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The fossiliferous sediments of the Hueso and Tapiado formations exposed in the 

Vallecito Creek-Fish Creek section (VCFC) of the Anza-Borrego Desert (ABD) span the 

boundary between Blancan and Irvingtonian North American Land Mammal 'Ages.' 

Historically, the determination of the Blancan-Irvingtonian (B-I) boundary in the VCFC 

proved problematic.  

A new study to determine the B-I boundary in the VCFC revealed data 

inaccuracies in both published works and curatorial records of the mammal and other 

vertebrate fossils from the ABD. Most individual inaccuracies were minor, but an 

accumulation of over 50 years of multiple inaccuracies had significant effects on local 

and regional biostratigraphic and biochronologic correlations. A detailed investigation of 

the inaccurate data resulted in recognition of 17 types of error, with at least five sources. 

The two most prominent sources of error are those derived from publication and curation 

protocols. Examination of over 150 publications and in-house faunal lists produced over 
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830 taxonomic names and format variants, for 110 mammalian taxa identified from the 

ABD and VCFC. Approximately 50% of the taxonomic identifications were previously 

published without voucher catalogue numbers or fossil descriptions. A critical review of 

the taxonomic assignments resulted in an updated faunal list of ABD terrestrial 

Mammalia, including 110 taxonomic names, 66 unqualified genera, and 46 unqualified 

species. A supplemental list of 'retired' taxa includes 178 previously published or listed 

taxonomic names and format variants.  

The 4.5 km sequence of originally superposed sediments within VCFC is now 

tilted at 23 degrees and exposed in plan view. This exposure was captured in both aerial 

photos and satellite imagery. GIS layers of the Geomagnetic Polarity Time Scale and 

individual collecting localities are readily superposed onto the stratigraphic images. 

When united with the faunal database, GIS maps of biostratigraphic data facilitate 

detection and correction of data errors. Resulting corrected maps show highest and lowest 

stratigraphic occurrences of taxa, as well as geographic clustering of taxonomic groups, 

outlining possible paleohabitats. As a result of data improvement and GIS display, the 

local B-I boundary currently is best estimated by the presence of Ovibovini at >1.42 Ma. 
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Chapter 1: Introduction and History 

 

"If we have slightly different concepts it is often sterile to argue about the terms 

for them. On the other hand differences of concept become clearer when applied to 

particular examples" (Harland, 1978:10). 

Introduction 

Anza-Borrego Desert State Park—The Anza-Borrego Desert State Park 

(ABDSP) encloses over 652,000 acres of eastern San Diego County in southern 

California (Fig. 1.1). The area (also known as the 'Anza-Borrego Desert' or 'ABD') 

occupies the western portion of the Salton Trough, a tectonically derived, active rift zone. 

The sub-aerial Salton Trough comprises the northern end of the Gulf of California, and is 

currently separated from the Gulf waters by stacked sediments of the Colorado River 

delta spanning and partially filling the depression. Crustal transtension and thinning in 

the Salton Trough during the last 8 million years (Dorsey et al., 2007) provided over five 

thousand vertical meters of depressed basin storage for sediments derived from the 

Colorado River and local highlands (Dibblee, 1954, 1984; Johnson et al., 1983; Kerr, 

1984; Winker, 1987; Winker and Kidwell, 1996). Uplift of the western edge of the Salton 

Trough within the last 0.9 million years (Johnson et al., 1983; Winker and Kidwell, 1996) 

brought the stacked sediments to the surface in several distinct areas within the current 

ABDSP boundaries. The exposed sedimentary beds contain fossils representing the ages 

 1
 
 
 

 
 



 

and environments of deposition (Downs and White, 1968; Deméré, 1993; Jefferson, 

1999; Jefferson and Lindsay, 2006). 

The lower ~400-500 meters of the Neogene section in the western Salton Trough 

(Fig. 1.2) consists of Miocene nonmarine conglomerates and volcanic rocks (Split 

Mountain Group) that contain rare terrestrial vertebrate fossils and pre-date marine 

incursion of the Gulf of California (Ruisaard, 1979; Gjerde, 1982; Kerr, 1982; Kerr and 

Kidwell, 1991; Winker and Kidwell, 1996). The Split Mountain Group is overlain by 

fossiliferous deposits of the Imperial Group that record marine deposition in the early 

Gulf of California (Dibblee, 1954, 1984; Quinn and Cronin, 1984; Winker, 1987; Dean, 

1988, 1996; Winker and Kidwell, 1996). The middle approximately 3 km of the section 

includes Pliocene nonmarine sediments of the Colorado River delta and laterally 

equivalent locally-derived sediments that contain terrestrial paleoflora and paleofauna 

(Downs and White, 1968; Winker and Kidwell, 1986, 1996; Winker, 1987; Remeika et 

al., 1988; Remeika, 1994, 2006a; Cassiliano, 1999). The uppermost km of the 

stratigraphic column is composed of locally derived colluvial, alluvial, and lacustrine 

sediments from highlands near the sedimentary beds (Diblee, 1954; Woodard, 1963; 

Winker, 1987; Cassiliano, 1994, 1998, 2002), with buried terrestrial paleoflora and 

paleofauna (mostly vertebrates) of late-Pliocene to mid-Pleistocene age (Woodring, 1931; 

Downs and White, 1968; Cassiliano, 1999; Jefferson and Lindsay, 2006; Remeika, 

2006a). 

Fossil-bearing localities around the ABD include late Miocene deposits at Hawk 

Canyon, early Pliocene deposits at Truckhaven Rocks, late Pliocene deposits at Big Wash 

and recently acquired Freeman Properties, late Pliocene-to-mid-Pleistocene deposits of 
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the Borrego Badlands, and mid-Pleistocene deposits at Coyote Canyon Badlands and 

Clark Lake, in the northern half of the Park. The southern half includes Miocene age 

sediments of Split Mountain Gorge, and Pliocene-to-mid-Pleistocene deposits of 

Vallecito, Fish Creek, and Carrizo (specifically defined, Remeika and Lindsay, 1992) 

badlands. The latter three badlands areas are physically separated at the ground surface 

by topographic ridges and restricted access via natural drainages. However, below the 

surface they comprise a single block of stratified sediments, the Vallecito Creek-Fish 

Creek section (VCFC), over 4.5 km-thick, with no major hiatuses (Winker, 1987). The 

VCFC section is the longest and most continuous sequence of all the stratigraphically 

related ABD fossiliferous sedimentary exposures listed above. The base of the section 

rests on crystalline rocks of the Peninsular Ranges batholith and metamorphic rocks 

occuring in the Fish Creek and Coyote mountains (Winker and Kidwell, 1996; Dorsey, 

2006). The upper 4.5 km portion of the section lies to the southwest of the Fish Creek 

Mountains, with the sedimentary beds tilted at an average dip angle of 24˚ SW (Downs 

and White, 1968; Cassiliano, 1999). 

The Vallecito Creek-Fish Creek Section—The Vallecito Creek and Fish Creek 

(VCFC) drainages (Fig. 1.1) lie on top of and are eroding an extraordinary tilted block of 

fossiliferous sediments. The physical nature of the uppermost 4.5 km of the >5 km of 

exposed sedimentary beds provide a unique look at an uninterrupted sequence of deposits 

preserving a fossil record of the local and regional environments from around 5.3 to 0.9 

million years ago (Ma; Downs and White, 1968; Stump, 1972; Ingle, 1974; Opdyke et al., 

1977; Ruissard, 1979; Pappajohn, 1980; Gjerde, 1982; Kerr, 1982; Johnson et al., 1983; 

Dean, 1988; Winker and Kidwell, 1996; Dorsey 2006; Dorsey et al., 2007). Paleofaunal 
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representatives of late Hemphillian through Blancan to middle Irvingtonian North 

American Land Mammal 'Ages' (NALMAs) are preserved as fossils within the sediments 

(Downs and White, 1968; Cassiliano, 1999; Jefferson and Lindsay, 2006).  

Of several hundred known sources of North American late Neogene (Pliocene and 

Pleistocene) vertebrate fossils, fewer than 10 have major exposed sequences providing 

superpositional control of paleofaunal succession within the chronologic span of both the 

Blancan and Irvingtonian NALMAs. These are San Pedro Valley, Arizona; Gila River 

Valley, Arizona and New Mexico; Anza-Borrego Desert, California; San Timoteo 

Badlands, California; Snake River Plain, Idaho; Meade County, Kansas; northern 

Nebraska; Rio Grande River Valley, New Mexico; and Wellsch Valley, Saskatchewan 

(Lundelius et al. 1987; Morgan and Lucas, 2003; Bell et al., 2004b; Webb et al., 2004). 

The stratigraphic position of the transitional horizon (boundary) between the 

Blancan and Irvingtonian NALMAs in the VCFC has been of great interest since the 

initial presentation of the comprehensive mammalian paleofaunal list for the section 

(Downs and White, 1968). In the most recent review of the Blancan-Irvingtonian (B-I) 

boundary question in the VCFC, Cassiliano (1999) concluded that although the taxa 

available were inadequate to establish a well defined boundary, Lepus could be used to 

estimate the local boundary at about 2.0 Ma. It was subsequently demonstrated that none 

of the ABD 'Lepus' specimens are diagnosable beyond Leporinae, thus placing the VCFC 

B-I boundary in a state of limbo (Murray et al., in review). 
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Research Goals 

My initial goals in undertaking this project were to pinpoint the B-I boundary in 

the Hueso formation within the VCFC area, to define the local transition from Blancan to 

Irvingtonian 'ages' based on VCFC taxa, and to compare the local transition with similar 

transitional sections in other parts of North America in a reexamination of the 

biochronology of the late Blancan and early Irvingtonian NALMAs. However, during my 

work with the ABD fossil vertebrate collections, curated at the Colorado Desert District 

(CDD) Stout Research Center (SRC), I discovered multiple discrepancies between 

published data, the fossil database, and the raw primary data (field notes and locality 

maps) and identifications of the fossils themselves (e.g., Murray et al., in review). These 

problems impede any effort to conduct a meaningful biostratigraphic study. The majority 

of the problematic specimens were collected prior to 1990, as was nearly all of the VCFC 

material. After 1990, digital methods of data capture, maintenance, and analysis were 

introduced. Subsequent errors were also introduced during digital translation and 

transcription (conversion) of data. 

Before I can address my original questions, it is necessary to resolve the issues of 

data quality. This effort became a central focus of my study. The translation of older 

analogue data into digital format enabled me to use database sorting and comparative 

techniques and Geographic Information Systems (GIS) methods to check the accuracy 

and resolution of the raw data versus those in database and published forms, and to 

pinpoint catalogued localities and specimens that needed re-evaluation by direct 

examination of the raw data and the fossils themselves. I reapplied the same digital 
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technology to analyze and interpret the corrected data. I also examined and evaluated an 

arbitrarily selected sample of carnivorans and xenarthrans (approximately 1,000 or 7% of 

over 14,000 total catalogued vertebrate fossil records) for taxonomic and locality data 

accuracy. 

My research topic is restricted physically to the Hueso and Tapiado formations, 

constituting the uppermost units of the VCFC continuous sequence (Fig. 1.2). However, 

in the following sections, I include details of the geologic history of the entire VCFC to 

provide a reference framework for subsequent discussions of the local paleofauna and the 

curatorial history of the fossils collected there.  

I also examine published and in-house paleofaunal lists, fossil specimens, and 

associated data that include other (non-Hueso Formation) portions of the VCFC section 

and other fossil areas of the Park to determine the extent and causes of the data errors, 

some of which are general throughout the ABDSP collections. The final maps and 

discussions of improved data are, however, confined to the VCFC section, focusing on 

the Hueso and Tapiado formations. As a result of this curatorial review, I altered my 

stated research goals to include an examination of the effects of the individual and 

cumulative data errors on the local VCFC biostratigraphy, as previously published, and 

how those local errors cascaded to affect larger scale published concepts of 

biochronology in North America. 
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Chapter Descriptions 

Chapter 1—The (this) introductory chapter provides detailed background 

information necessary for understanding some of the complex sequences of events 

leading to the current state of ABD specimen data. Included are histories of the Anza-

Borrego Desert State Park, the geology of the Salton Trough, the fossil collectors and 

institutions responsible for building the ABD collections, key ABD paleontology 

publications, and my personal association with the ABDSP collections.  

Chapter 2—Data improvement involves the recognition and correction of errors. 

The second chapter is divided into two main sections. The first is a general discussion of 

the concepts of data quality and data resolution with respect to the accuracy of 

information and the confidence that can be placed in published lists of taxonomic names 

and stratigraphic position of the localities where they were collected. The second section 

is a presentation of 18 recurrent types of data error found in the ABD and other fossil 

vertebrate collections. Examples from the ABD collections are provided for each error 

type, including an analysis of the source(s) and proximate cause(s) of the error. 

Chapter 3—A detailed search of over 150 in-house and published listings of 

ABD taxa revealed around 100 named terrestrial mammal taxa, presented in more than 

830 various formats or alternate names. The third chapter begins with a discussion of 

taxonomic issues that brought about the multiplicity of names and formats. The second 

section is a systematic review of all taxonomic names and formats linked to ABD 

terrestrial mammals, with recommendations for either retaining or retiring taxon names 
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based on available documented evidence. The final section is an updated ABD terrestrial 

mammal faunal list. 

Chapter 4—The physical nature of the VCFC provides an unusual opportunity to 

display stratigraphic relationships of fossil localities directly on aerial photographs and 

satellite images. The fourth chapter traces the history of ABD data display from the first 

aerial field maps and biostratigraphic chart produced by G. D. Woodard and T. Downs at 

the LACM to the paleomagnetic mapping of E. Lindsay, and culminates in the recent 

transcription of those displays to GIS maps. The second section demonstrates further use 

of GIS display as a tool for both discovery of data error and analysis of the improved 

data, plus recommendations for additional paleomagnetic sampling and geologic mapping 

to enhance the usefulness of extant specimen locality data. 

Chapter 5—Data error and improvement can have far-reaching effects on 

downstream analyses of biostratigraphy and biochronology. The fifth chapter begins with 

recommendations for improving and maintaining taxonomic and locality data. The 

recommendations are based on ABDSP data and results of this study, but can be applied 

to most vertebrate paleontology collections. The second section includes several 

examples of ABD specimens (originally published with incorrect taxonomic identity or 

locality data) that had profound influence on previous conclusions with regard to the 

timing of continental immigration and dispersal routes of various North American taxa. 

Also affected were earlier proposals regarding the stratigraphic placement of the B-I 

boundary in the VCFC. The final section is a discussion of North American 

biochronology and reassessment of the local B-I boundary with respect to the improved 

taxonomic data available from the ABD vertebrate fossils. 
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Progression of Blancan-Irvingtonian Boundary Studies in the VCFC 

The Blancan-Irvingtonian boundary, as recorded in the Hueso Formation of the 

VCFC, was one of the primary foci of several key studies in the last four decades and was 

discussed in the resultant publications (Downs and White, 1968; Opdyke et al., 1977; 

Kurtén and Anderson, 1980; Johnson et al., 1983; Cassiliano, 1999). The first 

comprehensive list of the VCFC mammalian paleofauna and exposition of the 

stratigraphic framework in which it was found were provided by Downs and White 

(1968). One of the first applications of geomagnetic polarity sequence (paleomagnetic) 

technology to a terrestrial sequence (the VCFC) was presented by Opdyke et al. (1977). 

Although the VCFC paleofauna occupied only small portions of Kurtén's and Anderson's 

(1980) review of North American mammalian Pleistocene paleontology, the authors 

presented one of the first published comparisons of the VCFC paleomagnetic and 

mammalian paleofaunal sequences (from Opdyke et al., 1977) to a similarly aged 

sequence elsewhere in North America (Great Plains region, from Lindsay et al., 1975). 

Sample data from Opdyke et al. (1977) were refined and expanded by Johnson et al. 

(1983), who also added a dated ash to calibrate local paleomagnetic to the global 

Geomagnetic Polarity Time Scale and to provide an absolute date for the sequence, and 

discussed taxon datum planes comparing the VCFC with sediments of similar age from 

the San Pedro Valley of Arizona. All the previously published biostratigraphic and dating 

information on the VCFC mammalian paleofauna was compiled by Cassiliano (1994; 

1999), with an evaluation of select taxa as potential indices to define the local B-I 

boundary. 
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All of those publications presented taxonomic identifications, stratigraphic 

relationships, and taxonomic datum planes, such as LSDk (lowest stratigraphic datum 

known) and HSDk (highest stratigraphic datum known) (sensu Walsh, 1998), without 

listing individual voucher specimens by locality or specimen number. The taxonomic and 

locality data presented in those prior studies were implicitly accepted, uncritically, from 

unnamed metadata resources, and referred primarily to specimens in the LACM part (see 

below) of the collection. The most recent review of ABD fossils (Jefferson and Lindsay, 

2006) is a comprehensive presentation of all aspects of the fossil history of the ABD, 

including non-archaeological human history, geology, paleomagnetic stratigraphy, 

paleontology, and reconstructions of the past local environments. The book was written 

for undergraduate college level and lay readers, and provides only sporadic specimen 

details, such as catalogue numbers, locality numbers and coordinates, or raw field data.  

