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ABSTRACT 

Chester Stock in 1936 described Harrington's 

extinct mountain goat, Oreamnos harringtoni, based upon 

six skeletal elements recovered from Smith Creek Cave, 

Nevada. Until recently it was rarely encountered in 

fossil deposits of western North America and was 

inadequately understood. One hundred ten skeletal elements 

recovered from eight dry cave and wood rat midden deposits 

in the Grand Canyon, Arizona, enable a re-examination and 

a redescription of the extinct species. Characters of 

the skull indicate that o. harringtoni was distinct from, 

yet similar to o. americanus, the living form. The extinct 

species was generally smaller overall than o. 

americanus, with proportionally more robust jaws. 

Occasionally, the fossil forms are as large as the 

extant species. 

Preserved keratinous horn sheaths and large cuboid 

dung pellets assigned to ~. harringtoni provide carbon 

isotope ages directly on the extinct species. The youngest 

age determined on horn sheaths is 12,580+520 B.P., while 

the youngest age from large cuboid dung pellets is 

10,870+200 B.P., both from Stanton's Cave. Hair assigned 

to the extinct species indicates that it had a white 

xiii 



coat. Plant fragments in the dung indicate it ate 

predominantly grasses, but it also browsed heavily on 

Ceonothus-Cercocarpus, Prunus, Pseudotsuga, and 

Sphaeralcea. 

Oreamnos harringtoni appears to have been restricted 

to the Great Basin-Intermountain Region, and evolved from 

an ancestral population of ~. americanus since the 

Sangomonian, in less than 100,000 years. The species 

became extinct by approximately 11,000 B.P. 

xiv 



INTRODUCTION 

Problem 

Approximately 10,000 to. 11,000 years before present 

(B.P.), 33 genera of land mammals became extinct in North 

America (Martin, 1967); in addition to these, many species 

of extant genera also became extinct. Discussions of the 

extinct taxa have centered on their osteology, an essential 

approach to the understanding of an animal, especially if 

it belongs to an extinct genus. Classical examples 

include the glyptodonts (Glyptotherium spp.; Gillette 

and Ray, 1981), mastodon (Mammut americanum; Saunders, 

1977), camels (Camelops spp.; Webb, 1969), ground sloths 

(Mylodon spp. and Nothrotheriops sp.; Stock, 1925), and 

others. Occasionally an extinct species of an extant 

genus is studied (e.g.: ~Ertes nobilis, noble marten; 

Anderson, 1970) and again these reports usually have a 

predominantly osteological approach. Rarely is a 

paleontologist presented with a fossil record of an 

extinct animal that not only includes the skeleton, but 

its perishable body parts (hair, muscle tissue, horn 

sheaths, and hooves) and dung, all in association with 

other animal and ancient plant remains. Such a record 

1 
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provides a unique opportunity to study aspects of an 

animal's paleoecology. 

One of the lesser known extinct animals of the 

North American Rancholabrean Land Mammal Age (i.e., 

0.7 million B.P. to 11,000 B.P.) is Harrington's mountain 

goat, Oreamnos harringtoni. Chester Stock (1936) 

described this species from a small fragment of a skull 

and a few metapodials from Smith Creek Cave, Nevada. 

Osteologically, the species remains inadequately understood. 

Stock (1936) categorically indicated that the species 

was two-thirds the size of the modern mountain goat, 

Orearnnos americanus. This conclusion raised many questions. 

Are all or most extinct mountain goats smaller than those 

of today? If so, in what way? The extant species lives 

predominantly in an alpine setting. Did the extinct 

species live in such a habitat as implied by Wilson 

I 
(1942) and Kurten and Anderson (1980)? What did o. 

harringtoni eat? When did it live? Where did it live? 

And so forth. Searching for answers to these questions 

formed the base on which I began my dissertation. 

Dry caves in the Southwest have long been known 

for preserving perishables as well as the more durable 

fossil remains (Haury, 1950; Lull, 1930; Eames, 1930). 

Rampart Cave in the Grand Canyon of Arizona, was found 

to have a detailed record of the bones of the extinct 



Shasta ground sloth, Nothrotheriops shastensis, as well 

as a record of its diet (Laudermi1k and Munz, 1938; 

Hansen, 1978). 

In the last 50 years many caves in the Grand 

Canyon have been explored by paleontologists and 

archaeologists. Among the scientific treasures noted 

were the remains of Harrington's extinct mountain goat 

from seven of these caves (Table 1). 

I have explored these caves and many others, 

and have approached various paleoecological questions 

by studying the dry, cave deposits. Such is my attempt 

to describe in greater detail the osteology of the 

extinct mountain goat and its morphometric variations 

within the Grand Canyon population sample. Perishables 

such as horn sheaths and hair are for the first time 

described and illustrated, and analysis of the dung 

provides an insight to its annual diet. The dung and 

the body perishables permit direct radiocarbon dates that, 

when coupled with stratigraphic data, provide a chronology 

and a time of demise. Associated plants and animals 

from wood rat middens and cave sediments permit the 

reconstruction of the floral and faunal community in 

which the mountain goat co-existed. In short, I describe 

the natural history of a Grand Canyon population sample 

of extinct mountain goats. 

3 



Table 1. Localities in the Grand Canyon containing Oreamnos harringtoni remains. 
B = bone; D = dung; H = hair; HS = horn sheath. 

Locality-" Elevation m (ft) Material 

Chuar Valley Wood Rat 
Midden #8 1770 (5800) B, HS 

Muav Caves 400 (1320) B 

Rampart Cave 535 (1760) B, D, HS 

Stanton's Cave 927 (3025) B, D, HS 

Tse'an Bida Cave 1460 (4800) B, D, H, HS 

Tse'an Kaetan Cave 1460 (4800) B, D, H 

Tse'an Nextdoor Cave 1460 (4800) B 

Vulture Cave 645 (2120) B 

~ 



Grand Canyon 

Geology 

The "Four Corner" states of Arizona, Colorado, 

New Mexico, and Utah have in common one geological 

province - the Colorado Plateau. The region, occupying 

approximately 336,700 km2 (130,000 mi 2), is bordered to 

the south by volcanoes and lava flows, to the east by 

the Rocky Mountains in Colorado, and to the west and 

north by the fault-lined deserts of the Great Basin 

mainly in Utah. Three major rivers, the Green, San 

Juan, and Little Colorado, join the Colorado River to 

form a vast drainage system that dissects the relatively 

flat-lying sedimentary rocks of the Colorado Plateau. 

The greatest single stratigraphic dissection occurs on 

the southwest corner of the plateau where the Colorado 

River cuts over a verticle mile of Paleozoic age rock 

layers to form the Grand Canyon. 

The Colorado Plateau is underlain by Mesozoic 

and Paleozoic sedimentary rocks. In the region of the 

Grand Canyon, the 1220 to 2440 m (4000 to 8000 ft) 

cover of Mesozoic rocks has been largely eroded leaving 

the Kaibab Limestone (Permian) at the surface. There are 

twenty-one sedimentary formations in the Grand Canyon. 

Figure 1 provides a generalized cross sectional view 

of these formations in the Grand Canyon. I refer the 

5 



Figure 1. Generalized geological cross section of the 

central Grand Canyon (after Breed and Roat, 1974). Caves 

and their deposits discussed in text are in the Muav and 

Redwall Formations. 
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readers to the publications of Breed and Roat (1974) 

and Collier (1980) for overviews of the geology. 

Caves like the ones discussed below are found 

throughout the Grand Canyon on an east-west line, on 

both sides of the Colorado River. On an elevational 

gradient, these caves cluster in· conformance to the 

location of karstic limestones. The Redwall and Muav 

Formations are the most caverniferous limestones producing 
-. ~ 

deep, long-lasting caves and associated deposits. The 

cave deposits discussed in this text are located in the 

Muav Formation (Muav Caves, Rampart Cave, and Vulture 

Cave) and in the Redwall Formation (Stanton's Cave, Tse'an 

Bida Cave, Tse'an Kaetan Cave, and Tse'an Nextdoor Cave; 

Figure 1). 

Caves have also been located in the Kaibab 

Limestone but to my knowledge have yet to produce cave 

deposits with late Pleistocene age fossils. This unit 

is also the most inadequately studied for such remains. 

Present Biomes 

The Grand Canyon is not just a simple river-cut 

gorge, but a labyrinth of side canyons off side canyons 

of almost endless habitat diversity. From Lee's Ferry 

(Figures 2 and 3), the Colorado River flows 450 km 

(280 miles, Hamblin and Rigby, 1968) through the Grand 

Canyon National Park to its end at the Grand Wash Cliffs. 



Figure 2. Topographic map of the Grand Canyon (in feet). 

The highest areas are north of the Colorado River. The 

Kaibab Plateau has elevations in excess of 9000 ft (2700 m) 

north of the river and elevations of approximately 7000 ft 

(2100 m) on the south rim. 
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Figure 3. Map of northwestern Arizona showing the Grand 

Canyon of the Colorado River. Caves discussed in text 

are labeled. Dots refer to areas where a series of wood 

rat middens have been studied either by me and/or by 

other researchers (see text). The Arizona Strip is that 

area north and west of the Colorado River in Arizona. 
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A difference in elevation approaching 2500 m 

(8250 ft) between a bordering plateau of the Grand Canyon 

and the Colorado River at the Grand Wash Cliffs results 

10 

in a dramatic change in the biotic communites (Figure 2). 

The rims are not identical, the North Rim (approximately 

2440 m, 8000 ft elevation) is about 335 m (1100 ft) higher 

at the east end and supports a more mesic vegetation 

than the South Rim. The South Rim is drier with a woodland 

bordering the actual lip of the rim. Protected shaded 

habitats occur just below the lip. Below both rims in 

the steep upper elevations, the woodland thins, impinges 

on desert shrubs, and gives way to a desertscrub community 

on the Tonto Plateau nearly 850 m (2800 ft) below the 

South Rim. Four hundred meters below this platform, 

in the Inner Gorge of the Colorado River, one can find 

a third vegetation habitat - a hot desert supporting 

predominantly Mohave Desert plants. The Colorado River 

zone serves as a low-elevation corridor for an eastward 

extension of desert species up to 200 km (120 mi) from 

their center of distribution west of the Grand Canyon. 

Plants are treated further in Merkle (1954, 1962), Phillips 

(1975, 1977, 1979), Phillips and Phillips (1974, 1981), 

and Cole, (1981). 

Living vertebrates are listed by vegetational 

community and habitat in Table 2. The majority of the 



Table 2. The present amphibians, reptiles, and mammals of the Grand Canyon and associated rim 
country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978 ; and Miller et al., 1982. 
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AMPHIBIANS 

Ambystoma tigrinum X X X X X X 

Bufonidae 

Bufo punctatus X X X X X X X 

Il. woodhousei X X X 

Hylidae 

Hyla arenicolor X X X 

Ranidae 

Rana pipiens X X 

Scaphiopus intermontanus X X X X X X 

REPTILES 

Gekonidae 

Coleonyx variegatus X X X 
...... 
...... 

Iguanidae 

Callisaurus draconoides X X 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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crotaphytus bicinctores X X X X 

C. collaris X X X X X 

Phrynosoma douglassi X X X X X X 

P. platyrhinos X X 

Sauromalus obesus X X X X 

Scelo~ ~raciosus X X X X 

S. magister X X X X X X X 

S. undulatus X X X X X 

Urosaurus ornatus X X X X X 

uta stansburiana X X X X 

Xantusidae 

Xantusia vigilis X X 

Teiidae 

Cnemidophorus tigris X X X X X X X X X 
..... 

Scincidae I\.l 

Eumeces multivirgatus X X 

E. skiltonianus X X 



Table 2 (cont 'd.) . The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruf fner et al., 19713; and Miller et al., 1982. 
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Helodermatidae 

Heloderma suspectum X X 

Colubridae 

Hypsiglena torquata X X X X X X 

Lampropeltis ~etulus X X X X X X 

L. pyromelana X X X X 

Masticophis flagellum X X X 

M. taeniatus X X X X X X X X 

Pituophis melanoleucus X X X X X X X X X X 

Rhinocheilus lecontei X X X 

Salvadora hexalepis X X X X X 

Sonora semiannulata X X X X X 

Tantilla planiceps X X 

Thamnophis elegans X X X X X X X .... 
w 

Trimorphodon biscutatus X X 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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Leptotyphlopidae 

Leptotyphlops humilis X X 

Viparidae 

Crotalus mitchelli X X 

C. molossus X X X 

C. viridis X X X X X X X X 

MAMMALS 

Soricidae 

Sorex merriami X X X X 

S. nanus X X 

Notiosorex crawfordi X X X X 

Vespertilionidae 

Myotis yumanensis X X X X X X X ? 
~ 
.e> 

M. luci~us X X 

M. evotis X ? X X ? 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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M. thysanodes X X X X X X 

M. volans X X X X X 

!:!. californicus X X X X X X X X ? X 

M. Ieibii X ? X X 

Lasionycteris noctivagans X X X X X ? X 

Pipistrellus hesperus X X X X X X X X X 

Eptesicus fuscus X X ? X X ? X 

Lasiurus borealis X X X X ? 

L. cinereus X X X X ? ? 

Plecotus townsendii X X ? X X X X 

P. phyllotis X 

Antrozous Eallidus X X X X X X X ? X 

Molossidae 

Tadarida brasiliensis X X X X ? ? X X .... 
U1 

T. macrotis X 

Euderma maculatus ? 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 

1-1 1-1 ~ 1-1 QI 111 
QI QI QI ~ P, QI > > I I 0 P, -.-I -.-I 1-1 
ill ill -g&, -g~ -.-I a.. 1-1 111 

§ 1-1 ~ 
1-11-1 1-1111 111 -.-I '0 til ..c:: 'H 'H ~8 ~ OM -,.,'0 VI 'H c:: VI 

0 0 111 VIa.. I ~ 0 I QI 111 111 ::s 
~ -.-I ~ ~11I I-I~ QI~ ~M ~ 1-1 

:5 ..c:: 1-11-1 1-1 1-10 OM QI VI OVI 111 VI 0 ..Q 
~ QIQI 111 QI~ >.'0 'OQl ::SQl ~VI N QI 

1-1 ::s VIC:: p, VI c:: ~o ~I-I 1-11-1 C::11I -.-I 0> 
0 0 QI~ ill QlO -.-10 00 P,O 01-1 1-1 111 
Z til OH 08 a..) a..'H tIl'H ::;:0> ~ til 

Leporidae 

Sylvilagus ~udubonii ? X X X X X 

S. nuttallii X X X 

Lepus californicus X X X X X 

Sciuridae 

Spermophilus variegatus X X X X X X X ? X 

S. spilosoma X X 

S. lateralis X X X X 

Ammospermophilus leucurus X X X X X X 

Cynomys gunnisoni X X 

Eutamias dorsalis X X X X X X 

E. minimus X ? X X 

E. umbrinus X X X X 

Sciurus aberti X X X .... 
'" 

S. kaibabensis X X X 

Tamiasciurus hudsonicus X X X 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 

1-1 1-1 ~ 1-1 01 ItS 
01 01 1-1 01 I=: 0. 01 
> > I I 0 0. .r-! .... 1-1 

ill ill 1l~ 1l'!:l .... p., 1-1 ItS 
§ 1-1 +I 

1-11-1 1-1 ItS ItS .... 'd 00 .c: 
4-1 4-1 ~S I=: U.-I ·n'd UJ 4-1 I=: UJ 
0 0 ItS UJp., I I=: 0 I 01 ItS ItS ~ 

+I .... +I s:; ItS 1-1+1 01+1 ~'iil s:; 1-1 .c: .c: 1-11-1 1-1 1-10 0.-1 01 UJ U UJ 0 ~ +I +I 01 01 ItS 01+1 >o'd 'dOl ~Q) +lUJ N 
1-1 ~ ~ a 0. UJ s:; 1=:0 S:;I-I 1-11-1 I=: ItS .... Ol 
0 0 ill 01 0 ..... 0 00 0.0 ~~ !i! ItS 
Z 00 OH 08 p.,~ p.,4-I 004-1 00 

Geornyidae 

ThoIOO~ bottae X X X X 

T. taU!.0ides x x x X 

Heterornyidae 

Perognathus flavus X X 

P. intermedius X X X 

P. .l2.arvus X 

P. formosus X X X 

Di.l2.odomys ordii X X X 

D. merriarni X X X X 

Castoridae 

Castor canadensis X X X 
..... 

Cricetidae 
..... 

Onychomys leucogaster X X X 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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Reithrodontom~ megalotis X X X X X X X X X 

Peromyscus maniculatus X X X X X X X 

P. boygi X X X X X X ? X 

P. truei X X X X 

P. crinitus X X X X X X ? X 

P. eremicus X X X X X X X 

Neotoma le~da X X X X X X X 

N. steE.hensi X X 

N. alb!9.ula ? X X X X X 

N. mexicana X X X 

N. cinerea X X X 

Microtus longicaudus X ? ? X 

M. mexicanus X ? X 

Ursidae ~ 
co 

Ursus americanus X X X X X 



Table 2 (cont 'd.) • The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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!U. horribilis ? 

Procyonidae 

Procyon lotor X X X 

Bassariscus astutus X X X X X X X 

Mustelidae 

Mustela frenata X X ? X X X 

Lutra canadensis X X X 

Spiiogale putorius X X X X X X X 

Mephitis mephitis ? X X X ? X 

Taxidae taxus X X X X X ? X X 

Canidae 

Canis latrans X X X X X X X X X X 

ICanis lupus X X X X 

Urocyon cin~reoargenteus X X X X X X X ? X .... 
III 

Vulpes macrotis X 



Table 2 (cont'd.). The present amphibians, reptiles, and mammals of the Grand Canyon and associated 
rim country. Data taken from Hoffmeister, 1971; Ruffner et al., 1978; and Miller et al., 1982. 
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Felidae 

Felis concolor X X X X X X ? X ---
!Felis onca X X --- ---
Lynx rufus X X X X ? X X X X 

Erethizontidae 

Erethizon dorsatum X X X X X X 

Cervidae 

Odocoileus hemionus X X X X X X X X X X 

Antilocapridae 

Antilocapra americana X ? X X X 

Bovidae 

Ovis canadensis X X X X X X ? 

N 
0 
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animals are very small in size. Many of the small mammals, 

such as Sorex spp. (shrews), Sciurus spp. (tree squirrels), 

Tamiasciurus hudsonicus (red squirrel), and Microtus spp. 

(voles), live only in the higher woodland and forested 

elevations of the eastern canyon region. Other mammals 

like Castor canadensis (beaver) and Lutra canadensis (river 

otter) occur only along the major permanent streams and 

the Colorado River. The larger species include Odocoileus 

hemionus (mule deer) and Ovis canadensis (bighorn sheep). 

Equus asinus (burro) is a historic introduction into the 

canyon. Felis concolor (mountain lion) and Ursus americanus 

(black bear) are generally found in the wooded and forested 

areas along the rims. As will be discussed in greater 

detail later, the Grand Canyon was the home of additional 

species of large mammals (e.g., Oreamnos), which have 

been absent for the last 11,000 years. 



METHODS 

Rampart Cave has been known ~ince the 1930s to 

contain Oreamnos harringtoni. Wilson (1942) provided a 

preliminary account of these remains, which are housed at 

the headquarters of the Grand Canyon National Park and at 

the Smithsonian Institution (United States Museum of 

Natural History, USNM). Muav Caves (here referred to as 

one cave) and Vulture Cave, both within three kilometers 

of Rampart Cave, yielded a few fragmentary elements of 

Harrington's mountain goat. The single juvenile bone from 

Vulture Cave was not discussed in the report of the deposits 

(Mead and Phillips, 1981). Muav Caves have not been 

systematically excavated, however, a single, undescribed 

bone of Orearnnos sp. is in the Smithsonian Institution. 

These three caves provide geographic coverage of 

the western end of the Grand Canyon at its lowest elevation. 

The lowest elevation in the eastern end of the study area, 

up river, contains Orearnnos at Stanton's Cave. The remains 

are now curated into the University of Arizona Laboratory 

of Paleontology collection. Although Oreamnos harringtoni 

has been reported from this cave, it has not been thoroughly 

studied (Iberall, 1972; Euler, 1978; Harington, in press) . 

Higher elevation, mid-canyon localities were needed for a 

22 
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thorough study. Donald Davis and Kenneth Cole, in 1976, 

recovered two elements of Oreamnos sp. on the surface of 

fill deposits in Tse'an Bida Cave, a mid-canyon, middle 

elevation locality. On the north side of the Colorado 

Ri.ver, still mid-canyon, Cole found two additional mountain 

goat remains in a high elevation wood rat (Neotoma spp.) 

midden in Chuar Valley. These known sites provide an 

east-west coverage of the Grand Canyon as well as an 

elevational range from 535 m (1760 ft) up to 1770 m 

(5800 ft). Two of the localities (Rampart and Stanton's 

caves) had been excavated; one is now destroyed by fire 

(Rampart Cave). Additional mid-canyon cave localities 

were needed. 

Lang (1956) reports on the Marmota (marmot) remains 

from the Grand Canyon, and mentions that Tse'an Kaetan Cave 

also contains Oreamnos bones. The cave was excavated 

solely for artifacts in the 1950s, so no Oreamnos remains 

had been removed from the deposit. This cave provides a 

needed mid-canyon locality, being farther west than Tse'an 

Bida Cave. A cave locality still farther west, preferably 

near the Shivwitz Plateau (Figure 3) was still desired. 

Burnt Springs and Quartermaster canyons and some parts 

of the Toroweap Valley have been searched but deposits 

containing Oreamnos remains have not been found. 
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It was decided that Rampart, Stanton's, Tse'an 

Bida, and Tse'an Kaetan caves would be nly major localities 

for this study. The other isolated finds would help fill 

in the geographical gap on the east side of the Shivwitz 

Plateau. During 1978 and 1979 I excavated in Tse'an Bida 

Cave, and in Tse'an Kaetan Cave during 1980 to 1982. 

Exploration of the latter cave system provided Oreamnos 

harringtoni remains from another nearby cave, Tse'an 

Nextdoor Cave. The newly recovered fossils would be 

compared with the two previously excavated and partially 

analysed cave deposits from Rampart and Stanton's caves. 

Fieldwork in Tse'an Bida and Tse'an Kaetan caves 

was limited to selected test pits, surface collecting, 

and mapping. Test pits were placed in localities that 

I felt would intmediately produce stratigraphy and Oreamnos 

remains. In Tse'an Bida Cave a test pit was placed away 

from huge boulder piles where it was visually obvious that 

fine grained sediments occurred with depth. The major 

test pit in Tse'an Kaetan Cave was made adjacent to an 

archaeological test pit because Schwartz, Lange, and 

DeSaussure (1958) indicated that artiodactyl dung and 

spruce (Picea sp.) pollen were encountered. 

My plan was to recover remains of Oreamnos in 

stratigrpahic sequences. Because of limited time and 

funds, I worked in arbitrary, 5 cm levels. Since these 
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are difficult to correlate chronologically, I radiocarbon 

dated Oreamnos remains whenever possible. Dung of Oreamnos 

provides most of the radiocarbon ages. A few keratinous 

horn sheaths were dated, but dating of this material was 

kept to a minimum because it destroyed an excessive amount 

of each sheath. Twenty-six sheaths have milligram chips 

removed to be radiocarbon dated by the accelorator method 

when it is in full operation. 

The dung pellets also provided information about 

the annual diet of Oreamnos. These pellets were first 

weighed and measured then cut into sections for plant 

cuticle, pollen, and radiocarbon analyses. Cuticle analyses 

were made by the plant composition laboratory of Dr. Richard 

M. Hansen (Colorado State University). Radiocarbon dates 

were analyzed at the University of Arizona, Radiocarbon 

Limited, and the Smithsonian Institution. Pollen analyses 

of the dung and of cave sediments were provided by Mary Kay 

O'Rourke, Paul S. Martin, and Robert S. Thompson (University 

of Arizona) • 

The osteological remains were measured, using dial 

calipers, and compared with modern skeletons of Oreamnos 

americanus and Ovis canadensis mexicana. There is no 

type specimen of Oreamnos americanus and very few complete 

comparative skeletons are available; therefore, I used in 

this study the one complete adult and the one complete 
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juvenile skeletons from the USNM, and parts of two skeletons 

from the Idaho Museum of Natural History (IMNH). The 

measurements of only the type specimens of Oreamnos 

harringtoni have been published. 

