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CHAPTER 1 

Mineral Hill Cave: An Introduction 

Btyan Hockett 

'I1 

'I 

Minenl Hill Cave h.s amilcted the attention 
of~ntplonn,surveyors,andscientistafor 
m ~ l r ~ 1 3 0 y c a r s .  Thisrcportfoeusesonthe 
paicontOlogical significance of the cave. A diverse 
suite of bones frmn extinct and extant mammals, 
birds, reptiles, and fish have been recovered from the 
clay sedimnts inside M i n d  Hill Cave since the 
mid-1970's. Thc bnk ofthe scientific excavations, 
however, wcn recently completed by the Eko Field 
office of the Bureau of Land Management beween 
1997-2000. 

In the mi&1980's, about the time I was 
beghhg E?adUate studies in anthropology, 1 d an 
Srticle published in 1980 in Puarenuay Research 
d t l e d  ''Cave Sites, Faunal Analysis, and Big Game 
H.Mtm, of the Great Basin: A Caution", by Kelly 
McCruirr. In that paper, which was actually 
completed in 1978, McGuirc argued that although he 
f o d  aplit and broken bones of extinct large 
ummmnls mixed withcharcoal ina cave known as 
MinenlHill Cave, all indications arggatedto him 
thttkbonesandcharcoalwmdepositednahvally 
h i d e  the cave rather tban by hutnan hunters. 

In historical perspective, h interpretahon 
was signifcant for a number of reasons. Among them 
wthe fact that MeGuirrwasdinctlychaUengiug 
wme of the mthodp used by archaeologists at the 
timC 0 interpret the role that "Paleoidm" hunters 
played in the deaths of now-extinct large mammals 
such as mammoth, camels, and horses. In the early 
to mid.1900'8, it WM comrn~dy argued that split 
large mammal long bones mt have been broken 
open by humanhuntem for theii f i~mar row,  and if 
chucd~~psmtalongsidethebones,thenthis 
WM proof positive that hnmm had killed, butchered, 
wow and COluNmtd the flesh of the animals. 

fnmd abundant split long bones from hrge, extinct 

Irtitlas. In the absence of 8oM of the stone tools 
that mauedly would have been lefi behind by humen 
hunters, McGuin argued instead that all of the bone 
and chsrcoal had been deposited naturally inside the 
cave, and wm subsequently tl~~ronghly mixed 
togctha by burrowing msrmots. This mterpretation 
brought an iarmediote rejoinder fromGruha and 

h Mineral Hill Cave, however, McGuirr 

l l lMUd& M ~ s S C h C O d , b U t k L e V d W  

Bryan (1981), who rebuked M c G W s  cor~~lusions 
and argued that Great Basin archacologiaS shwld not 
'mite-off Mined Hill Cave as a potential site mpt 
preserves evidence for the killing and butchsrhrg of 
extinct large mammals in the Great Bash  

Since these publications, M i n d  Hill Cave 
has been largely ignored by archaeologiata, but not by 
paleontologists. Whether Mineral Hill Cave 
preserved evidence that the earliest inhabitsnts of the 
Great Basin killed extinct megdauna was not vital to 
its importance as a paleontological site. The cave 
provided an important locale for the presence of now 
extinct Uama and horse, as well as an uctnlocal 
record ofpika in the ceotral Great Bash (e.g., 
Lundelius et al. 1982; Harris 1985; Grayon 1993). 

In fact, it was the presence of large-bcadcd 
llams in the central Great Basm that atinctcd my 
attention to the site in the mid-1980's more so than 
the debate about whether or not humans had killed 
these animals. My direct involvement with Mineral 
Hill Cave certainly mould not have ocnnrrd hsd I not 
taken a job with the Eko District of the Burcclu of 
LandManagementin 1991. In1995,Iactoutwitha 
Global Positioning System (GPS) unit to 6nd this 
cave that had fascinated mc for over a decade. Later 
that s a m ~  day, I picked out a limestone ridge located 
on the sreep face of a hill that was complctoly 
murounded by pinyon and juniper trees, and began 
waking along its base. Within 30 minute+ I 
stumbled upon a small opening that plunged steeply 
downward into what appeared to be total darknw. I 
had found Mineral Hill Cave. 

spacious, dark, and cold. Near the base of the 
opening, to my left, I discovered McGuiro's original 
Im x 2m unit that he had excavated in 1975. The 
comers of his unit were still marked with woodcn 
stakes aud large nails as ifthe original tuunof 
scientists had recently deppaea Next to thir unit was 
a large pit; based on the irregular nature of the pit and 
the pile of clay sediment lying next to it, I nnmised 
that this hole was probably excavated by lootas. I 
found out later, tallring to Kelly McGuin, that thia pit 
did not exist in 1975 when he excavated the Im x 2m 
unit. 

Two eireumstances occurred that day that 
led to a deeper involvemnt in the paleontological 

The iirst chamber of the cave was large, 
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investigation of Mineral Hill Cave. Mer entering the 
large looter's pit. I noticed several bones protruding 
from one of the side walls. Among them were a 
complete proximal phalanx of a large camel and a 
second phalanx of a horse. It was apparent that the 
cave continued to possess potentially significant 
fossils. Second, while crawling into the deeper 
chambers of the cave system later that same day, I 
found two horse phalanges lying on the surface. 
M c G h  (1980) had mapped Mineral Hill Cave as a 
single large chamber about 60 feet (18 meters) in 
length; yet the cave actually consisted of a series of 
five interconnected chambers that totaled over 200 
feet (90 meters) in length. The discovery of bones of 
extinct horses lylag on the surface some 150 feet into 
the cave system suggested that its paleontological 
resources may have remained largely unexplorcd. 

For the n m  four yew, I guided periodic 
excavations in Mineral Hill Cave. The excavation 
procedures are described in M e r  detail below. It 
will be sufficient here to merely mention that the 
excavations were slow, tedious, and back-breaking; 
yet the rewards were well worth the effon. Mineral 
Hill Cave contab one of the most diverse Late 
Pleistocene faunal assemblages excavated to date in 
the Great Basin. With 55 Accelerator Mass 
Spectrowtry (AMs) radiocarbon dates on bones, 
plus another eight AMs dates on charcoal and plant 
macrofossils, M i n d  Hill Cave becomes one of the 
best-dated Pleutocene-aged cave sites in N o d  
America. Mineral Hill Cave also contains signifcmt 
Holocene-aged fossils, primarily datmg to the 
relatively cool and wet Neoglacial Period of 2,000 - 
4,500 BP, but also of the relatively hot and dry period 
of 7,000 - 8,300 BP. 

This volume explores more deeply the 
history of exploration of Mineral Hill Cave; the 
excavations undertaken between 1997-2000 by the 
BLM; detailed descriptions of the fossils and their 
relationships to other fossil localities from Nevada 
and smunding regions; and finally the significance 
of the cave's paleontological treasures for 
understanding climatic and paleobiogeographic 
changes in the Great Basin over the past 50,000 - 
70,000 years. 

HMory of Exploration 

Mineral Hill Cave is located in the Sulphur Spring 
Range in the southem Pine Valley region of central 
Nevada (Figure 1). The cave rests at 6,800 feet 
(2,060m) in elevation within a dease stand of pinyon- 

juniper (Pinus monophyllaJuniperus arleospenna) 
trees (Figure 2). The historic mining town of Mineral 
Hill lies approximately one mile to the north, fiom 
which the cave derives its namesake. 

Figure 1. General location of Mineral Hill Caw 

Figure 2. The limestone ridge that h0us.s Mineral 
Hill Caw. The trees are single needle pinyon and 
Utah juniper. The understory is dominated by big 
sagebrush (Artemesia Uidentata). 

The Mineral Hill mining district was discovered 
in 1868 (Lincoln1982). The first descriptions of 



MiHiuCavecomhmapxospecton’m 
September, 1869, and hm a surveyor in Novnnber, 
1869. The September 8,1869 edition of the Eko 
Independent newspaper has the foUowing notation: 

From J. IC. Sutterky who returned 
ptcrdayhmfdiIWlHiU,We 
1cuntbatanimmnseLimstone 
caw was diseoverad in a liy)11DtBin 
two d e s  soutb of that place. Thc 
principle cave is about two hundred 
feet in length and about 
in width and Mght. The sides, 
floor and roof are titerally studded 
with stalactites formed ftom the 
dripping of water h m  overhead 
From the floor of the main cave 
there is a narrow passage way 
which leads down into a second 
cavenot so large as the first, but 
wbich is very shniler m it i n g e d  
appearaecc. The lower cave had 
not been fuUy explored at the time 
MI. Sulterley left and its furtber 
examination may reveal new 
subtmurarnwondersstillmre 
rcmulrsbetbanthoaeahwdy 
discovered 

fed 

A government surveyor’s notes, dated November. 
1869, contained the foUowiag passage: 

On the NE side of Cave Hill is 
the CIltranCe to quite an extensive 
cave. It consists of rbree chambers 
laying in a N. & S. dimction and 
sloping down at an angle of about 
3 degrees fromthe horizontal. These 
chambcn are connected by very 
m w  and low passageways. The 
first and main chamber is about 
100 feet long by 60 f a t  wide, with 
perpendiculsrwallsandsnarched 
roof2Ofeethigh. Fmmtheroof 
m w -  le 
mloctittr of cubonate of lim, 
which& theinflocllae of a 
smng ligbt produce a magnificently 
variegated and most intense reflection. 

Two pars latex, during the Wheeler Survey, 
George M. wheeler visited the cave and made the 
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following notation (quoted hm McLam 19794): 

A cave eroded by water frum mountain 
limestone was visited near Mineral 
Hill, similar to one in Cave Valley 
( 1869), although of less extent. The 
orifice leads into a large chamber M l y  
60 feet in width by 70 feet in leu& 
and h m 4 0 m  SO feet inheight. This 

about 150 feet, then appamntly closing, 
the sides being covered with brilliant 

chamber leads along the main channel 

crystallizations. 

Additional information about the early explordtim 
of Mineral Hill Cave is found in the cave itself. 
Explorers wmte and carved their nam06 on the 
boulders and on the walls and ceilings of the various 
chambers for decades (Figure 3). The earliest 
writings may predate by 13 ye- the “dircovary“ of 
the cave by miners in 1869. The earliest name and 
associated date is that of “Daniel Gayles” datcd 1856. 
Other early names and dates include “A. Bourdou“ 
dated 1870, “A. Cammyon” dated 1870, ‘Charlie H. 
WWdated 1870,andfournamerinscribcdin 1871: 
“Oddie Smyth“, “Katie B u d ,  “Col. Cokan, and 
“Hamilton Coles”. 

t 

Figure 3. The main historic rock art boulder in 
chamber I .  
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The historic writings inside the cave contain at 

least one name and date from almost every decade of 
the 20* cennuy. hotlm recent exploration of 
Mineral NU Cave of note other than McGuire's was 
made by Alvin M c h  in June of 1972. M c h e  
(1973:s) m t e :  

We found the cave mnch as described 
by Wheeler.. . The cave is f o m d  very 
irregularly with a linear distance of 
271 fm. Coneary to the Wheeler 
Survey, we m u r e d  the first room 
at 52 feet wide and 82 feet long, and 
nowhere did we tind the ceiling over 
20 feet high. On the walls and the 
ceiling of this morn is a vast deposit 
ofmoon-mills the largest that I have 
ever seen. An 1870 date is cmed  
in this soft material. The cave contains 
unspectacular decorations, and the 
rear portion contains araganite. 

Curreut Investigations 

Drcavation Strutegv, Sire Stratigraphy 
and Chronology 

In 1997, a team was assembled consisting of 
myself, David Madsen (then of the Utah Geological 
Survey), David Rhode (Desert Resarch Institute. 
Reno), Paul Buck ( h a t  Research Institute, Las 
Vegas), Bob Elston (then of Intermountain Research 
and the University of California, Davis), and Albeaa 
White (cumndy of the Northeastrm Nevada 
Museum). The goals of the initial investigations were 
two-fold determine the strz~tigraphic integrity of the 
cave's deposits, and determine if additional 
siaslificant fossils were preserved in the back portion 
of the cave. 

associated with the bones of extinct fauna, he did not 
submit any organic samples for C-14 dating. 
McGuirc (1980) argued that marmots had thoroughly 
churned the scdimnts in the front chamber, and 
therefore the charcoal found up to 1.5mbelow the 
current ground surface was likely disturbed into these 
levels from above. The side walls of the current 
looten pit in the front chmnber contained small flecks 
of charcoal throughout the unit, which was about 
1 .Sm m depth In order to investigate the 
stratigraphic integrity of these deposits, we 5st 

Althoufi McOuin (1980) found charcoal 

cleaned and slmightened the wall that had produced 
the cam1 and horse phalanges. We then mapped 
wbat could have been separate simtigmphic units, 
based primarily on color and variatiom in the sizes of 
the limestone clasts e n a d  in the clays that fomml 
the bulk of the cave sediments (Figure 4). As 
McGuire (1980) noted, the sediments in the h n t  
chamber were not well stra&ed. 

Figure 4. Bob Ekton pndm possible stratigraphic 
breaks in one of the side walk of the looterspit in 
chamber 1. which is located less than Imfrom 
McGuire 's original I m  x Zm unit. 

Based on OUT asse-ssments, we subdivided the side 
wall deposits into font possible stratigraphic units. 
We then excavated a lm  by 5Ocm unit into these 
sediments, and collected and bagged charcoal and 
bone samples sepaxately bared on thew divisions for 
C-14 analysis. The sedimarrs were screened through 
1/4" and 118" mesh hc~et11s. 

First, it confirmcd McOuire's (1980) interprrtatiOn 
that the sedimcno in the front chamber lacked 
stratigmphic integrity. Table 1 and Appendix I 
display the results of three charcoal smples 
submitted for rarhocarbon analysis %om this test unit. 
Each sample WBS indcpendcnay aged twice, us@ 
difFmt labomtorics, in or& to coniim the age of 
the charcoal samples. 

This swtegy prodnced two significant rcsulta 



Table 1. Resuh ofC-14 analysis ofcharcoal 
sampled c d l e c e d ~  Test Pit 2, chamber 1. 

As Table 1 indicates, these dates are 
gend ly  in revem chronological orda, and all 
samples arc Late Holcnxue in age. Further, this Late 
Holocene charcoal was mixed with bones of extinct 
mammals that returned AMs dates in excess of 
40,000 BP. In the past, marmots were abundant in 
and near Mineral Hill Cave, and it appears that they 
probably umtributed to the mixed nam of the 
sediments io chamber 1. 

second, scremhg the clays and eboulii was not 
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particularly successful. The majority of mediumto- 
large-sized bones were recovered, but the high clay 
content of the sediients adhed to, aud iadesd 
concealed, many of the small bones. It was t b m f m  
decided that any additional excavations in the cave 
would require the removal of all sediment in buckets 
to be taken to the laboratory for water saceaiag 
through a series of tine. mesh screens. 

The second major goal of the Arst year of 
excavation exceded expectations. McGuirc’s 
original Im x 2m test unit was designated Test pit 1 
(or “TPl”), and the identifiable b o w  that he had 
recovered were later relabeled in the lab as Mving 
from either TPla or TPlb, each cormpondingtoono 
of the two Im x Im subunits. The test unit excawred 
into the side walls of the looten pit in the froat 
chamber, described above, was designated “‘fP2’’. In 
1997, a Im x Im unit was excavated in the back 
chamber of the cave (chamber 5). and wa( d s s i  
“TP3” (see Figure 5 for the layout of the five 
chambers defined here). 

Figure 5. General loyw of Mineral Hill Cave showing the entrance and termination ofthe fwe chbers  (top). 
and the dope sfthe cavefirm8 the- chamber to the back of the cave (bottom). 



TP3 produced the greatest concentration of bones 
of any of the nine test pits excavated by McGuire and 
BLM. Excavations were concentrated in this area 
behveem 1998-2000. and the original Im x Im unit 
was gradudly ap.ndcd to appmxjmately 3mx 3m in 
rizc. IbcscdimentPinTP3werealsolmshatifidand 
contained uarrmly ablmdmt qwxities of mBmY)t 
bones. In contrpst to TPI and TP2, however, a thick 
l a y  of woodrpt dung and plant macrofwsils covered 
a large portion of the surface at the end of the cave 
system in ohamba 5. Similar to the W chamber, 
churorl was discomed m u g s t  the boms of extinct 
and extant species in TP3. 

Four p h t  macrofossil specimens and one 
charcoal spec- were scut for G14 analysis (Table 
2 and Appcndix I). All of the plant macrofossils 
ntumcd dates that were easeatially modem, and the 
charcoal sample. which was independently dated 
twice, w s  about 2,300 to 2,400 years old 

Table 2. C-14 samples obtained on plant 
tnacrqimdls and chiwcoalfronr Tmt Pit 3, chamber 
S. 

ThoK dats suggested that the sediments were also 
disturbed in chamber 5, and that Holwene-aged 
mterinlr may have b#n puiodically flushed into the 
EIW by anta. Thcrc Holocenc-aged organic 
nmterinls couldhave bcm flushed into the cave in a 
numkr of ways. As Figure 5 illushates, the current 
entmce to Mined HiUCave is about40 feet (12 
meters) higher than the back cbamber. It is possible 
that heavy rainfnll could have flushed recent material 
through the cave systemhmehamber 1 to chamber 
5, where it accumulated into a thick l a p  and became 
mixed with Pleistocene and Holoca~e-ag~l bones. 

oflacsbumcd in the Sulphur Spring Range from 
li~-illduwdfirrs,includingthetrees 
surrounding Miaaal W Cave. During a visit to the 
cave shortly after the bum, two large woodrat nests 
that had becn built near the enhance had bumad into 

during the Nlmncrof2001. tmls ofthousands 

pdes of charcoal and gray ash. Several weeks lata, 
after a relatively moderate rainfall event, I visited the 
cave again and found that water had flushed thc 
charcoal and ashhmthcse bumedmiddm intothe 
6unt chamber. This process, tkn, probably pccourrm 
for the presence of some of the Holocenaaged 
charcoal in the cave. It is also possible. howmi, that 
charcoal was deposited in the various cbrmbas by 
Native Americans exploring the cave with tomb. 

chambers 3,4, and 5 also contain "chinmsys" of 
silts and clays that were deposited u n d d  fisprmr 
L I ~  the roof of the cave. These fissures probably o m  
conuected to the surface smh that organic nrtsrirl 
and sediments could have been flushed into the back 
chambers from above. This process could llso 
account for the deposition of organic material, 
including both charcoal and bones, into the back 
chambers of the cave, This may also DCCOUOt for the 
vanous degrees of weathering s o ~ l  on the bones 6um 
TP3 m chamber 5. Moat of the bones recovered &om 
the cave were fresh-looking regardless of their age, 
although those bones that dated to gnater than 30,000 
BP were generally stained or mottled black with 
mangaaese,wbileHolocene-agedbo~lrkdthi8 

varied ffom 6reah to weathered to enensively water- 
worn (Figure 6). 

deposited directly in the cave soon a h  the death of 
these animals. The weathered bones had clearly baan 
&fleshed and exposed to sunlight before being 
deposited into the cave. Som of the w a t 8 r - m  
bones were sa polished that they appeared to have 
been deposited directly in a streambed. ' I h c  latter 
bones may have been flushed back and forth inside 
the back chamber for hundreds, and pou&ly for 
thousands of yavs before finally res* within drier 
silts and clays. 

Supporting this htelpntshon iS a dl 
section of the sediments in chamber 5 that cwtnined 
an 8 h t h i c k  profile of thin strata deposited by 
episodic mods of wata infiltration foUowvd by a 
standing pool or pond of water (Figure 7). Tbic 
section ComUIlcd . the only stratiiied depo*9, f d  in 
MinerslHiU Cave, and it rcprrscnts a d &mof 
the onginsl clays hid dawn by water but not 
desmyed by later epis0de.a of water in6lhation or by 
burrowing marmots. These stratified l a p  were 
generally free of bones, but a complete Camelops 
hesternus (Yesterday's camel) proximal phalrw was 

C O ~ O r a t l o n  However, Split low bon*i hUllTP3 

The fresh-looking bones wm probably 



recovered h n  the middle of this section. The camel 
bone returned a '2-14 date of ca. 46,500 BP, 
suggesting that water WBS infiltrating and ponding in 
chamber 5 either during or after this date. This time 
6ame falls within stadid stage 3 recently defined by 
Bischoff and Cummins (2001) for the east-cenwl 
Sierra NevaddOwens Lake region. Bischoff and 
Cummins (2001) also suggested that this period of 
glacial advance (ca. 49,000 - 45,100 BP) marked the 
beginning of a change &om earlier cold and dry 
glacial advances to cold and wet stadials. These thin 
strata, then, may have been hnd down during one or 
more of the three cold and wet stadials defined by 
Bischoff and Cummurs ' (2001): stage 3 (49,000 - 
45,100 BP); stage 2 (42,800 - 39,000 BPI; or stage I 
(30,500 - 15,000 BP). 

Figure 6. Large mammal shaftfragmenrs in various 
degrees ofpreservation from TP3. chamber 5. The 
two banes on the bortom raw. far righ: have been 
extensively polished by water. The four banes :a :he 
I@ of these water-polished banes display ex:enswe 
split-lined wearhering crach, and were defleshed 
and exposed to sunlight before being deposited in :he 
cave. The remaining bones were probably deposited 
in the cave shortly afer the death of these animals, 
perhaps by carnivores. 

In addition to the three units already 
mentioned, five additional units were excavated in the 
cave. TP4 was placed incbamber 5 next to TP3: TP7 
was placed in the center of chamber 5;  TP8 was 
placed mto the seatified, thin sediments in chamber 
5; TP5 was excavated in chamber 2; and TP6 and 
TP9 were excavated in chamber I. All of the units 
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measured approximately lm x Im in size, except for 
TP3 which measured about 3m x 3m, and TP7, which 
was a narrow trench (approximately 5Ocm in width 
and 3m m length). None of the sediments except 
those in TP8 displayed intact, stratified deposits. 

Following the fmt season of fieldwork, it becam 
apparent that establishiug a radiocarbon chronology 
for the fossils recovered fiom the cave would require 
the AMs dating of individual bone specimens, 
provided that adequate orgmc material was 
preserved within the bones. The fxst series ofbones 
was submtted to Tom Stafford of Stafford Research 
Labs in Boulder, Colorado. The rad~ocarbon 
analysis revealed that the bones from Mineral Hill 
Cave contained amino acids suitable for dating. 

Figure 7. Thin strata near Tes: Pit 3 in chamber 5. 
Note the darker and lighter sections. The darker 
lenses probably contain greater amounts of organic 
debris. The white material at the base of the profile 
are calcite crystals that appear IO represent bedrock. 
The lop of :he pro@? is present ground suface. This 
section is abou: 80cm deep. 

We surmised that the current temperature 
and humidity regkc inside the cave was probably 
present for at least the past 50.000 years: presently, 
each chamber in Mineral Hill Cave maintains a 
relatively constant 45-47 degrees F temperature with 
90-94% humidity throughout the year. Inmeny 
respects, the conditions mide the cave are not unlike 
that in a refrigerator, and these conditions have 
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preserved the fossils remarkably well. As a result, we 
nought BS much funding BS possible in order to AMs 
date as many bone specimens BS feasible. 

tcmg of numbers of species prrsent, the dating 
strrtegy focused on tk submhion of samples h m  
as nmny di&rcnt rpcciea BS F i l e  morder to try to 
cstrblish SOM ofspeeies wnteqommity. 
Altbarghthis issue i dealt Withinpteraeprre in 
Chapter 10, it may k noted h that 57 different 
bon spec-, rspnsmtiag 33 diffaent species, 
wen nubmined for AMs dating. Of the 57 bone 
lpscimas submitted, 55 (96%) retaiued adequate 
amounts of organic material suitable for radiocarbon 
dating. We werc uuable to obtain dates on a 
sagebrush vole (Lemmiscus narcrius) mandible and a 
cutthroat trout (Oneorhynchus clarh] vertebra. The 

&causc of the richness of the fossils in 

55 dates ranged from ca. 2,000 BP to >50,000 BP, 
wth the majority of dates ranging between ca. 29,000 
and >50,000 BP (Table 3 and Appendix I). 

In some respects, the number ofdates obtained 
h m  each t h e  period listed inTable 3 repr#lesm a 
b d s a m p l e .  Bonesofextinct~wenchorcn 
more fleqwntly for c-14 dating than lhosc of cxtlm 
animals. Nevertheless, many samples from cxtsm 
animals, such as bobcat red fox, badger, golden 
eagle, prairie falcon, sbxt-eared owl, and mycll 
returned dates in excess of 10,000 BP, and m y  of 
these dated to the middle Wisconsinan. Anmug the 
Pleistocene-aged samples, the vast majority of dam 
cluster behvwn 30,000 and >50,000 BP. Thur, thc 
bulk of bone deposition in the cave paobsbly wcumd 
during the early and middle Wkconsinmn (ca. 75,000 
- 30,000 BP) and again during the Holocmc. 

Table 3. 
pharas. 

I Number of rcrdiooarbon dararjbm Mineral HiIl Cave associated with general h e  p e r i d  
The Pleislocenephases follow Birchoffand Cummins (2001). 

' and climatic 

It possible that  SO^ of the bones are much 
0lderthan50.000 yean, and date to the early 
Whconsinau or the Smgammim Inmghcial of ca. 
125,000 - 75,000 BP (Marine Isotope Stage W S ]  
5). UNlima-ThoriUm dating of 24 spe lmh 
W l e s  revealed that stalactites and stalagmites have 
been forming inMinexa1 Hill Cave formore than 
350,000 years, the limit of this dating teclmique 
@cnniston 1999). Eleven of the 24 samples r e d  
dam in excess of 350.000 BP. The mnahing 13 
dam are displayed in Table 4. 

Based ontbcse samples, b w e r e  at least 
four prriods of incrcaaed s p c l c o h  growth h i d e  
M h l  Hill Cave: 1) emmtim greater than 350,000 
BP; 2) appmximately 200,000 BP, which may 
conaspond to the Penultbate Interglacial of MIS 7; 

3) approximately 100,000 - 150,000 BP, which may 
correlate with the beginning of the Late Pleitoccne 
and the Last Interglacial of MIS 5; and 4) 
approximately 6,000 - 7,000 BP, which may mark the 
beginnings of climatic amelioration following the 
hov'dry conditions of the early middle Holocm. 
None of the spelmthems dated to the reiatively 
intense period of bone deposition bawecn 30,000 and 
50,000 BP. 

350,000,225,000, or 125,000 years ago to allow 
bones to he deposited inside is tmhmwn; tbe cave 
may have been an underground, scaled c a v a  at 
these early stages of spclcothem formation As 
discussed in mre detail below, the animals idsntificd 
suggest a Rancholabrean Land Mammal Age, or post 

Whether the cave was open to the naf.ee prior to 



400,000 BP age for the W assemblage. No 
rnimJs ware M e d t h a t  am lmownto have gone 
extirct prior to the end of the lNin8tonian Land 
Munmal Age bcfore ca. 400,OOO BP. TIUS, we can 
lIDn d d e n t l y  collchde that the oldest bones 
m v d  firom hdiaaai W Cave probably date 
between 400,OOO and 50,000 BP. 

Table 4. U-Th agea of stalactite and stalagmite 
s ~ l e a f r o n !  Mtneml Hill Cave. In addition to 
these, 11 samplea dated to greater than 350.000 BP. 

IdcntiArntzon Strategier 

The carnivore, large d, and lagormrph 
rrmpinS recovered hmMineral Hill Cave were 
idmtifed through direct comparison with collections 
of recent and fossil specimens housed at the Elko 
BLM and vprious i U S t i t ~ t i ~ ~  across the country. The 
Elk0 B M  rrmintaiaP a comparative collection of 
recent rrmnaralinn skeletons such as bison, muntain 
Ih#p, pronghorn, mule deer, Amcriepn red deer 
(elk). puma, bobcnh coyote, red fox, marmob 
jachbbit, commtail etc. In addition, various bones 
hmthe  cave werc taken to the Page Museum (La 
B r ~ a  Tar Pits) [RLB] and the Los Angles County 
Musc~m[LAcM] i n h  Angeles, Wornis ;  to the 
AmricM M u ~ u m  of Nahual History in New York 
[AMNHI; to the Philadelphia Academy of Nahual 
SeicacCS in Pnmrylvrnia [ANSF'], and to the Denver 
Musurm of N d  History [DMNH] in Colorado. 
T h e P a g e M u s e p m w a s ~  inthe 
idauihcation of many of the Mineral Hill Cave 
carnivores, prtiodactyls, and perissodacty ls. The 
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LACM we9 instmtmtal i the identi6cation of the 
Mineral Hi Cave perispodaay lsandmoumnn 'deer 
( N a W h ~ S )  specirrms. Th LACM bwsca large 
couectiom of boocs hm both of these groups$ 
paaiculpllr specimens m v d  from the famnu 
San Josecito Cave site in central Mexico. The LACM 
also had a complete specimen of A6im cheetah that 
we used to compare to a prohable 'Worth Amaicaa 
cheetah" metatarsal recovexed fmm Miueral Hill 
Cave. At the AMNH, we took advantage of that 
hcilihes large collections of Iccemt snimals lech as 
bear and puma to assist in the identification of som 
of the Mineral Hill Cave carnivore r e h .  In 
Philadelphia, the ANSP houses inportant 00llectiOnS 
of short-aced bear and short-ficed slamk, as well as 
recent specimens of bear, which assisted greatly in 
the identification of the Mineral W Cave carnivores. 
In addition to the collections, the staffat each of tbese 
facihhes greatly assisted our efforts, and we 
acknowledge that assistance hre and in the 
Acknowledgements section of this report. 

Anderson and Greg McDonald at the DMNH in the 
Spring of 2002. One week before her death, wc had 
the privilege of showing E. Anderson 80m of the IM 
but inpomnt specimeps from Mined Hill Cave, 
such as the Brachyprorornn nmndible pad rbe was 
able to conlirm our identikahon of tfrac sp#imrm. 

Before travelii to Denver, Eric DUngbam and I 
discussed at SOM length how we should designate 
species or subspecies for sped5c idenij5caliuns. For 
example, for the Mineral Hill Cave bison remains mat 
predated 10.000 BP, should we use Bison bison, 
Bison bison antiquus, or Bison antiqvw? For 
muntam sheep, do we use ovis canadensis, Ovis 
canadensir cotclawensis, or Ovis catclawemis? 
While today t h e  taxonomic nolmnclahwe isnucs are 
less ambiguous wth certain species such as mnmEDitl 
sheep than they once were, there seem little 
agreement in the literature for some msnmvls nuch as 
bison. We posed this question to Elaine Andrmm. 
Regardiig bison and sheep, she did not heailate in 
respondq: "Bison bison, ovir canadensis"; "lfyou 
l i i  Pleistocene and Holocene specimens up, you see 
size overlap among them". This is in gennal 
agreement withour findingsbad on the size of 
Pleistocea and Holoccne specimms tbat wc 
meesured,andinformatton ' availableinthepubliskd 
literature (see further details in chapten 3 pad 10). 
Although the m v e r y  of ancient scgumces ofpmtein 
(ostcocalcin) and DNA hold promise in molving 
phylogenetic relationsbips (e&, Nielsen-Mmh et al. 

Fhlly,  we were able to meet with Elainc 
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BP bison fromMHC to mDdan bison inNoah 
America remain ~ O l V e d .  

issue of two p i b l e  speoies of short-faced skunk in 
North Amuica: Biwhyprotoma obtusata in the east, 
and Brachyprotoma M r n a l a  in the west. Again, 
bcr response was without hitation: The species, 
Brachypmtoma ohatu". &cause so many of thest 
issue3 inwl*taxomrm 'caomenclaturerem%in 
mnerolvcd in the open li-, we have chosen 
hne to genrrrlly follow AadrrrOn'S advice and be 

"splitters". We therrfore have chosen to be 
comavative in our dcsigaation of species from 
snirmla such as bison and mountain shcep. 

that many palmntologis~ have earlier noted: while 
the S h  

ZOOZ), me systcmrtie rclalion5llip of the ~ , O O o  

We ale0 discussed with E. Anderson the 

Pleccd UtldU the NbriC Of "I-" rStha thaa 

We acknowledge, however, an observation 

Of PkhWXh? and Holocene bones of 
the same mimal Juchss mountahsheep Often 
overlap, the means of the PleistOcenc apecimeos arc 
generally larger than the means of the Holocene 
specimcnm. This mean5 that thm wen often greater 
numben of relatively Inrgt-siztd animalp e dx 
Pleistocene, but that the largest known went 
specimensmsynachornesrlynachthesizeofthe 
largest knom Pleistocene specimms. 

The identifieatiaa of the reptiles, birds, and 
M fromMHC arc discwed in chapm 6,7, and 8, 
respectively. 

At leaat 64 genua and 74 species am represented 
at Mimnl Hill fiw (Table ti). Tbesc irrhrded 
rmnanala birds, mptiles, and firh. The camivorrs 
and large m m d s  were identilied by B. Hockett and 
E. Dillingham (Chapter 3); the lagomorphs by B. 
Hockett (Chapter 4); the dents  by D. Schmitt and B. 
Hockott (Chapter 5); the reptiles by M. Hollcnshead 
(Chapter 6): the birds by S. Jams (Chapter 7); and 
the M by J. Brought011 (Chapter 8). 

Table 5. The animals idennped at Mineml Hill h e .  

Bison bison I Bison 
ovir canadensis I Mountainsheq, 

I 

(Immelops hesternus Yesterday's CMCl 
Hemiauchenia Large-hcadcdllrm 
rnacrocephala 

I 
Navahocerosfricki I Mountain deer 
Odocoileus sp. [ MuleNbito-tailcd deer 

uw cf. occidenlalis western horse 
uw cf. conversidens Mexican 888 

Canis latrans 
Canis lu 
vu1 esvul es Red fox 

I 
cf. Miracinonjz mmani I North Amricm cheetah 

1 

I 
cf. Ursus arctos I Brownbcar 

sorex sp. I shrew 

Marmotaflm'venlris I Yellow-kllied rmmy)t 
Spennophilus I Belding'sgrodrquirrcl 
beldingUelegans I 
Spennophilus lateralis I Golden-mantled ~ U i n e l  
Spermophilus townsendii I Townsend's ground 

I squiml 
Tamias rninimus I Lcastcbimmmk 

I , 
Ererhizon dorsalurn I Porcupine 

I 

Thornomys bonae southan Pocket nophr 
Thomomys talpoides No- pockel gopbu 

I 

Perognathus p a r w  Great Basin pocket 
mouse 



LsnnrLcurCvrralus 
Mluotus spp. 
Neotoma cinerea 
Neotoma lepia% 
Pmmyscusmaniculalus 

Sagebrush vole 
Meadow vole Corvus corm Raven 
Bushy-tailed woodrat Gymnorhlnm Piaon jay 
Dsscltwoudfat cyanocephala 
Deermouse pic0 pica Black-billed maspie 

Charha bonae I R u b k  boa 

Hypslalena torquafa 

Chhdm 4). 
r 

I 

&lo tlammeus I shortcarcdowl 
I 

Night snake 

Rattlesnake 
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CHAPTER 2 

Paleoenvironmental Context for Mineral Hill Cave 

Bryan Hockztt 

Genml Pattern 

This chapter explores mors MIy the 
PakDea- matext of M i  H i  Cave. 
Thir context includes previous redcIvch on 
PleismaIe f a d  e l a g e s  in we&mNor&h 
America, as well as past d i e s  of both fad and 
floral remaina in the Great Basin, with emphasis on 
the central and northern oragt Basin subregions. As 
Grayon (1993) summanzed . the Great Basin can be 
detiaed baaed on hydralcgy, physiography, floristic 
cusociationa, or similarity of prehiworic artifas. The 
Great Basin will be defined here hydrographically: it 
is that region of westan North America that exhibits 
inmnal drainagebasins with 110 outlet to the eea. 
This region is alsoknown as the Intermountain West 
because it is roughly bounded to the west by the 
Si- Nevada Mountains along the Nevada- 
California border and to the cast by the Wasatch 
Range in central Utah The northern boundary is 
irregular, and is located near the Nevada-Idaho 
border to the east and souihern and cenml Oregon to 
the waR The southern boundary, also highly 
irregular, abuts the Colorado Plateau region (Figure 
8). 

Figw 8. Loccrrion i $ M i i a l  Hill Cave within the 
Iryclrogrryic Grea! Basin 

A variely of proxy data hwe been exsmfn#l m 
order to recomct past climatic regimss hmglmd 
the globe. These data inchde pollen corn, oxygen 
isotopes, sediient cores, lakeshore feature& glacial 
features, faunal remains, changes in the earth’s d i t  
around the sun, variatiow in the tilt of the earth's axis 
(e.g., Shackelton 1977, 1987; Williams etal. 1998), 
and, in western Nonh America, plant macrofwsils 
preserved in fossil woodrat middens (e.& Beancourt 
et al. 1990). A plethora of specialized terms have 
been used to define specific periods of time b t  eech 
represent individual c l i c  evems or patterns. The 
t e r n  used most often throughout the remaining 
chapters of thii volume are outlined in Table 3 in the 
previous chapter and in Table 6 below; they are also 
briefly described below. 

and Holocene Epochs. The b&nning ofthe 
Quat- corresponds to an overall cooling of the 
earth beginning about 1.8 million years ago that 
triggered a series of glacial cycles that may have 
“ended” approximately 10,000 years ago. Thess 
glacial cycles were interrupted by relatively w m  
interglacial cycles. These warm and cold cycles 
affected the ratios of specific oxygen isotopa in tha 
oceans (e& Shackelton 1977). Based on these 
isotopestheQuaternatyhasbemdividedintoa 
series of 22 glacial and imerglaeial cycled, called 
Oxygen Isotope Stages (01s) or Marine IsMcrpe 
Stages (h4IS) (see Table a). In general, the odd- 
numbed  stages represent interglacial cycles wbiie 
even-numbered stages represeat glacial cycles. An 
exception to this general rule, however, is s e a  in 

a time of increasingly wanner temperatures compend 
to the previous MIS 4, but it was still a relatively cool 
period if compared to stronger interglacial cycles 
such as MIS 7c and MIS 5e. Newertheleas, rhese 
stages provide a general frtrmewok for relative cold 
and warm conditions in the oceans awcsll the 
northern hemisphm during the past two millioayears 
that are often closely correlated, albeit hpafedy, 
with chmges in sedientloadoand tarewial fld 
and faunal associations. 

The Quafanary Period consists of the Plsistocsne 

MIS 3 (a. 59,000 - 24,000 BP), Which 8ppavS to be 



Table 6. correlation of Land Mammal Ages, Marine 
Isotope Stages, and general climatic tenns used in 
this report. 

A% (BP) ILndMmmlAm I hU3 I Climtc’fmna 

H 
Mlddk HoIme I-- 

The Pleistoemc-H~lo~ene ~OU&IY is m y  
act at ca. 10,000 BP. By definition, the beginuing of 
the Holoccac implie8 that the Pleistocene “Ice Ages” 
cndbd, and thmfore the Holocene does not simply 

13 
represent a modem interglacial cycle; howevn, not 
all researchers agree with this assedsment Whatever 
the case may be, the Pleistocene (ca. 1.8 million to 
10,oOO years ago) was a period of shi!?ing glacial and 
intaglacid cycles of widely varying intensity. 
Typically, glacial cycles lasted bawecn ronghly 

by variations in the earth’s orbit and the tilt of its 
axis. Interglacial cycles typically lasted f o r d  
shorter time periods. The Pleistocene has ban 
divided into three stages based on variatim in the 
earth‘s climate and polarity. The Early 01 Lower 
Pleistocene dates to ca. 1.8 million to 750,000 yeam 
ago, and en- MIS’s 20-22. ovcnll, the 
earthwas in a very cool period, and the d s  
polarity was reversed (the Matuy~la polarity) fhm 
the current situation. The switch to ‘hormal” polarity 
(the Brunbes polarity) marIra the begianing of the 
Middle Pleistocene at ca. 750,000 year6 before 
present (BP). The be& of rhe MidcUe 
Pleistocene roughly c o m e s p d ~  to the MIS 19 
interglacial, and ends with the begidng of the MIS 5 
interglacial, The Late %iStoCenC, then, begira wit6 
MIS 5, and ends 10,OOO years ago, with the begidng 
of MIS 1. 

The marine oxygen isotope record in too cou~e- 
grained to adequately separate relatively short periods 
of warmlcool and wet/dq cycles during the 
Pleistocene or the Holocaut. Cooler and WBlMI 
phases within each MIS is best interpreted hugh  
other proxy data such as fluchlations in 
in glacial ice, plant lllllcmfogFils pnsmcd in fossil 

40,oOO and l00,oOO yans, perhaps - lugelY 

pmefved 

woodrpt middens, pollen records, and hma l  Icmpirrp. 
In genua& these data suggest that the 

Holocene can also be divided into thne general 
periods for the Great Basin. The Early Holocmo (ca. 
10,ooO - 8.300 BP) was relatively cool and mobt 
compared to current conditions, but not as cool as the 
precediog Pleistocene. The Middle Holo~ene (ca. 
8,300 - 4300 BP) was rehtively warn a d  the 
period between c a  8,300 and 7,000 BP WUI ooe of 
the hottest anddriesrtimes recorded in tbe Gnat 
Basin over the past two million years, and this 
denaim-and-a-halfhad a profound impact on 
plant and animal distnbutom, as discussed in more 
detail below. The Late Holocene (ca. 4,500 to 
present) was cooler and wetter than the PRCading 
Middle Holocene. The Late Holocene, however, has 
witnessed signiacant variability in climptC. The early 
portion of the Late Holocene, from c a  4,500 to ZOO0 
BP, is known as the Neoglacial in tbc Great Bash 
This period was characterized by relatively eo01 pnd 
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wet climatic conditions. Between ca. 1,600 and 800 
BP, a winter precipitation pattern appears to have 
been supplanted by a summer precipitation pattern. A 
relatively short but intense drought is seen across 
much of the westem United States about 800 BP. In 
conhast, a relatively short but intense cold SMP 
occltmd about 350 BP acmss much of the northern 
hemisphere, collectively known as the Little Ice Age. 

All of these climatic tnnds affected plant 
and animal distributions in the Great Basin, including 
human populations. While space does not permit 
more detailed discussions here, a number of recent 
works have been published that sunnuark  these data 
(e&, KurtCn and And- 1980; Lundelius et al. 
1982; Harris 1985; Heaton 1990; Grayson 1993, 
1994; Graham and Lundelius 1994; Williams et al. 
1998; Madsen 2000; Madsen et al. 2001; Benson et 
al. 2002; Schmitt et al. 2002; Wigand and Rhode 
2002). 

The Pleistocene of North Amrica witnessed the 
evolution of new manrmal species, the extinction of 
others, and the migration of species into the region 
from Asia. As a result, specific time periods are 
characterized by the presence of mammal species that 
were not present previously in the fossil record. 
These are the so-called “Land Mammal Ages’’ 
(Savage 1951; Hibbard et al. 1965). In North 
Amrica, the lrvingtoniau Land Mammal Age begins 
about the SBM time as the Quaternary 
PeriodRleistocene Epoch (see Table 6). Three 
hallmarlr events of the Irvingtonian include the 
migration of the mammoth (Mammutbus sp.) and hare 
(Lepur sp.) h m  Asia into North America, and the in- 
situ evolution of the muskrat genus Ondana (Kurtkn 
and Anderson 1980). 

Rancholabrean Land Mammal Age, which is 
traditionally set at approximately 400,000 yean ago. 
The most disbhguishing mammal that sets the 
Rancholabrean apart h m  the Irvingtonian is the 
presence of bison (Bison) at this time. This 
approximate date actually lies within interglacial MIS 
11 (Table 6); it may be more probable that bison 
migrated to North America h m  Asia during MIS 12 
(ca. 425,000475,000 BP) or MIS 10 (ca. 360,000- 
340,000 BP). Whatever the ease. bison are not 
present in hingtonian faunal assemblages. In 
addition, there are many other species that migrated 
h m  Asia to North America at various times during 
the Rancholabrean, and these species also assist in 
placing Pleistocene-aged paleontological sites witbin 
one of these two Land Mammal Ages. These 

The Irvingtonian is supplanted by the 

relatively late arriving mammals include the brown 
bear (Ursus), North American reindeer, or caribou 
(Rungifer)), mountain sheep (Ovis), and mountain goat 
(Oreamnos). The presence of these animals in 
paleontological sites of North America signal a 
Rancholabrean age for the assemblage. It is also 
important to note, however, that many mamuds, such 
as the horse (Equus), deer (Odocuileus), and llama 
(Hemiuucbenia) were present in both the Irvingtonian 
and Rancholabrean, and may not be a good indication 
of Land Mammal Age. 

Biotic Change In the Great Bash 
During MIS’s 2 and 3 

As noted in chapter 1, many of the fossils h m  
Mineral Hill Cave date between 30,000 and >50,000 
BP. Because many of the Pleistocene dates range 
between about 30,000 and 45,000 BP, the majority 
(and perhaps all) of these fossils may be Wiseonsinan 
in age (MIS’s 2-4; 71.000- 10,000 BP). The 
Wisconsinan is defined as the last general glacial 
cycle in North America. Cooler conditions, 
beginning about 70,000 to 75,000 years ago, foUowed 
the interglacial (but widely fluctuating) cycle of MIS 
5.  MIS 4, dated to approximately 71,000 BP, waa 
quite cool across the northern hemisphere. MIS 3, 
dated between about 59,000 and 24,000 BP, waa a 
period of millennial-scale fluctuations between cooler 
and warmer temperatures that are sometimes referred 
to as “Dausgaard-Oeschger cycles” (for recent 
summaries, see d’Emco and (301% 2003; Huntley et 
al. 2003). Overall, however, MIS 3 was relatively 
cool. MIS 2, often called “Late Glacial Maximum” 
or “LGM, is dated between about 24,000 and 17,000 
BP, and witnessed the greatest advance of continental 
and mountainous ice sheets of any time during the 
Wisconsinan. The post-17,000 BP climatic mnd ha# 
been toward warmin& except for the last millermid- 
scale cold SMP of the Pleistocene known as the 
Younger D p ,  dated between ca. 11,500 - 10,500 
BP. 

Based on terrestrial sediment loads into Owens 
Lake created by glacial surges in the e a s t s e n d  
Sierra Nevada’s, as well as ovefflow of Owens Lake 
into subsequent lake basins, Bischoff and Cummios 
(2001) recently subdivided the Wisconsinan glacial 
cycle into 13 distinct glacial advances and remeats. 
These cycles are probably close proxies for general 
climatic conditions occurring in the central Gnat 
Basin over the past 75,000 years. Their research also 
highlights the importance of terrestrial neords for 



i u m p r h g ~ i n f l o n a n d & m .  Ingeneral, 
mC stages o u t l i d  in B h f f  and cunmrins (2001) 
geaercllly match the marine record in terms of MIS's 
and dcnnial-scale events, but not precisely. For 
example, the acccpkd date for the boundary between 
the early and middle Wisconsinan is approximately 
59,000 BP, or the boundary between MIS4 and MIS 
3. Whilc Bischoff and Cummim (2001) found that 
this date correlates with otlc of thci g l d i  stadds 
(eitha aadisl4 or 5), this stadial was urmmrkable 
in retation to the two glacial stadisls that OCMIOd 
both before and^. Instwdamorrsigniiiwmt 
chsse in& tcmstrial Iccord wcmcdat stsdial3, 

49,000 BP, the glacial pulses of the Wisconsinan in 
the erat-ccntrsl Sie-rra Nevada's wm relatively dd, 
and s e e d  to be caused by low summer 
tempg.tuns and relatively dry conditions. A rather 
dramatic change occurred beginning about 49,000 BP 
in wbkh the periodic low sullllllc~ tcmpnstuns were 
combined with hemad precipitation, cawing the 
glacisl cycles of 49,000 - 45,100 BP. 42.800 - 
39,000 BP, and 30,500 - 15,000 BP to be of p t e r  
intensity. In addition, the post49,000 BP mord 
lceilll to be comlated with the advent of denoial- 
rcrle fluctuations in climate. Further, while the 
lnuinc r w r d  suggests a dab? of 24,000 BP for the 

of glacial cycle MIS 2, the terremrial record 
sugpsts this phnromnon was well underway by 
30500 BP (Bischoff and Cummia 2001). 

