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A middle to late Pleistocene sedimentary sequence in the upper Las Vegas Wash, north of Las Vegas,
Nevada, has yielded the largest open-site Rancholabrean vertebrate fossil assemblage in the southern
Great Basin and Mojave Deserts. Recent paleontologic ﬁeld studies have led to the discovery of hundreds
of fossil localities and specimens, greatly extending the geographic and temporal footprint of original
investigations in the early 1960s. The signiﬁcance of the deposits and their entombed fossils led to the
preservation of 22,650 acres of the upper Las Vegas Wash as Tule Springs Fossil Beds National Monument. These discoveries also warrant designation of the assemblage as a local fauna, named for the site of
the original paleontologic studies at Tule Springs.
The large mammal component of the Tule Springs local fauna is dominated by remains of Mammuthus
columbi as well as Camelops hesternus, along with less common remains of Equus (including E. scotti) and
Bison. Large carnivorans including Canis dirus, Smilodon fatalis, and Panthera atrox are also recorded.
Micromammals, amphibians, lizards, snakes, birds, invertebrates, plant macrofossils, and pollen also
occur in the deposits and provide important and complementary paleoenvironmental information. The
fauna occurs within the Las Vegas Formation, an extensive and stratigraphically complex sequence of
groundwater discharge deposits that represent a mosaic of desert wetland environments. Radiometric
and luminescence dating indicates the sequence spans the last ~570 ka, and records hydrologic changes
in a dynamic and temporally congruent response to northern hemispheric abrupt climatic oscillations.
The vertebrate fauna occurs in multiple stratigraphic horizons in this sequence, with ages of the fossils
spanning from ~100 to ~12.5 ka.
© 2017 Elsevier Ltd and INQUA. All rights reserved.

1. Introduction
Late Pleistocene vertebrate fossil assemblages are common from
the Mojave Desert and southern Great Basin regions. In the upper
Las Vegas Wash, Clark County, Nevada (Fig. 1), vertebrate fossils
have been recognized for over a century. Spurr (1903) reported
mastodon (?) bones and teeth from the wash between Corn Creek
Springs and Tule Springs.1 Later, as part of a paleontological
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American mastodons, Mammut americanum, are largely unknown from Pleistocene deposits in the Mojave Desert (Jefferson, 1991; Scott and Cox, 2008), and the
few available published reports (like that of Spurr, 1903) are not supported by fossil
evidence. Given the preponderance of fossils of mammoth, Mammuthus columbi, in
the upper Las Vegas Wash, we consider it more likely that the remains mentioned
by Spurr (1903) were mammoth, rather than mastodon.

investigation conducted under the auspices of the American
Museum of Natural History (AMNH), Simpson (1933) reported
vertebrate fossils in a contextual association with archeological
artifacts. Subsequent intermittent work and excavations by the
Southwest Museum from the 1930s through the 1960s (Harrington,
1934; Harrington and Simpson, 1961) concentrated on understanding this relation, and as a consequence of these inquiries the
area became known as the Tule Springs site.
A multidisciplinary study conducted by the Nevada State
Museum in 1962-63 sought to deﬁnitively establish the stratigraphic and geochronological positions of the Pleistocene megafauna and the artifacts (Wormington and Ellis, 1967). Vance Haynes
directed the geological investigations, mapped the detailed stratigraphy of Tule Springs, and sought to integrate the site geology
into that of the larger surrounding region (Haynes, 1967). He
informally subdivided the Tule Springs sediments into discrete
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Fig. 1. (a) Site location map for the Las Vegas Valley of southern Nevada (red star); (b) aerial photograph of the Las Vegas Valley showing major physiographic features and the lightcolored paleowetland deposits that are exposed in large parts of the upper Las Vegas Wash, including much of Tule Springs Fossil Beds National Monument (TUSK). (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)

stratigraphic units, and referred to them where they occurred in the
Las Vegas Valley proper as the “Las Vegas Formation” after
Longwell et al. (1965). Mawby (1967) described the vertebrate remains from Tule Springs and discussed them within the informal
units described by Haynes. The ultimate determination of the
expedition was that human cultural artifacts were not in a
temporally contextual position with respect to the vertebrate
megafauna (Wormington and Ellis, 1967), and further investigations were suspended.
Few scientiﬁc inquires occurred in the Tule Springs area for the
next four decades, save for some regional investigations focused
on the mode and timing of paleoclimatic and hydrologic indicators
of high groundwater discharge (paleospring deposits) in the
southern Great Basin (Quade, 1983, 1986; Quade and Pratt, 1989;
Quade et al., 1995, 1998, 2003). Vertebrate fossils recognized from
these paleospring lithologies were little studied or reported upon.
From the 1990s to the present, scientists from the San Bernardino County Museum (SBCM) (Reynolds et al., 1991a; Springer et al.,
2006, 2015; Scott and Springer, 2016), under permits from the
Southern Nevada District Ofﬁce of the Bureau of Land Management
(BLM), discovered and documented hundreds of fossil localities,
and added new taxa to the faunas described by Simpson (1933) and
Mawby (1967). These ongoing paleontologic investigations,
coupled with expanded and better-deﬁned geologic interpretations
and more reﬁned dating of older sedimentary units (Page et al.,
2005; Ramelli et al., 2011, 2012; Springer et al., 2015, 2017), have
led to the determination that the assemblage of invertebrate and
vertebrate fossil remains from the upper Las Vegas Wash comprises
one of the most informative and signiﬁcant late Pleistocene assemblages in the region.
The vertebrate fauna is derived from multiple discrete stratigraphic horizons within the middle to late Pleistocene Las Vegas
Formation. The nature of this assemblage matches published deﬁnitions for local faunas; it is “local in both time and space” (after
Taylor, 1960:10), consisting of “samples derived from localities,
sites, quarries, pits, prospects, etc.” that can be “organized into
aggregates of species … which have a distribution in time and
space, based on the record from a restricted geographic area”

(Tedford, 1970:686). Based upon these deﬁnitions, and because of
the importance of these remains, this late Pleistocene assemblage
warrants designation as a local fauna, herein named the Tule
Springs local fauna (TSLF).