The fine screening and concentrating of the cave 

sediments at Tse'an Bida and Tse'an Kaetan caves was 

productive. Hair was recovered during the process of 

hand-picking the concentrate. Most of it was entirely 

white while a few were multi-banded with dark colors. I 

thought that some of the hair might belong to Oreamnos 

harringtoni. Dr. Paul Krausman (University of Arizona) , 

a person well aquainted with hair identifications, provided 

the criteria for identifying the hair of artiodactyls of 

North America. A binocular microscope, modern comparative 

collection, and laboratory guide were used to identify the 

inner core of the fossil hair. The outer surface was 

examined by using the scanning electron microscope at 

the College of Agriculture, University of Arizona. 

Once the skeleton and hair of the extinct mountain 

goat was described and its diet determined from my analyses 

and those of other workers, it was important to establish 

the plant and animal community in which Oreamnos 

harringtoni lived. The excavated cave sediments also 

contained bones of other animals and plant macrofossils. 

Equivalent, surface remains today are from local and 



extralocal habitats. Plant and animal remains from wood 

rat middens, however, provide a detailed account of the 

local environments. Previous studies of wood rat middens 

from the regions of the other three caves have been 

published; only middens from Tse'an Kaetan Cave had to 

be sampled and analyzed in this study. 

I describe below my work and the work of others 
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in the four major Oreamnos localities of the Grand Canyon. 

The following abbreviations will be used: USNM (United 

States National Museum, Smithsonian Institution), UALP 

(University of Arizona Laboratory of Paleontology), A 

(Laboratory of Isotope Geochemistry, University of Arizona) , 

RL (Radiocarbon Limited), GCNP (Grand Canyop National Park), 

LACM (Los Angeles County Museum), and IMNH (Idaho Museum of 

Natural History). Numbers without prefix abbreviations 

refer to field numbers given to skeletal elements from 

each cave. 

Rampart Cave 

Rampart Cave (Figure 4) was first reported by 

Willis Evans in the summer of 1936. The cave is renowned 

for its stratified layers of Nothrotheriops shastensis 

(shasta ground sloth) dung and wood rat debris. These 

deposits were excavated in 1937 by the National Park 

Service and in 1942 by R. Kellogg of the Smithsonian 

Institution. A preliminary report of the fauna recovered 



Figure 4. Rampart Cave showing its very readily accessible 

entrance. The -trail (with human figures for scale), dark 

back dirt pile below right of entrance, and the stone 

wall in the entrance were made during the 1930's. Photo

graph taken from a helicopter by Tom Van Devender. 
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by the Park Service was prepared by Wilson (1942). The 

dung of the ground sloth was studied by Laudermilk and 

Munz (1938), Martin, Sables and Shutler (1961; pollen 

and trace elements), and Hansen (1978; plant cuticle 

remains). Wood rat middens were analyzed for their plant 

contents (Phillips, 1977) and for their faunal remains 

(Van Devender, Phillips, and Mead, 1977). In 1974-1975 

approximately 80% of the deposit was destroyed by fire 

a small stratigraphic section was saved by the trench 

excavation of 1942. 
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The excavations in 1942 produced a number of 

Oreamnos skeletal remains, which have never been adequately 

described. A few of the Oreamnos remains from the Kellogg 

excavation, in addition to all the remains from the Park 

Service excavation are used here. The dung analysis by 

Clark (1977) and Hansen (Colorado State University, pers. 

comm., 1982), is attributed by them to be from a wapiti

like (Cervus sp.) animal; I discuss later why I believe 

that these dung pellets are from Oreamnos harringtoni. 

A generalized stratigraphic cross section of the cave 

deposit is provided in Figure 5 (adapted from Long and 

Martin, 1974). Pertinent isotopic ages are listed in 

Table 3. 



Figure 5. Map of Rampart Cave illustrating the extent 

of Nothrotheriops shastensis dung. The location of 

Oreamnos harringtoni dung pellets is shown in the cross 

section. Adapted from Long and Martin (1974). 
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Table 3. Selected radiocarbon dates from Rampart eave. 

Laboratory Material 
Provenience l4e Age B.P. Number Dated 

Shutler Profile 10, 780:t.200 A-l067 Nothrotheriops 
Surface shastensis dung 

67 cm depth 13, l40~:.320 A-1207 ~. shastensis dung 

71 cm l6,700::!:.900 A-1208 Neotoma sp. dung 

91 cm 18, 430::!:.300 A-1278 Oreamnos harringtoni dung 

96 cm 23, 540::!:.460 A-1209 Neotoma sp. dung 

132 cm >40,000 A-l042 N. shastensis dung 

Wood rat middens 12,230+350 A-1535 Juniperus/Fraxinus twigs 
Range of 7 18,890£:500 A-1356 Fraxinus anomala twigs 

Kellogg Collection 
U 28,100::!:.1600 A-2629 Q. harringtoni horn sheath 

#4 19, 380::!:.600 A-2630 o. h~r~~ggtoni horn sheath 

Reference 

Long and f-1artin, 1974 

Long and ,·lartin, 1974 

Long and Martin, 1974 

Long and Martin, 1974 

Long and Martin, 1974 

Long and Martin, 1974 

Phillips, 1977 
Phillips, 1977 

This Report 

This Report 

IN .... 
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Stanton's Cave 

Stanton's Cave is named for the engineer Robert B. 

Stanton who in 1889-1890 surveyed the Colorado River in 

the Grand Canyon for a railroad route (Figure 6). Not 

until 1939 was it noted that the cave contained 

archaeological remains. A radiocarbon age of 4,095tlOO B.P. 

established the earliest human occupation in the Grand 

Canyon (Euler and Olson, 1965). Parmalee (1969) proved 

that the cave deposits also contained a Pleistocene fauna. 

In 1969 and 1970 Robert C. Euler (Research Anthropologist 

for the park) excavated pits (Figure 7) and examined the 

faunal contents of a few wood rat middens (Euler, 1978). 

Elements of Orearnnos harringtoni were recovered from wood 

rat middens, surface deposits, and late Pleistocene age 

layers in strafified deposits. Although the Orearnnos 

remains recovered by Euler's project are described 

(Harington, in press), they are not analyzed in detail 

and are not presented in a descriptive fashion. 

I describe in detail the Orearnnos remains mentioned 

above. In addition, the dung pellets analyzed by Iberall 

(1970; and in Robbins, Martin, and Long, in press) that 

are attributed to o. harringtoni are compared to those 

found in other Grand Canyon caves. Table 4 provides the 

radiocarbon dates from Stanton's Cave that pertain to this 

report. 



Figure 6. The slot entrance to Stanton's Cave (arrow) 

is just above the talus slope. Falls Cave, at Vasey's 

Paradise, is issuing water at the center left. Travel 

from the slope above the cliff and caves down into the 

area along the river occurs only rarely. One such case 

is just up river (behind photographer) where South Canyon 

provides a steep, crumbly talus slope access route. 



33 



Figure 7. Map of Stanton's Cave. The entrance area, 

on the right, is steep and rocky. Level ground occurs 

from the first excavation pits back to the crawlway (far 

left). Exposed (surface) wood rat middens, debris, and 

isolated large cuboid dung of Oreamnos harringtoni are 

indicated. The mountain goat probably did not venture 

beyond the extent of light at the crawlway. Mountain 

goat bones and horn sheaths were taken by wood rats and 

placed in their middens in the room immediately beyond 

the crawlway. 
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Table 4. Selected radiocarbon ages from Stanton's Cave. 

Laboratory f.1aterial 
Provenience 14C Age B.P. Number Dated Reference 

Grid I-I (5-10 em) 2,450:!:.80 A-1l65 Ovis canadensis Euler, 1978 
pellets Robbins, Hartin, Long, in press 

(15-20 em) 5,760:!:.200 A-1l66 Ovis canadensis Euler, 1978 
pellets Robbins, Martin, Long, in press 

(20-25 em) 10,760:!:.200 A-1l54 Small pellets Euler, 1978 
Robbins, Hartin, Long, in press 

(20-25 em) 10,870:!:.200 A-1l55 Large pellets Euler, 1978 
Robbins, Martin, Long, in press 

Grid A-A (20-25 em) 13,070:!:.470 A-1082 Small pellets Euler, 1978 
Robbins, Martin, Long, in press 

Grid G-G (20-25 em) 13,770:!:.500 A-1l32 Large pellets Euler, 1978 
Robbins, Martin, Long, in press 

Wood Rat Midden 15,230:!:.240 A-1238 Teratornis merriami Euler, 1978 
humerus Robbins, Martin, Long, in press 

Driftwood (68 em) >35,000 A-I056 Pseudotsuga Euler, 1978 
menziesii log Robbins, Martin, Long, in press 

Wood Rat Midden 19,690:!:.1200 A-3083 Q.. harringtoni This Report 
horn sheath 

Wood Rat Midden 12,580:!:.520 A-3085 Q.. harringtoni This Report 
horn sheath 

w 
U1 
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Tse'an Bida Cave 

Many caves of the Grand Canyon region were explored 

and named by Lange and DeSaussure in the 1950s. Because 

they did not want to call attention to these caves, they 

only referred to them in the Navajo language. For example, 

Tse'an Bida Cave (Figure 8) means approximately "cave in 

the cliff rim" (ts~'~~n: rock cave, bid1: cliff rim) in 

the Navajo (Din~h) language (Haile, 1951; Wall and Morgan, 

1958). In a similar reference to cliffs, the Navajo name 

• ." I' / ." for the Grand Canyon l.S "Bl.daa' Ha Azt'l. ". I have found 

that various people refer to the above cave as Tse'an Bida 

Cave; I will follow their usage even though cave is 

redundant. 

Tse'an Bida Cave was first systematically mapped 

in the 1970s by the Central Arizona Grotto of the National 

Speleological Society (Robert Beecher, pers. comm., Tucson, 

Arizona). In 1976 Kenneth Cole explored the cave for 

fossilized wood rat middens. Six middens of late Wisconsin 

and early Holocene age (8,400 to 13,800 B.P.) were analyzed 

for their flora by Cole (1981), and for their fauna by Cole 

and Mead '(1981). Two isolated skulls of Oreamnos were 

removed by Cole in 1976. From 1977 to 1980 I conducted 

paleontological investigations. 

The map of this cave, made by R. Beecher and 

others (Grand Canyon National Park files) was modified 



Figure 8. Photograph of the lower entrance to Tse'an 

Bida Cave. Pinus edulis and Juniperus osteosperma trees 

grow on the slope (Supai Group) immediately above the 

cave. The South Rim is in the far distance. 
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for my own field work (Figure 9). A star bolt, marking 

my central point for surveying, was drilled into a large 

central rock in the lower entrance room; the rock is well 

situated and should not shift its location. The entire 

cave can be surveyed on one continuous grid system for 

excavation. The grid is a system of one by one meter 

squares on a magnetic north-south orientation. I 

excavated only one stratified test pit at 9 m North, 

o m East-West (9NOO). All surface features (owl roosts, 

dung pellet accumulations, large bones) were located on 

my map. All large skeletal elements were mapped, marked 

with a field number, and wrapped in plastic for removal 

to the laboratory (Figure 9). All skeletal elements of 

Oreamnos came from either one of two wood rat middens or 

from the surface deposits; no elements were recovered in 

the test pit excavation. Table 5 shows the l4C ages of 

9NOO, isolated bones, and the wood rat middens. 

The 9NOO test pit was excavated in 5 em arbitrary 

levels. Each unit was removed by trowel and leveled by 

a line-level. All matrix was screened through 10 mm and 
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1 mm mesh sieves to remove large pebble and cobble sized 

clasts; the concentrate in the 1 mm mesh screen was bagged 

in plastic for field removal. Time and expense did not 

permit further excavation using natural, stratigraphic 

, 



Figure 9. Map of Tse'an Bida Cave (adopted from map 

made by the Central Arizona Grotto National Speleological 

Society, R. Beecher, pers. comm.). Position of the 

skeletal remains of Oreamnos harringtoni are referred 

to by either their field numbers or the USNM (Skull 

Area: 21967, 21974). All visible light ceases about 

160 m into the cave (Line of Darkness). Neotoma middens 

studied by Cole (1981) are referred to by his field 

numbers (M). 
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Table 5. Radiocarbon ages from Tse'an Bida Cave. 

Laboratory 
Provenience l4C Age B.P. Number 

9NOO Test Pit 
Layer 2 2,960:!:.200 A-2836 

Layer 4 16, 1 50:!:.6 0 0 RL-1135 

Layer 8 24,190:!:.H88 A-2373 

Wood Rat Middens 
lC 13,340:!:.150 A-1806 

2C 13,780:!:.240 A-1790 

3 10, 29 O:!:.l 50 A-1808 

4 8,470:!:.100 WK-145 

8A 11, 530:!:.29 0 GX-6305 

8B 13, 470:!:.420 RL-1176 

Surface Horn Sheath 
Skull: GCNP 21974 l2,930:t.110 SI 

Next to Skull: 
GCNP 21974 13,100:!:.700 RL-1l33 

Sleeping Depression 11,850:!:.750 RL-1134 

Material 
Dated 

Gymnosperm \oJOod 

Oreamnos harringtoni 
dung 

O. harr!!!9~()ni dung 

Neotoma sp. dung 

Uriniferous debris 

Juniperus sp. twigs 

Agave utahensis leaf 

Neotoma sp. dung 

Neotoma sp. dung 

Q.. harringtoni 
horn sheath 

o. harringtoni dung 

O. ha~ringt()ni dung 

Reference 

This Report 

This Report 

This Report 

Cole, 1981 

Cole, 1981 

Cole, 1981 

Cole, 1981 

Cole, 1981 

Cole, 1981 

From L. Logan, 

This Report 

This Report 

1982 

.e
o 



levels. All faunal and floral remains recovered in 9NOO 

will be referred to in arbitrary levels. 

Figure 10 is a generalized cross sectional view 

of the west wall of the 9NOO test pit. The surface is 

relatively horizontal. Arbitrary Layer 1 and the surface 

are loose silt to pebble sized clasts. The larger 

sediments are angular limestone, roof spalls. Small 

animal bones are very abundant; presently the area is an 

active raptor roost. Pinus nut shells are common in this 

first layer. The Munsell color is SYR 7/4 dry. Layer 2 
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.is slightly compact and is near identical to Layer 1 in 

composition and color. Small animal bones are in greater 

abundance. A layer of avis canadensis dung (2,960+200 

B.P.), a few pellets thick, denotes a subunit within Layer 

2. Layer 3 is dominated by small animal bones, again 

representing a raptor roost. Clasts are silt to pebble 

sized with occasional cobbles. All pebble to cobble 

sized sediments are angular limestone, roof spall. The 

Munsell color is SYR 7/4 dry. The base of arbitrary 

Layer 3 is a natural stratigraphic break, an abrupt contact. 

The top 1.0 to 1.S cm of arbitrary Layer 4 is a 

moderately cemented (carbonate) crust. The compacted 

sediments are still silt to pebble sized, with the larger 

clasts being angular roof spall. Small animal bones are 

less common, probably representing only an occasional owl 



Figure 10. Generalized cross section of the west wall 

of test pit 9NOO, Tse'an Bida Cave. The size of the 

symbol for the dung of Oreamnos harringtoni refers to 

the preserved completeness of the pellets at that depth. 
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pellet. Dung (large cuboid pellets; 16,150+600 B.P.) 

of Oreamnos harringtoni are common below the crust. 

Slightly and completely broken pellets are intermixed 

with the sediments which change the color of the cave 

fill (Munsell 7.5YR 7/4 dry). Layers 5 through 9 are 

identical to Layer 4 in composition and color. The 

abundance of small animal bones and entire dung pellets 

decreases with greater depth. Layer 8 radiocarbon dates 

4300 24, 190~800 B.P. 
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The excavation was stopped at the base of arbitrary 

Layer 10, 50 em deep, because bones and dung pellets were 

very scarce. Organic remains appeared heavily leached 

and decomposed at this depth. Excavatable silt to 

pebble sized sediments go on with depth, although, large 

boulder, roof collapse may be nearby. Based on the 

configuration of the walls and other levels of the floor 

surface within the room, 9NOO may go several meters 

deeper before reaching bedrock. 

Three near complete skulls (two carrying three 

horn sheaths and brain membrane tissue) were found in 

surface-subsurface proveniences (Figure 9). Two were 

recovered together under loose surface boulders (referred 

to as Skull Area). Associated in and among these bones 

were large cuboid artiodactyl dung pellets. Large and 

small dung pellets are common on the surface in the lower 



entrance room. As this first room contracts into a 

passageway, dung and Orearnnos bones become more common. 

Surface bones and dung pellets are very common just 

44 

before reaching this point. On the north side of the 

passage are two depressions in the sediments that resemble 

resting or sleeping areas (Brandborg, 1955; Geist, 1971). 

Around and within these bedding areas, among smaller 

dung pellets, are the characteristic large cuboid pellets, 

like those of the Skull Area. 

At this point of the cave, 60 m beyond the entrance 

room, the passage makes a sharp turn, daylight ceases 

altogether as do the dung and bones. Still farther into 

the cave through a low passageway is the Junction Room 

where many side passages, ceiling conduits, and joints 

congregate. Wood rat middens are again present as are 

entire Spermophilus variegatus (rock squirrel) skeletons 

that appear to have fallen in from some unknown solution 

crack-burrow above. Artiodactyl dung pellets are not 

found in this room. It is not until one arrives in the 

chamber at the end of the upper entrance room that dung 

pellets are again encountered, although, no large cuboid 

pellets have been observed. This upper room is repeatedly 

engulfed by summer thunderstorm flash floods that enter 

the cave through the upper entrance, which opens into a 

drainage at the top edge of the Redwall cliff. Most, 
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if not all, of this uppermost room receives only rare 

thin rays of light. 

The upper entrance room has not been excavated 

but I predict that it contains Ovis and Odocoileus bones 

and dung; if Oreamnos occurs, it would be deeply buried. 

A gradual slope above and outside the upper entrance 

provides easy access to an unlimited range of area above 

the Redwall Formation. Deer and bighorn sheep can now, 

and probably did in the past, easily enter the upper 

quarter of Tse'an Bida Cave. There is a possibility 

that the upper entrance, which is small (ca. 2x3 m at 

most), has only been open during the Holocene. Low 

crawlways and long dark passageways surely have kept 

artiodactyls from traveling from the upper entrance 

room down into the lower entrance room and nearby 

passageways. 

Tse'an Kaetan Cave 

In the Navajo (Dineh) language, Tse'an Kaetan 

Cave means "prayer stick cave) 
/ / / 

(tse'aan: rock cave, 

Ket~n: prayer stick; Haile, 1951; Wall and Morgan, 1958). 

The name is in reference to the archaeological split-twig 

figurines found on the surface of the cave deposits. 

Like Tse'an Bida Cave, this cave was discovered and 

named by Lange and DeSaussure (1953-1955). The cave 

(Figure 11) was mapped and a portion of the cave was 



Figure 11. Tse'an Kaetan Cave showing entrance with a 

narrow talus slope outside of cave. The cliff below is 

vertical enough to keep all but most agile artiodactyls 

from entering the cave. Photograph taken from a helicopter 

by Emilee ~1ead. 
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excavated purely for the study of its archaeology, namely 

the split-twig figurines (Schwartz, Lange, and DeSaussure, 

1958). Apparently the first pollen analysis of ice age 

sediments in Arizona was done here by Anderson (in 

Schwartz, Lange, and DeSaussure, 1958). 

My study of the cave began in 1980 with a remapping 

of the entrance room, locating all surface geological, 

archaeological, and paleontological features (Figure 12) • 

All large bones were located to provenience and wrapped 

in plastic for removal to the laboratory. A test pit 

(1 by 0.5 m) was placed next to Surface Features 1 and 

2 of Schwartz, and in the owl roost (0.5 by 0.5 m) 

(Figure 11). The material from the first test pit was 

screened to remove cobbles and large pebbles. Concentrate 

was packed in plastic bags marked to 5 cm levels. Material 

from the owl roost was not screened because it was rich in 

fossils. 

A number of wood rat middens were located. Three 

of these are analyzed here because, unlike the other caves, 

Tse'an Kaetan has had no previous studies of plant remains. 

Radiocarbon ages for all middens and sedimentary layers are 

presented in Table 6. 

My initial excavation was a broadside from a test 

pit in the archaeological surface Features 1 and 2 dug by 

Schwartz in 1955, which promised at least 50 em of 



Figure 12. Map of Tse'an Kaetan Cave. The plan view 

locates all paleontological and excavational surface 

features. Large cuboid dung is identified as Oreamnos 

harringtoni (O.h.). Only one Neotoma midden (Ml) is 

analyzed from this entrance room area. 
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Table 6. Radiocarbon ages from Tse'an Kaetan Cave. 

l4e Age B.P. 
Laboratory 

Provenience Number 

Wood Rat Hiddens 
1B 17, 10 0:!:.5 0 0 A-2719 

2A 15,500:!:.900 A-2721 

2B 18, 84 0:!:.50 0 A-2720 

1981 Test Pit Layers 
1 (0-5 em) 14, 220:!:.320 A-2835 

3 (10-15 em) 17,500:!:.300 A-2723 

6 (25-30 em) 30,600:!:.1800 A-2722 

Surface, entrance: 
Random 18, 290:!:.1400 A-2371 

Owl Roost Layers 
2 121, 430:!:.l500 A-3082 

3A ?l5,260:!:.380 A-3034 

1 questionable age. 

Material 
Dated 

Midden debris and 
Pseudotsuga 

Hidden debris 

Midden debris 

O. harringtoni dung 

O. harringtoni dung 

O. h~r~i~g~o~! dung 

Q. h~rri!!9!:on~ dung 

Neotoma dung 

OreamnOS/N~O!:Q~~ dung 

Reference 

This Report 

This Report 

This Report 

This Report 

This Report 

This Report 

This Report 

This Report 

This Report 

"'" It) 



sediments. Until well into my excavation, I did not 

realize that Schwartz excavated here because of a wood 

rat midden that contained many split-twig figurines. 

Much of the cave fill in my excavation contained wood 
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'rat burrows. Although these were easily discernible, I 

tried to avoid them. Ultimately I abandoned the 

excavation for lack of large enough samples of undisturbed 

cave sediment. 

All excavation in this first test pit was in 

arbitrary 5 cm units (Figure 13). Layer 1 was a loose, 

highly organic sediment. Loose artiodactyl dung pellets 

were mixed with fragments of split-twig figurine and 

lithic debitage. Large cuboid dung pellets attributed 

to Orearnnos harringtoni from the cave surface near the 

excavation provided a radiocarbon age of l8,290~1400 B.P. 

(A-237l). Similar dung pellets and matted dung units 

from Layer 1 l4C dated 14,220+320 (A-2835). Layer 2 

contained segments of broken and entire dung pellets in 

chunks of broken mat of trampled, indurated dung. In 

the lab, these matted dung units produced thick, viscous, 

brown urine and bile acid-smelling liquid when soaked in 

water. Loosely intermixed around the dung mat segments 

were charcoal, lithic debitage, and a finely worked bone 

bead. Layer 3 was almost entirely matted artiodactyl 

dung with few areas of rodent dung mixing with 



Figure 13. Left: Generalized cross section of the 

broadside test pit excavation, adjacent to Surface 

Feature 1 and 2 of Schwartz, Lange, and DeSaussure 

(1958). Seven of the eight arbitrary layers were 

predominantly matted and entire dung pellets. Rodent 

activity was common and avoidable. 