In the northern Gnat Basin, the effects of the 
Widely-fl~~%~~thg MIS 3 and Biscoff and Cunmuns' 
(2001) stadial3 on the biotic and abiotic 
cavLoDmcnts are just beghsting to be undustwd. 
Thc nrjority of paleoermironmental reconshuctions 
in this region postdate MIS 3, and indced most of 
thcmpt-date the LGM. Neverthclcss. ment 
sylubacs such as WigandandRbOde (2002) arc 
begidug to 6ll in missing pieces of the 
p p l .  
this wlia stnge. In general, the entire nortbm 
m a t  Basin witnessed relatively cool conditions 
during MIS's 4-2. A period of cool and increaslngly 
w t  conditions is recorded in the northern &eat Basin 
he&hdng with the last glacial cycle at ca. 30,500 BP. 
Thbuuredlakcsystemstoriseacrossthecentralend 
aortbem Onat Bash Millerrmal ' -scale cool but 
aomewbt dry conditions occurreduntil the onset of 
MIS 2, ea. 24,OOO BP. This latter phase saw a return 
to a cool pnd wet climate that once againcaused lakes 
to rire. 

drtCd49,000-45,100BP. Bctwan~~.  78,000- 

1 history of the Grru Basin during 

There are two impoaant~xyrrcords close to 
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the Mineral H i  Cave region that date to MIS 3 
(middle Wisconsinan). One is tbe Top of the Temcc 
woodrat midden located in an upland setting on tbe 
western flanks of the Goshute Mountains, 
approximately 100 d e s  to the northeast of the cave 
(Rhode 1998, 2o00, Wigand and Rhode 2002). Ia 
these records, Utah juniper twigs are present before 
ca. 46,000 BP, but then absent until they IpQllcrBcd 
during the Holoccne. The presence of Utah junipa 
together with cooYmcsic species such as currpllt and 
cinquefoil suggests that relatively cool and m i s t  
conditions prevailed in nonheastan Nevada at this 
time. This cool and wet phasc may cormpod to 
Bischoff and Cunmnns ' 

45,100BP). Afterca.41,OOOBP,these~oVmsaic 
species were replaced by cooUdry forms such UI 
l m b a  pine trees and fernbush. These data suggest 
relatively cool and dry conditions h m  about 40,000- 
28,000 BP, which generally correlates with B h f f  

BP). The ca. 40,000-28,000 BP pollen mrd h m  
the Ruby Marsbcs, located only 30 milcs to the curt 
of Mineral Hill Cave, suggests a shallow lakc 
surrounded by s a g e b d  steppe at this b 
(Thompson 1992). Thw data corroborate an 
interpntation of cool and dry conditions for ahout 
10,000yearsneartheendofMIS3. 
Toward the end of MIS 3, by abut 30,000 BP, 

lake levels began to rise in the northeastem Orsrt 
Basin. The Top of the Terrace woodrat midden 
records an increase in Spruce trees and a 
reappearance of currant and cinquefoil witb dnmptic 
decliues in limber pine and fembush b*wcen28,OOO- 
20,000BP. T h c R u b y M a r s h e s d o c u m e n t ~  
lake levels by at least 23,000 BP and conliming to at 
least 14,000 BP. These data suggest that relathly 
cool and wet conditions prevailed betwecn 28,000- 
14,000 BP, which correlates rather well with BLCOff 

Limber pine returns in low-elevation woodrat 
middens of the northern Bonneville Basin after ca. 
14,000 BP, signaling drier conditions; this 
corresponds to a general lowering of lake levels 
following the higbstarids of ca. 15,000 BP, with lake 
stabilization or sligbt rise in lake levels during the 
Younger Dryas of ca. 11,500 - 10,500 BP (Ovirn et 
al. 2003). A variety of p x y  data fmn tbc south 
(e.g., southern New Mexico and southem cslifomia) 
may corroborate these general climatic pattans, 
although precision in the dating of these. Mid- 
Wimmsinan m r d s  is a reaming problem (e.& 
Harris 1993; Anderson et aL 2002). 

' (2001) stadid 3 (49,000 - 

and Cunrrmns ' ' ( 2 0 0 1 ) h t ~ d  1 (39,000-30,500 

and cunmrins' (2001) ~tsdial1(30,500 - 15.000 BP). 
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fiunl& b M L S  3 and earlier w rare in the 
CartntandnorIhemGreatBasia Cmnparhnsofthe 
species identihod h m  Mineral Hill Cave with 
existing fossil collections h m t h e  Great Basin and 
summdbg regiom are presented in Chapters 3-9. 
Hem, bowe.ver, it is worth noting that the American 
Falls Local Fauna h m  southem Idaho dam to the 

faunacontainsthe nmaina of, among m y  other 
animals, giant ground sloth (Megulonyx and 
Paramylodon), mauumth (Mumnuthuc) and 
mutoQn (Mumnut), horse (Egmrs), perhap two 
sp ie s  of bison (Bison). cam1 (Gmdop), llama 
(Hrmicucclrenia), mindccr (RunmYw), pronshom 
(AnfUocqru), mountain sheep (Ovts), and a variety 
of carnivm including wolf (cmrir lupus), coyote 
(&nS laimns), short-feced bcar (Arctodw simus), 
sabmtootbai cat (Smilodonfu&~), lion (Pantfiera 
I&), (Puma wncolor), bobcat (Lynx nrfirs), 
and lynx (Lynx cunudmsir) (Pinsof 2000). The 
nearby Marsanc Rocks locality (hkDonald 1998) 
my be of equivalent age, and it conta j~ a similar 
i?au8nl ssllmdslage to Amrican Falls. 

In Cast-ccntral Uesh, the Silva Creek Local 
Puma p b a b l y  dates to the early to middle 
W i  or MIS4 or early MIS 3 (Miller 1976). 

similprtothevegemtionrroords,well-dated 

MISss-*ial. Thisintsglrcial 

sonle of& animala idauihlfnmthis locplity 
include dire wolf(c#Ib dinu), coptc, &re-toothed 
cat, ~ynx, mammoth, horse, c-1, p&m and 
bison 

In western Nevada, a variety of 
palmntological locdes situated along the shoreliues 
of Pleistocene Lake Lahontan @ d e  et a1.1988) 
appear to date to the tFansitional period between MIS 
3 and MIS 2, approxin?ately 25,000-28,000 BP. The 
most commonlarge mammals identi6ed horn this 
period w amcl horse, bison, and mammoth At the 
PolmBrowncmesiag site, inportieulsr, the remains 
of o v a  80 iudividual csmek, SO h, three b- 
and1ompDrmothsbpvebeenrcowend. These 
rnimrk evidently died afta becoming trapped in clay 
scdbnta amund a spring some, which led Dansie 
et al. (1988186) to suggest that tbese .nimpls were 
king drawn to acriticalwatersource duringan arid 
climatic period. Aa noted above, current 
palsovegetation and glacial cycle m r d a  suggest that 
the period bstween c a  40,00@-30,000 BP w 1 ~ 8  mre 
arid than the periods before and &r this smtch of 
time. IfDansieetal.'s(1988)interpremionis 
mmct, thm it is possible that tbese sib date a 
*enificmtlargenurmnl die4during the arid 

period before the onset of genemlly cold and wet 

off, unresponding to the end of Bischoff and 
Cummins' (2001) interetadial 1, may colrclatwitha 
similar die-off recorded in the Beringian region 
(Leonard et al. 2000; Barnes et al. 2002). Thc 
potential significauce of this die-off is disnuaed 
fuaher below and in Chapter 1OinnlntiOntoMinapl 
Hill Cave. 

conditions marking the laat glacial cycle. This die- 

Datlug of Biotic Changer 
At M i n d  HIIl Cave 

As noted above and in chapter 1 (Table 3), 
the majority of Pleistocene-aged radiocarbon dates 
from Mmeral Hill Cave cluster within MIS 3. Within 
this cluster, however, those that are younger than 
50,MM BP cluster between about 30,00048,000 BP. 
Some of the Mineral Hill Cave dates, then, w 
assocmted with the relatively cool and wet period 
preceding 41,000-39,000 BP, while o h  are 
associated with the relatively cool and dry period 
preceding LGM (Table 7, following page). 
Significantly, no extinct animals date 
31,000 BP at Mineral Hill Cave. 

for the ptteming of dates within the Pleistocarc at 
Mineral Hill Cave. First, it is possible that the cool 
and dry period of 41,000-28,000 BP c a d  mqjm 
stresses on the large mammal populatiom in the 
central Gnat Basin. If this interpretation is correct, 
then the lack of now-extinct large mammals such as 
camel, llama, and horse after ca. 3 1,000 BP may be a 
consequence of naturally declining popllationr on the 
landscape that did Mt recover during the s u c c d h g  
MIS 2iLGM. 

and wet climatic conditions of LGM rendRed the 
cave largely uninhabitable to carnivms. Aa is 
detaded in chapter 3, the majority of large mammal 
remaim recovered fromMineral Hill Cave consisted 
of lower leg and foot bones. This pattan is typical of 
faunal assemblages created by carnivore scavengbg, 
in which limb bones are carried from a kill site to a 
den or feeding locale (Binford 1981). Thegemrally 
drier climnte of 41,000-28,000 BP may have allowed 
carnivores to den inside the cave nxm ikquedy, and 
consequently they m y  have accumuhd lnrgc 
rmmbers of bones at this time. Convexsely, the we4 

than 

There are at least two possible explpDntiolrr 

Another possible e x p h t i o n  is &at the cold 



climate of LGM timS may have filtered large 
quantities ofwater h u g b  the cave system; this 

t may not have bcm conducive to 
d v o n  dsnniag. Tbe section of laminated clays in 
chamber 5 deauibed io chapter 1 (Figure 7) were 
dcpositcd Sometime aRcr 46,500 BP. the AMs date 
retrieved on a -1 phalanx that was found 
rmbcddedm these deposits. It may be the caw that 
the hinatedclays wmdcpositedduring MIS 2 
following the colder and drier period at the end of 

8,300- 
4,500 

d d m  
sheep 

sponed 

'Marmot 
Harc 

Bushytailed 
woodrat 
Northern 
pocket 

Sage 
grouse 
collard 
lizard 

gopher 

17 
MIS 3, in which cane the back chamber of the o ~ v c  
would have been essentially a cold pond 
unmhabitable to mammalian d v m .  This 
explanation, however, does not l l l y  mmmt for the 
fsct that no extinct large d dated to the latest 
Pleistocene following LGM (ca. 15,OOO - 10,OOO 
BP), while dates ibmthis timc period wem obtained 
on extant animals such as pmnghom, bobcat, and 
badger. 

4,500- 
2,OOO 

cooYmi6t 
spew 
domL 

LosB-tpiled 
wapsel 

Bushyt.ilcd 
woodret 

P o m p n c  

Tdle 7. Animals with AMs dates at Mineml Hill Cave subdivided by eight geneml climatic regimes. 

>so,OOo 

+Rod fox 

R a m  

rabbit 
Golden 

30,000- 
15,000 

coldwet 
Bobcat 

*Marmot 
collard 
lizard 

15,000- 
10,500 

Pronghorn 
Badger 

coovdry 

10,500- 
8,300 

cooYmoist 
Bobcat 
'Brown 
bear 

'extiact 
+extralocal, 110 modem or historic records of animal occurring in the immediate area surmundiag the cave 
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CHAPTER 3 

Systematic Paleontology of the Mineral Hill Cave 
Cmivoreu, Perissodactyls, and Artiodactyls 

Bryan Hocken and Eric Dillingham 

This chapter discusses the carnivores and large 
lllsnrmals identified from Mineral Hill Cave (MHC). 

below rrgprding apecific identifntions. If the 
idedtkations wsn relatively secun but not without 
m o n s ,  thy were desi& as "ct" for 
"compsns favonbly to". For each species, 
information is presented 011 other paleontological and 
archaeological sitca whore the same or similar species 

mere applicable, additional details are pnsented 

has been identifled. These ~ ~ m p a r i s ~ ~  focus 
primarily on sites located within the state of Nevada, 
but other regional locales are included for a h d m  
contcxt. 

The locations of the important sites mmtioaed in 
the text below an shown on F i w s  9 and 10. Figure 
9 shows these sites with modem political boundaries; 
Figure 10 without them 
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F i p m  IO. General locotion of W o r  NIL( mentioned in this chapter witfrour rqmnce to po l i t i d  barndorier r.XCcPt lhe bo* 
of the United Bates and Canada: (I) Mineral Hill Gave; (2) Smith Creek Gave, (3) Ctystal Ball Caw; (4) Crypr Gave; (5) 
Gypsum Cave; (6) Tule Sprlngx; (7) Goteliff Sheller; (8) HIllden Caw; (9) Mormon Mountain Caw; (IO) Deer crsek Cave; 
(11) Losr Supper Caw, Hanging Rock Shelter; (12) Wilcrd's Beach; (13) James Creek Shelter; (14) Pie Creek Sklter: (1.0 
Pinwater Gave; (16) Rancho La Brea: (17) Potter Creek Caw, (18) Kokoweef Caw, Antelope Cave, (19) A m  Arena: (20) 
Laks Bonnuville: (21) Danget Cove; (22) S lwr  Cr& (23) Homesiead Cave: (24) Jaguar Caw; (ZJ) Rainbow Beach, 
Mcuracn Rocks; (26) Anericmt Falls; (27) Litlle Bar Elder Caw; (28) Natural l h p  Caw; (29) Selby, Dutton; (30) He)mraCk 

Cvnvr plcbmdo; (36) San Joseci~o Cuw; (37) Ventana Caw; (38) Deadman Caw: (39) Rampart Gave. Vulrvrs Caw; (40) 
Aqnawalkntes; ( 4 )  Porcupine Gave; (42) Owl Caw No. 2, Snake Creek Burial Gave; (43) Slaton. (44) a n p n  

Cave; (31) B&er, Lipoo; (32) Gordon. Rwhville, Hay Springs. (33) B m e ~  Cave* Orv Cave; (34) sheher Cave: 
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discussion of the Mineral Hill Cave carnivores, 
followed by the Perissodactyls and Artiodactyls. 

We begin the systematic paleontology with a 

Class Mammalia 

Order carnivora 

Family Felidae 

cf. Mirucinunyx frumuni 
North American Cheetah 

MATERIAL RECOVERED. metatarsal V 

C-14 Age. Tp4-1 [z 50,OOO BPI 

DISCUSSION. The large felid fifth metatarsal 
from MHC was identified based on a combition of 
size and morphology, with the latter taking 
precedence. Based on comparisons with a variety of 
living and extinct felids, the metatarsal was clearly 
too large to belong to small felids such as bobcat 
(Lynx rufus) or lynx (Lynx canadensis), yet it was too 
small to belong to the North American lion, Punfheru 
leo. The specimen was therefore likely to belong to 
the extinct North American cheetah (Uirucinonyx 
spp.), fossil jaguar (Puntheru oncu), or fossil 
pumalcougar (Pumu concolor). The size of the 
specimen was of limited utility in narrowing its 
possible affiliation to one of these three cats. Table 8 
lists metatarsal V measuremenr~ for two species of 
North American cheetah, fossil and recent pumas, 
fossil jaguars, recent African cheetahs, and the MHC 
specimen. Based on these measurements, the MHC 
specimen is generally longer and broader proximally 
than recent pumas, but it shares the characteristic 
greater lengtb to breadth ratios seen in African 
cheetah and the extinct North American cheetah 
(e.&, Martin et al. 1977; A b  1979; Morgan and 
Seymour 1997). However, this characteristic alone is 
inadequate to identify the metatarsal. 

The morphology of the MHC specimen, 
however, clearly aligns it within the puma-cheetah 
lineage. Paleontological and imtnunological data 
suggest that fossil and recent pumas and cheetahs are 
more closely related to one another than to other 
felids such as lynx, lion, and jaguar (Adams 1979; 
Collier and O’Brien 1985). although Martin et al. 
(1977) suggested that the morphological similarities 
between the skeletons of fossil pumas and cheetahs 
were the result of convergent evolution Whatever 

biological relationships occur between pumas and 
cheetahs, we found several characteristics of the fifth 
metatarsal that may help to distinguish between then 

Martin et al. (1977) noted that African cheetahs 
and the extinct North American cheetah (Mirocinonyx 
tnrmuni) both possessed relatively saaight 
metatarsals. Additionally, Adam (1979) noted that 
the muscle scars on the limb bones of both animals 
were remarkably similar. These characteristics are 
thought to be related to the resttuchuiag of the Limbs 
for propulsion rather than for climbing. Related to 
these observations, we found three characteristics that 
generally distinguish the fifth metatarsals of 
Mirucinonyx from those of Puma: I )  the proximal 
one-half of the diaphysis of Uirucinonyx fifth 
metatarsals tend to be strongly triangular in shape; 
most of the specimens of Pumu that we examined 
were round - those that were hiangular-like were not 
as sharply hiangular as those of Uirucinonyx; 2) the 
Irvingtonian-aged Uirucinonyx specimens we 
examined from Port Kennedy Cave were all sbaighter 
than recent Puma specimens; put the other way, 
Pumu fifth metatarsals tend to curve more deeply 
than those of Mirucinonyx; and 3) every Puma 
specimen we examined displays a muscle scar on the 
posterior side of the diaphysis, approximately one- 
third of the way up the length of the bone from the 
end of the distal epiphysis. This muscle scar was 
absent on the Port Kennedy Cave Uirucinonyx 
specimens, as well as the specimen of Afiican cheetah 
that we examined. Of these three characters, the 
muscle scar may be the most diagnostic, and m y  
relate to an adaptation geared toward running rather 
than climbing and darting. Together, these three 
characteristics appear to adequately distinguish 
Mirucinonyx fifth metatarsals from those of Puma. 

Figure 11 shows the fifth metatarsal h m  MHC. 
The proximal one-half of the diaphysis of the MHC 
specimen is saongly hiangular in shape; it is 
relatively straight; and it possesses no muscle scar on 
the posterior side of the bone near its base. These 
three characteristics suggest that the MHC specimen 
belongs to the extinct North American cheetah rather 
than to a fossil puma. 

The early form of the North Amrican cheetah, M. 
inexpectatus, fmt occm in late Blancan deposits, but 
was extinct by the late Irvingtonian or early 
Rancholabrean (Van Valkenbur& et al. 1990; 
Morgan and Seymour 1997). Although the metatarsal 
from MHC produced a limiting date of > 50,000 BP, 
given that the assemblage as a whole appears to be 
Rancholabrean in age, the bone is tentatively 



idcntified hem as the Rancholabrean North American 
cheetah M. mmani.  

The type specimn of M. tmmani COMS from 
Crypt Cave in western Nevada, rsdiocarbon dated to 
ca. 19,750 BP (On 1969). The M. mmani  
Spaimns hmNptunl Trap Cave, Wyoming 
g d y  date betwan ca. 11,000 and 13.000 BP 
(Martin and Gimar 1978). Emlie (1986) idcnti6ed 
a medium-sized felid phalange at Haytack Cave, 
Colorado as M. frumani, radiDcarbon dated between 

L I  

CB. 12,OOO and 15,000 BP. If the MHC idmtifiati0n 
is correct, then it rep re sen^, &e oldest known 
specimen of M. frumani m North M a .  
cumntly, M. inexpectatw is unknown west of 
Colorado, and M. mnnani ia unlmown east of 
Colorado (Andason 1996). There rcmpins a gap in 
daring between the latest M. ine;qwftonu and mS 
earliest M. mmani: the MHC specimen may help 
close thet gap. 

TabIe 8. Merm metatarsal Vrneesurenrats ofIU inexpeetatus, M. tmu~ni, Puma CoIlcOl~r, Ppathera OUC% 
A. jubatus, and the Mineral Hill Caw specimen. 

I 6 I 110.7 I I 14.9 I I 7.4 

A. j u b a d  3 I 95.8 I 13.3 I 13.0 I 7.2 I 7.4 

'Cutler, Dry Cave, Potter C d  Cave; I(mCholabna0; Morgan and Seymour (1997); K. Seymour (pemmd 
communication letter to B. Hockett, March 22,2000) 

6Contirmtal Unit& States; Recent; this repat 
'Cumberland Cave, Coleman Jl A, Conard Fissure; Irvingtoman; ( K d n  1973) ' K. seJmvna(pcrsod c011111ume&tl ' 'on letter to B. Hockett, March 22. 2OOO) 
'Minaal IW Cave; h~~holabrezw this repat 

"worn 

%organ and saymour (1997) 

estimate IO * . 
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remalns from MHC compare favorably with the 
bobcat. The presence of four subadult mandibles 
provides evidence that bobcats probably used MHC 
as a den. All of the subadult mandiiles were found in 
the back chamber of the cave, wiuch would suggest 
that this area may have been more open or once 
received greater air exchange with the outside 
compared to current conditions. The two dates 
reported above suggest that bobcats have been 
occupying this region of Nevada for at least the past 
30,000 years. 

and Holocene caves and rockshelters thoughout 
central and northern Nevada, including Deer Creek 
Cave (Ziegler 1963). Gatecliff Shelter (Grayson 
1983). Crystal Ball Cave (Heaton 1985), Hidden 
Cave (Grayson 1985), Snake Creek Burial Cave 
(Heaton 1987), Last Supper Cave and Hanging Rock 
Shelter (Grayson 1988), James Creek Shelter 
(Grayson 1990), and Homestead Cave (Grayson 
2000). They are also present in the Early Holocene 
levels of Pintwater Cave (Hocken 2OOO) io  sou^ 
Nevada. 

Bobcat remains are ubiquitous in Pleistocene 

Figure 11. The cf: Miracinonyx trumaDi metaiarsal V 
( I )  and cf: UISUS arcm pwimaIpha1an.x (2)fmm 
Mineral Hill Cave. Note the strongly hiangular 
proximal regian and the lack of a tuberosiry/nzuscle 
scar on the distal, posterior side of the cheetah 
metatarsal. 

Lynxcf. nifrrs 
Bobcat 

MATERIAL RECOVERED. five mandibles (one 
adult, four subadult); eight isolated teeth (three 
subadult Pm‘, two adult Pm‘, one subadult 
mandibular canine, one adult mandibular canine, one 
adult maxillary canine); one innominate (acetabular 
fossa +): one patella: one distal tibia, one calcaneus; 
one proximal ulna 

C-14 AGE. Tp3-IS1 (adultmandible [30.310+ 
170 BPI); Tp3-170 (subadult mandible [9.640 i 40 
BPI) 

DISCUSSION. Bobcat is one of the most common 
small carnivores recovered in Irvingtonian and 
Rancholabrean sites throughout western North 
America (Anderson 1984). All of the small cat 

Family Ursidae 

cf. Ursus arctos 
Brown Bear 

MATERIAL RECOVERED. proximal phalanx 

C-14 Age. TPS-01-1 [9,960 * 50 BP; 9,710 * 40 
BPI 

DISCUSSION. The identification of the MHC bear 
phalanx was based primsrily on the size of this bone 
compared to other proximal phalanges of brown 
(Ursus arctos), black (Unus americanus) and giant 
short-faced (Arcrodus sinius and Arctodusprivtinus) 
bear specimens, as well as the age of the bone. The 
MHC bear phalanx was compared to proximal 
phalanges of brown bears labeled as “kodiak” (Ursus 
arcm arctas) at the AMMI and the ANSP, brown 
bears labeled as “grizzly” at the AMNH, black bears 
on fde at the AMNH and the ANSP, Rancholabrean 
short-faced bears from RLB, and Irvingtonian short- 
faced bears fromport Kennedy Cave an file at the 
ANSP. Table 9 presents the results of these data. 

either a 2“. 3*, or 4* digit.  he measurements 
displayed in Table 9 are from a mixture of Zd4* 

The proximal phalanx from MHC Figure 11) is 



di$its, and arc only desigaed to show generat trends 
inthcaizeoftheproximalphslsngesofthcsebears. 
Howeva, thc MHC pbplpnx morpaologicluy 
mptfhd well with various ppeeimns of extinct 
ArcMdus and extant brown and black bears, so we 
could not make a tentative identi6cation based on 
morphology. 

As Table 9 indicates, the lengtb, as well as the 
proximalldistalwidthsofbearproximal 
phplansergmrallydarrpscinsizeslongthe 
following gradient: shortfaced bear - Lodiak bmwn 
bear-grizzly brown bear - black bear. Merriam and 
Stock (1925) published length and proximal wdths of 
two Amtodw proximal phalanges fmm Rancho La 
Brea, and tbcac maswam@ closely match the 
maximum valued we obtained from 20 measwed 
specimns from the site. In gend,  proximal 
pha&ngen tend to be larger in Amtdw than Ursw 
m s ,  but overlap exists. Thus, neither size nor 

from thcsc two genera. 
Black bear proximal phalanges also overlap m 

size with those of brown bean, but tlus overlap tends 
to be 9tmrlge.X among specimens labeled “grizzly” 
thaa thosc labeled “kodink”. In addition, there is no 
ovalap bawcar thosc labeled “grizzly“ and those 
labeled “Ammh.9”: within the brown bears, only 
those labeled “kodink” overlap the Amrodup 
specimns. There is a slight overlap in the lengths of 
proximal phalaages between the largest blackbears 
and the d e s t  ArcMdus. 

In co- the bear phalanx fmmMHc is 
larger thaa any of thc blackbear or “gri4y“bear 

brown bear and Amfodus measunments. The MHC 
s p c c h  dates to the earliest Holocene, and thus it IS 

morphology clearly distingukb proximal phslaages 

but Overlaps with both ”Lodiak” 

Mt likely to be *, as no specimens fromthis 
a n i l d  have bcm fouad in thc Grat  Basin tbatpost- 
baa 11,2ooBP(oill*tcandM.dsen1992). Itis 
thercfbre likely mat the MHC phalange belongs to 
either a brown or black bear. KunCn (1967) noted 
that Pleistocene brown and black bears achieved 
larger Siee than their Holoccne descendants, but both 
undcrwtnt rapid dLniaution at the close of the 

MHC ph.lua overlaps m size with Amfodw, the 
apeehaen is idcntificd as “cornpans favorably” with 
thc bmwn bear, although the possibility that it 
belongs to a black bear cannot be completely 
discounted DNA analysis may be able to solve tlus 
quGstioIL 

PkktOWOC and Holoccne bear rsmaias arc 

Plcktocnu. aivcnthsedota,andgiventhatthe 
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generally rare in Nevada Ziegler ( 1963) identifiGd a 
brownbeartwthfromDCreekCavcm 

and Czaplewski (1985) reponed the dkovery of aI 
least five individual bears from Lnbor-of-Love Cave 
near Ely in cast-central Nevada. One fpechmn was 
ident4iied as giant short-faced bear, three 88 black 
bear, and one tibia was identified as brown bear. 
Reliable dates have not been obtained fmm this site, 
but Emslie and Czapld (1985) argned mat the 
cave w88 sealed appmximately 12,OOO yeam ago, and 
therefore the bear bones likely predate that date. If 
this the case., then the brown bear tibi from Labor- 
of-love represents one of the earliest brown bear 
specimens known from the cont ipus United States. 
Data suggest that brown bears migrated into artan 
Beringin during MIS 3 or 4, but did not -te 
funher southward into the contiguous United States 
until after ca. 12,OOO BP (Agenbroad and M a d  1986; 
Cox 1992; Matheus 1995). Brown bear was also 
identified fiom Hidden Cave, western Nevada, in 

1985). Brown bear was apparently identified in 
Smith Creek Cave, east-central Nevada (Miller 
1979292). The brown bear phalanx fmm MHC is 
the second such specimen dated to thc d y  Holocmc 
of Nevada, and the Brst dated to this time period in 
the central Great Basin. 

relatively common in other parts of the Oraat Basin, 
although m s t  of these have been idmtificd as short- 
faced bear, Hcaton (1988) reported on a Specimm of 
brown bear tium Porcupine Cave, at an elcvption of 
9,250 feet in the Unta Mountain# of westan Utah 
that dated to 10,600 BP. Nelson and Madsen (1987) 
reported on a Pleistocene specimen of black bear 
from along the ancient shoreline of Lake Bonneville, 
Utah. Grayson (ZOOO) identified a single black bear 
bone from Hornstcad Cave, Utah, G14 dated at ca 
8,200 BP. To the noah of thc hydrogrpphic Onat 
Basin, KunCn and Anderson (1974) npoaed on 
several bones of brown bear from Jaguar Cave, 
southern Idaho, C-14 dated to between 10,370 and 
11,580BP. Lundelius(1984)reportcdonaSbort 
faced bear from Cueva Quebrah Texas, G14 doted 
baween I2,OOO and 14,000 BP. As mdoncd, 
remains of giant short-faced bear arc relatively 
common in the Great Bpsm and aurmuuding regions 
(MenimandStock 1925; SchullzandHoward 1935; 
Kurt& 1967; McDonald and Andewon 1975; KurtCrr 
and Anderson 1980; Nelson and M h  1983,1987; 
EmsEe and Cznplewski 1985; Akersten and McCrady 

Mrrheastem Nevada thc Idaho bo&. &U9k 

~tn*l &@between ca. 7,000-10,000 BP (Gmm 

Late Pleistocene specimens of bear arc 
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1990; Gillette and Madsen 1992; Scott and Cox 
1993; Richards et al. 1996; Madsen 2000). 

K u n h  and Anderson (1 974) were the Grst 
to report an association of brown bear with short- 
faced bear south of Alaska at Little Box Elder Cave, 
Wyoming. Although brown and short-faced bears 
may have both been present near Labor-of-Love Cave 
in eastern Nevada during the latest Pleistocene, the 

youngest d e f ~ t i v e  date on Arctodus fkm the &at 
Basin is between 11,200 and 11,400 BP (Gillem and 
Madsen 1992). Gobea and Martin (2001). however, 
recently reported on a possible early Holocene short- 
faced bear from Kansas. 

Table 9. Proximal phalanx measuremmts (mm) of Arctodus. Ursus. and the Mineral Hill Cave specimen. 

I Fmximal breadth Distalbrrsdth 1 

'Rancho La Brea, California; Rancholabrean; this report 
'Port Kennedy Cave, Pennsylvania; Irvingtonian; this report 
'Alaska; Recent; this report 
'Conlinental United States; Recent; this report 
'~imral Hill Ramblabrean; this report 

Family Canidae 

Canis lupus 
Gray wolf 

MATERIAL RECOVERED. MI 

C-14 AGE. &own 

DISCUSSION. A complete lower first molar of a 
juvenile gray wolf (Figure 12) was recovered in 
MHC. This specimen was compared to adult coyote 
(Canis lafrans) and adult and subadult due wolf 
(Canis d i m )  at the Page Museum in Los Angeles. 
The deciduous tooth from MHC was much smaller 
than those of the dire wolf, yet it was much larger 
than adult coyote teeth. 

rneasure~nta of recent and Rancholabrean-aged 
canids, including the gray wolf, coyote, red fox 
( Vulpes vulpes) and gray fox (Urocyvn 
cinereoaventeus). These four canids grade in size 
from large to small, and we have found miuimal 
overlap in dental measurements between them, 
although some overlap does exist, As Table 10 

Table 10 lists various mandibular 

shows, the lower first molar from MHC fits within the 
size range of Alaskan gray wolves, but is beyond the 
range of recent or fossil coyotes reported here. 
Considering that the specmen is deciduous and it is 
beiig compared to adult teeth in Table 10, the 
s p e c k  is securely attributed to pay wolf. 

- -- 
Figure I.?. Gray wlfdeciduous MI fronr MHC. 

Gray wolf remains are UrrCMmmnin 
Pleistocene end Holocene sites in Nevada and the 
Oreat Basin. Wolf may be present in the Pleistocene 



deposits of Gypsum Cave in southrm Nevada 
(Harrington 1933:192), but it is possible that this 

in Deer Creek Caw, llorthesstnn Nevada (Ziegler 
1%317). Heaton (1985) idcnti6ed SCVCRL gray wolf 
spahmrs hmcrystll Ball Cave, east-central 
Nevada, aod Nelson aod Msdsen (1986,1987) 
identified a gray wolfmaxilla fmmalong the 
shDnline of Plcistame Lake Bonneville in Utah. 
These specimnr M probably late Pleistocene in age. 
More recently, Hoc& (2000) reported on a gray 
wolftemdaal phalpnn hm Pintwater Cave. This 
specimenwasncovaedhmUnit3,skatum8,G14 
datcd to ca. 32,000 BP. 

Grayson (1985) reported on h e  gray wolf 
spahmrs h m  Hidden Cave, western Nevada, that 
were G14 datcd to ca. 3,600 - 3,800 BP. Grayson 
(1988)lateridenti6ed 18graywolfbonesscaaered 
throughout tbe Holocene sequense in Danger Cave. 
Grayson (1988) also identified a single gray wolfulna 
h m  an undated contcxt at Last Supper Cave, 
noathwestem Nevada. In addition, Hoc& (1997) 
reported on the identiiktion of a gray wolfpatella 

specimen is dire wolf Gray wolfmay also beprescnt 
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from Pintwater Cave that was recovered from Unit 5, 
s t r a m  3. The s t r a m  above this level (stratum 2) in 
Unit 5 WBS G I 4  dated m CB. 6,200 BP (Buckad. 
199725, Table 2). This gray wolfspecimonis 
probably Early Holocene in age.. Graysw (zo00) also 
recently reported on a single wolfspecimcn hm 
HomsteadCavethatwssG14datcdbctwFcn5fW 
and 3,400 BP. 

These data suggest that wolves have been 
present in the southem, central and northan Great 
Basin regions throughout the last 30,000 years. 
although in relatively stnall numbers. Unfomnatcly, 
the gray wolf tooth from MHC is undated, but based 
on the wealth of G14 dates reaiwcd bmtfic caw, 
this specimen likely dam to either the Late 
Pleistocene or the Neoglacial. 

from Jaguar Cave, Idaho, C-14 dated bctwFcn ca. 
10.000 - 11,500 BP ( K d a n d  Andemm 1972), 
and fmm Burnet Cave, New Mexico (Schula and 
Howard 1935). 

Late Pleistocene gray wolfwan also reported 

Table 10. MandWar tooth memuremews of Canis lupus, Canis lamus, Vulpcs vdpq and Urocyon 
c h m a r g m w f i m  Little Bar Elder Cave. Jaguar Cave, Mineral Hill Cave, and recent specimens. 

67.4-69.7 I - I - I - 1 - 1  - I - 
Vmcvonchmoa~tnrp ’  I 1 I 58.5 I 1 1 1  11.5 I - 1 1 1  5.0 I - 
‘Little Box Elder Cave; Rancbolabrean; Anderson (1968) 
‘Aladu; Recent; Aadcrson (1968) 
)Miaap1 Hill Cave (subadult specimen) ; Ratrholabrran; this report 
‘faguar Cave; R.achobbreaw Kurt& lad Anderson (1972) 

%ind Hill Cave (adult speeimn(s)); Rancholabrean; this report 
~nnda;Rccca$thisrcport 
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Con& lnoruu 

coyote 

MATERIAL RECOVERED. one mandible (wlth 
MJ; six ceniw, 

~ V c r t c b r s c ; o l u m t r p o d i a l  

Pmp; one maxilla fFagment 
(with Pm'-ML); tbne Pm'; thra M'; one atlas, four 

C-14 AGE. d o -  

DISCUSSION. Table 10 above, as well as Tables 
11-16 below dipplay Mlious mandibular aad 
muillpry tooth mepsurrmcnrS of wolf, coyote, red 
fox, and gray fox. As mntioned above, there is 
nrinimal overlap in size between the mediumsized 
coyote and the large rvd fox. Unlike a number of 
extaut ungulate species, d to medimsized canids 

significantly larger bodies during the Late Pleistocene 
(Andenon 1968,1996). Thc data outbed in Tables 
IO - 16 were uped m scperate individual teah and 
umndiilehmxilb fiagumts of coyote and red fox. 

Coyotes mar in the fossil record of North 
Amrica during the hin@onian (Anderson 1996). 
and M one of the mmt ubiquitous species identi6ed 
in Ranchol.abrem dcpwiFs throughout the western 
United State8 (Andemon 1984). In Nevada, coyote 
rrnnins have becn identitied from W e  Springs 
(M.rvby 1%7), South Fork Shelter (Hcizer et al. 
1968), Smith Cnck Cave (Miller 1979), Gatecliff 
Shelter (Grayson 1983), Crystal Ball Cave (Heaton 
1985), tiidden Cave (Graywn 1985), Owl Cave No. 
2 (TUmmire 1987). Lsst Supper Cave (Grayson 
1988), Hanging Rock Shelter (Grayson 1988). James 
Cmek Shelter (Orayron 1990), Homatead Cave 

Sunshinc Well (Hucklebmyet al. 2001) to- a 

a h  811 the WyOtC and rsd fOX did Mt PChieVe 

(&- 20OO), PhhVater c 8 V C  (HOCkett 2000), and 

few. To the north, coyote r emab  wm wlllllyn in 
the Americas Falls, Idaho, fauna dated bstwean 
80,000 and 130,000 BP (Pinsof 2000), and at 
Rainbow Bath, Idaho, C-14 dated betwscn CP. 
20,000 - 30,000 BP (McDonald and Andemon 1975). 
Although ubiquitous in Late Pleistocem deposits in 
western North Amrica, coyote ruuains are offen 
oubnunbmd by those ofthe nd fox at this tbn. ps 

seen in MHC, Jaguar Cave, Idaho (KMen and 
Anderson 1972), and Little Box Elder Cave, 
Wyoming (Anderson 1968). 

Conis spp. 
wowayote 

MATERIAL RECOVERED. thne umndiile 
fragments; one canine; one metapodial fmgmznt 

C-14 AGE. d o w n  

DISCUSSION. These five specimens all appear 
too large to be fox, but they are too fragmentary to be 
positively identified as either gray wolfor coyote. 
However, one of the d i l e  fiagmnt.9 is fbm a 
young canid in which thc eaninc bad not erupted 
above the gum line. The depth of the mandible below 

the upper limit of the coyote (see Table la). 
Comparative specimens were not available to & a 
positive identification of this specimen, but it ia 
possible tbat it belonged to a young wolf. The 
rrmaining specimens are probably coyote. 

rn in this specimen MBSUIWT about 19.0nmb lltar 

Table 11. Gwmth measurements of recent cania latrans and Urocyon cinercoargenteus, and the three VulpGs 
mandlblufrorn Mineral Hill Gne. 

Alveolar Length (GW) 
I n 1 - 1  range 

1 Con& lracmr' I 4 I 60.0 1 57.7-63.7 

Vdm VUrpeJ I 3 I 44.3 I 42.446.8 

I N e v e  Recent; tbia report 
'Mncrd Hill Cave; Rancholabrean; this nporf 
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Table 1.2. AnrM, tooth measurements of recent Canis latrans and Urocyon cinereoargMluua and 
Rancholabrean Canis latrpas and Vulpcs vulpes mandiblesfrom Jaguar Cnve and Mineral Hill Cave 

Vulpgs Vulpod I 9 I 55.8 I 52.0-60.0 
vulpes V J d  1 2 I 55.2 I 53.9-56.5 

'Ncrada,Rwlhisnport 
J a m  Can; Rsacbalsbrenn; KUnen and Anderson (1972) 2 

)MineralHill cave; Rsacholabnao; this report 

Table 13. An' tooth meas-& of Canis law, Vulpes vulpes, and Urocyon einercoargcntcusfrom Linlc Bar 
EUer Cpve, Jaguar Cave, M i d  Hill &ve, and recent specimens. 

U m c v o n ~ ~ m r e u s '  I 2 I 11.2 I 11.1-11.2 I 2 1  4.2 I 4.2-4.3 



28 

Table 14. M' tooth m-entF of Canis hhans, Vulpes vulpes, and Urocyon cinmxwgenteusfronr Little Box 
Elder Caw Jaguar Gave, Mineral Hill Gaw and recent specimens. 

I I Lengb M' Width MI 1 
I n l m e a n l  raoge I n I m e a n I  rang e 

( la is  Iamns' I 5 I 12.6 I 11.7-13.4 I 5 I 16.2 I 15.4-17.7 
( l a is  l a d  I 2 I 12.9 I 12.6-13.1 I 2 I 15.9 I 15.7-16.1 

Vulpes w l p d  I 4 I 9.8 I 8.7-10.8 I 4 I 13.5 I 12.0-14.0 
V U Z ~  vulpe.9 I 48 I 6.9 I 7.1-10.3 1 47 I 12.3 I 10.3-14.3 
vulpa wipe2 1 - 1  - I - I 4 I 12.4 I 11.5-13.0 

iJrocpn- enteu' I 2 I 7.5 I 7.3-7.6 1 2 1  10.4 I 10.1-10.6 

'Nevada; Recent thin npoa 
%bra1 Hill Cave; Rancholabrean; this report 
3A1pska; Recent; Anderson (1968) 
'lisle Box Elda C a v ~  Rancholabrew Anderson (1 968) 
'Jaguar Caw; W h h b m  Kurtea and Andason (1972) 

Table IS. M' tooth measurementr of caais lupus, Canis Istrans, Vulpes vulpes, and Umcyon cinereoargenteusfim 
Little BOX EMer Cove, Jaguar Gave Mineral Hill Cave, and recent specimens. 

Cnnb l a m d  I 6 I 7.7 I 7.4-7.9 I 6 I 11.3 I 10.0-12.4 
Cania l a d  I 2 I 8.2 I 7.0-9.3 1 2 1  11.3 I 10.5-12.1 

Vulpes wlpes4 I 4 I 5.4 I 4.5-5.9 1 4 1  8.8 I 8.3-9.3 
vUkX% VU1PeS5 I 24 I 4.7 I 3.0-6.7 I 24 I 8.0 I 7.0-9.4 

Umwn ctnereoamnteu? I 2 I 5.0 I 4.6-5.3 1 2 1  6.8 I 6.7-6.9 

'Jaguar Cave; Ranchohbreaq KwtCn and Anderson (1972) 

'AlpaLs; Recent; Aaderscm (1968) 
'Little Box El& Cave; Ranchohbreaq Anderson (1968) 

"eMds;Rccent;tbisrcpon 
~ H i l l C a V ~ R a n c b o h b 0 b r e S a ; t b i s r r p o r t  
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Table 16. Depth of mandible at Pm? of Canis lam. Vulpes vulpes, and Urocyon cinereoargenteusfiorn Mineral 
Hill Cove and recent specimens. 

Depth at Pm2 
I n [ m e a n 1  range 

Canis latrans' I 4 I 17.1 [ 16.0-18.8 
Canis latrans' I 1 I 19.4 I 

Vulpes Vurpesl I 5 I 12.2 I 11.0-13.5 

Umfyoncinerwargenteus' I 1 I 9.5 I 
'Nevada; Recent; this repn 
'Mineral Hill Cave; Rancholabrean; this report 

vulpes wrpes 
Red Fox 

MATERIAL RECOVERED. six mandibles (three 
edentulous, one 6agment with Pnq and partial MI, 
one fragment with PMz and partial Pm,, and one 
frsgment with Pmz and partial PQ); one maxilla 
hgment with Pm4 and M'; one sacrum; one humerus 

C-14 AGE. TPla-08-8 (maxilla 6apment [39,200 * 
1.200 BPI); TP3-147 (mandible [Z 50,OOO BPI) 

DfSCUSSION. As noted above, Tables 10-16 
display various tooth measurements for the wolf, 
coyote, red fox, and gray fox. Red fox tooth 
measurements tend to lie between those of the coyote 
and gray fox, and gray fox mandibles tend to have 
more widely-spaced teeth than the red fox (Anderson 
1996). The six mandibles and one maxilla fragment 
identified above match the size and form of the red 
fox, OS does the complete sacrum and the humerus 
(Tnblc 17). McGuire (1980) reported that the gray 
fox was present in the MHC assemblage; however, 
we found no elemens that match those of U. 
cinereoargenteus. 

represented by the six mandibles based on side (three 
left and three right), although tooth measurements and 

At least three individuals of red fox are 

horizontal rami depths suggest that five to six 
individuals are present. The two red fox spec- 
dated from MHC are at least ca. 40.000 yearn old. 

The red fox was once thought to have 
entered North America during the middle of the 
Rancholabrean, ca. 125.000 BP (Anderson 1984), but 
Anderson (1996) recently identified late Irvingtonian- 
aged red fox remains from Porcupine Cave, 
Colorado. Red fox has been reported h m  a number 
of Pleistocene localities in Nevada, including Smith 
Creek Cave (Miller 1979). Crystal Ball Cave Weaton 
1985), Snake Creek Burial Cave (Heaton 1987), and 
Sunshine Well (Huckleberry et al. 2001) all in east- 
central Nevada, and in Hidden Cave (Grayson 1985) 
in western Nevada. Red fox was also identified in 
Holocene deposits at Gatecliff Shelter (Grayson 
1983) and Hidden Cave (Grayson 1985) in central 
Nevada, Last Supper Cave (Grayson 1988) in 
northwestern Nevada, and James Creek Shelter 
(Grayson 1990) in northeastern Nevada. Heaton 
(1985) noted that red fox was probably much more 
common in the Great Basin during the Pleistocene, 
and that this animal has been losing its range to the 
gray fox throughout the Holocene. 

along the shoreline of Pleistocene Lake BoMevilk 
(Nelson and Madsen 1987). at Danger Cave (Grayson 
1988) along the Nevada-Utah border, and at 

In nearby regions, red fox was identi!ied 
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Homstead Cave ( G r a p  2000) in centrnl Utah. 
Red fox was also Lecovercd from the AmricanFalls, 

common carnivores identified at Jaguar Cave, Idaho 
(Kurt& and Anderson 1972). Red fox was present in 

Idrho 1OcaliIy (Pinsof 2000). and was om of the m s t  

the Late Pleistosene deposits of Burnet Cave, New 
Mexico (Schulk and Howard 1935). 

Table 17. H m m  measumentr of Canis lupus, Canis laaaas. and Vulpes vulpesfrom Jagurn Gm and Mineral 
Hill Gwe. 

Mid-%aft Breadth I Distal Width 
n l - l  range I n l m e a n l  range 

Gnis ~upur' 1 - 1  - I - I 1 I 44.5 I - 

VUlPer vulper' I 4 1 7.3 I 6.5-8.1 1 3 1  19.4 I 18.4-21.1 
Vulper MClpeY I 1 I 7.8 I [ 1 I 19.0' I - I 

'Japar Cove; Raucholabmq KvrtCn and Anderson (1972) 
"HilICove;Rencholabreaa;thisrcport 
'cadrmted 

Family Mustelidae 

Brachypmtoma obhcsoto 
Short-Faced Skunk 

MATERIAL RECOVERED. mandible 

0 1 4  Age. Unlmowa 

DISCUSSION. Mandibles of the extiact short- 
tbxd IhmL, &crJlyprotomo obrurclur, are relatively 
m y  to didng&b h o t h e r  species of skunks due 
to their short, llnssive struchm, crowded/overlapping 
pmwlam, and cwed tooth rows (Pipun 13; Table 
18; &bo we Hall 1936; Anderson 1996). The MHC 
spec- however, is w i p e  because instead of 
crowded pmaolon, the 2 premolar never developed 
( F i  13). Thus, the dental formula for the MHC 
Rrachyprotoma mmdiile from GM is CI:pnh:Mz, 
nther than the CI:P~~.I& seen in nmt  other species 

number of lowcrpremolara on this specha, 
of &Ill& iaohKiiq the short-faced shmlc The 

therefore, match the number of oppcr pmmlam seem 
on all other Brachypmtoma slollls from North 
America, the latter feame unique m this germs of 
Skunk. 

This situation, however, is not entirely 
unexpected, and does not imply that a new species in 
present (E. Anderson, personal coIllmunication, 
2002). For example, Hall (193691) kpecitruur 
noted that the lower premlars of the gems Mtu&h 
may number either two m three, the same situation 
ssen in the Brachpmtoma gpeeimn from MHC. 

variability of mustelid teeth corns from Aadawa 
(1968:42), citing the work of Hall (1946), in her 
discussions of the variability of badger (Taxldea 
r u m )  teeth: 

Perbapsthebeststatemntamthem*l~ 

, . . the cusps on the talonid of MI 

five, and comparable variation 
existsinP'andM'. 

may number two, tbrct, f m ,  or 
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Figwe 13. hi&@ ofthe shon-focd skunk Brachyprotom (upper) and the spotted skunk, Spilogale (center and 
lows7)fim biHC. Note the short, broad uamre of the Brachypmtoma specimen. 

The only aspect opm to intcrpret.tion regarding 
the abwt-fucedshmlmsnd%le hmMHC, &en, is 
the species acsignation hchypmtoma is known 
fbmIrviagto&pnd Rancholabrean Wntextr in 
both the eastern and western United States (Anderson 
1996). Hall (1936) initially concluded that all of the 
eastern specimens belonged to a single genus, and 
referred them to 8. obtusata. Heaton (1985) 
identi6ed a short-faced skunk skull from crystal Ball 
Cave in east-centd Nevada, and lvgued that it 
tepremted a new species, B. brevimala. Mead and 
Mead (1989) lam retained Heaton's species 
identification in their review of Pleistocene mustelids 
of thc &cat Basin. However, Anderson (1996) 

thoscoflnhgmnm ' and Rancholahrem age, to a 
w e  species, E. obtmata. We discussed and 
exmhedtheh4HCspecimenwithElaineAndcrson 
at the Dcnver Museum of Natural History during the 
Spring of 2002. Andorson reiterated that it was her 
belief that all of the short-faced skunk material shc 
has mDnriecd including the h4HC specimen, should 
be identifed under a single species. Given this, and 
wnsidming that thne arc no "brevimala" mandibles 

refarodalleasternandwcsmnspecinms,incl~g 

h w n m  exist in North Anxrica, we ham cboscn 
here to refer to the MHC specimen as E. obfwata. 

