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ABSTRACT. We describe a unique new genus and species of camelid from the Late Pliocene sediments of
the Tecopa Lake Basin south of Death Valley, California. A herd of at least fifteen individual camelids
(young and old) were found embedded in standing position in gypsiferous mudstones of lacustrine origin.
The quarry from which this sample was recovered occupied an area 5 by 12 m. The entombing sediments
lay stratigraphically 3 m below a volcanic tuff that has been chemically correlated with the Huckleberry
Ridge Ash radiometrically dated at about 2.1 million years ago. Most individuals were represented by fully
articulated feet, fewer by epipodial elements, and very few by axial skeletal remains or cranial elements
and dentition. The new genus and species Capricamelus gettyi displays an unusual combination of primitive
and derived features. Among the former are its retention of large upper incisors and its permanently unfused
metapodials (absence of cannon bones). Among the latter, its molars are hypsodont, transversely com-
pressed, and increase greatly in length from the first to the third. The combination of features places this
new taxon in the subfamily Miolabinae. Its most distinctive set of characters, including short, mountain
goat-like limb proportions and powerful limb articulations, represent special adaptations for low-gear
locomotion, unknown in any other camelids. Evidently the antiquity of the lineage leading to C. gettyi

branched off from other miolabines at least 17 million years ago.

INTRODUCTION

The family Camelidae originated in North America
some 46 million years ago as part of the middle
Eocene radiation of selenodont artiodactyls. While
ruminants were the principle products of this ra-
diation in Eurasia, Camelidae was the dominant de-
scendant on this continent. The prominent role of
Camelidae during most of the Cenozoic in North
America is comparable in many respects with that
of Equidae. Both horses and camels greatly diver-
sified during the Miocene Epoch, each family reach-
ing its acme in the middle Miocene as it adapted to
increasingly seasonal climates and open habitats in
temperate North America. Near the end of the
Miocene, both families dispersed to other conti-
nents where they survived while all of their North
American sister taxa became extinct. As currently
recognized, there are 36 valid genera of Camelidae
(Honey et al., 1998) compared with 29 such genera
of Equidae (MacFadden, 1998).

In the most recent revision of the Camelidae,
Honey et al. (1998) recognized five subfamilies, of
which Camelinae, including modern llamas and
camels, is the most advanced. The most primitive
subfamily group, aside from several basal twigs rec-
ognized simply as “primitive camelids,” is the Sten-
omylinae (“gazelle camels™). Three other extinct
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subfamilies, all of which appear in the early Mio-
cene, are the Floridatragulinae, Protolabinae, and
Miolabinae.

In this contribution we place on record a new
genus and species of miolabine camelid. It repre-
sents a much later survival of that subfamily than
had previously been known. As we shall demon-
strate, this last miolabine had developed several ex-
treme adaptations, well beyond those known in
other members of the subfamily. Most notably the
distal part of the limbs had become extremely
short, and the overall body proportions closely con-
verged with those of true goats (ruminant subfam-
ily Caprinae) and other goatlike ruminants. In rec-
ognition of this remarkable specialization, we in-
troduce the informal term “goat camels” for this
new genus and other miolabines that approach its
condition. We believe that our description of this
new genus of miolabine camelid will shed new light
on the relationships of other members of its sub-
family. Furthermore, it will help illuminate the re-
lationships of the subfamily Miolabinae to other
subfamilies within the multiple radiations of Mio-
cene Camelidae (Honey et al., 1998). On the other
hand, we note that a proper revision of the Miol-
abinae and its sister subfamlies lies well beyond the
scope of this contribution.

In view of this overall history, it is quite aston-
ishing to discover a hitherto unknown genus and
species of camelid from the late Pliocene of the Te-
copa Lake Basin near Death Valley, California. As
demonstrated below, this new genus represents the
last known representative of the subfamily Miola-
binae. We conclude that this lineage branched off
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quite early in the Miocene from known relatives
and remained “hidden” in mountainous terrain of
Western North America for some 20 million years.

METHODS

All specimens of the new camelid were recovered from the
same locality with the use of jackhammers to remove the
compact clayey matrix. All specimens described herein are
catalogued in the Vertebrate Paleontology Collection of
the Natural History Museum of Los Angeles County. As
described in the section on taphonomy, the upright skel-
etons of a single herd were preserved differentially from
the feet upward. Terminology for camelid osteology fol-
lows standard vertebrate paleontological usage (e.g.,
Webb, 1965). Features of camelid myology and arthrology
referenced below are illustrated in Smuts and Bezuiden-
hout (1987).

