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Abstarct--An excavation of the fossil bearing packrat middens of Timpanogos Cave National Monument was undertaken to gain insight into the prehistoric fauna of the American Fork Canyon. The fauna found in this cave have not previously received any systematic study. The primary excavations were of abandoned packrat middens found near the entrances to the caves. Identification of the remains was limited to the mammals, which form the majority of the collection. These proved to be extant species that are still living in the canyon. Of primary taphonomic interest is that the packrats collected a broad range of species and the specimens were very well preserved.
INTRODUTION
T
his paper describes the fauna excavated from various locations within Timpanogos Cave in May 1998. Excavation sites were originally iden​tified by the park  Cave Resource Manager, Rod Horrocks, during cave surveying and a project in which fill was re​moved from the Entrance Room of Hansen Cave (Horrocks 1994 and 1995). As an experienced caver, Horrocks recog​nized the importance of these fossils and proposed that they be excavated. However, he lacked the necessary funding and the time. In searching for a senior independent research project I contacted Vincent Santucci, at Fossil Butte National Monument, who suggested this project to me. This study represents the first attempt to categorize the fossil deposits of this park.

The only related research done in this canyon was an excavation of American Fork Cave in 1938 by George Hansen and William Lee Stokes for its archeological remains. This cave is within Timpanogos Cave National Monument, but lies only 140 feet above the river bed. The faunal assem​blage was created by human activity when it was occupied by Native Americans. The authors identified 13 species of mammals, all of them similar to these found in this investiga​tion (Hahsen and Stokes 1941).

During this excavation fossil birds, reptiles and mam​mals were found, but this study is limited to the identifica​tion and analysis of the mammal fossils. Specimens were identified to species level or to the most specific taxonomic category that could be reached with confidence. Eleven mam​mal species were identified, all of which still live in the can​yon today. This makes it probable that the fauna are Holocene in age. However, without absolute dating this cannot be determined.
GEOGRAPHIC AND GEOLOGIC SETTING

LOCAL GEOLOGY----Timpanogos Cave National Monument is in the American Fork Canyon, which cuts into the Wasatch Front near Salt Lake City, Utah. The cave is situated below tree-line, approximately 366 m (1200 ft.) above the floor of the canyon. It is accessible only by a footpath that winds its way up the mountain side. The terrain is rugged with steep cliff faces.

The Wasatch Front is a north-south block fault that forms the eastern boundary of the Salt Lake and Utah basins and on a larger scale, the eastern edge of the Great Basin. The Great Basin is an area of north-south trending horst and graben mountain ranges formed by extension. Throughout this area, fault blocks form ranges that are separated by down-faulted alluvial basins. The western fault scarp of the Wasatch mountains rises sharply out of the Salt Lake and Utah basins. This fault block is dissected by a series of parallel streams that have cut east-west canyons through the block. The American Fork Canyon formed near the intersec​tion of the Uinta fold axis and the Wasatch Fault. The block faulting in this area is still active (White and Van Gundy 1974).

The rocks that make up the Wasatch Front illustrate the Pre-Cambrian and Paleozoic history of the area. The oldest geologic formation within the American Fork Canyon is the Mutual Formation. This unit is a Proterozoic conglomerate with quartz sandstone and shale members. The Mutual For​mation is overlain by a clastic and conglomerate transgres​sive Cambrian sequence 600 m thick (Baker and Crittenden 1961).

Above the Cambrian there is an unconformity, associ​ated with uplift and subsequent erosion that lasted until the middle Paleozoic. The Fitchville Formation begins a transgressive sequence of Mississipian carbonates. At the base of this formation is a dolomitic sandstone overlying two thick layers of massive dolomite. The next formation is the Gardison, consisting of 3-6 m of dark-gray, coarse-grained, crossbedded dolomite,and 24-30 m banded limestone and siltstone. The top of the formation is 120 m of massive limestone and dolo​mite.

Above this is a cliff-forming unit called the Deseret. It is composed of light to dark gray limestone and dolomite, 130 m, thick with lenticular cherts. There is a limited amount of fossil material in this formation, but it has been identified as being of Middle Mississipian age. Timpanogos Cave lies within this formation.

During the Miocene, extension caused the normal fault​ing that raised the Wasatch. This has continued to the present, but much of the Pleistocene and Holocene geologic activity has been carving of the terrain by frost, streams, and glaciers (Baker and Crittenden, 1961).