The MHC specimen is 0mlytbe4* ~mam 
occLnTeflce of this animol in Rancholabrrao. depositr 
in westem North Amrics, and the second known 
occurrence in the state ofNevada (Heaton 1985; 
Anderson 1996). Because of the small size and 
unportance of this specimen, it was not damn$& for 
radiocarbon dating. However, the mandiile 
possesses the btinctive colorption (polished, light- 
yellow with black ~pecklcs) that rmq of the MAC 
bones exhiiit. In mst othr cases, bones with thir 
coloration rehlmcd GI4 dates in excess of 30,OOO 
BP. It is unlikcly that this specimen dates Yormgcr 
than 30,000 to 40,000 BP. 

The short-ficed skunk is p b a h l y  cloeely 
related to the spotted &I& Spilogakputorius, and 
the two are often found together in Pleisocem 
contexts (Kurt611 and Anderson 1980). HOWCVCX, a8 
descnbed below, all of the Spilagale Specimens from 
MHC may be Holocene in age, acd therefore thc 
associaoon of thew two genera at this site may be 
accidenral. 
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B. obhuata' 
B. obnuard 

' G  

n LeqihofM, n PwteriorborderofPnqto n A l v d a r l ~  

11 7.2 9 8.8 9 
1 6.2 1 8.7 1 15.8 

anterior border of canine (GMd 

s. pIltoriu? 1 7 1  7.5 1 6 1  10.1 I 5 1  21.0 1 
. 'Hall(1936) I .  

'=Cave; Rmcholabre~ this report 

SpUogale putorius 
spottedskunk 

MATERIAL RECOVERED. seven mandibles 

C-14 AGE. TPlb-012-3 (le!? mandible [6.600 h 40 
BPI); "3-340 (le!? mandible [3,020 f 50 BPI) 

DISCUSSION. The spotted skunk omndiiles 
idmtiecd firom MHC matched the size and 
mDtphology of compamtive specimens (see Figure 
13; TabIelS). At kast fwr individuals were 
identified. Two spec-, one from the front 
chPmbrr(TPlb-012-3)andonefromtheback 

s p e c k  date to the Middle to Late Holocene. 
Baaed on the condition snd coloration of the other 
four nmnd~%lcs, all of the Spilogale rrmpins from 
MHC are likely Holoccrrc in age. Spotted ShmL 
rcrmins arc relatively col~llllon in the c a v a  of the 
C3rcaI Basin, cgpeciaUy during the Holocene (Mead 
and Mead 1989). In Nevada, Spilogale has been 
reported from Smith Creek Cave (Miller 1979), 
Gatecliff Shelter (Grayson 1983), Hidden Cave 
(Grayson 1985), Last Supper Cave (Grayson 1988). 
Snake Czcek Burial Cave (Mead and Mead 1989). 
and Pmmter Cave (Hockctt 1997). Spilogale was 
prercnt at Homwtcad Cave, Utah, beginning about 
8.200 BP (Grayson 2000). and was recovered from 
DcPdmsn Cave, Arizona (Mead et al. 1984). 

chrmber (TP3-340) WCIC GI4  &tcd Botb 

Mephitis mephitb 
StripCdSLunk 

MATERULRECOVERED. partialskull, 
including maxiuae 

C-14 AGE. UnlOloWn 

DISCUSSION. Sniped sku& remains are wily  
identitled based on their large size (Figure 14). The 
MHC specimn is most likely Holocene in age 8s it 
does not display the coloration typical of the 
Pleistocene-aged bones. Previous striped skunk 
nmaias h v e  been restricted to the nortbrn ODPW 
of the state, such as at Gatecliff Shelter (Grayson 
1983). Hidden Cave (Grayson 1985), and Last 
Supper Cave (Grayson 1988) (see alp0 Mead .ad 
Mead 1989). MHC adds another locality forthe 
Holocene distribution of this spccies. Striped skunk 
dating between 12,000 and 14,000 BP was reported 
6um Cueva Quebrada. Texas (Lundclius 1984). 

Figure 14. Striped skunk partial skulljhm MHC 



Marstehfrenata 
Loq-Tded Weasel 

MA- RECOVERED. tlaec mandiile.!i 

C-14 AGE. Tp3-341 (right mandiile [3,950 i 50 
BPI) 

DISCUSSION. The mandibles of M.frmata were 
disthguished from those of the ermine, M. enninea, 
primarilytaad on the broader, more curved 
horizontal rami of the fonncr (Figure 15). Table 19 
abows tht tbt lalgfh of the loarcr first molar overlaps 
mmcsctwospecits. Lollg-tailedwcsselsare 
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relatively o o m n  in Late Pleistocene and Holocene 
deposits of northern Nevada and the northcm Great 
Basin (?viead and Mead 1989). They have been 
repormi from Smith Cmk Cave (Miller 1979, 
Hidden Cave (Grayson 1985). Snake Creek Burkl 
Cave (Heaton 1987; Mead oad Mead 1989). Danger 
Cave, Last Supper Cave, and Hanging Rock Shelter 
(Grayson 1988), and J a m s  Creek Shelter (Grayson 
1990). They were present throughout the 
depositional sequence at Homestead Cave, Utah, 
fiomce. 11,300 to l,O00BP(Grayson2000). 

Figure 15. Long-tailed weasel fl@) and ermine (right) mandibles f i m  MHC. Note the broader, more curved 
horizontal ramus on the long-tailed weasel specimen. 

One ofthe MHC specimns dates to the 
Ncoplacial prriod of the Late Holocene. Baaed 011 

the condition and coloration of the other two 
specimens, all of the M.frmatu specimms from 
MHC an probably Holocnrc in age. 

Mustela enninea 
Ermine 

MATERIAL RECOVERED. me mandible; 
partial skull (with maxillae) 

C-14 AGE. U&UOWU 

DISCUSSION. As noted above, the horizcntal 
rami of M. enninea tend to be thinner and straights 
thsn tho% of M. frenata. The ermine skull m v d  
fiom MHC is illustrated in Figun 16. 

The ermine has been previously identifisd in 
only four caves in Nevada: Smith Creek Cave (Miller 
1979), Owl Cave #1 (Turnmire 1987). and &&e 
Creek Burial Cave (Mead and Mead 1989) in east- 
central Nevada, as well as Pintwater Cave (Hock& 
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2000) in southem Nevada. Thc Pinhwter Cave 
specimen was recoved from a level 12-14 dated to 
ca. 10,100 BP (Hockctt 2000). Baed on the 
d t i o n  and wlorption of the MHC specimns, 

~ 

I n I LengthM~ I n I Alveolar Length (C-M2) 
M. &nata' I 36 I 5.2 I 18 I 15.0 
M. frrnsd 1 2 1  5.8 1 2 1  17.0 

these probably date to the early Late Holoccne. 
Ermine wa6 atso recovered ftom the Late Pldstoccne 
deposits of Homestead Cave, Utah (Orayson 2000). 

Figure 16. Mink (l&) and ermine (right) partial skullrfrom MHC. 

'Little Box El& Cave; Rancholabrean; Aedrrson ( 1968) 
'Miaapl W Cave; Rancholabrun; this rrpon 

Mustela vision 
Mink 

MATERLAt RECOVERED. one partial skdl 
(*u) 

C-14AGE. lmlnmwa 

DISCUSSION. McGuirc (1980) orighaUy reported 
and identified this specimn, and we concur with his 
original findings ( F i i  16). Mink are uncommon 
occurrences in the Late Pleistocare and Holoccae 
caves of Nevada and the Great Basin (Mead d 
Mead 1989). Tbry have beol r e p o d  6um smitfi 
Creek Cave (Miller 1979). Crystal BdJ Cave (Heoton 
1985). Hidden Cave (Grayson 1985), and Snake 
Cmk Burial Cave (Mead and Mead 1989), M well as 
Homestead Cave (Grayson 2000) and Sunshine Well 



(Huckleberry et al. 2001). Based on coloration, the 
MHC sgccimcn could have considerable antiquity. 
Two p u n c w  marks on the skull suggcst that this 
animal fell prey to a larger carnivore or to a large 
raptor. 

Taridea t ~ u r  
Badger 

MATERIAL, RECOVERED. two skull h p n t s .  
two mandibles, two maxillae, two thoracic vertebrae, 
one f m ,  one humerus 

C-14 AGE. -3-283 (left mandible [ 11,290 * 50 
BPI) 

DISCUSSION. Badgers are one of the most 

Table 20. Various tooth measurements of badgerfrom Little Box 
Elder Gve (Anderson IW8) and Mineral Hill Cave (this report). 

Little Box Mineral Hill 
Elder Cave Cave 
n I mean I n I mean 

Alveolar lcneth ( C-MI) 7 39.9 1 39.3 
Length M' 9 11.1 1 12.6 
Width M' 9 10.3 1 10.5 
Alve0larleagth(GM2) 10 51.1 2 49.4 
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common mustelids found in Pleistocene and 
Holocene caves throughout western No& America 
(Anderson 1968; Mead and Mead 1989). One of the 
MHC badger mandibles dates to the Late 
Pleistocene (see Figure 17), and some of the other 
specimens may have much greater antiquity. The 
measurements of the MHC badger bones closely 
match those from Little Box Elder Cave, Wyoming 
(see Table 20). 

central and northern Nevada (Grapn 1988; Mead 
and Mead 1989; Grayson 1990) south to New 
Mexico (Schulk and Howard 1935). 

Badger is reported from numerous sites in 

Figure 17. Pom'al m i l l o  (upper) and mandible (lower) of badgerfrom MHC. The mandible returned a date of 
ca. 11.300 BP. 
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Mustelidne 

MATERIAL RECOVERED. 15 fibulae; one 
tcrminalphalnnx 

G 1 4  AGE. t m k ~ w n  

DISCUSSION. These bones were not identified 
beyond the family level. Based on their relatively 
large size, the majority of them probably belong to 
skunksandbadgers. 

onler Periawdactyla 

F d y  Equidne 

IdGntifying Pleistwene horse remains to species is 
a complex task, not the least of which is the problem 
of cwsistancy amongst paleontologists in taxonomic 
nomsnclahuc. Three relatively recent attempts to sort 
through the milieu of Pleistocene horse taxonomy are 
Wincms (1989) snd Aparoli (1995,1998). plums 
(1989) fooused only on metric data obtained from 
skulls, mandibles, and mtapodials. Awuoli (1998) 
considered both qmmtitative and qualitative 
umsures. We have chosen here to generally follow 
Aparoli(1998)(seeTable21). 

&om MHC, sew species of Pleistocene horse seem 
For our discussion of the Equus remains 

especially relevant. Four of these seven are datively 
large forms: E. excelsus, E. occidentalis, E. 
mexicanus, and E. simiplicahis. The three relatively 
smaller f o m  are E.fratentus, E. conwrsidm, and 
E.franciSci. As Table 21 shows, Amuoli (1998) 
considered E. sconi a junior synonym of E, excelsus, 
and E. puc@cus a junior synonym of E. mextcarucs, 
and thus we have adopted the former DBMS 
throughout the discussions that follow. 

Two of the seven Equus species used hcn are the 
"stilt-legged" horses: the large E. simiplicatw and the 
smaller E.fiancisci. Both of these stilt-legged horses 
are known from Irvingtonian deposits, and E. 
fiancisci is also known from the Rancholabrenn. The 
limbs of these horses consist of long, SI& 
metapodials (see Table 24). B w d  on the data 
displayed in Table 24, it is the length of the 
metacarpal that helps to distinguish the large stilt- 
legged horse from any other known species of &pus. 
However, it is the proximal breadth (and perhaps the 
&sal breadth) that distinguishes small, stilt-legged 
metacarpals from those of small and large stout- 
legged ho~ses. 

Metric data on metacarpals, phalanges, and upper 
muzzles form the core data with whicb the MHC 
hone bones can be tentatively identified (see Tables 
22 - 25). These are the Equus elements r e c ~ v d  
from MHC that offered the best opporNnty for 
identifiition to the species level. 

Table 21. General correlation of horse groups between Winans (1989) and Azzaroli (1998) 

'also includes E. sconi 
'also includes E. hatchmi 
'also includes E. paa&w 
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Table 22. Proximalphalanx measuremen& (mm) of E .  oocidentalis, ?E. btemus, ?E. h c i s c i ,  and E. 
convnsidcnsfMm various PJeistocene localitiss throughout wesfem North America and Mexico, including Minemi 
Hill Cave. 

Lengta I Pmximal breadth I Distal breadth 
n 1 - 1  range I n I m e a n I  raag e 1  n l i n c m l  range 

E. mcidentalis' I 30 I 93.2 I 83.8-106.3 I 30 I 59.3 I 51.3-64.8 I 30 I 50.1 I 45.8-53.5 

E 9 m  sp. (1-e horse)' I 2 I 90.6 I 86.7-94.4 I 2 I 59.1 I 56.2-62.0 I 1 I 51.0 I - 
Equus sp. (large hor~e)' I 8 I 79.7 I 74.9-83.0 I 8 I 57.0 I 51.5-59.1 I 9 I 45.8 I 43.0-47.9 

?E. fmternus' I 7 I 84.4 I 78.5-89.0 I 6 I 48.1 I 38.8-55.7 I 8 I 37.9 I 31.342.3 

E9w sp. (small I 7 I 79.3 I 72.4-87.6 I 4 1 42.8 I 40.545.3 1 6 1 34.8 I 33.7-36.6 
E~UU SP. (smau ~ o x s ~ ) '  I 5 I 74.7 I 72.0-76.8 I 4 I 38.7 I 38.1-39.7 I 5 I 35.0 I 33.2-37.5 

'Rancho La Brca, California; R a n c b o l a k  this report 
Rainbow Beach, Idaho; Rancholabrean; McDonald and Anderson (1975) 

'Cueva Quebrada, Texas; Rancbolabrcan; Lundelius (1984) 
%aton and canyon, Texas; Irvingtonian; Dalquest and Hughes ( 1965) 
Crystal Ball Cave, Nevada; Rancholabrean; Heaton (1985) 
'Sm Josecito Cave, Mexico; Rancholabrean; this report 
'Little Box Elder Cave, Wyoming; Rancholabrean; Anderson (1967) 
'Dry Caw, New Mexico; Rancholabrean; Hanis and Porter (1980) 
'Jaguar Cave, I*, Rancholabrean; KUnen and Anderson (1972) 
'%inera1 Hill Cave; Rancholabrean; Hockert and Dillingham (this rcport) 

1 

I 
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Table 23. Centralphalanx measurements (nun) of E. wcidentalis, E. excelsudscotti, ?E. fiancisci, ?E. htemus, 
and E. conversidens from various Pleistocene localitia throughout wtm North America and Mexico# including 
Mineral Hill Cave. 

1 Length I Proximal breadth I Distalbreadth I ~ I n Tmeanl  range I n I m e a n I  range I n l m e a n l  hngc 
E. occldentalk' I 30 I 49.8 I 44.9-54.0 I 30 I 54.7 I 50.2-57.9 I 30 I 49.1 I 43.5-53.0 
E. occidentalL? I 6 I 54.5 I 52.0-57.5 I 9 I 56.6 I 54.7-59.9 I 8 I 50.7 I 46.0-54.4 

E q w  sp. (large)' I 3 I 53.0 I 51.4-55.6 I 3 1 58.3 I 55.2-62.8 I 3 I 52.5 I 51.0-55.5 
&uw sp. (large)' 1 6 1 38.7 I 36.740.3 I 6 I 54.1 I 47.247.5 I 4 I 50.4 I 48.7-51.1 

'Rancho La Brea; Rancholah; this report 
'Mineral Hill Cave; Rancholabrean; tbis report 
%inbow Beach, Idabn; Ranchohbrw, McDonald and Anderson (1975) 
'Cucva Quebnds, Texas; Rancholabrean; Lundeliu (1984) 
'Crystal Ball Cave, Nevada, Rancholabrean; Heaton (1985) 
%laton and Canyon, Texas; Irvingtonian; Dalquest and Hughes (1965) 
'San Josecito Cave, Mexico; Rancholabrean; this report 
'Little Box Elder Cave, Wyoming; Rancholabrean; Anderson (1967) 
bry Cave, New Mexico; Rancholabrean; Harris and Porter (1980) 
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Table 24. Metac-1 meclsurernmts (mm) ofE.  occidentalis, ?E. htemus. E. conversideas, E. francisci and E. 
shiplicatusfroln various Pleistocene localities throughout western North America, including Mineral Hill Cuw 

E.fiaternUr' 1 - 1  - I 214-217 1 - 1  I 44.5-46.0 I - I I 42.5-44.5 
'IE.fraternd I 5 1 2 2 5 l  218-233 1 5 1 49.7 I 45.0-53.4 I 5 I 45.9 I 43.5-49.0 

I I I I I I I I I 

Eauus spa (small horse)" I 2 I 230 I 223-237 I 1 I 44.4 I 1 1 1  39.7 I - 
- 

E.f ine is~l '~  1 1 1 235 I 1 1 1  31.4 I 1 - 1  - I - 
E. simipl&ahd3 I 1 I 287 I - I l l  54.0 I 1 1 1  45.5 I - 
'Rancho La Brea: Rancholabrean; this report 
' k k d  Hill Cave; Rancholabrean; this repon 
%inanS (1989) 
Apunscalientes, central Mexico; Early Rancholabrean; Mooser and Dalquest (1975) 

'RahbowBeac)& Idaho; Rancholabrean; McDonald and Anderson (1975) 
b e v a  Quehda, Texas; Rancholabrean; Lundelius (1984) 
'Pool Branch, Florida; Iningtonian/Rancholabrean; Azzaroli (1998) 
'Slaton and Canyon, Texas; Irvingtonian; Dalquest and Hughes (1965) 
'Dry Cave, New Mexico; Rancholabrcan; Hauis and Porter (1980) 
'%lackwater Draw, New Mexico; Rancholabrean; Harris and Porter (1980) 

Papgo S p e s ,  Arizona; Rancholabrean; Harris and Porter (1980) 
''Whaton County, Texas; Irvingtonian; Lundelius and Stevens (1970) 
I k k  Creek, Texas; Irviugtonian; Azzaroli (1998) 

4 

I 1  
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Table 25. Upper muzzle breadth (mm) of E. mexicanus/pacificus, E. excelsus, and E. occidentalis. including 
Mineral Hill Caw. 

I Breadth 

E. excelsw' 1 2 1  74 I 71-77 
E.exc&d I 14 I 81 I 13-89 

E. occidentolk? 1 2 1  84 1 81-86 
E. occidentalis' 1 1 1  87 I 
E. occidentalis/mexicannus' I 28 I 82 I 68-93 

E. c o n w i d d  1 4 1  75 I 58-88 

'SheridanBeds, Nebraska; Irvingtonhg Azzaroli (1998) 
2Winans (1989) 
%mho La Bra;  Rancholabresn; Azuuoli (1998) 
%fined Hill Cave; Rancholabrew this report 

Heaton (1985) identified the small horses 
from Crystal Ball Cave along the NevadaNtah border 
as E. wnvmidm. Hawever, as Tables 22 and 23 
indicate, the pmximal and central phalanges of the 
small horses from Crystal Ball Cave are smaller than 
those that can more confidently be asaigned to E. 
conwrsidons. The small Equus phalanges from 
Crystal Bell Cave, in fact, may be from tbe stilt- 
leued horae E. francrsci. Thus, we have chosen 
&re to simply List these bones 89 "small home" in the 
abKnce of more convincing data regarding then 
&listion. Heaton (1985) identiiied the large horse 
fkom clystal Ball Cave as E. sconi, referred to here 
and in Table 23 89 E. excelsus. The latest E. 
exceluslE scotti specimens known in westem North 
Amticarnaybe fmmthesangamonianofAmerican 
Falls, Idaho, at EP. 100,000 BP (piasof 2OOO). Ifthat 
is the caae, then at least some of the crystal Ball Cave 
&una may date in excess of 100,OOO years. 

Dalquest and Hughes (1965) also assigned a 
lllnabet of Equus mnacarpals and phalanges from 
several site8 in Texas to E. conversidm. Table 24 
shows that the metacarpals ftom these sites are much 
broader than those of E. conversidens. In addition, 
thepmximalandcentralphalangesframTexasalso 
seem too large to fit with those of E. convmsidens. 
These data corroborate the conclusion drawn by 
Azzaroli (1998) that a sknll from one of these Texas 

localities matches more closely with E. fraternw tban 
with E. conversidm. Azzaroli (1998) also noted that 
the Texas paalaoges appeared to be too large to 
assign themto E. conversidens. Azzsroli (1998) 
suggested they may belong to the large stilt-legged 
horse, E. sim@licatus, a justifiable suggestion since 
the Texas faunal material published by Dalqwst and 
Hughes (1965) 1s most likely hkgtonian in age. 
However, the comparisons outlined in Table 24 
suggest that the limb bones from these Texas 
localibes are too short to be E. simiplmaus, but too 
stout (and perbaps too old) to be E. conversidm. As 
a result, the Texas material published by DalqUest 
and Hughes (1 965) is provisionally assigned hen to 
E. fratemus in order to maintain consistency with 
Azzaroli (1998). However, it is stdl possible that the 
limb bones from these Texas localities reprerrcnt a 
relatively large form of E. conversidens, as WinanS 
(1989) did not recognize E. fiarernus separate from 
E. conversidens, and Azzaroli (1998) himsclfnoted 
that while E. frat@nrus tended to display features of 
the skull that were larger than E. conversldens, both 
of these small, stout-legged horses tended to have 
slrmlar-sized limb bones. 

measurements, clmification scheme, and advice in 
order to id- the large and small h o w  fmm 
Cueva Quebrada, Texas, as E. sconi and E. Jhc&ci, 

Lundelius (1984) relied on Winans' 



nspatively. However, as Table 24 sbowq the small 

whprtoncamty,Texas,~only31.4mmin 
pnmrimal~whilethoscsmallhoRespecimens 
hmcueva Quebredn avengced 44.4mu The Cueva 
Qwbrada mataid datm to the latest Rancholabrean, 
which suggests that either small stilt-legged horses 

small horses from Cueva Quebrada are not closely 
affiliated with the Inrisgtonian stilt-lagged horse E. 
francisci. Because of these apparent diswepanch, 
the small horsts h m  Cueva Quebrada are simply 
listed as Quus (small) in Tables 22-24. Ifthe large 
horses fromCueva Quebndp are E. smni, then this 
site would represent the only t u m i d  Rancholabrean 
locale in North Amaica for this spedes based on 
Azaroli’s (1998) c l s a i t i o n s .  Thus, Tables 22-24 
h e  simplyrcfer to the large horses 6rOmCueva 

The other two large homa considered here, E. 
occidsntdis and E. mexicimus, are both known h m  
the Rancholabman of California (Azzaroli 1998). 
Azzaroli (1998) h m i s  both as exhibithg thick 

ocdemdis had the broadest uppcr muzzle of the 
two. Winans (1989) placad both of these 
R.ncholabnanagcd large, stout-leggad h o r n  into 
the s p i e s  E. Iamfius .  Upper muzzle breadth is 
described in greater detail in Table 25 and in the 
discussions below. 

ailc*ggcd-&W Mtacprpsl hIU 

becamsubstantiauymomrobusttbroughtimeorthe 

Q p c w  (We). 

lmzzle Ond of the three specimenshe illustrated, E. 

Equus cf. occidentalis 
Extinct Western Horse 

MAl’ElUAL RECOVERED. One skull fhgment 
(upper nupk); one disal mtncarpal; 10 central -- 
C-14 AGE. TP3-87 (~entnl phalamr [45,700 + 
IO00 BPI); TP3-128 (uppcr muzzle [42,420 f 820 
BPI) 

DISCUSSION. Most of the MHC Equus bones 
consisted of foot elements. As with many o k  Late 
Pleistocene sitm in western North America, at least 
two species of how are present in the MHC 
collection: a large form and a small form As noted 
above, cranial elcmenu (iaeluding teeth) and 
p0sta;miPl elcmnta such as metapodi& have becn 
inslnimmtd in the identitication of Pleistocem 
horses (e.&, Dalqwt and Hu@ 1965; Andason 
1967; Lamdelius and Stevcns 1970; Kurt& and 
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Anderson 1972; Dalquest 1979; HPrris and Pmta 
1980; Woodburne and Sondaar 1988; Amroli 1998). 
A complete upper muzzle and a distal mtaapd 
served as the focus of the identification of the large 
form of horse. 

Azzaroli(1998:12) noted that one oftheballmulr 
characteristics of E. occidentalis was the p ~ s m c e  of 
‘massive praermvallan ’ es’, or massive upper d e s .  
Although sample sms are small, the data in Table 25 
suggest that E. occidentalis may have had the 
broadest upper muale of any of the large horsc 
species that occupied western Noah Amrica E. 
excelsus was extinct by the Early Rancbolabm 
There is, however, some overlap in this ftahln 
between E. occidentalis and E. mexicanw. T k  
MHC specimen, however, measund one eentimtSr 
greater than the largest of the two masurrmmrrthat 
could be obtaiued from Azaroli (1998) for E. 
occidentalis. Thus, the uppcr muzzle hm MHC 
comparea favorably with E. occidentalis. 

Pleistocene horses from across western North 
America are displayed in Table 24. Again, sample 
sizes are exaemely limited. The MHC specimsn is 
worn and undoubtedly measured greater than the 
54.6mm displayed in Table 24 during the life of this 
hone. Unfortunately, the measuremenu published in 
Winans (1989) ‘luix’’ speclmens previously identified 
as E. occidentalis with those of E. mexicanus. 
Nevertheless, the “worn” S4.6mm mcmmmd 
clearly identifies the specimen as 8 large form of 
horse; assuming that only one species of large bow 
is present in the MHC assemblage, this specimen is 
also provisionally assigned to E. occidentalis. Figure 
18 shows this specimen togaher with the E. 
conversidm mcEIcarpal dcsnibed below. 

Metacarpal measunmentp from s e v d  species of 

- 
Figure 18. Distal en& of metaccrqmk of E. 
conversidem (7@) and E. occidentalis (righojvm 
MHC. 
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proximsvdistsl breadthmeasurrments for proximal 
and central phalanges of E. occidentalis and a number 
of other horse species from the published literature. 
Based on our measmnmts of E. occidental& from 
Rancho La Brea and E. conversidem from San 
Josecito Cave, Mexico, as well as other published 
data, we were able to clearly separate the proximal 
and central phalauges of the large form of horse from 
the d form at MHC- provided that the bones were 
not too worn or broken We were not able, however, 
to clearly separate the teminal phalanges using 
metric data, Published measurements of Pleutocene 
horse phalanges clearly indicate that those of the fore 
foot are usually larger than those of the hind foot 
(e.g..Dalquest andHughes 1965; HsrrisandPorter 
1980). However, in many Pleistocene locales, 

separated into fore and hind elements with crrtslnty 
(Anderaon 1967). As a result, the mepslITemeflts 

shown in Tables 22 and 23 are based on averages and 
ranges of a mixtun offore and hind Eoot bones. 

O v d ,  proximal phalanges of E. 
occidentalis generally measuIe greater than 84mm in 
length, 5 lmm in proximal breadth, and 45mm in 
&I breadth. The proximal phalanges of E. 
conversidem typically m u r e  Less than these three 

Tables 22 and 23 display length and 

including MHC, Equw phalaages c(LI1ILot be 

critical values, although there is slightly mDIE overlap 
between the lengths of these bones. There is quite a 
bit of ovetlap between the ranges of E. occidmfalis 
and the E fraternus specimens from Texas, but the 
means are substantlally larger in the former. Based 
on these critena, none of the unworn Eguw proximal 
phalanges from MHC could be confidently asignal 
to the larger form of horse. 

For the central pbalanges, we found that E. 
occidental& and E. conver~denslE.fraternw greatly 
overlap in the ranges of the lengtbs of these bones, 
although the means are agam subsrantially larger in 
the former. However, there 1s less overlap betwccm 
the proximal and distal breadths of the large and 
small horses. The central phalanges ofE. 
occzdentalis tend to measure greater than 50mm in 
proximal breadth and 43mmin distal breadth, while 
those of E. conversidens tend to measure less than 
these two critical values. Central phalanges 6um 
MHC that exceeded 5Onrm in proximal breadth and 
43mm in distal breadth were assigned to E. 
occidental&. Ten central phalanges clearly belong to 
large horses, and they are provisionally asdgned to E. 
occidentalis. Figure 19 shows various spec- of 
horse phalanges, as well as the complete E. 
conversidens metacarpal, m v e r e d  from MHC. 

Ffgure 19. E. conversidcns complete metacarpal (top row, left). as well as Equus proximalphahges (top row), 
~ m t m l p h a h g e ~  (middle row). and tennSnalphalonges (bottom row)j+om MHC. All of the proximal phalanges 
appear to be f m m  E. conversidena Thefintfour central phalanges are from a large horse while the next four are 
fmrn a smaI1 horse. Refirst hlu, lenniMlphalanges are probablyfrom a large horse, while the remainingm are 
probabhfmnr a smaU horse. 



These data indicate that at least thee 
individuals of large horse were recovered h m  MHC. 
Equw mmb, both large and small, m ubiquitous 
in Late Pleistocene deposits in Nevada (Jefferson et 
al. 1999). Datuie el at (1988) reported on a 
complete large home fmm the shoreline of 
Plebtocae Lake Lahontan in western Nevada. This 
specimen wp8 radiocarbon dated to ca. 25,500 BP, 
about 15,000to20,000parsyouager~theC-14 
dated MHC large horses. Dansie et al. (1988) 
idenli6ed tbe specimen as Equus cf.pacifkus, 
altlwngb no MowlITmcllts of the skeleton were 
published. Large horses identified as E. occidenralis 
have been roportcd from Astor Pass in the smoke 
Beek Dee& of northwestem Nevada (Meniam 
1915) and GypsMl Cave in southemNevada (Stock 
193 1). other notable localities that have produced 
large horse remains include Crystal Ball Cave 
(Heaton 1985) and Smith Creek Cave (Miller 1979) 
in eaat-cenml Nevada, and Tule Springs (Mawby 
1967) in southem Nevada. 4 u u s  remains, including 
large horses are also enmuonly found in Late 
Pleistoctne locales in the American Southwest, such 
as Dcadmpn, Runpaa, andstaman'a caves in 
Adzona (Mead 1981; Mead et al. 1984). and Burnet 
Cave, New Mexico (SChultz and Howard 1935). 

Equw cf. conwrsidens 
Extinct Mexican Ass 

MATERIAL. RECOVERED. One metacarpal; 20 
proximal phalanges; nine central phalanges 

C-14 AGE. TP3-133 (central phalanx [>46,400 
BPI); TP2-4-1 (proximal phalanx [35,080 * 280 BPI) 

DISCUSSION. Based on the discussions above, 
Table 24 indicate8 that the complete metucarpal of a 
d form of home rccoyend from MHC compares 
5vorably with E. mversidens. It is clearly not k m  
a "atilt-le&" form of d horse such as E. 
&ndsci. Tbe MHC metacarpal is both shortex and 
much broadn than the stilt-le& horse. The 
Mseunmmtl do, howevcr, fit rather nicely with 
other E. comemidens metacarpals, albeit at the small 
endof thin range. As a msult, this bone is 
provisionally identified as E. conversidens. This 
spechen is illustrated in P i p e s  18 and 19. 

Based on the. criteria discussed above for 
separatjng the proximal and cenlrnl phalanges of large 
and small hones, 20 proximal phalanges and nine 
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central phalanges clearly belong to a d form of 
horse (Tables 22 and 23; also see Figure 19). The 
sizes of these 29 phalanges also match those of 
previously identified E. conversidens from westem 
North America. These 29 phalanges, thmfore, are 
provisionally assigned to E. conversidens. 

These data suggest that at least five 
individuals of small horse were recovered h m  
MHC. E. convwsidens has been i d d e d  in Nevada 
fromAstorPass(Memam 1915)andGypsumCa~e 
(Stock 1931). Like the large horses, d horses are 
a ubiquitous component of Late Pleiptaccnc 
assemblages throughout Nevada (Jeff- et al. 
1999) and south into New Mexico (Schulk and 
Howard 1935) and Mexico (Mooser and Dalqwst 
1975). 

Equus spp. 
Extinct Horse 

MATERIAL RECOVERED. Seven teeth (two 
incisors, one canine, one M', one M', two h-); 
one B k u l l  fragment; eight vertebrae; two proximal 
femora; four proximal tibiae; four calcanei, 10 
astragali; 25 carpals; two sesamoids; one metapodial; 
eight lateral metapdiials; five proximal phalanges; 
one central phalamr; 16 terminal phalanges 

C-14AGE. TP3-92(carpal[31,130*20OBP]) 

DISCUSSION. No attempt was made to septate 
these 94 Equus elements into large and small form. 
They clearly represent both large and small forms, 
with elements of the small horse m ~ r r  common tban 
the large form. Sevonty-eight of these 94 bones are 
from the limbs and feet. Many more elemem of the 
fore and hind limbs and feet were recovered thsn 
from the axial skeleton, which suggests that the 
majority of these bones were carried or dteggcd into 
the cave by scavenging carnivores. 

Order Artiodactyla 

FamilyCamelidae 

Camelops hesternus 
Yesterday's Cam1 

MATERIAL RECOVERED. one. subadult molar 
f r a p n t ;  one tooth fragment; one vertebra firagmm$ 
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one distal timq two astragali; one innominate 
fmgmenC one metapodial fragment; two fibulae; one 
cuboid; one scaphoid; one magnum; two uncif'orms; 
one mwoecmnmeiform; two pisifom; three 
sesamoids, two proximal phalanges; two central 
Phalanges 

C-14 AGE. TP3-21 (pisiform [48,900 * 3,100 
BP]);TP8-1 @10xhidphh1~[46,550* 1,100 
BPI); TP2SL-I (proximal phalanx [44,600 f 3,000 
BPI) 

DISCUSSION. A minimum of two individual 
camels (canrelops hestemus) ace p-t in the MHC 
assemblage: one adult and one subadult. Camel 
born are wnsiderably larger than those of the large- 
headed Ilama, Hemiauchenia mamcephala (see 
Figurc 20). 

Firstphalanx and astragalus measure.menrs 

of the oamelids from MHC were compared to those 
avallable in the published literature, and are reportad 
in Tables 26 and 27. All of the MHC large catnelids 
match the size and morphology of the C hesiarus 
specimens fiom RLB and other locales. The first 
phalanges ofthe hind limb are considerably longer 
and more stout than those of the forelimb in 
Camelops (Webb 1965). Both of the CMlelops first 
phalanges &om MHC are probably from the forelimb, 
which has slightly depressed their mean avsrages 
compared to other localities that contain phalangDs 
from the fore and hind limbs. The only species of 
Rancholabrean camel identified &om Nevada and the 
Great Basin has been C. hesternus, and thus the large 
camelid bones from MHC are assigned to this 
species. 

I 
F- 20. Proximlphalanga of Camelops first hw bones on the I@) and Hemiauchenia final two bones)j?om 
MHC. 

Dalqucst (1990:2%) recently noted that 
Gmebp.~is"...prcsmtinahnost everyPleistocene 
I d  frnmn firomNoah Amriea with no adequate 
collection of brge mmmals. ..". Camel bones w e  
relatively common in the MHC collection compared 
to other large nwnads, although they were much 

less ahundant than those of the small horse. 
Camelops rtmains have been reported from almDst 

every major Pleistocene locale emphasized in this 
repor& inchrditlg Gypsum Cave (Harrington 1933), 
Burnet Cave (Schultz and Howard 1935). Tule 
Springs (Mawby 1967), Jaguar Cave (Kurttn and 



Andcrson 1972). Rainbow Beach (McDonald and 
Andcrson 1975). Silver Creek (Miller 1976). Smith 
C m k  Cave (Miller 1979), Vulture Cave, Arizona 
(Mead and Phillips 1981), Cueva Quebrada 
(Lu~~I~lius 1984). crystal Ball Cave (Heaton 1985), 
Hidden Cave (Orayson 1985), Snake Cnek Burial 
Cave (Mead and Mead 1985), Lake Bonneville 
(Nelson and Mpdsen 1987). Owl Cave No. 2 
(hnmirc 1987), Wizsrd's Beach (Dimsic et al. 
1988). Kokowccf Caw (Reynolds et aL 1991), 
SMShiDc We& Nevada (lone0 et al. 1996). Grasp 
Valley, Nevada ( J p m a  1997). hlassacre Rocks 
(McDonald 1998), Arco Arena (Hilton et al. 2000). 
and sunshine Well (Hucklebmy et aL 2001). 
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Despite ?heir abundance, few camel remains in 

Nevada are securely dated, although many of the 
localities mentioned above probably datc between a. 
20,000 and 10,000 BP. Mead et al. (1982), however, 
recovered Camelops remains from a woodrat Illidden 
near Smith Creek Cave that was C-14 dated to ca 
13,500 BP. The few camel bones, as well as hair, 
recovered from Smith Creek Cave are about 11,ooO 
years old (Millet 1979). A camel bone was directly 
C-14 dated to ea. 11,400 BP at Sunshine Well 
(Huckleberry et al. 2001). The thee Camelops boms 
submitted for (2-14 analysis from MHC all dated 
between Ea. 45,000 and 50,OOO BP. 

Table 26. camclops ond Hemisuchenis astragali measurements fmm variowfissil localitim, Including MinemI Hill Caw. 

'Nebraska: Late Blwcan: Breyn (1974) 
%braak& lrvingtonhr~ Breyer (I 974) 
' S e l b y h t ~  Colorado; Rancholabrean; Graham (1981) 
'hub S@& Colorado; Rancbolabreaq Grahsm (1981) 
%mho LPBrss; Rancholabrean; Webb (1965) 
'Mineral Hill Caw Rancholabnan; this repott; Note: specimen water-worn 
'Minapl r ill cave; ~an~bol~brran; this report 
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Table 27. Camelops and Hemianchenia proximal phalanx measurements from various fossil localities, including 
Mineral Hill Cave. 

'Nebraska; Irvingmniaq Breyer (1974) 
%elby-Dumn, Colorado, Rancholabrean; Graham (1981) 
'Lnmh Spring, Colorado; Rancholabrran; Graham (1981) 
'Rnncho La Brea; Rancholabrean; Webb (1965); Note.: forelimb and hindlimb phalanges combined in this table 
'clyrtal BaU Cave, Ne- Rancbolabreaw Heaton (1985) 
6Raiabow Beach, Idaho; Rancholabreaa; McDonald and Anderson (1975) 
Little Box ELdar Cave, WyominP; Rancholabteaa; Indeck (1987) 

'Mineral Hill Cave; Rancholabrean; this report 
%ebrasLa; Late Blancan; Breyer (1974) 

7 

Hemiauchenia macracephala 
Large-headed Lhmu 

MATERfaL RECOVERED. one MI; two tooth 
&Inmnts; one proximal femur; one innominate 
h m  one distal humerua; one proximal ulna; two 
proximal mctatanal fragment; two proximal 
metscarplll hgments; om pximal metapodial 
h m  one distal metapodial f t a m  one 
calcaneus; eight astragali; one cuneiform; three 
naviculars; five proximal phalanges 

C-14 AGE. TPlb-06-1 (proximal phalaru [>50,000 
BPI); "3-37 (distal h- [39,230 * 1,330 BPI); 
Tp3-50 (navicular [36,320* 320 BPI) 

DISCUSSION. This long-legged small camelid 
was originally reported from MHC by McGuire 
(1980), who illustrated a complete fust phalanx 

Additional specimens of llama were recovered during 
recent excavations. A minimum of two indivihl 
llamas are represented in the MHC collection (see 
Tables 26-27; Figure 20). 

subsumed under the genus Hemiauchenia (e.$., 
Kurth and Anderson 1980; Dalquest 1990). This 
genus has been present in North America since the 
Late Blanc- the only Rancbolabrean species 
identified from the Great Basin is H. macrocephala. 
and thus the MHC llama material is assigned to this 
species. The sizes of the MHC proximal phalanges 
and astragali match other Hemiauchenia spec- 
from western North America (see Tables 26 old 27). 

Hemiauchenw is often associated with Gunelaps 
in western North America, but llama remains rue 
relatively rare in the Great Basin compmd to those 
of the camel. Of the 17 localities listed in the 
previous section that have yielded bones of 

The genus Tanupolama (e.& Breyer 1974) is MW 



Cawtebp, wly three have also produced bones of 
Hemiuuchenia: Smith Creek Cave (Miller 19791, 
crystal Ball Cave (Heaton 1985). and Kokoweef 
Cave (Repol& et al. 1991). No localities are known 
from Nevada that have produced llama remams 
without those of caml. 

Heaton (1989380) suggested that Hemiuuchenia 
prrferrcdhigherandmKcNggedterminthan 
Camelops. In support of this interpretation, he noted 
that camel boncs outnumber llama bones at the lower 
elevation Crystal Ball Cave, but that this situation 
was reversed at h t h  Creek Cave, which is located 
near the top of a steep canyon. Indeed, Kokoweef 
Cave is located in rugged terrain as well, and many of 
the sites listed above that contain Camlops remains 
but lack those oftbe llama are located in or near 
valley floors. MHC is located at 7,000 feet in 
elevation m a  Wd zone between the valley 
floor blow and steeper tcrrain to the northeast. It is 
pabaps not surprising, therefore, that Camelops and 
Hemiuuchenia bow were p-t in about equal 
numbwinMHC. 

securcly-dated Henriawhenin specimens h m  
Nevada The three b a s  analyzed returned C-14 
dates in excess of 35,000 BP, essentially 
contemporaneous with the Camelops specimens from 
the cave. 

The llatna remaina fium MHC represent the oldest 

Familyckvidae 

cf. Navahoceros fricki 
Mountain Deer 

MATERIAL RECOVERED. one prnximd 
phalanx; one central phalanx 
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C-14 AGE. TP3-3 (central phalanx [>50,000 BPI); 
TP4-10 (proximal phalanx [37,830 * 440 BPI) 

DISCUSSION. The intermediate-sized cervid 
phalanges i?om MHC compare favmbly with those 
of the extinct mountain deer, NavahocerosfricRi (set 
Figure 21). Tius identification represents the hrst 
known occurrence of Navahocems io Nevada, and 
only the second known occurrence intbe Great Basin. 
The 0th- known Great Basin occurrence is &an 
central Utah (Nelson and Madsen 1987), and together 
the MHC and Utah specimens represent the norhem- 
most dimbution of the genus (see Blackford 
1995:109, Figure 55). There bas been long-stonding 
speculation that Navahoceros is present in the 
collections from Little Box Elder Cave, Wyoming 
( K h n  1975; Kutt6n and Anderson 1980), but this 
possibility has not yet bcen confirmed (see Blpckford 
1995:34). 

c 

Figure 21. [Left]: Central phalanges ofNavahoceros (left) and modem mule deer (right). [Right]: Proximal 
phalanges of Navaboceros (le$) and modem mule deer (right). 
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Navahoceros was defined by K w t h  (1975) as a 

large cewid hkmedwe ’ in size between the larger 
red k o f t h e  genus Ckrvus and the smallermule 
deer and white-tailed deer of the genus Odocoileus. 
K d n  (1975) also noted that Navahoceros possessed 
relatively short, stocky lower limbs adapted to rocky, 
steep tenai~ hence the commonDame “mountain 
deer”. K w t h  (1975) furdm suggested that 
Navahocems was more closely related to the Old 
World reindeer and New World reindeer [“caribou”] 
(genus Rangzyer) thnn to the genus Odocoileus, an 
interpretahon later upheld by Webb (1992) and 
Blackford (1995). 

Navahoceros, both K w t h  (1975) and Blackford 
(1995) published various limb bone proportions of 
mountain deer and other fossil and recent cervids, 
including the North American red deer [“elk” or 
“wapiti”] ( C m  elaphus) and mule deer 
(Odocoileus hemionus). The MHC phalanges were 
thought to be intemedhte in size between mule deer 
and red deer, and therefore may belong to 
Navahoceros. However, neither K d n  (1975) nor 
Blackford (1995) published measurements of d d  
phalanges; rather, these studies focused on 
comparisons of upper limb bones. In the United 
States, another intermediatesized cervid (genus 
Sangamona) appears to be restricted to the central 
and eastern part of the comhy (Kuatn 1975; Kurt6n 
and A n d m n  1980). West of the continental divide, 
reindeer were able to mve southward into wuthm 
Idaho during the Late Pleistocene (Anderson and 
White 1975), but there is no evidence that they ever 
penetrated into pment-day Nevada 01 Utah Indeed, 
direct compari~ons were made of the proximal and 
cenbral cervid phalanges fromMHC with modem 
specimen8 of Rangifer from Alaska. On 
morpholo@cal grounda alone, the MHC cervid 
phalanges were clearly not reindeer. 

For this study, we measured 30 proximal and 30 
central phalanges of Navahoceros from San Josecito 
Cave on file at the LACM, as well as modern 
~pe~imens of C m  elaphus, Odocoileus hemionus, 
and odocoileus virgininnus, and compared these 
~~lcasu~ements to the phalanges from MHC (see 
Tables 28 and 29). These data show that cervid 
pha- grade from small to large in the following 
manner: Odocoileus-Navahoceros-Cm. Proximal 

ks a demonstration of the intermediate size of 

and cenbal phalanges of Navahocms, then, are also 
intermediate in size between Odocoileus and C m .  
The two large cewid phalanges EomMHC are 
overall too large to fit within the size range of 
Odocoileus, but they are too small to be Cervus. 
These bones therefore compare hvorably with 
Navahoceros. 

All of the confirmed cases of Nuvahoceros except 
one are from sites located along the Rio Grande River 
and southward into Mexico (Blackford 1995), 
including those from Cueva Quebrada, Texas 
(Lundelius 1984) and the probable specimens from 
Burnet Cave, New Mexico o @ d l y  assigned to 
“Rangiferfiickf’ (Schdk and Howard 1935). The 
exceptions are the Lake Bonneville shoreline 
specimens from central Utah (Nelson and Madsen 
1987), and two possible localities in southern 
California: Antelope Cave (Reynolds et al. 1991) and 
hmgtonian deposits w i h  Aaza Borrego Desert 
State Park (Blackford 1995). 

(1985:380)recoveredacervidproximalphalanxfrom 
Crystal Ball Cave that was “...intermediate in size 
between Cema and Odocoileus“. Heatan (1985) 
listed the length of the phalanx as 60.2mm, which is 
within 1/10 of a millimeter of the largest 
Navahoceros fmt phalanges we measured from San 
Joseclto Cave, but almost a Wl millimeter less than 
the smallest value we report for Covur in Table 28. 
These dam corroborste Heaton’s (1985) statement 
that the Crystal Ball Cave specimen is intemediate 
between Cems  and Odocoileur; although Heaton 
tentatively identifed the bone as Cenws elaphus, it is 
possible that it belonged to Navahoceros. 

The Anza Bomgo 8pccimenS, as well as others 
from near Las Cruces, New Mexico, are the only 
examples of lrvingtoruan-aged Navahoceros from 
North America or Mexico (Blackford 1995). All of 
the remaitung Rancholabrean locahties which have 
associated C-14 dates range between 11,OOO and 
22,000 BP (Blackford 199521, Figure 3). The 
proxunal phalanx from MHC is greater than 50,000 
years old, and the central phalanx returned a date of 
approximately 38,000 BP. These data indicate that 
mountain deer inhabited southern Pine Valley, 
Nevada, for at least 10 millennia prior to the onset of 
the Late Wisconsinan glacial cycle. 