In the present study, I approach the boundary question in a manner differing from 

previous publications in three major ways. I make a critical examination of the specimens 

in the ABDSP collections and the raw primary data associated with them (Chapters 2 and 

3). Using GIS techniques (Chapter 4), I present direct visual evidence (rather than a 

derived graphic visualization) of stratigraphic and absolute age relationships of 

vouchered catalogued specimens and the localities in the VCFC from which they came. I 

discuss the effects of data error and correction on biostratigraphy, and on local- to 

continental-scale biochronology (Chapter 5). 

The extraordinary geology of the VCFC allows for display of the stratigraphic 

distribution of each taxonomic group onto satellite-generated images of the section 

(Murray, 2005). The first and last known local stratigraphic appearances (LSDk and 
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HSDk) of each taxon can be determined by direct observation of these images. The 

approximate ages of the related sedimentary beds can be interpolated from a geomagnetic 

polarity sequence, measured through the entire section, and calibrated to a dated ash bed 

in the middle of the section (Opdyke et al., 1977; Johnson et al., 1983; Cassiliano, 1999; 

Dorsey et al., 2007). In short, the VCFC section has the potential of producing one of the 

chronologically longest, best dated, and most detailed biostratigraphic maps in late 

Neogene terrestrial paleontology. 

Data Quality and Fuzzy Terminology 

Among additional, more general problematic issues I encountered was a 

confusion of local terminology, in the names of geographic places, geologic units, 

physiographic areas, and paleontologic conceptual terms. This was inevitable. The area 

under study covers a large and topographically diverse geographic region of the 

southwestern United States (U. S.) and northwestern Mexico. It represents several tens of 

millions of years of complex, dynamic geologic activity, and the area and geology were 

discussed in both scientific and popular publications for over 150 years. Combinations of 

informal and formal usages of that terminology created the potential for, and realization 

of, miscommunication of ideas and misunderstanding of scientific concepts regarding the 

local paleontology. For purposes of clarity, I present considerable background detail in 

discussing the history of some of the more confusing terminology, such as the history of 

the Park and its name and the history of the discovery and naming of the various 

geographic places and geologic features associated with the VCFC and ABD. 
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The geologic history of the Salton Trough and the VCFC area is an intricate story 

that has puzzled both geologists and paleontologists for a century and a half. Detailed 

geologic sampling, mapping, and analysis of the basin system, especially in the last two 

decades, have clarified much of the mystery (Dorsey, 2006), although the work is far 

from complete. Recent paleontological collection and curatorial activities in the ABD 

have kept apace of the technological explosion, whereas older portions of the collection 

are adversely affected by now-outdated curatorial protocols of the time they were 

collected. Any comprehensive analysis of the paleontology requires an intimate 

understanding of both the sequential geologic events that occurred as the fossils were 

being enveloped in the resulting sedimentary deposits, and the curatorial history of the 

collection. 

Most of the individual problems with ABDSP collection data, as published or in 

curatorial files, are relatively minor, such as one or more specimens misidentified, plotted 

incorrectly on a map, or assigned the wrong catalogue number(s). However, the 

cumulative effect through 60 years of all the various individual inconsistencies has an 

impact on the perceived geographic, stratigraphic, and chronologic distribution of taxa. 

As a result, the local biostratigraphy, as currently understood, is inaccurate, comparisons 

of other fossil assemblages with ABD and VCFC are incomplete, and conclusions 

regarding North American biochronology are thereby skewed. 
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Physical Description of the Study Area 

The Anza-Borrego Desert is situated along the northwestern edge of the Colorado 

Desert physiographic region of southern California (Fig. 1.3), enclosing multiple deep 

sedimentary sequences in the western Salton Trough. The ABD is a composite of two 

broad desert valley systems, topographically delineated and separated from each other by 

local mountain ranges (Fig. 1.4). In the north, the Borrego Valley and its associated 

canyons and badlands enclose the town of Borrego Springs and are bounded by the Santa 

Rosa Mountains to the north, and San Ysidro Mountain and the eastern slope of the 

Peninsular Ranges to the west. In the south, the Carrizo Valley and its associated canyons 

and badlands are bounded by the Cuyamaca, Laguna, Tierra Blanca, In-Ko-Pah, 

Jacumba, and Coyote mountains to the west to south, respectively (Fig. 1.5). The Pinyon, 

Vallecito, and Fish Creek mountains separate the two desert valley areas. The eastern 

margins of the Borrego and Carrizo valleys open into the land-locked Salton Trough 

basin, opposite the sub-sea-level Salton Sea to the north and Imperial Valley agricultural 

area to the south. 

The following abbreviated origin and administrative history of the Park is 

summarized from Lindsay's (2001) encyclopedic history of Anza-Borrego. The dates 

associated with land acquisition are critical, with respect to ownership of fossils collected 

without state permit within the current Park boundaries. 'Borego [original spelling] Palms 

Desert State Park' was the name proposed for the new California State Park, by the State 

Park Commission in 1928. The original plan called for a 120,000 acre footprint for the 

Park. This figure was subsequently reduced to 83,840 acres, because of limited funding. 
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The State received the first private donations of deeded land, near Borrego 

Springs, in late 1932 and early 1933, making the Park a reality. Sixteen more years 

passed before the state obtained enough land to establish the planned park boundaries. In 

1933 the United States Congress passed the Swing Act, transferring an additional 

185,034.36 acres of unappropriated federal land to the state of California for the Park. 

The Vallecito and Carrizo valleys were obtained soon thereafter. In 1938 the Park was 

renamed 'Anza Desert State Park.' Four subunits were planned (but never established). 

They were the 'Vallecito Desert,' 'Carrizo Desert,' 'Borrego Desert,' and 'Salton Sea 

Desert.' Increased visitation led to a division of the Park into two administrative units in 

1953, for improved management: 'Borrego State Park' in the north and 'Anza Desert State 

Park' in the south. However, human impact was problematic, and included illegal 

hunting, theft of cultural material, plants, and geological specimens, vandalism, and 

damage from vehicles, ground fires, and grazing by domestic livestock. As a result, park 

management underwent a major reorganization. The two administrative park units were 

recombined in 1957 into the current entity, 'Anza-Borrego Desert State Park' (Lindsay, 

2001). 

The management plan for ABDSP has always included an active consolidation of 

the land area within the Park boundaries through targeted land purchases and donations 

of private inholdings, turnovers and land-swaps of state and federal lands to park 

management, and active procurement of environmentally sensitive areas adjacent to 

ABDSP. The merging of the two parks plus the ongoing land acquisition resulted in the 

largest state park within the contiguous 48 United States. The Park includes over 652,000 

acres (Lindsay, 2001) of mountains and lowlands and extends roughly 100 km north to 
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south and 60 km east to west. The southern boundary lies within a few kilometers of the 

U. S.-Mexico border. Parts of the northern boundary extend north of the San Diego-

Riverside county line. The western boundary encroaches on the peninsular mountain 

ranges. The eastern boundary, in places, extends beyond the San Diego-Imperial county 

line. Anza-Borrego Desert State Park is one of seven administrative park units within the 

Colorado Desert District (CDD) of the California Department of Parks and Recreation 

(DPR). Both CDD and ABDSP headquarters are located within the same compound of 

buildings in the town of Borrego Springs, California.  

Relationship of the Anza-Borrego Desert to the Colorado Desert 

The naming history of Anza-Borrego Desert State Park implies at least two 

different interpretations of the use of the word 'desert'. It is unclear whether the Park 

names were based on existing local desert names of the time (Borrego Desert, Anza 

Desert), or if 'desert' was used as an adjective to describe a special type of park (desert 

park), named for the Borrego Valley (Borrego is a Spanish word meaning sheep or lamb, 

referring to the indigenous desert bighorn sheep) and the locally significant historical 

person Juan Bautista de Anza (see below). The former seems less likely because 'Anza 

Desert State Park' was used first as a name for the entire park area and subsequently for 

the smaller Vallecito Valley and Carrizo Valley areas to the south (Lindsay, 2001). 

'Anza-Borrego Desert,' coined as an administrative geopolitical term, sensu 

stricto, applies only to the land area enclosed within the State Park boundaries. As the 

park boundaries expand so does the Anza-Borrego Desert. However, western portions of 
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the Park include high elevation non-desert oak woodlands and chaparral environments, 

while the low elevation homogeneous desert environment continues eastward beyond the 

Park boundaries. The 'Anza-Borrego Desert' physiographic-biotic area extends eastward 

to the Salton Sea and the farmlands of the Imperial Valley, to encompass the central axis 

of the Salton Trough. 

Colorado Desert—The Park lies within the Colorado Desert (Fig. 1.3), named in 

1853 by William Phipps Blake, a geologist for the U. S. Pacific Rairoad Survey, to 

describe the unique desert lands formed by the outwash and delta of the Colorado River. 

Known by the Mexicans as "La Palma de la Mano de Dios" ("the hollow of God's hand"), 

the name 'Colorado Desert' predates the state name of 'Colorado' by eight years (Jaeger, 

1957:85; Lindsay, 2001), and is a source of geographic confusion. 

The Colorado Desert is a subdivision of the Sonoran Desert, one of the four great 

deserts of North America, also including the Great Basin, Chihuahuan, and Mojave 

deserts. Some authors recognize the Colorado Desert as one of six subdivisions of the 

Sonoran Desert (Jaeger, 1957), based primarily on physiographic and drainage 

characteristics of the region. 

An alternative view, developed from research at the Carnegie Desert Botanical 

Laboratory, in Tucson, Arizona does not recognize the Colorado Desert as a distinct 

subdivision, but combines it and its eastern neighbor, the Yuman Desert (Jaeger, 1957) 

under the designation 'Lower Colorado Valley' vegetational subdivision of the Sonoran 

Desert (Shreve, 1951; McGinnies, 1981). That partitioning of the Sonoran Desert is based 

on multiple studies of rainfall distribution, temperature, soil moisture content, 
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evolutionary response of plants to desert environments, and plant species distribution, in 

addition to physiographic and drainage characteristics (McGinnies, 1981). 

The Colorado Desert (Fig. 1.3) encompasses the watershed of the lower Colorado 

River, including all the area of southern California that drains either into the Colorado 

River or the Salton Sea (which periodically has a direct connection to the river) (Jaeger, 

1957). Based on published maps of Jaeger (1957) and McGinnies (1981), the eastern 

margin of the low elevation Colorado Desert extends from Needles, California eastward 

into Arizona for several kilometers then southward to the confluence of the Bill Williams 

and Colorado rivers. It then follows the western side of the Colorado River to its outlet 

into the Gulf of California. The westward reach of the northern border of the Colorado 

Desert skirts the southern edge of mountains that enclose the higher elevation Mojave 

Desert to the north and pinches out in the pass between San Gorgonio and San Jacinto 

mountains. The Peninsular Ranges outline the western edge of the Colorado Desert, 

which extends southward along the Gulf of California side of Baja California, including 

the upper one third of the peninsular length.  

Scientifically correct desert names for any portion of the Colorado Desert are 

either 'Colorado Desert', 'Lower Colorado Valley', or 'Sonoran Desert'. The usage of 

'desert' in the State Park name has led to adoption (since 1957, the year the current park 

name was established) of the 'Anza-Borrego Desert' by publication and other common 

reference (e.g., White and Downs, 1961; Downs and Woodard, 1962; Parker, 1963; 

Downs and Miller, 1994; Jefferson and Lindsay, 2006), so that it now has an informal 

acceptance as a local desert. The name 'Anza-Borrego Desert' recently was copyrighted 

by the DPR. In this study, 'ABD' refers only to the geographic area within the main 
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footprint of the ABDSP boundary; i.e. non-Park in-holdings are included, and 

physiographically contiguous areas outside the main footprint are excluded, except where 

noted. 

Vallecito Creek and Fish Creek Wash, Plus Carrizo Creek 

Geographic feature and place names in the following description appear in United 

States Geological Survey (USGS) topographic 7.5' quadrangle maps (7.5' quadrangle 

maps, e.g., Arroyo Tapiado, Agua Caliente Springs) covering the ABDSP, and in geology 

maps, popular recreation maps, and field guides based on the 7.5' quadrangle maps. The 

creek and wash names are the sources for much of the local geologic and paleontologic 

terminology. The term 'creek' appears to be applied to primary stream beds that drain the 

valleys. 'Arroyos', typically, are deep channel cuts in the slopes that feed the creeks as 

ephemeral runoff streams. The term 'wash' is generally applied to a wide area of the 

stream with a reduced gradient and increased sediment deposition. However, 'wash' is 

used somewhat interchangeably with both 'creek' and 'arroyo' on the VCFC 7.5' 

quadrangle maps. The Vallecito drainage begins as a 'wash' and ends as a 'creek,' while 

the Carrizo drainage begins as a 'gorge,' becomes a 'canyon,' then a 'creek,' and ends as a 

'wash.' The name 'Fish Creek Wash' combines two drainage terms. 'Fish Creek' does not 

appear as a label anywhere along the drainage without the word 'Wash' included, 

although the 'Fish Creek Mountains' are labeled without 'Wash'. The phrase, 'Anza-

Borrego Desert' appears only in the Park name, "Anza-Borrego Desert State Park", on the 

USGS maps, and is not used as a separate descriptive label for any desert portions of 
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those maps. The majority of the drainages today are ephemeral, with the exception of the 

Vallecito Wash-Vallecito Creek-Carrizo Creek-Carrizo Wash drainage corridor, which 

has standing or slowly flowing water in low areas for extended periods of time. 

The Vallecito Creek-Fish Creek section is located in the southern part of the Park, 

in the Carrizo Valley and Carrizo Badlands (sensu lato, Remeika and Lindsay, 1992). 

Two creek names are included in this awkwardly named section because of the 

topographically divided nature and extent of the exposures (Fig. 1.5). Vallecito Creek is 

the primary drainage for the western portion of the exposed section. Fish Creek Wash 

drains the northern portion (Vallecito and Fish Creek basins, respectively, and Fish 

Creek-Vallecito basin combined, of Winker and Kidwell, 1996). The southeastern 

exposures of the section drain into Carrizo Creek and CarrizoWash. Most of that area is 

enclosed in the Carrizo Impact Area, a decommissioned United States Navy bombing 

range, now managed by the Park. Access to the impact area is restricted owing to buried 

and unexploded ordnance. Consequently, the majority of the fossils collected during the 

1950s through 1980s were from the Vallecito Creek and Fish Creek Wash drainages. The 

three primary drainage systems are separated by mesas capped by mid- to late Quaternary 

age alluvium. The mesas are bordered by deep arroyos, with precipitous walls, except 

near the upper ends of the drainages. Most off-road vehicles cannot pass directly between 

Fish Creek Wash and the other areas of the Carrizo Valley, creating a logistic hurdle to 

field work in the section. 

Apparently the naming order, 'Vallecito Creek-Fish Creek' developed as a 

vertebrate paleontology term based on the fossil surveys by Downs and others working 

from the top of the section gradually downward. 'Vallecito Creek' was in publication 
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(Downs, 1957) several years before the Fish Creek segment was added as a continuation 

of the fossiliferous sequence, and the 'local fauna' names 'Vallecito Creek' and 'Fish 

Creek' were introduced by Downs and White (1965). The Vallecito Creek portion of the 

section was paleontologically more productive and of more interest because of the 

character of the taxonomic assemblage, suggesting that the upper part of the section 

included the B-I boundary. The reversed order of the names, 'Fish Creek-Vallecito 

Creek,' and variants, appear in several geology publications, e.g., Winker, 1987; Winker 

and Kidwell (1996); Cassiliano (2002) reflecting geology naming protocols, beginning at 

the base of the section and working upward, listing the lowest to highest portions of the 

sequence in stratigraphic order. However, 'Vallecito Creek' is not the formal name of any 

rock unit within the section, and is used strictly as part of a basin name, a descriptive 

label for a geographic area of stratigraphic exposures. Although, Woodard (1963) 

informally proposed the name 'Vallecito Member' for a unit near the top of the Palm 

Spring 'Formation.' 