The American Fork Canyon is a very deep and narrow v-shaped stream valley. Although there is evidence of Pleis​tocene glaciation at higher elevations in this area, there is no evidence that the canyon was created by glacial activity. The even slope of the walls and the sharp v-shape of the canyon suggest that it was the American Fork River and frost action that did the work (White and Van Gundy 1974). The steep slope of the canyon begins where the valley floor is at 1,700 m in elevation and rises to 2,400 m at the Sagebrush Flats, the top of the canyon. The cave lies at 2,000 m, cut almost straight into the side of Mount Timpanogos.

Mt. Timpanogos is one of the most prominent peaks in the Wasatch Front, rising to an elevation of 3,600 m. Like most of the high peaks in this area it records past glacial modification. There are large cirques on the north and east slopes as well as glacial moraine sediments (White and Van Gundy, 1974). Today there are no glaciers in this area. The Timpanogos glacier is a misnomer. It is a snowfield that often melts completely in the summer (Baker and Crittenden, 1961).

CAVE DESCRIPTION--Timpanogos Cave National Monument was established to protect three caves, Hansen, Middle and Timpanogos Caves. They are collectively referred to as Timpanogos Cave. These caves have been connected by tunnels to allow easier access for tourists. The first cave discovered was Hansen Cave. The first area excavated was the Entrance Room of Hansen Cave which is 9 m across and 21 m long. Small alcoves in the walls of this room that contain packrat middens were excavated.

Middle Cave consists of a single high and narrow pas​sage with some of the most spectacular formations, includ​ing aragonite needles and helictites. Although the entrance to Middle Cave may contain Pleistocene-Holocene deposits, it is difficult to access and it was not excavated during the project. However it is difficult to access. There were several other places of difficult access throughout the cave system that we speculated to be fossil-bearing localities. We did not excavate these so that maximum time could be spent on known fossil-bearing localities.

Timpanogos Cave may be somewhat independent from the other two caves. It is the longest cave of the three at 180 m. What makes it independent is that the length of the cave is oriented at a slightly different bearing than the other two. Near the entrance to this cave we conducted limited excava​tion of a small area known as the Boneyard.

CLIMATE--The climate of much of the western United States is characterized by mountains blocking moisture from the Pacific Ocean, making it drier (Petersen, 1994). In addition to this the elevation makes it cooler. This creates a pattern across the region where high mountains are moist and cool, alternating with warm dry lowlands.

Mountains affect the local climate, and may have unique microclimates. Maximum precipitation occurs between 1200-2400m. Thus a mountain can become a moisture island and develop good vegetative cover. Large climatic differences often develop over short distances. This depends on the slope and aspect of a mountain. Mountain flora and fauna are strongly influenced by temperature and precipitation be​cause there are often many changes in climate there are often very different ecological communities along a mountain slope (Petersen, 1994).

PACKRAT BIOLOGY

Packrats or woodrats, as they are also known, are mem​bers of the family Muridae. This is the largest mammalian family and includes rats and mice. The packrats of North America are all members of the genus Neotoma, of which there are 21 living species. The earliest known Ncoroma species is 6.6 million years old. The extant species of packrats in the southwestern United States are known from middens at least 50,000 years old (Vaughan 1990).

Packrats are compact, long tailed rodents that weigh be​tween 100-400g. They have strong feet for grasping and climbing. Their molars are flat-crowned with prismatic ridges, typical of animals adapted to eating low-nutrition fibrous plants, like grasses. Their diet is opportunistic, controlled by the plants found in the environment they inhabit.

The distribution of packrats covers most of North America, from south of the Arctic circle to Nicaragua. Some species have restricted ranges and may only occur in one mountain range. In contrast N. cinerea ranges from the Dis​trict of Mackenzie in Canada to Arizona. This species is most often boreal, and is the best candidate to be the packrat re​sponsible for the middens in Timpanogos Cave.

All packrat species build more or less substantial middens. This provides shelter and they will often improve a natural shelter with a midden of sticks, plant material, bones and mammal dung collected from a 30-50 m radius area. In​side the midden is the nest, 20-30 cm in diameter and made of soft shredded plant fibers. It can be found in the center of the midden or in a burrow or rock crevice below it. Middens are occupied by one packrat at a time except during breeding (Vaughan 1990).