2. Background
2.1. Geologic setting and age of the fossil assemblage
The broad sedimentary basin of the Las Vegas Valley was created
during the Neogene by extensional forces associated with the formation of the Basin and Range province of western North America
(Fleck, 1970; Page et al., 2005). Normal and strike-slip faults cut
across the region, including the Las Vegas Valley Shear Zone
(LVVSZ), a northwest-striking, right lateral strike-slip fault system
(Langenheim et al., 1997, 1998; Page et al., 2005). Thick basin-ﬁll
deposits mostly bury the LVVSZ, although surface expression occurs at Corn Creek Springs. The LVVSZ also marks the headward
erosion of the upper Las Vegas Wash, and includes discontinuities
and subsurface barriers that likely inﬂuence local and regional
groundwater ﬂow patterns.
The Quaternary-age Las Vegas Formation was ﬁrst mapped and
described by Longwell et al. (1965) from a series of light-colored
clay and silt deposits exposed along the upper Las Vegas Wash.
Due to their highly fossiliferous nature, including a number of
extinct vertebrates, Longwell (1946) assigned the sedimentary
sequence to the Pleistocene. Prior to extensive urbanization of the
cities of Las Vegas and North Las Vegas, these sediments were
exposed throughout the Las Vegas Valley (Longwell et al., 1965;
Haynes, 1967; Matti et al., 1993; Donovan, 1996; Bell et al., 1998,
1999; Page et al., 2005). Today, exposures are primarily restricted to
the upper Las Vegas Wash and Corn Creek Flat areas, coincident
with the boundaries of Tule Springs Fossil Beds National Monument (Fig. 1).
At the original Tule Springs site, Haynes (1967) recognized and
described ﬁve Pleistocene and two Holocene informal stratigraphic
units (A-G, in ascending stratigraphic order with subunits designated with subscript numerals) and six intervening soils. He
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attributed these informal units to the Las Vegas Formation, as
coined by Longwell et al. (1965), and subsequently this usage was
extrapolated throughout the upper Las Vegas Valley (Quade, 1986).
Through successive periods of dissection, deﬂation, and deposition, the formational units are laterally discontinuous, exhibit
complex stratigraphic relations, and form a highly dissected,
badland topography. Longwell et al. (1965) mapped the Las Vegas
Formation as Quaternary lacustrine (Ql) based on the thin, regular
and horizontal bedding, and together with the nature and abundance of fossil mollusk shells, interpreted the sediments as representing shallow lakes that once occupied the Las Vegas Valley.
Others have also attributed these extensive deposits in the Las
Vegas Valley to be strictly lacustrine in origin (Hubbs and Miller,
1948; Maxey and Jameson, 1948; Snyder et al., 1964; Longwell
et al., 1965). Haynes (1967) determined that at least some of the
negas, or desert wetlands,
sediments were deposited in cie
although he too postulated the existence of “Pluvial Lake Las
Vegas” based on the spatial distribution of full-glacial age deposits
in the Las Vegas Valley. More recent studies have demonstrated
that the sediments were deposited during past episodes of
groundwater discharge, and thus the existence of “Pluvial Lake Las
Vegas” is no longer accepted (Quade, 1986; Springer et al., 2015,
2017).
Springer et al. (2017) established the contemporary framework
for the fossil-bearing groundwater discharge deposits (GWD) in the
Las Vegas Valley with detailed geologic mapping, and stratigraphic
and chronologic control aided by numerous 14C and luminescence
dates throughout the sedimentary sequence. Springer et al. (2017)
also designated the Las Vegas Formation as a formal lithostratigraphic unit, with distinct and mappable members and beds. The
nomenclature largely follows that of Haynes (1967) but with signiﬁcant modiﬁcations to the lithostratigraphy and geochronology.
The Las Vegas Formation now includes Members X, A, B, D, and E,
which represent distinct groundwater discharge regimes and
contain vertebrate and/or invertebrate fossils. Units F and G of
Haynes (1967) are excluded as they represent dry conditions that
prevailed during the Holocene and do not contain vertebrate materials. In addition, Unit C of Haynes (1967) has been dissolved
based on revised stratigraphic and chronologic data and observations. In all, the GWD deposits of the Las Vegas Formation span the
past ~570,000 ka.
The TSLF, within the Las Vegas Valley, occurs in 13 distinct beds
within Members B, D and E. The primary physical characteristics,
age ranges, and distribution of vertebrate fossils for each subunit
within the Las Vegas Formation are presented herein as a composite stratigraphy (Fig. 2). Additional stratigraphic and chronologic details for all subunits are provided in Springer et al. (2017).
Overall, the ages of fossil-bearing strata within the Las Vegas Formation span from ~100 to ~12.5 ka.
2.2. Paleoenvironment and paleoclimate
During the middle-late Pleistocene, a climate cooler and
wetter than today supported a variety of groundwater discharge
settings throughout the southwestern U.S., including seeps,
springs, marshes, wet meadows, ponds, and spring pools. Alluvial, ﬂuvial, and eolian sediment became trapped by wet ground
conditions and dense plant cover around discharge points, and
combined with organic material and chemical precipitates (carbonates, silicates) to form GWD deposits (Pigati et al., 2014).
These deposits are distinguished from lake sediments using
geomorphic, sedimentologic, and stratigraphic properties, and we
are able to recognize speciﬁc hydrologic regimes within the
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deposits that are analogous to modern spring ecosystems
(Springer and Stevens, 2008). Evidence for limnocrene (ponding),
helocrene (marshes or wet meadows), and rheocrene (spring-fed
stream) ﬂow is recognized within the Las Vegas Formation GWD
sequence. The types of spring discharge and their spatial distribution throughout the upper Las Vegas Wash are directly related
to subsurface structure (faults), aquifer complexity, and local and
regional water table levels. The recognition of speciﬁc hydrologic
environments within a given member or bed allows past
environmental and hydrologic conditions to be further
constrained.
The highly resolved chronologic and paleohydrologic record of
the GWD deposits in the upper Las Vegas Wash shows that wetlands in the valley were extremely sensitive to climate change
during the recent geologic past (Springer et al., 2015). Over the last
35 ka, for example, multiple cycles of deposition, erosion, and soil
formation demonstrate that wetland ecosystems in the valley
expanded and contracted many times, often collapsing entirely,
before disappearing altogether as the last glacial period came to a
close. These events exhibit temporal congruence with episodes of
abrupt climate change, including Dansgaard-Oeschger (D-O) cycles
and other millennial and submillennial-scale climatic perturbations (Fig. 3). Drought-like conditions, as recorded by widespread
erosion and the formation of desert soils, typically lasted for a few
centuries, which would have severely impacted the ﬂora and fauna
that depended on the springs and wetlands for water in an otherwise arid landscape. The TSLF occurs throughout the members and
beds of the Las Vegas Formation, each of which represents a
discrete “bin of time” that can be queried to evaluate changes in
local faunal assemblages, reconstruct past ecosystems and environments on millennial and submillennial timescales, and determine the response of these systems to past episodes of abrupt
climate change.
2.3. Recent history of investigation
The San Bernardino County Museum (SBCM) recovered fossils
and associated contextual data from Tule Springs and the upper
Las Vegas Wash from 2002 to 2014. Initial survey and excavation
efforts were conducted in conjunction with the mitigation program for the Harry AlleneNorthwest 500 kV transmission line
(HANWTL) in North Las Vegas, under Paleontologic Resources Use
Permits #N75218 (for survey) and #N76154 (for excavation) from
the BLM, as well as under the auspices of Nevada Antiquities
Permit #449.
The paleontologic sensitivity of the Las Vegas Formation in the
upper Las Vegas Wash later assumed particular signiﬁcance when
the wash was included in the Las Vegas Valley Disposal Boundary
(LVVDB). The LVVDB comprised public lands administered by the
BLM that were slated to be disposed of by the Las Vegas Field Ofﬁce,
consistent with the Southern Nevada Public Land Management Act
of 1998 (SNPLMA). However, the SNPLMA did not authorize the
BLM to transfer title of land if such transfer would not conform to
other laws, including the National Environmental Policy Act of 1970
(NEPA).
An Environmental Impact Statement (EIS) was completed to
update the BLM's analysis of SNPLMA land sales and other BLMauthorized land uses in light of the requirements of NEPA and the
BLM's NEPA Handbook, and to analyze impacts of disposing and
authorizing uses of federal public lands within the new disposal
boundary adopted by the U.S. Congress. As part of this effort, the
SBCM ﬁeld surveyed the entire LVVDB, including much of the upper
Las Vegas Wash, in 2003e2004. This survey resulted in the
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Fig. 2. Composite stratigraphy and brief unit descriptions of the members and beds of the Las Vegas Formation. The occurrence of vertebrate fossils within discrete discharge units
are depicted by bone symbol. Age control is based on a combination of radiocarbon (14C) and luminescence (IRSL) dating.
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Fig. 3. Stratigraphic and chronologic records of groundwater discharge deposits in the Las Vegas Valley of southern Nevada (after Springer et al., 2015) compared to d18O data from
Greenland ice core records using the GICC05 chronology (Svensson et al., 2008). Filled circles are calibrated radiocarbon ages of the GWD deposits with uncertainties presented at
the 95% (2s) conﬁdence level. Wetland discharge (by type) is shown in graduated shades of green. Tan horizontal bars indicate periods of aridity as evidenced by surface stability
and/or erosion. D-O ¼ Dansgaard-Oeschger cycles; “Big Wet/Big Dry” after Broecker et al. (2009); B ¼ Bølling; OD ¼ Older Dryas; A ¼ Allerød, YD ¼ Younger Dryas; PB ¼ Pre-Boreal;
8.2 ka ¼ 8.2 ka cold event. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web version of this article.)
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discovery of 438 previously undocumented fossil localities within
the Las Vegas Formation.
In light of this dramatic increase in the number of known localities in the upper Las Vegas Wash, a Conservation Transfer
Alternative (CTA) was developed to analyze the impacts of selling
certain lands if disposal could occur with protection of sensitive
environmental resources and mitigation of signiﬁcant impacts to
those resources. The nearly 11,000 acre CTA was developed to
provide protection and mitigation for sensitive fossils and other
biological and cultural resources while continuing to dispose of
lands as authorized under SNPLMA.
In 2008, the Las Vegas District Ofﬁce of the Nevada BLM
requested proposals for treating and curating the paleontologic
resources discovered by the SBCM in 2003e2004. This culminating
effort was awarded to the SBCM (K. Springer, P.I.) as Federal
Assistance Agreement #L08AC13098 entitled, “The Upper Las Vegas
Wash Conservation Transfer Area, Clark County, NV: Treatment,
Protection, and Interpretation of Heritage Paleontological Resources through Public Involvement.”
3. Methods
All work described herein was conducted from 2008 to 2014
under BLM Scientiﬁc Paleontological Collecting Permit #N85806 (K.
Springer, P.I.) and Field Work Authorizations that were renewed
annually. Standard geological and stratigraphic practices were
employed during the course of the study. Geologic mapping,
combined with description and measurement of multiple stratigraphic sections throughout the upper Las Vegas Wash were used
to construct the composite stratigraphy. Sediment samples were
collected and curated at the SBCM. All sites, including radiocarbon
dating localities and stratigraphic sections, were photodocumented
and their positions recorded with handheld GPS units. All physical
and digital data reside at the SBCM in Redlands, CA.
Large fossils were jacketed with plaster bandages or strips of
burlap saturated with plaster, then removed and returned to the
SBCM's paleontology laboratory for preparation, identiﬁcation, and
permanent storage. Smaller fossils were documented and collected
without jackets. For taphonomic studies, true north was determined and then written on the fossil specimens. Where accumulations of fossils were identiﬁed as part of a single, localized
assemblage, the positions and relationships of the fossils in the
assemblage were mapped in detail. Samples of fossiliferous sediments were recovered from fossil localities where appropriate; this
sedimentary matrix was returned to the SBCM and processed by
screen washing through 20-mesh (841 mm) and 30-mesh (595 mm)
screens. Specimens recovered in this manner were identiﬁed and
curated.
Radiocarbon (14C) dating of charred vascular plants (charcoal)
and, to a lesser extent, small terrestrial gastropod shells was used to
establish the chronologic framework of the Las Vegas Valley
groundwater discharge deposits for the past ~35 ka. Charcoal
samples were treated using either the standard acid-base-acid
treatment or acid-base-wet oxidation methods prior to combustion online in the presence of excess high-purity oxygen. All 14C
ages were calibrated using the IntCal13 dataset and CALIB 7.1html
(Stuiver and Reimer, 1993; Reimer et al., 2013). Ages are presented
in calibrated radiocarbon years or ka BP (ka ¼ thousands of years;
BP ¼ before present; present ¼ 1950 AD). Luminescence techniques
were also used to date sediments beyond the practical limit of 14C
dating (~35e40 ka) or where materials suitable for 14C dating were
not present. These ages are also presented in ka BP. Uncertainties of
ages derived from both techniques are presented at the 95% (2s)
conﬁdence level. Additional details of both techniques are presented in Springer et al. (2017).

Relative abundance was assessed based upon numbers of
specimens assigned to a given taxonomic rank within the catalogued assemblage (i.e., number of identiﬁable specimens [NISP]),
following Marshall and Pilgram (1993). Minimum numbers of individuals for these same taxa are presently being determined.
Measurements for metric analyses were taken following the procedures outlined by Von den Driesch (1976) and Eisenmann et al.
(1988) as appropriate. Data were acquired using Mitutoyo Digimatic calipers connected by a Mitutoyo USB digital interface to a PC
laptop. Graphic plots were generated using SigmaPlot 13.0.
All collected fossils were curated at the SBCM. In June 2015, the
fossils obtained during the HANWTL mitigation program were
transferred to the Nevada State Museum, Las Vegas, where they
presently reside.
4. Results and discussion
A total of 550 localities identiﬁed from the upper Las Vegas
Wash by the SBCM yielded the fossils discussed herein. Previous
studies reported fossils from units B2, D and E1 (Haynes, 1967;
Mawby, 1967); we document here that vertebrate fossils
composing the TSLF occur throughout the entire Las Vegas Formation sequence in the upper Las Vegas Wash, except for Member
A. Members B, D and E and their subordinate beds B1, B2, B3, B1-wet,
D1, D2, D3, E0, E1a, E1b, E1c, E1d, and E2a all host vertebrate fossils (see
Fig. 2). Beds E2b and E2c are not fossiliferous. Overall, as stated
above, the age range of the vertebrate fauna in the Las Vegas Formation spans ~100 to ~12.5 ka.
Previously unrecorded taxa are identiﬁed in this study (see
Table 1, new records in boldface), although most species identiﬁed
conform to published faunal lists for the Tule Springs area
(Simpson, 1933; Mawby, 1967). Newly recognized faunal components include the microvertebrates Perciformes, Rana sp., Xantusiidae, Masticophis sp., cf. Arizona elegans, Marmota ﬂaviventris,
Neotoma sp. cf. N. lepida, Reithrodontomys sp., and cf. Onychomys sp.
The list of medium- and large-sized mammals is expanded to
include Lynx rufus and a medium- to large-sized bovid approaching
Euceratherium in size.
4.1. Character of the Tule Springs local fauna
Mammoths (Mammuthus columbi) dominate the large mammal
assemblage from the TSLF. This strong representation is not unusual for this locale; both Simpson (1933) and Mawby (1967) also
remarked upon the relative abundance of mammoth fossils in the
samples under their respective study. However, these earlier investigations were based upon comparatively small sample sizes.
The present study, based upon remains from several hundred localities, conﬁrms that the observed profusion of remains of Mammuthus is indicative of the true prevalence of these animals in the
region during the late Pleistocene.
The high proportion of mammoths in the TSLF indicates the
presence of abundant forage in the valley during the later Pleistocene, sufﬁcient to support herds of such large animals over tens of
thousands of years. This contrasts somewhat with large mammal
faunas from other open sites elsewhere in the Mojave Desert (e.g.,
Lake Manix; see Jefferson, 2003), where mammoths are present but
make up a much smaller percentage of the assemblage.
We note that fossils of Mammuthus may be somewhat overrepresented in the overall assemblage, based upon NISP. Adult
mammoth teeth are larger than those of other Pleistocene mammals; the cheek tooth enamel of mammoths is easily recognized
and identiﬁed, even when fragmented; and the massive tusks can,
when damaged or broken, produce thousands of small but diagnostic pieces. Contrast this with the tooth enamel of smaller
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Table 1
Composite Vertebrate Fauna, Las Vegas Formation. [Includes taxa reported previously (Simpson, 1933; Mawby, 1967; McDonald, 1996; Scott and Cox, 2008; Scott and
Springer, 2016); new records in boldface. “cf.” ¼ compares favorably based upon direct comparison, but not fully diagnostic; “?” ¼ uncertain, but resembles assignment
and cannot be referred to other known taxa].
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Fig. 4. SBCM L3160-4, Mammuthus columbi, left and right M3 in early wear, lateral view, in ﬁeld jacket with scale. The closer tooth possesses 22 enamel plates, with enamel
thickness ranging from 1.8 mm to 2.9 mm; the lamellar frequency is 7.