Right: Generalized cross section of the test 

pit excavation in the owl roost. Layer designations 

are stratigraphic. ? = see text for discussion of l4c 

dates. 
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archaeological remains. Large cuboid dung produced a 

l4C age of 17,500+300 B.P. (A-2723). A large boulder 

greatly decreased the workable area of Layer 4 which also 

consisted of matted dung. Layer 5 was heavily churned by 

rodent burrowing. No analysis of this unit, other than 

of the dung mat, was completed because of the possible 

mixing. Layer 6 was entirely cemented matted dung with 

occasional broken and entire dung pellets. The larger 

pellets radiocarbon dated to 30,600+1800 B.P. (A-2722). 

Layers 7 and 8 were both like Layer 6, being entirely 

trampled, cemented dung; very few entire pellets were 

observed. Silt to cobble clasts were found in all units. 

Pebble sized sediments were angular limestone roof spall. 

Silt, which was the dominant sediment in the dung mats, 

was probably eolian and solution derived. 

The test excavation of the owl roost was a 50 

by 50 cm pit taken to a flowstone floor 30 cm down. 

Originally I had planned to excavate in arbitrary levels, 

however, it became evident that excavation could easily 

follow natural levels. The layers referred to here are 

therefore natural units. Layer 1 is a modern and still 

forming owl pellet deposit. Small bones predominate 

but three bones of Meleagris galapavo (common turkey) 

(identification by Amadeo Rea, San Diego Museum of 

Natural History, pers. comm., 1980) were recovered from 
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the surface. These bird bones, if they represent 

archaeological material, may relate to the period when 

the split-twig fi~urines were deposited in the cave, 

3,000 to 4,000 B.P. (Euler and Olson, 1965; Schroedl, 

1977; dates not calibrated, see Klein, et al., 1982). 

Layer 2 (21,430+1500 B.P.; A-3082) is a mixture of 

unindurated, matted artiodactyl dung and loose wood 

rat midden debris; owl pellet remains ar~ common. The 

compact dung is similar to that found in Layer 2 and 

below, of the archaeological feature excavation. Layer 
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3 is divisible into arbitrary units, an upper, 3A 

(15,260+380 B.P.; A-3034), and a lower, 3B. Both subunits 

are predominantly a whitish powdery, compact silt and 

both contain common to occasional vertebrate remains. 

Bedrock was reached at 28 to 30 cm below surface. The 

two radiocarbon dates from this test pit are in reverse 

natural stratigraphic order. There appears to be no 

laboratory error that could easily account for the 

mixing o·f the two dated samples. A possible answer 

for the ages of the two layers is that Holocene age 

Neotoma dung (Layer 1) became mixed with full-glacial 

age dung during excavation. Rodent burrows were not 

apparent during the excavation. 

North of Tse'an Kaetan Cave by approximately 

200 m and around a rock butte is another cave at the 
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same elevation. This second cave (Tse'an Nextdoor Cave; 

Figure 14) surely connects hydrologically to Tse'an 

Kaetan, probably at its northern most passageway. No 

known, humanly crawlable passageway exists between the 

two caves. Tse'an Nextdoor Cave is a small cave comprised 

of tight crawlways. On the surface of one passageway was 

an isolated axis vertebra of Oreamnos harringtoni. 

I hypothesize that Ovis and Odocoileus never 

entered either cave. My two reasons are as follows. 

1) All surface large bones, juvenile and adult, belong 

to Oreamnos; no Ovis or Odocoileus skeletal fragments 

have been observed. Although negative evidence is weak, 

j 
the surface of much of the cave dates 1~,000 B.P., which 

dismisses Holocene hiding by burial. I assume they 

would be seen if they died in the cave anytime in the 

last 14,000 years. 2) Although the cave entrance is 

large, the area outside the cave quickly turns into 

cliff. Only one area provides human access to the entrance 

area, but even this is a steep rock climb usually requiring 

ropes for safety. Ovis is known to inhabit rocky regions 

throughout its range, and although it is a good scrambler, 

it does not appear to actually climb up near vertical 

cliffs in the manner of Oreamnos americanus, which would 

be required to get into Tse'an Kaetan Cave (Geist, 1971; 



Figure 14. Upper Cremation Canyon showing the entrance 

of Tse'an Kaetan Cave (left arrow) and Tse'an Nextdoor 

Cave (right arrow), illustrating the vertical access to 

the entrances. The South Rim is in the upper distance. 

The tall trees in the distance are Pinus ponderosa and 

Pseudotsuga menziesii. At and below the caves are the 

trees Pinus edulis and Juniperus osteosperma. 
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Brandborg,1955). Deer are poor climbers and surely 

would not attempt or succeed the climb. 
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RESULTS 

The results are divided into three sections. 

The first concerns Harrington's extinct mountain goat, 

the last two include descriptions of the floral and 

faunal remains recovered in the course of the excavations. 

Harrington's Mountain Goat 

Mountain goats (Order Artiodactyla, Suborder 

Ruminantia, Infraorder Pecora, Family Bovidae, Subfamily 

Caprinae, Tribe Rupicaprini, genus Oreamnos) are the 

sole representatives of the rupicaprids in North America 

(Rideout and Hoffmann, 1975). Oreamnos has two recognized 

species, O. americanus (Bainville, 1916), the American 

mountain goat, and O. harringtoni Stock, 1936 , 

Harrington's mountain goat, known only from the 

Pleistocene. 

Oreamnos americanus is stocky, with slender, 

black horn sheaths and a short tail. Its pelage consists 

of a white wool and guard hairs including a pointed 

beard (Rideout and Hoffmann, 1975). The feet are larger 

than those of Ovis spp., with oval hooves and prominent 

dew "claws." At a distance it is difficult to distinguish 

the sexes visually. 
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Prior to this report, little was known of the 

general characters of Harrington's mountain goat. Stock 

(1936) described it based on the frontal two horn cores 

on one skull fragment, two metatarsals, and three 

metacarpals from Smith Creek Cave, Nevada. From this 

small sample size, Stock (1936) described Oreamnos 

harringtoni and compared it to o. americanus noting 

the following identifying characters: 1) h0rn cores 

possess a greater backward curvature, 2) the entire 

animal is two-thirds the size, and 3) the metacarpal 

has a more prominent tendon attachment on the anterior 

surface of metacarpal III. Nothing was known about the 

pelage of the extinct mountain goat. Wilson (1942) 

implied that o. harringtoni may have had a thick, cold

adapted pelage when he argued cogently that it probably 

lived in a habitat similar to o. americanus because of 

its association with boreal small mammals (pika, Ochotona 

princeps, and marmot, Marmota flaviventris) in central 

Nevada. 

Remains of the skeleton, hair, horn sheaths, 

and dung, that I attribute to Oreamnos harringtoni are 

described below. 

Osteology 

The following includes a description of the 

skeletal remains of Oreamnos recovered from the Grand 
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Canyon. The numbers in parentheses are the field or 

museum specimen numbers. Comparisons were made with 

the measurements of the type specimen of o. harringtoni, 

Q. americanus, and Ovis canadensis. I have not measured 

the type specimen of o. harringtoni; I rely on the 

publication by Stock (1936). No type specimens occur 

for o. americanus. Lewis and Clark (1814) described, 

in their famous travel log, the pelt of a mountain goat 

that was shown to them by an Indian near Mt. Adams, 

Washington (Jackson, 1962). Ord (1815), taking Lewis 

and Clark's description, named the mountain goat Ovis 

montanus, and thus began an involved line of synonymy 

that ended in 1912 (Hollister, 1912) with the name 

Oreamnos americanus with no holotype. Four skeletons 

of ~. americanus were used for this study. Measurements 

from additional isolated skulls were provided by Lloyd 

Logan (pers. comm.). Measurements of the skull of o. a. 

missoulae (often considered the smallest subspecies) 

were provided in Brandborg (1955); additional skeletal 

measurements are from Harington (1971). 

Although the two species of Oreamnos are the only 

rupicaprids in the New World, the closely related caprids 

are represented in western North America by the bighorn 

sheep. The skulls of the two genera are recognizably 

different and easily distinguishable. The post-cranial 
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bones present a different problem, some bones are almost 

indistinguishable. I illustrate and discuss identifying 

characters to differentiate Ovis and Orearnnos bones where 

appropriate. 
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An entire skeleton of Orearnnos harrin~ofi~-does 

not exist in any museum to my knowledge. As mentioned 

above the species was described on the basis of six 

$keletal elements. I examined 110 remains representing 

the following bones (numbers are the quantity of that 

element): skull (4, nearly complete), horn core (4, 

isolated), horn sheath (three on two skulls, 27 isolated), 

mandible (7), atlas (3), axis (4), scapula (2), humerus 

(8), ulna (3), radius (4), metacarpal (8), innominate 

(pelvis, 5), femur (8), tibia (10), metatarsal (8), and 

astraglus (5). Some elements are fragmented but still 

permit the taking of measurements. These remains of the 

extinct species from the Grand Canyon warrant a 

redescription and rediagnosis of species. 

Skull. Four near-complete skulls were recovered 

from Tse'an Bida Cave (USNM 21967, USNM 21974, 2) and 

from Tse'an Kaetan (10). The upper dental formula is 

0-0-3-3; there is variability (Cowan and McCroy, 1955). 

The skulls of Orearnnos are quite distinct from those of 

Ovis and therefore require no discussion. The general 

cranial appearance of an adult o. americanus is shown 



in lateral, dorsal, and occlusial views in Figures 15 

through 19. The skulls of o. americanus are larger 

than all skulls recovered from the Grand Canyon (Figures 

20 through 30). The horn cores and horn sheaths of o. 

harringtoni are distinct and possess characters that 

can be used to differentiate ~. harringtoni from o. 

americanus (Stock, 1936) (see below) . 

Another specific character for distinguishing 

o. harringtoni from o. americanus was not observed by 

Stock in his original collection and description. The 
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two palatine bQnes abut at their suture to form the palate 

anterior to the internal naries. The shape of the abutment 

is a lUI in ~. americanus (Figure 19), and a 'V' in o. 

harringtoni (Figures 22, 25, 27, and 30). 

Various measurements of the skull are listed in 

Table 7. In most instances ~. harringtoni has a more 

diminutive skull than o. americanus in all dimensions 

measured, except in the length of the tooth row. 

Horn Cores. Four isolated horn cores were 

recovered from Tse'an Kaetan Cave (8) and Rampart Cave 

(UALP 6197, GCNP 2839, GCNP 2840) in addition to the 

measurable horn cores from the previously mentioned 

skulls. Figure 31 illustrates the vast differences 

in sizes available in the fossil collection. Table 8 

lists the measurements of horn cores taken from 22 



Figure 15. Lateral view of Oreamnos americanus with 

horn sheaths attached (USNM 35942). Bar = 40 mm. 
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Figure 16. Dorsal view of Oreamnos arnericanus with horn 

sheaths attached (USNM 35942). Bar = 40 mrn. 
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Figure 17. Lateral view of Orearnnos arnericanus without 

horn sheaths to show horn cores (USNM 257658). Bar = 40 mm. 
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Figure 18. Dorsal view of Orearnnos americanus without 

horn sheaths to show horn cores (USNM 257658). Bar = 40 mm. 
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Figure 19. Occlusial view of Oreamnos americanus without 

horn sheaths to show horn cores (USNM 257658). Note the 

lUI shape of the internal naries formed by the palatine 

bones. Bar = 40 mrn. 
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Figure 20. Lateral view of Orearnnos harringtoni from 

Tse'an Bida Cave (USNM 21967). Bar = 40 mm. 
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Figure 21. Dorsal view of Oreamnos harringtoni from 

Tse'an Bida Cave (USNM 21967). Bar = 40 mm. 
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Figure 22. Occlusial view of Orearnnos harringtoni from 

Tse'an Bida Cave (USNM 21967). Note the 'V' shape of 

the internal naries formed by the palatine bones. Bar = 

40 mm. 
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Figure 23. Lateral view of Oreamnos harringtoni from 

Tse'an Bida Cave (USNM 21974). Bar = 40 mm. 
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Figure 24. Dorsal view of Oreamnos harringtoni from 

Tse'an Bida Cave (USNM 21974). Bar = 40 mm. 
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Figure 25. Occ1usia1 view of Oreamnosharringtoni from 

Tse'an Bida Cave (USNH 21974). Note the 'V' shape of 

the internal naries formed by the palatine bones. Bar = 

40 mm. 
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Figure 26. Lateral view of Oreamnos harringtoni from 

Tse'an Bida Cave (2) with two attached horn sheaths. 

Associated palatal region not shown here. Bar = 40 rom. 



73 



Figure 27. Dorsal view of frontal region and occlusial 

view of palatal region of Oreamnos harringtoni from Tse'an 

Bida Cave (2). Note the 'V' shape of the interal naries 

formed by the palatine bones. Bar = 40 mm. 
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Figure 28. Lateral view of frontal region of Oreamnos 

harringtoni from Tse'an Kaetan Cave (10). Bar = 40 mm. 
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Figure 29. Dorsal view of Oreamnos harringtoni from 

Tse'an Kaetan Cave (10). Bar = 40 mm. 
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Figure 30. Occlusial view of frontal region and palatal 

region of Oreamnos harringtoni from Tse'an Kaetan Cave 

(10). Note the 'V' shape of the internal naries formed 

by the palatine bones. Bar = 40 mm. 
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Table 7. Measurements (mm) of the cranium of Oreamnos americanus and o. harrington!. * near complete. J ju·"eni1e. 
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Oreamnos americanus 

USNM 35942 77 .8 38.1 50.8 25.3 52.5 20.2 22.1 53.9 86.4 37.2 40.4 97.9 19.1 92.0 

USNM 257658 73.2 31. 3 37.2 24.3 48.9 22.7 27.5 54.3 77 .0 35.5 38.3 83.7 21.6 82.9 

USNM 310689 (J) 62.0 26.8 36.7 19.5 23.9 46.8 64.5 31.0 35.2 65.6 31.4 68.1 

O. harringtoni 

Tse'an Bida: 

USNM 21967 79.6 27.1 41.4 25.9 53.7 20.0 20.8 51.2 72.7 35.5 37.4 69.5 23.1 63.4 

USNM 21974 78.5 28.4 38.3 26.9 51.6 20.8 22.1 47.0 73.7 35.4 35.8 69.4 22.5 67.6 

2 *80.8 26.6 *38.8 25.8 55.0 18.5 20.7 44.2 67.3 63.6 22.3 62.8 

Tse'an Kaetan: 
I 

10 (J) 70.4 26.0 36.8 66.5 21. 5 -.J 
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Figure 31. Four horn cores of Oreamnos harringtoni. 

First three from left are from Rampart Cave (GCNP 2840, 

GCNP 2839, and UALP 6197). Farthest right core is from 

Tse'an Kaetan Cave (8). Compare these and other cores 

on skulls with those of O. americanus in Figure 17. 

Bar = 40 mrn. 
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Table 8. Measurements (rran) of horn cores of Oreamnos americanus and the 
extinct o. harringtoni. * = near complete. 

Species and/ Medial Nasal Anterior 
or locality Circumference Lateral Nucal Length 

Oreamnos americanus 

USNM 38851 28.0 33.3 
USNM 38850 27.5 34.3 
USNM 3670 38.1 35.7 
USNM 75310 27.5 33.4 
USNM 68735 40.0 48.3 
USNM 68734 27.5 31.4 
USNM 38390 26.8 32.2 
USNM 175576 30.5 33.8 
USNM 174617 28.5 33.0 
USNM 174491 25.7 30.8 
USNM 174489 39.6 44.3 
USNM 175583 33.6 37.6 
USNM 175580 28.3 32.7 
USNM 175579 25.0 30.7 
USNM 168702 29.5 34.0 
USNM 168701 29.4 34.4 
USNM 257658 111.1 35.7 36.2 90.3 
USNM 35942 130.0 38.0 42.1 
USNM 310689 72.0 19.5 22.7 58.0 
UAZ 7422 84.5 29.2 29.2 80.0 
NMC 10449 96.0 28.2 31.0 
NMC 10447 115.0 32.2 38.3 
Range of 18: 

juvenile 63.0 18.3 20.6 
adult 134.0 38.0 43.9 

o. harrin9:toni 

Tse'an Bida: 
2 65.0 19.4 20.8 75.0 

USNM 21967 70.0 20.2 23.1 60.0 
USNM 21974 75.0 22.4 25.5 75.0 

Tse'an Kaetan: 
8 120.0 34.8 35.1 110.0 

10 75.0 22.0 21.0 116.0 

Rampart: 
1 61. 0 15.9 20.0 *61.8 

GCNP 2839· 75.9 24.2 24.4 *35.8 
GCNP 2840 59.2 16.3 20.1 70.0 
UALP 6197 80.0 21.9 25.8 

Stanton's: 
102 65.0 19.0 21. 7 

Sm th Creek Cave 
26.8 30.0 89.8 



modern mountain goats and those of o. harringtoni from 

Rampart Cave, Smith Creek Cave, Tse'an Bida Cave, and 

Tse'an Kaetan Cave. 

Measurements were taken from four different 

points on the horn core. The circumference is measured 
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as the total distance around the base at the burr, the 

basal contact of the keratinous horn sheath with the 

skull. The nasal-nucal (anterior-posterior) measurement 

is a straight-line oriented from front to back as viewed 

anteriorly. The medial-lateral measurement is a straight

line 90° to the nasal-nucal orientation. The total length 

measurement is a line running the anterior surface of the 

entire horn core from the burr to the distal tip. 

Figure 32 shows the 32 nasal-nucal and medial

lateral measurements of Oreamnos americanus and o. 

harringtoni. The figure illustrates the fact that o. 

harringtoni usually had proportionately thinner horn 

cores than o. americanus; but within the Grand Canyon 

population of o. harringtoni, some animals had just as 

large horn cores as some modern large males. Two horn 

cores from Tse'an Kaetan Cave were almost at opposite 

ends of the scale, but were still within the size span 

of o. americanus. The single Smith Creek Cave specimen 

appears to be equivalent to the average size of adult 

female o. americanus. 



Figure 32. Plots of the nasal-nucal and medial-lateral 

measurements from horn cores of Orearnnos americanus 

(x = female, dot = male) and o. harringtoni (triangles). 

R = Rampart Cave; B = Tse'an Bida Cave; K = Tse'an Kaetan 

Cave; S = Stanton's Cave; SCC = Smith Creek Cave, Nevada; 

? = uncertain sex. 
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Horn Sheaths. Twenty-seven horn sheaths were 

recovered from Tse'an Bida Cave (2, 17, USNM 21967), 

Chuar Valley (8B), Rampart Cave (1, 2, 3, GCNP 2810, 

GCNP 2811, GCNP 2844, USNM 21961, USNM 21962), and 

Stanton's Cave (46, 51, 52, 60, 61, 67, 89, 97, 98, 

99, 100, 101, 102, 128). Horn sheaths of O. 

harringtoni (Figure 33) were the dominant skeletal 

element recovered in the Grand Canyon. Measurements 

taken from the horn sheaths are the same as those taken 

from the horn cores. Only six of the 27. horn sheaths 

permitted complete circumference and total length 

measurements (Table 9) . 

The circumference and the anterior edge length 
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of horn sheaths of o. americanus and O. harringtoni are 

plotted in Figure 34. The measurements for the modern 

mountain goat are divided by sex (from Brandborg, 1955). 

Figure 34 illustrates the fact that modern female mountain 

goats exhibit a long, slender horn sheath, whereas, the 

males of this species have a much more robust sheath 

usually of the same length. At all stages of growth, 

the males have a stouter horn sheath. 

Six horn sheaths of o. harringtoni are plotted 

against the modern mountain goat horn sheaths. Although 

there are only six, they fall into two groups. One group, 

of two sheaths (Rampart Cave, GCNP 21962 and Stanton's 



Figure 33. Oreamnos parringtoni horn sheaths. Top row 

from Rampart Cave (USNM 21962, USNM 21961, GCNP 2810, 2, 

3, GCNP 2811); bottom row from Stanton's Cave (89, 98, 

97, 99, 102, 100). Bottom row first left (89) - largest 

and most complete in the collection; bar = 40 rom. Note 

differences in backward tilt and basal width; compare 

with o. americanus in Figure 15. Bottom row second from 

right shows horn core still within sheath. Third from 

right, bottom row, has an aberrant tip, cause unknown. 
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Table 9. NCilsurelllcnts (nun) of the keratinous horn sheath oC ~~ca"u\O~ <:!lIIcricill~us .11,,1 o. ~~a!·!!!~Jl-':~!.'.L. !;CX of fO!;si I rem.:tills 
dctennine<1 frolll l'i'Jure 34. 1 = from Uran<1bory, 1955. 

Spec i es and/ I\PI'L-oximatc No. Growth Uurr linter i or lIy!'o. J\~5ulTI,....(1 

<?~ ..!oc'!.~_U..Y ___ . __ y. Presented Rings Circum. ~Ied.-Lat. _ ~~ ~~~~IC ~ ___ ~~...!!~I!:'-'--___ ~~!!'J t:!! _____ ~!:~ __ . --------_. 

()re'!.~'-I!£~ ~rica!~ 

USNH 35942 100 4 IJ6.0 4J.l ·12. (, 209.0 1(,,) .0 
lISNH 25765R 100 9 115.0 32.4 3:1.2 24').0 194.·0 
~Jale, n 30 ! 100 53.0-147.0 ':;),0-241.0 
,'emale, n = 24! 100 63.0-109.0 83 .0-2')r,.0 

o. I)an!n')toni' 

Tse'i\n Biela: 
2 100 8 70.0 20.2 21.7 1';7.0 1 ;~9. 0 I" 

Chuar Valley' 
811 10 80.0 2).(0 2( •. 6 

RaI111,art: 
1 100 61.0 15.9 20.0 lili .0 10r,.0 I' 
2 75 
3 75 

GctJP 2810 80 5 
GCNP 2811 80 10 65.0 20. R L 7.4 LIiH.O 135.0 ,-
GCNP 2844 30 
USNH 21961 75 5 2(,.5 2,1 .• 1 1110.0 I ~,l. 0 
uSlm 21962 100 10 112.0 3~.1j 32 J. ~ou.o l'd.O /I 

!;tanton' 5: 

46 90 1 
51 10 
52 10 
60 50 
61 50 
67 50 
89 100 8 l1S.0 31.1 3R. j 197.0 1 r,R.O r·l 
97 80 8 
98 100 10 (,9.9 20.0 :!2. r, 191.0 )r;5.0 .. 
99 65 9 CO 

u' 
100 50 
101 50 
102 ')0 5 
128 15 



Figure 34. Plots of the basal circumference and the 

anterior (nasal) length from horn sheaths of Oreamnos 

americanus and o. harringtoni. Symbols as in Figure 

32. Suggested male and female assignments on extinct 

mountain goats based upon their clustering association 

with modern mountain goats. Numbers refer to specimens 

from that cave (see text). 
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Cave, 89) are definitely stout, whereas the other four 

(Tse'an Bida Cave, 2; Rampart Cave, GCNP 2811; and 

Stanton's Cave, 98), while about the same maximum length, 

are slender. 
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I believe that this, albeit small sample of fossil 

horn sheaths, indicates both male and female o. harringtoni 

horn sheaths. These fossil sheaths are generally more 

slender in the females but just as stocky in the males 

as o. americanus, and the fossils have shorter horn 

sheaths suggesting that I am not analyzing just young 

individuals (see Figure 35). 

Figure 35 illustrates how quickly the horn sheaths 

of o. americanus reach near maximum growth, at about three 

years of age; almost no bone growth occurs after four or 

five years in age (Brandborg, 1955). Each year a growth 

band appears on the growing horn sheath resulting from a 

recession of growth during late fall, winter, and early 

spring seasons. No growth band is evident from the first 

winter (Brandborg, 1955). Figure 35 also indicates that 

females generally have longer horn sheaths and that o. 

harringtoni had significantly shorter horn sheaths than 

did o. americanus for the same age groups. 