Middens serve several functions. They are primarily built as predator defense, but they also protect the packrat from the environment. The insulating properties of the midden provide a temperature buffer. In the desert they cool the packrat, and in winter the midden insulates against cold weather. This is very important since packrats do not hiber​nate. The midden also serves as a food cache during the winter. The packrats low energy diet necessitates a den for protection and thermal regulation. Additionally they have relatively low reproductive rates and slow growth rates so it is necessary for them to effectively protect their young (Vaughan 1990).

Table 1--- List of mammal species collected from Timpanogos Cave National Monument

SPECIES
COMMON NAME
MODERN
ENTRANCE ROOM 
HIDDEN MINE
BONEYARD

Sorex vagrans
Vagrant Shrew
X




Myotis evotis
Plainnose Bat
X




Myotis sublatus
Long-eared Bat
X




Corynorhinus rafinesqui
Small-footed Bat
X




Antrozous pallidus
Pallid Bat
X




Ochotona princeps
Pika
X




Lepus americanus
Snowshoe Hare
X
1



Lepus townsendi
Whitetail Jackrabbit
X




Sylvilagus nuttalli
Mountain Cottontail
X




Marmota flaviventris
Yellowbellied Marmot
X
2
3


Spermophilus sp.
Ground Squirrel
X
2
1
1

Spermophilus armatus
Uinta Ground Squirrel
X




Spermophilus varigatus
Rock Squirrel
X




Spermophilus lateralis
Golden-Mantled Squirrel
X




Eutamius dorsalis
Cliff Chipmunk
X




Eutamius quadrivittatus
Colorado Chipmunk
X




Tamiasciurus hudsonicus
Red Squirrel
X




Glaucomys sabrinus
Northern Flying Squirrel
X




Castor canadensis
Beaver
X




Peromyscus c.f. maniculatus
Deer Mouse
X
2
13


Neotoma c.f. cinerea
Bushytail Woodrat
X
7
21
2

Microtus sp.
Vole
X
3
2


Ondatra zibethica
Muskrat
X




Erithezon dorsatum
Porcupine
X




Canis latrans
Coyote
X




Urocyon cinereoagenteus
Gray Fox
X




Vulpes fulva
Red Fox
X




Ursus americana
Black Bear
X

2


Bassariscus astutus
Ringtail
X




Martes americana
Pine Marten
X

2


Mustela vison
Mink
X

1


Mustela erminea
Ermine
X




Mustela frenata
Longtail Weasel
X




Mephitis mephitis
Stripped Skunk
X




Spilogale putorius
Spotted Skunk
X




Taxidae taxus
Badger
X




Procyon lotor
Raccoon  
X

1


Felis concolor
Mountain Lion
X




Lynx rufus
Bobcat
X




Cervus canadensis
Elk
X




Odocoilius hemionus
Mule Deer
X




Alces americana
Moose
X




Ovis canadensis
Bighorn Sheep
-
3
3


MATERIALS AND METHODS

Bones were excavated from three areas: the Entrance Room of Hansen Cave, the Boneyard, and Hidden Mine Cave. All the excavations were made from abandoned packrat middens or their detritus (which may be the case in Hidden Mine). These are most likely Holocene in age. In general bones were collected first from the surface, and when a midden was identified it was excavated. All the sediments were shov​eled into buckets by trowels and then taken outside of the cave to be screened. The material was then dry screened through 1/8 inch mesh screen. This may have biased the collection to material greater than 1/8 inch, but a smaller screen size was not used because of the moisture content in the cave sediments. In most cases the sediment was so muddy that it clumped in the screen. Wet screening was not used because there was no water source near the cave and it was not practical to move a large amount of material up and down the mountain.

FOSSIL LOCALITIES

ENTRANCE ROOM OF HANSEN CAVE--Excavations were made in seven different areas within the Entrance Room to Hansen Cave (will be referred to as the Entrance Room). The areas excavated were somewhat disturbed since they lie along the cave trail and most of the floor was covered with rock debris from the tunnel connecting this cave to middle cave. The sediment from these areas was dark red-brown and about 80-90% organic material. It consisted of a great deal of plant remains: twigs, pine needles, pine cones, leaves, and rodent feces.