mammalian herbivores such as camels or bison, which when
broken or fragmentary, can be more difﬁcult to identify to genus
and so would often be more conservatively assigned to “Mammalia
(large).” For these reasons, mammoth fossils would likely be
somewhat overrepresented in any assessments of relative abundance based upon NISP. We anticipate that ongoing efforts to
determine minimum numbers of individuals (MNI) for the TSLF will
provide a more accurate interpretation of the abundance of Mammuthus in the Las Vegas region during the Pleistocene.
Previous studies that reported Mammuthus from the upper Las
Vegas Wash (Simpson, 1933; Harrington, 1955; Mawby, 1967;
Rowland, 2010; Rowland and Bonde, 2015) did not describe the
morphology of the recovered fossils in any detail. Simpson (1933)
assigned mammoth remains from the region to “Parelephas
columbi” (¼ Mammuthus columbi), but did not delve deeply into the
rationale behind this referral, stating only that the available “isolated teeth and other fragments appear to represent a single species, considered as the Columbian mammoth” (Simpson, 1933:5). In
like manner, Mawby (1967:115) discussed contemporary views
about mammoth taxonomy and concluded that the mammoth
specimens recovered by the 1962 team “seem best referable to
Mammuthus columbi” (underlined in original) with no discussion
of the anatomical features upon which this referral was based.
Mammoth fossils recovered by the SBCM from the upper Las
Vegas Wash include teeth that can be deﬁnitively assigned to the
species Mammuthus columbi. For example, a left and a right M3 in
early wear, in parallel orientation but lacking any adhering maxillary bone (specimen SBCM L3160-4; Fig. 4), possess 22 enamel
plates, with the enamel ranging from 1.8 mm to 2.9 mm in thickness, and have a lamellar frequency of 7. Similarly, a right m3 (SBCM
L3160-647; Fig. 5) with 21 enamel plates exhibits an enamel
thickness ranging from 1.7 mm to 2.4 mm, and a lamellar frequency
of 6e7. These data match published diagnoses for M. columbi
(Maglio, 1973; Agenbroad, 1984; Graham, 1986), conﬁrming

previous species assignments.
In contrast to the possible overrepresentation of Mammuthus,
the observed profusion of remains of Camelops hesternus in the TSLF
is interpreted to reﬂect the true abundance of these animals. Based
upon NISP, C. hesternus makes up over one-third of the large
mammal sample (Table 2). This is a smaller proportion of the
overall assemblage than that inferred from previously collected
samples, particularly those recovered during the 1962-63 excavations (Mawby, 1967), where Camelops accounted for over half of the
large mammal fossils based upon NISP (Table 2; NISP based upon a
search of the UCMP online database). However, given that the
sampled obtained by the SBCM is substantially larger and comes
from a much larger geographic area, the smaller percentage is
interpreted to more accurately reﬂect the relative abundance of
Camelops in the living community.
The preponderance of Camelops in the TSLF is not unusual for
late Pleistocene megafaunal assemblages from the Mojave Desert.
Multiple other sites including Valley Wells, Lake Manix, and Lake
Tecopa have all yielded assemblages dominated by camels,
frequently Camelops (Jefferson, 1991; Scott and Cox, 2008). The
relative abundance in the TSLF does differ substantially from that
observed at more coastal localities such as Rancho La Brea, where
camels are less represented respective to other large mammals
such as Equus and Bison (Stock and Harris, 1992; Scott, 2010). In this
context, it is interesting that the Diamond Valley Lake local fauna,
reported from southwestern Riverside County, California, inland
from the coast, exhibits a greater relative abundance of Camelops
than at Rancho La Brea, but less than that reported from late
Pleistocene localities in the Mojave Desert (Springer et al., 2010).
Thus, it appears that there is a gradient of increasing relative
abundance of this taxon from the coast to the high desert, at least
among those localities where the assemblages are sufﬁciently large
and diverse.
The next most abundant large mammals in the TSLF based upon
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Fig. 5. SBCM 3160-647, Mammuthus columbi, right m/3, lateral view. Specimen has 21 enamel plates exhibits an enamel thickness ranging from 1.7 mm to 2.4 mm, and a lamellar
frequency of 6e7.

NISP are horses (Equus). Despite their abundance, the majority of
the fossil horse remains in the TSLF are fragmentary, and so for
many decades reliable speciﬁc assignments have not been forthcoming. Both Simpson (1933) and Mawby (1967) noted the presence of at least two species of horse, one large and one small, from
the area; Simpson (1933) also suggested the possible presence of a
third species. The large horse fossils were assigned by Simpson
(1933) to the species Equus paciﬁcus Leidy, but the holotype of
this species is a nondiagnostic tooth and therefore the species is
invalid (Savage, 1951; Scott, 2016). Mawby (1967) avoided a ﬁrm
speciﬁc assignment for the large horse remains, preferred to refer
them to “Equus, large species, near E. caballus” (i.e., close to the
living domestic horse).
The majority of horse fossils recovered by the SBCM follows this
pattern, and are not sufﬁciently diagnostic to enable ﬁrm speciﬁc
assignments. This fact emphasizes the signiﬁcance of the recovery
of a partial skull, mandible, and metapodial (SBCM L3160-1015A,B,
L3160-1016A,B, and L3160-1017, respectively) of the large Pleistocene horse species Equus scotti from Member E, Bed E1d of the Las
Vegas Formation. These fossilsdthe ﬁrst horse fossils from the Las
Vegas Formation to be reliably referable to speciesdlacked sufﬁcient collagen for direct dating, but are associated stratigraphically

Table 2
Number of identiﬁed specimens (NISP) and percentage of the assemblage (%) for
collections of large mammal fossils from the upper Las Vegas Wash at the Museum
of Paleontology, University of California, Berkeley (UCMP) and the San Bernardino
County Museum (SBCM). NISP includes specimens with “cf.” and “?” designations.
Data for UCMP obtained from the UCMP online database: http://ucmpdb.berkeley.
edu/advanced.html.
Taxon:

UCMP

SBCM

Total:

NISP

%

NISP

%

NISP

%

Megalonyx sp.
Nothrotheriops
Canis dirus
Smilodon fatalis
Puma concolor
Panthera atrox
Mammuthus columbi
Equus spp.
Camelops hesternus
Hemiauchenia sp.
Antilocapridae
Odocoileus sp.
Bison spp.
Total:

4
1
e
e
1
1
19
45
133
e
10
1
28
243

2%
<1%
e
e
<1%
<1%
8%
19%
55%
e
4%
<1%
12%
100%

e
e
1
3
e
e
187
125
222
1
8
7
110
664

e
e
<1%
<1%
e
e
28%
19%
33%
<1%
1%
1%
17%
99%

4
1
1
3
1
1
206
170
355
1
18
8
138
907

<1%
<1%
<1%
<1%
<1%
<1%
22%
18%
38%
<1%
2%
1%
15%
96%

with a date of 13.69 ± 0.14 ka (Springer et al., 2015), making these
the youngest and most southerly remains of this species in Nevada
and among the youngest recorded anywhere in North America. The
newly recovered fossils represent a large equid with stout metapodials and lower incisor infundibula, all features that characterize
E. scotti.
Small horse fossils are also present in the TSLF, and Mawby
(1967:119) noted that these fossils represented a “small Asinus-like
species” that fell “within the size range of Equus tau (¼ E. francisi)
(sic)” (underlined in original). At the time of Mawby's writing, the
relation between Equus tau and Equus francisci (note correct
spelling) had not been fully worked out. Equus francisci is a small
“stilt-legged” North American horse species (Lundelius and
Stevens, 1970; Scott, 2004). Equus tau was also a small horse, but
the holotype was nondiagnostic and has been lost, so it remains
unknown whether or not it was a stilt-legged form. Equus francisci
has been considered a junior synonym of E. tau (Dalquest, 1979;
n and Anderson, 1980), but Winans (1985) retained E. francisci
Kurte
while considering E. tau to be invalid. Both species have also been
separately synonymized with the stout-legged species
E. conversidens (Hibbard, 1955; Hibbard and Taylor, 1960), but the
ﬁnding that E. francisci was a stilt-legged species (Lundelius and
Stevens, 1970) demonstrated that the two were different species
(see Scott, 2004, for a discussion of stilt-legged horses in Pleistocene North America). Dalquest and Schultz (1992) considered both
E. francisci and E. tau to be potentially valid species. However, given
that the holotype of E. tau offered no diagnostic characters other
than small size, has been lost, and was not associated with any
diagnostic topotypal material, we follow Winans (1985) in
considering the species a nomen dubium.
A proximal phalanx (UCMP V-6246/272139) from Tule Springs
plots in the low end of the size range of Equus conversidens, but
somewhat outside the range of small stilt-legged horses (Fig. 6).
This suggests that a small horse with relatively stout limbs, similar
to E. conversidens, is present in the TSLF. In contrast, a partial
metatarsal (UCMP V-6246/63476; Fig. 7) has the long, slender
appearance of more stilt-legged horses, although the specimen is
incomplete as well as juvenile and so this interpretation is subjective. Nevertheless, UCMP V-6246/63476 does resemble juvenile
metapodials of small Equus from Pleistocene Lake Tecopa to the
west. These bones have been interpreted to represent stilt-legged
horses (Scott, 1997). In combination, these data suggest the likelihood that three species of horse are represented in the TSLF.
Although the evidence for a small stilt-legged horse from the
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Fig. 6. UCMP V-6246/272139, uncatalogued proximal phalanx of small Equus from
TSLF. A: dorsal view of specimen; proximal is to the right. B: bivariate plot of length
and proximal breadth measurements in millimeters of UCMP V-6246/272139 against
data from other Pleistocene species of large and small Equus. Black circles ¼ Equus
occidentalis, Rancho La Brea, California; red triangles ¼ E. scotti, Rock Creek, Texas;
green squares ¼ E. conversidens, San Josecito Cave, Mexico; dark blue
diamonds ¼ Equus NWSL (¼ New World stilt-legged) from Dalhart Horse Quarry,
Channing, Texas; light blue triangles ¼ Equus NWSL from Natural Trap Cave, Wyoming;
yellow hexagon (labeled) ¼ UCMP V-6246/272139 from TUSK. Measurements of UCMP
V-6246-272139 are observed to fall within the range of E. conversidens rather than any
of the NWSL species. (For interpretation of the references to colour in this ﬁgure
legend, the reader is referred to the web version of this article.)
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wash is not yet conclusive, these animals are known to have lived
elsewhere in the Mojave Desert during the late Pleistocene (Scott,
1997), for example at Gypsum Cave, Nevada, just east of the Las
Vegas Wash (Weinstock et al., 2005; Scott and Lutz, 2014). If
additional, more complete remains conﬁrm the presence of three
horse species from the Las Vegas Formation, it would be incongruent with molecular studies that suggest only two species of
Equus were present in late Pleistocene North America (Weinstock
et al., 2005; Orlando et al., 2008).
Bison are also common in the assemblage from the upper Las
Vegas Wash, although less so than elsewhere in the southwestern
U.S. (Simpson, 1933; Mawby, 1967; de Narvaez, 1995; Scott and Cox,
2008; Scott, 2010). Remains of this genus are frequently incomplete, and consequently have previously been assigned to a wide
variety of species, including Bison sp. aff. B. occidentalis (Simpson,
1933), B. alleni (Skinner and Kaisen, 1947), Bison sp. (Mawby,
1967), B. antiquus antiquus (McDonald, 1981), and Bison sp. cf.
B. antiquus (Scott and Cox, 2008).
Because of the large number of names, more detailed discussion
of bison is warranted here, particularly with respect to the specimens discussed by Simpson (1933). These consist of two largely
complete bison skulls, NMC 8775 (formerly AMNH 30051; transferred from the AMNH to the Canadian Museum of Nature in 1936)
and AMNH 30052. These skulls were interpreted by Simpson
(1933) to belong to a “general group” including B. occidentalis,
B. crassicornis, B. chaneyi, B. taylori, and B. texanus. Based upon
sedimentary and stratigraphic descriptions provided by Simpson
(1933), these skulls were likely recovered from unit B2 (¼Member
B, Bed B2) of the Las Vegas Formation. Simpson's taxonomy
included many putative species that were later synonymized; see
Skinner and Kaisen (1947), Guthrie (1970, 1990), McDonald (1981),
and Scott and Cox (2008) for discussions. Regardless, the skulls
from the upper Las Vegas Wash were interpreted to be sufﬁciently
unique that they did not resemble any other species “closely
enough for speciﬁc reference” (Simpson, 1933:6). The skulls were
characterized by their robustness, broader frontals, and longer,
straighter horn cores relative to B. occidentalis, although no metric
data were presented (Simpson, 1933).
Skinner and Kaisen (1947) later interpreted these two skulls to
represent small-sized variants of the species B. alleni, and proposed
that the size and morphology of the skulls “represent[ed] either
individual variation or a geological variety.” Bison alleni has been
subsequently synonymized with B. priscus by Wilson (1974) as well
n and Anderson (1980) and McDonald
as with B. latifrons by Kurte
(1981). If these interpretations are correct, then the Las Vegas
bison skulls could be assigned to either of these species. Skull

Fig. 7. UCMP V-6246/63476, partial left metatarsal of Equus from TSLF. Distal is to the right. Scale ¼ 1 cm.
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Fig. 8. AMNH 30052, partial skull of Bison sp. cf. B. latifrons, oblique lateral view.

Fig. 9. Bivariate plot of metacarpals of Pleistocene Bison. Measurements in millimeters.
Black circles ¼ Bison antiquus, Rancho La Brea, California; red triangles ¼ B. antiquus,
Folsom, New Mexico; green squares ¼ B. latifrons, American Falls Reservoir, Idaho;
yellow diamonds ¼ UCMP V-6243/64645 (presumed female) and V-6243/64646
(presumed male) from TUSK. Measurements of the metacarpals from TUSK are
observed to fall within the range of B. antiquus rather than B. latifrons. (For interpretation of the references to colour in this ﬁgure legend, the reader is referred to the web
version of this article.)

AMNH 30052 (Fig. 8) has also been considered a “probable hybrid”
between populations of B. priscus or B. alaskensis and B. latifrons or
B. a. antiquus by McDonald (1981:225).
For fossils of Bison recovered during the Tule Springs Expedition
of 1962-63, Mawby (1967) preferred an assignment of Bison sp.
with no speciﬁc epithet. Bison fossils recovered during these excavations consisted of two largely complete skeletons, an adult
male and a somewhat younger female (Mawby, 1967:124), from
one locality, as well as isolated teeth from other sites. All localities
were identiﬁed from unit B2 (¼Member B, Bed B2) of the Las Vegas
Formation; Mawby (1967) emphasized that no bison fossils were
recovered from the younger units of the formation. The two skeletons unfortunately lacked complete or even partial skulls; only
one fragment of a horn core, interpreted to be from the female
individual, was recovered (Mawby, 1967:124), which was insufﬁcient for speciﬁc assignment of the fossils. No additional specimen
descriptions or diagnoses were advanced by Mawby (1967),
although he did present photos of a left dentary and a left metacarpal. McDonald (1981) examined the horn core fragment
mentioned by Mawby (1967) (UCMP V-6243/64688), which led
him to assign the fossils to Bison antiquus antiquus.
Scott and Cox (2008) reviewed the taxonomic status of bison
fossils from throughout the Mojave Desert, including the upper Las
Vegas Wash, and concluded that the Nevada fossils were best
assigned to Bison sp. cf. B. antiquus. Measurements of two

metacarpals from the Tule Springs Expedition sample, UCMP V6243/64645 and V-6243/64646, indicated that the fossils fell
within the size range of B. antiquus from Rancho La Brea and Folsom
(Scott and Cox, 2008) (Fig. 9). The male metacarpal, UCMP V-6243/
64646, also plotted very near the low end of the size distribution of
B. latifrons.
More recent discoveries of fossils of Bison by the SBCM include a
partial skull with an intact horn core (SBCM L3160-781) from the
full-glacial deposit of Member D, Bed D1 (Fig. 10). Although
incompletely preserved, precluding most standard measurements,
the horn core is visibly short and small at the base, extending
directly laterally from the skull rather than angling posterolaterally.
The specimen compares favorably with crania of B. antiquus, and
can be differentiated on the basis of its horn core size and orientation from other late Pleistocene species including B. latifrons
(including B. alleni), B. alaskensis, B. priscus, and B. occidentalis.
SBCM 3160-781 is herein assigned to B. antiquus.
As noted, Mawby (1967) reported fossils of extinct Bison from
unit B2 (¼Member B, Bed B2) at two localities within the Las Vegas
Formation, but not from any of the younger fossil-bearing units;
this dearth of bison fossils in younger strata led to cautious inferences with respect to increasing desertiﬁcation of the region
through time. However, more recent efforts by the SBCM conﬁrmed
the presence of Bison in both the oldest and the youngest Pleistocene members of the Las Vegas Formation. Speciﬁcally, numerous
fossils of Bison were recovered from exposures of Beds B1, B2, D1,
and E0 of the Las Vegas Formation (Bison in Bed E1 is unconﬁrmed at
this time). The Bed E0 Bison locality are associated with a date of
18.16 ± 0.19 ka (Springer et al., 2015); these fossils are the youngest
reliably dated remains of extinct bison from anywhere in the
Mojave Desert.
Other megafaunal taxa are not as well represented in the TSLF as
the animals discussed above (Table 2). Ground sloths have been
previously reported from the region, but their remains are quite
rare. Simpson (1933) mentioned a partial cranium that he assigned
to “Nothrotherium” (¼ Nothrotheriops), and Mawby (1967) reported
an upper left cheek tooth of “Nothrotherium shastense” (¼ Nothrotheriops shastensis). The evident paucity of remains of Nothrotheriops is buttressed by the lack of any additional sloth fossils
recovered during the extensive SBCM investigations documented
here, and stands in surprising contrast to the well-documented
presence of N. shastensis at nearby Gypsum Cave (Harrington,
1933). Mawby (1967) also documented fossils of Megalonyx sp.
from Tule Springs, but declined to refer them to species although
noting that they did not represent the common late Pleistocene
species M. jeffersonii.
Antilocaprids are present in the TSLF, but make up only a small
percentage of the large mammal fauna. Mawby (1967) assigned
antilocaprid fossils to ?Tetrameryx, because no skulls or horn cores
were available in the sample under study. Rather than continue to
use this genus, however tentatively, when discussing antilocaprid
remains from the Las Vegas Formation, it is more conservative to
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Fig. 10. SBCM L3160-781, partial skull of Bison antiquus from TUSK, in ﬁeld jacket, dorsal view. The short horn core, extending directly laterally from the cranium, is consistent with
B. antiquus rather than B. latifrons.

More recent research by the SBCM has added to the list of large
mammalian carnivores present in the TSLF. A right patella of Canis
dirus from Member E, Bed E1b represents the ﬁrst conﬁrmed record
of dire wolves from the Las Vegas Formation (Scott and Springer,
2016); a large canid metapodial fragment has also been reported
from “unit D” of the formation (Rowland and Bonde, 2015). Additionally, a partial left humerus, left radius, and sacrum of a single
individual of Smilodon fatalis recovered from Member E, Bed E1a are
the ﬁrst remains of sabre-toothed cat from the TSLF. These two
specimens are discussed more fully by Scott and Springer (2016).