Vallecito Creek—Steep canyons descending to the east from the Pacific Crest 

empty into Mason Valley and deposit their sediments into Vallecito Wash, approximately 

25 km to the west of the western margin of the VCFC fossil area (Figs. 1.1 and 1.4). 

Vallecito Wash becomes Vallecito Creek where the drainage enters Vallecito Valley. 

After leaving Vallecito Valley, the creek bed enters Carrizo Valley and skirts the 

southwestern margin of the VCFC section, flowing nearly parallel to the strike of the 

uppermost portion of the section (Fig. 1.5). Vallecito Creek receives, in turn, the outlets 

of June Wash, View of Badlands Wash, Arroyo Hueso, Arroyo Tapiado, and Arroyo 

Seco del Diablo. 'View of Badland,' without a terminal 's,' is a panoramic overlook place 
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name on the Arroyo Tapiado 7.5' quadrangle map and does not appear as a wash name; 

although 'View of Badlands Wash' appears on park road signs. The Hueso and Arroyo 

Diablo formations and Tapiado Claystone of the Palm Spring Group are named for those 

drainages. The stratigraphic nomenclature of the Palm Spring Group was revised by 

Cassiliano (2002), who provided detailed etymologies for the unit names, including the 

observation made to him by George Jefferson that the original unit name 'Diablo 

Member' is preoccupied (Clarke, 1944; Ferguson et al., 1953) a violation of Article 7 of 

the North American Stratigraphic Code (North American Commission on Stratigraphic 

Nomenclature, 2005) disallowing duplicate names. Cassiliano altered the name while 

raising the rank to 'Arroyo Diablo Formation'. Although not in compliance with the Code, 

the unit name is still shortened in published text, geology maps, and figures to "Diablo 

Formation" (Kirby et al., 2007). 

These broadly parallel and semiregularly spaced drainages flow generally 

southward and souteastward (Figure 1.5), cutting at shallow angles to the bedding strike, 

upward through the section and are the primary erosional channels for the western 

portion of the VCFC section. They are also the access roads to the fossil beds.  

Carrizo Creek—At the southernmost part of the section, Vallecito Creek turns to 

the east and ends where it merges with Carrizo Creek, which drains the northern slopes of 

mountains along the southern margin of Carrizo Valley (Fig. 1.5). Carrizo Creek 

continues to the east, flowing generally down section, picking up sediments of the eastern 

half of the VCFC and Carrizo Impact Area. Where it merges with outwash from Red 

Rock and Deguynos canyons, it becomes Carrizo Wash. The Red Rock and Deguynos 

formations are named for those canyons. Carrizo Wash then picks up outwash from 
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Barrett Canyon, curves northeastward before it passes out of the VCFC section, turns 

north along the eastern base of the Fish Creek Mountains, and ends in San Sebastian 

Marsh, which ultimately drains eastward into the Salton Sea.  

Fish Creek Wash—Fish Creek Wash drains the southern slope of the eastern 

two-thirds of the Vallecito Mountains, and the northern margin of the VCFC section (Fig. 

1.5). It begins in the pass between the Pinyon Mountains and the eastern and western 

Vallecito Mountains and enters the northwestern portion of the VCFC section, travels 

southeastward, paralleling the strike of the bedding planes and receives the outwash from 

Olla Wash (the source name for Olla Formation in the Palm Spring Group), Sandstone 

Canyon, and Layer Cake Wash (the source name for the 'Layer Cake fauna,'). This wash 

name does not appear on the Arroyo Tapiado 7.5' quadrangle map, but is on plate 4 of 

Winker (1987) and figure 16 of Winker and Kidwell (1996). Fish Creek Wash then 

makes a sharp turn to the northeast, flowing perpendicular to strike, down section, picks 

up Loop Wash (the source name for the 'Loop Wash Local Fauna'), Camels Head (the 

source name for Camels Head Formation in the Imperial Group, with no possessive 

apostrophe on USGS maps or in publication), and North Fork Fish Creek washes, and 

passes through Split Mountain Gorge (the source name for the Split Mountain Group). 

Fish Creek Wash then leaves the VCFC section and merges with San Felipe Creek, the 

primary external drainage for the northern slope of the Pinyon and Vallecito Mountains 

and the southern edge of the Borrego Badlands. The combined creeks empty into San 

Sebastian Marsh near the terminus of Carrizo Wash. 

Palm Spring and Mesquite Oasis—Palm Spring is the site of a Butterfield Stage 

station at the southwestern edge of the VCFC section on the stage route along Vallecito 
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Creek (Fig. 1.5). Also known as 'Mesquite Oasis', the area near the spring was used as a 

field camp for many early LACM paleontology expeditions to the ABD (see field notes 

of Downs, Garbani, Miller, and White, photocopies on file at SRC). The natural spring 

that waters the mesquite bosque was called 'Palm Spring' by early 19th Century travelers, 

based on a grove of tall palm trees at the oasis (Lindsay, 2001).  

The California fan palm (Washingtonia filifera) is the only native palm tree in the 

southwestern United States. It is found as fossils from the Mojave Desert to the Pacific 

Coast in sediments as old as 10 million years (Bowers, 1993), and in the ABD at least as 

far back as the Pliocene (Remeika, 2006a). Today, the California fan palm is distributed 

in low deserts from Death Valley to the lower Colorado River corridor, and is found 

throughout the Colorado Desert, near natural springs, in deep canyons, and at the base of 

mountain ranges (Bowers, 1993; Remeika, 2006a).  

The grove at Palm Spring was devastated by fire, and the trees were chopped 

down for firewood by travelers, including the rush of immigrants to California in search 

of gold, beginning in 1848. The three or four remaining, damaged, trees reported by 

William Phipps Blake in 1853, were gone by the time the stage station was built in 1858. 

Two young palms were reported growing at the site in 1901, but had been chopped down 

by the following year (Lindsay, 2001). Following eradication of the palms, the area 

became known as "Mesquite Oasis", presumably named for the mesquite bosques that 

surround the spring and outline a portion of the Elsinore fault zone. In 1957, non-native 

Mexican fan palms (Washingtonia mexicana) were planted at the oasis, by a Park ranger 

and members of the San Diego Historical Society, as a centennial commemoration of the 
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Jackass Mail. Subsequently (about 1990) Park naturalists replaced the non-native plants 

with California fan palms (Washingtonia filifera) from a nearby source (Lindsay, 2001). 

Variations in Published Names—Palm Spring is the source for the regional rock 

unit name "Palm Spring Formation," proposed by Woodring (1932:10), which was 

recently upgraded to "Palm Spring Group" by Cassiliano (2002:1). The inadvertent 

conflation of the oasis name with the famous desert resort city, Palm Springs, 

approximately 100 km to the north creates confusion regarding the geographic location 

and extent of this rock system. Palm Spring is often misprinted as "Palm Springs" in 

geology and paleontology publications (Zakrzewski, 1972:6; Jefferson, 1986:68; Bell et 

al., 2004b:258; Woodburne, 2006:245). Diblee (2003:119) stated that the Palm Spring 

Formation was "named by Woodring, (1931) [sic, 1932] for Mountain Palm Spring 

[labeled as "Mountain Palm Springs" on USGS Sweeney Pass 7.5' quadrangle map] west 

of the Coyote Mountains," and at the southwestern edge of Carrizo Valley, near the 

mouths of Bow Willow Canyon and Carrizo Canyon, approximately 4 km southwest of 

Vallecito Creek. However, Woodring (1932:10) clearly stated, "This name is derived 

from the name of a spring along the lower part of Vallecito Creek, which is designated as 

the type region." The USGS implicitly acknowledges both place names "Palm Spring" 

and "Mesquite Oasis," in view of the fact that both names appear on the Arroyo Tapiado 

7.5' quadrangle map labeling the same area. The VCFC fossil area was published under 

various designations and descriptions (Table 1). As cited in Table 1, Fish Creek Wash is 

well established in publication and recognizable under the name 'Fish Creek'.  

The Agua Caliente Springs 7.5' quadrangle map places the eastern end of 

Vallecito Valley near the Vallecito Stage Station (approximately 15 km west of Palm 
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Spring), where Vallecito Creek enters a narrow pass before dropping into the western 

edge of Carrizo Valley, near Agua Caliente Springs. All the badlands areas within 

Carrizo Valley are labeled "Carrizo Badlands." That area within 'Carrizo Valley' (sensu 

Arroyo Tapiado 7.5' quadrangle map) that includes Vallecito Creek was labeled as 

"Vallecitos Valley" (fig. 1) and "Vallecito Valley" (fig. 2) by Diblee (2003:fig.1, fig. 2), 

who also labeled the badlands north of the Vallecito Creek-Carrizo Creek-Carrizo Wash 

drainage "Vallecitos Badlands" (fig. 1) and "Vallecito Badlands" (fig 2.). Only the 

badlands area occurring south of Carrizo Wash were labeled as "Carrizo Badlands" 

(Diblee, 2003:fig.1). The term 'badlands' has appeared in association with 'Vallecito' 

and/or 'Fish Creek' often taking the place of the term 'basin,' where "VFCB" (Remeika et 

al., 1995:82) referred explicitly to "Vallecito Fish Creek Basin," (Remeika and Lindsay, 

1992:28). The term "Vallecito Creek-Fish Creek Badlands" occurs throughout the 

volume edited by Jefferson and Lindsay (2006: see Index, 393). The 'badland' 

terminology was explained by Remeika and Lindsay (1992:28), 

The Vallecito-Fish Creek Basin, shown on most maps as the general 
Carrizo Badlands, is easily differentiated into three classic badland areas: 
Vallecito, Fish Creek, and Carrizo (specifically defined). The Vallecito 
Badlands is named for mudhill exposures in the Vallecito and Arroyo 
Tapiado drainages, including West Mesa. These sediments include locally 
derived lakebed, riverine, and floodplain deposits of the Palm Spring 
Formation.  

The Carrizo Badlands, as specifically defined, are named for 
Carrizo Creek and include mudhills exposed throughout the Coyote 
Mountains and Carrizo Impact Area. Sediments are shallow marine 
deposits from the Imperial Formation and Colorado River delta deposits 
from the Diablo Formation (new). 

The Fish Creek Badlands are exposed along Fish Creek Wash, and 
include all of the mudhills from Split Mountain (marine Imperial 
Formation) through Diablo Dropoff Wash (delta Diablo Formation) to 
Sandstone Canyon (terrestrial Canebrake Conglomerate). 
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The current cognomen, 'Vallecito Creek-Fish Creek' or 'VCFC' was selected by 

the editors of the Park-sponsored paleontology book, "Fossil Treasures of the Anza-

Borrego Desert" (Jefferson and Lindsay, 2006). The name was selected for internal 

consistency among the chapters, each penned by a different set of authors, and should be 

the term of choice for future paleontology studies of the area. As can be seen from the 

forgoing list of terminology, the words 'area,' 'badlands,' 'basin,' 'beds,' 'drainage,' 

'province,' 'section,' 'sequence,' and 'valley,' have been used interchangeably as informal 

adjectives to describe the exposed sedimentary layers of VCFC fossil area as a whole 

unit. I continue this interchangeable usage to maintain an easy flow of the text. More 

formal geologic usage of terms are prefixed, e.g., as 'sedimentary basin,' 'measured 

section,' 'type section,' or 'stratigraphic sequence.' 

Many of the VCFC rock unit terms have undergone rank changes, especially in 

the major revision by Cassiliano (2002) where several formation names were elevated to 

group rank and the supporting members were altered to formation status. Several former 

rock units were also synonymized and absorbed into the main block of terms. This 

creates some confusion when citing earlier publications, because the synonymy of older 

versus newer stratigraphic terms, definitions, and geographic extent is not necessarily 

concordant nor clearcut. A comprehensive project is underway by George Jefferson, to 

review all stratigraphic names ever published or proposed for the ABD geology and to 

sort out the various definitions and intentions of the authors. So far, 161 names and 

various iterations have been compiled in reference to the neogene sedimentary deposits of 

the Salton Trough and northern-most Gulf of California (Jefferson, personal 

communications, 2007, 2008). 
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Confusion of Place Names—'Anza', 'Carrizo', 'Coyote,' 'Fish Creek,' 'Palm 

Spring', and 'Vallecito' are all names closely associated with the ABD, and all are names 

found elsewhere in the geography and geology of California and elsewhere in North 

America. A few examples include the following: Anza is a town about 50 km northwest 

of Borrego Springs on the route Juan Bautista de Anza traveled during his expeditions 

(see below); The Carrizo Plain National Monument is a protected region of the San 

Joaquin Valley of central California, containing a portion of the San Andreas Fault; 

Carrizo Mountain in west Texas is also the formation/group name of a local rock system 

there; Coyote Mountain separates the Coyote Canyon Badlands to the west from Clark 

Lake to the east, in the Borrego Valley, and the Coyote Mountains lie along the southern 

edge of the Carrizo Valley; 'Fish Creek' occurs as a place name in most of the western 

states. There are at least three Fish Creeks in California, including one in the San 

Bernardino Mountains, about 150 km north of the VCFC section. The Fish Creek 

paleofauna of the Alaskan North Slope is of late Blancan age; Multiple springs and oases 

in the Colorado Desert appear on maps and in literature with some variation of 'Palm 

Spring' or 'Palm Springs' as the entire name or a part of it; Vallecito Creek, in the state of 

Colorado is the source name for the local Vallecito Conglomerate; the Vallecitos 

Rhyolite is a Precambrian rock unit local to Rio Arriba County, New Mexico; and the 

Vallecitos Syncline occurs near the San Andreas Fault Zone, 100 km east of Monterey, 

California, at the western edge of the San Joaquin Valley. 
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Geologic History of the VCFC Section 

An understanding of the geologic history of the Salton Trough in general, and the 

VCFC section in particular, is critical to the appreciation of the paleontologic importance 

of the section, as well as the history and future of fossil studies there (see Winker, 1987; 

Winker and Kidwell, 1996; and Dorsey, 2006 for a detailed geologic history). The VCFC 

stratigraphic section (Fig. 1.2) is the end product of a sequence of distinct geologic events 

beginning as long ago as ~12 to 14 million years ago (Stock and Hodges, 1989; Sawlan 

and Smith, 1984; Sawlan, 1991; Lyle and Ness, 1991), which are related to each other, in 

this study, through their ultimate influence on the sediments deposited in the Salton 

Trough. 

The ages of the VCFC sedimentary units are based on interpretation of 

paleomagnetic sequences sampled throughout the section (Opdyke et al., 1977; Johnson 

et al., 1983; Dorsey et al., 2007). The paleomagnetic polarity reversals are calibrated to 

the Global Geomagnetic Polarity Time Scale with an ash layer, sampled in Arroyo 

Tapiado, dated to about 2.3 + 0.4 Ma (Johnson et al., 1983). Additional dates are based 

on marine  

Regional Tectonic Setting—The Salton Trough, in southern California and 

northwestern Mexico (Fig. 4) is a fault-bounded large basin at the boundary between the 

Pacific and North American plates (Dorsey et al., 2007). It was formed during the late 

Cenozoic by a combination of extension of the Gulf of California rift, dextral slip on the 

San Andreas Fault, and sediment deposition of the Colorado River (Winker and Kidwell, 

1986). The southern end of the San Andreas Fault forms the eastern margin of the Salton 
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Trough. The western margin lies along the eastern slopes of the Peninsular Ranges, and is 

defined by the sinuous, low-angle, Western Salton Trough detachment fault. Subsidence 

resulted from slip on the San Andreas Fault combined with oblique-normal slip of the 

detachment fault (Axen and Fletcher, 1998; Kairouz, 2005; Shirvell, 2006, Steely, 2006). 

The western Salton Trough is riding on the Pacific Plate, moving generally northwest, 

with respect to the North American Plate, via dextral strike-slip faulting (Moore and 

Curray, 1982; Winker and Kidwell, 1986; Stock and Hodges, 1989). The transtensional 

rifting is a result of a series of narrow, parallel, crustal spreading centers, separated and 

offset by strike-slip faults extending the length of the Gulf of California and Salton 

Trough (Lonsdale, 1989). Sediments of the ABD, including the VCFC section, were 

deposited near the edge of the detachment fault. 

Tectonic Translation of the VCFC—Between about 5.3 Ma and today (Dorsey, 

2007), the portion of the peninsular block that forms the western edge of the Salton 

Trough, including the VCFC section, moved approximately 250 km northwest from its 

original position against the North American Plate (Fig. 1.6A; Moore and Curray, 1982; 

Winker and Kidwell, 1996; Oskin and Stock, 2003). In the intervening years the VCFC 

section moved gradually through the marine environment of the upper Gulf of California, 

and the steadily shallower subaqueous portions of the Colorado River delta, into the 

subaerial delta plain, where it began accumulating terrestrial vertebrate fossils, to its 

current location away from delta influence (Woodard, 1974; Quinn and Cronin, 1984; 

Winker, 1987; Winker and Kidwell, 1996, 2002; Cassiliano, 1998, 1999). 