The circumference of the horn sheath in relation 

to the ratio of the hypotenuse length to the length is 

shown in Figure 36. The right-hand margin of the figure 



Figure 35. Length of horn sheath versus age of growth 

of Oreamnos americanus (from Brandborg, 1955). Individual 

age based on yearly growth rings. Oreamnos harringtoni is 

fitted to the curve to show the age and assumed sex of 

individual fossil specimens and that their length is 

consistently shorter than in o. americanus. Symbols 

as in Figure 32. 
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represents a straight horn sheath of 40 to 140 rom in 

circumference. The figure indicates that the fossil horn 

sheaths are generally smaller in circumference and usually 

exhibit a greater backward curvature of the horns as com

pared to o. americanus. This character was first pointed 

out by Stock (1936) in describing the single set of horn 

cores from Smith Creek Cave. His qualitative character 

appears true when compared to my quantitative data on six 

horn sheaths from the Grand Canyon. However, this 

characteristic of greater backward curvature for ~. 

harringtoni horn sheaths appears weak; a better under

standing of the modern curvature needs to be completed. 

Sample size aside, there again appears to be a sexual 

difference. The two "male" horn sheaths of o. harringtoni 

seen in Figure 36 are close to the curvature exhibited in 

male o. americanus. A greater backward curvature in o. 

harringtoni is probably more prominent and may only exist 

in the females. 

Mandible. Seven mandibles were· recovered from 

Tse'an Bida Cave (L:l, R:14), Tse'an Kaetan Cave (L:13:J, 

R:14, L:22), and Stanton's Cave (L:133, L;152) (Figure 

37). Although variable, the lower dental formual is 

3-1-3-3 (Brandborg, 1955). As seen in Figure 37 the 

mandibles of o. americanus are longer and more 

slender than o. harringtoni. The body of the 



Figure 36. Ratio of the hypotenuse length-anterior length 

and the basal circumference of Oreamnos horn sheaths. Lines 

from lower right corner illustrate various points of greater 

curvature. Assumed sex assignments of sheaths from Figure 

34. The horn sheaths of female O. harringtoni have 

greater curvature than do those of the males. Horn 

sheaths of female O. americanus are not illustrated. 

Symbols as in Figure 32. 
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Figure 37. Mandibles. Oreamnos americanus adult, top 

left; juvenile, top right. Oreamnos harringtoni: left 

middle (Tse'an Bida Cave 1), bottom left and right 

(Tse'an Kaetan Cave 22 and 14), right middle (juvenile, 

Tse'an Kaetan Cave 13). Bar = 40 mm. 
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mandible between the symphysis and the mandibular foramen 

is taller (dorsal-ventral) in o. harringtoni. The 

alveolar length of the lower tooth row is similar in o. 

americanus, o. harringtoni, and Ovis canadensis (Table 

10). The tooth row length of o. harringtoni 

averages slightly longer than o. americanus, but my 

sample is too small to be statistically certain. The 

length of the M3 is identical in o. harringtoni and o. 

americanus; however, the width is significantly larger 

in the extinct species. This greater width of the tooth 

row is seen in Figure 38 and is expressed in the ratio of 

the width to length of the M3 (Table 10). These 

measurements indicate that the jaw of o. harringtoni 

was deeper and wider than o. americanus. 

Atlas. Three atlases were recovered from Tse'an 

Bida Cave (4), Tse'an Kaetan Cave (4), and Rampart Cave 

(GCNP 2817) (Figure 39) . 
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Atlases from Ovis are fairly distinct from those 

of Oreamnos. A few characters that differentiate Oreamnos 

are the high dorsal arch with an abrupt posterior surface, 

the almost horizontal transverse processes,and the 

overall shape of the cranial facets. The fossil atlases 

are similar to o. americanus but are smaller (Figure 39). 

The atlas from Tse'an Bida Cave was attached to an axis 

and three cervicals in a column (Figure 41). 



Figure 38. Plot of alveolar length of mandibular tooth 

row and width of mandible at 1st loph of M3 . Dots here 

refer to both sexs of Oreamnos americanus. Box with a 

line represents Ovis canadensis. Symbols for O. 

harringtoni are as before. Plots indicate that length 

of tooth rows are similar in both species of mountain 

goats, but o. harringtoni has a wider, more robust jaw. 
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Table 10. Measurements (mm) of the mandible of Oreamnos americanus (partially provided by Lloyd Logan) 
and O. harringtQni from the Grand Canyon, Arizona. J - juvenile; f.1 = male; F female. 

Alveolar Alveolar Alveolar M3 Width 
Length of Length of Width of Length Width of Mandible 

Localit:l and Sex. Tooth Row M3 M3 Ratio at 1st lOEh of M3 

Ovis canadensis 
- -----

91.0 28.4 9.1 0.32 14.1 
88.8 30.7 10.9 0.35 17.1 
86.9 30.1 10.3 0.34 17.4 

Oreamnos americanus 

USNM 257658 (H) 74.9 26.9 9.2 0.34 14.3 
USNM 35942 84.6 29.2 10.0 0.34 16.2 
USNM 310689 (J) 64.1 13.1 
USNM 38851 (F) 75.5 24.0 7.7 0.32 14.3 
USNM 38850 (F?) 78.7 26.6 8.4 0.31 14.3 
USNM 3670 (M) 86.1 25.2 8.9 - 0.35 15.0 
USNM 75310 (F) 75.0 26.2 10.0 0.38 13.2 
USNM 68735 (M) 77.0 29.1 10.1 0.34 12.2 
USNM 68734 (F) 66.6 26.0 9.0 0.34 12.9 
USNM 38390 (F) 75.6 25.8 9.9 0.38 14.2 
USNM 175576 (F) 84.9 26.6 8.5 0.31 13.8 
USNM 174617 (F) 78.1 28.0 9.5 0.33 14.0 
USNM 174489 (M) 78.4 27.5 9.3 0.33 13.5 
USNM 175583 (M) 79.7 26.4 8.6 0.32 14.2 
USNM 175580 (F) 76.4 21.8 9.0 0.41 14 .2 
USNM 175579 nl) 81.4 28.3 9.0 0.31 14 .0 
USNM 168702 (M) 87.0 29.0 8.0 0.27 14 .2 
USNM 168701 (M) 85.7 26.7 7.4 0.27 13 .8 

O. harringtoni 

Tse'an Bida: 
1 84.6 29.0 11.6 0.40 18.4 

Tse'an Kaetan: 
22 80.9 28.0 10.7 0.38 18.9 
14 69.4 18.9 
13 (J) \0 

Stanton's: ot-

133 15.1 



Figure 39. Atlas. Top row are modern; Ovis canadensis 

(left) and Oreamnos americanus (right). Bottom row is 

o. harringtoni: Rampart Cave (GCNP 2817, left), Tse'an 

Bida Cave (4, middle), and Tse'an Kaetan Cave (4, right). 

Bar = 40 rom. Dorsal view. Anterior to bottom. 
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Axis. Four axes were recovered from Tse'an Bida 

Cave (3, 4), Tse'an Nextdoor Cave (1), and Rampart Cave 

(GCNP 2832). The two Tse'an Bida Cave bones (Figure 40) 

are part of vertebral columns attached with preserved 

ligaments and nerve cord membranes (Figure 41) . 

Characters of Orearnnos used to differentiate it 

from Ovis canadensis are: 1) the high caudal edge of 
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the dorsal spine, 2) the more vertically oriented facets 

on the caudal articular processes, 3) a smaller dens facet 

that connects to the atlas, and 4) a single main foramen 

on the lateral sides of the centrum. The axis and atlas 

of Ovis canadensis are generally larger in many features 

than those of o. americanus, probably due to the butting 

nature of the bighorn versus the goring habits of the 

mountain goat. The atlases and axes from Rampart Cave 

and Tse'an Bida Cave are smaller than those of o. 

americanus, however, the one fossil axis from Tse'an 

Nextdoor Cave is as large as an axis from an adult modern 

mountain goat. 

Scapula. Two scapulae were recovered from Rampart 

Cave (L:GCNP 2836) and Stanton's Cave (L:153). Both bones 

are missing the greater parts of the infra- and supra

spinous fossae and the spine (Figure 42). 

In adult males, the glenoid process and fossa 

are larger on Orearnnos americanus than Ovis canadensis 



Figure 40. Axis. Ovis canadensis (left), Oreamnos 

americanus (middle), and o. harringtoni (Tse'an Nextdoor 

Cave, right). Note the high posterior edge (left) of 

the dorsal spine of OreaIlUlos as compared to Ovis. Bar = 
40 mrn. Lateral view. Anterior to right. 
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Figure 41. Two partial vertebral columns of Oreamnos 

harringtoni from Tse1an Bida Cave. Note the presence 

of a high posterior edge to the dorsal spine of the 

lower axis. Ligament tissue is preserved on all 

vertebrae; spinal cord membrane occurs the entire 

length of the upper column, and is protruding to the 

left. Bar = 40 nun. Lateral view. Anterior to right. 
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Figure 42. Scapula, all left. Ovis canadensis (left) 

and Oreamnos americanus adult (center) and juvenile 

(right) in the upper row. o. harringtoni from Rampart 

Cave (GCNP 2836) and Stanton's Cave (153). Bar = 40 mm. 

Lateral view. Anterior to left. 
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(Table 11). The spine on Ovis canadensis is only slightly 

tilted anteriorly at the neck and quickly becomes more 

perpendicular to the main axis of the scapula (ranging 

about 40° to 65°). On both o. americanus and o. 

harringtoni, the spine is tilted greatly to the anterior 

and stays at that angle (30° to 35°). The fossil Oreamnos 

scapula have a pronounced lateral projection on the glenoid 

fossa oriented in line with the spine. 

Humerus. Eight humeri were recovered from Tse'an 

Bida Cave (R:7), Tse'an Kaetan Cave (R:7, R:18:J), Rampart 

Cave (L:GCNP 1826, L:GCNP 2831, L:GCNP 2834), and 

Stanton's Cave (L:55, L:78) (Figure 43). 

One of the major differences between Oreamnos 

and Ovis is that the former has a more or less straight 

diaphysis, whereas in Ovis it is curved. All recovered 

fossil humeri have a straight diaphysis. The medial 

epicondyle is more pronounced in Oreamnos than in Ovis, 

and the distal condyle is more distally angled from the 

medial to the lateral condyle on Oreamnos. Table 12 

illustrates that the humerus is longer in Oreamnos 

americanus than in Ovis canadensis. The humeri of 

o. harringtoni are consistently smaller than those 

of O. americanus. 

Radius. A single complete radius was recovered 

from Rampart Cave (GCNP 2821). Fragmented radii were 



Table 11. Measurements (mm) of the scapula of Ovis canadensis, Oreamnos americanus, 
and O. harringtoni from the Grand Canyon, Arizo~ J = juvenile. 

Species and/ Greatest length Length Breath 
or locality Glenoid Fossa Glenoid Fossa GIE:iloid Fossa 

Ovis canadensis 42.0 30.8 27.8 

Oreamnos americanus 

USN~l 257658 47.3 36.7 30.4 
USNM 310689 (J) 25.0 
INNH 180 49.8 34.6 25.0 

O. harringtoni 

Rampart: 
GCNP 2836 39.5 31.9 27.0 

Stanton's: 
153 39.3 31.6 27.9 

I-' 
o 
I-' 



Figure 43. Humerus. Ovis canadensis (left), adult (second 

from left) and juvenile (center) Oreamnos americanus, and 

~. harringtoni from Tse'an Kaetan Cave (7, second from 

right) and Tse'an Bida Cave (7, right). Bar = 40 mm. 
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Table 12. Heasurements (mm) of the humerus of Ovis canadensis, Oreamnos americanus, and o. 
harringtoni. J = juvenile. 

Depth Depth 
Species andl Greatest Depth of Distal End Dista1-Hedia1 Distal-Lateral 
or locali ty L~Il9th__ Proximal End conclY1E!_ Width Condy1E!____ __ _ Condyle 

Ovis canadensis 

Oreamnos americanus 

USNM 257658 
USNM 310689 (J) 
nlNH 180 

O. harringtoni 

Tse'an Bida: 
7 

Tse'an Kaetan: 
7 

18 (J) 
Rampart: 

GCNP 1826 
GCNP 2831 
GCNP 2834 

Stanton's: 
78 
55 

209.0 

248.0 
178.0 
265.0 

193.0 

64.1 

69.2 
55.6 
68.0 

61.0 

39.8 

39.5 

45.6 
39.4 
48.8 

37.4 

35.7 

26.8 

34.0 

24.3 

29.0 
23.1 
29.8 

23.2 

23.7 

18.7 

22.5 

20.8 

21.1 

20.4 
16.6 
22.5 

15.3 

16.6 

11.0 

14.6 

~ 
o 
w 



found in Rampart Cave (GCNP 2833) and Stanton's Cave 

(42, 130). The complete radius is still intact with 

the ulna (Figure 44). Although my sample size is small, 

it does indicate that some adult o. harringtoni (those 

with fused distal and proximal epiphyses) were smaller 

than adult o. americanus (Table 13). 

Ulna. Ulnae were recovered from Tse'an Kaetan 

Cave (R:12), Rampart Cave (L:GCNP 2821, attached to 

radius), and Stanton's Cave (L:134). 

Ulnae of Ovis canadensis are similar in overall 

size to those of Orearnnos americanus (Table 14). 

Differences occur in that Orearnnos has a much broader 

olecranon, meaning it is a thicker, more robust bone 

than that of Ovis. The fossil ulnae have the thick 

olecranon but are a shorter bone (Table 14; Figure 44). 

The implications are that the fossil animal was shorter 

at adult age than the modern o. americanus. 

Metacarpal. Eight complete metacarpals of 

Orearnnos harringtoni are included in this study: Tse'an 

Bida Cave (13), Tse'an Kaetan Cave (15), Rampart Cave 

(GCNP 2812, GCNP 2813), Stanton's Cave (138, 32), and 

Vulture Cave (UALP 11591) (Figure 45). 
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Seven different measurement orientations were 

taken from the above remains (Table 15). The total length 

is the linear measurement from the most proximal point to 



Figure 44. Radius and ulna, all left. Ovis canadensis 

(left), adult and juvenile Orearnnos americanus (second 

and third from left), and ~. harringtoni from Rampart 

Cave (GCNP 2821, second from right) and Stanton's Cave 

(134, right). Bar = 40 mm. 
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Table 13. Measurements (mm) of the radius of Ovis canadensis, Oreamnos americanus, 
and o. harringtoni. J = juvenile. 

Species and/ 
or locality 

Ovis canadensis 

Oreamnos americanus 

USNH 257658 
USNM 310689 (J) 
HlNH 180 

O. harringtoni 

Rampart: 
GCNP 2821 

Greatest 
Length 

215.0 

222.0 
168.0 
234.0 

163.0 

Distal 
Width 

39.4 

42.8 
37.1 
45.1 

33.8 

Proximal 
Width 

38.0 

45.3 
35.8 
47.1 

35.2 

.... 
o 
0"1 



Table 14. Measurements (n~) of. the ulna of Ovis canadensis, Oreamnos americanus, and Q. harringtoni 
J = juvenile. 

Species and/ Length of Depth Across Greatest Width Greatest 
or locality 01ecrallOn01ec::ranon _ !'~~~E:!Sf> ________ ~f __ 91ecranon 1:.§!!lgth 

Ovis canadensis 

Oreamnos americanus 

USNM 257658 
USNM 310689 (J) 
IMNH 180 

Q. harringtoni 

Tse'an Kaetan: 
12 

Rampart: 
GCNP 2821 

Stanton's: 
GCNP 134 

58.7 

57.1 

66.4 

51.3 

50.8 

33.9 

35.1 
33.0 
40.5 

32.5 

31.9 

32.9 

12.0 

18.0 
15.4 
19.4 

14.2 

14 .0 

270.0 

278.0 
179.0 
295.0 

208.0 

...... 
o 
-..J 



Figure 45. Metacarpal. Ovis canadensis (top left), 

adult (top center) and juvenile (top right) Orearnnos 

americanus, and o. harringtoni from Rampart Cave (GCNP 

2813, bottom left; GCNP 2812, bottom second from left), 

Stanton's Cave (32, bottom center), Tse'an Bida Cave 

(13,· bottom second from right), and Tse' an Kaetan Cave 

(15, bottom right). Bar = 40 mm. 
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Table l'i. Heasllrell1enls (111m) o[ the metacarpal (II I, IV) of Ovis canadensis, Ore~!'.l!!OS ~mer icanus, and l:!. ~.~~ri!.!9.l5J!!'~' 
• = l1ear complete; J = juvenile. 

:;p('c ics and/ Tolal Proximal Proximal Distal Dist.al I'.W./D.W. Small cs l!!E~~~~!c~ 
~}~cali tL __ . Length Width Depth ____ \Hd~J_l ____ ~~~h Ratio .!'lidlh .. _.E!:~ __ Ha t i~ ____ 

ovis canadensis ]76.7 30.7 20.6 31.6 20.3 0.97 17.7 J 0.8 0.61 .-------
16 J.(j 31. 8 2~.5 ]4 .1 21.0 O. 'J 3 17.5 11.3 0.64 
165.5 29.7 19.4 )0.8 19.8 o . 'J(j 17.0 11. 5 0.67 

OrcauUlOS americanus ------
LJ::tm 257698 120.0 38.0 2·1.5 42.9 22.9 0.1111 24.3 13.4 O .. J~ 
lISNH Jl 0 6 89 (J) 96. ) 33.8 20. B 39.1 19.8 O. A(, 21.A II .2 O. Cd 
LJSNH, n = 19: 

least 96.3 31. 8 39.0 O.P.l 21. 0 
greates t 122.3 38.3 4').4 0.114 "27. 'J 

HUlII 641 110.8 J4 .1 22.3 41.5 21.9 0.112 21.4 12.5 
INNII 180 122.1 37.8 24.8 45.5 23.9 0.83 27. ) 14.1 

(). h?_rriny.toni 

Tsc'an Bida: 
13 85.3 27.6 18.6 31.4 18.0 0.A7 21.2 12.5 0.58 

'['sp'an Kaetan: 
15 86.1 28.7 19.1 33.4 19.3 0.85 21.9 11 .6 0.52 

Ri'uupart: 
ccra' 2813 86.7 29.1 19.0 32.0 19.3 0.90 19.7 11.9 0.60 
GCNP 2812 68.1 21.9 14.9 23.7 13.2 0.92 14.3 B.9 0.62 

Stanton's: 
138 (J) 31.8 22 .1 22 .4 13.7 O.bl 

32 (J) 91.4 30.0 19.3 32.8 10.9 0.91 20.9 J:>.2 fJ. r,H 

Vulture: 
lJl\LI' 11591 (J) 51. 7 22 .. \ 14.0 25.1 12.2 I ·i. 7 LO. I O.~) I 

SOli th Creck Cave .... 
LI\CM 2030 fJI .5 2R.5 1'1.6 )2. ) 0.91 0 

.f' 
LI\CN 2032 91.0 211.0 1'1.0 32.0 17.5 0.117 
LI\CM 20)) 91.0 29.6 19.9 Jl.O 20.0 O.R'I 
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the most distal point of complete metacarpals. Juvenile 

metacarpals were measured only when both unfused 

epiphyseal ends were present. The proximal width 

measurement is a medial-lateral orientation across the 

proximal epiphysis. The proximal depth is at 90 0 to that 

orientation. The distal measurements were made in a 

similar manner as were the smallest measurements of the 

diaphysis. 

Figure 46 displays the measurements of Table 15. 

The metacarpals of Ovis canadensis are easily distin

guished from both Oreamnos species by their long slender 

shape. Although only a few points are plotted for o. 

americanus, the implication is that its metacarpals are 

slightly, but distinctly, longer than those of o. 

harringtoni. The figure also indicates that the 

metacarpals of o. harringtoni are slightly more robust 

than those of o. americanus. 

Stock (1936) considered a tendon attachment on 

the anterior surface of the proximal end of the metacarpal 

of o. harringtoni to be more prominent than on any O. 

americanus, and used this feature as a distinctive trait 

for identifying the extinct species. I have had to 

deviate from this qualitative character and have tried to 

produce a quantifying measure of this greater protuberence. 

I am assuming that as the tendon attachment increases in 



Figure 46. Plots of the length versus the ratio of the 

posterior width (P.W.)-distal width (D.W.) of the metacarpal. 

Dots are both sexs of Oreamnos americanus. J = juvenile. 

Other symbols are discussed before. The metacarpals of 

Ovis canadensis are distinctly different from those of 

Oreamnos. o. harringtoni has shorter but more robust 

(equidimensional) metacarpals than does o. americanus. 
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size (more prominent), it will show up as an increase in 

the depth measurement of the proximal epiphyseal surface. 

If in two similar sized species of animals, one has a 

larger tendon attachment than the other species, then 

the ratio of the width versus the depth of the proximal 

end should be greater in this species. 

Figure 47 displays the ratio of the width and 

depth of the proximal end in comparison to the ratio of 

the width and length of the protuberance. The implication 

is that O. harringtoni has a more pronounced, knob-like 

tendon attachment, whereas, O. americanus has a wider, 

less abrupt attachment. 

Innominate. Four individual pelvis bones were 

recovered from Tse'an Bida Cave (R:8, L:10, belong 

together), Tse'an Kaetan Cave (R:17), and Rampart Cave 

(R:GCNP 116). A left and a right pelvis attached to 

the sacrum was recovered from Tse'an Bida Cave (16). 

The pelvic bones of Orearnnos harringtoni are 

smaller than those of O. americanus and are similar in 

length to those of Ovis canadensis (Table 16). The sizes 

may actually overlap with a larger series of O. americanus. 

Innominates of Ovis have u distinct, protruding flange to 

the dorsal side of the ilium, dissimilar to the ilium 

found in both species of Orearnnos (Figure 48). 



Figure 47. The ratio of the width and depth of the proximal 

epiphysis in relation to the ratio of the width and length 

of the protuberance of the metacarpal. This measures the 

protuberance that Stock (1936) determined was species 

specific; Oreamnos harringtoni (triangles) has a greater 

protuberance than does o. americanus (dots). 
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Table 16. Measurements (mm) of the innominate (pelvis) of Ovis canadensis, Oreamnos americanus, and 
O. harringtoni. ! = found close together, same animal? 

Species and/ 
or locality 

Ovis canadensis 

Oreamnos americanus 

USNM 257658 

O. harringtoni 

Tse'an Bida: 
81 

101 
16 

Tse'an Kaetan: 
17 

Rampart: 
GCNP 116 

Inside Rim 
Length of 
Acetabulum 

30.1 
28.5 

33.5 

30.2 
30.2 
30.3 

36.1 

26.4 

Inside 
Acetabular Greatest 

Ratio Width 

0.98 30.6 
1.08 26.2 

0.99 

1.11 
1.11 
1.08 

1.09 

33.7 

27.0 
27.0 
27.9 

33.1 

Minimum 
Width of 
Ischium 

13.7 
12.4 

18.7 

15.9 
14.1 
16.6 

15.1 

Minimum 
Depth of 
Ischium 

9.1 
7.4 

10.4 

8.6 
8.9 

11. 3 

11.9 

Length from center 
of Acetabulum to 

Ilium-Saccrum 

66.0 
75.0 

88.5 

83.0 
87.0 

103.0 

67.0 

.... .... 
~ 



Figure 48. Innominate (pelvis), comparing rights. Ovis 

canadensis (left), adult Oreamnos americanus (second from 

left), and o. harringtoni from Tse'an Bida Cave (8, la, 

16). Note the shape of the flange on the ilium of Ovis 

versus Oreamnos. Bar = 40 mm. Anterior to bottom. 
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Femur. Eight femora were recovered from Tse'an 

Bida Cave (R:12), Tse'an Kaetan Cave (R:5, R:ll, L:27), 

Rampart Cave (L:GCNP 2823, R:GCNP 2824, R:GCNP 2825:J), 

and Stanton's Cave (L:7l) (Figure 49). 