It may also be worth nonng that Heaton 
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- 
oreatest length Proximal Transverse Distal Transverse 

Breadth Breadth 
n I m e a n I  range n l m e a n l r a o g  e n l m e a u l  Ran@, e 

C- elaphus' 5 I 66.4 I 61.0-69.7 5 I 24.7 I 23.7-25.5 5 I 24.1 I 23.2-24.1 

Greatest length Proximal Transnrse 
Breadth 

n 1 - 1  range n I m a n I  range 
Cervus elaphus' 5 I 48.2 I 45.5-50.5 5 1 23.9 1 23.5-24.2 

Navahoceros Mck? I 30 54.7 I 49.8-60.1 I 30 I 22.3 I 20.1-24.6 I 30 I 19.1 I 16.3-23.5 

Distal Transverse 
Breadth 

n I m a n I R a n g e  
5 I 20.8 I 18.7-22.3 

Odocoileus hemionus' I 5 I 51.0 I 46.8-54.0 I 5 1  16.4 I 15.5-17.4 I 5 I 14.2 I 13.5-15.3 
Odocoileus virghianus' I 1 1  58.9 I - I l l  18.1 I I l l  15.1 I 

Nevada, Recent; this report 
'Sari Jocesito Cave, Mexico; Rancholabrean; this report 
'Mineral Hill Cave; Rancholahrm this report 
'Minnesota; Recent; this report 

I 

Navahoceros frck' I 30 I 41.5 I 37.9-47.5 I 30 I 21.1 I 18.3-25.3 I 30 I 17.6 I 15.3-19.8 
Navahoceras frck? I 1 I 45.1 I I 1 I 20.9 I - 1 1 1  16.1 I - 
Odocoileus hemionus' I 4 I 33.3 I 31.9-35.7 I 4 1  14.3 I 13.7-14.9 I 4 I 11.5 I 10.9-12.2 

Nevada, Recent; this report 
'San Jocesito Cave, Mexico; Rancholabreaq this report 
'Mineral Hill Cave; Rancholabrean; this report 

I 

Odocoileus sp. 
?Mule Deer 

MATERIAL RECOVERED. One F'Q; one skull 
fragment; one calcaneus; one carpal; three metatarsal 
fragments 

C-14 AGE. &OM 

DISCUSSION. Seven cervid specimens from MHC 
match in size and morphology with Odowileus. 
These specimens likely belong to mule deer, 0. 
hemionus. There have been no continned 

Rancholabrean occurrences of the white-tailed deer, 
0. virginianus, in Nevada. Although it has been 
widely reported that 0. virginianus was identified at 
Deer Creek Cave (e.g., Jefferson et al. 1999), Pegler 
(1963:18)identifiedallofthedeerre&fromthat 
site as Odocoileus sp., and simply noted the 
possibility that some of the fervid remains could 
belong to white-tailed deer. The age of the MHC 
Odocozleus specllnens is unkuown, but baaed on their 
~010rati0~ this genus was probahly sympatric with 
Navahoceros prior to 30,000 BP in southern Pine 
Valley. 
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Family Antilocapridae 

Antilocapra ameriknna 
pronghorn 

MATERIAL RECOVERED. One M2; two 
thoracic vertebrae; two innominate hgments; one 
distal humerus; one proximal ulna; one &stal radius; 
three calcanei; two astragali; one lunar; two distal 
metapcdials; one mtapodial fragment; seven 
proximal phalanges; three central phalanges 

C-14 AGE. TP3-96 (proximal phalanx [>50,000 
BPI); TP2-SL-8 (calcaneus [16,810* SOBPI); TPlb- 
09-3 (13,150*50BP]) 

DISCUSSION. All of the MHC antilocaprid 
material are &om a large pronghorn, and compare 
most favorably wth the extant Antilocapm 
americnna (see Tables 30-32; Figure 22). 

Caprometyx, the diminutive pronghorn, has 
been reported fiom Smith Creek Cave (Miller 1979), 
but Harris (1985:128) considered this identification 
erroneous. Tetrameryx may be present at Tule 
Springs (Mawby 1967), and Srockoceros is 
relatively common in the American southwest, 
Texas, and portions ofMexico ( K d n  and 
Anderson 1980; Lundelius 1984). Tetrameryx is 
also reported fiomBumet Cave, New Mexico 
(Schultz and Howard 1935). The antilocaprid 
material h m  MHC, however, is significantly larger 
than comparative specimens from either 
Capromeryx or Stockceros (see Tables 30-32). In 
fact, the antilooapnd matend fiomMHC is slightly 
but not significantly larger, on average, than recent 
pronghorn specimens, a pattem that was also noted 
at Natural Trap Cave (Chom et al. 1988). 

No definitive Rancholabrean specimens of 
Tetrameryx are known from central or northern 
Nevada. Indeed, all of the other Late Pleistocene 
anhlocaprid material from the surrounding region 
have been idenMed 88 Antilocapra americano, 
including Jaguar Cave ( K d n  and Anderson 1972). 
Rainbow Beach (McDonald and Anderson 1975). 
Sdvm Creek (Miller 1976). Crystal Ball Cave 
(Heaton 1985), Owl Cave No. 2 (Turnmire 1987), 
and Homestead Cave (Grayson 2000); the modern 
pronghorn is also present in the Smith Creek Cave 
assemblage (Miller 1979). Pronghornhave 
apparently occupied the region surrounding MHC 
for sorm time, judging by the proximal phalanx that 
returned a date in excess of 5O.W BP. The other 
two dates obtained on pronghorn bones were late 
Wisconsinan, and ranged between ca.13.000 and 
17,ooOBP. 

Figure 22. [L&: Pronghorn metapodialsfronr 
recent (lefi) and MHC (right). [Center and Righr]: 
Central and proximal pronghorn phalanges from 
recent (lop) and MHC (bottom). 
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Table 30. Proximal phalanx measurements of Recent pronghorn (Ar~tilocapra &cam) and Rancholabrean 
pronghorn from Mineral Hill Cave, and Stockwerosfrom Cueva Quebrada. 

Capmmeryx 
minor' 

'Nevada; Recent; this repon 
%wml Hill Cave; Rancholabrean; this report 
Cueva *bra&, Texas; Rancholabrean, Lundelius (1 984) 3 

Stocbceros Antilocapra Antilocapra Antilocapm 
conklingi' americana' arnericana3 americana4 

Table 31. Central phalanx measurements ofRecentpronghorn (Antilocapra americm) and Rancholabrean 
pronghorn from Mineral Hill Cave. and Stockocems from Cueva Quebrada. 

Metapodial- 
DTB 

23.8 29.0 28.0 28.7 

I I I I I 

calcaneus-L I 48.6 66.5 I I 75.2 I 81.8 
Calcaneus - PTB I 12.6 19.1 - 23.8 26.8 I 
Asmgalus-L I 22.2 I 31.1 I I 35.5 I 40.5 
Asmgalus-GW I 12.8 18.9 - 22.4 26.5 

L =greatest length; GW = greatest width; PTB = proximal transverse breadtlq DTB = distal transverse breadth 

'Shelter Cave, New Mexico; Rancholabrean; Stock (1932) 
%Natural Trap Cave, Wyomiqg; Rancholabrean; (Chom et al. 1988) 
'Recent; Stock (1932); this repart 
'Mineral Hill Cave; Rancholabrean; this report 
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Family Bovidae 

Ovis canadensis 
Mountain Sheep 

MATERIAL RECOVERED. one sknll fragment; 
three mandibles (Pmz-M3; Pm3-Mz; Ph.4-MI); one 
MI; one MI; one MI; three thoracic vertebrae; one 
cervical vertebra; one scapula (glenoid fossa); six 
distal humeri; two radii (one proximal, one distal); 
eight distal tibiae (seven distal, one distal epiphysis); 
one patella; four calcanei; seven astragali; 10 carpals; 
tbree distal metacarpals; one distal metatarsal; three 
distal metapdials; 15 proximal phalanges; two 
cenhal phalanges; two distal phalanges 

C-14 AGE. TP3-81 (proximal phalanx [38.830 * 
430 BPI); TPZ-2 (distal humerus [32,970 i 680 BPI); 
TP4-3 (mandible [8,110 + 50 BPI); TP6-36 
(mandible [6,930 i 50 BPI); Tp3-1 (mandible [4,540 * 50 BPI) 

DISCUSSION. Bones of mountain sheep were 
second in abundance to those of Equus in MHC. 
They are relatively easy to identify with appropriate 
comparative collections. The five dates obtained 
suggest a long history of occupation of the Sulphur 
Springs Range by mountain sheep. The oldest sheep 
bone dated is about 40,000 years old; the three 
mandibles roughly dated to the Early, Middle, and 
Late Holocene, respectively. 

Much has been written about the Pleistocene and 
Holocene distribution of mountain sheep in western 
North America, including the Great Basin (Hibbard 
and Wright 1956; Stokes and Condie 1961; Stock and 

Stokes 1969; Harris and Mundel 1974; Shackelton 
1985; Emlie 1986; Indeck 1987; Wang 1988; Lawler 
1996). Th~s discussion bas centered on the validity of 
a Pleistocene species of mountain sheep, Ovir 
carclawensis, defined fkom a partial mandible and 
skull recovered flom Catclaw Cave in Arizona 
(Hibbard and Wright 1956). Hibbard and Wright 
(1956) argued that the width of the cheek teeth of the 
Catclaw Cave specimen was beyond the range of 
Holocene-aged mountain sheep, and so warranted a 
new species designation. Others (e.g., Stokes and 
Condie 1961) concurred with this assessment Geist 
(1971) then argued that favorable ecological 
conditions probably accounted for their large size 
during the Pleistocene; climatic deterioration at the 
end of the Pleistocene led to their diminution. 

Hams and Mundel(l974) subsequently argued 
that there was sue overlap between Pleistocene-aged 
mountain sheep and recent specimens, and thus the 
Pleistocene forms were best seen as a subspecies of 
0. canadensis. Others have since generally 
concurred with this latter interpretation (e.g. Emslie 
1986; lndeck 1987; Wang 1988; Lawler 1996). 

MHC also indicates that there is size overlap between 
Pleistocene and recent specimens, although an overall 
size diminution occurred sometime during the 
Holocene (see Figure 23). Most researchers assume 
that this size reduction occurred in the Early 
Holocene, but o w  data from MHC may suggest that 
this process was more complex, and may have 
occurred at different times in different regions of the 
west. 

Our analysis of the mountain sheep remains from 
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Figure 23. Recent and fossil (MHC) postcranial remains of mountain sheep. From left to right (the larger 
specimen on the left of each group is from MHC; the smaller specimen is from a recent specimen): proximal 
phalanges; cenualphalanges; carpal; humerus. Note the large sue ofthe fossil specimens from MHC. 

Regarding postcranial material of 0. 
canademis, Lawler (199615, Appendix) pubhhed 
metacarpal and metatarsal measmments of mountain 
sheep fium Natural Trap Cave and recent specimens 
fium Wyoming and Montana He found significant 
size overlap between the Rancholabrean and recent 
material: in fact, the greatest le& of one of the 
recent sheep metacarpals from Montana measured 
only about lcm less than the greatest length of the 
Natural Trap Cave specimens. Put another way, these 
data suggest that some modem male mountain sheep 
are attaining the same size as some of the largest 
malea who lived 10,OOO to 20,OOO yeam ago. Wang 
(1988) earlier came to a sirmlar conclusion: ratios of 
postcranial lengths indicated that there were no 
appreciable differences in locorntor habit between 
Pleistocene and recent mountain sheep. 

identitled and dated fium MHC. M&c data for 
these specimeos, as well as MIM of those available in 
the published literature from western North America, 
am displayed in Tables 33-38. Postcranial 
meaamncnnt8 of the h4HC mountain sheep an 
displayed in Table 39, and illustrated in Figure 23. 

The MHC mandiiles are al l  Holocene in 
age. One mandiile (TP4-3) daw to about 8,100 BP. 
Recent studies suggest that the faunal turnover from a 
cooler, more mesic assemblage of animals to a 

Tbree mountain sheep mandibles were 

warmer, more xeric assemblage occurred by about 
8,300 BP in both the northern (Grayson 2000) and 
southern (Hockett 2000) Great Basin. Thus, this 
specimen dates to the early portion of the warm and 
dry Middle Holocene in the Great Basin. MHC 
specimen TP6-36 dates to about 6,800 BP, which is 
near the end of the hottest and driest period of the 
Middle Holocem. Finally, MHC specimen TP3-1 
dates to about 4,500 BP, whch is the generally 
accepted beginmng of the wetter and cooler 
Neoglacial period in the Great Basm (Grayson 1993) 

Tables 33-38 suggest that tooth dimensions, and 
III part~cular tooth widths, were generally greater in 
the Pleistocene specimens compared to modm 
specimens. However, there is slze overlap amongst 
the tooth meawrements h m  MHC and the 
Pleistocene specimens. Tables 34-37 display cheek 
tooth widths froxu the Raucholabrean-aged 
specmns, the three MHC mandibles, and recent 
specimens fromNevada These data suggest that 0. 
canadensis near MHC maintained tooth dimensions 
similar to thek Pleistocene ancestors throughout the 
Early and Middle Holocene. This is striking 
considering that the period 8,300 to 7,000 BP is one 
of the warmest and drieat millennium-and-a-half 
recorded during the entire Quaternary. Yet the tooth 
dimensions of the 6,800 BP specimen from MHC 
matches those of the type specimen of "0. 
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catclawensis” from the Pleistocene of Arizona. It is 
not until the onset of the Late Holocene, during a time 
of increasing moismre and decreasing temperams, 
and thmfore a time presumably more favorably to 
mountain sheep populations than the preceding 
Middle Holocene, that we see a rather dramatic 
decline in the size of the MHC mountain shcep. It is 
recognized that this is based on a single specimen, but 
considedng the data displayed in Table 38 as a 
whole, it may suggest that the overall diminution of 
mountain sheep body size did not occur in the central 
Great Basin until 4,000 to 5,000 years ago. 

If this interpretation is corm&, then these data 
have a couple of important implications. First, these 
data suppon the interpretation that the Pleistocene 
and Holocene sheep of the Great Basm ate best 
classified as a single species. Second, the data may 
suggest that size diminution in Great Basin mountain 
sheep was not caused entirely by environmental 
factors. Broughton (1994), and mre recently 
McGuire et al. (2003), suggest that human foragers u1 
the Great Basin increasingly focused their subsistence 
activities on the hunting of artiodactyla sometime 
between 4,000 and 5,000 BP. This pattern continued 
to at least 700 BP in the central Great Basin, as 
indicated by Horizon 2 at Gatecliff shelter (Thomas 
and Mayor 1983). Similar patterns in the intensity of 
mountain sheep hunting are seen at Pie Creek Shelter 
north of Elko, begirming about 4,500 BP and 
continuing to at least 1,300 BP (McGUin et al. 2003). 

Intaestingly,Thomas andMayer(1983:377- 
378, Figures 194-195) pnblished astragali length and 
width ratios for modem desert bighorn sheep (0 
conademir deserh]* &ern Rocky Mountain bighorn 
(0. canadensis canodensir), and the sheep from 
Honzon 2 at GateclifFShelter, C-14 dated to ca. 700 
BP. The lengths of the modern desert bighorn ranged 
from about 27-311mq and those of Rocky Mountain 
bighorn w e d  from about 22-35- with most of 
the latter ranging from 3 1 -35mm. Thus, the Rocky 
Mountain bighorn ashagali tended to be larger than 
those of the desert bighorn Because the Gatecliff 
Shelter ashagali ranged from about 26-32mm, 
Thomas and Mayor (1983) argued that they probably 
represented the subspecies represented by desert 
bighorn populatiw. In comparison, the lengths of 
the MHC astragali averaged 45mm, and ranged from 
about 38-49mm Thus, all of the MHC astragali 
measured above the modern limit for Rocky 
Mountain bighorn published by Thomas and Mayor 
(1983). The MHC sheep ashagah probably all date 
between about 40,000 and 5,000 yean ago, and these 

data suggest again that substantial size diminution did 
not occur in populations of muntain sheep in the 
region surrounding Pine Valley, Nevada, until 
sometime after 5,000 BP. Size diminution of 
mountain sheep across westem North Amrica during 
the Holocene may have a complex history, may vary 
m scale a d  timing Emm one region to another, and 
may have multiple causes, including the interaction of 
ecological changes and prehistoric human behavior. 

Mountain sheep apparently entered North 
America by at least 100,000 years ago ( K h  and 
Anderson 1980). Previously, the oldest securely 
dated mountain sheep remains from Nevada were 
from Pmtwater Cave north of Las Vegas, C-14 dated 
to about 32,000 BP (Hockett ZOOO). Some ofthe 
MHC specimens date to about 40,000 BP, rendering 
them the oldest securely dated muntain sheep 
remains in Nevada. The single specimen of 0. 
cnnndensis from Hidden Cave probably dates 
between 10,000 and 20,000 BP (Grayson 1985). 
Other probable Late Pleistocene specimens from 
Danger Cave, Last Supper Cave, Crystal Ball Cave, 
M o m  Mountam Cave., Smith Creek Cave, Deer 
Creek Cave, and Gypsum Cave are not securely 
dated, but some of the specimens from all of these 
sites are likely Late Pleistocene in age (Kauiugton 
1933; Ziegler 1963;Miller 1979; Jefirson 1982; 
Heaton 1985; Grayson 1988). Mountain sheep are 
conspicuously absent Emm the Tule Springs site north 
of Las Vegas. 

most common remains iden- from late 
Plelstocene deposits surrounding the Great Salt Lake 
(Nelson and Madsen 1987), but mountain sheep are 
conspicuously absent fimm the Silver Creek Local 
Fauna C-14 dated in excess of 40,000 BP (Miller 
1976). Mountain sheep first appear in the Homestead 
Cave, Utah, sequence beginning in the Early 
Holocene/Middle Holocene transitron, ca. 8300 BP 
(Grayson 2000). Likewise, mountain sheep are 
common in late Pleistocene deposits in Jaguar Cave, 
southern Idaho ( K h n  and Anderson 1972), but 
absent in the Massane Rocks Local Fauna dated in 
excess of 70,000 BP (McDonald 1998) and the 
Rainbow Beach Local Fauna C-14 dated to 21,000 
BP (McDonald and Anderson 1975). It is therefore 
possible that mountain sheep first entered Nevada 
about 40,000 years ago. Mountain sheep appear in 
the Late Pleistocene assemblages of the Graad 
Canyon between ca. 10,000 and 20,000 BP (Mead et 
al. 1981). 

In nearby regions, Ovis cnMdensb are the 
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Table 33. Ovis canadensis alveolar tooth medSuHmentsfrDm Catclaw Caw, Little Box Elder Cave, Narural Trap 
Caw, Burnet cbve, Mtneral Hill Cave2 and recent specimens. 

'Wyoming; Recent; Indeck (1987) 
% J e w ,  Recent; tbis report 
'Catclaw Cave, Arizona; Rancholabrean; Hibbard and Wright (1956) 
*Little Box Elder Cave; Rancholabrean; Indeck (1987) 
%atural Trap Cave, Wyoming; Rancholabrean; Wang (1988) 
%met Cave, New Mexico; Rancholabrean; Schultz and Howard (1935) 
Minerd W Cave; Holocene; this report 7 

Table 34. Ovis canadensis Pm, tooth mensurementsfrom Catclaw Cave, Natural Trap Cave, Mineral Hill Caw, 
and recent specimens. 

Length h 3  I Width PIQ 
n I mean I range I n I m e a n I  rang e 

Ovis canadend I 3 I 9.4 I 9.2-9.7 1 3 1  5.9 I 5.3-6.3 

Ovis canadmsi? 1 - 1  - I 1 1 1  8.5 I 
Ovis canadensis' I 11 I 9.4 I 8.9-9.9 

Ovb canadensis4 I 2 I 10.3 I 9.0-1 1.5 1 2 1  7.0 I 5.4-8.6 

'Nevada; Recent; this repoa 
*Catclaw Cave, Arizona; Rancholabmu; Hibbard and Wright (1956) 
%atural Trap Cave, Wyoming Rsncbolaban; Wang (1988) 
'Mineral Hill Cave; Holocene; this report 
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Table 35. ovis canademis Pm, moth measurementsfrom Catclaw Cave, D I ~  Cave, Mineral Hill Cave, and recent 
specimens. 

LengmPm, I Width Pm, 
n l m e a n l  range I n I m e a n I  range 

Ovis canadensis' I 3 I 11.1 I 10.8-11.6 I 3 1  7.4 I 7.0-7.7 

Ovis canadensis' 1 - 1  - I I l l  9.8 I 
Ovis canadensis3 - - - i l l  9.8 I - 
Gvis canadensish I 3 I 31.1 I 12.2-14.9 I 3 1  9.3 I 7.7-10.2 

'Nevada; Recent; this report 
2Catclaw Cave, Arizona, Rancholabrean; Hibbard and Wnght (1956) 
)Dry Cave, New Mexico; Rancholabrean; Harris and Mundel(1974) 
'Mined Hill Cave; Holocene; this report 

Table 36. Oris canadean 's MI tooth mmurementsfiom Catclaw Cave, Dry Cave, Natural Trap Cave, Little Box 
Elder Cave, Mineral Hill Cave, and recent specimens. 

'Nevada; Recent; this report 
'Wyoming; Recent; Indeck (1987) 
'Catclaw Cave, Arizona; Rancholabrean; fibbard and Wright (1956) 
'Dry Cave, New Mexico; Rancholabrean; Harris and Mundel(l974) 
hatural Trap Cave, WyominP; Rancholabrean; Wang (1988) 
Lake Bonneville Gravels, Utah; Rancholabrean; Stokes and Condie (1961) 

'Little Box Elder Cave, Wyoming; Rancholabrean; Indeck (1 987) 
'Mineral Hill Cave; Holocene; tlus report 

6 
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Ovis canadensis' 
Ovis canadensis' 

Table 37. Ovis canadensis M: tooth measurementsfiom Catclaw Cave, Dry Cave, Natural Trap Cave, Little Box 
Elder Cave, Mineral Hill Cave, and recent specimens. 

Length M2 Width M2 
n mean range n I mean range 
3 I 18.8 I 17.1-19.7 3 1  9.7 I 9.2-10.1 

1 - 1  I 8.7 I 7.9 - 9.4 

Ovis canaden& 
Ovis canadensis' 
Ovis canadensis' 
Ovis canadensis' 
Ovis canadensis' 

1 12.5 
1 20.1 1 12.2 

1 1  12.0 11.0-12.5 
1 22.0 1 12.5 

11.4 10.9-11.7 

Ovis canadensis' I 2 I 20.2 I 19.5-20.9 I 2 1  11.2 I 9.9-12.5 

Western US. TP4-3 TP6-36 TP3-1 
(10,000-20.000 BP)' (8,000 BP)' (6,800 BP)' (4,500 BP)' 

Width Pm, 9.3 8.6 5.4 
Width Pm, 9.8 10.2 9.9 7.7 

Width M2 12.0 12.5 9.9 
Width MI 10.9 11.4 11.0 9.3 

'Nevada; Recent; this report 
'Wyoming; Recent; Indeck (1987) 
'Catclaw Cave, A r i Z o ~ ;  Rancholabrean; Hibbard and Wright (1956) 
'Dry Cave, New Mexico; Rancholabrean; Harris and Mundel(l974) 
'Natural Trap Cave, Wyoming; Rancholabrean; Wang (1988) 
6Lake Bonneville Gravels, Utah, Rancholabrean; Stokes and Condie (1961) 
'Little Box Elder Cave, Wyoming; Rancholabrean; Indeck (1987) 
'Mineral Hill Cave; Holocene; this report 

Nevada 
(Recent) 

5.9 
7.4 
9.1 
9.7 

'Data compiled eom Tables 33-37 in this report; Rancholabrean 
'Mineral Hill Cave; Early HoloceneMiddle Holocene transition 
Mineral Hill Cave; Middle Holocene 

'Mineral Hill Cave; Early Late Holocene 
3 
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Table 39. Postcranial memuremenfs ofOvis canadensisfrom Mineral Hill Cave. 

In= 6; range DE = 36.1-51.5; range DD =31.4-42.3 
k = 1 each 
'n=; rangeDB =34.3-43.4: rangeDD =24.8-33.2 
h= 1 
'n = 7; range = 38.3-48.9 
'n = 3; range DB = 362-36.9; range DD = 23.0-23.2 
'n=1 
h = 12; range GL = 51.9-64.1; range PB = 16.7-22.8; range PD = 20.1-26.4; range DE = 16.5-22.8; range DD = 
14.3-18.2 
9 n=2;rangeGL=34.4-37.6;rangePB= 19.3-22.0;rangePD= 19.6-21.1;rangeDB= 13.3-16.0; rangeDD= 
16.5-18.0 

Bison bison 
Bison 

MATERIAL RECOVERED. two skull fragments; 
om M'; one tooth fragmmc two carpals; one 
mrtacarpal epiphysis; m e  calcaneus epiphysis two 
sesamoids; three proximal phalanges; six central 
phalanges; three distal phalanges 

C-14 AGE. -3.88 (central phalanx [> 50,000 
BPI); TP3-4 (distal phalanx [43,080 * 730 BPI); 
TP3-140 (sesamoid [31,880 * 570 BPI) 

DISCUSSION. The majority of bison bones 
recovered from MHC were foot elements. Table 40 
cornpans the size ofthese bones to those of Bison 
bison antiquus fbm Rancho La Brea (Miller and 
Brotherson 1979) (also, see Figures 24-26). These 
data suggest that the MHC bison had extremely large 
feet. Almost all of the foot elements from MHC 
exceed the mean values of the RLB bison; one distal 
phalanx, in particular, measuTed 6mm longer than any 
mearured from RLB, and the MHC specimen is quite 

worn (see Figure 25). Miller (1976) noted that there 
is size overlap in postcranial elements of B. latifi.ons, 
E. b. antiquus, and B. b. bison (see also KUrten and 
Anderson 1980:337). Thus, we identify the large 
bovids from MHC s q l y  as E. bison, and note that 
they had very large feet. 

I--- 
Figure 24. Bison foot elementsfrom UHC: @e3 to 
right): terminal phalanx; centraIphalanx; carpnl: 
carpal. 



Figure 25. Terminal phalanges from modern cow 
OH) and bison fin MHC (right). 

Figure 26. Bison carpais from MHC (top row) and 
modern specimen (boffom row). 

McGuire (1980) identified a large bovld fmt 
phalanx (TPla-010-1) as shrub ox (Eueerafherium 
sp.). This is the only specimen identified as s h b  ox 
from his original report, Our analysis mdicates, 
however, that this bone is from the hind leg of a 
bison: the measurements of this specimen fall witbin 
the upper range of B. b. antiquus, and thus it does not 
possess the shorter, more slender phalanges of the 
shrub ox. There were no shrub ox remains identified 
fromMHC in the present analysis. 

Three of the MHC bison bones were C-14 dated; 
all dated older than ca. 32,000 BP. B. lafrfinr is 
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typically more abundant in late Pleistocene 
assemblages pre-datiag the Sangamonian (older than 
ca. 70,000 BP) (Kurt611 and Anderson 1980), 
although the Late Wisconsinan Rainhw Beach Fama 
of Idaho contamed bones of tlns species dating to 
about 2 1,000 BP (McDonald and Anderson 1974). 
B. b. antiquus is thought to have emerged from a 
second migration of bison from Eurasia about 
100,ooO BP, rather than evolving from the indigenous 
B. lanfrons popdahons witbin North America at that 
tune (Kurt& and Anderson 1980). However, up to 
four species of bison may have occupied the 
southeastem Idaho landscape during the past 100,000 
years (McDonald 1998), further complicating bison 
evolution in North America. These uncertainties 
make it unclear whether B. b. antiquus is restricted to 
Wisconsinan faunas, or whether it may extend back 
mto the Sangamonian. Ifthe large bovids fromh4HC 
belong to B. b. anrquus (as bone measurements 
suggest), and if this subspecies or species was 
restricted to the late Sangamonian and Wisconsinan, 
then the limiting date on the central phalanx (TP3-88) 
may approximate the true date of this bone. 
Unfortunately, this interpretation remains purely 
speculative at tlns hme. 

Plelstocene-aged bison remains are relatively 
common in many areas of western North America 
(Guthrie 1970; Kurten and Anderson 1980), but 
surprisingly rare m Nevada. Bison are notably absent 
in the Crystal Ball Cave assemblage (Heaton 1985), 
but they are relatively common at Tule Springs 
(Mawby 1967) in southern Nevada. Bison may be 
present in Smith Creek Cave, but are scarce (Miller 
1979). Bison is also rare in the latest Pleistocene and 
early Holocene deposits of Hidden Cave, westem 
Nevada (Grayson 1985) and Danger Cave (Orayson 
1988) along the Nevada-Utah border. Bison are more 
common in Pleistocene deposits of southern Idaho 
and central Utah (e.g., Stokes et al. 1966; Hopldns et 
al. 1969; McDonald and Anderson 1975; Miller 
1976; McDonald 1998). Large bison remaios were 
also recovered from Burnet Cave, New Mexico 
(Scbultz and Howard 1935) and Cueva Quebrada, 
Texas (Lundeliw 1984). 



Table 40. Comparison of mean measuFements of bison faor elements from Rancho Ln &ea and the large bovids 
from Mineml Hill Cave. 

magnum - antenodposterior length I 126 I 45.3 I 40.0-52.0 I 1 I 45.7 I 
magnum - transverse width I 126 I 48.5 I 42.0-60.0 I 1 I 49.1 I 
magnum -height 126 I 28.1 I 25.0-33.0 I 1 I 30.5 I 

proximal phalanx - length’ 1 561 I 74.0 I 63.0-85.0 I 2 I 77.2 1 76.0-78.4 
proximal phalanx - transverse 561 I 39.0 I 30.0-48.0 I 2 I 37.3 I 34.6-39.9 

cenml phalanx - length I 5 5 5  I 49.9 I 43.0-60.0 I 5 I 53.5 I 50.5-56.5 
central phalanx - transverse width I 55s I 38.6 I 30.0-50.0 I 5 I 39.6 I 36.8-41.9 

distal phalanx - length 337 85.7 70.0- 3 95.9 89.2- 
101.0 107.2 

distal phalanx - width I 337 I 33.2 I 27.0-41.0 I 2 I 41.4 I 37.7-45.1 

Miller and Brotherson (1979) separated measwments of fore and hind phalanges; because this determination could 
not be made for the MHC phalanges, the measurements from Rancho La Brea have been pooled together, with 
estimated mean values, in this table. For example, Miller and Brotherson (1979) published the mean value for the 
length of the proximal phalanx of the forelimb as approxunately 73.- and that of the hindlimb as approximately 
75.Omm; the estimate given above pools these mans and IS presented as “74.oImn”. 

I 
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Mmeral Hill Cave Lagomorphs 
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The Order Lagomoxpha includes the pikas, 
rabbits, and hares. AU three types of lagomorphs 
were recovered from MHC. Collectively, lagomoxph 
remains, and in particular those of rabbits and hares, 
were very abundant in the cave. Approximately 2% 
of the leporid (rabbit and bare) bones displayed 
puncture marks (see Hockett and Haws 2002). This 
percentage compares favorably with that previously 
identified for raptor nest and carnivore scat 
assemblages (e.g., Hockett 1989, 1991, 1995, 1996, 
1999; Hockett and Haws 2002). Thus, the majority 
of leporid bones were probably deposited in the cave 
by small carnivores and raptors, or possibly 
accumulated by these predators near the cave and 
subsequently deposited into the cave by water. The 
foxes, coyotes, wolves, and bobcats recovered from 
MHC all could have contributed to the accumulation 
of lagomorph bones. 

Class Mammalia 

Order Iagomorpha 

Family Ochotonidae 

Ochotona princeps 
Pika 

MATERIAL RECOVERED. 34 mandibles; one 
maxilla 

C-14 AGE. TP3-148 (mandible [>50,000 BPI); 
TP3-247 (mandible [34,050 * 260 BPI) 

DISCUSSION. McGuire (1980) originally added 
MHC to the list of Nevada localities that have 
produced prehistoric records of pika outside of their 
current distribution. Mead (1986) listed MHC as a 
pika-producing locality in his summary of the 
Quaternary distribution of this animal in North 
America. More recently, Mead and Spaulding (1995) 
summarized the lmown pika-producing localities in 

the Intermountain West, the majority of which occur 
in ancient woodrat (Neotoma spp.) middens within 
the state of Nevada. Hockett (2000) recently 
discussed the Late Pleistocene and Early Holocene 
distribution of pika at Pintwater Cave and the 
northern Mojave Desert. 

Extralocal pika remains and those from lower 
elevation settings within their current distribution are 
generally restricted to deposits that pre-date ca. 7,000 
BP (Grayson 1983; Mead and Spaulding 1995; 
Hockett ZOOO). Pika are relatively common in caves, 
rocksbelters, and woodrat middens in northem 
central, and southern Nevada between 50,000 and 
7,000 BP (e.g., Mead 1986:166, Table 1; Mead and 
Spaulding 1995:169, Table I; Hockett 2000:265). 

Two pika mandibles from MHC were submitted 
for C-14 dating. One possessed the characteristic 
coloration (dark brown, manganese stained) of other 
bones that invariably pre-dated 30,000 BP; the other 
was much fresher-looking, and was thought to 
possibly date to the latest Pleistocene or the Holocene 
(Figure 27). The dark-colored mandible dated 
beyond the current limits of radiocarbon dating, and 
the “fresh-looking” bone dated to about 34,000 BP. 
Thus, pika was established near MHC by at least 
50,000 years ago; their latest occurrence in the 
vicinity of the cave presumably dates to the Early 
Holocene, but this possibility remains unknown. 



Figure 27. Pika mandiblesfrom MHC. 

Family Leporidae 

Lepus spp. 
Jackrabbit 

MATERIAL RECOVERED. 18 mandiiles; 16 
maxillae; 43 innominates; eight sacra; 45 femora; 76 
tibne; five scapulae; 34 humeri; 53 radii; 43 h e ;  
82 calcanei; 36 asmgali 

C-14 AGE. TP3-264 (manhble [35,270* 300 
BPI); "3-346 (mandible [7,980 f 60 BPI) 

DISCUSSION. These large leporids are easily 
distingushed from snowshoe hare (Leptrr 
americantrr), cottontail rabbits (Sylvilagw spp.), and 
pygmyrabbits (Brachylagm idahoensis) based on 
size. However, there is considerable overlap in the 
alveolar lengths and size of the postcrania between 
the white-tailed jackrabbit (L. townsendir) andthe 
black-tailed jackrabbit (L. californieus) (e.g., 
Grayson 1983,1985,1988). However, Heaton 
(1985:353, Figure 4) suggests that alveolar lengths 
greater than 18.5mm probably indicates the presence 
of L. townFendii. A total of nine of the 18 Lepus 
mandibles possessed complete alveolar lengths. Of 
these, twomeasuredgreaterthan 18.5mm(18.8mm 
and 19.4m). These mandibles indicate that wbite- 
tailed jackrabbits are likely present m the MHC 
faunal assemblage; black-tailed jackrabbits are 
probably present as well, 

Two jackrabbit mandibles were submitted for C- 

14 analysis. One mandiile is approximdy 35,000 
years old the other about 8,ooO years old. Bones of 
Lepus are ubiquitous throughout the Pleistocene and 
Holocene caves of the western United States, and 
MHC is no exception. Approximately 20 L-qm 
bones display small to medium-sized puncture marks, 
undoubtedly caused by the carnivores andor raptors 
that dmed on these animals. 

Sylv i lap  spp. 
Cottontail Rabbit 

MATERIAL RECOVERED. 61 mandibles; 18 
d l a e ;  34 innominates; four sacra; 29 femra; 103 
tlbiae; two scapulae; 33 humeri; 21 radii; 22 ulnae; 64 
calcanei; 15 astragali 

C-14 AGE. unknown 

DISCUSSION. The vast majority of the medium- 
sized leporid remains .from MHC probably belong to 
Nuttall's cottontail (Sy lv i lap  nuztalii). There is 
overlap, however, in the size of cottontail xabbii and 
snowshoe hares, so some of these bones could belong 
to the latter. Nevertheless, considenng the fact that 
the cave lies at approximately 7,000 feet in elevation, 
and considering that many of the bones accumulated 
during cwler climat~c phases compared to current 
conditions surrounding the cave, the majority of these 
bones are probably Nuttall's cottontail. Cottontail 
bones are also ubiqwtous components of the caves 
and rockshelters of western North America. 
Cottontail bones tend to outnumber jackrabbit bones 
m the Pleistocene and Early Holocene deposits of the 
Intemuntain West, whereas this pattern is often 
reversed be- m the Middle Holocene as the 
climate became more xenc (Grayson 1977; 2000). 
Jackrabbit and cottontail bones were about equally 
abundant in MHC. perhaps reflecting the fact that 
Pleistocene, Early Holocene, Middle Holocene, and 
Neoglacial-aged bones were recovered. 

Bmchylagus idahoensis 
Pygmy Rabbit 

MATERIAL RECOVERED. five femra; two 
tibiae; one ulna 

C-14 AGE. TP3-477 (tibia [31,530 f 240 BPI) 



DISCUSSION. Bones ofpygmyrabbit are rather 
easy to identify based on their diminutive size. Only 
eight of the several thousand leporid remains, 
however, were positively identified as pygmy rabbit. 
Remains of E. idahoensis are relatively common in 
Late Pleistocene and Early Holocene deposits 
throughout the central and northern Great Basin 
(Ziegler 1963; Grayson 1977,1983,1985,1988, 
1990,2000; Mead et al. 1982; Heaton 1985; 
Turnmire 1987; Huckleberry et a1 2001; McGuire et 
al. 2003). Bones of pygmy rabbit have also been 
reported from the Silver Creek (Miller 1976) and 
Rainbow Beach (McDonald and Anderson 1975) 
localities in Utah, as well as Jaguar Cave (Kurt& and 
Anderson 1972) in Idaho. The specimen C-14 dated 
at MHC establishes this animal in Pine Valley prior to 
30,000 BP. 

Lepridae 
Rabbits and Hares 

MATERIAL RECOVERED. 46 maxillae 
hgments; 40 isolated teeth; four patellae; 15 1 
vertebrae; 22 catpaWtarsals, 667 merapodials; 496 
phalanges; 75 tiis 

C-14AGE. unknown 

DISCUSSION. These 1 , W  bones were not 
identified beyond the family level; they belong to 
both jacktabhits and cottontails. 
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CHAPTER 5 

Mineral Hill Cave Rodents 

Dave N. Schmitt and BIyan Hockett 

A moderately diverse set of d e n t s  were 
identified from MHC. However, the numbers of 
rodent bones p m t ,  wlule numbering in the 
hundreds, is atypical of the thouwnds of specimens 
that typically accumulate under raptor roosts. Thus, 
many of the smaller rodents (small squirrels, mice, 
woodrats etc.) probably died naturally inside the 
cave. We have arbitrarily broken this chapter into 
large (marmots and porcupines) and small (mice, rats, 
squirrels, gophers, chipmunks, voles) rodents. 

Large Rodents: 

abundantly identified remsins in the entve cave, was 
that of the marmot. The number of marmot bones 
identified compared to those of other rodent species, 
however, is biased. Marmot bones are large and easy 
to identify. As a result, all of the llltumot remains 
recovered from the cave were identified and counted. 
In conhast, only the skulls, mandibles, and maxillae 
of the small rodents such as woodrats and mice were 
identified- 

As noted in chapter 1, marmots probably had a 
profound impact on the srratigraphic integrity of the 
cave sedknts. Marmots were once very abundant 
inside and outside of the cave, and they clearly 
negatively impacted the cave's stratigraphy. Many of 
the marmot hones were entirely intact with no signs 
of predator damage; in addition, many specimens of 
young animals are present. This situation is 
indicative of young animals that probably died inside 
burrows, a situation one of us (B. Hockett) 
enconntered at Haystack Cave III the Gwnuson Basin 
of Colorado in the mid-1980's. Nevertheless, many 
marmots also fell prey to carnivores. S d a  to the 
rabbit and hare bones, nearly 2% of the marmot bones 
display punchlre marks caused by carnivore teeth or 
raptor beaks and talons. 

The most abundant rodent, and the most 

Class Mammalia 

Order Rodentia 

Family Sciuridae 

Mumotu jlaviventris 
Yellow-bellied Marmot 

MATERIAL RECOVERED. 435 manhbles; 143 
maxillae; 141 imominates; 10 sacra; 169 femora; 201 
hbrae; 41 scapulae; 166 humeri; 91 radii, 158 h e ;  
45 calcanei; 48 astragali; 68 metapdials 

C-14 AGE. TP3-8 (mandible [42,350 f 1,140 
BPI); TPla-012-2 (mandible [18,290 f 60 BPI); 
TP3-15 (mandible [5,640+40 BPI) 

DISCUSSION. The most common mammalian 
remains recovered kom MHC were those of the 
marmot (Figures 28-30). The yellow-be&d marmot 
(Marmofuflawvenhis) is the sole species of marmot 
that currently inhabits Nevada and the Great Basin 
(Hall 1946). The hoary marmat (Mumofu culigutu) 
is currently restricted to parts of Idaho, Montana, 
Waslungton, and Alaska, as well as parts of western 
Canada (Barash 1989). M.jlmiwnhis is mainly 
hsmbuted south of the hoary marmot's range, 
although hoary and yellow-bellied marmots are 
sympatric in some areas, such as the Flint Creek 
Range lnMontana (Barash 1989). 



Figure 28. Two murmot mandiblesjivm MHC. 

Figure 29. Partial mannot skull with maxillaefrom 
MHC. 

Figure 30. Marmot postcranial remains @om MHC. 

During the Pleistocene and portions of the 
Holocene, marmots were widespread !houghout 
Nevada, f+om West-to-east and south-to-north (e.g., 
Ziegler 1963; Miller 1979; Heaton 1985; Grayson 
1989,1988; Reynolds et al. 1991b). AtHomestead 
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Cave, Utah, marmots are present in the earliest 
deposits (ca. 11,300 BP), but disappear after ca. 5500 
BP (Grayson 2000). Marmots were present during 
the Iate Pleistocene m surrounding regions to the 
south such as the Grand Canyon area, but disappear 
from these faunal assemblages between ca. 11,ooO 
and 15,000 BP (Mead et al. 1981). 

p r o m t y  of Deer Creek Cave to M. caligata 
populat~ons m central Idaho, this site could preserve 
evidence of an extended southem distribution for the 
hoary marmot during the Late Pleistocene. Despite 
the cave’s proximity to the modem dismbution of 
hoary marmots, however, Ziegler (1963) noted that 
all of the mamot remam compared favorably with 
M. flavivennis. Although there has been continuing 
speculation that hoary marmot remains may be found 
M e r  south during the Pleistocene, Mead et al. 
(198219) considered it “unlikely” that M. caligata 
occupied the Great Basin at this time. Studies such as 
Indeck‘s (1987) at Little Box Elder Cave, Wyoming, 
have concluded that M. flaviventris maintained (and 
greatly expanded) its current dismbution dunng the 
Ple~stocene, and that yellow-belliud mamots were on 
average slightly larger than then mcdem descendants. 

occupied southern Pme Valley dunng the Late 
Pleutocene, especially considering the lack of 
evidence for the hoary marmot ~ r t h  of the cave and 
closer to their modern distribution, such as at Deer 
Creek Cave and Jaguar Cave. Nevertheless, a sample 
of mandibles and d l a e  were measured and 
compared to those of modem hoary and yellow- 
bellied marmots, as well as those reported h m  Late 
Pleistocene contexts m Little Box Elder Cave, 
Wyoming (Indeck 1987). and Owl Cave No. 2, 
eastemNevada (TUmmin 1987). 

marmot alveolar lengths are anthin the range of 
modem and fossil M flavivenms. Based on the Little 
Box Elder Cave Marmota measurements, Indeck 
(1987) argued that a single population of yellow- 
belhed marmots, consisting of slightly larger 
indnidwls on average compared to modem 
populahons, lnhabited that part of Wyommg during 
the Late Plentocene. A s d a r  situation appears to 
have existed during the Late Pleistocene of southem 
Pme Valley, Nevada. 

Ziegler(1963:16) notedthatdwtothe 

It therefore seems unlikely that M. caligata 

Table 41 displays these results. The MHC 
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Table 41. Marmot tooth row measurements from various Rancholabrean and Recent msemblages, including 
samplesfrom Mineral Hill h e .  

E. dorsatiun' 
E. dorsatum' 

!' 
81 Alveolar length - mandible Alveolar length - maxilla 

n l m e a n l  range n l m a n l  range 
8 I 29.3 I 27.0-30.3 5 I 26.7 I 25.8-27.4 
2 I 30.6 I 28.6-32.6 1 I 26.3 I 

'Recent; Guilday and Adam (1967) 
'Recent; data compiled fiomTunmre (1987:67-68, Table 3) 
Wevada and Oregon; Recent; this report 
Little Box Elder Cave, Wyomha Rancholabrean; Indeck (1987) 
'Owl Cave No 2, Nevada; Rancholabrean; Turnmire (1987) 
%inera1 Hill Cave; Rancholabrean and Holocene; this report 
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Family Erethizontidae 

Erethimn dorsahrm 
Porcupme 

MATERIAL RECOVERED. two mandibles; one 
palate with maxillae; one a b ,  one u m m b t e ;  one 
femur, one tibia; one fibula; two ulnae 

12-14 AGE. TP3-146 (mandible 13,890 * 110 BPI) 

DISCUSSION. Much of the porcupine remains 
&om MHC appear to be Neoglacial in age, and the 
one C-14 date is from the early phases of this climatic 

regime. The MHC porcupine was of similar size to 
modem animals (Table 42). Porcupine have rarely 
been repoaed from Pleistocene deposits in Nwada. 
Porcupine remains may be Pleistocene in age at Smith 
Creek Cave (Miller 1979) and Deer Creek Cave 
(Ziegler 1963). They have bcen reported fkom 
Holocene contexts at Gateclif€Shelter [Grayson 
1983). Danger Cave, Last Supper Cave. andH& 
Rock Shelter (Grayson 1988), and Jams Creek 
Shelter (Grayson 1990). Porcupine was reported 
from the Pleistocene deposits in Jaguar Cave (Ku& 
and Anderson 1972). 

Table 42. Porcupine tooth row measurementsfrorn Mineral Hill Cave and Recent specimens. 

Oregotc Recent; this report 
'Mineral H i  Cave; Holocene; this report 
1 



SmnllRodenta We examined 1.101 small rodent 
specimens and identiiied 737 bones to species and 
244 specimens to genera; the remaining 120 
specimens are fragmentmy microtine skulls and 
mandibles that could not be identified beneath 
Subfamily. The types and numbers of identified 
specimens are presented below along with &cussions 
on modern antall-& distributions, their 
occurrence in regional archaeological and 
paleontological sites and, where pertinent, methods 
employed in species identifcation. Two woodrat 
mandibles and a pocket gopher maxilla were subject 
to radiocarbon assay (see below) and the C-14 ages of 
the remsining MHC small rodents are unknown. 

Family Sciuridae 

Tamias sp. 
chipmunks 

MATERIAL RECOVERED. three mandibles 

Tamias cf. minimus 
Leastchipmunk 

MATERIAL RECOVERED. three mandibles 

Tamios minimus 
Least chipmunk 

MATERIAL RECOVERED. one mandible 

DISCUSSION. As its name suggests, least 
chipmunks are diminutive mammals and represent the 
smallest chipnnrnk of the species. Two additional 
species - the Uinta chipmunk (T. umbrinus) and cliff 
chipmunk (T. dorsalis) - also occur in the MHC 
vicinity (Hall 1946), but these animals are larger than 
T. minimus and the identified specimens listed above. 
However, two edentulous mandible fragments 
identified tu genera are slightly larger than modem T. 
minimus and likely repment either the Uinta or cliff 
chipmunk. Least chipmunk remains have been 
recovered Bom late Pleistocene deposits at 
Homestead Cave (Grayson 2000) and have been 
reported in Holocene and undated deposits 
throughout the central and eastern Great Basm 
(Grayson 1983,1990; Heaton 1985; Mead et al. 
1982; Schmitt and Lupo 2002). 

Spennophilus sp. 
Groundsquirrels 

MATERIAL RECOVERED. 41 mandibles; 10 
maxillae 

Spermophilus cf: beldingi/elegans 
Belding's or Wyoming Ground Squirrel 

MATERIAL RECOVERED. 18 mandibles; six 
maxillae 

Spermophilus beldingi/elegans 
Belding's or Wyoming Ground Squirrel 

MATERIAL. RECOVERED. 65 mandibles; 24 
maxillae 

Spermophilus cf: lateralis 
Golden-Mantled Ground Squirrel 

MATERIAL RECOVERED. five mandibles 

Spermophilus lateralis 
Golden-Mantled Ground Squirrel 

MATERIAL RECOVERED. 12 mandibles; six 
maxillae 
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Sprmophilus cf. mollis (=townsendii) 
Townsend's Ground Squirrel 

MATERIAL RECOVERED. five mand%les 

Spennophilus mollis (=townrendiI> 
Townsend's Ground Squirrel 

MATERIAL RECOVERED. three mandibles 

DISCUSSION. Each of the ground squurels 
identitied in the MHC coUection is found currently in 
the area (Hall 1981; Zeveloff and Collett 1988). 
Given the difficulty in distinguishing the remab of 
S. beldmgi from S. elegans, and our lack of sufficient 
comparative materials, we made no attempt to Wer 
identify these specimens. Elsewhere in the re.gion, 
Grayson (1990) identified large numbers of S. 
beldingi/elegam specimens in the Holocene deposits 
at James Creek Shelter. 