Progression of Sedimentation in the VCFC Section —The earliest alluvial 

sediments of the VCFC Split Mountain Group were laid down on top of metamorphic and 
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granitic rocks, in a subaerial environment (Woodard, 1974; Kerr and Kidwell, 1982; 

Winker and Kidwell, 1996). These sediments filled the depression formed by the "earliest 

well dated record of crustal extension or transtension of the southwestern Salton Trough," 

at 8.1 ± 0.4 Ma (Dorsey et al., 2007:59). Encroachment of the Gulf of California at about 

6.3 Ma (Fig. 1.6A) began the deposition of the Imperial Group of marine sediments, 

including the basal gypsum beds, during the transitional stage from terrestrial to marine 

environment, followed by marine turbidites (Dean, 1988, 1996; Winker and Kidwell, 

1996). 

Uplift of the Colorado Plateau, northeast of the Salton Trough, established the 

Colorado River as the primary drainage system for much of the southwestern United 

States. The newly emplaced river terminus began discharging sediments into the Gulf of 

California at about 5.3 Ma, as recorded in Split Mountain Gorge (Dorsey et al., 2007). As 

the VCFC section traversed the river delta, it accumulated marine sediments from a 

succession of gradually shallower depositional environments, including prodelta marine 

mudstones, coarsening upward sediments of delta progradation, oyster beds on the delta 

front, and muddy sediments of periodically subaerial tidal flats (Girty and Armitage, 

1989; Winker and Kidwell, 1986; Guthrie, 1990). The first evidence of vertebrates in the 

terrestrial part of the section appears in the form of footprints preserved in the soft tidal 

muds (Remeika, 2006c). Few skeletal fossils have been recovered from this portion of the 

section (Deméré, 1993). 

The Colorado River Delta spanned the depression that formed the Gulf of 

California (Winker and Kidwell, 1996), blocking further incursion of marine water north 

of the delta. Sediments deposited in a marine environment are recorded at the northern 
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margin of the Salton Trough, at Whitewater Canyon (shallow) and the Indio Hills 

(prodelta and delta front), but only subaerially deposited sediments are recorded from 

eastern Salton Trough sections further south, such as Mecca Hills and Durmid Hill 

(Olmstead et al., 1973; Winker and Kidwell, 1986, 1996). The isolated subaerial basin 

created by the delta was filled periodically with terrestrial water, as the mouth of the 

Colorado River or its distributary channels shifted between the northwestern (basin) and 

southeastern (gulf) side of the delta ridge (Kirby et al., 2004). The current spill elevation 

of the delta is 10 m above sea level (Jefferson and Lindsay, 2008).  

Between approximately 4.25 and 2.9 Ma the VCFC section passed through the 

delta plain (Fig. 1.6B), accumulating fine-grained, well rounded sediments from the 

Colorado River (Arroyo Diablo Formation), coarser sediments from local streams and 

rivers (Olla Formation), and pebble- to boulder-sized alluvium from local mountains 

(Canebrake Conglomerate). These units constitute the lower 80% of the Palm Spring 

Group (Fig. 1.2). The environment of deposition was fully terrestrial, encapsuling 

paleofauna and fossil flora of middle Pliocene to early Pleistocene age affinities (Downs 

and White, 1968; Remeika et al., 1988, 2004a; Remeika, 1994; Cassiliano, 1999). 

By about 2.8 million years ago the VCFC became isolated from Colorado River 

sediments (Winker, 1987; Winker and Kidwell, 1986). The ultimate cause of the cutoff 

from the delta (Fig. 1.6C) may have been the result of reorganization of the basin (Dorsey 

et al., 2004). The early part of the period was dominated by a series of local lake beds 

(Tapiado Claystone), coinciding with major glaciation in northern latitudes (3.1-2.5 Ma, 

Shackleton et al., 1995). Laterally associated, locally derived stream sediments of the 

Hueso Formation coincide with the lake beds, ultimately capping them and continuing to 
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the top of the Palm Spring Group (Cassiliano, 1997, 2002). The Canebrake Conglomerate 

is continuous throughout the depositional history of the Palm Spring Group, recording the 

presence of eroding mountains along the margins of the sedimentary basin (Diblee, 1954, 

1984; Hoover, 1965; Winker, 1987). Fossil evidence of a major faunal turnover 

combined with paleomagnetic based age of the sediments indicate the B-I boundary 

occurs in the upper half of this part of the section (Downs and White, 1968; Cassiliano, 

1999). 

Rotation, Uplift, and Tilt of the VCFC— The original paleomagnetic studies of 

the VCFC section revealed a general clockwise rotation of the entire section of 35˚, 

occurring after major deposition, about 0.9 Ma (Johnson et al., 1983). Additional 

paleomagnetic sampling in the VCFC section and review of original samples by Housen 

et al. (2005, 2006) resulted in an emended interpretation of a 24˚ clockwise rotation 

occurring during early deposition of the Palm Spring Group (~4.0-2.5 Ma). Little or no 

rotation occurred between 2.5 and 2.0 Ma, and all rotation ceased by ~0.5 Ma. Tilting of 

the 4.5 km portion of the VCFC section above the Latrania Formation began around 1.0-

1.2 Ma, during deposition of the upper Hueso Formation, and ceased by ~0.6 Ma 

(Housen et al., 2005, 2006). The uppermost (currently poorly defined and not formally 

named) unit of the continuous section has a dip angle of about 19˚ SW. A thin, 

unconformable, horizontal-lying, mid- to late Quaternary conglomerate, composed of 

terrace gravels and alluvium, covers parts of the tilted section today. 

The tilted layers are distinctly visible from the ground (Fig. 1.7) and in many 

cases can be traced along strike for several kilometers. They are also visible from the air, 

and are discernible throughout most of the section on aerial photographs and satellite 
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images (Fig. 1.8). This visual characteristic is the key to establishing stratigraphic 

relationships and ages of fossil localities within the VCFC section (Fig. 1.9). 

History of Anza-Borrego Desert Fossil Collections 

The history of a science, the sequence of events that spawned new ideas, may help 

explain the current status of the science. The problems associated with the current state of 

ABD data are imbedded in the curatorial and publication histories of the ABDSP 

collection. A stepwise examination of growth of the collection and dissemination of the 

knowledge obtained therefrom will aid in untangling some of the knotty questions. The 

following is a timeline of key events and individuals responsible for growth of 

knowledge about the ABD and the fossils collected there. 

Early Observations and Collections of Fossils—Invertebrate fossils of the ABD 

were observed and reported by the first Spanish-Mexican and American explorers and 

surveyors from the late 18th to late 19th Centuries. Fra Pedro Font, chaplain of the 1775-

1776 Spanish military expedition led by Lt. Colonel Juan Bautista de Anza to escort a 

group of colonists from northern Mexico to Monterey, California (Lindsay, 2001), 

recorded shells of mussels and sea snails in his journals (Marrs, 2006). Subsequent 

expeditions in 1848 by Lieutenant W. H. Emory and Lieutenant C. J. Couts for the Post 

Mexican War topographic survey of California and in 1853 by W. P. Blake for the U. S. 

Pacific Railroad Survey team searching for suitable passes from central to southern 

California, recognized and reported the fact that the area was once covered by marine 

waters of the Gulf of California. Blake was the first to determine the sub-sealevel closed 
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basin nature of the area, based on barometric elevation measurements. He was also the 

first to deduce the sequence of marine embayment to fresh water lake to desert, based on 

observations and collections of Tertiary marine, brackish, and fresh water fossil shells 

(Marrs, 2006).  

Blake concluded that [the] valley was originally occupied by seawater 
from the Gulf of California, as evidenced by the reefs of fossil oysters and 
other marine shells. He stated further that the influx of fresh water from 
the Colorado River eventually displaced the salt water, and that the valley 
was soon completely occupied by fresh water (Lake Cahuilla), which then 
disappeared very slowly through evaporation and the loss of water flow 
from the river (Marrs, 2006:4). 
 
Significant collections of ABD invertebrate fossils were made from the late 1800s 

to the 1930s and sent to the University of California, Berkeley, The National Museum of 

Natural History (Smithsonian), the California Academy of Sciences, and the American 

Museum of Natural History. The close association of local fossil marine invertebrates 

with Atlantic forms was recognized by Vaughan (1904), who deduced a previous direct 

connection between Atlantic and Pacific waters. The first terrestrial vertebrate fossils 

(Equus) recognized in the ABD were reported by Bowers (1901), although there is no 

indication any material was collected. The first intentional search for terrestrial vertebrate 

fossils was carried out by the California Institute of Technology (CIT), in response to a 

1928 communication from W. P. Van Derpoel of El Centro to C. Stock of CIT, informing 

the latter of the discovery of camelid bones east of the Vallecito Mountains (Marrs, 

2006). Several catalogued ABD specimens collected in the 1930s for CIT are now 

curated at LACM.  

American Museum of Natural History: Frick Collection (AMNH); Guy 

Hazen—Childs Frick, trustee of the American Museum of Natural History, sent 
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professional collectors to the fossil rich sedimentary beds of southern California in the 

1920s and 1930s. Guy Hazen, one of Frick's collectors discovered several significant 

fossil areas, including the Miocene age Barstovian beds near Barstow and the Pliocene to 

Pleistocene age Mount Eden (Albright, 1997, 1999a, 1999b) and Bautista beds near 

Beaumont, as well as the badlands of Anza-Borrego Desert. The latter were referred to by 

Hazen on fossil shipping invoices (photocopies on file at SRC) as the "Clark Lake" and 

"Seventeen Palms" horizons (Borrego Badlands and nearby fossil areas) and "Carrizo 

Horizon" (Carrizo/Vallecito Badlands). Hazen collected over 300 vertebrate specimens in 

1934 and 1935, mostly elements of large mammals (camel, horse, mammoth, deer, sloth, 

saber-toothed cat). Frick mentioned two catalogued specimens of deer antler plus several 

uncatalogued jaw fragments as a variety of a new species in his monograph on horned 

ruminants of North America (Frick, 1937). If any other studies were done on the Frick 

collection from ABD, they have yet to be published. 

Harley James Garbani—Harley Garbani, a plumber and ranch hand by trade, 

grew up and lives in the Hemet Valley about 100 km northwest of the ABD, and 

collected fossils and artifacts from his teenage years in the late 1930s. He spent many of 

his winters in southern California and summers in Montana, hunting fossils. Until 

recently Garbani had the distinction of finding more Tyrannosaurus rex specimens (4) 

(personal communication, 2000) than any other individual, including the mounted T. rex 

attacking a Triceratops (also a Garbani find) on exhibit in the entrance rotunda of the 

LACM. He met Guy Hazen in the 1930s, during the latter's collecting expeditions for the 

AMNH in southern California, and learned from him of the fossiliferous badlands of the 

Carrizo and Borrego Valleys (Marrs, 2006).  
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Garbani has collected in all areas of what is now the Park, but has concentrated 

mostly in the VCFC. He is listed as the collector of record for over 2,200 catalogued 

ABDSP fossil specimens and continues to collect for the Park as a Life Member of the 

ABDSP Paleontology Society (see below).  

Natural History Museum of Los Angeles County (LACM); Ted Downs, John 

A. White, and G. Davidson Woodard—Harley Garbani collected fossils in the ABD 

from 1941 through 1944, and after World War II into the early 1950s, when he sought 

taxonomic identifications for his fossils (Marrs, 2006). He approached several California 

institutions, including the University of California at Berkeley, but was unable to elicit 

interest in the fossils (Marrs, 2006). Garbani ultimately met with Hildegard Howard, 

Senior Scientist at the Natural History Museum of Los Angeles County. Through her, 

Garbani was introduced to Ted Downs, curator of Vertebrate Paleontology Department, 

who investigated the badlands and began formal collecting (under State permit) in the 

Park (Marrs, 2006). Downs applied for and received a series of National Science 

Foundation grants to collect and report on fossils from this area (photocopies on file at 

SRC).  

Downs collected in the ABD from 1954 through the 1980s. Garbani continued to 

work closely with Downs, turning over the ABD specimens he collected prior to his 

association with Downs to LACM, joining LACM sponsored expeditions into the field, 

and relocating areas where he found fossils in previous years. 

John White, a professor at California State College (now University), Long Beach 

(see Downs & White, 1965) was an associate and collaborated with Downs on much of 

the early work in the ABD. White subsequently taught at Idaho State University, 
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Pocatello, where at least two of his students (George Miller, Master of Science, 1969, and 

Gregory Cunningham, Master of Science, 1984) worked on ABD specimens. He retired 

at the University of Arizona, Tucson. White produced more publications describing a 

diversity of vertebrate taxa from the ABD than anyone else (through 2002), including 

original descriptions of two new mammalian genera and six new species. He published 

on the ABDSP collection until his death in 2002. 

Australian geologist G. Davidson Woodard also worked closely with Downs and 

produced the first comprehensive geology map of the VCFC section for his dissertation 

(Woodard, 1963). In the late 1960s, Woodard and Downs developed an innovative 

method of determining stratigraphic relationships of specimen localities within the VCFC 

(See Chapter 4).  

Field notebooks of Downs, Garbani, White, and George Miller (see below) 

indicate that LACM field expeditions typically lasted for a week or longer, exploring 

fossil areas in the north (Coyote Canyon, Borrego Badlands, Truckhaven Rocks, etc.) as 

well as the south (Vallecito Creek, Fish Creek, Carrizo Creek, Bow Willow Creek). The 

crews working the VCFC section often camped on site at Mesquite Oasis. In addition to 

Downs and Garbani, the LACM crews typically consisted of visiting professional 

paleontologists, geologists, and biologists, paid LACM staff (in particular, Leonard 

Bessom, a mainstay of the early ABD expeditions), friends, relatives, and other 

volunteers. A few of the paleontologists mentioned in Downs' field notes as visiting fossil 

collectors include Bill Clemens, Don Savage, R. A. Stirton, and L. B. Ziegler. 

After 1972, Downs and LACM were much less active in ABD. The last recorded 

collection date on the LACM ABD database is 1982. The majority of field work was 
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taken up by a former LACM employee, George Miller. During the 28 years Downs and 

LACM personnel were active at ABD, 5,500 fossil specimens were catalogued 

representing 1,200 localities throughout ABD. The great majority of the fossils were 

recovered from VCFC. 

At the time the LACM collection was transferred to ABDSP (1997), the general 

physical organization of the LACM vertebrate fossils was based, in descending order, on 

geologic age, geographic region, taxon, and element. Holotype and other type specimens 

were stored separately from the general collection, and remain at LACM. 

Imperial Valley College Museum (IVCM); George Jacob Miller—George 

Miller was a plumber and construction contractor who began his paleontology career in 

his early forties. He completed an undergraduate geology degree at California State 

College, Long Beach, where he met John White. Miller joined Ted Downs' field crews 

from LACM and also prospected on his own, mostly in the VCFC. He began recording 

his own field numbers and collecting activities in December, 1965. In the summer of 

1967, he worked for LACM as field supervisor in Borrego Springs. There he assembled a 

paid crew of local workers to screenwash bulk matrix for microvertebrate fossils (Miller 

field notes, on file at SRC). In 1969 he received a Master of Science degree from Idaho 

State University, Pocatello, as White's student. Subsequently, he returned to work for 

LACM at Rancho La Brea (now the George C. Page Museum). 

In 1972 Miller began teaching geology at Imperial Valley College in El Centro, 

California. He found a large group of people interested in local paleontology in the 

volunteer ranks of ABDSP. Rather than coaxing a dozen or more people into driving two 

hours to El Centro for classes, Miller gave lectures in Borrego Springs (Marrs, 2006). 
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Those students later became the core of the volunteer Paleontology Society (ABDSPPS), 

a subunit of the ABDSP volunteer program (see below). 

Fossils collected by Miller's group were curated in two places. Material collected 

from VCFC was sent to the Imperial Valley College Museum (IVCM), in part, because it 

was much closer than the Park headquarters in Borrego Springs, and was Miller's place of 

work. Plus, Miller lived at the southern edge of the VCFC, in Canebrake, an isolated 

cluster of desert homes. The fossils collected from Borrego Badlands, Coyote Badlands, 

and the other fossil areas in the north part of the Park were curated in Borrego Springs. 