As with the humerus, the diaphysis of the femur 

is straight (lateral view) in Oreamnos and slightly 
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curved in Ovis, a consistent trait. The length of the 

femora of Ovis and Oreamnos americanus are near equivalent, 

however, it is smaller on Q. harringtoni (Table 17). The 

depth of the trochlea (patellar grove) appears larger in 

Oreamnos than in Ovi.s, although this may be a sexual 

trait .. Two femora from Rampart Cave may represent female 

Q. harringtoni because of a narrow trochlea versus those 

large trochleae in the specimens from Stanton's Cave and 

Tse'an Kaetan Cave. 

Tibia. Tibiae were recovered from four caves: 

Tse'an Bida Cave (L:9, L:ll, R:15), Tse'an Kaetan Cave 

(L:26), Rampart Cave (L:GCNP 2820, R:GCNP 2822), and 

Stanton's Cave (L:106, R:129, L:135, R:948) for a total 

of 10 specimens examined. The tibia of Ovis canadensis 

at adult age is about the same length as Oreamnos 

americanus (Table 18; Figure 50). o. americanus has· 

a straighter diaphysis, a slightly longer dorso-medial 

crest (although this may be sexually dimorphic), and a 

much broader, more rugose distal epiphyseal end. The 



Figure 49. Femur, all rights. Ovis canadensis (left), 

adult (second from left) and juvenile (center) Oreamnos 

americanus, and o. harringtoni from Tse'an Kaetan Cave 

(11, second from right; 5, right). Bar = 40 mm. Dorsal 

view. Anterior at top. 
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Table 17. f.leasurements (mm) of the femur of Ovis canadensis, Oreamnos americanus, and O. h~rringtoni. 
* ~ near complete; J = juvenile. 

Species and/ 
or locality Length 

Ovis canadensis 252.0 

Oreamnos americanus' 

USNM 257658 257.0 
USNM 310689 (J) 200.0 

O. harringtoni 

Tse'an Bida: 
12* 

Tse'an Kaetan: 
5* 200.0 

11 215.0 
27 

Rampart: 
GCNP 2823* 190.0 
GCNP 2824 190.0 
GCNP 2825 (J) 

Stanton's: 
71 

Depth of Depth of 
Proximal End Distal End 

55.9 51.1 

60.3 57.4 
52.8 48.3 

52.7 

45.7 
53.8 51.6 

49.2 

Depth of 
Trochlea 

23.9 

30.0 
23.7 

21.8 
27.6 

20.1 
20.2 

24.7 

Greatest Width 
Intercondylar 

Fossa 

11.0 

17.0 
13.4 

11.2 
9.8 

13.4 

~ 
~ 
co 



Table 18. Measurements (mm) of the tibia of Ovis canadensis, Oreamnos americanus, and o. 
harringtoni. J = juvenile; * = near complete-.---

Species and/ Length of Width of Distal 
or locality Entire Tibia Epiphysis 

Ovis canadensis 

Oreamnos, americanus 

USNM.-257658 
USNM 3io689 (J) 

Q.. harringtoni 

Tse'an aida: 
9 

11* 
15* 

Tse' an Kaetan: 
26* 

Rampart: 
GCNP 2820 
GCNP 2822 

Stanton's: 
106 (J) 
129 
135 
148 (J) 

295.5 

293.0 
221.5 

236.0 
224.0 
240.0 

211.0 

215.0 

188.5 

53.1 

60.2 
51.3 

49.2 

43.1 
47.0 

41.5 

36.6 

Length of 
Dorso-Medial Crest 

58.4 

83.6 
52.8 

48.9 

54.5 

50.0 

Width of 
Surface of Crest 

32.5 

38.4 
34.9 

31.4 

30.5 

57.0 

34.8 

~ 
~ 
\D 



Figure 50. Tibia. Ovis canadensis (left), adult (second 

from left) and juvenile (third from left) Oreamnos americanus, 

and Q. harringtoni from Tse'an Bida Cave (9, center; 11, 

third from right; 15, second from right) and Rampart Cave 

(GCNP 2820). Lateral view. Anterior to top. Bar = 40 mm. 
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intercondyloid eminence (spines) are more pronounced 

and blade-like in Ovis than in Oreamnos. 

The fossil tibiae are similar to o. americanus 

in that they have straight diaphyses and broad distal 

epiphyseal ends. However, the fossils are much shorter 

in length than any adult o. americanus. This implies 

that at least the hind quarters of ~. harringtoni were 

shorter than those of O. americanus. 
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Astragalus. Astragali were recovered only from 

Stanton's Cave (R:41, R:70, R:83, R:84, R:109). Oreamnos 

and Ovis have similar appearing astragali 

although there are some subtle to distinct differences. 

While the distal groove between the distal astragalar 

facet and the navicular facet is fairly pronounced in 

Oreamnos, it is shallow in Ovis. The subsustentacular 

fossa on the distal anterior surface, a deep, wide notch 

on Oreamnos that is a distinct feature, is almost absent 

on Ovis. The fibular salient on the lateral side is more 

of a notch that produces a pointed process on Oreamnos 

but does not occur on those astragali of Ovis. All of 

the above Oreamnos characters of the astragalus appear 

on the fossil bones; the fossil Grand Canyon astragali 

are generally smaller than o. americanus (Table 18; 

Figure 51). 



Table 19. Measurements (rnrn) of the astragalus of Orearnnos harringtoni from Stanton's 
Cave with those of o. americanus and Ovis canadensis. J = juvenile. 

Species and/ 
or locality Length 

Ovis canadensis 

Orearnnos americanus 

USNM 257658 
USNM 310689 (J) 

O. harringtoni 

Stanton's: 
41 
70 
83 
84 

109 

36.5 
36.4 

41.7 
37.9 

36.5 
32.2 
33.6 
42.8 
33.3 

Greatest 
Width 

23.3 
22.4 

24.8 
20.7 

20.1 
20.6 
23.1 
28.6 
22.4 

Greatest 
Depth 

24.2 
24.5 

31.4 
26.9 

25.0 
16.9 
19.4 
24.0 
19.1 

I-' 
N 
IV 



Figure 51. Astragalus. Ovis canadensis (top left), 

adult (top center) and juvenile (top right) Oreamnos 

americanus, and ~. harringtoni from Stanton's Cave (41, 

bottom left; 83, bottom right). Ventral view. Bar = 

40 mm. 
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Metatarsal. Eight metatarsals were recovered 

from Tse'an Kaetan Cave (I, 2, 23), Stanton's Cave (7, 
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39, 82, lOS), and Chuar Valley 8C. The measurement 

orientation taken from modern and fossil metatarsals are 

the same as those taken from the metacarpals. Table 20 

and Figure 52 present the measurements of tha metatarsals. 

As with the metacarpals, the metatarsals seem to indicate 

that the hind feet of o. harringtoni were slightly more 

robust than those of o. americanus (Figure 53) . 

Hair 

Fragmented and complete hairs were recovered from 

Tse'an Bida and Tse'an Kaetan caves. Hair remains from 

Rampart Cave are all identified as being from Nothrotheriops 

shastensisi the sediments from this cave have never been 

searched for fine or isolated hair remains. Tse'an Kaetan 

Cave has yielded only a few scant hair remains, while 

Tse'an Bida Cave has yielded an abundance. 

In general configuration, hair has a root (basal) 

and tip end. The former is the portion where the epidermal 

cells become cornified and die. A medula, or central 

conduit, is in the middle of the hair follicle, which 

may have a diversity of cellular configurations throughout 

the order of mammals., Surrounding the cortex and pigment 

granules is a cuticular sheath, an outer casing made of 

many keratinous scales in a wide variety of patterns. 



Table 20. Hcasurements (10m) of Oreamnos harringtoni metatarsals (III, IV) from Smith Creek Cave, Nevada (Stor::l:, 1936) 
Stanton's Cave. Chuar Valley, and Tse'an Kaetan Cave with those of modern Oreamnos americanus ilnd Ovis can"(!cn~is. 
,J = juvenile. ---- ------ ----- ------

SI'c>cies and/ Total 
or locality Length 

ure~ americallus 

USNU 25765B 
USNM 3106B9 (J) 
HINII 641 
IMNII lBO 

u. harringtoni 

'I'sc'an Kaetan: 
1 
2 

23 

Stanton's: 
105 

39 
7 (J) 

B2 (J) 

chuar Valley: 
BCl 

Smith Cre~k Cave 
l.i\OI 2029 
LAOI 20 Jl 

135.0 
109.0 
123.0 
137.0 

104.1 
116.3 

9B.2 

103.4 

ll0.B 
99.5 

Proximal 
Width 

32.6 
2B.4 
30.2 
34.7 

24.2 
26.1 
25.4 

23.6 

23.5 
21.7 

23.9 

24.2 
24.2 

Proximal 
Depth 

2B.5 
23.3 
25.0 
27.3 

21. 2 
21.9 
22.0 

19.4 

21.B 

20.1 
20.6 

Distal 
Width 

40.2 
37.6 
39.1 
43.7 

24.2 
29.1 

27.6 
31.1 

30.0 

29.3 
27.7 

Distal P.W./D.W. Sn~:I11cst tie'?'::;' Di~)I_~~:!. 
Depth ___ !!at!2 ____ I~lc.lth~I!!.~~ti{) __ _ 

21.9 
19.B 
22.0 
22.5 

21.3 
19.1 

17 .8 
19.fl 

lB.7 

17.9 
16.7 

0.81 
0.75 
0.77 
0.79 

1.00 
0.09 

0.85 

0.79 

0.02 
0.87 

10.6 
IB.l 
13.6 
22.6 

15.2 
16.2 
17 .. 6 

15 .. S 

14.6 
13.2 

16.7 

14. B 
12.8 
13.0 
15.4 

12.3 
13.0 
13.5 

12.0 

11.7 
11. 2 

1.1. R 

0.71) 
0.70 
O. (.') 
0.6!! 

O.BO 
O.RO 
0.7f> 

0.77 

o.no 
O. B,I 

O.R:' 

.~ 

IJ 
'_'I 



Figure 52. Metatarsals. Ovis canadensis (top left), 

adult (top center) and juvenile (top right) Oreamnos 

americanus, and o. ha,rringtoni from Chuar Valley wood 

rat midden 8Cl (bottom left), Tse'an Kaetan Cave (1, 

bottom second from left; 2, bottom second from right), 

and Stanton's Cave (105, bottom right). Bar = 40 mm. 

Dorsal view. Anterior to top. 
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Figure 53. Plots of the length versus the ratio of the 

posterior width (P.W.) and distal width (D.W.) of the 

metatarsals. Symbols discussed previously. Oreamnos 

harringtoni have shorter, more robust (equidimensional) 

metatarsals than o. americanus. 
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Fossil hairs were compared with those from modern 

Antilocapra americana, Cervus elaphus, Odocoileus 

virginianus, Oreamnos. americanus, and Ovis canadensis. 

Criteria for describing and differentiating the above 

genera are found in Moore et al. (1974). Hair from 

Oreamnos is distinct from other genera in a few aspects. 

Although the medula is an unbroken lattice like that of 

most artiodactyls, the color is totally white, a 

combination unique in North America to Oreamnos (Moore 

et al., 1974). The upper shaft and tip scales have an 

irregular wave to irregular-waved mosaic pattern, whereas, 

the basal end configuration is slightly tapered. These 

characters together allow Oreamnos hair to be 

differentiated from all other known artiodactyls of North 

America. Fossil hair recovered from Tse'an Bida Cave 

(Layers 5 and 8) and Tse'an Kaetan Cave (broadside test 

pit, Layer 6) have the Oreamnos attributes (white color 

and scale pattern). Figure 54 is a Scanning Electron 

Microscope (SEM) photograph of modern Oreamnos americanus 

hair and Figure 55 is an SEM picture of a typical fossil 

hair from Tse'an Bida Cave showing its similarity with 

modern Oreamnos hairs. I believe the fossil hairs are 

all identifiable to Oreamnos, however, I do not feel they 

show sufficient differences to allow a specific 

identification. Degradation over tens of thousands 



Figure 54. Scanning electron microscope photograph of 

hair of Oreamnos americanus. Scale pattern is irregular 

wave. Bar = 10 microns. 
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Figure 55. Scanning electron microscope photograph of 

Oreamnos harringtoni hair from Tse'an Bida Cave. The 

all white upper shaft section in the photograph has an 

irregular wave scale pattern. Bar = 10 microns. 



130 



of years has had its effect. This and the fact that the 

two species of Orearnnos appear morphologically similar 

in other respects provides problems of specific 

identification. 

Dung Pellets 

131 

One characteristic of Pleistocene age cave deposits 

'in the Grand Canyon is the common association of large, 

cuboid dung pellets with skeletal fragments of Orearnnos 

harringtoni. Nevertheless there is some uncertainty on 

whether these cuboid pellets actually belong to the extinct 

mountain goat. The identification question may be posed 

as follows. If O. harringtoni is producing these large 

(average weights approximately 0.45 to 0.60 gm) pellets, 

why does o. americanus, which is said to be 30% larger 

than o. harringtoni (Stock, 1936) produce smaller pellets 

(average weight approximately 0.19 gm)? 

Large, cuboid dung pellets have been located and 

recovered from Tse'an Bida, Tse'an Kaetan, Rampart, and 

Stanton's caves. At Stanton's Cave, Iberall (1972) and 

Robbins, Martin, and Long (in press) concluded that the 

large pellets (average above 0.45 gm in weight) belong 

to o. harringtoni and that they occur in the deposit in 

and below the 20-25 cm level dating approximately 10,800 

B.P. At Rampart Cave, Martin (Long and Martin, 1974) 

determined that the large (average weight 0.60 gm) dung 
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was indeed o. harringtoni on the grounds that its skeletal 

remains were of the next most common animal after the 

Shasta ground sloth. R. Hansen (Department of Range 

Management, Colorado State University, pers. comm.), 

analysing the same material from Rampart Cave viewed 

the identification problem from a modern range science 

stance. He considered only those extant animals of the 

Southwest that produce large, cuboid dung pellets and 

therefore his conclusion was that the large dung is 

possibly from Cervus (wapiti). 

In North America, dung pellets such as these 

from the Grand Canyon are produced only by artiodactyls. 

Either the size or shape of the pellets, or both, rules 

out the carnivores, edentates, rodents, proboscidians, 

bats, perissodactyls, and lagomorphs (Murie, 1954). i Kurten 

and Anderson (1980) list the following artiodactyls of the 

Southwest of late Wisconsin age: Platygonus (peccari), 

Camelops (large camel), Hemiauchenia (llama), Odocoileus 

(deer), Navahoceros (mountain deer), Capromeryx (pronghorn), 

Tetrameryx (pronghorn), Stockoceros (pronghorn), 

Antilocapra (pronghorn), Oreamnos (mountain goat), Ovis 

(bighorn sheep), Euceratherium (shrub-ox), Symbos (woodland 

muskox), and Bison (bison). Cervus lives in the Southwest 
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today and probably should be included in the above list. 

Although the wapiti is common in late Wisconsin and early 

Holocene deposits in North America (ca. 100 localities), 

specimens of this age are not known from Arizona or 
I 

surrounding states (Lindsay and Tessman, 1974; Kurten and 

Anderson, 19~0). The record from Papago Springs Cave, 

southeastern Arizona, is probably of early Wisconsin age, 

based on its faunal assemblage and the cementation of 

the matrix. Both open-air and cave sites reveal no late 

Wisconsin or early Holocene age Cervus in Arizona; it 

may have been a middle or late Holocene arrival. 

Late Wisconsin age artiodactyls known from the 

Grand Canyon (Mead, 1981) and surrounding vicinity 

(Mawlby, 1967; Lindsay and Tessman, 1974) include 

Antilocapra americana, Camelops cf. ~. hesternus, Bison 

sp., Oreamnos harringtoni, Ovis canadensis, Odocoileus 

sp., and cf. Tetrameryx. 

Modern peccaries (Tayassu) produce an amorphous 

dung pilei I am assuming that the extinct Pleistocene 

age peccaries (Platygonus and Mylohyus) produced similar 

piles. Presumably, the extinct camels (Camelops and 

llamas (Hemiauchenia) voided dung pellets. Old World 

dromedaries (Camelus), similar in size and function to 

Camelops, produce large pellets approximately 4.0 gm in 

weight and measure 35 by 32 mm in size. Llamas (Lama), 



similar in size to Hemiauchenia produce long slender 

pellets (19.5 by 10.5 rnrn, 0.4 gm weight). Thus I am 

confident that camelid dung is not present. Bison, 

like Bos, produces a sizable dung mass easily 

distinguishable from the fossil pellets. The extinct 

Euceratherium and Symbos probably produced dung pellets 

similar to those of the extant Ovibos. Neither fossil 

species is known from northern Arizona. Antilocapra 

produces a pellet 14.5 by 10.0 rnrn with an approximate 

weight of 0.3 gm. The fossil antilocaprid genera are 

smaller, slighter animals than the extant form, and 

therefore, all probably can be dismissed as probable 
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sources of the large, cuboid pellets of the Grand Canyon. 

The cervids produce dung pellets similar in 

size and shape to Ovis and Orearnnos. Odocoileus has 

consistently small (15 by 8 rnrn) pellets with an average 

weight of 0.3 gm. Navahoceros is an extinct, large 

deer, intermediate in size between Odocoileus and Cervus . 
(larger) (Kurten, 1975). Although not known from the 

Grand Canyon, Navahoceros occurred in broken terrain in 

New Mexico and Wyoming. The stocky limbs and very short, 

heavy metapodials would have been well suited to 

I 
precipitous slopes of the Grand Canyon (Kurten, 1975, 

1979). The pellet size of Navahoce"ros is unknown but 

was probably larger than Odocoileus. Small individuals 



of Cervus produce a pellet virtually identical in size, 

shape, and weight to the fossil pellets in the Grand 

Canyon, accounting for Hansen's (pers. comm.) 

interpretation of the pellets from Rampart Cave. 

Because the fossil pellets are so common in the Grand 

Canyon deposits, I find it hard to understand why no 

skeletal remains of Navahoceros, Cervus, or any other 

artiodactyl are not also preserved if they indeed 

deposited the pellets. Although it is possible that 

all large pellets were brought into Rampart Cave from 

outside by wood rats, as Hansen (pers. comm.) suggests, 

I find it difficult to comprehend. The deposits at 

Stanton's Cave contain thousands of excavated pellets, 

and countless more unexcavated. Tse'an Kaetan Cave has 

stratified layers of matted and entire dung pellets, 
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all weakly cemented together with urine. Secondary 

transport is very unlikely. The fossil pellets must 

belong to Ovis and/or Oreamnos if we follow the reasoning 

of Iberall (1972) and Martin (Robbins, Martin, and Long, 

in press; Long and Martin, 1974). Skeletons of these 

two species are common in the Grand Canyon, although 

Oreamnos is far more abundant. 

The skeletal remains of Oreamnos harringtoni 

discussed in a previous section indicate that the extinct 

species is occasionally almost as large as o. americanus. 



I assume that a species that is stockier and has a diet 

of more xerophytic shrubs and grasses may produce larger 

individual dung pellets than will a similar species that 

is less stocky and has a diet of more green, lush herbs 

and grasses. 
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Dung pellets both small «0.45 gm average weight) 

and large (>0.45 gm average weight) appear in the fossil 

deposits in the Grand Canyon (Figure 56). Given the 

hypothesis that the large, cuboid (>0.60 gm average 

weight) pellets are Oreamnos harringtoni, can the small 

pellets be identified as to either Ovis canadensis or to 

juvenile and adult female Oreamnos harringtoni? 

Desert bighorn sheep (Ovis cana.densis mexicana) 

have larger maximum body weight than do Dall sheep (0. 

dalli) (33 to 123 kg versus 56 to 90 kg, respectively). 

The desert sheep also void larger pellets than do the 

Dall sheep (Murie, 1955). The xeric, more shrubby diet 

of o. canadensis mexicana may be producing the larger 

dung pellets than the more lush grass and herbaceous 

diet of the alpine o. dalli. 

Oreamnos harringtoni dung pellets have been 

examined from one square meter (Stratigraphic Test north 

of grid GG) in Stanton's Cave (Iberall, 1972; Robbins, 

Martin, and Long, in press) and from two levels in Rampart 

Cave (Clark, 1977; Clark and Hansen, ms; Hansen, pers. 



Figure 56. The weight (grams) of entire dung pellets 

recovered from Stanton's Cave (from Iberall, 1972), 

Rampart Cave (from R.M. Hansen, pers. comm., 1982), 

and from various proveniences in Tse'an Bida and Tse'an 

Kaetan caves. The length of each rectangle is the range 

of observed weights; the horizontal bar is the mean 

weight for that sample. The number at the top is the 

sample size of pellets. VC = ve,rtebral column; SD = 

sleeping depression; SA = skull area; RS = rat seam; 

FM = floor matrix; O.h.= Oreamnos harringtoni. Numbers 

on horizontal axis refer to excavational layers. 
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corom.). I have weighed and measured pellets from Rampart 

Cave (36"-42" level), Stanton's Cave (grids AA, BB, FF, 

H19, 019), Tse'an Bida Cave (9NOO test pit, various surface 

localities), and Tse'an Kaetan Cave (surface and broadside 

test pit). 

Figures 57 and 58 illustrate the mean and ranges 

of linear measurements (rom) of all pellets from various 

proveniences in Tse'an Bida, Tse'an Kaetan, Rampart, and 

Stanton's caves. Figure 59 shows the ratio of the mean 

width by the mean length in comparison to the mean weight 

in all proveniences from all the caves. Three groups are 

readily evident. The pellets (91 measured) from Rampart 

Cave stand out as being heaviest and proportionally more 

cuboid. At the other end of the scale, those pellets 

(440 for weight and 118 for width-length) from Stanton's 

Cave, 0-20 cm depth, are aberrantly small and rectangular 

in the usual sense. These latter pellets were assigned 

to ovis canadensis (Iberall, 1972; Robbins, Martin, and 

Long, in press). The largest grouping belongs to those 

pellets from Tse'an Bida Cave, Tse'an Kaetan Cave, and 

the lower units of Stanton's Cave. Although many of these 

pellets are fairly large and cuboid; there are two samples 

(Tse'an Bida Cave Layer 2, Tse'an Kaetan Cave Layer 7) 

that are anomalously light weight. Those from Tse'an 

Bida Cave are surely Ovis and occur in association with 



Figure 57. The length (rom) of entire dung pellets of 

Ovis canadensis and Oreamnos harringtoni. Reference to 

rectangles, symbols, and numbers discussed in Figure 56. 
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Figure 58. The width (rom) of entire dung pellets recovered 

from Stanton's Cave (Iberall, 1972), Rampart Cave (from 

R.M. Hansen, pers. corom., 1982), and from various 

proveniences in Tse'an Bida and Tse'an Kaetan caves. 

Reference to rectangles, symbols, and numbers discussed 

in Figure 56. 
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Figure 59. The weight versus the ratio of the mean (X) 

width-length of all recovered dung pellets from Tse'an 

Bida, Tse'an Kaetan, Rampart, and Stanton's caves. Those 

pellets from Rampart Cave are distinctly more cuboid than 

others, but on an average, no heavier. Those pellets 

from the other caves cluster into one group, however, 

see text for discussion of the B2, K7 and far left 

samples. 
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a 3,000 B.P. 14C age. Pellets from Layer 7 in Tse'an 

Kaetan Cave may represent Ovis or a young individual 

of Oreamnos harringtoni. 

I believe that equally small, light weight dung 

pellets can be produced by Ovis canadensis and young 

Oreamnos harringtoni as shown in Figure 59 (B2 and K7) • 

Measurements will not separate the two species in this 

case. However, the large, cuboid pellets from the Grand 

Canyon I believe can be assigned with fair reliability 

to Oreamnos harringtoni as shown in Figure 59. 