Because of the mode of burial and preservation, cranial
and dental material is limited. Tables 1 to 11 provide mor-
phologically important measurements from the few avail-
able specimens. Most measurements cannot be duplicated
in multiple specimens. More detailed measurements that
provide additional information about proportions within
crania are provided in the text. The excellent preservation
and adequate sample size of the manus and pes provided
an especially valuable set of meristic data. All measure-
ments were taken with a Vernier caliper to the nearest 0.1
mm. The phalanges occurred uniformly as articulated sets,
often associated with the manus or pes. After several trial
samples, we determined that both in the manus and pes,
the proximal, median, and ungual phalanges of digit Il
were symmetrical in all dimensions with those of digit IV.
Having confirmed that the two sides of these paraxonic
feet were mirror images of one another, we arbitrarily se-
lected digit 1T for measurements of both manual and ped-
al phalanges. Standard statistical analyses of skeletal mea-
surements were carried out with the Excel software pro-
gram.

ABBREVIATIONS AND TERMINOLOGY

AMNH American Museum of Natural History, New
York, New York

F:AM  Frick collection of the American Museum of
Natural History, New York, New York

LACM  Natural History Museum of Los Angeles Coun-
ty, Los Angeles, California

ka Thousands of years before present

L Left

Ma Meganna, or millions of years before present

R Right

Individual teeth from the upper dentition are referred
to with a superscript number, for example M? is the sec-
ond upper molar; lower teeth are cited with subscript
numbers.

GEOGRAPHIC SETTING

Tecopa Valley is an intermontane basin situated in
the southwestern portion of the Basin and Range
Province of interior western North America (Fig.
1). The valley is approximately 24 km long and 17
km wide at its southern end. Average elevation of
the valley floor is between 400 and 500 m.

The valley is immediately surrounded by moun-
tains with average elevations of 1500 m, but nearby
mountain ranges reach elevations of 3650 m. The
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present-day course of the ephemeral Amargosa Riv-
er, with a source in the mountains of south-central
Nevada and a terminus in the Death Valley Basin,
traverses the Tecopa Valley. The late Pliocene and
Pleistocene deposits within the Tecopa Lake Basin
were downcut and dissected by the Amargosa River
during the late Pleistocene, producing approxi-
mately 300 km? of dissected badlands on the valley
floor.

GEOLOGIC SETTING

Prior to the late Pleistocene breach of the Tecopa
Lake Basin at about 186,000 years ago, the Tecopa
Valley served as the terminus of the Amargosa Riv-
er for more than 5 million years, producing Lake
Tecopa (Dohrenwend, 1985; Dohrenwend et al.,
1991; Morrison, 1999). Detailed studies over the
past decade have revealed a complex history of pla-
ya, freshwater lake, and hypersaline lake for Lake
Tecopa (Morrison, 1991; Larson et al., 1991; Mor-
rison, 1999; Larson, 2000).

The general stratigraphy of the deposits has been
established by Sheppard and Gude (1968) and Hill-
house (1987). More recent refinements are provid-
ed by Morrison (1991, 1999) and Larson (2000).
Deposits comprise a series of lacustrine and mar-
ginal fluviatile deposits that accumulated in what is
today called the Tecopa Lake Basin (Chesterman,
1973; Hillhouse, 1987). The lacustrine deposits are
composed of a variety of gypsiferous mudstones,
siltstones, and tufa (subaerial and freshwater lime-
stone), with basin marginal deposits of sandstone
and conglomerate. The lacustrine sequence also
contains a number of distinctive volcanic tuff layers
that have been extensively studied and correlated
to source areas of well-constrained ages (Shepard
and Gude, 1968; Sarna-Wojcicki et al., 1987).
These tuffs form distinctive marker beds that can
be used to correlate sections throughout the Tecopa
Lake Basin. In addition to the distinctive tuff beds,
most of the fine-grained sedimentary facies are tuff-
aceous. Maximum exposed thickness within the la-
custrine facies is about 100 m.

Hillhouse (1987) was the first to describe and
map the Quaternary geology within the Tecopa
Lake Basin in detail. Morrison (1991, 1999) has
provided more detail and named a sequence of al-
loformations (North American Stratigraphic Code,
Article 58) within the Lake Tecopa Allogroup.
Many of the alloformation boundaries are defined
on the basis of the distinctive tuff marker beds.