When the ABDSP visitor center was built, the latter group of fossils were placed in the 

Daniels Laboratory, a room specially designed for teaching and fossil preparation, and 

paid for through donation of Harry and Julia Daniels, both ABDSP volunteer 

paleontologists and Miller students. 

Miller was active in ABD until just before his death in 1989. During the 17 years 

he worked at IVCM he and his student-volunteers collected 6,400 catalogued fossils from 

1,700 localities. Over half of the fossils were collected in the VCFC section. Until 1992 

the general physical organization of the IVCM and ABDSP vertebrate fossils was based, 

in descending order, on geologic age, geographic region, taxon, and element. Holotype 

and other type specimens were fully integrated into the general collection. 

Anza-Borrego Desert State Park (ABDSP); George Thomas Jefferson; Paul 

Remeika—At the time of Miller's death, the ABD fossil vertebrates in California 

consisted of three collections in administratively unrelated institutions in three different 

counties; a community college museum in Imperial County (IVCM), a county museum in 

Los Angeles County (LACM), and a State Park in San Diego County (ABDSP). 
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However, there was now no direct connection between any of the institutions, because 

neither IVCM nor LACM were involved in active work in the Park. The ABDSP 

volunteer paleontology group continued operations within the Park, under the leadership 

of Elizabeth Stout and the advisory aegis of John White (at that time, professor at the 

University of Arizona, Tucson) (Marrs, 2006). All fossil material collected by them, 

following Miller's death, was curated at ABDSP. 

Paul Remeika, a park ranger from 1972 to 2002 attended George Miller's early 

paleontology classes, was a former curator of geology at IVCM, and was the Park staff 

representative supervising the paleontology volunteers between the time of Miller's death 

and the establishment of the current program, four years later. As a ranger, Remeika had 

full access to all areas of the Park, and because with his interests in geology and 

paleontology, he was able to discover many important invertebrate and plant fossil 

localities. In addition, he recorded a diverse ichnofauna for the ABD, including 

representatives of most of the large mammal groups (Remeika, 2006c). He also mapped 

the geology of the Borrego Badlands and produced field guides to the ABDSP (Remeika 

and Lindsay, 1992; Remeika and Sturz, 1995), in addition to many paleontology and 

geology publications and presentations at regional conferences.  

David Van Cleve, District Superintendent (now retired) of the CDD, and Miller's 

paleontology volunteers determined that a formal management plan was needed to 

protect the fossils already collected and to carry on the work of fossil collection and 

curation for this important paleontologic resource. With the exception of White in 

Arizona, none of the concerned parties (ABDSP staff and volunteers) was a professional 

paleontologist. The State of California did not have management guidelines specifically 
 40
 
 
 

 
 



 

tailored for paleontologic collections or resources. A Paleontology Advisory Board was 

convened, including David Van Cleve, Mark Jorgensen (District Ecologist, now ABDSP 

Superintendent), Paul Remeika, John White, Elizabeth Stout, and several specialists in 

Pliocene and Pleistocene paleontology of the southwestern United States, including 

George T. Jefferson from the George C. Page Museum. Based on the panel's 

recommendations, Van Cleve and the Park staff developed a management plan that 

included the hiring of a professional paleontologist in a resource management position, 

establishment of a certification program to train volunteer paleontologists, and the recall 

of all ABD fossils obtained under state permit to consolidate them in a single repository 

at ABDSP headquarters (Marrs, 2006). Mark Jorgensen, park naturalist at the time, was 

put in charge of implementing the plan. 

In fulfillment of the management plan; Jorgensen contacted the LACM and 

IVCM for return of those ABD collections. Paul Remeika started training volunteers in 

1992. The IVCM collection was transferred in 1992 to ABDSP by volunteers under 

Remeika's guidance, in particular volunteer collection manager Julia Parks, who wrapped 

each of the 6,500 specimens at IVCM and unwrapped and reorganized them at ABDSP 

Stout Paleontology Laboratory. The Laboratory was built by donation from ABDSPPS 

volunteers William and Elizabeth Stout in 1982. The Stouts were also instrumental in 

establishment of and financial support for the Desert Research Institute in Reno, Nevada. 

Subsequent donations by Elizabeth Stout supported expansion of the paleontology 

facilities to the current CDD SRC. Julia Parks and the Stouts began their paleontology 

careers as Miller students. Elizabeth Stout convinced Miller to come to the students rather 

than the other way around (Marrs, 2006).  
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George Jefferson, recently retired from Los Angeles County, accepted a part time 

internship in 1993 to implement the management plan. A year later he was hired under 

the title of Associate State Archaeologist and appointed CDD Paleontologist. Many other 

California Department of Parks and Recreation (DPR) units have fossil resources, and 

small collections are maintained at some units. The fossils from a significant area of late 

Miocene exposures at Red Rock Canyon State Park, are curated at LACM. However, 

there was no state-wide policy for the management of fossil collections prior to 1993. 

Jefferson subsequently established District-level paleontology management protocols for 

the DPR. Resource and collections management policies and guidelines for paleontology 

were included in the 2001 General Plan for ABDSP, and incorporated in the California 

DPR Operations Manual in 2004. 

In 1993, Jefferson instructed Julia Parks to reorganize the collection based on 

general collecting area (VCFC, Borrego Badlands, Coyote Canyon Badlands), then by 

locality number and specimen number within each locality. The new organization 

provided a physical presentation of the fossils (taxonomic content, physical condition, 

and quantities) recovered from the stratigraphically related but separate areas of the Park. 

"This was an attempt to capture some aspect of time and geological formations, given 

little knowledge of their distribution at the time" (G. Jefferson, personal communication, 

2008). In 1997, after I transferred the LACM collection to ABDSP (see below), Julia 

Parks again was instrumental in reorganizing the LACM collection in the above 

hierarchy. Additionally, the LACM and IVCM collections were maintained separately. 

Specimens catalogued subsequent to the collection transfers are curated physically as a 
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continuation of the IVCM part of the collection, although localities and specimens are 

labeled with 'ABDSP' as the collecting institution. 

During the 15 years (to date) of George Jefferson's tenure, 3,000 specimens have 

been recovered (so far) from 1,600 new localities. Outside research by geologists and 

paleontologists resulted in numerous Masters theses and PhD dissertations and hundreds 

of technical publications. Jefferson also actively generates contracts with geology field 

researchers to update and fill in gaps in geology maps and ancillary data. He also 

established the Anza-Borrego Desert State Park Paleontology Society (ABDSPPS) and 

developed certification training for ABDSPPS volunteers (see below). 

Anza-Borrego Desert State Park Paleontology Society (ABDSPPS)—The 

ABDSPPS, or Paleo Society, is a formal organization, dedicated to the search for and 

preservation of fossils within the ABDSP. All members of the society are registered 

members of the much larger ABDSP Volunteer Association, and are classified by the 

State of California as unpaid employees of the Park, with all personnel rules and 

regulations pertaining to them. ABDSP has one of the most successful volunteer 

programs in the country, with several hundred local permanent and seasonal residents and 

regular visitors from the coastal and desert cities volunteering over 10,000 person hours 

per year operating the visitor center and campgrounds, giving lectures on the history, 

geology, and natural history of the Park, leading nature hikes and tours, assisting visiting 

geology and biology researchers, and collecting, recording, and curating the archaeology 

and paleontology resources of the Park. Paleo Society volunteers, including 40 active and 

30 associate members, log an average of 7,500 hours annually. The Paleo Society 
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operates under a Park approved mission, strategic plan, and set of by-laws created by a 

steering committee elected by Paleo Society members.  

Before any volunteer may collect fossils within the Park they must undergo 

training. New Paleo Society members are required to take a 164 hour certification class 

(one day per week from November through May) and examination. Lectures cover topics 

of general and local geology and paleontology, and the history of the Park and the fossil 

collections. In addition to attendance at lectures, members undergo training in field 

survey and fossil recognition, recovery, and recording of locality information (see 

below), laboratory preparation of fossils, and curation techniques of labeling, fossil 

storage, and data management. After a full season of training, and every third year 

thereafter, members are required to take a written certification exam. Upon fulfillment of 

these requirements Paleo Society members may collect fossils from the field, prepare 

fossils, and perform some curatorial tasks with supervision by Park paleontology 

personnel. 

Field work by the ABDSPPS is directed primarily toward establishing a cyclic 

searching routine that allows complete coverage of the fossil areas of the Park and 

recognition of areas of low versus high fossil productivity. Survey of largely unexplored, 

potentially fossiliferous areas is ongoing.  

The ABDSPPS established a scholarship to assist student researchers at ABDSP. 

At least one high school student who was so assisted advanced to an undergraduate 

paleontology program (Jessica Atterholt, University of Pennsylvania, class of 2010).  

Since 1993, most fossil collection, preparation, and curation were performed by 

Paleo Society volunteers. Prior to that date, at least some of the IVCM collection, in 
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particular the Borrego Badlands and Coyote Canyon Badlands materials retained at the 

Park, were prepared and curated by ABDSP volunteers. At least some of the fossil 

materials retained at IVCM during that time appear to have been prepared (and possibly 

curated) by staff of the IVCM (Miller, 1976) and by local IVCM students from El Centro 

and the Imperial Valley (personal observation based on signed and dated comments on 

specimen labels and preparation instructions written by George Miller).  

All protocols have undergone dramatic changes since the Paleo Society was first 

established in 1993 with George Miller's core volunteer group. Most of the changes are 

associated with advances in digital technology. Field methods were greatly enhanced by 

the adoption of GPS tools for obtaining precise locality coordinates and by the ease and 

reduced cost of photography, allowing for a more complete photographic record of field 

activities, localities, and conditions of recovery. Curatorial practices also benefited from 

digital methods. The recording and manipulation of specimen and locality data in 

database format allows for rapid comparison, analysis, and printout of information. 

Stored imagery can be displayed quickly or printed out to aid in curatorial queries about 

specimens and localities. Database and GPS data can be combined in GIS applications to 

create maps of selected localities and specimens serving a variety of analytical and 

management needs. 

Condition of Vertebrate Fossils from the ABD—The general aspect of the 

VCFC section provides a potentially ideal location for new discoveries important to the 

studies of biochronology and evolution. The long, unbroken sequence of sedimentary 

beds should contain a detailed record of genetically related populations of the local faunal 

and floral communities through time. Fossils are well-dispersed throughout the section 
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and abundant in the uppermost quarter. Renewed fossil recovery efforts in the lower, Fish 

Creek Wash, portion of the section are proving very productive. Also, recent exploration 

of the mid-Pliocene Truckhaven Rocks in the northern part of the Park has yielded a 

modest Blancan 'age' assemblage.  

However, the physical condition of the majority of ABD fossil vertebrates is 

disappointing. Most fossils recovered to date are highly fragmented and isolated elements 

(Fig. 1.10). Single localities often produce three or more bone fragments from three or 

more different taxa. Breakage patterns are typically transverse rather than helical, 

indicating breakage did not occur during or directly after death of the animal (Wheatley, 

2008). Few specimens show the rounding caused by long distance fluvial transport. The 

surface of most bone shows some evidence of post-mortem exposure on the ground or 

just below the surface prior to deep burial. Weathering cracks and flaking of periosteum 

and root etching of the surface are common. Surprisingly few specimens are recorded as 

showing carnivore or rodent gnawing and chewing. However, the Paleo Society members 

were trained to recognize the evidence for such damage, and it is now found relatively 

frequently. Many medium- to small-sized specimens show evidence of digestive etching 

and dissolution while in the gut of a carnivoran or of a raptorial bird. 

Post-burial effects include fracturing, crushing, plastic distortion, and serial, 

stepwise offset, especially in long bones. Most of the vertebrate specimens show no 

mineral replacement of bone, although chemical alteration is apparent in many bones and 

teeth. Many, but not all, specimens show varying degrees of permineralization, especially 

in spongy tissue. Vacuities often are filled with cemented mud, silt, sand, or gravel. 
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Autochthonous quartz, calcite, and gypsum crystals are present in the marrow cavities of 

some bones.  

Complete or partially complete skeletons, skulls, limbs, or vertebral columns are 

rare. Jaws seldom have more than the roots of teeth, with occasionally one or more 

fractured or broken crowns. The most complete skeletons are typically rodents and 

lagomorphs from coprolites, fossil latrine areas, raptor roosts, or buried burrows. The 

causes of microvertebrate deposition are not always determinable. The most complete 

larger specimens include a ~70% complete skeleton of Mammuthus meridionalis 

ABDSP(IVCM) 1277/V5126, including the complete skull and mandible and one 

complete tusk; a ~60% complete shell of Hesperotestudo ABDSP(LACM) 1918/V16217; 

~20% of an Arctodus ABDSP(LACM) 68103/V132162; ~20% of a Megalonyx 

ABDSP(LACM) 1377/V3624; a partial pelvis of Paramylodon ABDSP(LACM) 

1568/V77700, including several thousand in-situ osteoderms draped in the death position 

of the skin; a complete pelvis of Equus with articulated lumbar and sacral vertebrae (field 

locality number PSB119); a complete pelvis of Hemiauchenia ABDSP 2896/V8124.01, 

and a partial skeleton of Camelops including a perfect mandible (field locality number 

PSF027, presently under excavation). 

Sources and Status of Data Records—The original IVCM catalogue records 

consisted of two types of catalogue cards, one for locality information and one for 

specimen information. At the time of transfer of the IVCM collections to ABDSP, there 

were two sets of the catalogue cards, one for those specimens stored at the IVCM and 

another for those housed at ABDSP. This double record system was the cause of many 

duplications of locality and specimen numbers through the years. Most duplications were 
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corrected, but some still persisted up to the time I began working at ABDSP in 1994. The 

catalogue records were transcribed to "computer tape," in a program designated 'Minarc' 

beginning in 1978 by Miller and his IVCM staff (Miller, 1978:32). In 1994, just before I 

began working at the Park, the database tables were converted into Microsoft© Access© 

format. The original catalogue cards are printed forms, provided with spaces labeled with 

the types of data to be filled in, such as locality and specimen number, collector and date, 

etc. The data spaces were filled in by hand and were maintained and updated through 

1996 when all subsequent records were processed through new curatorial protocols and 

entered from handwritten field and preparation datasheets directly into the database. The 

catalogue cards and datasheets are maintained as readily available archive records.  

 In 1998 the ABDSP database was incorporated into the DPR Argus© database 

system, and was administered through DPR headquarters in Sacramento, California. In 

2003 the DPR adopted a new database system and converted all Argus© files to a system 

designated 'TMS©' (The Museum System©). TMS© was not compatible with GIS, and the 

increasing operational difficulties with such a remotely administered record-keeping 

system caused Jefferson in 2003 to request that the database be returned to local 

administration and re-converted to Microsoft© Access©. The multiple conversions and 

remote administration were the source of many database inconsistencies still being 

discovered and corrected (see Chapter 2). 

In 1994 LACM provided a hardcopy printout (dated 1988) of their TAXIR (a 

database program acquired from the University of California Museum of Paleontology by 

LACM personnel) records of ABD localities and specimens. In 1995 they supplied a 

digital copy of the records. These records converted readily into Microsoft© Access©, and 
 48
 
 
 

 
 



 

were the main source of information on the LACM part of the collection until it was 

physically transferred to ABDSP. The LACM tables were maintained separate from the 

IVCM tables until 1998, when the two sets of tables were merged, in preparation for the 

conversion to Argus©. 

Data obtained from the AMNH Frick collection include copies of the original 

shipping lists when Hazen sent the fossils to New York, and a list of specimens recorded 

by me when I made an inventory of the ABD specimens in 1996. Of approximately 300 

specimens only four have F:AMNH catalogue numbers. The AMNH reportedly has 

roadmaps marked by Guy Hazen where he collected fossils (letter from George Miller to 

AMNH, photocopy on file at SRC; and printout of map index received from Bob Evander 

at AMNH, 1996, on file at SRC), although the Park has not yet obtained copies of the 

maps. The shipping list was entered into a database table and is currently maintained 

separate from the main ABDSP specimen and locality tables. 

Status of the Anza-Borrego Desert Vertebrate Fossils—With the exception of 

several hundred vertebrate fossils collected by the AMNH in the mid-1930s, one 

specimen collected by the San Diego Natural History Museum and two collected by the 

CIT, all fossils collected within the Park boundaries are property of the State of 

California and (excepting the LACM holotypes) are curated at the ABDSP Stout 

Colorado Desert Research Laboratory. Holotype and paratype specimens collected by 

Los Angeles County Museum and published prior to 1997 (the date the collection was 

transferred to ABDSP) are curated at LACM, along with the CIT specimens. 
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Personal History of my Association with the Anza-Borrego Desert Fossil 

Collections; Lyndon K. Murray 

I began working at Anza-Borrego Desert State Park in November 1994, two years 

after receiving a Master of Science degree from the Northern Arizona University 

Quaternary Studies (later Sciences) Program. I was appointed as a seasonal (nine months) 

State Park Intern with the duties of collection manager of fossil specimens. The position 

was funded for three years by a State stewardship grant for resource management 

obtained by George Jefferson. 