Weight appears to be the best single measurement 

to distinguish adult Oreamnos harringtoni from Ovis 

canadensis. Rampart Cave has yielded only anomalously 

large pellets. At Stanton's Cave, the distribution of 

dung pellets by weight can be viewed stratigraphically. 

Iberall (1972; and Robbins, Martin, and Long, in press) 

found that pellets weighing less than 0.55 g occurred 
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in the upper 20 cm of cave sediment. Below 20 cm, larger, 

heavier (~0.6 g) pellets were common, along with lighter

weight pellets. Figure 56 illustrates the distribution 

of pellet weights in Stanton's Cave. Usually the upper 

20 to 25 cm contain only light weight ($0.5 g) pellets. 

Certain other areas, usually more toward the back part 

of the main room (see Figure 7) disclose large pellets 

on the surface. 



Tse'an Bida Cave produced few large unbroken 

pellets. Figure 56 illustrates the wide scatter of 

pellet weights in the excavational units; all are of 
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late Pleistocene age. Layer 2, as mentioned above, 

appears to contain only pellets from Ovis. Pellets 

collected in association with Oreamnos harringtoni 

skeletons from surface localities away from the stratified 

9NOO test pit are both large and small, but not as small 

as those from Ovis. 

Tse'an Kaetan Cave produced many dung pellets 

from a stratified context whose surface dated 14,000 B.P. 

The late glacial and early Holocene age deposits at the 

broadside test pit are so thin that they are undefinable, 

if present. No surface deposits elsewhere in the cave 

nor any of the test pit layers show a cluster of small 

dung pellets as seen in the 3,000 B.P. Layer 2 in Tse'an 

Bida Cave. Layer 7 in Tse'an Kaetan Cave produced only 

18 complete (for weighing) pellets which cluster below 

0.40 grams. These could be Ovis, although some are large 

for bighorn sheep. I believe they are from young Oreamnos 

harringtoni. 

Twenty-eight pellets from Rampart Cave, beyond 

those studied by Hansen and Clark, were available for my 

analysis. Figure 56 illustrates that, as Clark (1977) 



and Hansen (pers. comm.) determined, these pellets are 

on average, relatively heavy. 
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Oreamnos harringtoni dung pellets were analyzed for 

cuticle contents. Dung in Tse'an Bida Cave was recovered 

from excavational Layers 4, 8, and 9 in test pit 9NOO, the 

Skull Area, and a surface locality near a vertebral column. 

In Tse'an Kaetan Cave, dung was recovered from 

excavational Layers 1, 3, 5, 6, 7, and 8. Terresa Foppe 

and Richard Hansen (Colorado State University, Fort 

Collins) identified the cuticle remains and provided for 

me a list of plants expressed in percentage of composition. 

These percentages were converted to the 1 to 5 relative 

abundance scale used below with the plant macrofossils 

(Table 21). 

The dung samples from Tse'an Bida Cave dating 

from the late glacial were dominated by grasses, 

Ceonothus-Cercocarpus, and Pseudotsuga menziesii 

(Douglas fir). Pre-full glacial and early late glacial 

period pellets are heavily dominated by grasses with some 

Pseudotsuga menziesii and Prunus. Grasses are also 

dominant in the dietary record at Tse'an KaetanCave. 

Prunus appears more often in the diet at this cave than 

does Sphaeralcea. Pseudotsuga is less common, whereas 

Picea is common at least during the full glacial and 

possibly pre-full glacial. 
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Table 21. Determination of plant species by cuticle analysis of Oreamnos harrin.9.!;oni dung from 
Tse'an Bida and Tse'an Kaetan caves. Percentages were cOllver ted to a relatIVe-abundance scale 
(Le., Table 24). * trace amount. 
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Table 21 (cont 'd.) . 

Ceonothus-Cercocarpus 3 1 4 2 3 3 

Cymoeterus 1 

Jamsia 1 

Junieerus 1 1 1* 

Moss 1 

Oenothera (type) 1 

Phlox 1 1 

Phoradendron 1 1 1 2 

Picea 1 3 3 

Poeu1us 1 

Prunus 1 3 3 3 2 1 1* 1* 1* 

Pseudotsuga 3 3 2 

Rhus 1 1 3 1 

Sida (type) 2 1 1 

Sehaera1cea 1 1 3 2 1 

Symphoricareos 1 1 

Unknown 1 1 

Yucca 1 .... 
.z:,. 

'" 
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Associated Fauna 

Twenty-six vertebrate taxa (two anurans, eight 

lizards, two snakes, and fourteen mammals) were recovered 

from the stratified test pits and one wood rat midden in 

Tse'an Bida and Tse'an Kaetan caves (Tables 22 and 23). 

Prior to this report no amphibians have been recovered 

as either fossils or sub-fossils in the Grand Canyon 

(Mead, 1981). Bufo cf. B. woodhousei (Rocky Mountain 

toad) and Hyla cf. H. arenicolor (canyon tree frog) were 

recovered from a 3,000 B.P. unit in Tse'an Bida Cave. 

Today these anurans live in various canyons that have 

intermittent and permanent springs. Hyla arenicolor is 

found below Tse'an Bida Cave near a spring. Bufo 

woodhollsei is scarce and occurs only at permanent water 

sources. Of the eight lizard species, two, Phrynosoma 

douglassi (mountain short-horned lizard) and Urosaurus 

cf. U. oranatus (tree lizard), are new to the known 

sub-fossil and fossil assemblages of the Grand Canyon. 

Both species are known today in the higher elevations 

of the Grand Canyon, which may account for their absence 

in the previous studies of vertebrate assemblages. Only 

two snakes were identified, both commonly occur in the 

region today. 

Thirty-two species of mammals have been recorded 

from sub-fossil and fossil assemblages in the Grand 
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Table 22. Fauna from 9NOO stratified test pit in Tse'an 
Bida Cave. 

Sedimentary Layer and Age 

P-l P-l P-l 
AI . 

fll fll fll 
fll I I 

0 00 00 
0 0 00 00 
0 0 00 00 
0 .. .. .. .. 

'CI 'CI.-I .-I co 
M .-I .-IN NN 

N o::t' L() co 

Insecta X X X X 

Aracnida X X X 

Aves X X X X 

Bufo cf. B. woodhousei X 

Bufo Sp. X 

Hyla cf. H. arenicolor X 

Coleon:lx variegatus X X 

Cnemido:ehorus sp. X 

Crota:eh:ltus collaris X 

Phr:lnosoma douglassi X X X X 

Scelo:eorus magister X 

Scelo:eorus cf. S. undulatus X 

Urosaurus cf. U. ornatus X 

uta stansburiana X X 

Colubridae X 

Pituo:ehis melanoleucus X 

cf. Rhinocheilus lecontei X 
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Table 22 (cont'd.). 

Notiosorex crawfordi X X 

Antrozous pallidus X X 

cf. A. Eallidus X x 

M:iptis sp. X X 

Eutamias minimus X 

Eutamias sp. X X 

Spermophilus cf. S. lateralis X X 

Microtus cf. M. mexicanus X 

Microtus sp. X X X X 

Neotoma sp. X X X X 

Perom:i:scus or Reithrodontom:i:s X X X X 
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Table 23. Fauna from test pit excavations in the owl roost and archaeological 
features along with one wood rat midden in Tse'an Kaetan Cave. ? see text 
for l4c age. 

..... ..., co 
ell< 
QJ oI.l oI.l oI.l 
'0 III III III III 

0 ICC III '0 QJ QJ QJ 
NO ""0 ..., ·~o E-oll< E-o E-oc.. 

LO co :':0 Il< 

t: ~I oI.l..., oI.l 0 QJIII QI QlIII 
III +1 III oI.l '0 '0 III '0 

00 00 0 ~:::; '~O .~ ·~o 
0"" O~ ~ III 0 III 0 III 0 
Il::~ Il::N '00 '00 '00 .. '0 111 .. I1lLO 111 .. 
.......... ..... LO ..... 0 o~ 0 00 
~N ~ ..... ~ o III 1-1 ..... 1-11' 1-1"" 
01'0 0(\· ~ ..... III v, III ..... 

III " 

Insecta X X X X X X 

Aves X X 

Coleon~ variegatus X X 

Crota12h:itus collaris X 

Phr:inosorna douglassi X 

SceloEorus magister X 

~. cf. s. magister X 

S. cf. ~. undulatus X X 

PituoEhis melanoleucus X X 

Notiosorex crawfordi X 

~sp. X 

Antrozous Eallidus X X 

M:i0tis lucifu!in:!s X 

cf. M:i0tis X 

Plecotus cf. !:. townsendi X 

Eutamias sp. X 

Marmota cf. M. flaviventris X X 

Microtus sp. X X' X 

Neotoma mexicana X X 

Neotoma sp. X X X X X 

Pero~scus or Reithrodonto~s X X X X X 

Bovidae X 
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Canyon (Mead, 1981). The two caves from higher elevations 

studied here provide an additional eight species: Sorex 

sp. (shrew); Eutamias sp. (chipmunk, large); Eutamias 

minimus (least chipmunk): Spermophilus cf. S. lateralis 

(golden mantled ground squirrel); Microtus mexicanus 

(Mexican vole); Antrozous pallidus (pallid bat); Myotis 

cf. M. lucifugus (little brown myotis)i and Plecotus cf. 

P. townsendi (Townsend's big-eared bat). The three species 

of bats are found today in the Grand Canyon. The shrew, 

chipmunks, ground squirrel, and vole are found only at 

the high wooded regions of the canyon and rims. 

Associated Flora 

Four excavational layers in Tse'an Bida Cave along 

with three wood rat middens, three sedimentary units, and 

five excavational layers in Tse'an Kaetan Cave provide 

plant macrofossils. A minimum of 33 species of plants 

were identified from the 5,595 macrofossils (Table 24), 

representing needles, seeds, twigs, and spines (thorns, 

etc. ) • 

All macrofossils were identified with the aid of 

a comparative collection. The remains, entire and 

fragmented, of each species carry equal numerical weight. 

Macrofossils, by species, were totaled per cave layer of 

wood rat midden, then a percentage was determined. From 

the percentages, a relative comparison scale was formed. 



Table 24. Plant macrofossils from Tse'an Bida and Tse'an Kaetan caves. Relative percentages 
expressed on a scale of 1 to 5. 1 =<5%; 2 = 5-10%; 3 = 11-50%; 4 = 51-79%; 5 = ~80%. This 
scale is equatable to that of Phillips (1977) and Mead and Phillips (1981) ; rare, occasional, 
common, very common, and abundant. Charcoal is expressed in grams. *.= see Appendix A. 

Tse'an Bida Cave Tse'an Kaetan Cave 

Layers 9NOO Wood Rat Owl Roost 1981 Excavation 
f.lidden Layers Test Pit Layers 

Il< Il< Il< Il< Il< Il< Il< Il< Oil< Il< Il< . . . . +' • 
D:l D:l D:l D:l D:l D:l D:l D:l D:l D:l D:l 

+' 
a a a a a a a a ~a a a 
a a a a a a a a 010 a a 
a a a a III a III M rIla III \D , 01 ' , , 
M \D '<I' t"- III 0) r-l III 1-1'<1' t"- o 

r-l N r-l r-l r-l N r-l Il<r-l r-l M 

". ". 
Plant Name (n 30) 

D:l ,:t; D:l ,:t; D:l 
N '<I' III 0) r-l N N N M M r-l M \D t"- O) 

Abies concolor 1 1 1 1 1 1 

Agave utahensis 1 1 2 2 1 

Argernon~ sp. 3 3 1 1 1 2 3 

Astragalus sp. 1 1 2 

Berberis sp. 1 1 

Celtis reticulata 3 5 3 3 3 1 3 3 X 

Cercis occidentalis 1 1 1 

Cercocarpus intricatus 1 

Charcoal (g) 1.9 20.6 <.1 <.1 .1 

Coleo~ rarnosissima 1 1 1 1 1 
.... 

Cowania mexicana 1 3 3 l~ 

Encelia sp. 2 1 



Table 24 (cont'd.). 

Ephedra sp. 1 3 3 X 3 3 2 

Fraxinus anomala 1 

Grass 1 1 

Juniperus cf. osteosperma 1 2 2 2 3 3 1 1 1 1 1 2 

Opuntia sp. 1 1 I 3 4 4 2 3 I 1 2 

Oryzopsis hymenoides I 1 2 

Oxtrya knowltoni I 2 I I 2 3 

Oxybaphus sp. 1 I 

Picea sp. I I 1 

Pinus cf. contorta? * 3 

Pinus cf. edulis * 1 2 

Pinus cf. flexilis * I 1 I 

Pinus Eonderosa * 3 

Pseudotsu2 menziesii I 1 3 3 3 3 I 1 1 1 

Ptelea pallida 1 

Rhanmus sp. I 

Rhus trilobata I 1 1 1 1 I 

Rhus sp. I I 

Ribes montigenus 1 3 I 1 1 I 1 1 

Rosa cf. arizonica I I 1 I I 2 I-' 
U1 
w 



Table 24 (cont'd.). 

Rosa sp. 1 

Sphaera1cea sp. 1 

TOTAL FOSSILS 2124 123 429 11 314 561 389 841 

n = 5595 

1 

1 o 280 442 58 3 

I-' 
111 
~ 

3 

19 



This scale was derived from Phillips (1977) and is 

comparable to that used in Mead and Phillips (1981), 

as follows: 1) <5%, 2) 5-10%, 3) 11-50%, 4) 51-79%, 

and 5) ~80%. 

Celtis reticulata (net-leaf hackberry) is by 

far the dominant plant species recovered from the 

sediments at Tse'an Bida Cave. Although the net-leaf 

hackberry was present probably in Hance Canyon during 
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the late glacial and Holocene, it does not necessarily 

mean that this low tree was a dominant species. The 

seeds (endocarps) are a favorite food of birds, which 

either visited the cave and defecated and/or were brought 

into the cave by raptors. The great quantities of small 

animal bones, Celtis endocarps, and Pinus spp. (pine) 

nuts are likely related to the use of the locality as 

a raptor roost. 

The 3,000 B.P. dated Layer 2 contains pine nuts 

of two distinct overall sizes and shell thicknesses. The 

large (ca. 14 rom long) and relatively thick nuts are 

assigned to Pinus cf. P. edulis (pinyon pine); conceivably 

they could be another species of pinyon. The smaller nuts 

are identical to those of modern P. ponderosa (ponderosa 

pine). 

Excavation Layer 5, dating in excess of 16,000 

B.P., contained large (ca. 9 rom), thin nut fragments 



that appear identical to P. flexilis (limber pine, see 

Appendix A); these are rare. The abundant nut fragments 

which I assign to P. cf. contorta (lodge pole pine) are 

from small nuts similar in appearance to P. ponderosa 
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(see Appendix A). No needles of pines have been recovered 

in my excavation. Pinus contorta presently does not occur 

near the Grand Canyon region (Little, 1971, 450 km north), 

and previously has not been identified from the Grand 

Canyon fossil localities. I do not believe these nuts 

represent P. ponderosa, which if it were present during 

the late Wisconsin would not be expected to be missing 

from the late Wisconsin wood rat midden records as it is 

(see Cole, 1981). Pinus contorta is a closely related 

species of yellow pine and if present during the late 

Wisconsin probably would have occurred on the rim areas 

bordering the canyon and not on the steep shallow soils 

within the canyon. The occurrence of small yellow pine 

pollen (discussed below) appears to add credence to the 

late Wiscons·in presence of Pinus cf. P. contorta. 

Two test pits and three wood rat middens from 

Tse'an Kaetan Cave provide plant macrofossils. The middens, 

which date between 15,000 and 19,000 B.P., are dominated 

by Juniperus cf. J. osteosperma (Utah juniper), Opuntia 

sp. (cactus) and Pseudotsuga menziesii. The juniper 



fossils could possibly represent J. monosperma (one

seed juniper). ,I did not recover any remains of J. 

scopulorum (Rocky Mountain juniper) or J. communis 

(dwarf juniper). 

Interestingly, while the sediments contain 

Celtis reticulata, the Pleistocene age wood rat middens 

do not. As with Tse'an Bida Cave, I believe that the 

hackberry was introduced into the cave by birds. .Celtis 
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probably grew in the stream bed area of Cremation Canyon. 

The sedimentary units and the wood rat middens 

indicate that Pseudotsuga menziesii, Abies concolor 

(white fir), Opuntia sp., and Ribes montigenus (gooseberry 

currant) occured nearby Tse'an Kaetan Cave. The relative 

abundances of each species differs depending on whether 

it came from the sediments or middens. Neither amount is 

necessarily indicative of the actual abundance of that 

particular species outside the cave. The midden record will 

be biased if there were any species selection by the 

wood rat; the sedimentary record is biased by the processes 

that form, or do not form, each stratigraphic layer. The 

two samples condensed through time, probably reflect local 

changes in the ice age plant community. 

Tse'an Bida Cave Pollen Profile. Pollen and 

sediment samples were collected at 2.5 cm intervals down 

to 50 cm in the west wall of the 9NOO test pit. Eight 



samples have been analyzed for pollen (Figure 60; 

identification by Mary Kay O'Rourke, University of 

Arizona, Tucson). The pine pollen presented on the 

graph combines the diploxylon grains (yellow pines) 

with the haploxylon grains (white pines; i.e., P. 

edulis and P. flexilis). The percentage of the rest 

of the pollen is determined without the pine counts, 

multiple fixed sums. Juniperus and grasses are highest 

in the upper levels, Artemisia (sage brush) is highest 

in the lower levels, and Quercus (oak) is present, but 

uncommon, throughout the column. 

Pollen recovered from a cave sedimentary profile 

is not necessarily equatable to a profile obtained from 

lake bottom sediments or from a marsh. Aerial pollen 

certainly enters caves, especially caves with large 

entrances and those caves with through-flowing air, 
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like Tse'an Bida Cave. Caves with smaller entrances 

(Tse'an Kaetan Cave) will probably receive less aerial 

pollen. However, all caves will receive pollen introduced 

into the cave via secondar.y carrier - animals. Mammals 

and birds are outside of caves much of their active period 

and are therefore apt to have pollen adhere to their body, 

in their fur or feathers. Mammals, especially herbivores, 

are in almost constant contact with plants where they will 

ingest pollen secondarily. Pollen will pass through the 



Figure 60. The pollen profile from the west wall of 

test pit 9NOO in Tse'an Bida Cave. Identifications 

by Mary Kay O'Rourke. Horizontal bars are actual 

samples. Pinus is expressed in percent of entire sample, 

whereas, the other taxa are percent of sample without 

Pinus, multiple fixed sums. 
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stomach and rumina and be deposited in the dung. If the 

dung is deposited within a dry cave, so too is the pollen. 

All four major caves discussed here contain 

sediments dominated by organics from animal dung. In 

Rampart Cave Nothrotheriops dung predominates, whereas 

in Stanton's, Tse'an Bida, and Tse'an Kaetan caves, 

Oreamnos and/or Ovis dung predominates. In the case of 

Tse'an Kaetan Cave, multiple excavational layers were 

almost entirely comprised of trampled dung pellets. 

Because of this collection bias for caves, the 

actual numbers or percentages of pollen grains may not 

correspond to the aerial representation. However, the 

relative trends of pollen species throughout a column, 

probably reflect the changing communities through time. 



DISCUSSION AND SUMMARY 

This dissertation was initiated with the quest 

to recover fossils to reconstruct the natural history 

of an inadequately understood extinct species of mountain 

goat, Oreamnos harringtoni. I wanted to understand the 

osteology of the species, to establish a chronology of 

its evolution and demise, and, finally, to determine 

what it ate and what were its plant and animal associates. 

The answers to at least some of these questions 

could be found in the dry caves of the Grand Canyon of 

Arizona. Previous studies by other researchers and by 

myself indicated that preserved Oreamnos remains were to 

be found in this arid and rugged region. From 1977 to 

1982 I conducted surveys in the canyon, culminating in 

the test pit excavating in two caves. Plant and animal 

remains from three previously excavated cave deposits 

along with some 60 wood rat middens were added together 

with my newly recovered fossils to form my data base. 

The results presented above indicate that the 

skeletal remains were sufficient to redescribe the 

until now inadequately known extinct species. 
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Redescription of Oreamnos harringtoni. 

Oreamnos harringtoni Stock, 1936 

Ho1otype. Parts of fronta1s and two horn cores, 

LACM 2028, plate 35, figure 2. 
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Hypodigm. Smith Creek Cave, Nevada: the type; 

paratypes: metacarpal (LACM 2030), metatarsal (LACM 

2029), plate 35, figures 5 and 3; referred specimens: 

metatarsal (LACM 2031), metacarpal (LACM 2032). Referred 

specimens from the Grand Canyon. Rampart Cave: horn 

core (GCNP 2839, 2840; UALP 6197), horn sheath (1, 2, 3; 

GNCP 2810, 2811, 2844; USNM 21961, 21962), atlas (GCNP 

2817), axis (GCNP 2832), scapula (GCNP 2836), humerus 

(GCNP 1826, 2831, 2834), radius (GCNP 2821), ulna (GCNP 

2821), metacarpal (GCNP 2812, 2813), innominate (GCNP 116), 

femur (GCNP 2823, 2824, 2825), tibia (GCNP 2820, 2822). 

Stanton's Cave: horn sheaths (46, 51, 52, 60, 61, 67, 

89, 97-102, 128), mandible (133), scapula (153), humerus 

(55, 78), ulna (134), metacarpal (32, 138), femur (71), 

tibia (106, 129, 135, 148), astragalus (4, 70, 83, 84, 

109), metatarsal (7, 39, 82, 105). Tse'an Bida Cave: 

skull (USNM 21967, 21974; 2), horn core (8), horn sheath 

(2, 17), mandible (1), atlas (4), axis (3, 4), humerus 

(7), metacarpal (13), innominate (8, 10, 16), femur (12), 

tibia (9, 11, 15). Tse'an Kaetan Cave: skull (10), 

mandible (13, 14, 22), atlas (4), humerus (7, 18), 



ulna (12), metacarpal (15), innominate (17), femur (5, 

11, 27), tibia (26), metatarsal (1, 2, 23). Tse'an 

Nextdoor Cave: axis (1). Vulture Cave: metacarpal 

(UALP 11591). Chuar Valley No. 8 Midden: horn sheath 

(1), metatarsal (1). 
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Horizon and Locality. The type locality: the 

Reddish-brown Silt zone in Smith Creek Cave (of Bryan, 

1979). Grand Canyon localities, cave fill and wood rat 

middens: Rampart, Stanton's, Tse'an Bida, Tse'an Kaetan, 

Tse'an Nextdoor, and Vulture caves, and Chuar Valley No. 

8 Midden. 

Age. Rancholabrean. The type locality specimens 

are weakly associated with a 14C date of 28,650~760 B.P. 

(Bryan, 1979; Mead, Thompson, and Van Devender, 1982). 

The Grand Canyon localities range in age (directly 14C 

dated) from >30,600~1800 B.P. (Tse'an Kaetan Cave) to 

lO,870~200 B.P. (Stanton's Cave). 

Revised Diagnosis. Oreamnos harringtoni averages 

smaller in all skeletal elements (except in the mandible) 

than o. americanus. Some male 2. harringtoni will 

equal ~. americanus in size. Horn cores-horn sheaths are 

generally smaller in circumference and shorter in length 

for males and females. Only females show greater curvature 

of horn sheaths as compared to ~. americanus. A 'V' forms 

at the suture of the palatine bones, as compared to a 'u' 
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in o. americanus. Mandibles are more robust, wider, shorter, 

and deeper. Vertebrae, innominate, scapula, and long bones 

(limbs) are shorter than those of o. americanus; in these 

elements there are no diagnostic characters for specific 

identification. Metacarpals and metatarsals are shorter but 

more robust; the former possess larger tendon attachments on 

anterior surface of metacarpal III. Hair is all white as in 

Q. americanus and appears to have similar scale patterns. 

Size of the dung pellets variable but up to 22 mm long and 

16.5 mm wide, with weights averaging up to 0.7 g; typically 

larger than o. americanus. 