FOSSIL OCCURRENCES AND AGE

Fossil vertebrates are known from several strati-
graphic levels within the sediments deposited in the
Tecopa Lake Basin (James, 1985; Reynolds, 1991;
Woodburne and Whistler, 1991). Most of the fossils
from the lake beds have been recovered from a re-
stricted area in the southeastern portion of the ba-
sin. The larger mammals are dominated by a di-
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Figure 1 Index map illustrating location of Tecopa Lake Basin and Tecopa Lake Beds. Star is general location of fossil
occurrences

versity of camels (Camelops sp. Leidy, 1854), short- the Huckleberry Ridge Tuff (2.1 Ma) (Sarna-Wo-

and long-legged species referred to Hemiachenia jcicki et al., 1987) from near the base of the ex-
Gervais and Ameghino, 1880, and Capricamelus posed section in the upper part of the Spanish Trails
gettyi, the new genus and species described herein. Alloformation of Morrison (1999). Other promi-
There are also two kinds of equids (one burro- nent tuffs within the Lake Tecopa Allogroup in-

sized, one quarter horse-sized), an antilocaprid, a clude the Lava Creek B Tuff (665 ka) and the Bish-
mastodon, and Mammuthus sp. The only carnivore op Tuff (758 ka) (Sarna-Wojcicki et al., 1987; Mor-
in the fossil assemblage is a moderate-sized fox. rison, 1999). The top of the Spanish Trails Allofor-
The small vertebrates are represented by two  mation is defined by the Huckleberry Ridge Tuff;
shrews (Sorex sp. and Notiosorex sp.), a rabbit thus, the assemblage is slightly older than 2.1 Ma,

(Hypolagus cf. H. limnetus Gazin, 1934), a ground or late Blancan North American land mammal age.
squirrel (Spermophilus cf. S. bensoni (Gidley, Paleomagnetic studies in the Tecopa Lake Basin
1922)), two species of kangaroo rat (Dipodomys by Hillhouse (1987) and Valet et al. (1988) have
sp.), a white-footed mouse (Peromyscus sp.), a cot- recognized the Reunion geomagnetic subchron
ton rat (Sigmodon sp.), and a pack rat (Neotoma (2.15-2.14 Ma; Van Couvering, 1997) at the top
sp.}. Birds are represented by a flamingo (cf. Phoen- of the Spanish Trails Alloformation, providing in-
icopterus sp.). dependent confirmation of the tephrochronologic

The fossils recovered from the lake beds, includ- age determinations. Larson and Patterson (1993)

ing C. gettyi, were recovered a few meters below sampled for the 2.6 Ma Gauss-Matuyama chron
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Figure 2 Quarry map for locality LACM 7111. Numbers preceded by initials “DPW” are field numbers of individual
field jackets. Five- and six-digit numbers are LACM specimen numbers. Double-pointed arrows connect jackets that

contained associated skeletal elements of single individuals

boundary but did not find it in the exposed sedi-
ments.

TAPHONOMY

One concentration of smaller vertebrate fossils was
recovered from a restricted lens with the bones scat-
tered throughout the bed. Most of the other fossils
were recovered as isolated specimens scattered over
an approximately 4-km? area. Preservation of the
isolated larger bones was unusual in that the most
common material recovered is fully articulated feet
and lower legs found embedded in a standing po-
sition. Other body skeletal parts are rare. The fossil
quarry (locality LACM 7111) that yielded the new
camel, described herein, in particular demonstrates
this selective form of preservation (Fig. 2). Fully
articulated feet, and in some cases, parts of legs of
at least 15 individual camels (young and old) were
found embedded in standing position in the lake
muds in a restricted area of 5 by 12 m. Highly frac-
tured and weathered partial skeletons were found
connected to only two sets of the feet. One such
example is shown in Figure 3. Within 100 m of this
fossil quarry were found five other occurrences of
camel legs and feet preserved in standing position.
Because of this mode of preservation, this fossil
producing area was dubbed “Standing Camel Ba-
sin.”