My original assignment was to check and update the taxonomic identification of 

the collection (at that time, consisting only of the IVCM and ABDSP collections, 6,400 

catalogued specimens). This assignment quickly expanded to all other areas of curation 

of an important collection, and the taxonomic updates went very slowly.  
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make the database information immediately understandable to anyone reading it, by 
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enough to eliminate the need for such restrictions. Subsequently, all ABDSP specimen 

and locality data were written out in complete words and understandable phrases 

whenever possible. One advantage of the coding was standardization of the data as it was 

entered, which allowed for quick sorts and searches based on a consistent terminology. 

To replace the skeletal codes, I compiled a list of skeletal elements commonly 

encountered in the ABD with standardized spellings, and suggested how they were to be 

used in the database. The list includes a nested series of larger groupings of skeletal 

elements that should also be used where appropriate, such as 'skeleton', 'skull', 'pelvis,' 

'forelimb,' each of which is comprised of individual elements or other subgroups of 

elements. I also established a protocol for describing fragmentary material. The previous 

method of recording a specimen may appear on a catalogue card as, 'TA AA Q L' 

(decoded as tibia, fragment, distal, left). Applied as the only modifier to an element 

name, the word 'fragment' provides almost no information, aside from the fact that it is 

not a complete element or skeleton. The isolated terms 'distal' and 'proximal' also provide 

minimal information. I trained volunteers to describe where a fragmentary bone 

originated on a complete element. The example above is more clearly informative if 

recorded as 'tibia left, distal end, articular groove with lateral malleolus' or 'tibia left, 

distal third of shaft.' 

SIEVE—I developed a method of updating taxonomic and element 

identifications and the physical condition of specimens already in the collection, while 

retaining the original database information in a hardcopy form (Murray, 1996 Curation 

Manual, on file at SRC). I did this partly to avoid the problem inherent in digital data of 

losing previous information (by simple alteration of the data in a table) and partly to 
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avoid the problem of altering catalogue cards by crossing out obsolete or incorrect 

information and overprinting in a limited space, often creating confusing or unreadable 

results. The new system I designated "SIEVE" (Specimen Identification and Evaluative 

Verification Entries) (on file at SRC). I coined the acronym first, as a descriptive title 

implying sifting and filtering of data and added the rather awkward and vaguely 

meaningful phrase to give the acronym substance. I fear I shot wide of the mark on the 

second part. However, the system works rather well, and has proved valuable on many 

occasions, when I needed to see the information as it was originally entered into the 

database. 

Standardized Database Field Structure—The IVCM/ABDSP database as of 

1994 was comprised of less than 50 fields, including all data for each specimen and the 

locality it came from in the same record. The original field structure was based on the 

data categories on the pre-printed specimen and locality catalogue cards from which it 

was derived. As a result of ongoing conversations with George Jefferson about the 

intended purpose of various sorts of data and the subtle differences in the meaning of 

words, field names were subsequently altered to more informative and concise 

terminology. Some fields were expanded to provide more useful information. For 

example the taxonomic identification of a specimen was originally recorded in a single 

'identification' field. Simple queries based on a family or order name (such as all horse 

records or all rodent records) were not possible. This situation was remedied by 

expanding the single 'identification' field to nine taxonomic fields providing Linnaean 

hierarchical names associated with a given taxon name (e.g., Class, Order, Suborder, 

Family, Subfamily, Genus, Subgenus, Species, Subspecies). All Class, Order, and Family 
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fields were filled in, where appropriate. I periodically added other new fields to the 

database, or separated the data of a single field into multiple new fields to improve 

sorting and searching capabilities. By 1997 the number of fields exceeded 70. I 

continually altered the field structure of the database, where necessary, to make it more 

usable, by increasing available data cell capacity.  

Faunal Lists of ABD Specimens—At the end of my first season at ABDSP 

(Spring, 1995), I compiled multiple in-house and published lists of veretebrate taxa 

purportedly present in the ABD collections. The compilation was published as a 

comprehensive list of vertebrate paleofauna (Remeika et al, 1995); I discovered several 

unlikely taxa recorded in unofficial fossil lists and on the IVCM database, including 

desert tortoise (Gopherus agassizii) (known only from higher elevation localities), elk 

(Cervus elaphus) (known only from higher latitude sources), and big horn sheep (Ovis 

canadensis) (known only from much younger aged sources); I heard of the impending 

publication of a new edition of a key paleontology resource, "Pleistocene Mammals of 

North America" (Kurtén and Anderson, 1980), which listed many taxa from VCFC but 

none from other fossil areas of the Park; and the taxonomic reidentification project was 

progressing too slowly to produce an updated comprehensive taxon list in a timely 

manner. The result of this research was a gray literature publication (Remeika et al., 

1995) listing all vertebrate fossil taxa and ichnotaxa within the ABDSP. One of the main, 

although unstated, purposes of the list was to inform the paleontology community of the 

taxa available in the ABD, and to interest researchers in coming to ABDSP to help with 

verification or refutation of taxonomic assignments. 
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During the second season I produced a 50 page Curation Manual (Murray, 1996, 

on file at SRC), detailing protocols for recording and maintaining data for fossils from 

the moment of discovery in the field through the steps of preparation and final curation 

into the collection cabinets and entry of data into the database. This manual was 

incorporated into the standard procedures for the DPR paleontology management 

protocols (Jefferson, 1996). I trained volunteers in curation procedures and taxonomic 

and skeletal element identification and, along with the Laboratory Supervisor/preparator 

volunteer George McDaniel, assisted Jefferson in preparing and administering the 

certification test to the volunteers. 

Transfer of LACM Collection of ABD Fossils—In 1995, George Jefferson and I 

traveled to LACM once a week for about three months to photocopy all the records from 

Ted Downs' files on the LACM portion of the collection from ABD. These included eight 

file boxes with all correspondence, aerial photographs with localities marked on them, 

specimen notes, National Science Foundation (NSF) grant proposals and grants, field 

photographs, specimen notes, and other associated documents. We also borrowed 

microfiche copies of the field notebooks, which we subsequently had copied to paper and 

bound. These records are archived at the SRC. 

During this period, Jefferson, Van Cleve, and the State of California negotiated 

with LACM for return of all ABDSP fossils (except types) obtained under state collecting 

permit, in partial fulfillment of the recommendations of the Paleontology Advisory 

Board. The negotiations resulted in the LACM collection being turned over to the State 

for permanent curation at the SRC. The sole exceptions were the type collection of ABD 

specimens (those specimens collected by LACM and described in publication prior to 
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1997), and specimens collected by the California Institute of Technology prior to 

establishment of the Park (i.e., not covered by permit). These specimens remain at 

LACM. 

I spent most of my third season at ABDSP, from November 1996 through March 

1997, preparing for and completing the transfer of the LACM portion of the collection 

(approximately 5,000 catalogued and 1,500 uncatalogued specimens) from LACM to 

ABDSP. For this task I printed a hardcopy of the LACM database of ABDSP fossils, 

including fields with specimen and locality numbers and taxonomic and element 

identifications, plus space for comments (LACM Transfer Workbook, Murray, 1997, on 

file at SRC). I also printed blank pages with the same chart format as the catalogued 

specimen pages, including the same field headings to record uncatalogued or partially 

catalogued specimens. The blanks ended up accomodating over 1,500 specimens. At least 

ten other people, including Park staff, volunteers, and individuals formerly associated 

with the collection helped to record, wrap, and pack the fossils from 20 large specimen 

cabinets into cardboard boxes and other containers. Most of the collection was moved in 

two separate trips during March, 1997. The returned LACM specimens were housed in 

newly purchased collection cabinets in a recent addition to the collection building, funded 

in part by volunteer Elizabeth Stout. During the following year the majority of the 

specimens were completely unwrapped and organized by ABDSPPS volunteers, in 

particular by the unceasing efforts of volunteer Julia Parks (see above). 

Locality Digitization Project—Also during my third season I began work on a 

project to transfer all locality points from original aerial photographs to fresh aerial 

photographs with readable labels (see Appendix A). The new, marked and labeled 
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photographs were sent to the USGS in Denver, Colorado for translation to digital format. 

By the end of the season I was able to transfer only the points for IVCM localities to 

fresh aerial photographs. I completed the LACM portion of the digitization project on my 

own time after my internship expired, about nine months later, just before moving to 

Austin to begin the PhD program at The University of Texas. Two privately owned aerial 

photograph collections (Pachen and Garbani) were unavailable at that time. 

Subsequently, Harley Garbani donated his photographs to the Park and they are currently 

being incorporated into the digital data by park personnel. The Pachen photographs, 

containing about 120 locality points, are still unavailable. 

Continuing Work—With the exception of my first and most recent years in 

Austin (1998, 2007), I spent a minimum of ten days during every subsequent academic 

winter break in Borrego Springs working on the ABDSP collections, including the winter 

breaks during a three year sojourn from 2000 to 2003 at the Yale Peabody Museum in 

New Haven, Connecticut. I achieved the greatest amount of work during two consecutive 

semesters of independent research (Fall 2005 through Spring 2006) provided by The 

Jackson School of Geosciences. 

Summary 

In the past 73 years an enormous amount of work has gone into the gathering, 

curation, study, and publication of vertebrate fossils from the Anza-Borrego Desert. An 

equivalent effort has been expended on the study of the ABD geology, not to mention the 

broader scope of work in the Salton Trough directly related to the ABD. The physical 
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area, time span, and complexity of the ABD fossil beds are comparable to other important 

fossil areas of the same geologic age, such as the fossil sequences exposed along the 

Snake River in Idaho (Repenning et al., 1995; McDonald et al., 1996), and in the San 

Pedro Valley (Johnson et al., 1975; Lindsay et al., 1975), Arizona, and Meade County, 

Kansas (Martin et al., 2008). 

The current status of the B-I boundary in the VCFC is uncertain. Previously 

published analyses are partially out-of-date or based on inaccurate primary source data. A 

re-evaluation of the supporting data is necessary, especially the verification of taxonomic 

identifications of key specimens and verification of the stratigraphic positions of key 

localities. Owing to the large number of data errors discovered during this study, the 

scope of the re-evaluation cannot be restricted to the relatively few localities and 

specimens directly related to determination of the B-I boundary. Instead, the investigaton 

of errors and why they occurred must be applied throughout the ABDSP collections and 

to those publications based on, and (in some cases) causing them. 

The various usages and spellings of place names, such as 'Palm Springs 

Formation' instead of 'Palm Spring Formation' and 'Fish Creek' instead of 'Fish Creek 

Wash' are not major errors, and have not significantly affected the analysis of data 

derived from publications citing the altered forms. However, when performing literature 

searches or other research on ABD paleontology the variations can cause certain 

references to be overlooked. Individuals unfamiliar with the ABD would not necessarily 

be aware of the synonymous nature of 'Anza-Borrego section,' 'Carrizo Valley and 

Vallecito Creek,' 'Palm Spring Formation of the Anza-Borrego Desert,' and 'the Vallecito 

Creek-Fish Creek section.' They would also be unaware that 'Anza-Borrego Desert 
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section' (sensu White, 1991) does not include any of the fossil areas of the northern 

ABDSP, such as the Borrego Badlands, Clark Lake, and Truckhaven Rocks. In addition, 

one might well ask, "Why is the Colorado Desert not in Colorado?" The presentation here 

of such problematic terminology affecting public perceptions about the ABD is designed 

as a general reference, providing most of the variations and equivalent terms in a single 

document, with an explanation for those terminological relationships. 

The detailed geologic history of the VCFC and the histories of the ABD fossil 

collections and people responsible for them, as presented here, provide a necessary 

background to the progression of changes culminating in the current status of the ABDSP 

database, fossil collection, and related bibliography. The merging of fossil collections 

from multiple institutions with different collecting and curatorial protocols is one source 

of data inconsistency in the ABD records. Variation in the experience and skill levels of 

amateur and professional paleontologists affected the current quality of the data. In 

addition, steps taken to update collection information to modern technological standards 

have had negative as well as positive effects. Detailed examination of those issues as they 

relate to data quality is presented in the following chapters.
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TABLE 1.1. Various equivalent expressions and descriptive terms referring to the same 
ABD fossil area, the 'VCFC section,' presented in chronological order by earliest citation. 

 
Variant equivalent to 'VCFC section' Citation 

"Carrizo Creek" Frick, 1937:202  

"Canebrake conglomerate … north of Vallecito Creek" from the 
"western Imperial Valley region" 

Downs, 1957:1822  

"Canebrake Formation of the Imperial Valley region" White and Downs, 1959:33  

"Vallecito Creek"  White and Downs, 1961:3  

"badlands of the Vallecito Creek valley of the Anza-Borrego desert" White and Downs, 1961:3  

"Vallecito-Fish Creek area" Downs and White, 1966:310 

"Vallecito-Fish Creek portion of the area"  Downs and White, 1968:41-42  

"Vallecito-Fish Creek province"  Downs and White, 1968:41-42  

"Vallecito-Fish Creek region" Downs and White, 1968:41-42  

"Vallecito Creek Valley and Fish Creek Wash areas" White, 1968:1  

"Fish Creek-Vallecito Creek areas" White, 1969:275  

"Vallecito-Fish Creek section" Kurtén and Anderson, 1980:11 

"Vallecito Creek and Fish Creek Wash areas" Becker and White, 1981:211 

"Vallecito-Fish Creek sequence" Martin, 1979:23 

"Vallecito-Fish Creek Beds" Martin, 1979:table 4 

"Anza-Borrego District of Southern California" Woodburne, 1987b:289 

"Palm Spring Formation of the Anza-Borrego Desert" Martin and Prince, 1989:80  

"Anza-Borrego Desert Section" White, 1991  

"Imperial Formation and the overlying . . . Palm Spring Formation"  Downs and Miller, 1994:4  

"Carrizo Valley and Vallecito Creek" Downs and Miller, 1994:4  

"Fish Creek-Vallecito Creek Section"  Cassiliano, 1999:169  

"FCVC section" Cassiliano, 1999:169  

"Palm Spring and uppermost Imperial formations in the Fish Creek-
Vallecito Creek area in the Anza-Borrego Desert of southern 
California"  

Cassiliano, 1999:169  
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TABLE 1.1 (continued) 
 

"Vallecito Creek-Fish Creek sequence"  Bell et al., 2004b:fig. 7.2 

"In the Imperial and Palm Springs formations at Anza-Borrego Desert 
State Park, California, the fossiliferous section"  