While S. lateralis may inhabit rocky slopes 
adjoining low elevation grassland and sagebrush 
communities, they prefer high elevation settings 



68 
extending h pinyon-juniper forests to above the 
timberline (Bar& and Thompson 1993) and their 
presence in MHC is not surprising. In confast, S. 
mollis occupy mountam foothills but are conspicuous 
residents of low elevation habitats containing 
sagebrush and xerophytic shrubs (e.g., Rickart 1987). 
Townsend’s ground squirrels have been reported in 
low desert contexts across the region (e.g., Grayson 
1985; Schnntt et al. 2002) and, like MHC, S. lateralis 
and S. mollis occur together IIL a number of upland 
and semi-upland sites, including GatecliffShelter 
(Grayson 1983), James Creek Shelter (Graysou 
1990). and Smith Creek Cave (Mead et al. 1982; 
Miller 1979). 

Family Geomyidae 

Thomomys sp. 
Smooth-toothed Pocket Gophers 

MATERIAL RECOVERED. 144 mandibles: 
three maxillae 

Thomomys bonae 
Botta’s Pocket Gopher 

MATERIALRECOVERED. twomaxillae 

Thomomys cf. talpoider 
Northern Pocket Gopber 

MATERIAL RECOVERED. six maxillae 

Thomomys talpoider 
Northern Pocket Gopher 

MATERIAL RECOVERED. four mandibles; 53 
maxillae 

C-14 AGE. TP3-561 (maxillae [8,110 + 50 BPI) 

DISCUSSION. Both of these geomyids can be 
found today in southern Pine Valley. Townsend’s 
pocket gopher (T. townsendit) also occurs in the 
MHC vicinity (Hal 1946), but this species is larger 
than modern T. bonae and T. ta lp ida  and the 
gopher specimens h m  MHC. The abundance of T. 
talpoides compared to T. bonae at MHC was 
anticipated since T. talpoider is a montane species 
found largely ~tl regional high valleys and mountain5. 
Northern pocket gophers have been reported in 
Holocene deposits in other upland and semi-upland 

contexts across the northern and central Great Basin 
(Dalley 1976; Grayson 1988: Heaton 1985), and T. 
boffae are common in sites in regional mountain 
f w W  and valleys (e.g., Grayson 1985,2000; 
Schmitt et al. 2002). Our identifications of T. bonae 
and T. falpoides crania and mdii les  Iargely 
employed p4 and rostral morphology digLvsstd in 
Thaeler (1980). 

Family Heteromyidae 

Perognafhus sp. 
Pocket Mouse 

MATERIAL RECOVERED. four mandiiles 

Perognathus parvus 
Great Basin Pocket Mouse 

MATERIAL RECOVERED. seven mdibles; 
one maxillae 

DISCUSSION. Two species ofpocket mice - 
Perognathus p a m u  and the diminutive P. 
longimembris (little pocket mouse) - are found in the 
MHC vicinity (Hall 1946,1981). Our identification 
of pocket mouse materials was basad on specime.n 
sue and, when present, dental and cranial 
morphology (see Grayson 1985). Since P. 
longimembris characteristically occupy low deserts 
and P parvus inhabit grasslands and range into 
altitudes signifcantly hgher than those tolerated by 
P longzmembris (e.g., Grayson 2000). it is not 
surprising that P. parvus is the only species present at 
MHC. Skeletal remains of P. p w  have been 
recovered from Hidden Cave (Grayson 1985), 
Gatecliff Shelter (Grayson 1983), Swallow Shelter 
(Dalley 1976), and Smith Creek Cave (Miller 1979). 
In northwestern Utah P. pamu have been reported in 
terminal Pleistocendearly Holocene deposits in some 
low elevation contexts, but these and other taxa 
adapted to montane andor mesic settings became 
extinct as middle Holocene desertification took hold 
(Oraysoa 2000; Schmitt et al. 2002). 

Family Muridae 

Miaotine 

MATERIAL RECOVERED. 72 mandiiles; 48 
maxillae 



DISCUSSION. M e  skeletal remains are 
fragnwntary and/or lack molars and we could not 
confidently identify them to taxonomic genera. 

Microtw sp. 
Meadow Voles 

MATERIAL RECOVERED. six mandiiles 

DISCUSSION. Both the montane vole (M. 
montanw) and long-tailed vole (M. longicaudus) 
occur across much of northern and central Nevada 
(Hall 1946). A third species, the meadow vole (M. 
pennsylvanicus), occurs today in most woodlands 
and meadows north and east of MHC (Hall 1981), but 
it is possible that the geographic range of this animal 
once extended across the northern Great Basin. 
Although M. longicaudus are a montane or “boreal” 
species (Brown 1971; see also Grayson 1993:170- 
177) and M. montanus can be found in more and, low 
elevation contexts, their geographio ranges overlap 
and both species might be represented in the MHC 
maU-mammd fauna. Montane and/or long-mled 
voles are common components of Pleistocene and 
Holocene faunas across the region (e.g., Grayson 
1983,1985,1590,2000; Heaton 1985; Hockett 2000, 
Hucklebeny et al. 2001; Miller 1979). 

cf. Lemmiscus (=Luguw) curtatus 
Sage Vole 

MATERIAL RECOVERED. s m m & b l e s  

Lemmiscus (=Lagums) curtatus 
Sage Vole 

MATERIAL RECOVERED. 78 mandibles 

DISCUSSION. Lemmiscus curtaha are found 
cmently in the MHC vicinity (Hall 1946; Zeveloff 
and Collett 1988). As its name suggests, sage voles 
are most often found in habitats dominated by 
sagebrush (notably big sagebxush [Artemisia 
hidentoto]) and tend to be most abundant in settings 
with cool and wet summers and warm Winters 
(Carroll and Genoways 1980; Hall 1946). Sage vole 
remains have bton recovered from late 
Pleistocenclearly Holocene deposits at the Sundune 
Locality in Long Valley (Hucklebeny et al. 2001), 
Homestead Cave (Grayson 2000), and Camels Back 
Cave (Schmitt et al. 2002), and they have been 
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reported in Holocene and undated deposits in upland 
and semi-upland contexts across the region (e.& 
Grayson 1983,1988; 1990; Heaton 1985). Our 
assignment of edentulous mandible hgments to L. 
curfatus was based on the location of mandibular 
foramina (after Grayson 1983:117). 

Neoroma sp. 
WoOdIats 

MATERIAL RECOVERED. 32 mandiiles; one 
maxillae 

Neotoma cf. cinerea 
Bushy-tailed Woodrat 

MATERIAL RECOVERED. 52 mandibles; 11 
maxillae 

Nwtoma cinerea 
Bushy-tailed Woodrat 

MATERIAL RECOVERED. 242 mandibles; 101 
maxillae 

C-14 AGE. -3-344 (mandible [3,030 * 50 BPI); 
TP3-388 (mandiile [5,970 * 40 BPI) 

Nwtoma lepida 
Desert Woodrat 

MATERIAL RECOVERED. one maxillae (with 
M 2  and M3) 

DISCUSSION. Bushy-tailed woodrats occur across 
much of northern and central Nevada and 
charactenstically occupy boreal habitats on Great 
Basin mountains and mountain foothills (e.g., Brown 
1971;Grayson1993;butseeGraysonandMadsan 
2000). Desert woodrats are also found in the MHC 
wcinity (Hall 1946), but these mammals largely 
occupy arid, low elevation settings. 

We examined the morphology of MI to 
separate the two species and measured alveolar and 
molar ocelusal lengths in order to distinguish N. 
cinerea from the more diminutive N. lepida (after 
Grayson 1983, 1988). Table 43 presents lengths of 
MHC and modem Neotoma mandibles and maxillae 
possessing complete alveoli. Given the location of 
MHC, it is not surprising that all of the idontiiied 
specimens are larger than modern N lepida and all 
fall securely wthin the range of modern N. cinerea. 
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Similarly, comparing the occlusal lengths of molars 
retained in hgmentary alveoh with modem 
specitnens (Table 44) indicates that the majority of 
the cave's woodrat specimns represent N. cinerea. 
except for a single N. lepida maxilla collected from 
TP6. The remaining MHC woodrat bones identified 
as N. cinerea are robust neonate mandiiks and 
maxillae with alveolar l e m  exceeding 8.75 mm. 
While the complete taphonomic histories of the MHC 
rodent fauna remain unknown, the large numbers of 
woodrat specimens representing all age classes and 
relative skeletal completeness of recovered parts 

lends support to our contenhon that many of the 
MHC small rodents died na tudy  inside the cave. 
Elsewhere in the region, N .  cinerea remains are 
reported from James Creek Shelter (Grayson 1990), 
Smith Creek Cave (Miller 1979; Mead et al. 1982), 
Swallow Shelter (DaUey 1976), Crygtal Ball Cave 
(Heaton 1985) and other sites in upland or semi- 
upland settings. These woodrats have also been 
identified in terminal Pleistocene/early Holocene 
deposits in low elevation caves in western Utah 
(Grayson 1988,2000; Schmitt et al. 2002). 

Table 43. Woodrat tooth row mearuremmts for modem and Mineral Hill (7ave specimens. 

Alveolar leneth- mandible Alveolar l e n d  - maxilla 
n mean range n mean range 

N. lepidal 
N lepida2 

N. cinerea' 
N. cinerea' 

28 8.18 

125 10.07 

N. cinerea' 129 9.94 

'Recent, Grayson (1988Table 4) 
'Recent, (Hall 1946:Table 18) 
'Mineral Hill Cave; this report 

7.6-8.6 23 8.40 7.8-8.6 
50 M 7.7-8.8 

9.3-1 1.5 34 10.23 9.4-1 1.4 
48 na 9.1-10.8 

9.2-11.2 55 9.95 9.1-10.8 

Table 44. Woodraf molar measurements (occlusal lengths) for modem specimens and Mineral 
Hill Caw mandible and maxillafrogmmts retaining teeth 

N. lepidal ml 
m2 
m3 

N. lepida' m2 
m?7 

N. cinerea' ml 
m2 
m3 

N. c i n e r d  ml 
m2 

Occlusal leaeth - mandibular 
n mean range 

26 3.00 2.73-3.33 
26 2.63 2.37-2.82 
26 1.67 1.33-2.01 

37 3.51 3.01-4.04 
37 3.02 2.75-3.28 
31 2.15 1.52-2.57 

23 3.59 3.02-4.06 
3 3.01 2.98-3.03 

Occlusal l e n d  - maxillary 
n mean range 

26 3.09 2.90-3.46 
26 2.38 2.22-2.51 
26 1.70 1.43-2.22 

1 2.38 2.38 
1 1.88 1.88 

31 3.59 3.19-4.21 
37 2.85 2.48-3.09 
31 2.30 1.75-2.73 

36 3.56 3.30-3.83 - 
'Recent; Grayson (1988:Table 4) 
'Mineral Hill Cave; this report. The two N .  Iepida molars are from a single skull fragment (one identified specimen). 



Peromyscus sp. 
White-footed Mice 

MATERIAL RECOVERED. two mandibles 

Peromyscus tnaniculams 
Deer Mouse 

MATERIAL RECOVERED. 23 mandibles; one 
maxillae 

DISCUSSION. There are thne species of 
Peromyscus in the MHC vicinity tcday. The largest 
of these, the pinyon mouse (P. m e &  is a montane 
species that characteristically inhabits moist- to- 
semi-arid rocky settings containing pygmy conifers 
(Hall 1946,1981). Thc canyonmouse (P. minims) is 
welhdaptd to more xeric Great Basin environs and 
largely occur in mcky habitats raaging from deam 
pavement to mggy outcrops on moulltain spina 
(Johanon and Armstrong 1987). Similarly, the. deer 
muse occur6 throughout the b a t  Basii but this 
generaht is more widespd ;  it can be fouud in a 
wiety of habitats extrnding acxoss most of Noah 

Table 45. whitepored mouse mandibular tooth row 
menwmnenh for modem and M i n d  Hill Cave 
specimens. 

23 3.44 

23 3.64 

Pemmyscw sp.2 1 3.88 

'Recent Grayson (1985:Fip  42) 
H ~ U  cave; this report 

3.22-3.77 

3.42-3.79 

3.88 
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America (Hall 198 1 :670-683) and it hns been 
identified in archseological and paleontological 
deposits throughout the Great Win (e.&. Grayson 
1985,1990,2000; Heaton 1985; SchmittandLupo 
2002). 

and mandibles relied on molar characteristicS and 
conpisons of modem Peromyscus m a n d i i  
alveolar lengths with the MHC spccimns. As shorn 
in Table 45, all but om of the MHC alveoli fall 
securely within the middle-&upper range ofmodern 
P. manicvlatus specimens, end each of the MHC 
Peromyscus mandibles is larger than modem P. 
criniw (see Grayson 1985:146-148). In all cares 
where molars were present our quantitative 
assigmmmti of specimens to P. maniculatus were 
corroborated by occlusal morphology. The si@e 
MHC specimen identified to genera (Table 45) m y  
represent P. me i .  but Hall (1946Table 16) reports a 
few P. maniculatus alveolar (albeit nmxihry) lea@ 
exceeding 4.0 mm and it may simply reprewnt a 
robust deer mouse. 

Our identification of the MHC m~use crania 
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CHAPTER 6 

Mineral Ifill Cave Reptiles 

Marci Hollenshead 

Analyses of late Quaternary reptdes in the 
Great Bash began in the late 1970s. Sites at which 
the reptiles were studied cluster around the eastern 
and western portiom of the &cat Basin. S i e  little 
is kuown of the north-central Great Basin reptilian 
fauna, this study provides a unique oppommity to 
mconstzuct the late Pleistocene and Holocene local 
reptilian farma and compare biogcographc changes 
with the other known Great Basin sites. 

Identifications of the re-ptile remains from 
Mineral Hill Cave are based on morphologic 
chancters presented in published dam and 
colnpsrisoas with osteological specimens *om the 
lizard collection at the Laboratory of Quatema~~ 
Paleontology, Northern Arizona University. 

The MHC reptile specimens were given a 
BLM catalog nnmber (i.e., TF'3-545) as well as a 
Northem Arizona University, Quaternary Sciences 
Program (NAUQSP) catalog number. The BLM 
catalog number generally refers to one particular 
fossil @.e.. a Crofuphytus sp. left dentary) with the 
main exception being the snake vertebrae, which were 
given one number per taxon. Each taxon (Le., 
Crotophytus sp.) v m  givem one NAUQSP rmmba. 
The MHC fossil reptiles are housed at NAUQSP. 

Figures 3 1-39 defme the terminology and 
illustrate the masmments used. All specimens are 
catalogued at NAUQSP. Abbreviations-ATV, 

antenor rmnk venebrae; CL, cenhum length; DA, 
measures the antenor to posterior tooth row length; 
DB, measures the height of the dentary at the 
midpoint on the lingual side; DC, m e a s u ~  the width 
of the dentary at the midpoint on the ventral si&, DD, 
measurea the length of the Meckel's canal 
eonsbriction on the hguai si& of the dentary; L, left 
MA. measures the posterior to anterior ~ 0 t h ~  
length of the maxill9, MB, lllc~sures h m  the highest 
point of the dorsal maxillary projection to the 
toothrow; MC, measures the anterior tip to highest 
height of the dorsal projection of the maxilla; MTV, 
mid-kunk vextebrae; NA, not available; NAW. neural 
arch width; PO, postzygapophyseal €ace PR, 
prezygapophyseal facet; PTV, posterior rmnk 
vertebrae; QA, measures the greatest dorsal-ventral 
lengtb of the quadrate; QB, measures the gnateat 
mdial-lateral breadth of the quadrate; QC, 111c89u~cs 
the lengtb of the ventral base of the quadrate; and R, 
right. Locality Abbreviations: CHC, Council Hall 
Cave; CBC, crystal Ball Cave; DC, Danger Cave; 
CRS, Gatecliff Rock Shelter; ERS, €h@g Rock 
Shelter; HC, Hidden Cave; Lc, Ladder Cave; LSC, 
Last Supper Cave; MAC, Minml Hill Cave; SCC, 
S d  Creek Cave; and SCBC, Snake Creek Burial 
Cave. 
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Flgure 31. Dorsal (A). ventral (E), andposterior view (C) of a luardskd  Abbrevtaiions-bo? basiaccipital; bs, 
parabasisphenoid: ect, ectopter.vgaid; eo, aoccipital-opisthotic; fr, frontal;/u, jugal; la, lacrimal; nq mmtlla; no, 
nasal; oc, occipital wn&le; pal, palatine: par, parietal; p m r ,  premmilla; p~ pr@rontaI; ps, paraphenoid 
rostrum; p g  pa@ontal; p a ,  postorbital; ptr, p tqgoid;  q, quadrate; soc, supraoccipital; sq, squamosal; SK, 
supratemporal; and vo, vomer. Scale equals IO mm. Mod9edfrom de Queiroz (1987). 
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Figure 32. Lingual view (A) and labial v i m  (B) of a lizard mandible Abbr&bns- An8 angular: An, anicular: 
Cor, coronoid: Den. dentm: pn(t; posterior mylohyoid foramen: &e, prearticular: SPA splenial: Sur, muangular. 
Mod@edfrom de Queiroz (1987). 

Figure 33. Dorsal view ofpasterior end of a right mandible. AbbrevWns-ap, angularpmcess: ar, articular: 
ole, medial crest: pre, prearticular: rap, retroarticular process: sur, surangular: and CC~ tympanic crest. Scale 
equals 0.5 cm. Mod~edfrom de Queirm (1987). 



Figure 34. C1avicle and scapulocoracoid of a lizard Abbrevlatlons-Chv, clavicle; Cor, coracoid: CF, glenoid 
fossa: K E  primaty coracaidfinestra; K R ,  primary coracoid ray; Scap, scapular shall: SF, scapular fmestra: 
SR, scapular ray: ScE scapulocoracoid fenestra; SCR. secondary coracoid ray. Mad$ed3om Etheridge ( I  964). 

Figure 35. Lingual view o$lizard mandible showing measurements diswsed in text. DD shows the Meckel 's 
cand Modftedfiom McGuire (1996). Scale equals 3 mm. 
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MA 

Figure 36. Labial view ofa ley? rnoxilla showing measurements and structures discussed in ~ext. Modyiedfrom de 
Queimz(I987). 

I 
QC 

Figure 37. A posterolateral view of the quadmte showing measurements and terms used in ta t .  Modiftedfrom de 
Queiros (1987). 
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Figure 38. Anterior (A)# posterior (B), ventral (e). dorsal (D) view of a snake MTK AbbmvMons-A, accesso#y 
process; CL, centrum length; 0, cotyle; Cn. condyle; D, diapophysis; E. epizygopophyseal spine; HK, hemal keel 
(hypapophysis); N, neural spine: NAL, neural arch lamina: NAP. neural arch pedicol; NA W, neural arch width: 
NC. neural canal: P, parapophysis: PCN- paracoylar notch: Po. postrygpophyseal facet; Po-po. width across 
poslrygopophyses: Pr, prerygopphyseal facet; SR. subcentnun ridge; VCR ventrolateral cotylar process; PR-PO, 
measurement across the pre- and posaygapophyses; PR-PR, width across prqgopophyses; Z. zygosphare; and 
ZG. lygonmun. Mod$edfim &Duke (1991). 
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Figure 39. Range of variability in shape of the verrebralstrucrures wirh tenns from the tar .  Modifiedfiom 
Auffenberg (1963). 



Numbers in parentheses specify the number 
of MHC specimens. Common names and spelling of 
Latin names of reptiles follow Frank and Ramus 
(1996), unless otherwise noted. 

Class Reptilia 

Order Squamata 

Suborder Sauria 

Family Crotaphytidae 

Crotaphytus sp. 
Collared lizard 

MATERLU RECOVERED. NAUQSP 14204 [R 
dentary (TP3457.460.487.524; TP&132-33,136, 
13840,160,262), L dentaty (TP3-458,465,467, 
482,484,486,488,490,497,522; TP6-137,142, 
151, 155-6, 159,180,260), frontal (TP3-545; TP6- 
312(2)), R maxilla (TP3452,492,494,527,530; 
TP6-148, 153), L maxilla (TP3-451,495,529), 
parietal (TP3466,491,493; TP6-161,167,297), 
pterygoid (TF'3-542; TP6-304,308(3), 342), 
surangular, articular, prearticular (TP3-541(2)), 
surangular and articular (TP6-305)]. 

C-14 AGE. TP6-132 [right dentary (6,320+40 yr 
B.P. (Cal BP 7330 to 7230; Beta-145833))I; TP6-133 
[right dentary (29,240+350 yr B.P.; not calibrated 
Beta- 145 834))]. 

DISCUSSION. Several skull elements from 
Crofaphytus were recovered from MHC; the dentary 
being the most common. Weiner and Smith (1965) 
and McGuire (1996) describe the osteology of 
Crotaphytidae. I found no characters on any of the 
elements that would allow differentiation of the 
currently accepted nine species of Crofaphytus. 

fossils have subheterodont, pleurodont dentition. The 
anterior half of the dentary bears blunt to slightly 
recurved, unicuspid teeth and the posterior half 
consists of wide, tricuspid teeth. The dentary of the 
carnivorous crotaphytine, Gambelia, has strongly 

The robust dentary of Crofaphyfus and the 
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recurved teeth throughout the dentary. Seventy-five 
percent of the Gambelia toothrow is comprised of 
unicuspid teeth that grade into a triconodont form 
The Meckel's canal of Croraphytus opens medially 
and constricts at the 8" tooth for about 2-3 tooth 
spaces (Figs. 40,41). The Meckel's canal in 
Gambelia remains constricted for about 7-8 tooth 
spaces, whereas Crofaphytus and the fossils show a 
shorter constriction on the canal. Measurements 
(toothrow length and depth of dentary at mid-length) 
indicate no difference in size of the dentary (Weiner 
and Smith 1965). The number of denmy teeth is the 
same for both genera (Robison and Tanner 1962). 
Croraphyhu can be differentiated from other lizards 
by dentition. Many sceloporines (Phrynosomatidae) 
show a similar dentition pattern (unicuspid antexior 
and tricuspid posterior); however, the teeth in even 
the largest species of Seelopoms (S. magister and S. 
poinsem'r) show slender, pillar-like teeth versus the 
wide, blunt to recurved dentition of the crotaphytines 
and the fossils. 

extends caudally at a constant angle to where it 
articulates with the jugal at the anterior portion of the 
orbit. The maxilla and jugal flare out, terminating in 
a prominent lateral projection. The dorsal projection 
of the nasal process of the maxilla is square in shape 
at the contact between the nasal and prefrontal bones. 
McGuire (1996) noted that the transition 6rom 

unicuspid to tricuspid teeth typically starts about the 
8" tooth space from the anterior part of the d a .  
The shape of the external nares differs in Crofaphyfus 
and Gambeliu, creating a diagnostic feature found on 
the maxilla. The shape of the nares creates a right 
angle on the maxilla in Croraphyfus and the fossils 
and an obtuse angle in Gambelia. The portion of the 
maxilla contacting the prefmntal and nasal bones is 
square in Crofaphytus and the fossils versus rounded 
in Garnbelia. Robison and Tanner (1962) found 
significantly lower tooth space counts on the maxilla 
for Crofaphytus. However, the MHC Crotaphytus sp. 
specimens did not exhibit significantly lower 
maxillary tooth space counts, which may reflect the 
small sample size (Table 46). 

The maxilla of Crofaphytus and the fossils 
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Table 46. Maxilla?y tooth space counts far Crotaphytus sp. and Gambelia sp. 

Source Crotaphytus sp. Gambelia sp. 

MHC 18-2 1 17 
(n=@ 

Weher and Smith(1965) 14-20 
(n=29) 

(n=l) 

17-22 
(n=36) 

McGuire (1996) 14-22 15-24 
(n-49) (1145) 

Figure 40. Lifzgual view ofafossil (TP6 135; top le$) and modem (NAWQSPJIM99; top right) Crotaphyhls 
right dentaiy. Lingual view of a fassil p 3  494: bottom lefi) and modem (NA WQSP-JIM 99; boftom right) 
right mmZa Of CrOtaphYtlls. Scale equals 10 mm. 
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Figure 41. Lingual view offossil (TP6 164: top I@) and modem (NAUQSPdM I 12; top right) left dentary of 
Gambelia. Lingual view of a modern left maxilla of Gambelia (NAUQSPAUI 12: bottom right). Scale equals 
IO mm. 

The frontal constricts medially and connects 
to the parietal posteriorly, forming the dorsomodial 
portion of the orbit, and contacts the prefrontals and 
nasals anteriorly. The frontal of Croraphym and the 
fossils is strongly convex which partly gives the skull 
of Crotaphytus its height. SupraorLntal ridges are 
present. Gambelia differs from Cmtaphyncr by 
having a flat frontal and lacking supraorbital ridges 
(Figs. 42,43). The hntal of the larger Sceloporus 
species 1s flat, more robust, and possesses no 
supratemporal ridges, but ridges are present on the 
postenor edge of the &tal. The h n t a l  of Teiidae 
and Scincidae does not show such an exaggerated 
hourglass shape. 

The parietal represents a major element of 
the skull roof and is trapezoidal in shape with short 
anterolaternl processes and long posterolateral 
supratemporal processes. In Crofaphyiw, the parietal 
constricts at the posterior border of the panetal shelf. 

The supratemporal processes of Cmraplytw an 
robust, project dorsally, and have comave lateral 
faces (McGuire 1996). Parietals of Crotuphym 
differ from Gombelia in the degree of consaietion of 
the posterior border of the parietal shelf. The 
posterior edge of the parietal constricts more in 
Crotaphyfus. The supratemporal processes of 
Gambelia are well developed anteriorly but quickly 
taper posteriorly, whereas in Crotaphyha no tapering 
occurs (McGue 1996). The MHC parietals share 
the characteristics o f  Crotophyhu parietals (Figs. 42, 
43). The parietals differ from other lizard families by 
slze and shape. The size is comparable to the 
crotaphytids or large sceloporines. The posterior 
border of the parietal shows little cons~ction and the 
posterior ridges are less defined in the large v i e s  
of Sceluporus. The supratemporal processes of 
Scelopom magister or S. poinsettii are laterally 
produced, creating a much wider angle than the 
crotaphytids. 
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Figure 42. Dorsal view ofa  modern (NAUQSPJIM 99; top lefi) and fossil (TP6 312; top right)fiontal of 
Crotaphyrus sp. Dorsal view af modem (NAUQSP-JIU 99; boitom le#) andfossil (TP6 297: bottom right) 
parietal of Crotaphytus sp. Scale equals 10 mm. 

Figure 43. Dorsal view of a f o s d  (TP6 311: top le#) and modern (NAUQSPJIM 111; top right) frontal of 
Gambelia Dorsal v i m  of a modern Gambelia panetal (NA UQSP-JIM 112: bottom right). Scale equals 10 mm. 
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The pterysoid, located on the v- side of 
the skull, has a long posterior process connecting to 
the quadrate, transverse process rcaclnng the 
ectopterygoid, and anteriorly meets the palatine. In 
Crotaphytus, the tmnsvm process of the pterygoid 
shows a vertical crest where the pterygoid and 
ectopterygoid meet This crest is absent or weak in 
Gambelia. The quadrate processes on the pterygoid 
are typically shorn in Gambelia (McGuire 1996). 
The MHC pterygoids strongly resemble Cmtaphytus 
with the above characteristics (Figs. 44,45). The 
transverse process in Teiidae and Scincidae is not as 
laterally produced Only one (TP6-304) of the MHC 
pterygoids has two rows of teeth, the rest have one. 
Crotaphytus (as all Crotaphytidae) possesses the 
primitive character of pterygoid teeth, as do members 
in Teiidae and Scincidae. In conlrasf Sceloparus and 
other phyrnosomatids do not possess pterygoid teeth. 

The mandible is comprised of the dmtary, 
coronoid splenial angular, surangular, articular, and 
prearticular. In Crotaphytidae, the surangular, 
articular, and prearticular contribute to the most 
postenor portion of the mandible. The surangular is 
dorsally located and bears a medial process just 
anterior to the articular and large lateral process 
anterolateral from the articular. A ridge occurs on the 
dorsolateral face of the surangular and extends 
anteriorly to the coronoid. The articular (roughly 
oval in shape) art idatea with the quadrate. The 
prearticular possesses two large, posteriorly 
positioned processes. The angular process, ventral to 
the articular, is medially directed while the 
retroarticular process projects posteriorly. The 
tympanic crest associated with the remarticular 
process is roughly hianguh in lateral view and 
expanded posteriorly. The tympanic crest is almost 
as broad as the retmarticular process and is angled, 
producing a twisted form (McGuire 1996). A thin 
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piece of bone connects the retroarticular plocws to 
the angular process in Gambelia, not seen in 
Crotaphyhls. McGuire (1996) emphasizes the 
importance of a dorsal lateral ridge in distinguisbg 
between the two spacies. The dorsolateral ridge of 
the surangular that extends anteriorly to the coronoid 
is present in Crotaphym but absent or weakly 
developed in Gambelia. The snrangular, articular, 

surangular and articular are articulated in Tp6-305. 
TP6-305 and TP3-541 resemble Croiuphytus, 
displaying the above characters (Figs. 44,45). The 
surangular, articular, and predcular differ in the 
large species of Sceloporus in that no lateral process 
of the surangular exists. The retroarticular process of 
the p r d c u l a r  is less robust than the crotaphyljnes. 
The tympanic crest in Sceloporus is not expanded 
posteriorly and the articular appears more rounded 
than oval. 

and prearti~ular an articulated in "3-541 and the 

HABITAT. McGuire (1996) recognizes nine 
species of Cmtaphytus. C. antiquus, C. bicinctores 
(Mojave black collared), C. collaris (eastern 
collared), C. dickersonae (Dickerson's collared), C. 
grismeri (Gri.wner's collared). C. insulmfs (black 
collared), C. nebrius (Sonom collared). C. 
reticdam (reticulate collared), and C. Vestigium 
(Baja black collared). Croulphytus bicinctorm lives 
near MHC today and C. collaris and C. grismeri are 
distributed the next closesf owwing in Arizona, 
some 600 km away. 

Crotaphytus bicinclores &bits rocky 
terrain in canyons where the vegetation is sparse. 
This species ranges fiom southeastern Orcgon and 
adjacent Idaho, through Nevada and western Utah to 
western Arizona, and into southeastem caiifomia 
(McGuire 1996). 
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Figure 44. Medial view offossil (TP3 541; top I@) and modern (NAUQSPJIM 100; top tight) surangulm, 
articular, andprearticular of Cmtaphytus sp. Ventral view offmsil (TP3 542; bottom left) and modem 
(NAUQSP-JLU 99; bottom right) pterygoid of CIOtaphytus sp. Scale equah 10 mm. 
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Ftgure 45. Medial view ofa  modarn Gambelia surangular, articular, andpreartinrlar (1vAUQSP-JIM 112; top 
right). Venwal view of MHCfossil (TP6 307) and modern (NAUQSP-JIM 112) Gambelia pterygoid. Scale equals 
IOmm. 
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cf. Crotaphytus 

MATERIAL RECOVERED. NAUQSP 14205 [L 
partial dentary (TP6-154), Rjuvenile dentary (TP3- 
549). R maxilla (TP3-471,532; TP6-144,263), L 
maxilla (TP3454,475,528,534; TP6-177), R 
juvenile maxilla (TP3-552)l. 

DISCUSSION. TP3-532 and TP6-263 cnnsisu only 
of the antexior poaion of the right maxilla. The area 
where the nares and the mxilla make contact forms a 
right angle lite Cmtaphytus. TP3-534 has no teeth 
and the dorsal projection was broken but the nares- 
maxilla contact resembles Crotaphytus. In the other 
incomplete fossil specimens, the dentition resembled 
Crotaphytus. The hgmentation of these fossils did 
not allow a positive Crotaphytus identificafion, 
because it is the combination of characters that allows 
positive generic identification. 

TP3-549 and -3-552 share Crotaphyfus 
characters; however, the dentary and maxilla could 
not be compared to a juvenile Gambelia; therefore, a 
positive generic identification was not possible. 

Gambelia sp. 
Leopardlizard 

MATERIAL RECOVERED. NAUQSP 14206 [L 
den(ary(TP3461,521,524; TF’6-164), R dentary 
(TP3-485,525; TP6-134-35,150,165,171), frontal 
(TP6-311,336), L maxilla (TP6-152), pterygoid 
(TP6-307(2))]. 

DISCUSSION. characters of the denmtes, maxilla, 
pterygoids, and hntals of Gambeiia were d e s c n i  
above in comparison to Cromphytus (Figs. 4045). 
Diagnostic characteristics of the three Gambelia 
species were not found, partly due to the lack of 
comparative material from southern California, where 
two of the three species am distributed. 

HABITAT. McGuire (1996) recognizes three living 
species of Gambelio: 0. copei (Cope’s leopard 
lizard), G. siius (blunt-nosed leopard lizard), and G. 
wisluenii (long-nosed leopard lizard). Gambelia 
copei and G. silus live in southern C a l i f d .  
Gambelia wislizenii lives near MHC today and 
throughout the Southwest, California, and the Great 
Basin, living in semiarid regions where the soil is 
sandy or gravelly and the vegetation is sparse 
(McGuire 1996). 

cf. Gambelia 

MATERIAL RECOVERED. NAUQSP 14207 [L 
maxilla (TP6-178), premaxillae (TP3-544,696; TP4- 
7811. 

DISCUSSION. TP6-178 displays thin, recurved 
teeth, however, the posterior portion and the dorsal 
PIojeChOn of the maxilla are broken The 
fragmentation of this fossil does not allow for a 
positive identification. 

The dental platform of the premxih of 
Gambelia is typically rectangular in shape. The teeth 
are unimpid and taper to a pint. The projecting 
MA process is long and slender. A smng vertical 
ridge occurs at the a n m m d i a l  portion of thc 
alveolar shelf where the premaxilla and vomers m e t  
(McGuire 1996). The MHC premaxillae display a 
rectangular base, wtuch is typically found in 
Gambelia; however, variation in Crotaphyfus mates 
uncertainty in the identificahon. Croiapyhls 
typically displays a mpezoid premaxrUary base 
( M c G m  1996). The nasal process of the p r d a  
is present on TP4-78 but broken on -3-544. 
McGuire (1996) states that the nasal process is broad 
in most species of Crotaphyrus. Examination of 
modern comparative material shows much variation 
between the two genera. S c e i o p m  beam pflar-like 
teeth UI the premaxilla; the MHC specimens have 
tapered, unicuspid teeth. 

Crotaphytidae gen. et sp. indet 

MATERIAL RECOVERED. NAUQSP 14208 [R 
dentary (TP3462,558,560,561,567; TP6-317), R 
juvenile dentary (-3-565,587; TP6-316), L dentary 
(TP3-450,557), L juvcnile dentary (TP3-553), L 
partial dentary (TF’3-496). ectapterygoid (TP3-543; 

femur (TP3-499; TP6-299), R humem (TP6-302(2)), 
jugal (TP3-540(2); TP4-74; TP6-303(2)), R maxilla 
(TP3453,468,563,566; TP6-239), L maxilla (TP3- 
526,531,559,562, 5&1; TP6-145,179,318), R 
partial maxilla (TP3-573474,591,593). Rjuvenile 
maxilla (TP3-550-51,556,583; Tp6-315). L juvenile 
maxilla (-3-554). parrial maxilla (TP6-329), 
parietal (TP6-149(2)), postorbital (Tp6-310(2)), 
pterygoid (TP4-76), quadrate (TP3-523,433), 
surangUar, articular, and prearticular (TP6-335)]. 

TP4-77(2); TP6-309(2)), R femur (TP6-170), L 



DISCUSSION. The incomplete juvenile and adult 
maxillae and denmies show no defining characters 
for difFerentiating Gambelia and Crotaphytus. They 
do represent Crotaphytidae because they praent wide 
teeth with slight recurvature in some specimens. 
Although the cusps are worn on some specimens, no 
other North American lizard group displays such 
wide, blunt to recurved teeth. 

The ecmpterygoids C O M ~  the pterygoid to 
the jugal and maxilla. The dorsal portion of the 
ectopterygoid has a transverse ridge extending to the 
end of the medially projecting process. The ridge has 
a posterior projection in Crotaphytus that overlaps 
the vertical crest of the transverse process of the 
pterygoid. Gambelia does not show the posterior 
projection (McGuire 1996). I did not find this 
character consistent among comparative specimens, 
and therefore, could not further the identificabon. 
The ectopterygoids of crotaphytines and the fossils 
M e r  from S. magister or S. poinsettiz by havmg an 
additional process connechg to the maxilla and 
jugal. 

shows a strong curvature in the shaf€. The size of the 
femur is comparable to the larger Scelaparus species; 
however, this shaft curvature IS not seen in the larger 
sceloporiaes. 

TP6-302 strongly resembles the humerus of 
a mtaphytid because of the large size and the 
presence of a foramen on the posterior end. 
Scelaporus does not have this foramen. Teiidae does 
have tlus foramen. but it is much deeper. 

orbit and is connected anteriorly to the lacrimal and 
prefrontal, anteroventrally with the maxilla, medially 
to the ectopterygoid, and posterodorsally to the 
postorbital and squamosal. McGuire (1396) notes 
that a lateral ridge on the jugal occurs more strongly 
in Crotaphytus than Gambelia. This character 
appeared to be inconsistent among the comparative 

The femur of Crotaphytidae and the fossils 

The jugal forms the ventral portion of the 
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specimens, &biting fuither idenWication. The jugal 
of crotaphytines and the fossils diEers from other 
sceloporines by possessing an enlarged tubercle 
posterior to the maxillary toothrow. The shape of the 
jugal differs as well. The portion of the jugal from 
the tubercle to the postorbital shows more curvature 
UI Crotaphytidae than Scelaponu. 

and preammlar shared some of the above 
characteristics (see previous section on Crotaphytus 
sp.) but were too incomplete for generic designation. 

Postorbitals of cmtaphytines and the fossils 
are hiangular with a tubercle on the anterolateral 
surface. The postorbital contacts the jugal 
anterolaterally, &ontat andparietal medially, and 
squamosal posteriorly. McGuue (1996) only notes 
t h ~ s  tubercle in Gambelia, but I observed this tubede 
in both species. The larger species of SceZaporus do 
not have this tubercle. 

identified to one genus bui does represent 
Crotaphyhdae. See the Crotaphytus species section 
for differentiating Crotaphytidae from other lizard 
fanulies. 

straight-edged tympanic crest, giviug an overall 
square appearance. Wmer and Smith (1965) state 
that Gambelia has a narrower latemi conch and the 
ndge separating the lateral and medial conch is 
posihoned more vemcally. I found this character to 
be inconsistent among conrparative specimens, and 
therefore, no attempt was made to differentiate 
between the two species. Phyosoma shows a 
straight edged crest as well; however, the crest is 
narrower than that on the crotaphytines. Other 
scelopoxina have curved tympanic crests (Mead et al. 
1999a). The tympanic crest of a Teiidae is Gshnped 
while in Scincidae it forms a deep depression (Fig. 
46). 

The MHCparietals and surangular, articular, 

The incomplete pterygoid could not be 

Crotaphytine and the fossil *tea have a 

I! 
I, 
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Figure 46. Posterior view of a quadratefrom M H C  (TP3 523; I&, Crotaphytus (NAUQSP-JIM 108). Sceloporus 
(NAUQSP-JIM 1861, Teiidae (NAUQSP-JIM 273; right), Scincidae (hiJUQSP-JIM 334). and Phrynosoma 
(NAUQSP-JIM 1035). Scale equals 10 mm. 

Family Phrynosomatidae 

Phtynosorna platyrhinos 
Desert homed lizard 

MATERIAL RECOVERED. NAUQSP 14209 [L 
dentary (TP3456; TP6-257,258,259), R dentary 
(TP6-175,256), R maxilla (TP3470; TP6-313-14), L 

squamosal (TF’&298(4))]. 
d l h  (TP3-518), parietal (TP6-141,143), 

DISCUSSION. Presch (1969) and Montanucci 
(1987) provide derailed descripnons of the osteology 
of Phtynosoma. Dentanes (the most common 
element), maxillae, squamosals, a surangular, and 
scapulocmcoids of Phrynosoma were recovered 
from MHC. I cautiously follow Zamudio et al. 
(1997) in separatingthe P. dougiasi (spelling follows 

species, P. hernanden (mountain short homed hard) 
and P. dougiasi (pigmy short homed lizard), a 
distinction that is based on molecular systematics. I 
am unable to differentiate the skeletons of P. d o u g h  
and P. hmnden’based on skeletal morphology. 

flattened, and show a swng anterior-posterior 
curvature. The strongly angled ventrolateral surface 
may appear smooth or rugosdundulating. The peg- 
like teeth expand at the base. The unfused Meckel‘s 
canal is medially positioned and constrich medially 

HammrsonandSmith(1991))group intotwo 

Phtynoxoma dentanes are deep, venhally 

in some species. The ventrolateral surface of the 
dentary is rounded and smooth in P. coronatum 
(coast homed lizard) and P. hernandezildouglasi. 
This surface is more angled with protuberances in P. 
cornutum (Texas homed lizard), P. mcallii (flat-tailed 
homed lizard), P. modestum (round-tailed homed 
lizard), P. platyrhinos (desert homed lizard), and P. 
solore (regal homed lizard) (Presch 1969; 
Montanucci 1987). The dentaries from MHC 
resemble the latter group in displaying an angled 
surface with protuberances and show no medial 
constriction of the Meckel’s canal, resembling P. 
platyhinos, P. mcallii, and P. cornutum. The 
dentary of P. platyrhinos differs from P. mcallii and 
P. cornutum by exhibiting a stronger curvature, 
especially anteriorly, with less pronounced 
protuberances. The fossils exhibit the above 
characteristics for P. platyhinos. The above 
cliaracters differentiate dentaries of Phrynosoma and 
the fossils from those of other sceloporines (Fig. 47). 

projection, which follows the nares anteriorly and 
reaches the prefrontal or nasal bone dorsally. The 
dorsal projection comes to a point in Phrynosoma. 
Medially, the maxilla bears a flange, which articulates 
with the palatine. This medial flange curves upward 
to varying degrees. The peg-like teeth expand at the 
base (Fig. 47). The differences ofthe maxilla within 
Phtynosoma partly OCCUI because of the shape of the 
nares and whether or not the nasal process of the 
maxilla touches the nasal bones. In P. coronatum and 

The maxilla of Phrynosoma has a dorsal 



P. hemandddouglasi, the nasal process reaches the 
m d h .  Theprefrontd separates the two bones m P. 
comutum. P. mcallii. P. modestum, P. platyrhinos, 
and P. solare (Fig. 48; Montanucci 1987). The 
connection of these two elements f o m  a 90' angle at 
the anterior portion of the maxilla adjacent to the 
nares in P. coronaturn and P. hemandezi/douglasi 
while the separation of the two elements produces a 
greater than 90' angle in P. comutum, P. mcallir, P. 
modmtum, P. platyrhinos, and P. solaa. The medial 
k g e  of the maxilla that adjoins to the palatme 
curves dorsally in P. platyrhinos. P. 
hernandezi/douglasi, and P. coronotum. The other 
North American Phrynosoma species show B less 
curved to flattened flange. Robinson and Van 
Devender (1973) and Bell (1993) provide maxillary 
tooth space counts and mention the presencelabsence 
of a maxillary labial ridge for some Phrynosoma 
species. The tooth space counts show overlap 
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between species, and therefore, are not useful for 
species identi6cation. Bell (1993) noted the presence 
of a weak to strong labial ridge in the following 
Phrynosoma species: P. comutum (absent-&), P. 
coronatum (weak-moderate), P. hernandddouglari 
(absent), P. plotyrhinos (derate-strong), and P. 
solare (weak-strong). Phrynosoma platyrhinos and 

(1) the anterior portion of the maxilla adjacent to the 
nares f o m  a greater than 90' angle; (2) the mdid 
flange, abutting the palatine, curves upward; and (3) 
moderate to strong labial ridge. Tp3-470 has 14 
tooth spaces and 8 strong labial ridge while "3-518 
has 12 tooth spaces and a moderate labial ridge. 
Typically, sceloporines have a squarish dorsal 
projection, a flat medial m e ,  and pillar-lile 
untcuspid to tncuspid teeth. 

the mc fossils show the follomg characteristics: 

Figure 47. Lingual and dorsal view of a fossil (TP6 256; top lefi) and modern (NAUQSPJIM 1035; top rightj 
Phrynosoma platyrhinos dentaiy. Lingual view offossil (TP6 314: bottom I@) and modem (NAUQSPJIM 1035: 
boitom right) P. platyrhinos maxilla. Scale equah IO mm. 
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Figure 48. Vmation in the arrangement of the nasal, marilla (both stippled), andprefrontal among Phrynomma sp. 
Mod@edfiom Montannucd (1987). 

Ornamentation, in the form of tubercles, 
enlarged scales, and lateral horns, is present on the 
parietal surface in all North American specie8 of 
Phtynosoma. but not in the other members of 
Phrynosomatdae, Crotaphytidae, Teiidae, and 
Scincidae. The parietal surface has two or more 
tubercles in P. hernandezi/douglasi, are longer and 
spine-like in some P. coronatum. P. cornutum, and P. 
solure, and low and rugose in P. mcallii. P. 
modestum, P. platyrhinos, and the fossils [Fig. 49; 
Montanucci 1987). 

Most species of Phrynosoma have enlarged 
scales at the dorsolateral base of the lateral horns on 

the parietal; one of which is enlarged in P. modeshrm, 
P mcaliir, and P. platyrhinos, especially in the latter 
two species (Mmtanucci 1987; Norell 1989). InP. 
plaryrhznos and the fossils, the parietal surface 
consistently bears seven major h~bercles, a medial 
tubercle between the two lateral horns, a tubercle on 
the dorsolateral base of the lateral horns, a smaller 
tubercle on each dorsalatera1 side of the parietal 
anterior to the basal tubercle of each lateral horn, and 
two enlarged tubercles mar the center of the parietal 
(Jenkins and Tanner 1968). 



Figure 49. Dorsal view of a modem (NAUQSP-JIM 1035: le$) and MHC fossil (TP6 143; right) parietal of 
Phrynosoma platyrhinos. Scale equals 10 mm. 

In all species of Phrynosoma, the posterior 
parietal edge bears lateral horns. Except in P. 
hemandddouglasi, the lateral horns in Phrynosoma 
are well developed and vary in size and length, 
projecting posteriorly at varying angles (Prescb 
1969). Geographic variation in horn length occurs in 
species with sigruficant latitudinal distributions, 
especially P. hernandezVdouglasi and P. coronatum 
(Montanucci 1987). Four homs may occur in P. 
solare, P. modesturn, and P. hernandeddouglasi, but 
only P. solare possesses an additional well-developed 
pair. A small median horn occurring between the two 
lateral horns is present in some species but is 
especially large in P. coronaturn and P. cornutum. 
This median horn may appear as a small, oblique 
horn in some P. mcallii. P. platyrhinos, and is 
apparent on the fossils (Norell 1989). Phrynosoma 
platyrhinos and P. mcallii possess many similar 
parietal attributes. They differ in lateral horn length; 
P. platyrhinos and the fossils hear shorter horns (as 
descnied by Montanucci, 1987) and the horns are 
directed slightly more posteriorly and laterally 
forming more of a U-shape (vs. V-shape). TP6-141 
and 143 suongly resemble modern P. platyrhinos 
parietals portraying the above characters. 

Unique to Phrynosoma, squamosal horns 
mer in the relative size and number within 

Phrynosoma. Two or three horns are found in P. 
hernandddouglasi and P. coronaturn while P. 
modestum and P. solare possess four horns. The 
remainmg species show three sagitally aligned horns 
with a smaller anterior horn. In P. mcallii and P. 
cornutum, the two large posterior horns are the same 
s u e .  The homs are equidistant in P. platyrhinos and 
P. m c a h  and decrease in size anteriorly in P. 
platyrhinos. In P. cornutum and P. 
hernandddouglm", the anterior two horns join at 
the base. Phrynosoma coronatum. P. mcallii, and P. 
cornutum display &mal accessory homg (Norell 
1989). TP6-298 stronglyresemblea modem P. 
platyrhinos squamosal by exhibiting the following 
characteristics: three squamosal horns, which 
equidistantly decrease in size anteriorly and are not 
joined at the base. 

HABITAT. The North American species consist of 
P. platyrhinos, P. hernandai, P. douglasi P. solam 
P. cornutum, P. coronaturn, P. mcallii, and P. 
modesturn. Phrynosoma platyrhinos is the only 
species that hves near MHC today. Phiymsoma 
platyrhinos occurs in the desert valleys and foothills 
throughout much of the Great Basin and into 
southeastern Oregon, western Arizona, northwestem 
Sonom, southeastern California, and northeastern 
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Baja California. Phrynosomaplatyrhinos is found 
within diverse p b t  communities (Artemisia, 
Atiplex, Sarcobatus. and Lmrea) and inhabits sandy, 
gravelly soil in arid amas where rocks and scrub are 
present, feeding mostly on ants (Tanner and Krogh 
1973; Belder and King 1998). 