HIDDEN MINE CAVE--Hidden Mine was a completely differ​ent type of excavation. Hidden Mine is a drift mine that was excavated near the turn of the century. Miners staked a claim in this area because of iron oxide staining found near a fis​sure in the limestone. The miners blasted an adit into the side of the canyon to reach the narrow fissure more easily. Upon reaching the fissure they expanded it and continued tunnel​ing. The expansion of the fissure by the miners provided access to sediments in the side of the lower fissure. We rappelled down the fissure and excavated the deposit while hanging from a rope. We collected the sediment in buckets and hauled it out to be screened.

BONEYARD--Located near the outside entrance to Timpanogos cave, the Boneyard is a small area only acces​sible by crawling into a small alcove (Figures 2 and 7). This area contained an abandoned packrat midden, but produced so little bone that it was not included in some analyses. The sediment was very similar to the Organ Pipe Room.

IDENTIFICATION AND ANALYSIS

All identifications were made by comparing the recently collected material with the mammal collections at the Acad​emy of Natural Sciences, Philadelphia, Pennsylvania. All species identifications were based on cranial material. Post-cranial elements in rodents are treated differently than cranial elements because it is nearly impossible to identify rodent species from post-cranial elements. For this analysis I di​vided post-cranial elements into two subsets by size. The large rodent group represents rodents the size of packrats and larger. The small rodent group represents rodents smaller than packrats. Of the identified rodent species Ncoroma, Marmota, Lepus and Spermophilus are large rodents and Peromvscus and Microms are small rodents. It is likely that other species that were not identified from cranial elements are represented by post-cranial elements. This is another reason for classifying post-cranial elements by size only.

The large and small rodent classification was qualitative rather than quantitative. This will add error to the counting, but facilitates a quick division of the sample. The division was done through visual comparison to packrat post-cranial material. Larger bones were considered large rodents and smaller bones were classified as small rodents.

RESULTS

FAUNAL ANALYSIS--Eleven species of mammals were identified from these deposits. Table 1 lists the mammal species that have been identified as living in the American Fork Can​yon today. This is list was given to me by Natural Resource management of Timpanogos Cave National Monument. Also included are the minimum number of individuals (MNI) of each species for the three excavation areas. Ovis canadeusis, the Bighorn sheep, is the only species not now living in the canyon. The Bighorn sheep did occupy the canyon during historical times, but it was hunted to extinction in this area (Rod Horrocks, personal conversation, 1998).

Listed below is a description of each taxon recovered from the excavation A general description of the remains of each species is given. In addition to this the present and fossil biogeography is given.

REPTILIA

One mandible from an unknown species of snake was recovered from Hidden Mine. It is 2.5 cm long and remark​ably well preserved. The full dentition is preserved, but no other reptile elements were recovered from any site. This is not surprising given the high elevation and typically cool temperatures of the canyon.

AVES

There is a small number of bird bones in the collection. They represent a minor part of the assemblage, so are not included in this study. These bones are all postcranial, and of a relatively large size.

MAMMALIA LEPIDAE

(Rabbits)

Lepus americanus Erxleben, 1777

(snowshoe rabbit)

Material: Several mandibles as well as isolated teeth. (Figure 4 to 6 provide the locations in which the cranial mate​rial of the rodent species was found)

The oldest known fossils of snowshoe rabbits date to the late Irvingtonian. Today they range into the southern Appalachian and Rocky Mountains. It is a small species with small ears and relatively large feet, adaptations for cold and snow. Typical habitats include swamps, forest and moun​tains. (Kurten and Anderson 1980).

SCIURIDAE

(Squirrels)

Marmotafiaviventris (Audobon and Bachman), 1841

(yellow-bellied marmot)

Material: Several broken crania, several mandibles, and post-cranial material. (Figure 4 to 6 for complete list)

Yellow-bellied marmots are found from central California to the foothills of Colorado, and south to the mountains of New Mexico. They are also common in the fossil record from Wisconsinan age. Marmots require a high-moisture environ​ment to provide the luxuriant plant growth they eat (Kurten and Anderson 1980). They presently inhabit high elevation in forests or along streams at lower elevations (Mead and Phillips 1981).