Bell et al., 2004b:258 

"Vallecito Creek-Fish Creek section" Bell et al., 2004b:258 

"Anza-Borrego sequence"  Bell et al., 2004b:259 
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FIGURE 1.1. Location of the study area, showing the Anza-Borrego Desert State Park 
external boundaries (red) and private in-holdings and the town of Borrego Springs (blue 
polygon). Late Miocene to mid-Pleistocene exposures are shown in yellow. 
Abbreviations: BW, Big Wash; BB, Borrego Badlands; CB, Carrizo Badlands 
specifically defined; CL, Clark Lake; CCB, Coyote Canyon Badlands; FCB, Fish Creek 
Badlands; HC, Hawk Canyon; TR, Truckhaven Rocks; VB, Vallecito Badlands. 
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FIGURE 1.2. The stratigraphic column for the Vallecito Creek-Fish Creek Section (from 
Dorsey, 2006; reproduced with permission).
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FIGURE 1.3. The Colorado Desert (green), including the study area VCFC (gold 
stippling) within the ABDSP (red boundary).
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FIGURE 1.4. Map of the western Salton Trough, prior to the 1905 accidental diversion of 
the Colorado River that created the current Salton Sea. The rail line (at Salton) is now 
under water. The VCFC section is located in the trianglular area outlined by the tip of 
Peg-leg Smith's rifle, his fist, and elbow. (image courtesy of the heirs of Harry Oliver and 
Ric Carter, from the DSRB/HOFC website http://www.klaxo.net/hofc/drsb/plsmap.htm 
downloaded 14 Oct 2006, reproduced with permission).
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FIGURE 1.5. Carrizo Valley, showing exposures of Plio-Pleistocene age (yellow) 
surrounding mesas covered with <0.9 Ma alluvium (tan). The tilted portion of the VCFC 
section (purple) shows the general NW-SE strike (top of section is to the southwest). The 
ABDSP boundary (red) also encloses most of the Carrizo Impact Area (hatchured). 
Abbreviations: EM, East Mesa; MM, Middle Mesa; SM, South Mesa; SMG, Split 
Mountain Gorge; PS/MO, Palm Spring/Mesquite Oasis; VV|CV, pass between Vallecito 
Valley and Carrizo Valley; WM, West Mesa. Drainages (blue): AH, Arroyo Hueso; 
ASD, Arroyo Seco del Diablo; AT, Arroyo Tapiado; BC, Barret Canyon; CC, Carrizo 
Creek; CW, Carrizo Wash; DC, Deguynos Canyon; FCW, Fish Creek Wash; JW, June 
Wash; LCW, Layer Cake Wash; LpW, Loop Wash; LyW, Lycium Wash; NF, North 
Fork Fish Creek Wash; OW, Olla Wash; RRC, Red Rock Canyon; SFC, San Felipe 
Creek; SC, Sandstone Canyon; SSM, San Sebastian Marsh; VC, Vallecito Creek; 
VOBW, View of Badlands Wash. Local Mountains: CM, Coyote; FM, Fish Creek; 
IKPM, In-Ko-Pah; JM, Jacumba; PM, Pinyon; TBM, Tierra Blanca; VM, Vallecito.
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FIGURE 1.6. The Salton Trough and northern Gulf of California from latest Miocene to 
the present day, showing translation of sedimentary basins and development of faults. A, 
Shortly after marine incursion into the northern Gulf of California and prior to 
establishment of the Colorado River delta; B, After establishment of the Colorado River 
delta, showing environments of deposition for the Imperial Group (subaqueous delta 
plain) and Arroyo Diablo Formation (subaerial delta plain)y; C, After the VCFC was 
disconnected from Colorado River sediment source, during the formation of the Tapiado 
Claystone and Hueso Formation. Abbreviations: AZ, Arizona; SON, Sonora; CU, Sierra 
Cucapas; FCV Fish Creek Vallecito basin = VCFCB, Vallecito Creek-Fish Creek basin; 
IH, Indio Hills; SF, San Felipe; SFH, San Felipe Hills; WC, Whitewater Canyon (at San 
Gorgonio Pass); YU, Yuha Basin (from Dorsey, 2006, reproduced with permission).
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FIGURE 1.7. Tilted strata of the VCFC (photograph by Lyndon K. Murray).
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FIGURE 1.8. Google Earth© image showing visible bedding horizon layers. Arrow 
indicates location and look-direction of photograph in Figure 1.10. Blue sediments near 
the arrow and to the right are lake deposits of the Tapiado Claystone. The brown 
sediments to the left of the arrow and near the distant mountains are fluvial deposits of 
the Hueso Formation. 
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FIGURE 1.9. Relationship of visible bedding horizons (purple rectangles) to the physical 
tilt of the stratigraphic section. Abbreviations: see Figure 1.5. 
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FIGURE 1.10. Typical Condition of ABD Veretebrate Fossils: selected artiodactyl 
specimens. (photograph by Lyndon K. Murray)
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Chapter 2: Data Improvement 

 

"We should just take all these Marsh and Cope specimens and throw them away" 

(Personal observation). 

Introduction 

The Problem of Inaccurate Data—Science relies on the accuracy and reliability 

of information upon which analyses are made. Studies of biostratigraphy and 

biochronology require correct taxonomic identifications of fossil specimens and correct 

provenience of the fossils within a given stratigraphic framework. Missing data are a 

chronic problem with which paleontologists learn to live, such as the lack of fossils 

resulting from a stratigraphic unconformity or fossils with irretrievably poor locality 

provenience information. However, inaccurate data are an unnecessary extra burden on 

the analytic process. Bad data may ultimately have no downstream analytic effect or they 

may create minor to major problems. The analyst, presented with problematic data may 

end up creating convoluted solutions to explain them. Both the inaccurate data and the 

contorted hypotheses can end up published and cited repeatedly, creating a cascading 

effect of misinformation and misconception. Undoing a published error always takes a lot 

more time and effort than getting the information right the first time. 
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General Extent of Data Error in Vertebrate Paleontology Collections 

ABDSP Collections—In the process of working with the data associated with the 

fossils from the VCFC section, I repeatedly ran into roadblocks, in the form of data 

errors, related not only to identification and locality provenience of specimens, but also to 

inaccurate information published about the specimens. Before I can use the available 

data, I must identify the errors and their source(s), and determine their scope within both 

collections and literature. After correcting the data, I examine the downstream effects on 

publication and theory (Chapter 5), based on the improvement of the data. 

Lest anyone think I am picking on the institutions involved, or the researchers 

who used the available fossil information in good faith (myself included on both counts, 

see Chapter 1; Remeika et al., 1995; Murray, 2006a, b), this is furthest from my intention. 

I merely wish to point out the fact that much erroneous information is accepted at face 

value and can have adverse effects when published, or when it is repeated through 

citation of previously published errors. 

Six Collections—Errors exist and are generated in fossil collections and find their 

way into print. I have yet to visit a 100% perfectly curated fossil collection. Since 1988 I 

have been collection manager for six successively larger vertebrate paleontology and 

archaeology collections. In order, these were the Northern Arizona University Quaternary 

Studies (later Sciences) Program Paleontology Laboratory, the Northern Arizona 

University and United States Department of the Interior (Bureau of Reclamation) 

Animas-La Plata/Bodo Canyon Archaeology Project, the Anza-Borrego Desert State Park 

(ABDSP) and parent administrative unit, Colorado Desert District (CDD) Divison of 
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Paleontology, the San Bernardino County Museum Division of Geological Sciences, the 

Yale University Peabody Museum of Natural History Department of Vertebrate 

Paleontology, and The University of Texas at Austin (UTA) Texas Memorial Museum 

(TMM) Vertebrate Paleontology Laboratory. 

In every collection, I found (but did not necessarily fix) similar conditions and 

potential causes of data error. Three major categories are readily identified. Large 

numbers of uncatalogued specimens lie in trays side by side with uncatalogued specimens 

from other localities, often with hand written, unsigned labels and notes floating about on 

top of the trays or on the bottom of the drawer. Incomplete and unorganized files, field 

notes, and paper documents are common. Databases typically contain incomplete or 

mistranscribed information from original catalogue cards. These conditions persist, not so 

much as a result of sloppy work, as from the dearth of trained curatorial personnel and 

adequate funding. Both are needed to keep up with the myriad details of curation and 

accelerating technology, typical in many active fossil collections, especially ones that are 

also continually expanding, as is the ABDSP. 

Growing Collections—In active and growing collections, the most recently 

collected data tend to be reasonably well organized and recorded, especially where 

measurements and coordinates are recorded directly to a database with laser and GPS 

technology. Also, selected groups of specimens are often fully identified and catalogued 

after a focused research project is completed and published (e.g., a phylogenetic study). 

However, even many of the latter studies concentrate on only a few diagnostic elements 

within the study group. Other skeletal elements remain unexamined, are only partially 

identified, are assigned qualified taxonomic identifications, or are batch catalogued, with 
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multiple specimens assigned the same catalogue number. As a result, the total fossil 

vertebrate collection is typically irregularly identified and curated. 

Even when there is an abundance of volunteers, as at ABDSP, it is difficult to 

maintain specimens once they have been discovered, collected, and prepared. There are 

several reasons for this (personal observation). Most people are not interested in doing 

curatorial work, either because it is too intimidating or too boring. Most amateur 

paleontologists (volunteers) are primarily interested in finding fossils and preparing them. 

It is extremely time-consuming to train people in the detailed knowledge and history of a 

particular collection, collection protocols, taxonomy, and specimen identification. 

Volunteers often decide they don't want to do curation before completing the training. 

Old Collections—The epigraphic statement at the beginning of the chapter was 

made to me by a well known paleontologist while I was showing him through the O. C. 

Marsh Dinosaur Room in the Yale Peabody Museum. Although it surprised me to hear 

him say it, I understood exactly what he meant. Speaking historically, his observation is 

nonsense. Those earliest (Nineteenth Century) collections of North American fossil 

vertebrates will always have their place in the teaching of human and natural history, as 

well as in the practical demonstration of the steady, stepwise progress of science as a 

process. In addition, a large percentage of the E. D. Cope and O. C. Marsh specimens are 

holotypes, anchoring important taxonomic names. However, my visitor was referring to 

the fact that very little provenience data and taphonomic information are available for 

many of the earliest vertebrate fossil collections. Those data that do exist often have been 

garbled by over 100 years of paleontologists, students, and museum workers misplacing, 

losing, uncritically altering or adding to, and misinterpreting the primary documents and 
 74

 
 



 

notes; not to mention breaking, mixing, losing, and otherwise altering the fossils 

themselves. In the latter respect, the noted paleontologist's lamentation is understandable. 

Many old fossil collections are becoming less useful for scientific analysis, 

because of the advancement and increased precision of mapping, sampling, measuring, 

and dating technologies. In many cases, it is both more efficient and more productive to 

search for and collect new specimens under controlled conditions, using modern 

techniques, than to attempt to update, correct, and calibrate the static information 

available for 'old' fossils to current technological standards, so that they can be compared 

on an equivalent basis with data obtained more recently. Nevertheless, given the 

evidentiary standards of modern science, legally and ethically they must be preserved. 

Review of the ABDSP Vertebrate Fossil Collections 

Changes in Data Gathering and Data Maintenance—The ABD fossils 

collected prior to the 1990s constitute approximately 10,000 catalogued specimens from 

1,500 localities, all obtained and recorded without the aid of electronic technology. Few 

photographs of those localities were taken. Their geographic coordinates and 

stratigraphic relationships are completely dependent on the accuracy of plotted ink dots 

and pinholes on aerial photographs (aerial maps) of the ABD or on written descriptions in 

field notes. The accuracy of the aerial map plots is quite variable. With the exception of a 

few well known and photographed localities, the geographic plots can not be verified by 

secondary evidence or other data sources. Taxonomic identifications were made by a 
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variety of professional paleontologists, students, and volunteers, and vary greatly in 

reliability (see Taxonomic Misidentification below). 

The majority of ABD field data collected since 1993 (see Chapter 1, History of 

Anza-Borrego Desert Fossil Collections) are in digital format, either collected digitally in 

the field or transcribed immediately to digital format from field data forms, filled in by 

hand on site at the specimen localities. All localities are verified by revisits to the 

localities and marked for future relocation by placement of a labeled metal spike within 

each locality area. Most localities are photographed at the time of collection. The 

majority of taxonomic identifications are performed by Paleontology Society volunteers 

trained by me or George Jefferson, and are under his direct supervision. Two of these 

trained Paleontology Society volunteers, Paulette Ache and Richard Berger, have been 

identifying ABD specimens since 1995. 

Old Data—Various analog formats of information collected prior to adoption of 

digital technology are included in a category I call 'old data.' These old data tend to be 

less organized, incompletely or irregularly recorded, and often suffer from years of 

curatorial neglect or piecemeal alteration of original information. The effort required to 

update the old data adequately is often restrictive in a budgetary sense of both time and 

money, and may conflict with other ongoing collection activities and/or new initiatives. 

As a result, for example, the original catalogued ABD specimens from the LACM and 

IVCM collections have not been fully reassessed and recurated much beyond the work 

that was done when I left in 1997. That work was recorded by hand in the SIEVE data 

sheets (on file at SRC; see Chapter 1) and constituted all of the taxonomic and locality 

evaluations I and others made beginning in 1994. The IVCM portion of the database was 
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updated from the SIEVE data sheets by the efforts of volunteer Bill Loerke. Most of the 

work done on the LACM portion of the ABD collection after 1997 was concentrated on 

identification and full curation of the approximately 1,500 previously uncatalogued 

specimens (LACM Transfer Workbook, 1997, on file at SRC) by volunteer Berger. These 

activities were concurrent with the full curation of new ABDSP specimens added to the 

collection on a weekly basis by volunteer Ache. In other words, the curatorial efforts 

have been unceasing, yet parts of the collection remain unreviewed. 

Although many of the ABD fossils were collected over 50 years ago, and suffer 

from various forms of data deterioration or inadequacy, it is not scientifically feasible to 

"throw away" those fossils. It would take a minimum of 10 to 20 years to accumulate a 

similar quantity of specimens from the same general areas. The LACM collections were 

made with the support of several NSF grants (photocopies on file at SRC). That 

government entity might not be willing to finance virtually the identical project all over 

again, much less dispose of specimens already collected. The issue is probably moot 

anyway. The availability of new surface fossils in the field has been reduced because of 

the previous collection and removal of surface fossils from the field. Harley Garbani and 

John White both commented to me, when I was working at the Park (personal 

communications, 1995), that there are not as many fossils on the surface as when they 

were collecting in the VCFC in the 1950s. This is no doubt true. Depending on the rate of 

exposure of fossils and the rate of breakdown to unrecognizable particles once the fossils 

are exposed, the majority of the available surface fossils may have been collected 

already, at least in the Hueso Formation. Prior to 1990 the Hueso Formation was the most 
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heavily surveyed part of the section (field notes of Downs, Garbani, Miller, and White, 

photocopies on file at SRC). 

Several methods were and are being used to bring these old ABDSP data up to 

equivalency with data collected more recently and stored digitally. Transcription of 

handwritten and typed catalogue information to a tabular database was mostly completed 

by 1994. Digitization of localities from aerial photographs was about 95% completed by 

1998. Verification of taxonomic identifications was partially completed by me between 

1994 and 1997 (about 2,000 specimens or approximately 14%) and an additional 

(approximately) 7% was completed during my study, between 2005 and 2007. 

Verification of locality provenience information was begun with this study and 

(approximately) 7% was completed by me. 

New Data—Nearly all of the specimens collected since 1993 have been curated 

fully, following collection protocols of the ABDSP Curation Manual (Murray, 1996, on 

file at SRC). However, the database has gone through three conversions since 1998 

(Access© to Argus©, Argus© to TMS©, TMS© to Access©) and problems associated with 

those conversions affect the new data. Also, the curation manual needs to be updated to 

include modified protocols and new digital techniques. 

Data Improvement—Improvement of data requires both a corrective and an 

evaluative approach. The corrective approach is objective, and involves the detection and 

correction of simple errors and inconsistency in the data, such as typographic errors, 

mistranslations, and database problems The evaluative approach is subjective, involving 

an assessment of the reliability of (or confidence that can be placed in) the accuracy of 

the current data, especially taxonomic identifications and interpretations of stratigraphic 
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position and age of localities. Corrective and evaluative measures may be carried out 

independent of each other, although there is some overlap in the processes. 

Corrective Approach to Data Improvement: Error Detection 

Technical Search by Database—Methodical, detailed searches for, and 

correction of, data error or inconsistency are most likely to reveal repeated or similar 

types of error. Such searches and corrections are typically performed globally throughout 

the catalogue tables during database conversions or formatting standardizations. 

Information, such as collector, taxon or locality names must be spelled the same way 

every time, or dates and coordinates must follow a consistent format to be manipulated 

usefully in a digital database. Thus, large numbers of inconsistencies may be detected and 

corrected rapidly. Most such problems of standardization and formatting were cleared up 

during the latest of the major database conversions. These operations were performed 

automatically through the application of written programs designed specifically for the 

ABDSP database by Information Technology (IT) specialists with a detailed knowledge 

of database theory and protocols. However, the IT specialists were not necessarily 

conversant in the protocols of paleontology or of the ABD collections. Consequently, 

new errors were introduced into the data (see Taxonomic Mistranslation below). 

Useful Features of a Flat-Table Database—Less technical methods of data 

search and correction are available to the database end-user through the standard tools 

and options of the Microsoft© Access© database program. Access© is a so-called flat-table 

database application in which tables do not have to be linked to a matrix of other tables in 
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order for the system to work properly, as they do in relational database systems such as 

Argus©. Multiple tables may be linked together in Access© to perform complex tasks in a 

limited relational way, such as creating loan documents that include outside information 

(e.g., institution addresses, preparation history, or publication history of the specimens) as 

well as the internal data (locality and specimen numbers and descriptions). Access© is a 

much simpler application to work with than standard relational database systems, and 

may be incorporated as one component of the more complex systems. Relational database 

systems are preferred for centralized record management in larger institutions with 

multiple divisions, where each division has unique types of information and recording 

formats. The California DPR is typical of such larger institutions, managing centralized 

data from collections of fine art, state history, archaeology, and natural history. For a 

monotypic collection, such as the ABDSP (paleontology only), the flat-table Access© 

database is adequate, and does not require a full-time IT specialist to operate and 

maintain it. Because the ABDSP houses the second largest paleontology collection (after 

the University of California Museum of Paleontology) administered by the State of 

California, it is more efficient to manage the database at the district level than the 

department level. This eliminates the need for an IT paleontologist on call in Sacramento 

(see Chapter 1, Sources and Status of Data Records; and Taxonomic Mistranslation, 

below). 