Discussion 

Table 25 summarizes the measurements of Oreamnos 

americanus, O. harringtoni (holotype, paratypes and referred 

specimens from the type locality), and o. harringtoni (Grand 

Canyon specimens) used in this text. Only certain measure

ments are used for each skeletal element. Using these mea

surements, three null hypotheses were tested using the 

Student's t-test (Simpson, Roe, and Lewontin, 1960). The 

first null hypothesis is, "Oreamnos harringtoni from the type 

locality is the same size as the o. harringtoni from the 

Grand Canyon." The second null hypothesis (two-sided) is, 

"0. harringtoni from the Grand Canyon is the same size as 

the modern o. americanus." The last null hypothesis is 

one-sided, "0. americanus is the same size as o. 



Table 25. Measurements (mm) of skeletal elements of Oreamnos americanus, o. harringtoni (holotype, 
paratypes, and referred specimens from type locality), and Q. harringtoni from the Grand Canyon. 
Circum. = circumference; Med. = medial; Lat. = lateral; Nas. - nasal; Nuc. = nucal; N = number of 
elements measured; X = mean of measurement; SO = standard deviation. 

Oreamnos americanus O. harringtoni 
Q. harringtoni type 

Smith Creek Cave 
Skeletal Element 
and Measurement n Rang~ __ X SO ~ __ Ra!lge X SO n Range 

Horn Sheath: 
30 53.0-147.0 

2 32.4- 43.1 37.7 7.5 
2 38.2- 42.6 40.4 3.1 

Circum. 
Med. -Lat. 
Nas.-Nuc. 
Length 2 209.0-245.0 227.0 25.4 

Horn Core: 
Circum. 
Med.-Lat. 
Nas.-Nuc. 
Length 

Cranium: 

8 
24 
24 

3 

63.0-134.0 100.7 
18.3- 40.0 30.1 
20.6- 48.3 34.3 
58.0- 90.3 76.1 

Alveolar Length p2H3 2 73.2- 77.8 75.5 
Width Across p2 2 31.3- 38.1 34.7 
Width Across M3 2 37.2- 50.8 44.0 

Mandible: 
Alveolar Length 18 64.1- 87.0 78.3 
Width M3 17 7.4- 10.1 8.9 
Length M3 17 21.8- 29.2 26.6 
Width of Mandible 18 13.1- 16.2 13.9 

Scapula: 
Length 2 47.3- 49.8 48.5 

Humerus: 
Length 2 248.0-265.0 256.5 

Radius: 
Length 2 222.0-234.0 228.1 

Ulna: 
Length 2 57.1- 66.4 61. 7 

26.0 
5.0 
6.0 

16.0 

3.0 
4.8 
9.6 

6.2 
0.7 
1.8 
0.85 

1.7 

12.0 

8.4 

6.5 

7 61.0-115.0 81.8 22.4 
8 15.9- 35.5 24.-4 6.8 
8 17.4- 38.3 25.4 6.9 
7 116.0-200.0 172.7 29.4 

10 59.2-120.0 74.6 17.0 
10 15.9- 34.8 21.6 5.0 1 26.8 
10 20.0- 35.1 23.7 4.0 1 30.0 

8 35.8-116.0 75.4 26.0 1 89.8 

3 78.5- 80.8 79.6 1.1 
3 26.6- 28.4 27.3 0.9 
3 38.3- 41.4 39.5 1.6 

3 69.4- 84.6 78.3 7.9 
2 10.7- 11. 6 11.1 0.6 
2 28.0- 29.0 28.5 0.7 
4 15.1- 18.9 17.3 1.7 

2 39.3- 39.5 39.4 0.1 

1 193.0 193.0 0.0 

1 163.0 163.0 0.0 

2 50.8- 51. 3 51.0 0.3 

x SO 

I-' 
m 
U1 



Table 25 (cont'd.). 

Metacarpal: 
Length 3 110.B-122.1 117.6 6.0 

Femur: 
Length 1 257.0 257.0 0.0 

Tibia: 
Length 1 293.0 293.0 0.0 

Metatarsal: 
Length 3 123.0-137.0 131.6 7.5 

4 6B.1- B6.7 B1.5 B.9 

4 190.0-215.0 19B.7 11.8 

5 211.0-240.0 225.3 12.5 

4 98.2-116.3 105.5 7.6 

3 81.5- 91.0 87.B 

2 99.5-110.B 105.1 

5.4 

7.9 

~ 
CTI 
CTI 



harringtoni from the Grand Canyon." The 95% confidence 

level (0.05 for two-sided, 0.025 for one-sided) was 

used for rejection. A rejection with a negative 

distribution in the one-sided t-test indicates that 
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O. harringtoni is larger than O. americanus. A positive 

distribution to the rejection indicates that O. americanus 

is the larger. Table 26 illustrates the t-test values 

and whether or not the null hypotheses were rejected or 

accepted. 

Measurements and their t-test values indicate 

that the Oreamnos harringtoni from the Grand Canyon are 

the same size as the specimens from the type locality 

in Nevada. The number of elements recovered from the 

type site was not large enough to permit further 

statistical testing. The comparisons between O. 

harringtoni from the Grand Canyon and O. americanus 

is slightly more complex. The t-test values indicate 

that the mean measurements of O. americanus are 

significantly larger (at the 95% confidence level) 

than those of O. harringtoni in most cases. A noticeable 

difference is that the extinct mountain goat had a more 

robust jaw than did O. americanus. 

It has been shown that environmental effects 

contribute a large amount to observed morphological 

variance (Carmon and Golley, 1964). Changes in the 



Table 26. Student's t-test of measurements taken from skeletal elements of Oreamnos ~.!.<:ri~, Q.. harringtoni (holotype, 
para type , and referred specilllE'ns from type locali ty). ant! Q. ~arr in~ni from the Grand Canyon. A - Acception and R = 
Rejection of null hypotheses, which are described in text. lied. = lIletU a l; Lat. = lateral; Nuc. = nucal; Nas. = nasal; 
Circum. = circumference. + = close to either acceptance or rejection. 

Oreamnos harr inytoni,. 
o. harringtoni vs O. americanus 

Type Local i ty vs Granu Canyon 

Skeletal Element 
and Heasurement Distribution 

Degrees Significance First Null 
Freedom Value .. Hypothesis Dis tribution 

Uegrees Significance 
Freedom Value 

2nd 
Null 
Hypo. 

3rd 
Null 
Hy~ 

1I0rn Shea th: 
Circum. 
Hed.-Lat. 
Nas.-Nuc. 
Length 

1I0rn Core: 
Circum. 
Hed.-Lat. 
Nas.-Nuc. 
Length 

Cranium: 
Alveolar2Le~gth 
I-lidth: P -P 
Width: H3_H3 

Nandible: 

P2N3 

Alveolar Length P2M3 
Width M3 
Length M3 
Width of tlandible 

Scapula: 
Length 

Humerus: 
Length 

Radius: 
Length 

0.9916 
1.5017 
0.5222 

6.411 
7.487 
2.3465 

2.5701 
9 0.60-0.70 A 4.5166 
9 0.80-0.90 A 5.1099 
7 0.40 II. 0.0428 

-4.2373 
-1.4486 
-6.0093 

7.557 

4.3206 

6.3278 

8 0.999 R R 
8 0.999 R R 
7 0.95 R R 

16 0.95-0.98 R R 
32 >0.999 R R 
32 >0.999 R R 

9 < 0.1 A A 

17 > 0.999 R R 
17 0.80-0.90 A II.+ 
20 >0.999 R R 

2 0.98-0.99 R R 

I-' 
1 0.80-0.90 II. R+ m 

CD 

1 0.90 II. R+ 



< 

< 

0 

'"' 
0 

.... 

0 ... ... 
"" .... 

'0 

... 
0 
'J 

~ .:: 
'" .. ' 

.. 
~ 

~ --
~ 

::: 

c:: 

'" '" '" 
0 

"' 

'" ::0 

'" 
'"' .... 

o 
r-

o 
I 

o 
~ 

o 

N 
r
o 

~ ... 
=:i 
0 g' 
.... ~ 
~ 

.. 
'J 

c:: 

c:: 

'" r- ::'\ 

'" 0 
0 , 

.., ... 

0 .... 
'" ... .... .,. ... '" ... ... 

:; .J 

=' .. 
I'l -q - -

-: 
'Jl 
:.. 
'C .... 
-:' 

"" 

'" '" 
0 

" 

cO 

.... 
0 
N 

"'" ... 

o 
If' 

o 
I 

o 
"=' 

o 

,"" .... 
o 
'"' o 

~ 

.... 

~ 

169 



consistency of the diet are known to result in different 

muscular forces applied to the growing jaws which can 
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lead to statistically significant alterations in mandible 

shape (Watt and Williams, 1951). A rougher diet can 

produce a wider, more robust jaw. Such a dietary change

increase in robustness relation was observed in Peromyscus 

maniculatus that inhabited open grassy regions (soft diet -

small jaw) versus those that lived in coniferous forests 

and woodlands (harder, woodier diet - more robust jaw) 

(Holbrook, 1982). 

The horn cores and sheaths of o. americanus are 

statistically larger in circumference ·than those of o. 

harringtoni, although some very large extinct mountain 

goat horns did occur as is shown by one specimen 

from Tse'an Kaetan Cave. The rear limb bones of o. 

americanus are significantly longer than those of o. 

harringtoni. The anterior limb bones appear the same 

size in both species; however, in these three cases the 

sample sizes of both species is very limited and therefore 

introduces a sample-size bias. The metapodials are all 

shorter in o. harringtoni than in ~. americanus, and as 

the measurements indicate, the feet were more robust in 

o. harringtoni. 

The pelage of O. harringtoni is known from 

individual hairs. Artiodactyl hairs were recovered 



that were completely white from base to the tip, a 

character unique to Oreamnos. The hairs possess 

irregular waved scale patterns. Some of the hairs 

identified as O. harringtoni are 52 mm long which 

indicates that the extinct mountain goat had a somewhat 

shaggy pelage. I do not know if the entire coat was 

almost pure white as is the extant species. Oreamnos 

americanus can have some mid-dorsal hairs with tips 

of dark brown. 
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Like that of most herbivores the diet of Oreamnos 

americanus varies seasonally and regionally. Winter 

diets are predominantly grasses, sedges, rushes, and 

coniferous trees; forbs and shrubs are not always as 

important. Grasses, sedges, and rushes become 

increasingly more important (up to 76% of the diet) 

during the summer, spring, and fall seasons (Saunders, 

1955). Shrubs seem to be very important during summers 

in some mountain regions (Brandborg, 1955) and less so 

in others (Rideout and Hoffmann, 1975). 

The diet of Ovis canadensis is variable. In 

the lower, western Grand Canyon, the five most common 

plants eaten by the present bighorns are Sphaeralcea, 

Muhlenbergia, Tridens, Ephedra, and Aristida (90% of 

the diet) (Hansen and Martin, 1973). 
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Artiodactyl dung predominantly contains plant 

remains. When foraging for grasses or woody plants, 

pollen is also eaten, either directly (flowers or male 

cones) or indirectly (as "dust" on other plants). Pollen 

is not digested in the rumen but is mixed with the 

fermented and mostly digested plant fibers which are 

voided. An examination of the pollen from dung has been 

claimed to be a poor indicator of an animal's diet 

(Thompson et al., 1980). According to Storr 

(1961) and Stewart and Stewart (1970), the identification 

of the cutinized epidermal fragments and lignified cell 

walls of plant remains in dung is an excellent sample 

of the diet. 

The cuticle analyses of pellets from Tse'an Bida 

and Tse'an Kaetan caves has already been mentioned. The 

cuticle analysis of Oreamnos harringtoni dung from Rampart 

Cave indicates that during the full glacial, the extinct 

mountain goat ate predominantly grass (48%), juniper (18%), 

and globemallow (17%); during the pre-full glacial it ate 

predominantly grass (70%) and globemallow (9%) (R.M. Hansen, 

pers. comm., 1982). 

A list of plants eaten by O. harringtoni near 

Stanton's Cave is provided by Iberall (table 4, p. 45); 

grasses were the dominant food taxa. Edaphic indicator 

species (Bouteloua, Sporobolus, Stipa, Coldenia, Ephedra 
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cf. ~. torreyana (?), and Prunus)'" points to- a predominance 

of xerophytic shrubbery in the diet; however, the presence 

of Mimulus indicates that O. harringtoni also ate at 

springs (e.g., Vasey's Paradise) (Iberall, 1972; Robbins, 

Martin, and Long, in press). Based on her studies at 

Stanton's Cave, Iberall concluded, "that O. harringtoni 

was an- arid land species, living [at least near the river] 

in a warmer, drier environment than O. americanus." 

(1972 :45) • 

A comparison of the number of species of identified 

plant cuticles in Oreamnos pellets from the four caves does 

indicate that each cave sample is somewhat different from 

the others. I use Jaccard's index of similarity because it 

best represents the similarities between two sets with a 

different sample size. Table 27 presents the data 

between caves as viewed in percent similarity. All species 

present within the various excavational layers are grouped 

together to compare caves. Viewed in this manner, the 

comparison indicates great variability of diet between 

the four cave areas. One might expect that the diets of 

O. harringtoni from Tse'an Bida and Tse'an Kaetan would 

be more alike because their present plant communities 

are quite similar than those of any other two study sites. 

Tse'an Bida Cave is most like Tse'an Kaetan Cave in numbers 

of species in similarity (50%; Table 27). 
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Table 27. An index of similarity of identified plant 

cuticles in Oreamnos harringtoni dung pellets from Rampart, 

Stanton's, Tse'an Bida, and Tse'an Kaetan caves. Numbers 

refer to percent similarity as calculated using Jaccard's 
C 

Index A+B-C x 100. A and B are the total number of taxa 

in each cave dung series. C is the number of taxa in 

common to both A and B. 

ro 
~ 
ro ~ 
8 ro 

ro ~ 
~ ~ ~ 
0 m .~ ro 

~ ~ 
~ ~ ~ 

~ 0 ~ ~ 
M ro ~ ro ro 
ro ~ ~ -
~ S ro ~ ~ 
0 ro ~ m m 
8 ~ 00 8 8 

16 Rampart 

74 Stanton's 11 

28 Tse'an Bida 37 16 

20 Tse'an Kaetan 20 3 50 



A variety of reasons could account for the 

dissimilarities between cave sets. As has already been 

shown, the diet of modern Oreamnos is extremely variable 

from season to season - the above samples may be an 

example of seasonal varia~ion in 'the sample of Oreamnos 

dung. What the dissimilarity does indicate is that o. 

harringtoni generally did not, for example, forage in 
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the Inner Gorge and then travel to higher country (Tse'an 

Kaetan Cave) before defecating; their rate of daily travel 

was much slower. The mountain goats were apparently 

eating and voiding plants in the local area. 

There still remains the question of why the pellets 

from Rampart Cave are distinctly more cuboid and larger 

than those from the other three caves (Figure 59). There 

seems to be nothing in the diet from the four cave areas 

that might make the pellets from Rampart Cave larger. 

All four cave areas appear to have equally xeric plant 

communities as viewed from the diet. There does not 

appear to be an increase in pellet size as one progresses 

from west (Rampart Cave) to east (Stanton's Cave) or from 

low elevation to high (Rampart to Tse'an Bida caves 

respectively). There is nothing in the described skeletal 

collections of Q. harringtoni to indicate any 

distinctiveness (size or sex) of the Rampart Cave sample 

as compared to those of the other three caves. A remote 



possibility is that the Rampart Cave area, which is the 

lowest and hoot-test in the canyon, is said to have had a 

more equable late Pleistocene climate than other regions 

of the Grand Canyon (Phillips, 1977; Cole, 1981, 1982; 

Van Devender, Phillips, and Mead, 1977); how this would 

bear on dung pellet size is not apparent to me. 

community Reconstructions 
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The Grand Canyon supports a great biotic diversity 

today because of its great length and abrupt elevational 

differences (Figure 2). One should not group today's 

plants and animals in terms of a single community, and 

so should it be for the past. Because of the topographical 

complexities, I have divided the canyon into three 

elevational groups. 

I consider the low elevations as occurring from 

lake level (the original river level was about 240 m 

lower) at the western end (mile 278), 380 m (l,240 ft) 

elevation, up to 1095 m (3,600 ft), approximately equal 

to the top of the Inner Gorge along the Kaibab Trail in 

the central canyon region. This elevational grouping 

includes Rampart, Stanton's, and Vulture caves and all 

the isolated wood rat middens discussed by Phillips (1977) 

and Mead and Phillips (1981). From 1095 m elevation up to 

1770 m (5,800 ft) is my middle elevational group. 

Topographically this includes the Tonto Platform and 



the region up to the top of the Redwall of the south

central canyon region. Tse'an Bida and Tse'an Kaetan 

caves and certain wood rat middens of Cole (1981, 1982) 

are included. The high elevational grouping does not 

include any studied cave deposits but does incorporate 

a few wood rat middens (Cole, 1981, 1982) found at 

elevations greater than 1770 m. I believe that these 

elevational groupings allow for a logical review of the 

plant and animal community changes through time. There 

is some difference on an east-west line, but, I believe 

these are minor. 
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Approxima~ely 120 species of plants and 115 

species of animals have been described from late Wisconsin 

(63 wood rat middens, 5 caves) and Holocene (41 wood rat 

middens, 3 caves) localities in the Grand Canyon (Phillips 

and Van Devender, 1974; Phillips, 1977; Mead and Phillips, 

1981; Cole, 1981, 1982; Iberall, 1972; Robbins, Martin, 

and Long, in press; Clark and Hansen, ms; Van Devender, 

Phillips, and Mead, 1977; Van Devender and Mead, 1976; 

Mead, 1981; Cole and Mead, 1982). The following review 

and reconstruction will incorporate, in light of the three 

elevational groupings, 1) selected animal species, 2) 

predominantly the plant macrofossil data in Figure 61, 

and 3) the pollen data from Tse'an Bida and Stanton's 

caves. 



Figure 61. Plant macrofossils .from wood rat middens 

and cave sediments of the Grand Canyon. Each species 

is divided into the three elevational groupings (see 

text). For identifications of Pinus see Appendix A. 

+ = present today in elevational grouping. 
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Low Elevation. Fossil localities from this group 

almost span the length of the Grand Canyon. The fossil 

community from this elevation is better known in the 

western than in the easte~n region. One midden lies in 

between, Bass Rapids (mile 107). The western region was 

apparently dominated by a juniper woodland throughout the 

Wisconsin and into the early Holocene until about 8,500 

B.P. (Phillips, 1977; Figure 61). Fraxinus anomala was 

a co-dominate in this woodland although it may have 

fluctuated in its abundance more than juniper. Pines 

were rare, the only type being the pinyons - P. edulis 

and P. monophylla. No subalpine species appeared in the 

in the fossils from low elevations of the Grand Canyon 

(Figure 61). Other presently extralocal plants included 

Symphoricarpos longiflorus, Ribes montigenum, Cercocarpus 

intricatus, and Coleogyne ramosissima. Mixed in with 

this woodland were Atriplex confertifolia (a relict today), 

Encelia farinosa, Sphaeralcea sp. (a dominant in the diet 

of Nothrotheriops shastensis), Ephedra sp., and several 

genera of Cactaceae (Phillips, 1977; Mead and Phillips, 

1981). Near Bass Rapids the community appeared 

to be the same, juniper woodland with intermixing desert 

species (Van Devender and Mead, 1976). 

Stanton's Cave is near the upper level of this low 

elevational group. Although no wood rat middens have been 



examined for plants from this cave, abundant seeds, 

cuticle, and pollen remains from cave sediments express 

the general trend of the area. It appears that an open 

juniper woodland surrounded and dominated the cave area. 

I am not certain to what extent, if any, that pinyons 
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and sub-alpine trees may have encroached upon the woodland. 

Pinus and Artemisia pollen were extremely abundant in the 

cave sediments dating greater than 11,000 B.P. Whether 

these plants actually grew outside the cave, or were only 

on the plateau-rim country, 600 m above the cave, is not 

known for certain (Euler, 1978; Martin, in press) . 

This low elevation region of the Grand Canyon acted 

as a corridor (as it does today for desert plants) for 

certain woodland and selected desert plant species to 

intermix forming a unique community not found anywhere 

today. This corridor appears to have been aberrant as 

compared to the other two elevational groups that 

dominated in the Grand Canyon. 

The animals of this inner region also seem to 

reflect the corridor influence. Along the edge of the 

Colorado River are narrow, intermitant flood plains 

and gentle angle talus slopes; occasionally there 

are wide relatively flat areas at confluences of 

large tributaries (e.g., Chuar Valley). Rarely, tributary 

canyons provide relatively easy access, to and fro, into 



181 

the inner canyon, although frequent cliffs along the river 

level abort the attempt to travel any great length of the 

canyon. Eguus sp., Camelops cf. C. hesternus, and 

Nothrotheriops shastensis are recorded from the Rampart 

and Vulture caves region. Access would have been fairly 

uninhibited along the river and-adjacent slopes from the 

basin-and-range topography 4.8 km (3 mi) down river. At 

Stanton's Cave it appears that Bison, Equus sp., and 

Camelops sp. at least rarely wandered into the canyon, 

possibly entering via South Canyon. An alternative is 

that these three species were never actually in the Grand 

Canyon, but were living on the bordering plateau. 

Carnivores possibly may have introduced these skeletons 

into Stanton's Cave. The low elevation area provides 

a lot of rugged territory for Oreamnos harringtoni which 

seems to have thrived in the area of both cave groups. 

I am not certain at what time Ovis canadensis 

entered the Grand Canyon; today it is common throughout 

the region. It appears that the bighorn sheep and Oreamnos 

harringtoni would have been in competition for food. At 

Stanton's Cave large cuboid dung pellets assigned to o. 

harringtoni were dominant in the cave sediments below 

25 cm deep. Intermixed with those pellets were small 

pellets, conceivably b~longing to Ovis canadensis. From 

20 cm to the surface only small pellets occurred - those 
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assigned to avis canadensis (Iberall, 1972). Based on 

this chronology, avis canadensis may have been defecating 

in the cave during the same years that areamnos 

harringtoni was, approximately 13,000 B.P. Oreamnos 

harringtoni seems to have stopped using the cave by about 

11,000 to 10,600 B.P. An alternative view is that the 

small pellets associated with the large pellets were 

voided by young mountain goats, and bighorn sheep used 

the cave only during the Holocene. An identical story 

exists for the dung pellets in Tse'an Bida Cave (middle 

elevation group). The actual contemporaneity of the two 

bovids is not yet proven. While Ovis canadensis bones 

were recovered from Rampart and Vulture caves, their age 

is unknown. Fortunately, horn sheaths (Figure 62) of 

Ovis canadensis were recovered from Rampart and Stanton's 

caves. Although their stratigraphic context may not be 

known, they are made of keratin and therefore may be 

directly radiocarbon dated. At this time they are not 

dated but small (mg), contaminate-free samples of the 

four sheaths are to be analyzed in the 'linear accelorator. 

Middle Elevations. Fossil localities from this 

group occur in the eastern and central Grand Canyon~ 

Besides Tse'an Bida and Tse'an Kaetan caves, fossils 

from isolated wood rat middens were collected in Bass, 

Hance, Cottonwood, and Grapevine canyons and Horseshoe 



Figure 62. Horn sheaths of Ovis canadensis from Rampart 

Cave (left) and Stanton's Cave (right three). Bar: 40 mm. 
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Mesa on the south, and Chuar Valley and Clear Creek Canyon 

on the north (Cole, 1981, 1982). 

In contrast to the low elevations, this middle 

region appears to have been dominated by a community of 

tall and pygmy conifers throughout the middle and late 

Wisconsin and into the earliest portion of the Holocene. 