Spermophilus sp. (ground squirrel)

Material: Several incomplete maxillae and mandibles. (Figure 4 to 6 for complete list)

Among different species of ground squirrels there is not a great deal of variation in tooth morphology. Identification is normally made from the dentition, cranial characteristics and the baculum (Kurten and Anderson 1980). This assem​blage did not have a large enough sample to identify the species with any confidence.

Found in many habitats from the Arctic Circle to deserts, ground squirrels hibernate to escape climate extremes. The earliest records come from the Middle Miocene, and they are very common Pleistocene fossils (Kurten and Anderson 1980).

MURIDAE (Rats and Mice)

Peromvscus c.f. maniculatus (Wagner), 1843 

(deer mouse)

Material: Teeth, mandibles, maxillae, and crania (Figure 4 to 6 for complete list)

Deer mice have an enormous geographic range from Alaska to the southern United States. Because they are highly adaptable, they have come to occupy every type of environ​ment except the extreme north and the southeast. Typically variation within this species can be greater than between other species (Kurten and Anderson 1980). Therefore I was not extremely confident in the species designation, but chose the most appropriate designation.

Neotoma c.f. cinerea (Ord), 1815 

(bushytail woodrat)

Material: Isolated teeth, crania, mandibles, large volume of post cranial material. (Figure 4 to 6 for complete list)

Identification to the genus level was made using the occlusal pattern of the molars. The occlusal pattern in packrats is rather distinctive and consists of a simple pattern of 3 confluent or offset lophids. This pattern has three gen​eral subsets, one for the Blancan age taxa and two derived variants represented by Neotoma alleni and Neotoma ci-nerea (Zakarzewski 1993). In general the difference within subsets is not enough to differentiate species, only subsets. For this reason exact identification of the packrat species was not possible. However, N. cinerea is the most likely candidate because of tooth morphologly, habitat, and midden building characteristics.

The folding pattern of the upper molars of N. cinerea tends to be distinctive. In M1 the anteriorbucal fold is in contact with the mesolingual fold. In N. alletzi, the other modern type, the folds are offset (Appendix I A). This pat​tern is also repeated in the M2 and M3. In the lower molar set this is true for both species. However, N. alletli has S-shaped M3 that is rather distinct. This differs from the more symmet​ric M3 of N. citzerea. In some cases the upper M3 has a closed anterior triangle and two confluent posterior loops (Appendix I B M1-3) (Zakarzewski 1993).

Specific quantifiable characteristics that could differen​tiate between species of packrats would be of great value. There are several problems with developing them. First, many species are closely related and are differentiated by unpreservable characteristics such as hair color. Second, many species will occupy a given area and strongly overlap in range. There are 8 species of packrats north of Mexico in the western US. These species are known to overlap in range, but have different habitats (Mead and Phillips 1981 ). Third, the variability within a species can be greater than between species. Finally, the greatest difficulty is in the most impor​tant characteristic of fossil: wear can change the occlusal pattern. Since it is so difficult to identify packrat species this creates significant biogeographic and paleoecological impli​cations. N. cinerea is known from the Rancholabrean and Holocene in Wyoming, Idaho, Colorado, New Mexico and California. It inhabits mountain slopes and pinewoods in fissures and under logs. Of the common species of packrats N. cinerea is an almost obligate cliff or cave dweller. Their middens are an excellent source for Quaternary vegetation and fauna.

In general mammal teeth tend to be the most identifiable element in the skeleton. This is especially true in animals with a similar body forms like rodents. Generally, adult teeth of mammals do not grow. Therefore, none of the variation in teeth is associated with ontogeny. However some rodent species have molars that continue to grow and they also experience a kind of reverse ontogeny caused by wear. Their diet is often high in grasses which cause considerable wear because grasses include microscopic silica particles. This causes a differences in the perceived degree of fold develop​ment and the expression of lophids. According to Zakarzewski (1993) all folds can be lost through wear. Folds are dependent on length of the fold on the side of the crown, the depth of the fold into the crown and the amount of wear.

Refer to Appendix II B and C and Appendix III A and B for variation in the occlusal patterns of packrats from Hidden Mine. Appendix II A shows general subset patterns (taken from Zakarzewski 1993)

These difficulties in identifying species have limited what can be said about an individual packrat species in situations where there are more than one species. Fortunately there is probably only one species responsible for the middens in all these sites. Any differences in the assemblages are likely to be intraspecific differences. This allows for a measure of how different middens can be in one species.