4.2. New vertebrate records for the Tule Springs local fauna
Fig. 11. UCMP 3552/23918, proximal phalanx of Panthera atrox from TUSK, dorsal view;
proximal is to the right. This specimen, collected by paleontologist Chester Stock in
1919, represents the ﬁrst record of P. atrox in the TSLF, although the fossil was not
published at the time.

simply assign the recovered elements to the family Antilocapridae
(R.S. White, oral communication).
Megafaunal carnivorans are also present in the TSLF, but are rare
as would be expected in a normally distributed large mammal
assemblage. Mawby (1967) reported the presence of Panthera atrox,
based upon an incomplete mandible retaining part of the m/1
(UCMP 64321). Additionally, the UCMP houses a proximal phalanx
from digit IV of the right hind foot (UCMP 23918; Fig. 11), originally
discovered by paleontologist Chester Stock and his student Richard
J. Russell in 1919, but not reported at that time (Springer et al.,
2011). Mawby (1967) also included Puma concolor among the carnivoran megafauna from the Las Vegas Formation, based upon a
few tooth fragments (UCMP 64523) from one locality.

Perciformes: Remains of ﬁsh are previously unknown from the
Las Vegas Formation; Mawby (1967:108) emphasized that he did
not recognize remains of ﬁsh in the collections nor did he ﬁnd
evidence of ﬁsh in the ﬁeld. Consequently, the discovery of three
ﬁsh otoliths (specimens L3160-497, 502, and 503) from locality
SBCM 2.6.308 provides the ﬁrst record of ﬁsh in the TSLF. The
presence of ﬁsh is consistent with paleoenvironmental reconstructions of the region as including numerous spring-fed
ponds.
Rana sp.: Multiple postcranial fossils representing the true frog,
Rana sp., were recovered from throughout the sequence of the Las
Vegas Formation (Members B through E). Present day members of
this genus in the southern Nevada region frequent springs, slowmoving streams, marshes, bogs, and ponds, usually where there
is permanent water and aquatic vegetation such as cattails
(Stebbins, 2003). In the Pleistocene fossil record of the Mojave
Desert, Rana has been reported previously in the Daggett region
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(Reynolds and Reynolds, 1985). Mawby (1967:108) reported the
presence of “a few scraps of bone of a small anuran, a frog or toad”
from the Las Vegas Formation, but provided no more detailed
identiﬁcations.
Xantusiidae: A single right dentary with ﬁve teeth (SBCM L3160396, from locality SBCM 2.6.330 ¼ Member B, Bed B1-wet) represents the ﬁrst record of night lizard (Xantusiidae) from the Las
Vegas Formation. Present-day xantusiid lizards prefer to live
beneath fallen branches of yucca trees, in crevices or under rocks,
and beneath bark or other plant debris (Stebbins, 2003). Fossils
assigned to the genus Xantusia have been described from the earlier
Pliocene White Narrows local fauna elsewhere in Clark County
(Mead and Bell, 2001).
Masticophis sp.: A partial vertebra (L3088-334) of whipsnake,
Masticophis sp. is added to the TSLF. Masticophis has not been
previously reported from the fossil record of the Las Vegas Valley.
Present-day individuals of Masticophis are diurnal, and are found in
a variety of habitats. Masticophis ﬂagellum, the coachwhip, frequents deserts, prairies, scrublands, juniper-grasslands, woodlands,
thornforests, and farmlands; M. taeniatus, the striped whipsnake, is
found in shrublands, grasslands, sagebrush ﬂats and canyons,
~ on-juniper woodlands, and open pine-oak forests (Stebbins,
pin
2003). Masticophis ﬂagellum has previously been recorded from
Gypsum Cave (Brattstrom, 1953), which is the only other record of
this animal from Clark County, NV (Harris, 1985; Weinstock et al.,
2005; Scott and Lutz, 2014). Both M. ﬂagellum and M. taeniatus
occur in Nevada today (Stebbins, 2003).
cf. Arizona elegans: Four vertebrae (L3088-662) that compare
favorably with vertebrae of the glossy snake, Arizona elegans, were
identiﬁed from the base of one of the many spring outﬂow streams
of Member E, Bed E0 and are associated with a date of 19.52 ± 0.22
ka (Springer et al., 2017). This species has not been previously reported from the Las Vegas Formation. Arizona elegans is primarily
nocturnal, preferring open areas with loose soils that are suitable
for burrowing. However, the species can inhabit a wide variety of
habitats, including light shrubby to barren desert, sagebrush ﬂats,
grasslands, chaparral covered slopes, and/or woodlands (Stebbins,
2003). Arizona elegans is common in Nevada today (Stebbins,
2003), but fossils resembling this species have not previously
been described from the fossil record of southern Nevada.
Marmota ﬂaviventris: A fossilized left P3 of marmot (Marmota
ﬂaviventris), L3088-934, was also recovered from Bed E0
(23.04e18.16 ka; Springer et al., 2017). This is the ﬁrst record of
marmots from the Las Vegas Formation. Although relatively common in the western United States, M. ﬂaviventris has not been
frequently reported from the eastern Mojave Desert. The only other
Pleistocene record of M. ﬂaviventris from Clark County was that
identiﬁed from Mercury Ridge in the Spotted Range (Harris, 1985).
Additionally, a late Pleistocene record of M. ﬂaviventris has been
reported from Mormon Mountain Cave in southern Lincoln County,
approximately 125 km northeast of the Las Vegas Valley in the
southern Great Basin (Brattstrom, 1953). Present-day marmots do
not occur in southern Nevada; however, their presence in the region during the late Pleistocene is consistent with paleoenvironmental reconstructions for the region. In California, fossil
remains of Marmota ﬂaviventris are recorded from the eastern
Mojave Desert at Antelope Cave (Reynolds et al., 1991b), Kokoweef
Cave (Reynolds et al., 1991c), and possibly Mescal Cave (UCMP V38064; Harris, 1985) and Mitchell Cavern (LACM 3497; Jefferson,
1991).
Reithrodontomys sp.: two small, grooved upper incisors (L3160424 and 425) were recovered from Bed D3 and are associated with
a date of 24.45 ± 0.39 ka at locality SBCM 2.6.409 (Ramelli et al.,
2011; Springer et al., 2015). Both specimens exhibit a generally
rounded cross-section and possess a groove that evenly divides the