The wood rat midden record does not indicate conclusively 

that Picea sp. (now only on the north rim region) occurred 

in this middle elevational group, but remains in sediments 

at both caves indicate that if it did grow in the middle 

elevations it was rare. Pinus flexilis, which now occurs 

no closer than the San Francisco Peaks south of the canyon, 

was rare but persistent within the region. Pseudotsuga 

menziesii and Abies concolor along with Juniperus cf. J. 

osteosperma were by far the dominant trees in the area. 

Probably only juniper actually grew out on the Tonto 

Platform away from the stream beds. Pinus cf. contorta 

nuts were identified from Tse'an Bida Cave (see Appendix 

A). However, because it was not found in the numerous 

middens examined by Cole (1981, 1982) from this area, it 

must have been growing only on the rims where Wisconsin 

age fossil middens have not been recovered. Accompanying 

this open woodland-forest in the middle elevations was 

Fraxinus anomala, Ostrya knowltoni, Artemisia spp., 



Atriplex confertifolia, Rosa spp., Rhus spp., Cowania 

mexicana among other shrubs and herbs. 

The waning phases of the late glacial are marked 

by plant community changes, although on an individual 

species level. Atriplex confertifolia and Coleogyne 

ramosissima appear to drop out as does Pinus flexilis 

and Picea sp. Abies concolor and Pseudotsuga menziesii 

prolong their inevitable upward migration until the 

early Holocene (Cole, 1981, 1982). Juniper appears not 

to have changed; the void left by the large trees may 

have been filled by the immigrant, or the dramatically 

repressed, Pinus edulis. 
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Many small mammals lived in this middle elevational 

group; only Oreamnos harringtoni and Equus sp. are evidept 

for the large species. The mountain goat probably lived 

chiefly in the cliff-talus slope and in almost inaccessable 

areas, whereas the horse (small species) probably filled a 

niche similar to that which today is filled by the 

historically introduced E. asinus. 

High Elevations. Fossil localities from this group 

occur in the eastern and central portions of the canyon. 

This group is the least understood of the three elevational 

groups. No caves have been studied from this group, only 

wood rat middens from Nankoweap and Clear Creek canyons 

and Chuar Valley on the north, and Bass Canyon and the 



region above Horseshoe Mesa on the south (Cole, 1981, 

1982) • 

As with the middle elevations, this area was 

dominated by coniferous trees. Abies conco1or and 

Pseudotsuga menziesii were apparently just as important 

in this forest as in the lower region. In contrast 

though, Picea sp. and Pinus f1exi1is appear far more 

abundant than at lower elevations. Juniperus cf. J. 

osteosperma was less abundant and J. communis appears 

more common. Pinus contorta has not been identified 

from any middens in this e1evational group; as mentioned 

before, the lodgepole pine may have occurred only at and 

behind the rims of the canyon. 

Certain plants that occurred in the middle and/ 
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or low e1evationa1 groups during the late Wisconsin failed 

to show up in the high e1evationa1 group during this time. 

It was not until the early or middle Holocene that Atrip1ex 

confertifo1ia, Celtis reticu1ata, Fraxinus anoma1a, Pinus 

ponderosa (first time occurrance in the Grand Canyon), and 

Pinus edu1is appeared in the high e1evationa1 region. 

These species may have filled the vacant niches, or new 

niches provided by the disappearance of Picea sp. (on the 

south and within the canyon) and Pinus f1exi1is at the 

end of the late glacial. Juniperus osteosperma greatly 
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increased in the early Holocene possibly replacing in 

part J. communis. 

The animals of the high elevational group are 

less well understood than are the plants. Reptiles may 

have been fairly rare; only Sceloporus has been identified. 

The small mammals recovered also occur in the region 

today. Oreamnos harringtoni is found to occur at least 

on the north side of the canyon at this high elevation; 

certainly it occurred on the south too. Small artiodactyl 

dung pellets were recovered from a pre-full glacial wood 

rat midden and were identified as either Ovis canadensis 

or Odocoileus sp. (Cole and Mead, 1982). Although either 

species may have been present at that time, it is also 

possible the pellets represent juvenile mountain goats. 

Evolution 

The Irvingtonian-Rancholabrean Land Mammal Age 

transition is defined by Savage (1951) as the first 

appearance of Bison, a Paleoarctic invader. 
I 

Kurten and 

Anderson (1980) believe that the stratigraphically most 

significant "new" genera of the Rancholabrean to enter 

North America as immigrants are Rangifer, Ovis, Homo, 

Alces, Cervalces, Ovibos, and Oreamnos. But these entered 

at varying times during the Rancholabrean, which began 

approximately 700,000 B.P. (Lindsay, Johnson, and Updyke, 

1975). 



The closest living relative to Oreamnos is the 

Rupicapra (chamois) of Europe. Other living mountain 

antelopes are the Naemorhedus (goral) and Capricornis 

(serow), both which inhabit forested lowlands to alpine, 

rocky woodlands of east Asia. 
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Little is known of the fossil history of Oreamnos 

and its predecessors. Generally, it is agreed that the 

rupicaprids, which includes Oreamnos, and the caprids 

(goats and sheep) had a common ancestor and that their 

separation apparently occurred in China sometime during 

the Miocene (Schaller, 1977). Rupicaprini certainly is 

of Asian origin, possibly with Pachygazella gangeri as 

the progenitor during the lower Pliocene of China. It 

is not known when the first member of the tribe entered 

the Nearctic. Perhaps closely related to Oreamnos is 

Neotragocerus, which lived in Nebraska during the 

Hemphillian and in Idaho during the Blancan (Kurt~n 

and Anderson, 1980). 

The oldest known fossil Oreamnos is of the 

Sangamonian interglacial of British Columbia (Harington, 

1971); no species was designated. Other localities of 

Oreamnos sp. or o. americanus are Bell Cave (Zeimens and 

Walker, 1974), Horned Owl Cave (Guilday, Hamilton, and 

Adams, 1967), and Little Box Elder Cave (Anderson, 1974) 

in Wyoming, all of late Wisconsin-early Holocene age, 
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and Potter Creek Cave (Sinclair, 1903; Stock, 1918) and 

Samwell Cave (Furlong, 1906; Stock, 1918) in California, 

of uncertain (late Pleistocene) age (Figure 63) . 

Orearnnos harringtoni was known prior to the 

present report from Smith Creek Cave, Nevada, of late 

Pleistocene age (Stock, 1936; Mead, Thompson, and Van 

Devender, 1982), Rampart and Stanton's Caves, Arizona, 

of late Wisconsin age (Wilson, 1942; Euler, 1978), and 

questionably from San Josecito Cave, Nuevo'Leon, Mexico, 

. I ) of uncertain Wiscons1n age (Kurten and Anderson, 1980 ; 

there has been no published report describing these 

r.1exican remains. 

Although the small sample of fossils is 

inadequately dated, Oreamnos was in central British 

Columbia by at least Sangomonian time. Cowan and 

McCrory (1970) have speculated that the early stock 

of Oreamnos may have been split by the advancing 

Wisconsin age ice into northern and southern populations. 

I provide here two models that supplement Cowan and 

McCrory's (1970) hypothesis (Figure 64). 

1) Assuming that the Wisconsin age ice did 

separate a population of Oreamnos, the northern stock 

may have remained the typical o. americanus form. The 

southern stock migrated south along the main cordilleras 

(Sierra Nevadas-Cascades, and Rocky Mountains) penetrating 



Figure 63. Map of North America showing the present 

indigenous distribution of Oreamnos americanus (black 

area; from Rideout and Hoffmann, 1975). Fossil localities 

of Oreamnos sp. (dots) and o. harringtoni (triangles) are 

from published literature or the present report. 1 = 

Tse'an Bida and Tse'an Kaetan caves; 2 = Rampart and 

Vulture caves; 3 = Stanton's Cave and Chuar Valley wood 

rat midden; 4 = Smith Creek Cave; 5 = San Josecito Cave; 

6 = Horned OWl, Bell, and Little Box Elder caves; 7 = 

Potter Creek and Sarnwell caves; 8 = Quesnel Forks; 9 ~ 

Guadalupe Mountains. The San Josecito Cave specimens may 

not be Orearnnos harringtoni - they have not been studied. 

The Guadalupe Mountain remains are of a related genus of 

extinct mountain goat (Lloyd Logan, pers. comm., 1982). 
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Figure 64. Map of North America with fossil localities 

of Orearnnos (discussed in Figure 63). Localities are 

shown in relation to major cordilleras and smaller mountain 

ranges. Arrows depict what I believe to be the migrational 

routes travelled by o. americanus in the early Wisconsin 

as the growing continental ice sheets forced the Canadian 

stock north and south. The Rocky Mountain population 

diverged into a stockier, slightly shorter species, o. 

harringtoni, as it moved south into xeric, more woodland 

oriented and isolated regions. 



.0. 

161 

g. v 
Vv 
vvv 

v 

~~ I 

Vv 
Vv 
vvv 

vvv 
vvv 

vvv 
vvv 

Vv Vv 



192 

into Mexico via New Mexico-Texas (Figure 64). The southern 

extension into more xeric, woodland habitats provided 

enough change to alter the previously existing o. 

americanus stock to become Q. harringtoni. This 

hypothesis dictates that all southwestern forms of 

Oreamnos should be o. harringtoni. It also would state 

that any O. americanus fossils found south of the ice 

sheets are of early Wisconsin age and occur only in the 

northern high mountainous latitudes (+40°). 

2) The second model is a variation of the first. 

The Canadian ice sheets divided the o. americanus stock 

into northern and southern populations; which remained 

as one species on both sides of the ice sheet in alpine, 

mountainous habitats. During the Wisconsin glacial 

advances, the southern population immigrated far to 

the south only along the Rocky Hountain system. As 

it moved into xeric, woodland and forested regions, it 

adapted to its new environments, forming a slightly more 

robust, slightly smaller, yet similar, species, o. 

harringtoni. This hypothesis provides for o. americanus 

fossils of any Wisconsin age to occur in the high alpine 

regions of northern United States. It also states that 

only o. harringtoni will be found south and west of about 

Colorado, in the high interconnected mountains and will not 

be older than approximately 70,000 B.P. 



Both models predict that the Great Basin-

Intermountain Region and south will have only Oreamnos 

harringtoni. Where the models differ is with the age 

and location of recovered o. americanus. These 

simplistic models may have to be altered when the 

"Oreamnos harringtoni" material from San Josecito Cave, 

Mexico, is completely- analyzed. I have not examined 

any of these remains. 

E~tinction of Harrington's Mountain Goat 

When and why did Oreamnos harring·toni become 

extinct? This question applies to all 33 lost North 

American genera of animals of the late Pleistocene. 

Until recently, Oreamnos harringtoni has 

seldom been radiocarbon dated. At Smith Creek Cave, 

the type locality, all the mountain goat remains occur 

in the lower unit of the cave. The age of this deposit 

falls sometime between 12,600+170 and 28,650+760 B.P., 

although it could be even older (Mead, Thompson, and , 

Van Devender, 1982). Hester (1967) felt that ~. 

harringtoni lived until approximately 10,050 B.P. 

(Rampart Cave), which has long been used as the 
I 

terminal age for the species (Kurten and Anderson, 

1980). This 14c date (L-473A) is not associated 

with the mountain goat and should not be used as a 

terminal date for its occurrence. It is from 
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NothrotherioE~ shastensis dung recovered from the 

surface of the deposit. 

The youngest 14C dates from Rampart Cave 

actually dating Oreamnos harringtoni are 18,430+300 

(A-1278; Long and Martin, 1974) on large dung pellets, 

and 19,380+600 (A-2630) on a horn sheath. These I 

believe to be the best ages obtainable from this cavei 

however, a horn core was recovered from a dated wood 

rat midden (Stake 45) that has a radiocarbon age (on 

Juniperus sp. twigs) of 13,170+130 B.P. (A-1325i 

Phillips, 1977). 

Large cuboid dung pellets, identified as o. 

harringtoni, from the 20 to 25 em depth in the 

stratigraphic pit in Stanton's Cave produced an 

age of 10,870+200 (A-1155; Ibera11, 1972; Long and 

Muller, 1981). Two 14C ages on horn sheaths are much 

older: 19,690+1200 B.P. (A-3083) and 12,580+520 B.P. 

(A-3085) . 

It appears that the mountain goat did not use 

Tse'an Kaetan Cave after about 14,000 B.P. based on a 

large dung pellet date of 14,220+320 (A-2835) from Layer 

1. A random sample of large cuboid pellets from the 

surface area in other regions of the cave produced an 

even older date (18,290+1400 B.P.). No remains of the 
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integument are known from this cave to provide a 

replication of the dates on dung pellets. 

Tse'an Bida Cave provides two late ages for 

o. harringtoni. Large dung pellets recovered adjacent 
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to a skull of the species produced an age of 11,850+750 

(RL-1134). A horn sheath from that same skull dated by the 

Smithsonian Institution (no lab no.) to 12,930+110 B.P.; at 

the 95% confidence level, these two dates may be the same 

age and possibly from the same individual. 

The undated Oreamnos harringtoni remains from 

Tse'an Nextdoor Cave and Vulture Cave cannot be accurately 

dated by association; the two bone remains were found 

loose on the cave floor surfaces. The mountain goat 

elements from the Chuar Valley wood rat midden (8B and 

8C) date by association to 18,800+800 B.P. (RL-1178) and 

~27,000 B.P. (RL-1179) respectively. 

In summary, it appears that Harrington's mountain 

goat lived in the Grand Canyon until about 11,000 B.P. 

plus or minus a few hundred years. I do not know if 

this last appearance was of a declining population under 

stress, or was one that met a quick demise. Additional 

14C dates might aid in determining how widespread Oreamnos 

populations were at any give time, especially around 

11,000 B.P. in the Grand Canyon. 
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Models of late Pleistocene generic extinction 

have been proposed and are applicable to the Grand Canyon 

Oreamnos material. Martin (1967; 1973; 1974) has proposed 

that man entered the New World, south of the continental 

ice sheets, by about 12,000 B.P. As a newly introduced 

Holarctic carnivore, man swept south, critically reducing 

the populations of large herbivores (those ~44 kg) to the 

point of their extinction (Mosimann and Martin, 1975). 

Oreamnos harringtoni probably weighed up to or 

little over 120 kg (0. americanus can weigh 136 kg; 

Rideout and Hoffman, 1975) and therefore would fall 

into Martin's model of extinction by man's predation. 

There are no known reports of man or his artifacts in 

direct association with Oreamnos (Kurten and Anderson, 

1980). No~. harringtoni remains in the Grand Canyon 

are directly associated with artifacts. Although the 

split-twig figurines from the Grand Canyon could be 

interpreted as representing Oreamnos instead of Ovis, 

the two l4C ages (3,000-4,000 B.P.) directly analyzed 

from the artifacts, greatly post-date the demise of the 

mountain goat. 

The lack of recovered artifacts in direct 

association with Oreamnos does not mean that man did 

not hunt the mountain goat. In the western end of the 

Grand Canyon, at Rampart Cave, Nothrotheriops shastensis 
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co-existed with Oreamnos and apparently died at the same 

time - ca. 11,000 B.P. (Thompson et al., 1980). Because 

the major components of the ground sloth's diet still 

exist in the immediate area of Rampart Cave, Martin states 

that climatic and/or environmental stress did not bring 

about its demise (Thompson et al., 1980; Martin and 

Thompson, ms). This same argument could apply to the 

demise of Oreamnos harringtoni. But why did not O. 

americanus in northwestern North America become extinct 

too? Certainly it was in the blitzkrieg path, just 

farther north. 

Other models exist to define why so many large 

mammals became extinct at ca. 11,000 B.P. These other 

hypotheses claim that climatic change provided stress 

and population reduction to the point of extinction 

(Guilday, 1967; Slaughter, 1967; Graham, 1979). Guilday 

(in press) has stated that environmental changes of the 

late glacial placed the late Pleistocene fauna under 

stress - in a critical state of change and redistribution. 

Man as a very mobile, new predator provided the nick-point 

of demise for certain large herbivores. Unfortunately the 

fossil record is not always distinct enough in its 

preservation to differentiate between man's direct 

attrition and that of climatic change. One does not 

know what species and genera would have become extinct 



had man never set foot on North America at that critical 

time (Guilday, in press) . 

Guthrie (in press) proposes a variation of the 

climatic change hypothesis. His model is complex but 
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in essence states that the climatic changes during the 

late glacial were actually seasonal changes that increased 

the zonation of plant communities. This change in the 

community structure resulted in longer growing seasons 

for ungulates, which decreased the net yearly quality and 

quantity of available resources. This reduction and 

restriction of food decreased the faunal diversity, body 

size, and distributional ranges (Guthrie, in press) . 

Animal populations became more zonal and allopatric as 

their distributional ranges contracted and rearranged. 

Plants are most nutritous when they are green 

with young growth. As the new growing season progresses 

the plants become more coarse and fiberous (adding silica 

or woody tissue), and in so doing become less nutritous. 

Herbivores eating this late growth require more volume, 

for the same amount of acquired energy, than if it were 

young growth. More northern latitudes have shorter 

growing seasons, meaning that the nutritous plants become 

less nutritous more quickly than southern equivalents. 

Many northern ungulates have a greater average net 

utilizable resource than their kin to the south. In 



terms of body size this means that most herbivores of 

more northern latitudes grow larger and more quickly 

(seasonally) because of the shorter growing season. 
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This concept is a major factor in Bergman's law (Guthrie, 

in press) • 

Today this variation, greater and quicker diversity, 

in the growing season, accounts for the larger herbivores 

in the north as compared to representatives to the south. 

During the glacial and early late glacial the climates and 

environments of North America seem to have had less 

seasonal diversity. This seems to be the case for the 

Southwest (Van Devender and Spaulding, 1979); possibly 

only the summers were cooler. This less diversification 

meant shorter growing seasons for most of North America 

north of Mexico, which in turn would provide for larger 

herbivores (gigantism) throughout the unglaciated regions. 

As the climates changed during the late glacial, 

the summers became warmer and summer precipitation moved 

north into the Southwest providing a longer, more diverse 

growing season (Van Devender and Spaulding, 1979). 

According to Guthrie (in press) this increase of growing 

season forced plants to readjust to this greater seasonal 

variation; plants selected zones of tolerable climate and 

substrate. 



Animals had to adjust to this partial vegetation 

redistribution. Certain plant components in the diets 
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of herbivores are toxic but tolerable in small quantities 

as long as they are supplemented Tlli th additional high

quality food. Animals with small-sized rumena (e.g., 

Oreamnos) require high quality food year around. If 

this small ruminant is a browser (eats woody species, 

some which are particularly toxic and nutrient poor, like 

the evergreens), they require nutrient supplements, like 

grass. 

The late glacial-early Holocene plant redistribution 

may have congregated toxic, nutrient poor species into areas 

with less abundant nutrient rich supplemental species. In 

so doing, animals would also have to redistribute. 

Guthrie (in press) states that herbivores that 

adapt to a longer growing season begin to decline in body 

size. In the fossil record this is seen in a reduction 

of overall body size and in a shortening of body organs 

of "low growth priority (i.e., antlers, horns, tusks, etc.) 

for animals such as Alces, Ovib~~, Bison, Rangifer, 

Mammuthus, and Ovis, to mention a few. 

The macrofossil record of the Grand Canyon appears 

to support Guthrie's claim of a late glacial-early Holocene 

trend toward greater zonation - zones with more diversity. 

The evergreen, nutrient poor species retreated out of the 
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lower canyon regions toward higher elevations. The record 

of the grasses is very inadequately known but they may 

have been far more abundant throughout the canyon than 

they are today. If the redistribution of nutrient rich 

supplemental species and abundant, nutrient poor species 

became disproportionate, the mountain goats within the 

Grand Canyon may have been under environmental, dietary 

stress. 

As mentioned previously, o. harringtoni is generally 

smaller than the extant species, although skeletal remains 

of the two species of equivalent sizes do occur. The Grand 

Canyon fossil remains are not dated, chronologically, well 

enough at this time to determine if indeed the smaller o. 

harringtoni remains are of only late glacial age. I 

believe that this is not necessarily the case, but that 

the entire extinct species was generally slightly smaller 

than the extant form. 

The reconstructed diet of o. harringtoni is far 

froITt complete, but those dung pellets from late glacial 

times (~14,000 B.P.) at Tse'an Bida and Stanton's caves 

indicate a less varied diet. This could be interpreted 

as a less diversified seasonal diet (not an annual sample), 

or as a diet under environmental stress. 

If additional cave sites produce stratified layers 

of dung pellets of o. harringtoni, it may be possible to 



find an indication of dietary stress during the late 

glacial. In addition, with further radiocarbon dating 

and recovery of skeletal remains of the extinct mountain 

goat, it may be shown that indeed there was a slight but 

noticable body size reduction during the late glacial. 

The recovery of additional hide and hair remains may 

allow for the identification of heat sensitivity; o. 

harringtoni may not have been able to tolerate the warmer 

summers of the canyon that developed in the earliest 

Holocene. 

At this time I see no clear explanation to account 

for the extinction of Oreamnos harringtoni. The time of 

its demise at around 11,000 B.P. is in accord with the 

Overkill model. The possible reduction in body size and 

the possible dietary stress developing during the late 

glacial is in accord with some environmental stress models. 
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CONCLUSIONS 

Until recently, Harrington's extinct mountain 

goat, Oreamnos harringtoni, was rarely encountered in 

fossil deposits and inadequately understood. While 

previously described and known only from one late 

Pleistocene age deposit in eastern Nevada, O. harringtoni 

is now known from eight Wisconsin age localities in the 

Grand Canyon, Arizona. One hundred and ten skeletal 

elements from these latter deposits enable a re

examination and a re-description of the extinct species. 

The characters of the skull of ~. harringtoni indicate 

that it was distinct from, yet similar, to, ~. americanus, 

the living form. Generally the extinct form was 

shorter than o. americanus, although some were of 

equivalent size. o. harringtoni lived in the variable 

climates and plant communities of the Great Basin and 

Intermountain Region. At the type locality (Smith Creek 

Cave) it lived in an open forest of Pinus longaeva, P. 

flexilis, and Picea engelmannii, possibly bordered 

relatively nearby by montane glaciers above and Lake 

Bonneville below. In the Grand Canyon region it lived 

in an open Juniperus cf. ~. osteosperma-Fraxinus anomala 

woodland along with desert adapted species of a possibly 
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equable climate in the lower elevations. In the higher 

elevations, it lived in open woodlands to forest of 

Pseudotsuga menziesii, Juniperus communis, J. cf. J. 

o steosperma , Pinus flexilis, and Picea sp. 
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Oreamnos harringtoni appears to have been restricted 

to the Great Basin-Intermountain Region and evolved from an 

ancestral population of o. americanus possibly since the 

Sangomonian, in less than 100,000 years. The species 

became extinct by approximately 11,000 B.P. 



APPENDIX A 

Comparisons of my and William B. Critchfield's identifications of Pinus nut shells 
from Tse'an Bida and Tse'an Kaetan caves. Personal communication from Critchfield 
to Robert S. Thompson. 

Tse'an Bida Cave: 

9NOO Layer 2; 3,000 B.P. 

9NOO Layer 5i 16,000 B.P. 

Tse'an Kaetan Cave: 

1981 Broadside Test Pit: 

This Report 

Pinus ponderosa 
P. cf. edulis 

Pinus cf. contorta 

P. cf. flexilis 

Critchfield 

Pinus ponderosa 
P. edulis 

Not P. contorta ••. too 
big, P. ponderosa? 

c f. P. edulis ? 

Layer 3; 17,500 B.P. Pinus cf. flexilis Disagree, Pinus edulis 

Layer 6; 30,000 B.P. 

OWl Roost: 
Layer 2; ?2l,500 B.P. 

Layer 3A; ?15,300 B.P. 

Pinus cf. flexilis 

Pinus cf. flexilis --
Pinus cf. edulis 

Pinyon 

Pinyon 

Pinus edulis 

tv 
o 
Ul 
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