This unusual mode of preservation has been in-
terpreted as being the result of animals becoming
mired in the muds along the shore of ancient Lake
Tecopa. Once trapped, the animals probably strug-
gled until they died of starvation. The legs mired in
the mud were subsequently preserved, while the
bodies and skulls became subject to disintegration
by weathering. One phenomenon present with the
Tecopa Lake Basin today may further explain these

unusual fossil occurrences. Thermal springs are pre-
sent along a lineation that crosses the basin. These
springs produce localized wet areas that tend to col-
lect fine sand and silt moved around by aeolian pro-
cesses. This fine material supports a localized area
of vegetation (mostly grasses), and the two combine
to form a somewhat firmer “caprock” over the
source of upwelling spring water. Below this cap-
rock is an area of water-saturated lake mud. This
caprock can support the weight of smaller animals,
but heavier ones (such as a human) break through
the cap and find themselves immediately embedded
deeply in saturated “quick mud.” If these springs
existed 2 million years ago, the vegetation would
have attracted animals who would unwittingly
have become trapped.

Standing Camel Basin is aptly named, both for
the animals’ stances and for the most abundant spe-
cies of the entrapped taxa. Evidently, the camels
were mired down instantly as they plunged feet first
into unctuous clay. The perfect articulation of every
bone and sesamoid is further evidence of this near
instantaneous burial. This suggests that the deep
clay mire was disguised by a thin surface of drier
material that deceived the camels. Two skeletons
also were on the bank together at one end of the
mud deposit.

The depth to which the camels plunged into the
mud is not entirely clear. A set of minimum depths
can be deduced from the degree of preservation of
vertically aligned articulated limbs. About a third
of the articulated specimens consist only of the
foot, from the carpus or tarsus through the meta-
podials to the ungual phalanges. Another third of
the limbs include at least part of the propodial el-
ements along with all more distal elements. The up-
per end of such specimens gives evidence of erosion
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Figure 3 Capricamelus gettyi, field jacket DPW 542 containing anterior portion of holotype skeleton, LACM 124002.
Jacket prepared from ventral side. Note articulation of L and R manus and fracturing of more proximal limb elements

and axial skeleton

and diagenetic breakage from postmortem desic-
cation and shrinkage of the volcanic-rich clay de-
posits, whereas the distal elements are virtually per-
fect and include all four sesamoid bones in their
correct positions (Figs. 12C, 16C).

SYSTEMATIC PALEONTOLOGY
Mammalia Linnaeus, 1758
Artiodactyla Owen, 1848

Neoselenodontia Webb and Taylor, 1980
Tylopoda Illiger, 1811
Family Camelidae Gray, 1821
Subfamily Miolabinae Hay, 1902
Capricamelus, gen. nov.

Capricamelus gettyi, sp. nov.
Figures 3-17, 19; Tables 1-11

HOLOTYPE. Nearly complete skeleton of an
adult individual, LACM 124002.

HYPODIGM. The paratype is a nearly complete
skeleton of an adolescent individual, LACM
123978. The rest of the collection, dominated by
distal sets of articulated limb elements of at least
15 individuals, is listed in Appendix 1.

ETYMOLOGY. Capri = goatlike; camelus =
camel. The genus name indicates that this camelid
has mountain goat limb proportions; gettyi =
named in recognition of Mr. Andrew R. Getty,

whose support and interest greatly facilitated this
study.

TYPE LOCALITY. Standing Camel Quarry,
LACM locality 7111, from late Blancan sediments
in Tecopa Lake Basin south of Death Valley, Cali-
fornia.

AGE AND DISTRIBUTION. Late Blancan (late
Pliocene) from the Spanish Trails Alloformation,
about 2.1 Ma as discussed in “Geologic Setting.”
Also two 1solated occurrences in Nevada, each
based on a single podial element, one from the late
Rancholabrean (late Pleistocene) of Smith Creek
Cave and the other from sediments of unknown age
on Mormon Mesa, Nevada. These occurrences are
further detailed at the end of the “Description” sec-
tion.

DIAGNOSIS. Capricamelus gettyi falls within
the subfamily Miolabinae and differs from all other
Camelidae in presenting a broad rostrum with an
enlarged pair of upper incisors and a mandible with
a vastly expanded posteroventral apron with no an-
gular hook and a low coronoid process. Caprica-
melus gettyi differs from all other Miolabinae in the
reduction of its teeth to the dental formula I2/3 C
0/0-1 P 1/1 M 3/3, and in the failure of its third
and fourth metacarpals, as well as its third and
fourth metatarsals to fuse into cannon bones. Ca-
pricamelus gettyi is further distinguished by the fol-
lowing characters: Lama-sized camelid with en-
larged facial region and very long premaxillary that
wedges far between nasal and maxillary bones;












































































