Phrynosoma platyrhinoslmodertum 
Desert Round tailed homed llzard 

MATERIAL RECOVERED. NAUQSP 14212 
[Articulated surangular, articular, and prearticular 
(TP6-261)]. 

DISCUSSION. The surangular, articular, and 
preamcular contdiute to the posterior portion of the 
mandible. The prearticular, fiwd to the articular, 
forms the postero-medial part of the &%le and 
projects a mbust, rectangular process posteriorly. 
The articular articulates with the quadrate. The 
surmgdar, forming the lateral wall of the mandible, 
is the more diagnostic bone. The lateral portion of 
the surangular may be convex or angular and smooth 
or rugose. Lateral horn may occur, creating a 
cont in~us  row with those of the denmy (Precsh 
1969). The lateral surface of the surrmgular is smooth 
and convex in P. comnahun and P. 
hernande-ddouglasi. Two to four latenlly directed 
horn on the outer surface of the surangular occurs in 
P. cornum. P. mcallii, P. modestum, P. platyrhmos, 
and P. solare (Montanucci 1987). Phrynosoma 
modesrum and P. platyrhinos possess two horns, 
although P. modesturn can have three horns. TP6- 
261, refmed to as P. platyrhinos/mode.stum, displays 
two horn. 

HABITAT. Phrynasoma modestum lives in 
southulstem Arizona, southern New Mexico, and 
west Texas, inhabiting sandy washes and scmb areas 
(Belder and King 1998). This lizard does not live 
near MHC today. See the P. platyrhinos discussion 
for habitat. 

Phrynosoma cf. phfyrhinos 

MATERIAL RECOVERED. NAUQSP 14210 
[Incomplete parietal horn (TP6-157(3))1. 

DISCUSSION. TP6-157 was identified wing the 
cntena mentioned above on the parietal horns and 
tuberosities of P. platyrhinos; however, due to the 
incomplete nature of the parietal, absolute specific 
determination was impossible. 

Phrynosoma hernandezildouglasi 
MountaidPigmy shm-homed lizard 

MATERIAL RECOVERED. NAUQSP 14213 [L 
maxilla (TP3-546)]. 

DISCUSSION. TP3-546 shows the following 
characteristics: (1) the anterior portion of the maxilla 
adjacent to the nares form a 90' angle; (2) the medial 
flange, abutting the palatine, c w e s  upward; and (3) a 
weak labial ridge. The fossil has 18 tooth spaces 
(Fig. 50). See the Phrynosomaplatyrhinos section 
for the description of the maxilla for the North 
American Phrynosoma. 

HABITAT. Ph ynosoma douglasi inhabits eastern 
Waslungton and Oregon to Idaho, nonhern California 
and Nevada. Phrynosoma hernandm' ranges f h n  
Montana to northem Mexico and *om eastern 
Nevada to west Texas. These two species typically 
inhabit mesic, forested/woodland areas up to 2700 m 
(Fig. 51; Zambndio et al. 1997; Behler and King 
1998). Although most distribution maps showP. 
douglasi occurrmg not as far south as MHC (Reeve 
1952; Behler and King 1998), Lindsdale (1938) notes 
the presence of P. douglasi in Elk0 County. Neither 
species lives near the cave today. 
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Figure SO. Lingual view of a fossil (TP3 546: top) and modem (NAUQSP 6723: bottom) Phrynosoma 
heruandeddouglasi lefi maxilla. Scale equak 10 mm. 
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Figure 51. Dirhibution map ofPhrynosoma hernandezi and thesubspecies Phiynosoma dauglasi. Modifidjbm 
Zamudio el al. (1997). 
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Phryiwsoma sp. 

MATERIAL RECOVERED. NAUQSP 142 11 [L 
dentary fragment (TP3-519), L maxilla h-nt 
(TP3-520,547), broken horns ofparietal (TF’3-535; 
TF’4-73), scapulocoracoid (TP6-296(2))]. 

DISCUSSION. TP3-519-20,535,547 and TP4-73 
were too frasmcntary for identification to species. 

The scapulocoracoid is a composite bone 
consisting of the scapula and coracoid and is a robust 
bone in Phposoma. Phyrnosoma possesses a large 
scapulocoracoid fenestra between the scapular ray, 
which is short or entirely absent, and primary 
carcold ray. A primary coracoid fenestra is present 
between the primary and secondary coracoid rays. 
The scapular and secondary coracoid fenestrae are 
absent in Phrynosoma. Other sceloporines, such as 
Uta and Urosaurus, will show this pattern as well, but 
with thin, bony BUS (Etheridge, 1964). Phrynosoma 
and “6-296 differ in haviq a very robust, heavy 
scapulocoracoid with the above characteristics. 
Identification to speciea was not possible. 

“Sceloporine” taxa 
Sceloporine Type A 

MATERIAL RECOVERED.NAUQSP 14216 [R 
dentary (TP3-680,686; TP6-176), L datary (TP3- 
681.687-688). R maxilla (TP3-682,685), L ma~llla 

(TP3-679). L partial maxilla (TP3-625,683-684), 
quadrate (TP3-689(3))]. 

DISCUSSION. Living sceloporines form a 
monophyletic group consisting of ten genera and 105 
species, 80 of which live in North America (Sites et 
al. 1992; Wiens and Reeder 1997). Four generic 
g~oups exist within the extant sceloporines: (1) the 
Petrosaurus (rock lizards) group; (2) the Sator 
(satom)-Sceloporus (spmy lizards)-Urosaurus (tree 
lizards)-Uta (side-blotched lizard) group (the 
“Sceloporus group”); (3) the sand lizard group 
including Callisaurus (zebra-tailed lizard), 
Cophosaurus (earless lizards), Holbrookia (earless 
lizards), and Uma (me- toed  lizards); and (4) the 
Phrynosoma group (Fig. 52; Etheridge and de 
Queimz 1988). Difficulties arise when identifying 
the sceloporinw using isolated skeletal elements 
because no adequate, consistent osteological 
characters permit generic differentiation within the 
sceloporines except for Phqnosoma (Larsen and 
Tanner 1974; Wellstead 1982; NoreU 1989; Mead et 
al. 1999b). Therefore, the fossils could only be 
referred to as Type A, B, and C, and differentiation 
between them is based on size and morphology. The 
snout-vent length of Type A is approxhtely 35-55 
mm, Type B is 60-70 mu?, and Type C measures 
about 95 mm. 

Figure 52. Relationships of the sceloporine iguanid lizardr. Taken from Ethendge and de Queiroz (1988). 



Robinson and Van Devcnder (1 973), Norell 
(1989), and Mead et al. (1999b) provide dental 
morphological descriptions for the Merent genera of 
sceloporineS. Uta. Umsaurus, Holbmokia, and some 
small Sceloporus species can be indishguishable. 
Typically, the d Uta has high crovined, weakly 
tricuspidteeththat widen at thebases and taper 

anterior teeth to straight to slightly recurved, tricuspid 
posterior teeth. Holbmokia bean cone-shsped, 
weakly tricuspid tee& with expanded bases. Small 
Sceloporus species genenlly have straight pillar-like 
teeth that are tricuspid posteriorly. The dentary of 
Umsaunu and Ho&makia curves more kom 
posterior to anterior in compuison to Uta or 
Sceloporus. 

S& delicate dentsties and maxiuae with 
high crowned teeth were assigned to Sceloporine 
Type A. In most of the MHC specimens, the pillar- 
like teeth are posteriorly tricuspid. The d 1  lateral 
cusps abut the relatively large, pointed mdian cusp. 
The dentsties are straight and thin. The lmfiLsed 
Meckel's canal constricts mdiplly. The anterior 
portion of the dentary en& bluntly. These traits most 
closely resemble Uta stansburiana or a slaall 
Sceloporus. Three specimens (TP3-686-688) differ 
&om the o b  Type A fossils by possessing cone 
shaped, unicuspid teeth Furtlmmre, the denmy 
tapers anteriorly to a point. Thcse traits a h  compare 
well with Uta strurburiana. Similar patterns of 
variation are seen in modern specimens of Uta 
stanrbudana (Fig. 53). The maxillae BIO too 
fiagmmted for descriptions beyond these dental 

distally. vmsallnw can show recurved, conical 

95 
observations. 

UIO or Sceloporus (S. gracwsus was used for 
compmisoq it lives near MHC today). The teeth of 
the fossils show 110 TecuNatllrc as m Umsaurus and 
no posterior-anterior curvature as seen in U m m  
and Holbmokia. More than one genus might be 
represented in Type A. Since na consistent 
osteological chsneters occur, refereace ofllpc A to 
a lower taxon level could not be justified 

Thc quadrates resemble a small sccIoporinc. 
The fossil quadrates have a curved tympanic aest 
and represent a lizard with a snout-vent leagth of 
approximately 50 ma See the Crotaphytidae section 
for quadrate description of Merent taxa. 

The Type A fossils most closely resemble 

HABITAT. Uta stanrburiana and Scelopom 
graciosus live near MHC today. Uta stmuburiana 
ranges tlmughout the Great Basin, the Souman half 
of California, westem Arizona, southern New 
Mexico, and west Texas. ilia lizard lives in arid to 
semiarid areas with gravelly soil and low vegetation. 
Sceloporus graciosus can be found in the Grut 
Basin, into n0rlhe-m California, Oregon, southern 
Washington, western Wyoming and Colorado, living 
in sagebrush country with gravelly soils or sand 
dunes. Thc closest Umsaurus (U. gracimus) c p ~ l  be 
found in southern Nevada while the nearest 
Holbrookia (H. maculata) occurs innorthwestem 
Arizona (Behler and King 1998). 



Figure 53. Right dentaries of MHC fossil Sceloporine Qpe A (TP6 680; top left and TP6 686; middle I@), Uta 
staosburiana (NA UQSPJIM I1 7; bottom I@), Scelopoms graciosus (NAUQSPJIM I080; top right). Holbrookia 
ma~ulata (NAUQSP-JM II2; middle nght). and Urosaurus omatus (NAUQSP-JIU 145; bottom right). Scale 
equ& 10 mm. 

Sceloporine Type B 

MATERIAL REC0VERED.NAUQSP 14217 [R 
dentaxy (TP3-481,631,642-644,648,652,655,659, 

dentary(TP3-483,489,633-638,641,649,651,654, 
656,658,662,665,667; TP6-146,162-163,238, 
320,322-323,464), partial R dentary (-3474,645- 
646,653,660,690; TP6-147), parhal left dentary 
(TP3-601,605-606,608,610,616,620,626,639- 
640,661,668,673,691; TP6-319,326-328), R 
maxilla (TP3-657,664,667,671; TF’6-166,325), L 

partial R maxilla (TP3-472,480,575,578,595,607, 
609,630,663,678; TP6-173,321). piutial L maxilla 

61 I), R scapulocoracoid (TP3-699), articulated 
surangulsr, articular, and premtidar (TP3-697(3); 
TP6-338(3))]. 

666,670,672; TP6-168-169,172,241-242,324), L 

maxilla (TP3-632,650,669,675-676; TP6-240). 

(TP3-598-599,647,674), maxilla h v t  (TP3- 

DISCUSSION. The fossil dentaries and maxlllae of 
Type B represent me&um-sized sceloporine lizards. 

The teeth are pillar-like and weakly tricuspid 
postmorly. The Meckel’s canal constricts medially, 
opening ventrally at the anterior tip of the dentary. 
Overall, the dentanes are relatively straight. The 
nasal area of the maxillae forms a large platfom 
The d o d  projection of the maxilla is rounded where 
the nasal and prefrontal bones meet. 

have fewer teeth than Sceloporus. Calhaurus has 
pointed, unicuspid teeth. Cophosaums and 
Holbrookia have high crowned, coneshapcd, 
tricuspid teeth. The heavy, conical teeth of Uma are 
recurved anteriorly and strongly tricuspid posteriorly. 
Scelopoius typically has lower crowned columnar, 
tricuspid taeth. Phrynosoma differs in having peg- 
like teetb with expanded bases (Norell 1989; Mead et 
al. 1999b). 

wth an approximated snout-vent length of 60-70 mm. 
They are roo large to represent Uta, Holbraokia. 
Urosaurus, or other small sceloporines, and are not as 
delicate as Cophosaurus or Callisaurus. The. slender, 

Caliisaurus, Cophosaurus, and Holbmkia 

The fossils compare best with Scelopoius, 
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pillar-like, weakly tricuspid teeth are unlike Uma. 
Small specimens (SVL=60-70 nun) of large 
Sceloponis (S. magister) species differ in having 

wider teeth than a medium-sized Sceloporus of equal 
size (Figs. 54.55). 

Figure 54. Right denlary of MHC fossil Sceloporine Type B (TP6 242; top), Sceloporus occidentalis (NAUQSP- 
JIM 1711, Cophosaurus texanus (NAUQSP-JlM 52). Callisaurus draconoides (NAUQSP4lM 73). and Uma notata 
(NAUQSP-JIM 62; bottom). Scale equals 10 mm. 

I! 
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Figure 55. Right maxilla of MHCfosil Sceloporine Type B (TP6 166; top)# Scelopom occidentalia (NAUQSPJIM 
171), Cophosaurus ternus (NAUQSPJIM 521, Callisaurus draconoides (NAUQSPJIM 72). and Uma notata 
(NALrQSPJIM62; bottom). Scale equaIs 10 mm. 



The scapulocoracoid has 3 rays: a dorsal 
scapular ray, a primary CoIBcOid ray, and a secondary 
coracoid ray. The scapular shaft is connected to the 
scapular ray by a &bony ill in Uta, Urosaurus, 
Pemsaunrs, Sator, and two species of Sceloporus. 
In most species of Sceloporus, Callisaurus, 
Holbraakia, and Urn& a scapular feneswa exists. AU 
sceloporina have a large scapulocoracoid fenestra 
and a large primary coracoid fenestra. A thin bony 
fill connects the coracoid plate and secondary 
coracoid ray in all sceloporines (Etheridge 1964). 
TP3-699 resembles Scdopow. Callisaurus, 
Holbmkia, or Uma (Fig. 34). 

The posterior portion of the surnngular, 
articular, and prearticular from the retroarticular 
process to the angular process and to the articular 
facet has a triangular, flattened appearance. A thin 
sheet of bone connects the retroarticular process to 
the angular process. The size of these bones is 
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consistent to a lizard with a smut-vent length of 60- 
70 nnn These fossils compare best with a medium- 
sued Sceloporus. Cophmaurus, Callisaurus, and 
Uma have a more rounded, truncated retroarticular 
process (Fig. 56). 

HABITAT. Sceloporus occidentalis and 
Callisaurus draconoides are medium-sized lizards 
living near MHC today. Seeloporus occidentalis 
ranges throughout the Great Basm, California, 
Oregon, and into central Washington. This lizard 
enjoys rocky and mixed forest habitats &om sea level 
to 2700 m Callisaurus draconoides ranges from 
north-centnl Nevada to southem California and 
Anzona, livmg in areas with hard packed soil with 
little vegetation. Today the vegetation near the cave 
is abundant, and thus unlikely to currently support 
populations of C. draconoides. 

Figure 56. Medial view of surangular, articular, andpreorncular of MHC fossil Sceloporine Type B (TP6 338; 
ley?). Sceloporus occidentalis (NAUQSP-JIM 171), Cophosaurus texanus (NAUQSP.-JIU52), Callisaurus 
draconoides (NAUQSP-JIM 73). anduma notata (NAUQSP-JIM 62: right). Scale quat3 10 mm. 

Sceloporine Type C 

MATERIAL RECOVERED.NAUQSP 14218 
[partial L dentlny (TP3473), quadrate (TP6-337)]. 

DISCUSSION. Only the posterior balf of TP3-473 

remains. TP3473 is a relatively heavy bonc with 
wide, blunt, weakly tricuspid teeth. The estimated 
snout-vent length is 95 mm The dentary compares 
best with a large Sceloporus, such as S. ornmi, S. 
poinsefii, S. magister. and S. clarkii (Fig. 57). The 
teeth are too slender to belong to Cmtaphylidae. 
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crest and represents a lizard with a snout-vent length 
of 95 mm See Crotaphytidae section for description 
of quadrabs of dSerent taxa. TP6-337 closely 
membles a large scelopOrine (Fig. 58). 

The fossil quadrate has a curved tympanic HABITAT. No large sceloporine lives near MHC; 
howver, Sceloporus magister is found just south of 
the cave today. Sceloporus magister lives in southem 
Nevada, California, and New Mexico plus west Texas 
and much of Arizona, inhabiting arid to semiarid 
regous at low altitudes. 

Figure 57. Lingual view of lefr dentariarfrom MHC fossil Sceloporine Type C (TP3 473: top), Scelopom magister 
(NAUQSP 6718), S.  clarkii (NAUQSPJlMI6.2). S .  poinsenii (NAUQSP-JLUZOI), andS. orcutti (NAUQSP-JIM 
206; bottom). Scale equals IO mm. 
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Figure 58. Posterior view of quadrates of the MHC fossil Sceloporine Trpe C (TP3-337; lefi), Sceloporus 
occidentalis (NAUQSPJIM 171). S. magister (NAUQSP 6718), S .  clarkii (NAUQSP-JIM 162). S. poinsettii 
(NAUQSPJIM 201). and S .  orcutti (NAUQSPJIM 206; right). Scale equals I O  mm. 

Family Phrynosomatidae gen et sp. indet. 

MATERIAL RECOVERED. NAUQSP 14233 [R 
partial dentary (TP3-618), L partial dentary (TP3- 
589). ftontals (TP3-700(3);TP6-3 14(7)), R partial 
maxilla (TF'3-580,582,585,588,590,594), L parhal 
maxilla (TP3-579,602), partial maxilla (TP3-604; 
TP6-330), premaxillae (TP3-701(3); TP6-340), 
tooth-bearing fragment (TP3-581)]. 

DISCUSSION. The dentaries, m a d e ,  
premaxillae were too t i a m  for further 
identification but did bear sceloponne teeth. The 
frontals were mostly incomplete, but did bear 
scelopo& characteristics such as a tlattened, 
hourglass shape. 

Family Teiidae 

Cnemidophow sp. 
whiptail 

MATERLAL RECOVERED. NAUQSP 142 14 
dentary (TP3469,537,548), L dentary (TP3-453, R 
partial maxilla (TP3-539), L partial maxilla (TP3- 
536,538)]. 

DISCUSSION. FIsher and Tanner (1970) describe 
the osteology of Cnemidophorus ti@ (western 
whiptail). The asymmetrical bicuspid teeth of 

Cnemidophorus and the fossils have the smaller cusp 
positioned anteriorly, differentiating Cnmidophorus 
from Phrynosomatidae, Scincidae, and Crotaphytidae. 
Teiids can display triconodont teeth, seen in Ameiva 
and so= species of Cnemidophorus. Somc species 
of Cnemidophorus show w or only one aiconodont 
tooth posterior in the dentary or maxilla such as C 
tigris, C salineafus (six-lined whiptail), and C 
hyperythw (orange throated whiptail) (pnsch 1974). 
The teeth of C. ti@ are more robust and larger than 
most species, including C. inornatus (little striped 
whiptail), C. mnguis  (Chihuahuan spotted whiptail), 
C. flagellicaudus (Gila spotted whiptail), C. sonorae 
(Sonoran spotted whiptail), C. uniparerw (desert 
grassland whiptail), or C. velox (plateau striped 
whiptail), but similar in size to C. burri (canyon 
spotted whiptail) (Van Devender et al. 1977). The 
dentary of Cnemidophorus and the fossils show 
virtually no posterior-anterior curvature. The 
Meckel's canal of the dentary opens widely 
posteriorly and re& open along the ventral 
portion of the dentary (Fig. 59; Fisher and Tanner 
1970; BeIll993). TP3-537, the only complete 
dentary, has 18 teeth, 7 of which are bicuspid. The 
toothrow measures 9.4 nnn The dentaries share the 
characteristics above for Cnemidophorus. The teeth 
are comparable in size to C. ti& and C. bum'. No 
consistent characters of the dentary were found which 
would allow identification to species. The three 
maxillae have rather large, bicuspid teeth but are too 
incomplete for further identification. 
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HABITAT. Of the 16 species of Cnemidophorus 

living in North America, only C. tigris lives near 
MHC today, inhabiting the Great Basin, Cahfomia, 
most of Arizona, southern New Mexico, and west 

Texas. This diurnal predator lives in the desert to 
open woodland areas (Behler and King 1998). 

d 

Figure 59. Lingual view of afossil (TP3 537: top l&) and modern (NAUQSPJIM27S; top right) right deniary of 
Cnemihphom sp. Lingual view offossil (TP3 538: bottom leji) and modem (NAUQSPJIM 275; bottom right) l& 
maxilla of Cnemidophom sp. Scale equals 10 mm. 

Family Scincidae 

Eumeces sp. 
Skink 

MATERIAL RECOVERED. NAUQSP 14215 [L 
denmy (TP3-555)J. 

DISCUSSION. Kingman (1932) and Nash and 
Tanner (1970) describe the osteology of Eumeces. 
The western North American skinks are E. gilberti 
( G M  skink), E. multivirgaius (many-liued skink), 
E. obsoleius (Great Plains skink), E. skiltonianus 
(westmn skink), and E. teiragrammus (four-lined 
e), E. gilbeii and E. obsoleius being the largest 
skinks (Behler and King 1998). No characters exist 
that will allow identification of Eumeces to species 
Using a single element mash and Tanner 1970; Norell 

1989). The denmy of Eumeces and the fossil has a 
wde Meckel’s canal that opens hgually then 
narrows anteriorly to become ventrally positioned. 
The urucuspid, slightly bulbous teeth have low, blunt, 
smated, lingually concave crowns and am uniformly 
positioned and sized (Fig. 60; Norell 1989; Bell 
1993). The referral of TP3-555 to Eurneces is based 
on tooth morphology and interdental tooth spacing. 
The toothrow rneasures 5.5 mm and contains 23 tee& 
The fossil is an adult because of the presence of a 
dental paex and equivalent in size to a skink with a 
snout-vent lengtb of 65 mu Ewneces and the fossd 
differ from other lizard families by the unique set of 
characters listed above. See the above sections on 
Phrynosomatidae, Cmtaphytidae, and Teiidae for 
details on how these groups differ. 
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Figure 60. Lingual view of MHCfissil (TP3 555; top) and modem (NAUQSPJIM 1658; bottom) left dentcrries of 
Eumcces sp. Scale equals I O  nun. 

HABITAT. Of the six westem North American 
species, only E. skiltonianur lives near MHC today. 
Eumeces shhnianur ranges from southern British 
Columbia, south to the tip of Baja, and east to Utah. 
In the Great Basin, this skink shows a discontinuous 
distribution in the basin and range of Nevada and 
western Utah and is limited to a mhnd pine and 
hardwood forest and riparian areas. It lives at sea 
level in California to 2500 m elevation III southern 
Utah, southern Nevada, and northern Arizona (Tanner 
1988). Eumeces skiltoniunur has been found in five 
mountain ranges in Nevada: the Cortez, Toyabe, 
Snake, Toquima, and Charleston Mountains (Linsdale 
1938). MHC is surrounded by pinyon-juniper 
woodland habitat, which is not the preferred habitat 
for E. shltonianur. The nearest most suitable habitat 
would most likely be the Ruby Mountains about 35 
km to the east. 

"Lizards" 

MATERIAL RECOVERED. NAUQSP 14229 
[basisphenoid (TP6-265), coronoid (TP3-698; TP6- 
3061, R juvenile dentary (TP3-628), R partial dentary 
(TP3-576,600,623; TP6-174), L edentulous dentary 
(TP3-693). L juvenile dentary (TP3-627,629), L 
partial dentary (TP3-568,592,597,619,624,695), R 

femur (TP6-300). partial fiontal (TP3-702(3); TP6- 
266), R humrus (TP3-703(2)), L humenur (TP3- 
704(3)), Rpamalmaxilla(TP3-577,584,615,617, 
622,694). L partial msxilla (TP3-603,613-614,621), 
partial maxilla (TP3-569-571,586,612; TP6-335 
596), R pelvis (TP3-479; TP6333), L pelvis (TP6- 
334), R scapulocoracoid (TP6-264), L partial 
scapuloooracoid (TF3-705(2)), partial surangdar, 

339), td-bearing fragment (TP3-572). partial 
quadrate (TP3463(4)), R ulna (TP6-301). vertebrae 

artlcular, and p rea r t i~u l~  (TP3-706; TP4-75; TP6 

(TP3-692(361); TP4-79(16); TP6-331(159))]. 

DISCUSSION. These fossils were too 6 a p n t e d  
or exhibited no defining characters that would pemdt 
M e r  identihtion. 

Snake vertebrae are the most common reptilian 
element recovered &om MHC, most likely due to the 
large n& of vertebrae per indindual. Difficulties 
anse when identifying isolated snake vertebrae 
because of vanation in the vettebral morphology 
between taxa and within taxa. In addition, individuals 
vary geographically, 
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ontogenetically, and along the vertebral columa; as 
one progresses anteriorly to posteriorly on the snake, 
the morphology changes. These changes are subtle, 
occurring gradually the length of the snake. 
Furthermore, similar morphological characters can 
appear in different taxa. Oftentimes, in the past, 
scientists based their identikations on extant species 
within the geographic area of the site. In order to 
improve upon this method of identificahon, extensive 
comparahve collections with broad geographic and 
ontogenetic variation must be examined. % l i s  WIU 
enable scientists to recognize the patterns of vertebral 
morphology and variation. 

Adenberg (1963) and LaDuke (1991) 
provide the most commonly used terminology for 
featlnes found on snake vertebrae (Figs. 37,38). 
Adenberg(1963), Meylan(1982), andLaDuke 
(1991) offer the most detailed descriptions of snake 
vertebrae of different taxa. Initially, authors provided 
only qualitative descriptions, although more recently 
such author8 as Adenberg (1963), Meylan (1982), 
Van Devender and Mead (1978), and Mead et al. 
(1984) offer quantitative as well as qnalitative 
descriptions. 

m e ’ s  (1991) divisions of the vertebral 
regions were used here. He follows Hoffstetter and 
Gase (1969) but a h  recognizes subregions within 
the huak area. The vertebral regions are as follows: 
(1) atlas and axis, (2) mnk vertebrae (divided into 
ATV, MTV, and PTV) which lack the processes 
found in the other regions; (3) cloacal vertebrae, 
which typically have fused lymphapophyses; and (4) 
postcloacal vertehrae, in which pleurapophyses and 
hemapophyses are present. 

Faunly Erycidae 

Charina bonae 
Rubber hoa 

MATERIAL RECOVERED. NAUQSP 14226 [2 
articulated MTV (TP3-509)]. 

DISCUSSION. Holman (1979), Rage (1984)’ and 
Bell and Mead (1996) describe Charina vertebrae. 
The small, short MTV of Charina bottae and the 
fossils possess flattened neural arches and low, thick, 
short neural spmes that are flattened dorsally. The 
vertebrae (modem and MHC fossils) show reduced 
prezygapophyseal processes and pre- and 
poskygapophyses are laterally produced. No hemal 
keel or hypopophysis OCCUIS (Fig. 61). The neural 
spme of C. bonae extends longer than in C. rrhirgata 
(rosy boa) (Holman 1970). Parmley and Holman 
(1995) used the following characters to distinguish C. 
bottae from C rnvirgata: (1) zygosphene not 
strongly U-shaped when viewed dorsally in C. bot@ 
(2) zygosphene not strongly concave when viewed 
anteriorly in C. bottae; (3) neural arch is not as wide 
or depressed in C. bonae; and (4) posterior border of 
the neural arch are not deeply incised in C. bonue. 
TP3-509 is consistent with the characters listed above 
for C. bonae. 

HABITAT. Charina bonae, a nocturnal species, 
lives fiom British Columbia to southern California 
and eastward to Montana, Wyoming, and Utah, and 
inhabits damp woodland and coniferous forest, large 
grassy mas, meadows, and moist sandy areas along 
rocky streams from sea level to 2800 m (Be.hlex and 
King 1998). Charina is found near the cave tcday. 



105 

Figure 61. Ventral (top) anddorsal view (bottom) offossil (TP3 509; fefi) and modern (NAUQSP 8341; right) 
MTY of Charina bonae. Scale equaLF I O  mm. 

Family Colubridae 

Coluber constrictor 
Racer 

MATERIAL. RECOVERED. NAUQSP 14221 [I2 
MTV (TP3-503), 1 MTV (TP4-64), 1 MTV (TP6- 
244)l. 

DISCUSSION. Aaenberg (1963), Meylan (1982). 
and LaDuke (199 1) describe Coluber contricror 
vertebrae. The elongate MTV of Coluber are square 
across the zygapophyses. Well-developed 
epizygapophsyeal spines exist. The elongate, low to 
medium in height neural spine overhangs anteriorly 
and posteriorly. The long, narrow accessory 
processes are directed anterolaterally. Saong 
subcentral rigdes occur and the well-developed hemal 
keel is spatulate. The MHC fossils share the above 
Coluber characters (Fig. 62). 

Coluber constrictor strongly resembles 
Masticophis (whipsnake) and Salvadora batch 
nosed]. Coluber and Masticophis differ from 

Salvadora by having longer vertebral cenka, less 
robust accessory processes, epizygapophyscal spines, 
lugher neural spines, and smaller condyles 
(Auffenberg 1963; Holman 1962, 1970,1976). 
Auffenberg (1963), Van Devender and Mead (1978). 
Meylan (1982), and Mead et al. (1984) provide 
measurements, which aid in distinguishmg between 
Marttcopkis and Coluber. These measurements 
include the cl, MW, pr-pr, and pr-po, but the ratias of 
cVnaw and pr-pdpr-po were used for identification. 
However, these measurements are not always 
definitive because overlap does occur (Fig. 63). 
Table 47 presents measmmts from published data 
and those @en from the fossil and modern specimens 
of Coluber. 

HABITAT. Coluber ranges widely across the 
United States, inhabiting fields, mountain meadows, 
grasslands, woodlands, and pine forests b m  sea 
level to 2150 m in elevation (Behler and King, 1998). 
Coluber consmctor lives near Mineral Hill Cave 
today. 
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Figure 62. Ventral (top) and dorsal @ortom) view offossil (TP3 503; It$) and modem (NAUQSP 8190; right) 
MTVof Coluber constrictor. Scale equals 10 mm. 
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Figure 63. Scafferplot of CLNA Wand PR-PWPR-PO offissil Masticophis sp.. Coluber constsictor, and 
MasticophkOluber vertebrae. 

Table 47. Measurements (in mm) of Colubn coaskictorfromfossil and modem 
specimens and publivhed duta. * indicates measurements fromjossil specimens. 

Culuber CXJNAW PR-PRIPO-PR 

Fossils (MHC) 1.30-1.58' 1.08-1.17* 
(n=14) 

Adenberg (1963) 1.23-1.53 0.98-1.25 
1.32-1.48. 1.03-1.07* 

Meylan (1982) 1.2-1.5 1.00-1.08 
NA 0.94-1.04. 
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Masticophis sp. 

Whipsnake or Coachwhip 

MATERIAL RECOVERED. NAUQSP 14222 [21 
MTV (TP3-504), 1 MTV (TP4-65), 14 MTV (TP6- 
245)]. 

DISCUSSION. Auffenberg (1963), Meylan (1982), 
and LaDuke (1991) describe Masticophis vertebrae. 

The vertebrae of Mmcophir and the fossils fit the 
description of Coluber consm'ctor above, except they 
are narrower across the zygapophyses and cenhum 
(Figs. 63,64; Table 48). See the section on Coluber 
for details on diff'erentiafing Salvadom. 

Figure 64. Ventral (top) and dorsal (bottom) view of MHC fossil (TP6 245: le#) and modem (NAUQSP 7671: 
right) MTVof Masticophis. Scale equals I O  mm. 

Identification within the genus Masticophw 
is difiicult. La Duke (1991) provides characters, such 
as the size of epizygapophyseal spines, size of the 
n d  canal, and thickness of the mural arch laminae 
for diff'erenfiating between species within 
Masticophis. However, when examining modern 
comparative specimens, I found these characters were 
not preserved on the fossils or overlapped between 
species. Therefore, the fossil vertebrae could not be 
identified to the species level. 

HABITAT. Of the four species that inhabit North 
Amenca today, only M tuentatus (striped whipsnake) 
lives near the cave. In the United States, M, t a e n i a  
ranges b m  Washington, Great Basin, New Mexico, 
and Texas. This snake lives in grassland, arid, brushy 
flat land, and pinyon-juiipcr woodlands, from sea 
level to 2850 m in elevation (Behler and King 1998). 
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Table 48. Measurements (in mm) ofMssticophisfim modem and fossil 
specimens and published data. * indicates fossil specimens. Auffmberg (1963) 
and Meylan (1982) measured M. flagellum. 

Masticophis CUNAW PR-PWO-PR 

Fossils (MHC) 1.40-1.87* 0.89-1.00* 
(n=34) 

Van Devender and 1.48-1.75 0.87-1.00 
Mead (1978); 
Mead et al. (1984) 

Auffenberg(1963) 1.34-1.64 0.87-1.00 
1.42-1.53. 0.92-.98* 

Meylan (1982) 1.38-1.79 0.93-1.03 
NA 0.92-1.02* 

ColubedMasticophis 
Racer or WhipsnakdCoachwhip 

MATERIAL RECOVERED. NAUQSP 14223 [27 
MTV (TP3-505). 5 MTV (TP4-66), 3 MTV (TP6- 
246)]. 

DISCUSSION. Differentiating between Cobber 
and Masticophis was impossible due to fragmented 
vertebrae or an overlap of measurements (Fig. 63). 

Pituophis melanoleucus 
PineGopher snake 

MATERIAL RECOVERED.NAUQSP 14219 138 
MTV (TP3-502), 5 MTV (-4-63), 126 MTV (-6- 
243)]. 

DISCUSSION. Adenberg (1963). Van Devender 
and Mead (1378), Meylan (1982), Mead et al. (1984). 
and LaDuke (1991) provide descriptions ofPltuophis 
vertebrae and comparisons with other genera. The 
modezately short MTV of Pihrophis have high neural 
spines that slightly overhang posteriorly and a high 
neural arch. The low, narrow hemal keel is gladiate 
to spatulate in shape with moderate to weak 

subcentral ridges adjacent to the keel. The 
zygosphene is moderately convex fiom the anterim 
and flat to concave d o d y .  The acute, short 
accessory processes are directed oblique to anterior 
fiom dorsal view and lateral to dorsal from anterior 
view. The cotyle is large and round to slightly 
oblique. The MHC fossils share the above Pituophis 
characters (Fig. 65). The quantitative size (cl) and 
shape (cVnaw) of the vertebrae, using measurements 
from the fossil and modem vertebrae, and from 
published data, are presented in Table 49. 

Among westem colubnds, Pihtophis can be 
confused with Arizona (glossy snake), Lampropeltis 
(milldkingsnake), and EZaphe (rat snake). Pituophrr 
&splays higher neural spines in comparison to the 
other large lampropeltine snakes, although overlap 
can occur with Elaphe. More elongate vertebrae 
differentiate Pituophis from Arizona. The weaker 
subcentral ridges will distinguish Pituophir fiom 
Elaphe. Pituophis shows higher vaulted neural 
arches, weaker subcentral ridges, and thinner, more 
acute accessory processes than Lampropeltis 
(Holman 1965;Muke 1991). AlthoughL. 
pyromelana more closely resembles Pituophir than 
the other species within Lampropeltis, the same 
diagnostic characters apply. 
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Figure 65. Larerol (top), ventral (middle), ond dorsal (bottom) views of modem (NAUQSP 8242; lefr! and MHC 
fossil (TP6 243; right) Pituophis melanoleucus. Scale equals I O  mm. 

HABITAT. Pimophis ranges throughout NO& 
America, inhabiting dry oak woodlands and pine 
forestr, fields, prairies, open brushland, rocky desert, 
and chaparral and ranges in elevation fiom sea level 

to 2750 m (Behler and King 1998). Pimophis 
melanoleucus lives near MHC today. 



Table 49. Measurements (in mm)for Pituophis mebnoleucusfrom fossil and modern 
specimens and published data. 
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Pituophis n CIJNAW Average 

Fossils(MXC) upto6.4 92-1.29 1.10 
( ~ 1 5 8 )  

NAUQSP 
(n=27) 

up to 7.7 1.07-1.29 1.17 

Van Devender up to 7.5 1.07-1.17 1.12 
and Mead (1978); 
Mead et al. (1984) 

cf. Pimophis 
Pine-Gopher snake 

MATERIAL RECOVERED. NAUQSP 14220 [54 
vertebrae (TP3-51 l), 2 vertebrae (TP4-68), 92 
vertehrae (TP6-250), L dentary (TP6-158)]. 

DISCUSSION. These vertebrae probably represent 
Pituaphis but are either transitional vertebrae 
between ATV and MTV and/or too fragmented to 
make a positive identification. 

Snake dentaries are uncommon in the fossll 
record, and therefore, few published repoas provide 
characters to distinguish make dentaries. The dentary 
tooth row of TP6-158 measures 12.0 mm (Fig. 66). 
Twenty aveoli exist and the thin teeth are recurved 
near the hase. The Meckel's groove close5 around 
the 10th aveolus. The dentary could only be referred 
to as cf. Pituaphis because the variation of dentary 
characters within and between taxa is not understood. 
The charactas pmvided below were observed on a 
small sample size of each taxon (n=3-S). 
Lampropeltis differs from Pituophis and the fossd in 
having ffieen aveoli, the Meckel's groove closes at 
the seventh alveolus, and the teeth are thicker. 
Masticophis displays a medial curvature at the 
anterior portion of the dentary whaeas the dentary of 
Piruophis and the fossil is seaight. The teeth of 
Pihrophis and the fossil are thinner and mre 
recurved than Coluber teeth. LaDuke (1991) reports 
that Thanmophis generally has tooth counts 
approaching 27-30, greater than that found on 
Pituophis and the Meckel's canal of Thamnophrs 
closes around the sixth alveolus. Crotalus can be 

distinguished from al l  colubrids by the ventral-dorsal 
dentary depth and open Meckel's canal to the anterior 
tip (LaDuke 1991). 

0 

Figure 66. Lingual view offossil (TP6 198; lop) and 
modem (NAUQSP 9384: bomm) l& dentiuy of 
Pituophis melanoleucus. Scale equals IO mm. 

Rhinocheilus lecontei 
Long-nosed snake 

MATERIAL RECOVERED. NAUQSP 14224 [4 
MTV (TP3-506)I. 
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VanDevenderandMead(1978), andLaDuke(1991) 
dermie the vertebrae of Rhinocherlus lecontei. The 
moderately short MTV OfRhinocheilus and the 
fossils possess a thick, dorsally Oattened neural spme 
of medium height, wbieh o v e h g s  anteriorly and 
posteriorly. The long, thick accessory processes are 
distally blunt and lateral fiom dorsal view. The 
strong, spatulate hemal keel bas defined lateral edges. 

DISCUSSION. Hill (1971), Mead et al. (1984). The subcenhl ridges are well developed but less so 
than in Lampropeltis getulus (common m e ) .  
The zygosphene is flat from the anterior. The round 
cotyle is narrower than the zygoaphene (Fig. 67). 
Table 50 provides masummnts of published data 
and the fossil Rhinocheilus. The above characters 
differentiate Rhinochalus from Lampropeltis geiulus. 

Figure 67. Lateral (tap) and dorsal (bottom) view of Rhinocheilus lecoatei MTVfi-om MHC (TP 506; I@) and a 
modem specimen (NAUQSP 8319). Scale equals 10 mm. 

Table SO. Measurements (in mm) for Rhinocheilus leconteifim fossil specimenr andpublished data. 

Rhinocheilus CL CL'NAW Avenge 

upto3.6 .94-1.16 1.07 

Van Devender ~p to 3.0 1.07-1.21 1.11 
andMead (1978); 
Mead et al. (19U) 



HABITAT. Rhimheilus lives near the cave today 
and inhabits the southwestem portion of the United 
States, living in dry open prairies and desert brush 
land from sa level to 1600 m elevation ( W e r  and 
King 1998). 

Thamnophis sp. 
oartersnake 

MATERlAL RECOVERED. NAUQSP 14225 
[24 MTV (TF'3-508). 1 MW (TP4-67), 9 MTV 
(TP6-247)]. 

DISCUSSION. The following authors descni 
Thornnophis vmbnu :  AutTenberg (1963). 
Brattstrom (1967), Holman (1962.1977). Meylan 
(1982),andLaDuke(1991).Themcderately 
elongate MTV of Thamnophis and the fossils show 
parapophyd proceases projected below and ~ t e r i ~ ~  
to the lower lip of the cotyle. The neural spine is 
typically longer than it is high and overhangs 
posteriorly. Well-developed epizygapophysial spines 
and subcentral ridge8 exist. The stmngly developed 
hjpapophyw are sigmoid shaped when viewed 
laterally. The aecegpory pmcesses are well 
developed, long, and acute (Fig. 68). 

subgrotips exist within the Natricinae subfamily. 
Group 1, including the genera Haldea (earth paale). 
Tmpidoclonion (lined snake). Seminar& (swamp 
snake), and Sforeia (red-bellied &), exhiiits 
elongate vertebrae and a long, low neural spine. 
Group 2 &plays a mcderate to long centrum and a 
higher neural spine compared to Gmup 1, and 
includes Thamnophis, N d i a  (water snake), and 
othn related genera. Nemdia differs from 
Thamnophis by having larger vertebrae; short, wide 
centra; short, broad hypapophyscs; and the neural 

According to Auffenherg (1963), two 

spine cqudly overhrngs posteriorly and anteriorly. 
TheprojcaedpanpophyPcalw===and 
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sigmoid hjpapophysis disthguish MTV of 
Thamnophis and the fossils from other colubrids; 
however, the ATV of nm-nahicine colubrids can 
resemble nanicine MW. The short, sipmid shaped 
hypapophysis of Thanmophis and the fossils Mns 
from Crotalus (rattlesnake), which is long, thick 
laterally, p o s m v d y  directed and sharply 
pomted. The parapophyseal processes differ os well. 
In Thamnophis and the fossils the flattened portion 

Crotalus the facets face v d y .  
Dis thp i sbg  between species within this 

genus is difficult. Several authors (Auffenbc~ 1963; 
Meylan 1982; Rogers 1987; La Duke 1991) provide 
characters that diffemmiatc between certain species 
within Thamnophis. Som qualitative chanetera uscd 
for distinguishing between species are heifit of the 
neural spme and the degree of posterior and/or 
anterior overhang of the neural spine. When 
examimg the modem comparative specimens; 
however, I found overlap of these characten. 
Therefore, the fossil vertebrae could not be identified 
to the species level. 

ofthe process is mnemdisllydirrcled, wilems in 

HABITAT. Eight species of Thamnopihts DCCUT in 
the westan poltion of the united State% T. muchi 
(western qustic), T. Cyrtopsis (hkk-mkd) ,  T. 
eregans (western terrestrial), T. egues (Mexican), T. 
marcianus (checkered). T. ncfpunctatus (nnrrow- 
headed), T. sirtalis (umumn), and T. ordinoides 
(northwestern). Only T. elegans lives near MHC 
today. This species inhabits much of the west except 
for Texas and the Mojave Dcsnt. Thamnophis 
elegans lives in moist environment8 rear water, damp 
madows, and open grasslands to forests, OcCuniDg in 
elevations fkom sea level to 3200 m (&Mer and King 
1998). 
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Figure 68. Lateral (top. ventral (middle), and dorsal (bottom) views of MHC Thamnophis sp. MTV (TP3 508; I@) 
and modem Tbanmophis elegans MTV (NAUQSP 8247; right). Scale equals I O  mm. 



Hypsiglena torquata 
Night SnaLC 

MATERIAL WOVERED. NAUQSP 1423 1 [7 
MTV and 1 ATV (Tp3-507)]. 

DISCUSSION. Van Devendm and Mead (1978), 
McadetaL (1984),VanDevenderetal.(1985),and 
Ld Duke (1991) dcscrii Hpiglana torquata 
vmcbrpc. Thc wide, short MTV of Hypsiglma and 
the fossils have a broad mud canal and the neural 
arch is depressed fmmthe aaterior. The laterally 
produced zygqqhyses show large, round facets. 
The low neural spine thickens dorsally with the 
anhrior lxirtim bifurcate. Stmng antenor and weak 
posterior ovcrhga exist The stmng hemal k1 is 
moderately narrow and ventrally rounded or flattened. 
The elongate accessory processes have blunt distal 
ends, lateral fium the anterior with a slight hook 
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anteriorly (Fig. 69). Table 51 pvidea nmwmmts 
from published data and the fossil HyprigleM. 

Shorter vertebrae; higher, dorsally 
thickened, anteriorly bifincete mural spines; and a 
wider, less flat hcmal keel disthguisk Hwiglma 
and the fossils from DiadophLP (ringncek snake). 
Chionacfia (shovel-nosed &), and Somra (grad 
snake). Rhtnocheilus and Phyllorhpchus (leaf-nosed 
snake) show a less depressed eeural arch and wider 
NAW (La Duke 1991). 

HABITAT. Hvsiglena torquata lives in the 
southwestern part of the Uoitcd States PO well as 

snake is f o d  near the cave today and &bits 
gemisrid to arid smdyormckyrmas in tkplaios, 
desert tlats, and brush chaparral, living fiwn sea level 
to 2100 m in elevation (Behlm and King 1998). 

Kansas, washington. orcgon, and califomir. This 

Figure 69. Ventral (top) and dorsal (bottom) view of fossil (TP3 507; ldt) and modern (NAVQSP 8264; right) 
MTVof Hysiglena torquata Scale equals 1 mm. 
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Table 51. Measurements (in mm) for Hypsiglena torpuata fiom fossil specimens and published data. 

Hypsiglena CL CLlNAW Average 

Fossils (MHC) 
(n=8) 

1.9-2.0 I .33-1.82 1.46 

Van Devender 1.65-2.75 1.18-1.3 1 1.26 
and Mead (1978); 
Mead et al. f 1984) 

Family Crotalidae 

Crotnlus sp. 
Rattlesnake 

MATERIAL RECOVERED.NAUQSP 14227 [19 
MTV (TP3-510), 22 MTV (TP6-248)]. 

DISCUSSION. Auffenberg (1963). Brattstrom 
(1964), Holman(1965), andLaDuke(1991)describe 
Crotalus vertebrae. The short and broad MTV of 
Crotalus and the fossils have divergent 
zygapophyses. Prezygapophyses may become 
elongate and oval with the long axis laterally directed. 
The long, straight hypapophysis is laterally thick, 
pointed at the distal end and posteroventrally 
directed. The short accessory pmesses can be 
distally acute or blunt (Fig. 70). 

shows larger, deeper fossae with a single large 
foramen adjacent to the cotyle than does Croralur. In 
Crotalus and the fossils, the smaller foramina may be 
multiple. A small spine exists on the zygosphene 
anterior to the neural spine in Sistrurus, which has 
longer centra in comparison to Crotalus and the 
fossils (Holman 1963, 1965). 

Agkistrodon (copperhead or cottonmouth) 

Distinguishing between species of Crofalus 
is difficult. Some qualitative characters used for 
distinguishing between species are the height of the 
neural spine and the length of the cenmun (Table 52; 
Van Devender and Mead 1978; Meylan 1982; La 
Duke 1991). However, when examining the modern 
specimens, overlap occuned between the species. 
Therefore, the fossil vertebrae could not be identified 
to the species level. 

HABITAT. Eleven species of Crofulus live in the 
western United States, C. afrox (western 
diamondback), C. cerastes (sidewinder), C. lepidus 
(rock rattlesnake), C. mitchelli (speckled rattlesnake). 
C. molossur (black-tailed rattlesnake), C. pricei 
(twin-spotted rattlesnake), C. ruber (red diamond 
rattlesnake), C. scurulancc (Mojave rattlesnake), C. 
rigris (tiger rattlesnake), C. viridis (western 
rattlesnake), and C. wiflardi (ridge-nosed rattlesnake). 
Crotalw viridis lives near MHC today and inhabits 

the western portion of the United States, living in 
grasslands, coniferous forests, rocky outcrops, talus 
slopes, and canyons from sea level to 3350 m in 
elevation (Behler and King 1998). 



Table 52. Measurements {in am) of Crotalus from modern andfossil 
specimens andpublished data. 

Crotalus CLlNAW PR-PWO-PR 

Fossils(MHC) 
Crotalus sp. (n-30) 0.95-1.42 1.12-1.85 

Meylan (1982) 
ctotalus a m x  (n-3 1) 1.15-1.39 
Crotalus horridus (n.17) 1.20-1.68 
Crotalus adamanteus (n=31) 1.07-1.41 

1.24-1 A8 
1.14-1.42 
1.29-1.57 

a 

L 
I 

Figure 70. Lateral (top), ventral (middle), and dorsal (bottom) view of fossil (TP6 248, lateral view: TP3 510, 
ventral and dorsal view; rep) and modern (NAUQSP 7392: right) MTVof Crotalus sp. Scale equals I O  mm. 
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cf. Crotalus 

MATERIAL RECOVERED. NAUQSP 14228 [4 
MTV (1 juvenile) (TP6-249)]. 