tooth, characteristic indicators for this genus. These specimens
represent the ﬁrst conﬁrmed occurrence of Reithrodontomys from
the Las Vegas Formation. Living harvest mice are usually associated
with stands of short grass; their preferred altitudinal range is from
below sea level in places to above the tree line on some Central
American mountains (Nowak, 1991). Fossil remains of Reithrodontomys are not common from the Pleistocene of the American Southwest. In Nevada, the genus has been reported from
Bonneville Estates Rockshelter in the northern Bonneville Basin
(Schmitt and Lupo, 2012), and in California Reithrodontomys is
present at Dove Spring Wash (Whistler, 1990), Anza-Borrego
(Remeika et al., 1995), Costeau Pit, Emery Borrow Pit and Newport Bay Mesa (Miller, 1971), Kokoweef Cave (Reynolds et al.,
1991c), Daggett (Reynolds and Reynolds, 1985), and Rancho La
Brea (Stock and Harris, 1992). A possible record (?Reithrodontomys)
is also recorded from McKittrick (Harris, 1985).
cf. Onychomys sp.: A left lower molar (L3088-625, left m/1)
resembling the grasshopper mouse genus Onychomys was identiﬁed in the TSLF. The tooth exhibits high molar cusps and deep
troughs closely similar to Onychomys but distinct from the lower
cusps seen in other, like-sized mice such as Peromyscus; however,
because the specimen is an isolated tooth, a more conservative “cf.”
designation is preferred here. Fossils suggestive of afﬁnity with
Onychomys are not previously known from the Las Vegas Formation. The nearest recorded Pleistocene localities that have yielded
fossil remains of Onychomys are Glendale and Pintwater Cave
(Harris, 1985; Hockett, 2000); Harris (1985) and Jefferson (1991)
did not list any additional records of the taxon from the Pleistocene of the Mojave Desert. Present-day grasshopper mice generally
occur in shortgrass prairies and desert scrub (Nowak, 1991). The
common grasshopper mouse of the southwestern United States,
Onychomys torridus, prefers relatively xeric areas at low elevations
(Nowak, 1991). This species is present today in Clark County and
southern Nevada, while a related species, O. leucogaster, inhabits
the northern half of the state (Mantooth and Riddle, 2005).
Neotoma sp. cf. N. lepida: Fossils resembling the wood rat species
Neotoma lepida (L3088-1037, left M1; L3088-1023, right M1;
L3088-1020, left M3; L3088-1021 and 1024, right M3s) are also
represented in the TSLF from multiple localities. The reduced
anterior lingual reentrant angle of the M1s and the morphology of
the posterolabial fold on the M3s all suggest afﬁnity with N. lepida
rather than other species of Neotoma. Neotoma lepida is common in
fossil vertebrate faunas from the southwestern U.S. Other late
Pleistocene localities from Clark County include Glendale, Mercury
Ridge, Pintwater Cave, and the Sheep Range (Harris, 1985; Hockett,
2000). Desert wood rats are desert dwellers that prefer regions
with relatively abundant vegetation; they do not thrive in open,
arid regions with little or no brush cover (Hoffmeister, 1986).
Lynx rufus: A partial right humerus lacking the proximal end
(L3160-146) from locality SBCM 2.6.369 represents the ﬁrst Pleistocene record of bobcat from the upper Las Vegas Wash. This
specimen was recovered from Bed E0 and is associated with a date
of 21.04 ± 0.52 ka (Springer et al., 2015). Bobcat fossils are actually
relatively common in North America, ﬁrst appearing in latest
Pliocene deposits and continuing throughout the Pleistocene and
n and Anderson, 1980). Present-day bobcats
into recent times (Kurte
are remarkably eurytopic carnivorans, inhabiting most kinds of
environments from dense forest to desert, although they generally
prefer broken country with cliffs and rock outcrops interspersed
with open grasslands, woods, or deserts (Hoffmeister, 1986). Other
Pleistocene records of Lynx rufus from the Mojave Desert include
Kokoweef Cave (Reynolds and others, 1991c) and Mitchell Caverns
(Jefferson, 1991); a Pleistocene record of Lynx sp. is also known from
Schuiling Cave (Harris, 1985).
Hemiauchenia sp.: The TSLF differs markedly from other fossil
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assemblages in the Mojave in that despite its size it offers little
evidence of the extinct North American llama, Hemiauchenia macrocephala. This taxon is common from other, smaller late Pleistocene localities in the central and eastern Mojave Desert including
Lake Manix (Jefferson, 1987, 1991), Bitter Springs Playa at Fort Irwin
(Reynolds and Reynolds, 1994; Scott, 2000), and Lake Tecopa
(Woodburne and Whistler, 1991; Reynolds, 1991). We therefore
consider the infrequency of Hemiauchenia macrocephala from the
Las Vegas Formation to be unusual. Clearly the Pleistocene environment of the upper Las Vegas Wash offered a different suite of
options for niche partitioning than those provided at other localities in the Mojave Desert region at that time. Hemiauchenia has
been interpreted to have been an intermediate feeder with a
preference for browse, based upon isotopic data (Feranec, 2003),
and so the Las Vegas region would appear to have been eminently
suitable. Whether plants, topographic features, or other environmental conditions preferred by Hemiauchenia were more common
outside the Las Vegas region remains to be explored.
A few specimens in the collections of the LACM and the SBCM
are suggestive of the presence of a camel genus smaller than
Camelops; these remains include a right P3 and an incisor in the
collections of the LACM (unnumbered), as well as a distal femur
(L3088-875) and a left M2 (SBCM L3088-1003). Unfortunately,
none of these remains are sufﬁciently complete or diagnostic to
warrant speciﬁc or even generic assignment.
Locality SBCM 2.6.617 yielded a proximal right radio-ulna (SBCM
L3160-1159) of a small adult camelid. Although incomplete and
lacking reliable points of measurement, the specimen is sufﬁciently
small that estimated dimensions fall well within the published size
range of Hemiauchenia (e.g., Meachen, 2005). Visual comparison
with like elements of Camelops hesternus from Rancho La Brea
conﬁrms that this specimen is too small to be assigned to that
species. Given the small size and apparent adult age of the fossil, it
is here assigned to the genus Hemiauchenia. The incomplete nature
of the fossil precludes assignment to species. This is the ﬁrst record
of Hemiauchenia from the Las Vegas Formation.
Bovidae (indeterminate): An unfused distal epiphysis of a bovid
metapodial (L3088-876) was recovered from spring outﬂow stream
deposits of Member E, Bed E0. The fossil is substantially larger than
either deer (Odocoileus) or sheep (Ovis), and exhibits morphology
more closely resembling the latter genus. L3088-876 also compares
favorably in size and shape to metapodials in the SBCM collections
that have been informally interpreted to resemble the extinct shrub
ox genus Euceratherium. Unfortunately, L3088-876 is not sufﬁciently complete or diagnostic to conﬁrm a generic assignment, and
so this fossil is herein identiﬁed as a bovid, although its resemblance to Euceratherium is noted.
The identiﬁcation of L3088-876 raises the question of whether
or not Euceratherium might have been present in the Las Vegas
Valley during the latest Pleistocene. The Las Vegas Valley is within
the geographic range of Euceratherium, and the habitat preferred by
members of the genusdlower hills rather than high mountains
n and Anderson, 1980)dwould have been readily available in
(Kurte
the Las Vegas region. Continued recovery of vertebrate fossils from
the Las Vegas Formation may help conﬁrm whether or not Euceratherium, or a like-sized bovid, was present in the region during the
latest Pleistocene.
5. Conclusions
The Tule Springs local fauna (TSLF) as it is presently understood
is recognized as the largest and most diverse open-site assemblage
from the Mojave Desert and southern Great Basin region. Multiple
new discoveries presented here signiﬁcantly augment the Pleistocene vertebrate faunal assemblage from the upper Las Vegas Wash.
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The large mammal component of the TSLF is dominated by remains
of Mammuthus columbi, which appear more common here than at
some other late Pleistocene localities in the Mojave Desert. Remains
of Camelops hesternus are also abundant; less common are remains
of Equus and Bison. The llama Hemiauchenia is poorly represented.
Large carnivorans including Canis dirus, Smilodon fatalis, and Panthera atrox were also part of the assemblage. Microvertebrate remains have also been recovered from the deposits.
The fossils of the TSLF are entombed in groundwater discharge
deposits of the Las Vegas Formation, which preserve lithologic,
sedimentological, and fossil evidence of hydrologic changes that
occurred in response to signiﬁcant climatic shifts during the late
Pleistocene. Future studies of the TSLF will address how animal
populations responded in kind to the changing hydrologic conditions, which will have implications for living fauna that depend on
springs and desert wetlands for water in the harsh desert landscapes of the southwestern U.S.
Acknowledgements
The authors appreciate the opportunity to participate in this
volume honoring the late Larry Agenbroad, and thank Jim Mead
and Chris Jass for their thoughtful invitation to contribute. Larry's
understanding of, and deep appreciation for, Pleistocene mammoths and other megafauna led him to graciously offer his expertise and guidance to his colleagues, as well as to the public at large,
whenever asked. Students of mammoth evolution, and of the
Pleistocene paleontological record of North America, will remain in
his debt.
The authors gratefully acknowledge and thank Gayle MarrsSmith, Field Manager of the Southern Nevada District Ofﬁce, Bureau of Land Management (BLM), Susanne Rowe, BLM Archaeologist, and Scott Foss, BLM Senior Paleontologist, for assistance and
support of this work with funding through Federal Assistance
Agreement L08AC13098 (to KBS). We thank the SBCM ﬁeld and
laboratory teamdBacilio Aguayo, Jim Bowden, Barbara Fischer,
Todd Hoggan, Quintin Lake, Craig Manker, Greg Maxwell, Mike
Rathbun, Conrad Salinas, Mike Stokes, and Mark Swiftdfor their
dedicated efforts over many years. We are especially indebted to
the late Judy Ann Lowman, SBCM intern, whose dedication,
enthusiasm, and professionalism were integral to the completion of
this study. We also thank the many site stewards of the upper Las
Vegas Wash who, as BLM volunteers under supervision of SBCM
paleontologists, generously gave their time to prospect for and help
excavate some of the fossils discussed herein.
We thank Paul Collins of the SBMNH, Shelley Cox and Aisling
Farrell of the La Brea Tar Pits and Museum (formerly the George C.
Page Museum), Judith Galkin of the AMNH, Ian Gilbert of the SBCM,
Patricia Holroyd of the UCMP, and Vanessa Rhue and Sam McLeod
of the LACM for access to the collections under their care. Alan
McDonald of the Canadian Museum of Nature helpfully provided
metric data for specimen NMC 8775, and is thanked for his time
and effort. Chris Jass, Jeff Pigati, and Janet Slate are thanked for
constructive reviews of this manuscript; Chris, Jim Mead, and
Florent Rivals patiently shepherded the manuscript through submission, and are thanked for their diligence. This project was also
funded in part by the U.S. Geological Survey's Climate and Land Use
Change Research and Development Program through the Paleohydrology of Desert Wetlands project. Any use of trade, product, or
ﬁrm names is for descriptive purposes only and does not imply
endorsement by the U.S. Government.
References
Agenbroad, L.D., 1984. New World mammoth distribution. In: Martin, P.S.,

Please cite this article in press as: Scott, E., et al., The Tule Springs local fauna: Rancholabrean vertebrates from the Las Vegas Formation, Nevada,
Quaternary International (2017), http://dx.doi.org/10.1016/j.quaint.2017.06.001

16

E. Scott et al. / Quaternary International xxx (2017) 1e17

Klein, R.G. (Eds.), Quaternary Extinctions: a Prehistoric Revolution. University of
Arizona Press, Tucson, AZ, pp. 90e108.
Bell, J.W., Ramelli, A.R., Caskey, S.J., 1998. Geologic Map of the Tule Springs Quadrangle, Nevada, 1:24,000. Nevada Bureau of Mines and Geology Map 113.
Bell, J.W., Ramelli, A.R., dePolo, C.M., Maldonado, F., Schmidt, D.L., 1999. Geologic
Map of the Corn Creek Springs Quadrangle, Nevada, 1:24,000. Nevada Bureau of
Mines and Geology Map 121.
Brattstrom, B.H., 1953. Amphibians and reptiles from Gypsum Cave, Nevada. Bull.
South. Calif. Acad. Sci. 53 (1), 8e12.
Broecker, W.S., McGee, D., Adams, K.D., Cheng, H., Edwards, R.L., Oviatt, C.G.,
Quade, J., 2009. A Great Basin-wide dry episode during the ﬁrst half of the
Mystery Interval? Quat. Sci. Rev. 28 (25/26), 2557e2563.
Dalquest, W.W., 1979. The little horses (genus Equus) from the Pleistocene of North
America. Am. Midl. Nat. 101 (1), 241e244.
Dalquest, W.W., Schultz, G.E., 1992. Ice Age Animals of Northwestern Texas. Wichita
Falls. Midwestern State University Press, Wichita Falls, TX, p. 309.
de Narvaez, C., 1995. Paleohydrology and Paleotopography of a Las Vegas Spring.
M.S. Thesis. Northern Arizona University, Flagstaff, AZ, p. 89.
Donovan, D.J., 1996. Hydrostratigraphy and Allostratigraphy of the Cenozoic Alluvium in the Northwestern Part of Las Vegas Valley, Clark County, Nevada. M.S.
Thesis. Department of Geoscience, University of Nevada, Las Vegas, NV, p. 199.
Eisenmann, V., Alberdi, M.T., deGiuli, C., Staesche, U., 1988. Methodology. In:
Woodburne, M., Sondaar, P. (Eds.), Studying Fossil Horses, vol. I. E. J. Brill, Leiden, Holland, pp. 1e71.
Feranec, R.S., 2003. Stable isotopes, hypsodonty, and the paleodiet of Hemiauchenia
(Mammalia: Camelidae): a morphological specialization creating ecological
generalization. Paleobiology 29 (2), 230e242.
Fleck, R.J., 1970. Age and possible origin of the Las Vegas Valley shear zone, Clark
and Nye Counties, Nevada. Geol. Soc. Am. Abstr. Programs 2, 333.
Graham, R.W., 1986. Taxonomy of North American mammoths. In: Frison, G.C.,
Todd, L.C. (Eds.), The Colby Mammoth Site: Taphonomy and Archaeology of a
Clovis Kill in Northern Wyoming. University of New Mexico Press, Albuquerque,
NM, pp. 165e169.
Guthrie, R.D., 1970. Bison evolution and zoogeography in North America during the
Pleistocene. Q. Rev. Biol. 45, 1e15.
Guthrie, R.D., 1990. Frozen Fauna of the Mammoth Steppe: the Story of Blue Babe.
University of Chicago Press, Chicago, IL and London, England, p. 323.
Harrington, M.R., 1933. Gypsum Cave, Nevada. Southwest Museum Papers 8,
pp. 1e197.
Harrington, M.R., 1934. A camel-hunter’s camp in Nevada. Masterkey 8, 22e24.
Harrington, M.R., 1955. A new Tule Springs expedition. Masterkey 29, 112e114.
Harrington, M.R., Simpson, R.D., 1961. Tule Springs, Nevada with other evidences of
Pleistocene man in North America. Southwest Museum Papers 18, pp. 1e146.
Harris, A.H., 1985. Late Pleistocene Vertebrate Paleoecology of the West. University
of Texas Press, Austin, TX, p. 293.
Haynes Jr., C.V., 1967. Quaternary geology of the Tule Springs area, Clark County,
Nevada. In: Wormington, H.M., Ellis, D. (Eds.), Pleistocene Studies in Southern
Nevada, pp. 15e104. Nevada State Museum Anthropological Papers 13.
Hibbard, C.W., 1955. Pleistocene Vertebrates from the Upper Becerra (Becerra Superior) Formation, Valley of Tequixquiac, Mexico, with Notes on Other Pleistocene Forms. Contributions of the Museum of Paleontology, University of
Michigan 12, pp. 47e96.
Hibbard, C.W., Taylor, D.W., 1960. Two late Pleistocene faunas from southwestern
Kansas. In: Contributions from the Museum of Paleontology, vol. 16(1). The
University of Michigan, pp. 1e223.
Hockett, B., 2000. Paleobiogeographic changes at the Pleistocene-Holocene
boundary near Pintwater Cave, southern Nevada. Quat. Res. 53 (2), 263e269.
Hoffmeister, D.R., 1986. Mammals of Arizona. University of Arizona Press, Tucson,
AZ.
Hubbs, C.L., Miller, R.R., 1948. The zoological evidence: correlation between ﬁsh
distribution and hydrographic history of the desert basins of the western
United States. Bull. Univ. Utah. 38 (20), 18e144.
Jefferson, G.T., 1987. The Camp Cady local fauna, paleoenvironment of the Lake
Manix basin. San. Bernardino Cty. Mus. Assoc. Q. 34 (3&4), 1e35.
Jefferson, G.T., 1991. A Catalogue of Late Quaternary Vertebrates from California:
Part Two, Mammals. Natural History Museum of Los Angeles County Technical
Reports 7, pp. 1e129.
Jefferson, G.T., 2003. Stratigraphy and paleontology of the middle to late Pleistocene
Manix Formation, and paleoenvironments of the central Mojave River, southern
California. In: Enzel, Y., Wells, S.G., Lancaster, N. (Eds.), Paleoenvironments and
Paleohydrology of the Mojave and Southern Great Basin Deserts, pp. 43e60.
Geological Society of America Special Paper 368.
n, B., Anderson, E., 1980. Pleistocene Mammals of North America. Columbia
Kurte
University Press, New York, NY, p. 442.
Langenheim, V.E., Grow, J., Miller, J.J., Davidson, J.D., Robison, E., 1998. Thickness of
Cenozoic Deposits and Location and Geometry of the Las Vegas Valley Shear
Zone, Nevada, Based on Gravity, Seismic Reﬂection, and Aeromagnetic Data. U.S.
Geological Survey Open-File Report 98-576, pp. 1e32.
Langenheim, V.E., Jachens, R.C., Schmidt, K.M., 1997. Preliminary Location and Geometry of the Las Vegas Valley Shear Zone Based on Gravity and Aeromagnetic
Data. U.S. Geological Survey Open-File Report 97-441, pp. 1e25.
Longwell, C.R., 1946. How old is the Colorado River? Am. J. Sci. 244 (12), 817e835.
Longwell, C.R., Pampeyan, E.H., Bower, B., Roberts, R.J., 1965. Geology and mineral
deposits of Clark County, Nevada. Nev. Bureau Mines Geol. Bull. 62, 218.
Lundelius Jr., E.L., Stevens, M.S., 1970. Equus francisci, a small stilt-legged horse,

