, Indiana. Proceedings of the Indiana Academy of
Science 96:1–8.

Richards, R. L., and J. O. Whitaker Jr. 2008. Indiana vertebrate fauna:
origins and change; pp. 144–156 in M. T. Jackson (ed.), Natural Her-
itage of Indiana. University of Indiana Press, Bloomington, Indiana.

Raup, D. M., and R. E. Crick. 1979. Measurement of faunal similarity in
paleontology. Journal of Paleontology 53:1213–1227.

Sellards, E. H. 1916. Human remains and associated fossils from the
Pleistocene of Florida; pp. 121–160 in Eighth Annual Report of the
Florida State Geological Survey.

Semken, H. E. 1966. Stratigraphy and paleontology of the McPherson
Equus beds (Sandahl Local Fauna), McPherson County, Kansas.
Contributions from the Museum of Paleontology, The University of
Michigan 20:121–178.

Seymour, K. L. 1989. Panthera onca. Mammalian Species 340:1–9.
Simpson, G. G. 1943. Mammals and the nature of continents. American

Journal of Science 241:1–31.
Simpson, E. H. 1949. Measurement of diversity. Nature 163:688.
Slaughter, B. H. 1966. Platygonus compressus and associated fauna

from the Laubach Cave of Texas. American Midland Naturalist
75:475–494.

Snyder, D. P. 1982. Tamias striatus. Mammalian Species 168:1–8.
Stalling, D. T. 1990. Microtus ochrogaster. Mammalian Species 355:1–9.
Varela, S., J. Rodriguez, and J. M. Lobo. 2009. Is current climatic equilib-

rium a guarantee for the transferability of distribution model predic-
tions? A case study of the Spotted hyena. Journal of Biogeography
36:1645–1655.

Volz, S. A. 1976. Preliminary report on a late Pleistocene death-trap
fauna from Monroe Co., Indiana. Master of Science thesis, Indiana
University, Bloomington, Indiana, 31 pp.

Wade-Smith, J., and B. J. Verts. 1982. Mephitis mephitis. Mammalian
Species 173:1–7.

Wiley, R. W. 1980. Neotoma floridana. Mammalian Species 139:1–7.
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