DISCUSSION. The above MTV are too 
hgmmtaxy (lacking the hypapophysis) or too young 
for a positive identifieation. 

Family Colubridae gea et sp. indet. 

MATERIAL RECOVERED. NAUQSP 14232 [R 
dcntary fraemcnt (TP3-5 17,707; TP6-255), 2 tooth 
b d n g  6'8- (TP3-516). ATV or 6agnxnteA 
vertebrae (TP3-5 13(45); TP4-70(3); TP6-25 1 (63)), 
juvenile vertebrae (TP3-512(132); TP4-69(8); TP6 
254( 19))]. 

DISCUSSION. These vertebrae wcrc hgmmted, 
juvenile, or A m ,  and therefore, could not be 
identified beyond family. The dentaries and tooth 
bearing fragments were too h p n t e d  for a positive 
identification 

"SnnLS" 

MATERIAL RECOVERED. NAUQSP 14230 
[BrokenvMcbrae(TP3-515(11O);TP4-71(13); TP6 
253(35)), caudal vertebrae (TP3-514(96); TP4-72(5); 
TP6-252(32))]. 

DISCUSSION. Since these vertebrae were too 
fragmntea or caudal vertebrae, they could only be 
identified to the suborder Serpentes. 

Overview of Great W n  Reptile F& Lofllltles 

Although many a r c ~ l o g i c d  and 
paleontological sites occur within the Great Basin 
(Grayson 19931, few have produced reptilian remains. 
The reason for this often lies with the motivation for 
the excavations. Many of the cave sites were 
excavated for archaeological andor manrmalian 

remains. Usually, the screen size was too large to 
capture many reptile fossils (or even small -1 
fossils). Only during the last two decades have 
scientisb intentionally recovered and studied reptilian 
remains found in Great Basm caves. 

Fossil reptiles have been found in a number 
of different sews, born paclaat middens to natural 
trap and walk-in caves. All localities date horn either 
the late Pleist- or the Holocene. Fossil localities 
are clustered in the northwestern and eastem portions 
of the Great Basin. The rest of the Great Basin 
undoubtedly has fossil localities that remain 
unstudied. Site surveys in the past have focused on 
archaeological questions. Sites in the Great Basin 
have never been surveyed solely for fossil 
herpetofauuas. This is unfortunate, because m y  
gaps exist in our understanding of late Quaternary 
reptile dismiutions in the Great Basin and elsewhere. 
However, eleven sites wittun the Great Basin have 

produced fossil reptiles and are listed as follow: 
CHC, CBC, DC, GRS, HRS, HC, E, LSC, MHC, 
SCC, and SCBC (Fig. 71; Table 53 [pp.lZZ-123]). 

(CHC, DC, GRS, HC. HRS, and LSC) than the late 
Pleistocene sites (CBC, LC, and SCC). although the 
reptilian faunas are similar (Table 54 Ipp. 124-1251). 
The Holocene sites are scattered around the Great 
Basin, while the late Pleistocene sites are clustered 
along the eastern portion of the Great Basin. Two 
important sites. SCBC and MHC, have reptilian 
remains s p m g  the late Pleistocene into the 
Holocene. Unfortunately, only SCBC has well-dated, 
strahfled sediments. The sediments h m  MHC 
s u f f d  extensive bioturbation; therefore, 65 dates on 
charcoal+ plant macrofossils, and bones ranging born 
50-2 ka were required to provide chronological 
context. Although SCC has well-dated, matilied 
sedimne spaoning the Pleistocene-Holoccm 
transition, only the reptilian remains bom the 
Pleistocene strata have been i d e n G 4  the Holocene 
reptilian fossils remain unstudied. 

The Holocene sites are more nnmeroua 



119 

'I 

120' llSO lloe 
I 

I I 
120. 115' 110° 

NM 

40" 

35. 

Figure 71. Mop showing the eleven reptileproducing localities in the Great Basin. ( I )  CHC, Council Hall Cave; 
(2) CBC, C y t a l  Boll Cave; (3) DC, Danger Cow; (41 GRS, GoteclirRock Shelter; (5j H a ,  Hanging Rock 
Shelter; (6) HC, Hidden Cave; (7) LC, Ladder Cave; (8j LSC. Last Supper Cove; (9) MHC+ Mineral Hill &e: (IO) 
SCC, Smith Creek Cave: and (11) SCBC, Snake Creek Burial Cave. Modifedfrom Mead ond Bell (1994). 
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CBC, situated at 1760 melevation on 
the northeast side of Gandy Mountain in the 
northeastern pomon of the Snake Range, 1s 4.8 
kin west of Gandy, Millard County, Utah and 0.9 
km east of the Utah-Nevada border. The cave lies 
in pmyon-juniper woodland. Packrats and storm 
runoff are responsible for the cave deposits that 
date to at least 23,000 yr B.P. The sediments, 
which produced a rich 
fauna, were shallow and unstratifi4 only four 
radiocarbon dates were obtained (Heaton 1985; 
Mead et al. 1989). One hundred sixty-hM lizard 
(5 genera) and two snake (2 genera) remam 
were identified from CBC. Phtymsoma 
hernandddouglasi was the most common 
species (38%) and represents an extralocal 
dishiiution (Mead et al. 1989). 

Creek Canyon, which is an east-facing canyon in 
the Snake Range in White Pine County, eastern 
Nevada. CHC (2040 m) is located on a north- 
facing slope near the canyon flwr in pmyon- 
juniper woodland, with nearby montane and 
subalpine conifers. LC (2060 m) and SCC (1950 
m) are situated on a south-facing slope at the 
entrance of the canyon in pinyon-juniper 
woodland Midden lb from CHC dated to 
4 2 2 w  yr B.P. and produced one species of 
snake, Hwssiglena torquata (Mead et al. 1982). 
Three middens (modem, 3, and 2a) produced 
reptilian remains from LC, dating to the present, 
13,230+_110, and 27,280L970 yr B.P. 
respectively. Three lizard genera and one snake 
genus were identified and extralocal Phrynosoma 
hernandddouglasi were represented. Sediment 
(12,600-28,650 yr B.P.) and one midden 
(1 1,660+245 yr B.P.) &om SCC also produced 
rep& remains. Fifteen species (7 snake and 8 
lizard species) were identified from SCC. The 
following extralocal species were recovered from 
SCC S c e l o p w  magister, Phrynosoma 
hemandezi/douglasi, Lampropeltis mngulum, 
and Masticophisflagellum (Mead et 81.1982). 

DC is located at 13 14 m elevation on 
the southern edge of the Silver Island Mountains, 
about 2 km east of Wendover, Utah. The 
vegetation surrounding the site is composed of 
Sarcobam vermiculatus (black greasewood), 
Amplex eonferittifolia (shadscale), Tetradymia sp. 
(horsebrush), Ephedra sp. (Momon tea), Suaeda 
fruticosa (alkali seepweed), and grasses. One 
Pituophis melnnoleucus vertebra was recovered 
from Stratnm 5, dating between 19304900 yr 
B.P. (Jennings 1957; Grayson 1988; Mead and 

''an and avian 

CHC, LC, and SCC are within Smith 

Bell 1994). Large screen size was responsible 
for the poor recovery of reptilian fossils (Mead 
1988). 

GRS is located at 23 19 m elevation 
within the pmyon-juniper woodland in Momter 
Valley on the north side of Mill Canyon, Nye 
County, Nevada (Thomas 1983). Three hundred 
tbirty-three reptillan remams were recovered 
&om Strata 1-56 dating between 0-7100 yr B.P. 
One hundred sixty-nine lizard ( 5  genera) and 164 
snake elements (9 genera) were recovered. The 
fossils exhibited evidence of rapmr digemon, 
indicating that raptors created the deposit. 
Coluber constrictor appears to be the only 
extralocal taxon represented (Mead et al. 1983). 
Hanging Rock Canyon is positioned 

northwest of the Calico Mountains, 40 km 
southeast of Vya, Washoe County, Nevada. The 
shelter (30 h southwest of LSC) is located on 
the north side of the canyon at 1725 rn elevation. 
The vegetation consists ofArfemisia mcjentata 
and Chrysothamnus sp. as well as riparian plants, 
Populus sp. (cottonwoods) and Ribes sp. 
(currants) (Grayson and Parmalee 1988). Strata 
2,4, and 5 contained 26 identifiable reptile 
elements (3 Sceloparus species and 5 snake 
genera) and dated to the Holocene; however, the 
chronology was poorly controlled. Sceloparus 
mdgister represents an exaalocal taxon (Mead 
1988; Mead and Bell 1994). 

the north side of Eetur Mountain within the 
Lahontan Mountains. The cave is 15 km 
southwest of Fallon, Nevada (Thomas and Peter 
1985). The vegetation coonsists of Sarcobahrs 
bail& (little greasewood), Ampler canescens 
(four-winged saltbush), and Arfemisia spinexens 
(budsage) (Kelly and Ha&tori 1985). Mead 
(1985) identified 189 lizards (5  genera) and 709 
snakes (9 genera) fmmcave deposits. Most of 
the remains date to less than 8000 yr B.P. 
although a few remains (Pifuophis melanoleucus. 
Lampropeltis cf. zonata, Sauria, and Colubridae) 
date to between 15,000-21,000 yrB.P. 
Sceloporus magister, Lampropeltis g~NlUS, 
Lampropeltis cf. pyromelana, and Lampropeltis 
cf. zonata are extralocal taxa. Phrynosoma 
henrandeddouglasi was found in mixed 
proveniences, and themfore, data for the fossil 
distribution of this species was disregarded. 
Phrynosoma hernandezUdouglasi lives in higher 
elevations in the mountains near the cave today. 
The most important mode of bone accumulation 
appears to be raptor roosting (Mead 1985). 

HC, at 1251 melevation, is located on 
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LSC is located just nortb and 20 hn 
above Hell Creek in Humbolt County, Nevada 
and sits at 1646 m elevation. Nearby vegetation 
consists of Ahipiex cf. canescem, 
Uuysorhamntu sp., and AMnrisia fri’denrata 
(Grayson 1988). LSC produced 64 identi6able 
reptilian specimens, 56 of which were from 
packrat middens. Strata 3 and 4, in which the 
remaining nine specimens were recovered, date 
to between 6000-9000 yr B.P., but unfonunately, 
the siratigraphy was poorly controlled yielding 
an uacertaia chronology (Mead 1988). Seven 
snake generaand one lizardgenus were 
ideati6ed. Lumpmpelris getuIus does not occur 
near the cave today (Mead 1988; Mead and Bell 
1994). 

As noted above, MHC is located in 
north-central Nevada at 2134 m elevation in 
pinyon-juniper woodland. MHC produced 91 8 
lizard and 1063 snake remains, repmcntlng eight 
lizard and eight snake genera. Two OotaphyhLF 
sp. dentaries date to 632C+lO yrB.P. (Cal BP 
7330 to 7230; Beta-145833) and 29,240+350 yr 

(on mannapl bones) cluster around 30,000- 
45,000 yr B.P., but range 6um >S0,000-2000 yr 
B.P. Water transport and predators deposited the 
bone (Hoekett 2001; also see chapters 1-2 
above). Phrynosoma hemandeddouglasi and 
Sceloporiae Type C (most likely representiag S. 
mogkrer) arc extralocal taxa recovered h m  the 
deposit. Thc presence 0fEumeca sp. marks the 
h t  fossil occurrence of this taxon in the Qreat 
Basin. 

B.P. (not cnlibr~t& Beta-145834). Most dates 

SCBC is a natural trap cave, located in a 
bajadaofthesouthanSnskeRangeat 1731 m 
elevation, 8 hn south of Baker, White Pine 
County, Nevada. This cave is miqne in that it is 
a naturalaap cave and the assemblage represents 
a valley-bottnm community (Mead and Mead 
1989). Shadscale and saltbush dominate the 
valley bottom floral community (Grayson 1993). 
The cave deposits produced three lizard (2 
genera) and 3 1 (3 genera) a& remains. Two 
of the reptile-producing layers date to 78W-160 
and 15,100+700 pB.P. As excellatclimbcrs, 
lizardsarelmwrelytobecomnaMaltrap 
victims. Flash floods arc probably regponsiblc 
for the lizard remains within the deposit No 
evidence suggests that raptors created the. 
accumulation of fossils. Phrynosoma 
hernandezVdouglasi represents the only 
extralocal species from this locality (Mead et al. 
1989). 
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Table 53. GWI Basin sites with reptilian mains. 

Site Elevation (m) Radiocarhon Age (yr B.P.) Reference 

1. cwncil Hill Cave (CHC) 
1 b midden 2040 

2. Crystal Ball Cave (CBC) 

3. Danger Cave (DC) 
Stratum V 

1760 

1310 

4. GatecliffRock Shelter (GRS) 
Strata 1-56 2319 

5.  Hanging Rock Shelter (HRS) 
strata 2,4,5 1725 

6. Hidden Cave (HC) 1251 

7. Ladder Cave (E) 
Modem midden 2060 
3 midden 
2a midden 

42201-60 

Q3,000 

1930-4900 

0-7 1 W 

Holocene 

4 O O o  

Thompson 1979; Mead et al. 1982 

Heaton 1985; Mead et al. 1989 

Jennings 1957; Grayson 1988; Mead 1988 

Thomas 1983; Mead et al. 1983 

Grayson 1988; Mead 1988 

Thomas 1983; Mead 1988 

madem Thompson 1979; 
13,2301-110 Mead et aL 1982 
27,280t970 
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Table 53. (continued) 

8. Last Supper Cave (LSC) 
strata 3.4 1646 

9. Mineral Hill Cave (MHC) 

10. Smith Creek Cave (SCC) 
Sediment 1950 
1 midden 
No provenience 

2 layers 1720 

2060 

11.  Snake Creek Burial Cave (SCBC) 

6000-9000 

2000-50,000 

12,600-28,650 
1 1,660+245 
Late Puatemary 

7860+160 
15,1W+7OO 

Grayson 1988; Mead 1988 

Brameom 1976; Thompson 1979 
Mead et al. 1982 

Mead, Heaton, Mead 1989; 
Mead, Mead 1989 
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Table 54. Madem andfossil luarak andsnakesfim the Ore@ Basin. indicatw species not 
currently present in the Great Basin 

LIZARDS 
Cdlisaurus draconoides 
Cnemidophwus sp. 
C. tigris 
Crotophytus sp. 
Crotaphytus collaris 
Eumeces skiltonianus 
Eumeces sp. 
Gambelia sp. 
Gambelia wislizenii 
Phtynosoma sp. 
P. hernandeddouglasi 
P. p l q h i n o s  
Scelopom sp. 
S. graciosus 
S. magister 
S. occidetztalis 
s. d o n r r  
S. unduldoccidentalis 
Type A-small sceloporine 
TypeB-medium " 
TypeC-large " 
Uta stmrrbtrrana 

X 
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Table 54. (continued) 

SNAKES 
Chanita bonae 
Chionactis occipitalis 
Crotalus sp. 
C. viridis 
CoIuber constriktor 
Diadopha punctatus 
Hypsiglena torquata 
Masticophis sp. 
Masticophfs/Colubm 
M. flagellum 
M. taeniatus 
Lampropelhr sp. 
L. getulus 
L pyromelana 
L. trianguluni* 
L. zonata' 
Pihmphis melanoleucus 
Rhinocheilus lecontei 
Sdwdora hexaleph 
Sorrora semiannulata 
Thamnophis sp. 
T. couchii 
T. elegans 

x - - - - - I - -  
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Discussion. Mmeral Hill Cave gives insight mto 
reptilian biogeography in north-central Great Basin 
by providing 918 lizard and 1063 snake fossil 
remains. The lizards include Phrynosoma 
pla fyrhinos and P. hernandzildouglasi, Crotaphyfus 
sp., Gambelia sp., Sceloporine Type A, B, and C, 
Cnemidophorus sp., and Eumeces sp. Phrynosoma 
hernandezifdouglasi and Sceloporine Type C are 
extralocal taxa and Ewmeces sp. marks the tirst fossil 
occurrence of this genus in the Great Basin. The 
snake remains represent eight genera, including 
Charina bonae, Coluber consmcfor, Masticophis sp., 
Pituophis melanoleunrs, Thamnophis sp., Hypsiglena 
forquala, Rhtnocheilus lewntei, and Crotalus sp. 
The fossil reptilian fauna from MHC smongly 
represents the modem herpetofauna of the MHC area. 
Of the seven lizard genera inhabiting the MHC area, a 
rmnimUm of six of theee genera were recovered and 
of the eight snake genera occurring near MHC, eight 
of these genera were identified. Two radiocarbon 
dates on two Crotuphyfus sp. dentaries dated to 
6350+40 (Cal BP 7330-7230; Beta-145833) and 
29,2402350yrB.P. (not calibrate4 Bets-145834; 
Table 55). 

Faunal Interpretation. Although modem 
distributions of Lizards and snakes in the Great Basin 
are understocd, knowledge of late Pleistocene and 
Holocene distribution is poor. Prior to any studies of 
Great Basin fossil herpetofaunas. Tanner (1978) 
examined modem distributions of Great Basin 
amphibians and reptiles and suggested that they were 
formed after the close of the Pleistocene. However, 
the discussion of late Pleistocene sites demonstrates 
that most modem day distributions were established 
by at least the end of the Pleistocene if not earlier. 
Clearly, more well dated sites that mclude reptilian 
fossil assemblages from a variety of taphonomic 
settings @chat middens to cave deposits) and from 
a number of Merent ecolog~cal settings (valley 
bottoms mto higher elevations) need to be studied to 
better resolve Quaternary herpetofaunal distribution 
patterns. 

The known late Pleistocene reptilian 
comuuity appears quite similar to the modem 
community. However, two lizards (Phrymsoma 
hernandeddouglasi and Sceloporus magister) and 
four snakes (Lampropeltis iriangulum, L. zonata, L. 
genrlus, and L. pyromelana) enjoyed extended ranges 
m the late Pleistocene and early Holocene. 
Phrynosoma hernandezi'douglasi was found as far 
south as SCBC between 8-15,000 yr B.P. and also 
occured in MHC, SCC, LC, and CBC. Thus, the 
distribution of P. hernandeddouglasi apparently 
extended W e r  south in the late Pleistocene (Fig. 
5 1). Sceloporus magister was found as far north as 
MHC, SCC, and on the eastern side of Nevada in 
HRS and HC. Scelopom mngisrer 's northem range 
extension occurred at least by the late Pleistocene; 
however, in the northeastern portion of Nevada, it 
was still present in the mid-late Holocene (Fig. 72). 

the Great Basin fossil record was expected based on 
their modem distributions. Exceptions include 
certain species of Lampropeltis, such as L. zonata, L. 
gefulus, L. friangulum, and L. pyromelana (Fig. 73- 
76). Lampropeltis zonata, L. gefulus, and L. 
pyromelana were all identikd from Hidden Cave. 
Lampropeltis zonata presently lives west of the cave 
m California inhabiting moist forests and L. getulus is 
distributed in the southern half of Nevada living in a 
variety of habitats. Lampropeltis pyromelana, a 
mountain dweller, survives as a disjunct population in 
the Snake Range. Lampropeltispyromelm and L. 
triangulum were rezovered from SCC. Lampropeltis 
friangulum occurs just outside the Great Basin in 
Utah inhabiting a variety of habitats. Both species 
had a more northern and westcm disnibutional 
extension into the Great Basin in the late Pleistocene 
(Mead and Bell 1994). Masticophisj7ageIlum wae 
recovered from SCBC but lives just south of the cave 
today. Coluber consfricfor was recovered from GRS 
but lives just north of the cave today. The. presence 
of these taxa may indicate either raptor transport or a 
slightly expanded range in the past 

The presence of most of the snakes reported from 



Table 55. Luards and S M ~  reOcOYeredfrOm MHC. The abundance of each taxon are given for restpits 
3. 4, and 6. 

TP3 TP4 TP6 

LIZARDS 
Crotaphytidae 
Crotophytus sp. 
cf. Crotaphytus 
GambeIia sp. 
cf. Gambelia 
Phrynosomlidae 
Phrynosoma sp. 
P. hernand&dougIasi 
P. platyrhinos 
P. cfl platyrhinos 
P. platyrhinodmodeshm 
Type A-small sceloparine 

TypeGhge " 

Eumeces sp. 
Cnemidophow sp. 
S a d  
TOTAL 

TpB-mcdium " 

SNAKES 
ulorina bonae 
Coluber constrictor 
HvpsigIena toquata 
Masticophis sp. 
Masticophis/CoIuber 
Pituophis mekanoleucus 
cf. Pituophb 
Rhinochellus lecontei 
Thamnophh sp. 
Colubridac 
Crotalus sp. 
cf. Crolalus 
scrpartes 
TOTAL 

34 
20 
8 
3 
2 

14 
4 
1 
3 
0 
0 

14 
78 

1 
1 
7 

408 
609 

2 
12 
7 
0 

27 
38 
54 
4 

24 
180 
19 
0 

206 
513 

3 
0 
0 
0 
I 
0 
1 
0 
0 
0 
0 
0 
0 
0 
0 
0 
17 
22 

0 
1 
0 
1 
5 
5 
2 
0 
1 

11 
0 
0 

18 
44 

20 
50 
6 

10 
1 
9 
2 
0 

13 
3 
1 
1 

23 
1 
0 
0 

170 
310 

0 
1 
0 

14 
3 

126 
92 
0 
9 

83 
22 
4 

67 
421 

127 
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Figure 72. Disnibution map of Scelopom magister. Solid circles mark type localities and open circles indicate 
other records. Stars sign13 late Pleistocene fossil localities within its modem distribution. Modifedlkrn Pa* 
(1982). 

Figure 73. Distribution map of Lampropeltis zonata. Solid circles mark type localities and open circles indicate 
other localities. Takenftom Zwefel(1974). 
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Figure 74. Distribution map of Lampropeltis getulus. Modified from Stebbins (198s). 

Figure 7s. Disnjbution map of the western subspecier of lampropeltis hiangulum Modifiedfiom William (19941. 
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Figure 76. Distribution map of Lampropeltis pyromelana within the four corners. Solid circles indicate type 
localites and the open circles mark other localities. The stars represent late Quaternary fossil sites. Modifiedfiom 
Tanner (1983). 

Paleoecology. Climatic inferences should not be 
based solely on reptiles, but should include analyses 
of the entire floral and faunal assemblage. Assuming 
their habitat preferences have not changed, the 
presence of exhalocal taxa indicates a different 
climatic regime. For example, at HRS, Sceloporus 
magister and Ochotona princeps, both exhalocal 
species, are found withii the same unit. The co- 
Occurrence of these species would suggest a more 
equable climate. Survival of Sceloporus magister 
requires winters no colder than today, while 0. 
princeps needs cooler summers to survive (Mead and 
Bell 1994). Disharmonius reptilian and mammalian 
communities are possibly present at MHC. 
Unfortunately the mixed sediments at MHC preclude 
assumptions that S. magister. Phrynosoma 
hemandeddouglasi, P. platyrhinos, and 0. princeps 
lived contemporaneously in the local community. If 
these fossil assemblages reflect actual community 
composition, the late Pleistocendearly Holocene 
climate could be inferred to be more equable than 
today. More aridity with colder winters and increased 
seasonality during the mid-Holocene could drive 
these communities to disintegrate, leading to their 
modern disaibutions (Mead 1988; Mead and Bell 
1994). 

snake species live in the floristic Great Basin today. 
Several taxa that inhabit the Great Basin today are 
either absent or poorly represented in the fossil 

Eleven of the 12 l i d  and 11 of the 18 

record. Callisaums draconoides, Eumeces, Charina 
bottae, Diadophis punctalus, Sonora semiannulala, 
and Salvadora are rare in the Great Basin fossil 
record. Callisaurus draconoides, which lives today 
in the south and southwestern portion ofNevada, has 
never been reported as a Great Basin fossil (Fig. 77). 
However, the only fossil locality withiin its range 
(GRS) does not include the scantily vegetated open 
desert wash or hardpan habitats that C. draconoides 
currently prefers (Stebbins 1985). Furthermore, the 
preferred habitat of low elevation, sandy or gravelly 
desert washes was most likely covered during much 
of the Pleistocene by pluvial lakes, which would have 
prevented colonization of Callisourus draconoides 
until the lakes disappeared sometime during the 
middle Holocene (Mead pers. comm.). Mead et al. 
( 1984) found C. draconoides from Deadman Cave in 
southern Arizona, which comprises its only bown 
late Pleistocene-Holocene Occurrence. It is possible 
that the morphological similarity of medium-sized 
sceloporine skeletal material has hampered 
researchers recognizing fossil C. draconoides. More 
low elevation, late Pleistocene-Holocene sites in the 
south and southwestem portions of the Great Basin 
need to be surveyed in order to determine when C. 
draconoides established its modern distribution. 
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Figure 77. Distribution map of 
Callisaurus draconoides. Modified 
from Stebbins (1985). 

Eumeces sp. has only been recovered from 
MHC. Although Eurneces skiltonianus occurs today 
throughout most of the Great Basin, its occurrence is 
spotty (Fig. 78). It can be encountered on rocky 
slopes bearing Artemisia hidentutu or Junipem 
u.mbemk from 1378-2134 melevation; however, it  is 
most abundant in the cooler, higher elevations of 
some mountain ranges. Eumeces skiltoniunus has a 
discontinuous distribution in the Great Basin as a 
consequence of the basin and range geomorphic 
setting (Tanner 1957. 1988). The habitat most likely 
to support a Eumeces population has not been 
prospected for fossils, with most known fossil sites 
occurring in pinyon-jumper woodland or valley 
bottom. However, the data indicate that the late 
Pleistoccnccarly Holocene climate was more 
equable, which would seem to favor the preferred 
habitat of Eumeces at lower elevations. One 
possibility for their scarcity lies with their secretive 
nahlre. Skinks arc d i d  but rarely seen (Stebbins 
1985); therefore, they are possibly not a common 
prey item, and thus would not be found in 
accumulations made by predaton. 

D i d p h i s  punctum, Sonora semiunnulata. 
Salvdara. and Charina botfue are also rare as fossils 

UI the Great Basin. This might be e collcctiong bias 
resulting from the use of screens that are too large to 
recover some of the d e r  snake species at some 
fossil localities (i.e., DC). Diadophrrpunctafus has a 
lirmted distriiution in the Great Basin along the 
Nevada-Utah border (Fig. 79) as does kmpropehls 
pyromelunu. In the West, this seldom seen s& is 
restncted to mountains unless water courses are 
available, which then enables the snake to b e n d  to 
730 m elevationinto desert areas (Stebbins 1985). 
Diadophis punctohls, a crepuscular snake, is often 
found under rocks or logs (Hammerson 1999). The 
modem distribuhon appears to support the 
mterpretation ofBrown (1971,1978), who argued 
that the &hibution of small mammals on the Great 
Basm mountain ranges resulted in extinction rather 
than immigration. He chimed that these muntaias 
had experienced greater colonization during &e late 
Pleistocene when habitat bridges connected the Sierra 
Nevada and Rocky Mountains. Holocene extinctions 
followed when boreal habitats became restricted to 

m small mammals today in the Great Basin. Grayson 
(1987) and Thompson and Mead (1982) Iiutber this 
discussion by prowding spcoif~c examples of small 

mountaintops, creating the diseibutianal patterns seen 
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mammal bicgeography. Based on Brown (1971, 
1978), D. p u n c t a  should have enjoyed an extended 
range during the late Pleistocene, and then retreated 
to higher elevations with the increasing aridity and 
seasonality of the middle Holocene. However, no 

fossil evidence of D. p u n c t a  exists to support tbis 
hypothesis. Like Eumeces, the secretive nature of 
Diadophis m y  limit its occurrence as a fossil. 

Figure 78. Distribution map of 
Eumeces skiltonianua The sfars 
mark f m i l  localities. Modifidfrom 
Tanner (1988). 

Salvaobra haalepis have similar 
disuibutions in Nevada, living in the southern and 
wcstera pan of the state (Figs. 80,81). Sanora 
semmiannulata is a secretive, nocturnal snake living 
in arid to semiarid regions, ranging &om prairies to 
thornscrub, pinyon-juniper woodland, and &-pine 
zones. Salvadora haalepis is a diurnal snake living 
in pinyon-juniper woodland, desertscrub, sagebrush 
plains, and grasslands (Stebbins 1985). These taxa 
were only found at the studied Holocene sites, HC for 
the former and GRS and HC for the latter species. 
The secretive, nodumal nature of S. semiannulata 

Figure 79. Distribution map of wwtem subspecies 
of Diadophis punctatus Modpiedfrom Stebbins 
(1985). 

may explain its rare murrence in the fossil record. 
These snakes could be recent invaders into the Great 
Basin, as bas been suggested for Cdlisaum. "he 
ranges for these three species are quite similar (Figs. 
77,80,81). However, Salvahra and Sanora arc legs 
restrictive in their habitat preference than 
Callisaurus. More Pleistocene sites should be 
excavated within the modern ranges of these two 
snakes in order to understand their foJsil history more 
Illy. 
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Figure 80. Dismhion map of Sonora semiannulets Modifidfiom Stebbins (1985). 

Figure 81. Dism&uion map of the subspecies of Salvadora hexalepis. Mod9edfrorn Stebbins (1985). 
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Gharina bottae, a no*umal snake, lives in 

the mtthm portion of Nevada in montane riparian 
habitats h m  sea level to 3050 m elevation and is 
typically found under rocks or logs (Fig. 82; Behler 
and King 1998). Prmmably, the preferred habitat of 

C. bonae (like Eurneces and Diadophis) expanded 
during the late Pleistocene and thus the range of 
Charina would have extended into lower elevations, 
but fossil remains of C. borne have only been 
reported MHC and HRS. 

Figure 82. Disrn'buhn map of Charina bottae. Modifidfiom Stewan (1977). 

Qpically, Charina. Diadophis, and 
Eumeces inhabit montane riparian areas. Since these 

middens, and cavefill of the large walk in caves, other 

Mead @em. conm~ 2002) found Bassariscus asturn 
(ringtail cat) dung from Weepmg Cliffs in the Grand 
Canyon. Within the camivom dung, Sandy Swift 
(pers. comm 2002) identified Lepforypholps (blind 
make), Scaphiopus (spadefoot toad), and 
Dipsosaurus (desert iguana), all of which mark the 
first fossil occumnee in the Grand Canyon 
u n f o ~ t e l y ,  carnivores tend to hsvily brcalr and 
etch bone e digestion, and tbmfore, the 
preservation quality can be poor (Andrcws 1990). 
Small carnivores have the ability to tind md eat 
particular taxa that are rare in the diets of larger 

taxa are coas is~t ly  rare in raptor roosts. packrat 

settings need to be surveyed. sandy swift and Jim 

predators because of their small size and 
maneuvnability. In order to find these rare taxa in 
the fossil record, small carnivore dens might prove to 
be an informative tool. 

Negative evidence does not n e c e d y  
man that the animal did not inhabit the ana intbe 
past. However, ifparticular taxa are ConSiStdy 
absent in fossil deposits then either sampling 
protocols need to be improved or the taxa are indced 
late mvaders into the Gnat Basin. Sampling 
protocols could be improved by using the appropriate 
screen size, ensuring recovq of all reptile rcmaias. 
Furthennore, prospecting localities to answer npecfic 
reptilian rescarch questions wil l  provide tk necded 

biogeography in the Great Basia 
unhtauding of fmsil hrrpetofsunas and their 



Condualon. Minual Hill Cave is unique in the 
location and age of the depsits. Miaeral HiU Cave is 
the only cave in northamal Nevada that has been 
studied for its paleontological significance that dates 
to the Pleistocene and into the Holocene. The rich 
reptilian fauna provides evidence of the past 
occurrence of two extralocal species (Phrynosoma 
hornandeddouglasi and Sceloporine Type C) and the 
first fossil occurrence of Eumeces sp. h m  the Great 
Basin. The prrrence of extralocal taxa and possibly 
dishmonious assemblages suggests a &&rent 
climatic reghe. one apparently mare equable than 
today. Evidence implicates predation and water as 
the taphonomic agents that formed the MHC deposit. 

"he identitication to species &om 
disarticulated skull elements is difficult in any lizard 
p u p ,  but the sceloporines are especially 
problemtic. Little is knovm of the gwgraphic and 
ontogea*io skektal variation withia this group. 
More q d t a t i v e  and qualitative analyses should be 
perf-d on single skull elements so identification 
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to species may be possible. This effort in hun may 
allow researchers to fiumer the study of fmil 
herpetofnunas. 

Great Basin, all but two are located on thc eartcm or 
western portion of the Great Basin. The central 
corridor through the Great Basin has bean largely 
ignored. An overview of the other reptile producing 
sites in the Great Basin indicates that very little is 
known of their biogeography of rqtiles over the past 
millenia. The fauoa from MHC be- to fill in the 
gap of our knowledge for the noah-central Great 
Basm at the Pleistocene-Holocene transition. In 
order to understand when modem distributions were 
established, a variety of localities should he sought 
out (Le., lacustrine, packrat middens, naW traps, 
valley bottoms to the higher elevations) that will 
bopelidly date to different ages and may provide 
more insight into fossil herpetofpunas and the 
biogeographic history of modem reptiLes. 

Eleven reptile-producing sites exist in the 
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CHAPTER 7 

Mineral Hill Cave Avifauna 

Steven R. James 

Thc Mineral W Cave avifaunal assemblage 
is very sigoiiicaut for our understnuding of the 
disaintion of some Late Pleistocene and Holocene 
birds in the Great Baain and elsewhm in western 
Noah America for at least three reasons. F- most 
spccimns are very weU-preserved for a wet cave, 
upccially those recoveted from the rear of the cave 
in Chamber 5. Second, very early AMs radiccarbon 
dates were obtained on individual bone specimens for 
Scversl of the identified species. Third, the 
radiocarbon dates may be the first and earliest direct 
dates for five avian species movered firom a late 
Pleistocene paleontological locality in North 
America. 

In total, 68 avifwnal specimens wpresenting 
6 orders, 8 families, and at least 14 species were 
idmtified from the MmmI Hill Cave deposits (Table 
56). This chapter pnsents the descriptive redo of 
the avifaunal uralysis. These data should be 
wnsideredpreliminstyatthis tim, as funhcr 
resezvch on the avifaunal assemblage is in progress. 
In addition, data on the distribution of the late 
Pleistocene avifauna &om other sites in western 
North America that is presented below should be 
considered preliminary in light of more recent 
paleontological and archaeological literature. 

Taxonomic identifications an based on 
COII~W~SOM of the Mineral W Cave avifaunal 
material with modem d o r  extinct comparative 
Spccimns at the Musem of Vertebrate Zoology, 
University of California at Berkeley; Musnrm of 
NorthemArizoluinFlagstaff@articularlythe 
Hargrave G~Ucetion); and the George C. Page 
Museum at Rancho La Brea in Los Angelcs, which is 
parl of the Naausl History Museum of LOJ Angeles 
County. Determinations are to the species level 
whenever possible; approximate identifications are 
indicated by cf. (i.e., compares favorably with) 
followed by the genus d o r  species name. 
Additioual abbreviations used in this chapter are as 
follows: * - extinct species; AMs - accelerator mass 
spectro~~~ter (for G14 dates); G14 - radiocarbon 
date; Spec. No. = Specimen Number; SR = Stafford 
Research Lab, Inc. (G14 dates); BP = yeom before 

present (uncalibrated C-14 date). 

Table 56. Avrauna idenhwjiom Mineral Hill 
Cave. 

Common and klentlfk Nama I NISP 
Tundra Swan (Cygnus columbianus) I 1 

NISP =Number ofldentified Specimens (i.e,, bone 
corns) 
*based on comparison with ppecimens at Page 
MuseUm 



Class Avea 

Order Anseriformes 

Family htidae 

Cygnus columbionus 
TundraSwan 
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MATERIAL RECOVERED. Onc scapula 

C-14 AGE. TP2-I 1-2 [29,180 f 190 BP (SR- 
5 4 0 9 ~  

DISCUSSION. Tundra swan (Cypur 
columbionus) is represented by a single scapula that 
was recovered from TP2. The specimen is mineral- 
stained a gray color. The AMs radiocarbon date of 
29,180 f 190 BP (uncaliited) on the scapula 
elemnt may be the 6rst and eartieat direct date fa 
CLgnus wlumbianus from a late Pleistocene 
paleontological locality in North America. 

Although relatively ran in late Pleistocene 
cwtexts in western North America, a few specimens 
assigned to this species were identitied from the 
Rancho La Brea and McKituick tar pits in southern 
California (Miller and &May 1942:82). However, 
no Cygnus specimns were reported from Smith 
Cnek Cave in easternNevada (Howard 1952). 
Further rescarch of more recent literature is needed to 
better detexmine the late Pleistocene dismiution of 
tundra swan in western Noah America. 

Order Accipitrifonms 

Family Accipikidae 

Indeterminate Large Accipitridae 

MATERIAL RECOVERED. One 
cprp-tacprpus 

C-14AGE. unlrnown 

REMARKSANDDISCUSSION. A d  
6qgment of a lei? proximal cupomtsuupus shaft 
resembles golden eagle (cf. Aquila chrysaetos), but 
could Mt be assigned with Ceashty. The element 
could be from another large accipiter such as bald 
eagle or perhaps an extinct late Pleistocene species. 
The specimen (TP3-212) was recovered from TP3. 

Aquila chrysaetos 
GoIden Eagle 

MATERIAL RECOVERED. One 
mometatarsus. 

C-14 AGE. TP3-187 [38,65Of 530 BP (SR- 
5410)l. 

DISCUSSION. The MHC avifauaal assemblage 
contains a single, nearly complete tarsosmtatmu 
from a golden eagle (Aquila chrysaetos). Thc 
specimen (TP3-187), which was recovered h m  TP3, 
is relatively flesh rt appearance, but slightly mineral 
started in a few places. Measurements of the 
specimen arc as follows: Total Len* 92.9+ ~IIIO. 

(lacks proximal arhcdating surface); proximal 
Width: 19.2+ mm (lacks proximal articulstiag 
surface); Distal Width: 23.8 mm. The AMS 
radiocarbon date of 38,650 f 530 BP (SR-5410) may 
be the first and earliest direct date for golden eagle in 
NolthAmrica. 

In late Pleistocene contexts in western North 
America remains of golden eagle arc extmmly 
common in the southem California tar pita at Rancho 
La Brea, McKimick, and Carpinteria (Mia and 
DeMay 1942:lOl-102). Infact, StockandHsrris 
(199260) remarked "This species occurs more 
abundantly at Rancho La Brea than any othn bird, a 
census indicating in excess of 1,OOO individuals in the 
Page Musnrm collection." Oddly cnougb, golden 
eagle was not reported h r n t h e  late Pleistocclv 
Sierra Nevada cave ofHaww, Potter Creek, and 
Samwel (cf. MiUer and DeMay 19426243). but the 
species was identifed in Smith Creek Cave in eastem 
Nevada (Howard 1952). 

Butea jamaicensis 
Red-tailed Hawk 

MATERIAL RECOVERED. One tibiotarsus, one 
p r o d  tarsometatarsus, one distal taFJomtatarsus 
(the latter two specimens from separate teat pits refit 
on an old break) 

C-14 AGE. UnlmOWn 

DISCUSSION. The thtee specimens assigned to 
red-tailed hawk (Buteojamuicemis) were recovered 
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in thee separate test pits within MHC-TPla, TP3, 

TP3-425) are the proximal and distal portiom 
respectively, of the ~lllltlc tsr~~mtataraus h m  two 
adjacent test pita in Chamber 5 that refit along what 
appears to be anoldbnal. This is important h m a  
tapbonomic standpoint, indicating that the two 
spceinrns were displaced in the cave deposits at 
sometim in the past. For this reason and given their 
vertical ad horizontal spatial separation, the 
elements are counted here as two specimeus. AU 
thee red-tailed hawk elcmnts are well preserved. 

Red-tailed hawk is relatively common in late 
Pleistocene contexts in western No& Amrica. For 
example, the species was reported h m  the three 
southem California tar pit localities (Rancho La Brea, 
McKittrick, and Carptnteria) and Potter Creek Cave 
in nortbem Califomia (Miller and DeMay 1942:97), 
as well as Smith Creek Cave in eastern Nevada 
(Howard 1952). 

aUd v4. b W R ,  tW0 Of the Ppefh3lS (Tp4-5 and 

Butwgallus h g i l i s  
Fragile Eagle 

MATERIAL RECOVERED. One coracoid. 

C-14AGE. lmlmown 

DISCUSSION. A w e l l - m e d ,  nearly COIUP~& 
coracoid specimen (TP3-187) is identified as an 
extinct apecia of late Pleistocene hawk known as 
fngile eagle (Butwgallus~gilis). Identification of 
the MHC rpccimcn is based on comparisons with late 
Pleistocene apechnms recovmd from the Rancho ~a 
Brcp tar pits, which are stored at the George C. Page 
M u ~ y m  in Loa Angeles. 

As with many of the avifaunal bones in the 
MXC assemblage, this coracoid is unfossilized and 
femnrkably '%esh" in appearance. The specimen was 
w e r e d  born TP3, With regard to taphonomic 
processes, portions of the proximal and distal ends of 
the coracoid exhiiit edge damage that suggests the 
specimen was broken into by the beak of another 
raptor during consumption of the upper wing and 
breast meat. I have observed similar marks on the 
elements of black-tailed jackrabbits (Lepus 
calfornicus) in northern Nevada that have been eaten 
by raptors and owls (see also Hockett 1989,1991 for 
a discussion of similar marks). 

species identified, thus far, in the MHC assemblage. 
Fragile eagle is the only extinct avifaunal 

The dismition of this late Pleistocene species is 
mady  known h t n  localities in western and 
southwestern N o d  America This specia was first 
identified as Gerantna~mfragi~is by Miller (191 1) 
fiom the late Pleistocene Rpncho La B r a  tar pit 
deposits m Los Angela County, Californip. Thc 
species was later identified in other California tar pit 
deposits at Carpinteria in Santa Barbara County 
(Miller 1928) and McKittrick in Kem County (Miller 
1935). A detailed list of the literam on &agile eagle 
spec- recovered between 1911 and 1940 from 
these thm southem California localities has been 
published (Miller and DeMay 194299). Other 
synonyms in tlus literahue include Urubiffngafiagilis 
and Hypomorphusfragilis, and the species was 
assigned to the genus Buteo in 1933 (Wetmore 1933). 
Fragde eagle has also been identified in late 
Pleistocene cave deposits at Shelter Cave in the 
organ Mountalas of Domur Ana County, New 
Mexico (Howard and Miller 1933). Fragile eagle bas 
been descnid as "slender-limbed" and is related to a 
d e m  species in the southern United States (Stock 
and Hanis 1992:60), that of Buteo melanolaicus (cf. 
Miller 1925, cited in MiUer and DeMay 194299). 

With regard to the dismiution of fneile 
eagle &om other late Pleistocene localities, the MHC 
spccimenappears to be th k t  recorded Lccoullt m 
thecdandcastcmGreatBasin. Althwgh 
another species of extinct eagle, that of Wiilett's 
eagle (Spiza#tus Willetff Howard 1935), wps 
identtfied in the avifaunal assemblage m v m d  
dunng tbe early 19309 &om Smith Creek Cave in 
White Pine County, costem Nevada, there is no 
mention of fragile eagle (Howard 1935.1952). 
Similarly, hgile eagle was not identifed in the late 
Pleistocene avit%unal assemblages reported from 
Hawver, Potter Creek, and Samwel Caves in the 
western Sierra Nevada, although Miller's eagle 
(Hypomorphus millen], an extinct species, was 
reported h m  Hawver Cave (Miller and DeMay 
194063). Further, in the early 1960s, Brodkorb 
(1964:269) only mentioned the three southem 
California tar pit localities and Shelter Cave in New 
Mexico in the distribution of 6nsgile eagle. 
Examination of more recent literature may identie 
other late Pleistocene specimens of hgile eagle in 
western NoIth America (e.g., see discussion in 
Grayson 1993:168-169,188-189about anextinct 
species of black hawk, Butwgallus [formaly 
Hyponrorphus], h r n  Fossil Lake in Oregon). 



Family Falcomdae 

Fulco mexicanus 
Prairie Falcon 

MATERIAL RECOVERED. Two ulnae, one 
fcmur, one hiiotamu 

C-14 AGE. TP3-192 [>45,200 BP (SR-541 I)] 

DISCUSSION. Four elemem are assigned to 
prairie talcon (Fdco mexiconus) in the MHC avian 
assemblage. One complete ulna (TP3-192) recovered 
fromTP3 at the rear of the cave was submitted for C- 
14 dating. This specimen is very "fnsh" in 
&pemrm, butslightlyminerd staincdm a few 
places. MeasurcmDts of the ulna an as follows: 
Total Length: 82.0 nnn; Proxunal Width: 10.9 mm; 
Distal Width: 7.9 mra These measurements ace 
similnr to three Falw mexieonus specimens that I 
masurrd at the Museum 0fNorthCm Arizona in 
FIagsM. The AMs radiocarbon date of r15,200 BP 
(SR-5411) indicates that the specimeni older than 
the range of C-14 dating. As with other avian 
specimms m the MHC assemblage, this may be the 
h t  and earliest direct date forprpirie falcon in North 
Amcrica. 

Skeletal remains of prairie falcon an connuon in 
late Pleistocene and Holocene sites in westem North 
Aumrica. For example, at Smith Creek Cave in 
White Pine County, eastern Nevada near the Utah 
state l ie ,  prairie falcon was one of the most common 
remains with 117 specimens identified (Howard 
1952). Similarly, of the large falcons recovered fiom 
Rancho La Brea and McKitthck in southem 
California, prairie falcon was the most-us 
(Mill~andDeMay 19423104). 

Falco spamim 
Aumrican Kestrel 

MATERIAL RECOVERED. One coracoid, one 
humenu 

C-14 AGE. MLno~n 

DISCUSSION. Amerioan kestrel (Fulco 
spawerim) is represented in the MHC avifaunal 
BsIKmblage by two elcmnm. Onc specimen (TPlb- 
07-8) was collefted in TPI near the enirauce to the 
cave; it is a well-pwwed left coracoid. The other 
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specimen (TP6-16) is 8 left humnrs recoveffd horn 
TP6, which was also excavated in Chamber 1 hut at 
the rear of this chamber in an alcove. l l i s  specimen 
is not as well-presmed as the other Fdco sponerim 
element From a taphoaomic standpoinf this 
humerus is white in color and appears tohave been 
eroded slightly by either the stomach acids of a 
carnivore and was passed as scat or through 
consumption by an owl, followed by digestion and 
regurgitation as an owl pellet. 

As with prairie falcon, American kestrel is 
relatively common in late Pleistocene and Holocene 
sites m the westem Noah America. The species was 
reported from Smith Crcek Cave in eagtcm Nevada 
(Howard 1952). as well as from many latc Pleiftoeme 
localities in California (e& Potter creek Cave, 
Samwel Cave, Rancho La Brea, McKittrick, and 
Carpmteria miller and DeMay 1942:104-1051). 

Order Galliformes 

Family Phasianidae 

Indctelminaa Phssisnidae 

MATERIAL RECOVERED. One coracoid, three 
humeri, one carpometacarpus, four fcmora 

C-14 AGE. & o m  

DISCUSSION. Most of these elements am similar 
to sage grouse and could tentatively be assigncd to 
this species. However, blue grow (Ddragapus 
obs-) ador  sharptailed grouse ( w u c h u s  
phanonellus) might be repmmted in 80111c of these 
specimens. In addition$ two of the femors (TP4-4 
and TP2-SL9) are quite large, suggesting either that 
the spechem are from a large male sage grouse or 
that the species was mre robust during the late 
Plelstocene. Alternahvely, the specinma could be 
from an extinct late Pleistocene species of grouse. 
Further comparative research is noeded on these and 
the other grouse specirrms in the MHC avifaunal 
assemblage. 

Thc distribution of sage grouse and blue 
grow is discwed below. With ngard to ahup- 
tailed grow, historically the species may have 
lnhabited the extreme northern edge of Nevada, but 
their modem disnibution does not include this state 
(Johnsgard 1973:Figure 32). Sharp-tailed grouse 
inhabit "open expanses of short grass prairie" 
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(Parmalee 1992:312). Parmalee (1992:312), citing 
Wehnore (1959180), indicates that it is difficult to 
separate sharptailed grouse and greater prairie 
chicken (l)wpanuchus cupido), except for the pelvis. 