middle Pleistocene of Texas. J. Paleontol. 44, 148e153.
Maglio, V.J., 1973. Origin and evolution of the Elephantidae. Trans. Am. Philos. Soc.
63 (Part 3).
Mantooth, S.J., Riddle, B.R., 2005. Annotated Checklist of the Recent Mammals of
Nevada. Occasional Papers, Museum of Texas Tech University 245, pp. 1e20.
Marshall, F., Pilgram, T., 1993. NISP vs. MNI in Quantiﬁcation of body-part representation. Am. Antiq. 58 (2), 261e269.
Matti, J.C., Castor, S.B., Bell, J.W., Rowland, S.M., 1993. Geologic map of the Las Vegas
NE quadrangle. Nevada Bureau of Mines and Geology Map. 1:24,000 scale.
Mawby, J.E., 1967. Fossil vertebrates of the Tule Springs site, Nevada. In:
Wormington, H.M., Ellis, D. (Eds.), Pleistocene Studies in Southern Nevada,
pp. 105e128. Nevada State Museum Anthropological Papers 13.
Maxey, G.B., Jameson, G.H., 1948. Geology and water resources of Las Vegas, Pahrump, and Indian Springs Valleys, Clark and Nye Counties. Nev. State Eng. Off.
Water Resour. Bull. 5, 128.
McDonald, H.G., 1996. Biogeography and paleoecology of ground sloths in California, Arizona and Nevada. In: Reynolds, R.E., Reynolds, J. (Eds.), Punctuated Chaos
in the Northeastern Mojave Desert, vol. 43 (1,2). San Bernardino County
Museum Association Quarterly, pp. 61e66.
McDonald, J.N., 1981. North American Bison, Their Classiﬁcation and Evolution.
University of California Press, Berkeley, CA, p. 316.
Meachen, J.A., 2005. A new species of Hemiauchenia (Artiodactyla, Camelidae) from
the late Blancan of Florida. Bull. Fla. Mus. Nat. Hist. 4, 435e448.
Mead, J.I., Bell, C.J., 2001. Pliocene amphibians and reptiles from Clark County,
Nevada. Bull. South. Calif. Acad. Sci. 100 (1), 1e11.
Miller, W.E., 1971. Pleistocene vertebrates of the Los Angeles Basin and vicinity
(exclusive of Rancho La Brea). In: Bulletin of the Los Angeles County Museum of
Natural History, Science Series 10, pp. 1e124.
Nowak, R.M., 1991. Walker's Mammals of the World, ﬁfth ed. Johns Hopkins University Press, Baltimore, MD, p. 1629.
€nni, C., 2008.
Orlando, L., Male, D., Alberdi, M.T., Prado, J.L., Prieto, A., Cooper, A., Ha
Ancient DNA clariﬁes the evolutionary history of American late Pleistocene
equids. J. Mol. Evol. 66, 533e538.
Page, W.R., Lundstrom, S.C., Harris, A.G., Langenheim, V.E., Workman, J.B.,
Mahan, S.A., Paces, J.B., Dixon, G.L., Rowley, P.D., Burchﬁel, B.C., Bell, J.W.,
Smith, E.I., 2005. Geologic and Geophysical Maps of the Las Vegas 30’ x 60’
Quadrangle, Clark and Nye Counties, Nevada, and Inyo County, California. U.S.
Geological Survey Scientiﬁc Investigations Map 2814, 1:100,000 scale.
Pigati, J.S., Rech, J.A., Quade, J., Bright, J., 2014. Desert wetlands in the geologic record. Earth Sci. Rev. 132, 67e81.
Quade, J., 1983. Quaternary Geology of the Corn Creek Springs Area, Clark County,
Nevada. M.S. Thesis. University of Arizona, Tucson, AZ, p. 135.
Quade, J., 1986. Late Quaternary environmental changes in the upper Las Vegas
Valley, Nevada. Quat. Res. 26, 340e357.
Quade, J., Forester, R.M., Pratt, W.L., Carter, C., 1998. Black mats, spring-fed streams,
and late-glacial age recharge in the southern Great Basin. Quat. Res. 49 (2),
129e148.
Quade, J., Forester, R.M., Whelan, J.F., 2003. Late Quaternary paleohydrologic and
paleotemperature change in southern Nevada. In: Enzel, Y., Wells, S.G.,
Lancaster, N. (Eds.), Paleoenvironments and Paleohydrology of the Mojave and
Southern Great Basin Deserts, pp. 165e188. Geological Society of America
Special Paper 368.
Quade, J., Mifﬂin, M.D., Pratt, W.L., McCoy, W., Burckle, L., 1995. Fossil spring deposits in the southern Great Basin and their implications for changes in watertable levels near Yucca Mountain, Nevada, during Quaternary time. Geol. Soc.
Am. Bull. 107 (2), 213e230.
Quade, J., Pratt, W.L., 1989. Late Wisconsin groundwater discharge environments of
the southwestern Indian Springs Valley, southern Nevada. Quat. Res. 31,
351e370.
Ramelli, A.R., Page, W.R., Manker, C.R., Springer, K.B., 2011. Geologic Map of the Gass
Peak SW Quadrangle, Clark County, Nevada. Nevada Bureau of Mines and Geology Map 175, 1:24,000 scale.
Ramelli, A.R., Page, W.R., Manker, C.R., Springer, K.B., 2012. Preliminary Geologic
Map of the Corn Creek Springs NW Quadrangle, Clark County, Nevada. Nevada
Bureau of Mines and Geology Open-File Report 2012-07, 1:24,000 scale.
Reimer, P.J., Bard, E., Bayliss, A., Beck, J.W., Blackwell, P.G., Bronk Ramsey, C.,
Grootes, P.M., Guilderson, T.P., Haﬂidason, H., Hajdas, I., Hatte, C., Heaton, T.J.,
Hoffmann, D.L., Hogg, A.G., Hughen, K.A., Kaiser, K.F., Kromer, B., Manning, S.W.,
Niu, M., Reimer, R.W., Richards, D.A., Scott, E.M., Southon, J.R., Staff, R.A.,
Turney, C.S.M., van der Plicht, J., 2013. IntCal13 and Marine13 radiocarbon age
calibration curves 0e50,000 years cal BP. Radiocarbon 55, 1869e1887.
Remeika, P., Jefferson, G.T., Murray, L.K., 1995. Fossil vertebrate faunal list for the
Vallecito Creek and Borrego-San Felipe basins, Anza-Borrego Desert State Park
and vicinity, California. In: Remeika, P., Sturz, A. (Eds.), Paleontology and Geology of the Western Salton Trough Detachment, Anza-Borrego Desert State
Park, California, pp. 82e93.
Reynolds, R.E., 1991. The Shoshone Zoo, a Rancholabrean assemblage from Tecopa.
In: Reynolds, J. (Ed.), Crossing the Borders: Quaternary Studies in Eastern California and Southwestern Nevada. San Bernardino County Museum Association
Special Publication, Redlands, pp. 158e162.
Reynolds, R.E., Reynolds, R.L., 1994. Depositional history of the Bitter Springs Playa
paleontologic site, Tiefort basin, Fort Irwin National Training Center. In:
Reynolds, J. (Ed.), Off Limits in the Mojave Desert. San Bernardino County
Museum Association Special Publication, Redlands, pp. 56e60.
Reynolds, R.E., Reynolds, R.L., 1985. Late Pleistocene faunas from Daggett and