Given that the modern species of packrat found in the canyon is N. cinerea it is not unreasonable to assign the fossil packrats to this genus and species.

Microtus sp. 

(vole)

Material: Isolated teeth, mandibles and maxillae (Figure 4 to 6 for complete list)

Microms is the most common genus of vole. Molars are rootless and have cement in the reentrant angles (Kurten and Anderson 1980). This.formed part of the basis for identi​fication. Voles are found throughout North America.

URSIDAE 

(Bears)

Ursus americanus Pallas, 1780 

(black bear)

Material: 2 teeth; P4 and M2

The black bear is the most commonly found ursid in the Pleistocene of North America. During the Rancholabrean land mammal age their size increases leading to misidentification as grizzlies. However during the Holocene size has decreased, a phenomenon common in many large mammals (Kurten and Anderson 1980).

MUSTELIDAE

(Weasels, Martens, Skunks)

Mattes americana (Turton), 1806

(pine marten)

Material: 2 teeth upper and lower M1

Martens prefer a dense spruce-fir forest habitat. The habitat near the cave is a mixed deciduous and conifer forest. In the early 1940 this species was listed as extremely rare or absent in the canyon (Hansen and Stokes 1941). Martens are somewhat omnivorous, and will eat rodents and other small mammals, plus birds, fruits, berries and nuts (Kurten and Anderson 1980).

Mustela visoil Schreber, 1777

(mink)

Material: one mandible missing canine and incisors 

Minks are known since the Irvingtonian. However they are generally uncommon fossils in the Pleistocene. Every Pleistocene site is found within the present range of the spe​cies. They are good indicators of permanent streams be​cause they are typically amphibious. They prey on crayfish, fish, frogs, birds, muskrats, and other riparian mammals (Kurten and Anderson 1980).

Procyonidae 

(Raccoons)

Procyon lotor (Linnaeus), 1758

(raccoon)

Material: One ulna

Found throughout North America from Panama to Canada in forested areas with water source or wetlands. Late Pleistocene variants tent to be larger, as do ones that inhabit colder, northern regions. Nocturnal and omnivorous in habit, they are a very common species that has adapted to many different environments (Kurten and Anderson 1980).

BOVIDAE 

(Sheep)

Ovis canadensis Shaw, 1804 

(mountain or bighorn sheep)

Material: By far the sheep is the most common large mammal in Timpanogos Cave National Monument and is rep​resented by mostly postcranial bones. There are several maxillas and mandibles as well as isolated teeth and the ante​rior portion of a cranium (Figure 1 for complete list)

Ovis canadensis had a very wide distribution in Pleis​tocene, but in modern times they have become extremely reduced. Suitable habitat has become reduced and discon​tinuous distribution in the mountains from British Columbia to southern Mexico and Baja, California. Competition with livestock, overhunting, and diseases introduced by domes​tic sheep have also reduced populations. (Kurten and Ander​son 1980).

Bighorn sheep are the only large mammal to be repre​sented in the collection. This is the only large mammal to be represented to a significant degree. The distribution differs markedly from the rodent species.

Even though many species are represented by only one or two elements they still form a significant part of this as​semblage. A fair number of rodent and carnivore species are represented in this collection. From an ecological perspec​tive, the most conspicuously missing species are large herbi​vores. Only bighorn sheep are represented even though three cervid species are known from the canyon. This is not unexpected given the rugged terrain surrounding the caves and the high elevation. Deer may have trouble negotiating the steep slopes found around the caves.

DISCUSSION

The significance of this assemblage is not in its age nor in the species that populate it, but in its state of preservation. The condition is a result of the taphonomic factors that have affected it. This assemblage was created by the midden build​ing activities of the packrats which has led to several taphonomic process that affect the bones. There are two primary taphonomic processes that work on this assemblage, the collecting behavior of the packrats and the collecting biases that occurred during excavation.

The first taphonomic process at work is the formation of this assemblage by packrats. In numbers of specimens small mammals form the largest percentage of the fauna. The only other significantly represented species is Ovis canadensis. The other animals are only represented by teeth and man​dibles. This fits with the description provided by Guilday et al (1969) of cave fauna in the eastern United States. Natural trap sites that had not experienced any secondary collecting biases should be dominated by small mammals.