As wth sage grouse (CenrrOcercus umphusianus) 
(see below), sharptailed grouse is absent h m  late 
Pleistocene avihnal assemblages from the malor 
caves and tar pits localities in Cahfornia (cf. m e r  
and DeMay 1942105-106). However, a few 
elemnts were tentatively assigned to this species 
(listed as Pedioecetesphasianellus?) in the Smith 
Creek Cave assemblage (Howard 195254). 

cf. Dendragupus obscurus 
Blue Grouse 

MATERlAL RECOVERED. Six humeri, one 
Carpometacarpus 

C-14AGE. U&IOWO 

DISCUSSION. Blue grouse (Dendragupus 
obscurus) is tentatively represented in the MtIC 
avifaunal assemblage by seven elements. Six of these 
specimens were recovered from TP3, and one 
specimen c m  from TP6. The identification of these 
specimens as blue grouse compares favorably with 
modem comparative material in the Museum of 
Northern Arizona. However, furtkr comparative 
research needs to be conducted on the blue grouse 
and sage grouse specimens from MHC in order to 
better discern characteristics for separating the two 
species. 

inhabit the higher elevations of northeastem Nevada 
(Johnsgard 1973:Figure 24). In late Pleistocene 
localities in Womia, blue grouse was identified at 
Samwel and Potter Creek Caves in the Sierra Nevada, 
but it was not represented in the southem Califomia 
tar pit sites (Miller and DeMay 1942:105). Oddly 
enough, blue gmuse waa not idenhfied from Smith 
Creek Cave (Howard 1952:54), and I would expect 
the species to have been present at that locality ln the 
late Pleistocene. 

In their modem distribution, blue grouse 

carpometamp~, three femora, two tibiotarsi, four 
tarsometatami 

C-14 AGE. TP6-4 [4,660 40 YBP (SR-5414)]. 

DISCUSSION. A total of 27 grouse elemnts in 
the MHC assemblage is assigned to sage grouse 
(Centrocercus urophusianus). The majority (21 
elements, 77.8%) were recovered in TP3 in Chsmbcr 
5 at the rear of the cave. Distribution of !he other 
sage grouse specimens is as follows: TPla (3), TP2 
(1). and TP6 (2). Based on these results, sage grouse 
IS the most common bird species represented in the 
MHC avifaunal assemblage, which similarly 
c o v e s  with other late Pleistocene localities in the 
Great Basin, especially Smith Creek Cave as 
&cussed below. 

The sage grouse element that was snbmitted 
for AMs dating is a single coracoid (TP6-4) that was 
recovered from TP6 in the k t  chamber within MHC. 
The specimen IS slightly mineral stalned but 
otherwise well preserved. Measurements for the 
coracoid ace as follows: Total Le& 68.6 mm; 
P r o d  Width. 14.0 mm; Distal Width. 15.7+ mm. 
Slnce the specimen is slightly larger than the other 
sage grouse coracoids in the Museum of Northern 
Anzona comparative collection, this suggests that it 
might be &om a male. Although this s p e c k n  
looked older than some of the other avifaunal remains 
in the MHC assemblage due to its mineral stained 
appearance, a late Pleistocene (2-14 date was 
expected. However, a mid-Holocene AMs date of 
4,660 & 40 YBP (SR-5414) was obtained on the 
specimen 

The modem distribution ofsage grouse 
lncludes eastern Nevada (Johsgard 1973:Figure 22). 
Its mstribution in western North American generally 
coincides with the presence of sagebrusb (e.g., 
Artemisia hidentutu) (Johnsgard 1973:157). In late 
Pleistocene localities, sage grouse was identified h m  
Smith Creek Cave in eastem Nevada, where it was 
one of the most c o m n  avifaunal remaim in the 
assemblage with 122 specimens (Howard 1952). In 
contrast, sage grouse is absent firom the major late 
Pleistocene caves and tar pits in California (cf. Miller 
and Day 1942:105-106). 

Cennocercus urophasianus 
Sage Grouse 

MATERIAL RECOVERED. Four coracoids, six 
scapulae, one humerus, four ulnae, three 



Order Columbiiormes 

Family Columbidae 

Zenaida macroura 
Mourning Dove 

MATERIAL RECOVERED. Two humeri, one 
ulna, one carpometacarpus, one pelvis, one femur 

C-14AGE. ualmown 

DISCUSSION. Mourning dove (Zenuidn 
macroum) is represented by SIX elements in the MHC 
aviiiunal assemblage. AU but one specimen came 
h m  TP3. The other specimen, a left humerus 
(TPlb-Wl), wasrecoveredfromTPlbinthefirst 
Chamber. 

Mourning dove has been recovered in late 
Pleistocene and Holocene sites in westem North 
America. At Smith Creek Cave in Rastern Nevada, 
the species was represented by only one specimen 
(Howard 1952). The reason for this may be due to 
the lack of screening during excavations of the cave 
in the 1930s. At late Pleistocene localities in 
California, s d  numbers of murning dove elements 
were recovered from Rancho La Bra and McKithick 
(Miller andDeMay 1942:lM-105). 

Order Strigiformes 

Family Shigidae 

Asia flammeus 
Short-eared Owl 

MATERIAL RECOVERED. One ferrrm 

C-14 AGE. TP3-193 [>44,900 YBP (SR-5412)] 

DISCUSSION. Short-eared owl (hioflammew) 
is represented in the MHC assemblage by a single, 
nearly complete femur, which was recovered !+om 
TP3. Measurements for the femur (TP3-193) are as 
follows: Total Length: 56.4 mm; Proximal Width: 9.7 
nnn; Distal Width: 9.8 mm Since the specimen is 
relatwely k s h  in appcamce with slight mineral 
staining, the antiquity of the element was not 
expected The AMs radiocarbon date of M.900 
BP (SR-5412) indicates that this shortared owl 
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specunen is oldn than the range of C-14 dating. 
Once again, as with most other avian specimDs in the 
MHC assemblage that were G I 4  dated, this may be 
the first and earliest direct date for s h o r t 4  owl in 
North America. 

North America, short-eared owl has been reported 
from Rancho La Brea, but was not recovered in the 
well-known Sierran caves or other tar pit 10csti0~ 
(e&, McKiUxick and Cqinteria) discussed by Miller 
and DeMay (1942: 1 19). In eastern Nevada, Asia 
flammew was identified from a few elemen@ 
recovered from the early 19309 excavations at Smith 
Creek Cave (Howard 195254). In southeastemNew 
Mexlco near Carlsbad, a single element was 
tentatively identified as short-eared owl in the 
assemblage from Dark Canyon Cave (Howard 
1971:Table 1). 

In late Pleistocene localities in westem 

Order Passerifomes 

Family Tyrannidae 

Gymnorhinus cyanocephala 
Pinyon Jay 

MATERIAL RECOVERED. Two carpomrtacarpi 

C-14 AGE. unknown 

DISCUSSION. The two carpometacarpi elements 
(TPlb-013-1 and TPE-13) assigned to pinyon jay 
(Gymnorhinus cyunocephala) were recovered from 
two separate test pits, that of TPlb and TP6, which 
are both located in Chamber 1. Both specimens are 
well-preserved and represent right and left elements. 

Pinyon jay has not been reported frommany 
late Pleistocene locahties in western Noah America. 
A single element of an unspecified jay was identified 
from the early 1930s excavations at Smith Creek 
Cave m eastern Nevada (Howard 195254). In early 
Holocene contexts, only one element of pinyon jay 
was reported from Stratum 1 at Hogup Cave in 
northwestern Utah (Parmalee 197OTable 1). 
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Corvus carax 
Common Raven 

MATERIAL. RECOVERED. One 
c a r p o m p ~ a r p ~  

C-14 AGE. TP3-424 [45,800 i 1,300 YBP (SR. 
5413)] 

DISCUSSION. Common raven (Corvus corm) in 
the MHC avifaunal assemblage is represented by a 
single complete carpometacarpus, which was 
recovered from TP3. Although fairly well-preserved, 
the spedmen has mottled dark spots from mineral 
staining. Measurements for the carpometacarpus are 
as follows: Total Len& 71.3 nrm; Proximal Width: 
14.6 mm; Distal Width. 14.5 nun. The AMs 
radiocarban date of 45,800 * 1,300 BP (SR-5413) 
may be the fmt and earliest direct date for c o m n  
raven in North America 

With regard to other late Pleistocene sites m 
western North Amenca, C o w  carax is commonly 
represented at a number of localities, such as Rancho 
La Brea, McKithick, Carpinteria, and Del Rey Hills 
in southern California, and Hawver Cave in northern 
California (Miller and DeMay 1942: 124). Other late 
Pleistocene localities with common raven include 
Smith Crwk Cave in eastern Nevada (a few elements, 
Howard 195254) and Dark Canyon Cave in 
southeastern New Mexico (10 elements, Howard 
1971:Table 1) to list just a few. Early Holocene sites 
m the Great Basin where common raven have been 
reported include Hogup Cave (Stratum 1, one 
element, Parmalee 197O:Table 1). 

Pica pica 
Black-billed Magpie 

MATERIAL RECOVERED. One 
carpo=t=wm 

C-14AGE. unknown 

DISCUSSION. Black-billed magpie (Pica PZCQ) IS 
represented in MHC by a single, very well-preserved 
complete left carpometacarpus. The specimen (TP3- 
227) was recovered hmTP3 .  

In late Pleistocene contexts in western North 
America, remains of black-baed magpie have been 
identified from a few sites, which include Smith 
Creek Cave in eastern Nevada (1 unspecified 

element, Howard 195254). However, only yellow- 
billed magpie (Pica nuitah) has been ibtified from 
Rancho La Brea and Carpinteria in southern 
California (Miller and %May 1942:123; Stock and 
Harris 199288). In the eastern Great Bash, early 
Holocene sites that have recovered black-billed 
magpie include Hogup Cave (five elements, Pamvllee 
197OTable 1). 

Family Museicapidae 

Turdus migraionus 
American Robin 

MATERIAL. RECOVERED. One humerus 

C-14AGE. 

DISCUSSION. The MHC avian assemblage 
contains a single, complete right humerus from 
Amencan Robm (Turdus migraton'us). This well- 
preserved specunen (TP3-228), which was recovered 
from TP3, exhibits a light gray mineral stam. 

Only a few remains of American robin have been 
reported from late Pleistocene localities in western 
North Anmica. These localities include Smith Creek 
Cave m eastern Nevada (1 unspecified element, 
Howard 195254) and Capinteria near santa Barbard 
m southern Califorma (a few unspecified elements, 
Miller and DeMay 1942:127). As of the early 1940s, 
Amencan rohm had not been reported h m  Rancho 
La Brea (Miller and DeMay 1942:127), but it has 
been identified smce that time (Stock and Harris 
1992:88). 



CHAPTER 8 

A Late Pleistocene Record of Humboldt Cutthroat Trout (Oncorhynchus clarki subsp.) 
from Mineral Hill Cave, Northeastern Nevada 
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Jack Broughton 

Only two fish specimens were recovered fmm the 
Mineral W Cave deposits: two mostly complete 
centra h m  the caudal vertebrae of a large salmonhe. 
Although a species-level idenhfication can not be 
made for these specimens on osteological criteria, the 
established ranges for Great Basin salmonines, 
including fossil histories, suggest those materials 
represent Humboldt cutthroat trout (Oncorhynchus 
clarki subsp.). The agent of deposition of these 
remains is unknown, but the fish most likely 
originated from Pine Cmk, a tributary of the 
Humboldt River, now located approximately six 
miles (10 kilometers) h m  the cave. The deep-brom 
staining of the vertebrae along with the mulbple 
radiocarbon determinations fmm other matenals 
(Chapter l), strongly suggest a mid-Wisconsinan age 
for the specimens. (One of the two vertebrae was 
burned for a radiocarbon date., but it did not contam 
enough organic material to yield one). These Mineral 
Hill specimens represent one of only a few 
Pleistocene records of cutthroat trout in the Great 
Basm and the first Pleistocene record for Humboldt 
cutthroat trout. 

Great Basin Solmonines 

Cutthroat trout is the only native salmonine 
of the Montan Basin with records in the region 
extending back to Pliocene times (Smith et al. 
2002:220). The native range of rainbow trout 
(Oncorhynchus mykiss) is within the Columhia River 
drainage to the north, and west of the Sierra Nevada- 
Cascade Range. Trout populations of the 
northwestern &eat Basin (e.g., redband trout of the 
Oregon Lakes Basin [U. m. guirdnerrl and Eagle 
Lake rainbow trout [O. rn. uquil~r~m] of Eagle Lake) 
exhibit a mix of cutthroat and rainbow trout 
characters (Behnke 1992; Smith et al. 2002). Bull 
trout (Salvelinus confluefitus) may have occurred in 
the BonneviIle Basin during the late Pleistocene, and 
perhaps up into early historic times, but records are 
limited to a single fossil pnmaxilla fmm Homestead 
Cave and an 1834 Bear River report (but no specimen 

vouchers) by reputable zoologists (Broughton 2OOOa; 
2OOOb; Broughton et al. 2000; Smith et al. 2002). A 
native Nevada population of bull trout also existed in 
the Jarbidge River, a hibutary to the Snake River 
drainage, just over the northern edge of the Gnat 
Basin (Smith et al. 2002:218). Sulwlinus also 
occurred in central Nevada during the Miocene, about 
14 million years ago (Smith et al. 2002:218), yet no 
Quaternary or Recent records exist for this taxon in 
the Lahontan Basin. These spatial-temporal 
dismibutions suggest the Mineral Hill materials 
represent cutthroat trout 

Pleistocene Records of Cutthroat Trout in the 
Great Basin 

Only seven published Pleistocene records of 
cutthroat trout exist for the Great Basin (Smith et al. 
2002180-181). Oftheserecords, fourare 
Wisconsinan u1 age and each of the latter are derived 
h m  the Bonneville Basin. Thest- include three 
locahties in the northern Bonneville Basin (Black 
Rock [Smith et al. 19681, Homestead Cave 
proughton ZOOOa, 2OOOb], Old hver Bed [Watt 
1984]), and one locality in the southwestem 
Bonneville Basin (Snake Creek Canyon mead et al. 
19821). The Mineral W cave specimens thua 
represent the fmt Wisconsinan records of cumhroat 
trout u1 the Lahontan system. 

Humboldt Cutthroat Trout 

The Humboldt River system is inhabited by 
a hstmctive, but as yet unnamed, subspecies of 
c u b t  trout and the Mineral Hill Cave specimens 
almost surely represent this fish. The Humboldt 
Cutthroat trout (0. c. subsp.) has larger scales, fewer 
gill rakers, and distinctive mtDNA compared to the 
Lahonian cunhroat trout (0. c. henshm') (Smith et 
al. 2002). The 0.1% mtDNA sequence divergence 
between these subspecies suggest a divergence of 
-200,000 years, well prior to the deposition of the 
Mineral Hill uout materials. The Mineral Hill 
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CHAPTER 9 

Pakoecology of Mineral Hill Cave: Interpretations Based 08 Stable Isotope Data 

Peggv H. Ostrom and Thomas W. Stafford, Jr. 

Approximately 35 years ago DeNiro and 
Epstein (1978,1981) demonstmted that stable carbon 
and nitrogen isotope values (8°C and 6"C, 
respectively) of a modem orgauism and its diet are 
similar. Several other subsequent studies confirm that 
the isotope values of the muscle or whole-body of 
consumers differ tiom their diets by 1 9& in 6°C and 
3-4 960 IIL 6%. Paleobiologists have exploited these 
relationship to address questions regarding trophic 
sttuclurc and ecological relationships among extinct 
organisms (Schoeninger and DeNiro 1984; KO& et 
al. 1994; Bochnens et al. 1996; McNulty et al. 2003). 
This approach reqnires the isolation and subsequent 
analysis of proteins that are preserved in ancient 
boms or teeth. We also must be careful to ensure that 
diagenetic loss of organic matter and lntrodnction of 
con taminaapl do not alter the original isotope values 
of collagen (Osmm et al. 1993; McNulty et aL 
2003). 

C/N values of collagenous protein (herein tenned 
collagen) for a suite of radiocarbon dated samples 
from Mincral Hill Cave. We discugs the chemical and 
physical preservation atate of the collagen isolated 
from t h e  fossils and rcconskuct paleoecological 
relationships of species based on their isotope data. 

~n this chapter we present 6%. 6% 

Methods 

Isolation of Collagenous Proteins far Stable Isotope 
and Radiocarbon Analysis 

Approximately 200 to 900 mg of dense, cortical 
bone were used for isolating collagen. The smallest 
sample was a single mandible of a bat (Mpb sp.). 
h e a  were broken into coarse  fragment^ 10 to 15 
m long by 3 to 5 mm tbick to enable observation of 
the collagen's physical properties, including the 
&gm of its pseudomorph in acid and base solutions. 
Decalcification was in 4°C O.ZNHC1 for several 
days. Aftn neuhakation in di water, collagen 
ftagnmta were treated with 4°C 0.1M KOH for two 
days. the collagen neutralized and made acidic with 
pHZ water and M y  frrne dried. .%hhon colors, 

and collagen physical conditions were rccord+d and a 
percent yield of base-extmcted decalcified collagen 
was calculated. Firty d i g r a m s  or less of KOH- 
extracted &calcified collagen were heatcd at 90°C in 
sealed, nitrogen-purged tubes con- 0.02NHC1 
unhl the collagen dissolved (gelatinized). Dissolution 
required less than 5 minutes to 30 minutes. The 
gelatin solution was filtered through 0.45 p 
Millipore Millex filters and the solution was fincze 
dried. Approximately 20 to 30 mg of fireezGdricd 
collagen were used for the final purification acp with 
XAD resin. The gelatin was hydrolyzed at 110°C for 
24 hours in sealed, niaogen-purged tubes containing 
distilled, 6NHCI. The collagen hydrolyzate was 
passed through a 5 m  diamter X 10 mmhigh bed of 
100-200 pmXAD-2 resin i n s  5 ml sy7ingenmnte.d 
atop a 0.45pm Millipore Millex filter. The XAD- 
purified hydrolyzate was collected in a glass hlk and 
dried to viscous syrup over N2 at 110°C. 

Approximntely 5 mg of purified gelatin WBS 
used for stable isotope analyses. From 1 to 8 mg of 
XAD-purifieed collagen hydrolyzate was combusted at 
850°C for 3 hours and the CO, was used for AMs '% 

tubes containing CuO and Ag powder. Graphite for 

C02 into graphitic carbon by using the Zn-Fe method. 
AMs "C measurements were made at the Center for 
Mass Spectrometry, Lawrence Livermore National 
Lab. Livermore, Califorma. 

dating. combustions were performed in sealed quartz 

"C dating was madc catalytically converting 

Stable isotope analysis 

lsotope values and elemental (c/N) ratios of 
collagen (ca. 1 mg) were d y a d  by a Eumvcctor 
elemental analyzer inexfaced to an Isoprim mass 
spectromter(CiVlns~nts)(WongetaL 1992).The 
carbon and nitrogen isotopic values am expressed as: 

where X Icpnsents I3C or I%, and R rcpnocnts 
"U1*C or %/I%, respectively. The standard for 
carbon is V-PDB and for nitrogen is annospheric N2. 
Precision was W.2960. 

6 x % = { ( ~ ~ / ~ ) - 1 ) x ~ o o o ( 1 )  
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Dirnrrson 

The prelimhary sample set consisted of 20 
individuals representing 17 mammal and bird species 
whose radiocarbon ages ranged from ca. 4,500 to 
50,000 BP (Table 57). Accurate palsoecological 
interpretations of isotope data from fossils requires 
sow 8811u~~11ces that collagen baa not s u f f m d  severe 
alteration. DeNiro (1985) suggested that C N  values 
of well-preserved collagen should fall within a range 
of 2.9-3.6.0" appears to be an acceptable indicator 
of trophic s!ncture even when collagen yield is as 
low as 2% (McNulty et al. 2003). The C/N of 
collagen isolated from samples from MHC exhibit 
exceptional consistnry and have values between 3.2 
and 3.3. Tbesc data an consistent with a well- 
pmerved pmtcin and little contamination 

nitrogen isotope data. Here we anticipate that 
increasingly higher 8% values identify an increase m 
trophic position. Carbon isotope values do not 
respond as strongly to trophic level but can be an 
indicator of s o w e  carbon Because the majority of 
the samples anal@ are from a terrestrial 
environment whose food web base may bave been 
similar over the last 50,000 years, it is difEcult to 
draw strong conclusions from 6% data. 

Despite the wide range of radiocarbon ages, 
small sample size and large number of species, 
signifkant food web relationships appear in the data 
(Figure 83). The elevated nitrogen isotope value of 
the extinct North American cheetah, Miracinonjx 
frumunf, clearly identi& its hi# hophic status. This 
contrasts to the low 6% value of the white-tailed 
jackrabbit ( L e p  kmuendii) and is consistent with 
its position at the base of the food web. The 8% 
value of the cheetab is a. 5 % higber than that of the 
bobcat, Lym ryfus. suggesturg tbat resource 
partitioning existed between these two taxa and that 
the bobcat relied on food resources from a lower 
trophic level tban the cheetah. Resource partitiomng 
among large carnivores was also suggested by 
nitrogen isotope data at Natural Trap Cave (McNulty 
et al. 2003). The relatively high nitrogen isotope 
value of the cf. brown bear (9.5 %) is consistent with 
camivory, and similar to that reported for the short- 
ked bcer Arctodus (Matheues 1995). The 
possibility tbat the MHC bear phalange is an carly 

entirely discounted (see diacusmon in Chapter 3 of 
this report); subsequent DNA analysis may resolve 

Inferences on food web shucture rely strongly on 

H~locen~-@ Arcrodur rather than WSUC m o t  be 

thisissue. 

herbivores @rOngborn, bison, caml, horn, decr and 
sheep) arc -18.OV 0.5 and 7.6V 1.8 %, respectively. 
n e  upperrange in 6% is 11.2 %O for one otthe two 
camels and the lower range is 4.8 960 for the deer. 
Remomg these data points does not cbange the 
average but reduces the standard deviation to 1.1 %, 
suggesting that these two individuals had much more 
distinct diets or metabolisms than the group of large 
berbivneg as a whole. The nitrogen isotope nlue for 
the camel is higher than all other organisms except 
the golden eagle and the cheetah. Thus, because 
camels ere not carnivores it is likely that somsthing 
other that diet is influencing this datum point. 
Starvation and urea e x d o n  and protcin deprivation 
associated with water deprivation can elevate the 
nitrogen isotope values of orgaaiamr (Livingston et 
al. 1962; W y  et al. 1987; Ambrosc 1991; Comde 
and Schwarcz 1994; Hobson et al. 1993). Tbc low 
nimgen isotope value of the deer may genuinely 
reflect resource partit~oning but additional samples 
would be requved to verify this possibility. The 
pronghom and mountain sheep am isotopically 
s& to their taxonomic counteqarts from Natural 
Trap Cave, Wyommg (McNulty et al. 2003). 

species (Table 54). Among these the tundra swan has 
a unique carbon isotope value (-14.8%) that likely 
reflects anaquatic food web base. This klng the 
case, we are unable to discuss the swan in context of 
the other members of the MHC data set. The golden 
eagle, short-eared owl and raven all have relatiwly 
high nimgen isotope values (10.0 to 11.8%) that M 
consistmi with tbeu predatory (carnivorou) babits. 
The prairie falcon has a nitrogen isotope value (8.6 
%) that is notably lower than the other tmwltripl 
buds. Whaher this individual or prairie falcons as a 
group prey on lower trophic level organisms such as 
temstrisl birds than do golden eagles, short eamd 
owls or ravens will be an interesting question to 
address with M e r  analyses. 

enviromntal, taxonomic and diagenetic fncton can 
influence the isotopic colqposition of organisna 
(McNdty et al2003 and references therein) 

additional data h m  MHC come forth We will be 
interested to know if apparent resource partitioning is 
a robust fealure of the MHC assemblage, ifthe 

dietary tendencies and if resource partitioning 

The aveaage 8l3C and 8% dues of hge  

The MHC data set includes four avian 

Because a large number of physiological, 

interpretations that we set forth may change as 

isotope value of the camls reflects metabolic or 



between the cheetah and the bobcat is a common 
occunmce. Clearly, isotope data provide a uuique 
tool for expanding our pmpectives on the ecology of 
fossil asJembLages. 
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Table 57. Gubon & nitmgen isotope, C/N and radiocarbon dtua for mammal and bird fossils fion Mineral Hill Cave. llrrerir indicaies =tinct taron. 

ND indica@ "No Data*. 

Taxon snd Sweimoa No. COnmrwN- "C AGE, RC yr. SI%% SI%% c/N 

*Acinonyx munani TP4-1 
Antilocapra americana TP3-96 
Antilocapra americana TP3-96 
Aquila chrysaetos TP3-187 
cf U ~ L I  omtm TP5-01-1 
Asiojlammem -3-193 
'Bison antiquus TP3-88 
'Camelops hesternus TP3-41 
'Camelops hest- TPZ-SLl 
cbrvus forax TP3-424 
Cygnus cohunbianus TP2-11-2 
'Equus conversidens -3-1 33 
'Equus occidentalis TP3-87 
Falco maicanus TP3-192 

'Hemiauchenia macmephala TP3-89 
Lepur townsmlii TP3-346 
'Navahocemr/rcki TP3-3 
&is canadensis TP3-1 

LYIIX r~fica TP3-151 

Americancheetah 

pmnshom 
pronghorn 

Golden Eagle 
Brown Bear 

Short-cd owl 
Pleistocene Bison 

Yesterday's Camel 
Common Raven 

Tundraswan 
Mexican Ass 

Western How 
Prairie Falcon 

Bobcat 

Yesterday's camel 

Large-Headeduaa, 
White-tailed jncwbit 

M m t a i n k  
Mountain Sbcep 

=- 52,200 (CAMS-61144) 
>50,300 (CAMS-58195) 
>50,300 (CAMS-58195) 

38,65&530 (CAMS-61891 
99m50 (CAMS-58435) 
M4.900 (CAMS-61893) 

43,08&730 (CAMS-54732) 
48900i3100 (CAMS-58196)) 
44,600i3000 (CAMS-5&197) 
45.8OOi1300 (CAMS-61894) 
29.1 8W190 (CAMS-61890) 

W.400 (CAMS-58193) 
45,7oMl000 (CAMS-58194) 

M5,200 (CAMS-61892) 
30,31M170 (CAMS-58202 

ND 
798W60 (CAMS-58440) 

49,800+1700 (CAMS-58191) 
45W50 (CAMS-58192) 

-17.0 
-17.4 
-18.6 
-18.3 
-18.6 
-18.4 
-18.5 
-17.9 
-17.5 
-18.4 
-14.8 
-18.7 
-17.3 
-19.9 
-18.8 

-17.8 
-20.0 
-18.3 
-18.2 

133 
7.9 
6.6 
11.8 
9.5 
10.5 
8.5 
11.2 
8.9 
10.0 
6.3 
6.0 
7.7 
8.6 
8.2 
8.4 
4.1 
4.8 
6.4 

3.2 
3.2 
3.2 
ND 

3.2 
ND 

3.2 
3.2 
3.2 
ND 
ND 
3.2 
3.2 
ND 
3.2 
3.2 
3.2 
3.2 
3.2 

Tarideo ~QXUS TP3-283 Badger 11.29oiso (CAMS-58434) -18.6 7.9 3.2 
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Figure 83. Stable iso&peplorc of various mammalian taxa from Mineral Hill Cave. 
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CHAPTER 10 

Mineral Hill Cave: Concluding Remarks and Summary 

&van Hockett and Eric Dillingham 

Mineral Hill Cave is ~ 1 1  ancient carnivore 
den that contam one of the most diverse assemblages 
of Late Pleistocene f i d  specimens recovered to 
date from the Great Basin. The tapbnomic character 
of the assemblage, namely the predominance of lower 
leg and foot bones of large herbivores, as well as the 
prescaec of puncture marks on the bones of both 
large and small mimals, wests that carnivores 
depusited many of the bones inside the cave. 
Additionally, tbe presence of several cones of 
temstriallyderived debris stemming from chimneys 
that are now sealed suggests that bone deposition 
occurred through a complex of biotic and gtologic 
changes. 

Importantly, many of the bone specimens 
date bawcen ca. 30,000 and 50,000 BP. This is the 
first Middle Wisconsinan assemblage backed by 
multiple C-14 dates reported fromthe centpal Great 
Basin. Many Pleistocene f a d  specimns fromthe 
Gnat Basin remainundated (Grayson 1993). Those 
that have been dated 0th return dates between 
10,000 and 20,000 BP, many millennia after the first 
occurrence of many species in the region. 

The AMs dating of a relatively large sample 
of bones fromMineral Hill Cave has produced a 
rather impwive record of late Raachohbreau-aged 
extinct and extant species in the region. Amang these 
are the following: Miracinonyx fnunani occupied the 
ecntral Great Basin before 50,000 BP; Lynx n&s by 
30,000 BP; Umup arctos by 9,800 BP; Vulpes wlpes 
before 50,OOO BP, and present until at least 38,000; 
Antilacapm americana before 50,000 BP; Ovia 
cumdemk by 39,000; Bison bison before 50,0000; 
Ochotona princeps before 50,000 BP; Mannota 
j7avfvenmS by 42,000; Asioflammeus by 45,000 BP; 
Aquilrr chrysaeos by 39,000 BP; Falco mexmnus by 
45,000 BP; C o w  corm by 46,000 Bp; Crotaphym 
collaris by 29,000 BP; and most probably, Humboldt 
cutthroat tmut by 50.000 BP. 

The large number of bones of different 
species submitted for AMS dating, together with the 
U-Th dating of speleothems, offers a somewhat 

detailed chronological history of bone deposition in 
the cave. As a result, interesting patterns of species 
contemporaneity emerge. 

hheral Hill Cave began forming 
speleothm before 350,000 BP. A gallery with the 
potential for animal habitation has therefore existed 
for a very long rim. Som of the bones that lctumcd 
AMs dates in excess of 50,000 BP may in fact k 
quite ancient, but because no species were ideatilied 

Age. none of the bones likely predate 400,000 BP. 
All we can say at this time is thatbones began tobe 
deposited in Mineral W Cave after 400,000 BP but 
before 50,000 BP. Bone deposition continued as 
recently as 3,000 BP. Bones continue to be deposited 
near the mouth of the cave, and bats currently inhebit 
all the chambers. However, during the Pleistocene 
there seem to have been pulses of bone deposition 
between ca. 30,000 and 50,000 BP, and be- ca. 
10,OOO and 18,000 BP. Another pulse of bone 
deposition seems to have occurred after ca. 8,000 BP. 

The issue of species contempraneity at 
Plemxene caves is an important topic. The data 
recovered from Mineral Hill Cave suggest that 
caution is in order with respect to this issue at som 
locales. It has been tempting m the past to report an 
entire assemblage as Late Pleistocene in age based on 
two or tluee C-14 dates on extinct speck. This o b  
places maay exthrt and extam species 
contemporaneous with one another during the 
Pleistocene. While these conclusions are justi6ed at 
some locales, others may have an extensively time- 
averaged assemblage of bones similar to Mineral Hill 
Cave. The mustelids from Mineral Hill Cave 
illustrate this issue. While the Brachyprofoma 
mandible remains undated, every mammal bone dated 
at Mineral Hill Cave that displayed the same 
condition as this specuncn pre-dated 30,000 BP. If 
no other mformation on the age of the nnastelids w88 
available, it migbt be argued that during the 
Pleistocene an impressive m y  of skunls, weasels, 
and the badger co-existed in the central Great Basin 

that are diagnostic of the lrvingtonian Land Mammal 



for tens of millennia. However, four AMs dates on 
three other species of mustelid place Spilogale 
putorius near the cave during the Middle and Late 
Holocene, Musfelafienata during the late Holocene, 
and Taxidea tarus during the latest Pleistocene. 
None of these dates suggest that these mustelids were 
contemporary with the extinct short-faced skunk. On 
the other hand, specimens of each of these animals, as 
well as other species of mustelid, remain undated. 
The point is that current dating procedures failed to 
show contemporaneity between the extinct and extant 
species of mustelids, and the possibility that some of 
the extant species moved into the region after the 
extinction of Brachyprofoma must remain a viable 
interpretation until more AMs dates are obtained. 

In addition, many of the extant species do 
not show contemporaneity with a number of the 
extinct large herbivores. The youngest date obtained 
on the two extinct species of camelid was ca. 36,000 
BP; the youngest date on Navahoceros was ca. 
38,000 BP; and the youngest date on Bison was ca. 
32,000 BP. Currently, contemporaneity with these 
large herbivores has only been established for the 
North America0 cheetah, bobcat. red fox, mountain 
sheep, pronghorn, pika, hare, pygmy rabbit, and 
marmot. 

extinct herbivores returned an AMs date postdating 
ca. 31,000 BP, yet the extant mountain sheep and 
pronghorn returned dates both before 30.000 BP and 
after the Late Glacial Maximurn One pronghorn 
bone dated to greater than 50,000 BP, while two 
dated to ca. 17,000 and 13,000 BP. Two mountain 
sheep bones dated to greater than 32.000 BP, while 
three dated ca. 8,100 BP, 6,900 BP, and 4,500 BP. 
While intra-species counts are low, taken as a whole, 
the continual50,OOO BP - 8,000 BP presence of these 
extant mid-sized herbivores serves as an excellent 
control, while the record of other herbivores 
disappear fiom the 6,800 foot-high elevation cave by 
the “second pulse” of bone deposition IO-18,000 BP. 
Could this mean that populations of large herbivores 

such as horses, camels, llamas, mountain deer, and 
bison were stressed and severely reduced in numbers 
before the onset of Late Glacial Maximum conditions 
in the central Great Basin? If these animals were as 
common during the latest Pleistocene as they 
apparently were before ca. 30,000 BP, there seems to 
be no logical explanation for their non-occurrence 
after this lime. Climatic-induced negative impacts on 
populations of large herbivores may have begun well 
before the arrival of humans in the Great Basin. This, 

It may be significant that none of the large 
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in turn, may have fostered the spread of medium- 
sized herbivores such as mountain sheep in the Great 
Basin and Southwestern United States after ca. 
40,000 BP. 

Before the onset of the cold conditions of 
the Late Glacial Maximum (ca. 24,000 - 17,000 BP), 
southern Pine Valley was alive with an impressive 
array of large herbivores: camels, llamas, bison, large 
horses, small horses, large mountain deer, mountain 
sheep, and pronghorn. This suggests the presence of 
very productive vegetative communities sometime 
during the Middle Wisconsinan. Pursuing these 
animals was the North American cheetah; 
unfortunately, MHC is silent on other large predators 
that undoubtedly pursued these “first-pulse” animals 
as well. But the small carnivores, among them the 
red fox, bobcat, and short-faced skunk, were active as 
well. Some of these smaller predators probably 
deposited many of the abundant marmot and rabbit 
specimens recovered from the cave. 

(cf. Ursus arcfos) roamed Pine Valley for game. 
Both large and small predators, mammalian and 
avian, continued to have the Oppormnity to tnmpcit 
bones of all types to the cave. Though major valleys 
in northwestern Nevada continued to have mammoth, 
bison, camel, cheetah and horses 20,000 to 13,000 
years ago, it may be that in Pine Valley, diminished 
populations of these large mammals highlights a loss 
of productivity in the northern sagebrush belt that 
continued past the Pleistocene-Holocene boundary. 
Like Heaton (1985) observed at Crystal Ball Cave, 
Utah, we see some new species arrive at MHC during 
the Holocene but relatively few compared to the 
species reductions and ultimately extinctions or range 
reductions at the end of the Pleistocene. 

Because of terrain, precipitation and latitude, 
mountains just north of the Snake River serves as a 
defacto border between the boreal forest and the 
modem sagebrush belt. MHC may be very close to or 
at the northern limits of Pleistocene mountain deer 
(Navohoceros) and possibly other sagebrush animals 
such as Miracinonyx mummi, various species of 
Antilocaprids, sagebrush vole, pygmy rabbit and 
yellow-bellied marmot (Marmotaflaviventris). 
Meanwhile, reindeer continue to roam the northern 
Idahoan forests as they have since the Pleistocene 
(Anderson and White 1975). Despite the late 
Glacial Maximum and previous climatic changes, the 
southern Idahoan ecotone appears to have 
considerable lime depth. 

During the “second pulse”, a very large bear 

Our species designations in Chapter 3 place 
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us as “lumpers” rather than “splittm’’. Part of this is 
based on OUT wnvcrsations with Elaine Andnson; 
part is based on the rcccDt DNA work of researchers 
such as Men Coopcr and colleagues, who suggest 
that caution is in order when designating Pleistocene 
species, especially when thc siee of teeth or bones are 
thc only wcrcnoes betwan thc Pie- and 
Holoceae forms. Mountain sheep are a good 
example. A conpwison baween the size of 
Pleistoceneandd~moountainsheepbones 
suggests that the Pleistocene individuals were overall 
bigger than their modem counterparts. Yet the 
largest mountah sheep alive today overlap with many 
of their Pleistocene counterp(LNJ, and ncarly match 
the largest kuown individuals 6um the past. Does a 
larger o v d  - sizc justify p i e s  designation? 
Subspecies designation? Or am they simply 
ecomorphs of the same species? Place modem 
mountain shcep lambs in Pleistocme ecosystems and 
they probably would gmw to the larger o v d  I W ~ U  
size that we see in individuals at this tim. 

One herbivore that bucked this trend was the 
pronghorn There is tittle wercnce between the size 
of Pleistocene and modem pronghorn Perhaps this IS 
related to their adaptation to aaain fast rrrrming 
speeds; perhaps the forage they p r c f d  dunng the 
PkistOCCIE ha9 Mt C-ed apprccisbly during, the 
Holocene. The Mli*y of antilocaprids fouad 
elaewberc in the Amrican West does not appear to 
be plcsent at MHC. Copmmeryx .ppcars in southem 
California, soutbcm Nevada and possibly in the 
Bonncville Bash Tarcmepz is so far notable for its 
absence at MHC. 

bow sueb as phalanges that are often ignored in 

asacmblage., we did not possess high numbrrs of 
intact and identifiable upper l i  bones, the axial 

and reptiles. The data shown in chapter 3 represent 
an effoft to compare as many published results of 
msmmalian phalanx tmasuremcnts to the MHC 
specimens, and in som cases, this was insufficient. 
Chapter 3 is important beceuae it presents new memc 
data for phalanges in addition to the MHC collection, 
including Rancho La Bna and San Josecito Cave, 
especially for the equids. However, metric data alone 
werc not cnough for som spceimcm considerable 
comparative (morphological) analyses of fetid 
mcta- for example, led to thc identification of 
Mfracinonyx. 

We were forced by circumstance to rely on 

otba Pleistocene assemblages. In the scavenged 

skeletal bones or crania, except for small mammals 

mc k gCUdly btCd ‘ O l d k ’  l d e  

for the presence of shrub ox in Pleistocene Noah 
America. Howcver, we have reidentitied the bovid 
phalange originally identified as shrub ox as a 
proximal hind p h a h  of Pleistocene bison. In 
addition, although gmy fox was originaUy identilied 
ftom the cave, we found dl fox specimcllll to match 
those of the red fox. 

The lagomotphs at Mineral Hill Cave arcre 
sunilar to other Great Basin Pleistocene locaks. PiLa 
(Oekotona prinfeps) is exaalocal, deprrsscd down 
f?om higher alhtudes during the Pleistocene. Pika 
survives nearby at higher altitudes in the Ruby 
Mountains. Not surprisingly, local Holocene leporids 
such as the jackrabbit and pygmy rabbit that are 
found in other Pleistocene deposits in the Orrat Basin 
returned dates of mow than 30,000 years. No date 
was obtained for cottontail rabbits. 

Given the mixed nature of the dcposits at 
MHC, the smaller animals presented somc problems. 
Radtocarbon dating of chemically extracted amino 
acids allowed us to extend mrc precise records of 
Pletstooene mammsls about 15,000 to 20,000 years 
beyond OUT previous rccords. The limitation of this 
method is that several grams of bone are consum& 
so we dtd not date some small, rare boms 
(Brachyprotoma) and o c e p s i d y  failed to obtain 
radioearbonrcsultaonthcsmallspc~. Because 
of this, chapters 5-8 pmvide relatively l a  d*rilcd 
chronology than chapten 3 and 4. 

yellow-bellied mannot over the past 50,000 years at 

and yellow-bellied marmots are sympauic in 
Montana, the Mineral Hill Cave data supports Mead‘s 
(1989) conclusion that hwy marmot would not be 
present in the Oreat Bash, even during the 
Pleistocene. The extensive woodrat collection 6um 
MHC is atmwt entirely wmposGd of N. cinerca 
None of the MHC rodent species found am extdocal 
today. 

The extensive MHC herpetological 
collection, like the nmsindcr of the assemblags, is 
mixed Rancholabrean and Rceent. Collared lizard hes 
Holocene and Pleistocene radiocarbon dates at MHC. 
one possibly exlIalimitd gmus is present (*, 

Eumeees sp.), thongb the Ruby Mountains would 
provide good regional habitat. Bramtrom (1953; in 
Stock and Hanis 199267) identifies western SW at 
Rancho la Brea, which was much wamm than thc 
region surrounding Mineral Hill Cave at that time. 
M. Hollingsaead identified mountain or p y ~ m y  short- 
homed lizard (Phymasama hemandm or P. 

There is an excellent chronologiul Iccorli of 

MHcWithMhOarymarmOtprWent. Althougahopry 



douglast) at MHC. These two species live m mesic, 
forestedwoodlandto2,7OOm. Heaton(1985)had 
similar 6ndings at Crystal Ball Cave, Utah for P. 
hemandez / doughi.  

S. James provides some of the earliest direct 
dates on a number of birds. Almost all of these dates 
w e  bawcen c& 40,000 and 45,000 BP. Birds 
dated to thia t h e  include the short-emed owl, golden 
eagle, prairie falcon, and common raven. T~mdra 
swan may also MI into this category of ‘earliest direct 

mntioned at ca. 30,000 BP. MHC a h  provides the 
first occurrence of the extinct 5ngile eagle in the state 
of Nevada. 

J. Broughton provides the Grst published 
result of WiSMnsk-age Montan Cutthroat Trout 
aauallyintheLahontansystem,thoughapparently 
ancestral cutthmat trout have lived within the 
LahontanBasinsincethePliocene(Smitheta1 
2002220). 

preservation of the MHC bones considering their age. 
Among tbe more antmating findinea was the high 
trophic status of Mimctnonyx compared to the 
bobcat. This may lend suppon to the idea that the 

suchaspmnghomandhone. P.om0mandT. 
StalTord note that th high nilTogen values of 
 lops could reflect starvation conditions, which 
inhlmcouldsupporttheinte~~retationthat 
populations of large herbivores were stressed during 
MIS 3. 

Much of the deposits within MHC r e m  
intact. In places, chamber 5 is esscnhally filled to the 
ceiling with silts, clays, and eboulis. It 18 possible 
that other chambers exist but are sealed off by deep 
sediment and debris. ALSO, in the back chamber of the 
cave laminated clay deposits con& relatively few 
boncs but a d i t i d  labor and analysis might achieve 
datable horizoIu with timcJssoc iated species. 
Ganthued xadicarbon daw of MHC and other, 
prcviouSly collected northern Nevada Pleistocene 
locations would provide additionel information about 
time depth of species in the central and northern 
Great Basin. DNA analysis may be possible on many 
specimens, and would be useful for more secure 
identifications of some ~ p e ~ i m e ~  (e.g., the 10,OOO 
year-old cf. Urscls arctos phalanx and the c€ 
Miracinonyx trumani metatarsll), os well as provide 
for examination of evolutionary relstionships of 
cavids,Amrieanche*ab,mountsinsheep,camls, 
Ilunss, horsesand Other WIlllllDLg npresented in the 

date’, although slightly youuger thsn the others 

The stable isotope dam attests to the superb 

NO& American ~hettah purmed fst-nmning  gat^ 
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cave. The final chapter of the palmnmlogid 
significance of Mineral Hill Cave will be written tirr 
into the t ime. 
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APPENDIX I 

Table 58. AMS radiocarbon dates of boness charcoal, and plant materialfrom Mineral Hill Cave. 

Catalog # Description C-14 Date Laboratory Numbers 

CAMS54732 
NSRL-3883 
CAMS42366 
Beta-134244 

Beta-145662 

SR-5280 
CAMS-58196 
Beta-1 34248 

Beta-1 34245 

SR-5279 
CAMS-58194 
SR-5297 
CAMS58437 
Beta-134250 

SR-5284 
CAMS-581 95 
NSRL-3885 
CAMS42368 
SR-5278 
CAMS-581 93 
Beta-145663 

SR-5292 
CAMS-58202 
Beta-134243 

175 



176 
TP3-I 87 Aquila chtysaetos 38,650 f 530 

TP3-192 Falco maxicanus >45,200 
tarsometatarsus 

ulna 

femur 

mandibie 

TP3-I 93 Asio flammeus >44,900 

TP3-247 Ochotona princeps 34,050 f 260 

TP3-264 Lams d. townsendii 35.270 f 300 
I mandible 

TP3-283 I Taxidaa taxus I 11.290 f 50 
lmandible 

mandible 
TP3-340 SpilGgale gracilis 3,020 f 50 

~ _ _  I 
TP3-341 I Mustala frenata 13,950 f 50 

I mandible I 
TP3-344 [ Neotoma cinerea 13,030 f 50 

mandible 

man d i b I e 

mandible 

mandible 

carpometacarpus 

tibia 

dentary 

dentary 

TP3-345 Myotis sp. 2.01 0 f 60 

TP3-346 Lepus cf. townsandii 7,980 f 60 

TP3-388 Neobma cinerea 5,970 f 40 

TP3-424 Cowus wrax 45,800 f 1,300 

TP3-477 Brachylagus Mahoansis 31,530 f 240 

TP3-500 Cmtaphyfus sp. 6,320 f 40 

TP3-501 Cmtaphyfus sp. 29,240 f 350 

TP3-561 Thomomys tabides 8,110f50 
I skull fragment 

TP1 a-08-8 I Vulpes vulpes 139,200 f 1,200 
I 
I 18.290 f 60 

mandible 

proximal phalanx 

proximal phalanx 

mandible 

scapula 

Droximal Dhalanx 

TPlb-06-1 Hemiauchenia macrocephala 50,190 f 1,940 

TPI b-09-3 Antihapre americana 13,150 f 50 

TPI b-012-3 Spibgah gracilis 6,600 f 40 

TP2-I 1-2 cf. Cygnus mlumbianus 29,180 f 190 

TP2-4-1 Equus d. conversidens 35,080 f 280 

SR-5410 
CAMS-61 891 
SR-541 I -. . - . . . 
CAMS41892 
SR-5412 
CAMS41893 
Beta-I 34242 

Beta-I43264 

SR-5291 

CAMS-58440 
E&-145664 

SR-5413 
CAMS41894 
Beta445666 

Beta-145833 

Beta- 145834 

Beta-145665 

SR-5296 
CAMS-58436 
NSRL-3882 
CAMS42365 

CAMS42369 
Beta434249 

NSRL-3886 

SR-5290 
CAMS41 141 

CAMS81 890 
Beta-134247 

SR-5409 



TP2-SL-1 

TP2-SL-8 

TP2-2 

TP4-1 

TP4-3 

TP4-10 

TP5-01-1 

TP6-4 

TP6-36 

TP8-1 

Camelops hesternus 44,600 f 3,000 SR-5281 
proximal phalanx CAMS-58197 
Antilocapfa americana 16,810 f 50 NSRL-3884 
calcaneus CAMS42367 
Ovis canadensis 32,970 f 680 Beta-145661 
humerus 
cf. Miracinonyx trumani s52.200 SR-5294 
metatarsal CAMS-61 144 
Ovis canadensis 8,110f50 Beta-145666 
mandible 
Navahoceros fricki 37,750 f 440 Beta-124241 
proximal phalanx 

first phalanx 9,710 f 40 Beta-134246 
cf. Ursus arctos 9,960 f 50 SR-5293/CAMS-58435 

Centmerus urophasianus 4,660 f 40 SR-5414 
coracoid CAMS-61895 
Ovis canadensis 6,810 f 50 Beta-145667 
mandible 
Camelops hesternus 46,550 f 1,100 Beta-134251 
Droximal Dhalanx 

TP2-A 

TP2-B 

TP2-C 

TP3-C-1 

TP3-A 

Stratum 3, Level I 1,263 f 74 DRI-3421 
charcoal 1,289 f I13 DRI-3423 
Stratum 3, Level 2 645 f 82 DRI-3422 
charcoal 620 f 60 ETH-18337 
Stratum 4 600 f 50 NSRL-4002lCAMS-42818 
charcoal 620 f 50 NSRL-4002lCAMS-43072 
charcoal 2,300 f 70 NSRL-4003/CAMS-43073 

bark 50 * 70 Beta-1 30508 
2,400 f 40 NSRL-4003/CAMS-42820 

177 

TP3-B wood modern Beta-130509 

TP3-C 

TP9-A 

plant material modem Beta-1 3051 0 

seeds 40 f 50 Beta-13051 1 
modern 
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