Please cite this article in press as: Scott, E., et al., The Tule Springs local fauna: Rancholabrean vertebrates from the Las Vegas Formation, Nevada,
Quaternary International (2017), http://dx.doi.org/10.1016/j.quaint.2017.06.001

E. Scott et al. / Quaternary International xxx (2017) 1e17
Yermo, San Bernardino County, California. In: Reynolds, J. (Ed.), Cajon Pass to
Manix Lake: Geological Investigations along Interstate 15San Bernardino
County Museum, Redlands, CA, pp. 175e191.
Reynolds, R.E., Mead, J.I., Reynolds, R.L., 1991a. A Rancholabrean fauna from the Las
Vegas Formation, North Las Vegas, Nevada. In: Reynolds, J. (Ed.), Crossing the
Borders: Quaternary Studies in Eastern California and Southwestern Nevada.
San Bernardino County Museum Association Special Publication, Redlands, CA,
pp. 140e146.
Reynolds, R.E., Reynolds, R.L., Bell, C.J., Pitzer, B., 1991b. Vertebrate remains from
Antelope Cave, Mescal Range, San Bernardino County, California. In: Reynolds, J.
(Ed.), Crossing the Borders: Quaternary Studies in Eastern California and
Southwestern Nevada. San Bernardino County Museum Association Special
Publication, Redlands, CA, pp. 107e109.
Reynolds, R.E., Reynolds, R.L., Bell, C.J., Czaplewski, N.J., Goodwin, H.T., Mead, J.I.,
Roth, B., 1991c. The Kokoweef Cave faunal assemblage. In: Reynolds, J. (Ed.),
Crossing the Borders: Quaternary Studies in Eastern California and Southwestern Nevada. San Bernardino County Museum Association Special Publication, Redlands, CA, pp. 97e103.
Rowland, S., 2010. Age proﬁle of columbian mammoths from the Tule Springs fossils
beds, upper Las Vegas Wash, Nevada. J. Vertebr. Paleontol. Program Abstr. 2010,
154A.
Rowland, S.M., Bonde, J.W., 2015. Paleontology and paleoclimatology of Tule Springs
Fossil Beds National Monument and adjacent Nevada State Parks land. In:
Reynolds, J. (Ed.), Mojave Miocene. California State University Desert Studies
Center, Fullerton, CA, pp. 301e309.
Savage, D.E., 1951. Late Cenozoic Vertebrates of the San Francisco Bay Region.
University of California Bulletin of the Department of Geological Sciences 28,
pp. 215e314.
Schmitt, D.N., Lupo, K.D., 2012. The Bonneville Estates Rockshelter rodent fauna and
changes in Late PleistoceneeMiddle Holocene climates and biogeography in the
Northern Bonneville Basin, USA. Quat. Res. 78, 95e102.
Scott, E., 1997. A review of Equus conversidens in southern California, with a report
on a second, previously-unrecognized species of Pleistocene small horse from
the Mojave Desert. J. Vertebr. Paleontol. 17 (3), 75eA.
Scott, E., 2000. Fossil horses at Fort Irwin: the paleontology of Bitter Springs Playa.
Fort Irwin Directorate of Public Works, Environmental Division. Nat. Cult.
Resour. Ser. 2, 1e15.
Scott, E., 2004. Pliocene and Pleistocene horses from Porcupine Cave. In:
Barnosky, A.D. (Ed.), Biodiversity Response to Environmental Change in the
Middle Pleistocene: the Porcupine Cave Fauna from Colorado. University of
California Press, Berkeley, CA, pp. 264e297.
Scott, E., 2010. Extinctions, scenarios, and assumptions: changes in latest Pleistocene large herbivore abundance and distribution in western North America. In:
Scott, E., McDonald, G. (Eds.), Faunal Dynamics and Extinction in the Quaternary: Papers Honoring Ernest L. Lundelius, Jr, Quaternary International, vol. 217,
pp. 225e239.
Scott, E., 2016. What's in a name? Resolving the taxonomy of Pleistocene large
Equus from the northern Great Basin of Nevada and Oregon. J. Vertebr. Paleontol. Program Abstr. 2016, 221.
Scott, E., Cox, S.M., 2008. Late Pleistocene distribution of Bison (Mammalia; Artiodactyla) in the Mojave desert of southern California and Nevada. In: Wang, X.,
Barnes, L.G. (Eds.), Geology and Vertebrate Paleontology of Western and
Southern North America: Contributions in Honor of David P. Whistler. Natural
History Museum of Los Angeles County, Los Angeles, CA, pp. 359e382.
Scott, E., Lutz, C.M., 2014. Gypsum Cave, Nevada: a treasure trove of fossils of late
Pleistocene Equus from the Mojave desert. Dakoterra 6, 67e68.
Scott, E., Springer, K.B., 2016. First records of Canis dirus and Smilodon fatalis from
the late Pleistocene Tule Springs Local Fauna, southern Nevada. PeerJ 4, e2151.
http://dx.doi.org/10.7717/peerj.2151.
Simpson, G.G., 1933. A Nevada fauna of Pleistocene type and its probable association with man. Am. Mus. Nat. Hist. Novit. 667, 1e10.
Skinner, M.F., Kaisen, O.C., 1947. The fossil Bison of Alaska and preliminary revision
of the genus. Bull. Am. Mus. Nat. Hist. 89, 123e256.
Snyder, C.T., Hardman, G., Zdenek, F.F., 1964. Pleistocene Lakes of the Great Basin:
U.S. Geological Survey Miscellaneous Geologic Investigation Map I-146, scale 1:

17

1,000,000.
Springer, A.E., Stevens, L.E., 2008. Spheres of discharge of springs. Hydrogeol. J. 17
(1), 83e93.
Springer, K., Sagebiel, J.C., Manker, C., Scott, E., 2006. Preserving the past: geologic
mapping and paleontologic investigation, Las Vegas Formation, North Las
Vegas. In: Lucas, S.G., Spielmann, J.A., Hester, P.M., Kenworthy, J.P., Santucci, V.L.
(Eds.), America's Antiquities: 100 Years of Managing Fossils on Federal Lands,
New Mexico Museum of Natural History and Science Bulletin, vol. 34,
pp. 38e39.
Springer, K., Scott, E., Sagebiel, J.C., Murray, L.K., 2010. Late Pleistocene large
mammal faunal dynamics from inland southern California: the Diamond Valley
Lake local fauna. In: Scott, E., McDonald, G. (Eds.), Faunal Dynamics and
Extinction in the Quaternary: Papers Honoring Ernest L. Lundelius, Jr, Quaternary International, vol. 217, pp. 256e265.
Springer, K., Scott, E., Manker, C.R., Rowland, S., 2011. Vertebrate paleontology of
Pleistocene lakes and groundwater discharge deposits of the Mojave Desert and
southern Great Basin. Nevada State Museum Paleontological Papers No. 1,
pp. 168e243.
Springer, K.B., Manker, C.R., Pigati, J.S., 2015. Dynamic response of desert wetlands
to abrupt climate change. Proc. Natl. Acad. Sci. U. S. A. 112, 14522e14526.
Springer, K.B., Pigati, J.S., Scott, E., 2017. Vertebrate paleontology, stratigraphy, and
paleohydrology of Tule Springs Fossil Beds National Monument, Nevada (USA).
In: Geology of the Intermountain West, vol. 4, pp. 55e98.
Spurr, J.E., 1903. Descriptive geology of Nevada south of the fortieth parallel and
adjacent portions of California. U.S. Geol. Surv. Bull. 208.
Stebbins, R.C., 2003. A Field Guide to Western Reptiles and Amphibians, third ed.
Houghton-Mifﬂin, Boston, p. 533.
Stock, C., Harris, J.M., 1992. Rancho La Brea: a Record of Pleistocene Life in California.
Natural History Museum of Los Angeles County. Science Series no. 37, seventh
ed., pp. 1e113
Stuiver, M., Reimer, P.J., 1993. Extended 14C database and revised CALIB radiocarbon
calibration program. Radiocarbon 35, 215e230.
Svensson, A., Andersen, K.K., Bigler, M., Clausen, H.B., Dahl-Jensen, D., Davies, S.M.,
€thlisberger, R.,
Johnsen, S.J., Muscheler, R., Parrenin, F., Rasmussen, S.O., Ro
Seierstad, I., Steffensen, J.P., Vinther, B.M., 2008. A 60,000 year Greenland
stratigraphic ice core chronology. Clim. Past 4, 47e57.
Taylor, D.W., 1960. Late Cenozoic Molluscan Faunas from the High Plains. U.S.
Geological Survey Professional Paper 337, p. 94.
Tedford, R.H., 1970. Principles and practices of mammalian geochronology in North
America. In: Proceedings of the North American Paleontological Convention,
Part F, pp. 666e703.
Von den Driesch, A., 1976. A Guide to the Measurement of Animal Bones from
Archaeological Sites. Peabody Museum Bulletins, Harvard University 1,
pp. 1e137.
Weinstock, J., Willerslev, E., Sher, A.V., Tong, W., Ho, S.Y.W., Rubenstein, D., Storer, J.,
Burns, J., Martin, L., Bravi, C., Prieto, A., Froese, D., Scott, E., Xulong, L., Cooper, A.,
2005. Evolution, systematics, and phylogeography of Pleistocene horses in the
New World: a molecular perspective. PLoS Biol. 3 (8), e241. http://dx.doi.org/
10.1371/journal.pbio.0030241.
Whistler, D.P., 1990. A late Pleistocene (Rancholabrean) fossil assemblage from the
northwestern Mojave Desert, California. San Bernardino Cty. Mus. Assoc. Q. 37
(2), 3e17.
Wilson, M., 1974. History of the bison in Wyoming, with particular reference to
early Holocene forms. In: Wilson, M. (Ed.), Applied Geology and Archaeology:
the Holocene History of Wyoming, Geological Survey of Wyoming, Report of
Investigations, vol. 10, pp. 91e99.
Winans, M.C., 1985. Revision of North American Fossil Species of the Genus Equus
(Mammalia: Perissodactyla: Equidae). PhD dissertation. University of Texas,
Austin, Texas, p. 264.
Woodburne, M.O., Whistler, D.P., 1991. The Tecopa lake beds. In: Reynolds, J. (Ed.),
Crossing the Borders: Quaternary Studies in Eastern California and Southwestern Nevada. San Bernardino County Museum Association Special Publication, Redlands, CA, pp. 155e157.
Wormington, H.M., Ellis, D., 1967. Pleistocene Studies in Southern Nevada. Nevada
State Museum of Anthropology Paper No. 13, Carson City, Nevada.

Please cite this article in press as: Scott, E., et al., The Tule Springs local fauna: Rancholabrean vertebrates from the Las Vegas Formation, Nevada,
Quaternary International (2017), http://dx.doi.org/10.1016/j.quaint.2017.06.001