There are two distinct parts to the rodent assemblage: cranial and postcranial elements. An analysis of the postcranial elements is important because it shows both what the packrats collected and the nature of the packrats' own state of preservation.

Figure 2 shows the unidentified elements of large ro​dents and Figure 3 shows the unidentified elements of small rodents. For most elements there are more large than small. Also of interest is that there are almost always more elements represented from Hidden Mine than the Entrance Room, in most cases there are about twice as many. This provides strong evidence for better preservation at Hidden Mine. This is also supported in other groups.

From this data the MNI was calculated by element. The MNI for each group was then used to calculate the percentage of the expected representation for each element (Table 2). This is an indicator of the completeness of an assemblage. Vertebrae are the most common element of large rodents, and metapodials are the most common element of small rodents. However, they only represent about 10% of the amount they should. It is logical that a large percentage of these have been lost because they are two of the smaller elements.
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Table 2 ---- The Minimum Number of Individuals (MNI) for each group was used to calculate the percentage of expected  representatives for each element.

 CRANIAL ELEMENTS

Figures 4, 5 and 6 show the distribution of rodent cranial elements from the Boneyard, the Entrance Room and Hidden Mine. The sample from the Boneyard is small enough to be considered insignificant. Isolated teeth, mandibles and max​illae were used in the identification of six rodent species. As these figures show there is a preponderance of N. cmerea elements represented. This is to be expected given that they formed these middens. The distinctive occlusal pattern of N. cinerea allowed for the specific identification of molars. The other taxa are only represented by generic molars.

Comparing the cranial elements from the Entrance Room to Hidden Mine (Figures 5 and 6) shows that there are more mandibles and maxillae preserved in Hidden Mine than the Entrance Room. Though the Entrance Room has a higher species diversity by one this is too small to be used as a preservation indicator. There is a higher MNI of Peromyscus in Hidden Mine. The deer mouse is the smallest rodent rep​resented and the least likely to be preserved. Its presence in abundance in Hidden Mine is yet another support for good preservation of the fauna.

Though these inferences about preservation are good it is important to consider the actual site. The Entrance Room consists of middens on the floor. Much of this area was once covered with over 200 tons of rock from the tunnel blasting. Some of the sites are along the cave trail where people pass daily. It is logical then that the fossils found in a relatively undisturbed fissure would be better preserved.

There are several factors that have influenced the forma​tion and alteration of this fossil assemblage. The first set of factors include the age, ecology and climatic conditions that the fauna lived in. The second set are essentially taphonomic factors that have led to the present condition of the fossils.

The age, ecology and climatic conditions are all related phenomena. As shown in the results all of the fauna in this assemblage are all extant species that can still be found in the American Fork Canyon. Although some of the species in this assemblage have wide, unconstrained geographic ranges, several species have specific habitat requirements. Minks and marmots both need to live near water. Snowshoe hares, bushy-tailed woodrats, and bighorn sheep are all mountain species. These are constraints that the fauna put on the type of environment that they can occupy. These constraints closely match the canyon today.

There is a good correlation between the species identi​fied by Hansen and Stokes in the American Fork Cave, and the species identified here. They identified some bat bones, an unknown species of bear, marten, weasel, skunk, lynx, porcupine, woodchuck, prairie dog, packrat, mule deer, elk, and mountain sheep. Differences between these two assem​blages can be attributed to agency and elevation. Since this material was the result of human activity, it is more likely that it would contain large mammals like deer and elk. They are also more common at lower elevations. The prairie dog is an anomalous specimen since it no longer inhabits the Utah valley and is not known from that high an elevation. The authors propose that it was brought to the site by the hu​mans. An interesting correlation in fauna is that American Fork Cave is also rich in mountain sheep. Hansen and Stokes identified over 100 individuals. This may have been the pri​mary prey of the hunters (Hansen and Stokes 1941).

No radiometric dates were determined for this assem​blage. Since the fauna is similar to modern species it is most likely a few hundred to a few thousand years old, certainly representing the Holocene. Naturally the climate and eco​system of an area will determine what animals will make up the source of an assemblage. Since the assemblage is similar to today the climate and ecosystem are also likely to have been similar. Radiometric dates would show at least how long these conditions have existed.
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Figure 5--- Cranial elements of rodent species found in the Entrance Room.  Figure ----6   Cranial elements of rodent species found in Hidden Mine.
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