The two most useful and simple collection management tools in Access© are the 

datasheet view and the sort command. The datasheet view displays the entire table on the 

screen, with type of data (fields) as columns and individual locality or specimen data 

(records) as rows (Fig. 2.1). Multiple records may be updated and corrected quickly in 
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this view. Although, large amounts of data may also be deleted or mistakenly altered in 

the datasheet view. Therefore this option is usually not available as a standard tool in 

older versions of relational database systems (see previous paragraph). In the datasheet 

view, individual fields and groups of fields may be moved and placed next to one 

another, providing a visual juxtaposition of information for each record. For example, in 

the default table format the fields recording locality number, taxon identification, and 

skeletal element may be separated by dozens of other fields. In a table with many fields 

those fields of interest may not appear on the screen at the same time (Fig. 2.1). By 

moving the select field columns next to one another in the table all the data of interest are 

displayed together, eliminating the necessity of scrolling sideways or jumping back and 

forth between screens. Data may be sorted in multiple ways, based on the type of 

information in the different database fields. For instance, text fields are sorted 

alphabetically beginning with the first character in the field, numeric fields are sorted 

numerically, date fields are sorted chronologically. Nested sorts may also be performed, 

refining the end product. For example, a sort on the genus name allows for a quick view 

of all the specimens in the table identified to that taxon. By adding secondary and tertiary 

(nested) sorts (e.g., on locality number and skeletal element), all recorded elements of the 

given genus recovered from any given locality can be seen at a glance (Fig. 2.1). The 

sorting feature is one of the main reasons data formats and spelling must be standardized 

in database tables. 

Archived Versions of Database Tables—The CDD ABDSP computer network 

server contains multiple archived copies of the Access© database tables, created both 

before and after the conversions to and from Argus© and TMS©. Every copy of a table 
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includes the latest date of modification, indicating the last time the table was altered (Fig. 

2.2). The modification may only have been to the format of the table, such as 

repositioning fields, and the data may not have been altered. This means the data in the 

table may be a version older than the modification date, but no changes were made since 

that date. The earliest such table is an unmodified 1995 copy of the LACM locality table 

as it was received from LACM (Table 2.1:LACM 1995 Specimens). 

Unfortunately, the archived database copies are not organized chronologically on 

the server; they are not filed together; and they are not labeled informatively regarding 

their content or chronologic occurrence in the sequence. In order to track many of the 

data errors, I needed to compare different versions of the database tables. I created a 

'database table of database tables,' including a description of the contents of each 

database table, latest date of modification, name of the database where the table is stored, 

and the network location of the folder containing the database. This 'table of tables' is by 

no means comprehensive. All the archived ABDSP database tables still need to be 

organized into a single searchable database, a task currently outside the scope of my 

study. Once the archived database tables are so organized, one copy of every currently 

active table should be added to the archive database at least once a year as a 'read only' 

table. The result will be a static yearly record of the developing data for future reference 

and will be a valuable resource for data improvement and collection history.  

Table 2.1 contains a select group from the 'database table of database tables' that I 

use for data evaluation and correction, and cite throughout the text. By visually 

comparing sorted data fields from two or more of the archived tables, alterations in the 

data can be seen directly. Knowledge of the history of the collection can be applied to 
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determine whether the alterations are valid earlier corrections or the introduction of new 

errors (see Taxonomic Mistranslation, below). 

Technical Search by GIS—Maps displayed in GIS utilize database information 

for plotting and labeling locality positions, and the information about the specimens 

recovered from them. The physical nature of the VCFC section allows for an unusual 

stratigraphic application of GIS map displays (Figs. 1.10–1.12). By applying current 

VCFC database information to GIS, geographic and stratigraphic distribution of taxa can 

be displayed and analyzed for potential data error. After the data have been corrected and 

evaluated, new displays based on the updated database can be used to determine the 

lowest and highest stratigraphic occurrences of taxa, the depositional environments in 

which they were found, and the density of populations throughout the strata. Detailed 

descriptions of GIS techniques adapted and used for this study are presented in Chapter 4. 

Serendipity—As a collection manager, one advantage of working closely with an 

entire paleontology collection (rather than a single taxonomic group, locality, or 

stratigraphic unit for a research project) is the continuous, random contact with a wide 

variety of specimens and documentation. As a result, while working on one project, I 

may become aware that particular specimens and documents are missing, then when 

working on a different project I may come across the missing material by accident. 

Because I already know of the problem, I am able to recognize the significance of the 

discovery and correct problems immediately. The following is a typical example taken 

from my specimen notes: In 1997 I discovered a specimen, ABDSP(IVCM) 1079/V4368 

lying in the wrong tray with specimen ABDSP(IVCM) 964/V3959. When I returned 

specimen V4368 to its proper tray, I found a second misplaced specimen in that tray, 
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ABDSP(IVCM) 667/V3549-3. The latter specimen was previously noted as missing in 

1996. 

The more active I am in a collection, the more I make such discoveries. This is a 

form of serendipity, an "aptitude for making fortunate discoveries accidentally" 

(Guralnik, 1972:1299). Strictly speaking, accidental discovery of errors is not a corrective 

approach. There is no purposeful intent to search for a particular missing specimen or to 

detect errors. Such a comprehensive search can quickly become inordinately time-

consuming. More cost-effective general data reviews and improvement projects are 

typically complex, take a great amount of time, and are usually carried out infrequently. 

Serendipity is a passive, rather than an active stratagem for recognizing problems 

throughout a collection. Plus, serendipity may lead to the exposure of errors that would 

not normally be found even through planned corrective searches. An intimate knowledge 

of the documentary, historical, and physical aspects of the collection leads to a 

continuous flow of such serendipitous findings (see Taxonomic Mistranslation, below). 

Once an error is revealed, regardless of the approach used, it can either be corrected or 

flagged as an error for the information of future researchers. 

Direct Examination—The best way to verify taxonomic identifications and 

locality provenience is by inspecting the fossils and primary documentation directly. If 

the entire collection is inspected methodically (drawer by drawer, taxon by taxon, or 

catalogue number by catalogue number), the procedure could take months or even years, 

depending on the breadth of the information to be checked. Once apparent errors are 

discovered via other means of detection (technical search or serendipity), direct 

examination is still often necessary to make the final verification and correction. 
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Evaluative Approach to Data Improvement: Accuracy, Resolution, Quality, and 
Confidence 

Accuracy—Ideally, accuracy of data has only two states, positive (accurate) 

where the data are correct and negative (inaccurate) where the data are not correct. If the 

data are inaccurate they are scientifically useless. The accuracy of a taxonomic 

identification is positive if the specimen is in fact a representative of the taxon named. 

Accuracy is negative if the specimen is not a representative of the taxon. The accuracy of 

locality provenience is positive if the fossil locality actually occurs within the closed loop 

or dot outlining the locality limits on a map (see Appendix for aerial map terminology 

used here). It is negative if the actual position lies outside the loop or dot. I use the term 

'provenience' (= origin, Guralnik, 1972) to indicate the actual, geographic place which 

produced a specimen and was assigned the associated locality number. 

 85

Information provided in published faunal lists and database tables often is 

assumed to be accurate. However, the true condition of such lists may be a mixture of 

accurate and inaccurate data. Without checking every ABD specimen identification and 

its locality information, the accuracy of the collection data remains undetermined. The 

concept, 'degree of accuracy' is sometimes applied to data of undetermined correctness. 

This uncertainty may be mitigated by applying a statement of the 'reliability' of the data 

or by assigning a 'level of confidence' in the accuracy of the data. These may be applied 

to an entire dataset (e.g., a faunal list) or to each subunit of the dataset (e.g., taxon names 

in a faunal list). Such a step allows important information to be disseminated with the 

caveat that some or all of it may require further investigation before it is used in 

subsequent analyses. 

 
 



 

Quality—Accuracy is dependent on the quality of the methods, materials, and 

personal skills involved in recording the data. The quality of the source material (fossils 

and sediments) may range from excellent (complete skeletons or distinctly stratified 

sediments) to poor (weathered fossil fragments or strata obscured or obliterated by burial, 

faulting, or erosion). The skills involved in taxonomic identification, stratigraphic 

mapping, and data management and analysis vary from person to person and situation to 

situation. The quality of old data may be improved by further specimen preparation or 

more detailed examination of fossils, revisiting and remapping fossil localities, 

examination by more skilled individuals or after further experience by the original 

analyst, application of newer techniques or application of general knowledge developed 

since the original analysis, and reexamination, verification, and correction of 

documentation. 

Resolution—In this study, 'resolution' refers to the scale or degree of detail at 

which data are recorded, examined, or displayed. At low resolution, data in general tend 

to be accurate. As the resolution is increased the data are examined in closer detail, and 

are more likely to be inaccurate. Resolution of locality provenience is based on the 

dimensions of the loop or dot used to outline the locality limits on a map. A very large 

loop or dot (low resolution) is more likely to enclose the actual fossil locality point (see 

discussion of 'points' and 'dots' in Appendix A) than a very small one (high resolution). 

However, a small dot represents a more tightly constrained stratigraphic range or a 

shorter time interval than a large dot (see Appendix A). The level of taxonomic resolution 

for this study is based on the Linnaean hierarchical rank to which a specimen can be 

identified with morphologic or other supporting evidence (see Chapter 3). 
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Counterintuitively, the 'highest resolution' is used in reference to 'lowest taxonomic rank,' 

and vice versa. The highest resolution attainable for the ABD vertebrate specimens is the 

low taxonomic rank of species. To date, only one subspecies was identified in the ABD, 

Sigmodon medius medius (Martin, 1979). Subsequently, ABD specimens assigned to that 

taxon were referred to Sigmodon minor medius (Martin, 1986). The lowest resolution is 

the high taxonomic rank of subphyllum. In the ABD, any identifiable non-marine bone or 

tooth fragment is necessarily assignable to subphyllum Vertebrata. The resolution levels 

between include the classic Linnaean (1758) order, family, and genus ranks, as well as 

subdivisions later compiled from common usage or introduced by Simpson (1945) and 

McKenna and Bell (1997), such as legion, cohort, magnorder, tribe, and subgenus. 

Confidence—Most of the factors affecting the accuracy of ABD fossil data are 

variable and often indeterminate. As a result, the state of accuracy of a given set of data 

may be unknowable. However, by taking all the factors into account, a level of 

confidence may be determined for the resultant data. This may be a sliding scale or a 

ranked level of confidence, harking back to the concept of 'degree of accuracy.' The 

determination of confidence is generally subjective, refers (in this study) to the usefulness 

of data for scientific analyses, and ultimately may be assigned a numeric value (see for 

example Meltzer and Mead's [1985] nine point ranked evaluation of radiocarbon dates 

associated with fossil vertebrate sites). Confidence ranks are provided in Chapter 3 for 

the presence of listed taxa within the ABD. 
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Scope of Reassessment 

The ABDSP Fossil Vertebrate Collections—Before any useful analysis of the 

fossils could be made, the curatorial and taxonomic problems needed to be addressed. 

The Park does not have a permanent collection manager on staff, and Mr. Jefferson has 

administrative duties that limit the amount of time he can spend in the collection. My 

history with, and intimate knowledge of this collection made it clear that I was the only 

person who could perform the tasks needed in any kind of a timely manner. As a 

culmination of my primary research, I spent two semesters of independent sudy on site at 

the Park (Fall 2005 and Spring 2006), evaluating as much of the collection as possible 

(about 1,000 of 14,000 catalogued specimens, approximately 7%). 

Owing to the scale of the task before me, I chose to work on portions of the 

collection that would be most useful in addressing the questions posed in my original 

research plan. The number of specimens thus chosen was small enough to be reviewed in 

a reasonable amount of time. Among the decisions I made was to assess 100% of 

Carnivora, Xenarthra, and Bovidae, based on the moderate numbers of specimens 

(approximately 500 catalogued carnivoran specimens representing at least 20 taxa, 

approximately 100 xenarthran specimens represented by at least three taxa, and 

approximately twelve bovid specimens representing at least two taxa), without regard to 

the collecting area of the Park in which they were found. 

I felt it was expedient for me to reassess the selected taxonomic groups 

completely for all ABDSP collections rather than concentrate solely on VCFC specimens, 

based on two considerations. Curatorial processing is most effective when it is performed 
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throughout the collection by the same individual or working group of individuals. Even 

slight differences in methods of recording observations or in taxonomic identification add 

up to the types of problems I am currently addressing. Also, by examining all the ABD 

specimens of a particular taxon a single individual is witness to the full extent of 

morphologic variation or similarity that is present in the fossil specimens. As an example, 

I identified twelve Bovidae specimens from five localities. Two of the localities are in the 

VCFC section and three are in the Coyote Canyon Badlands. However, the VCFC 

specimens are over half a million years older and noticeably smaller than the Coyote 

Canyon specimens. They may represent a taxonomic difference at the genus level or 

higher. 

For other, more abundant taxonomic groups, such as Cervidae and 

Antilocapridae, I confined my efforts to those specimens from the VCFC section, because 

that is the focus area of my research plan. I did not attempt to assess any Equidae or 

Camelidae specimens because of the taxonomic complexity (six to eight distinct species 

in each family, and at least five genera of camels) and the large number of specimens of 

each group (over 4,200 and 1,200 respectively). Those groups are currently under study 

by others. 

Published Data and the List of Faunal Lists—The ABDSP list of faunal lists 

(see Chapter 1, Faunal Lists of ABD Specimens) began as a research project for the first 

publication of all known ABD vertebrate taxa (Remekia et al., 1995). By compiling all 

previous listings of taxa supposedly represented in the fossil collection I was able to 

check the taxon list against the database and verify whether or not ABD specimens 

existed for the listed taxa. I then examined the specimens to verify if the taxa in question 
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were correctly identified. The compilation consisted of all taxa cited by specimen 

number, described, or mentioned in publication and in unpublished manuscripts prior to 

1995. Also included were at least 14 substantively different, unpublished, in-house lists 

printed between 1965 and 1994 (Table 2.2). The latter included lists by Ted Downs and 

John White, George Miller, Barry Jones (a Park Naturalist), and Paul Remeika (a Park 

Ranger/Paleontologist). The in-house faunal lists are cited throughout Chapters 2 and 3 in 

the following format: 'date' 'Fossil Area Covered' 'list,' to distinguish them from published 

citations. For example, "as recorded by Downs and White (1966 VCFC list)." 

As the compilation progressed I discovered the possibility of pinpointing when 

and, sometimes, why and by whom a particular taxon was added to or deleted from the 

list. However, I was not able to verify taxa that appeared on the list but not on the 

database, because the lists do not include references to specimen numbers. Initially, I was 

also unable to verify readily those specimens that were in the LACM portion of the ABD 

collection, which at that time (prior to 1997) was housed at LACM. Many taxa were 

retained on the faunal list because at least someone in the past had indicated they were 

present in the collection. Examples include Cervus, which was on the LACM database, 

and Martes, which was not on any database, but appeared on previous faunal lists. The 

resultant faunal list (Remeika et al., 1995) was not a peer-reviewed publication. The 

authors' main purpose was to present a full listing to the general paleontology community 

of all the taxa purported to be present in the fossil collection to that date. They also hoped 

that interested researchers would examine the ABD specimens as part of larger studies 

and verify or refute the taxonomic claims (personal recollection of discussions between 
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second and third authors Jefferson and Murray, 1995). However, this and other similarly 

produced lists, elsewhere, have been accepted as definitive by other authors. 

My Experience in Fossil Identification 

In the seven years before working at ABDSP I spent about one third of my time 

identifying vertebrate material, including modern taxa of comparative collections, middle 

to late Holocene microvertebrates from cave sediments of my thesis project, and faunal 

remains (especially elk, deer, birds, dogs, and rabbits) from archaeology sites of the 

southwestern United States. Most of the skeletal elements with which I worked were 

either complete, or broken or burned into no more than one or two large portions of a 

readily recognizable element. Taxonomic identification was thus merely a matter of 

comparing the unknown object to a comparative specimen of known identity. Success 

often rested on the availability of sufficient comparative material, not only to find a 

suitable match, but to eliminate all taxa with similar or nearly identical morphology. 

Where a specimen could not be distinguished among several closely related taxa, 

especially at the species level, by common practice of the late 1980s through mid-1990s, 

the final resolution often lay in the comparison of known modern biogeographic ranges 

of the possible species. Because most of the taxa I worked with are still extant (Murray, 

1992), the taxonomic identification often fell to the species that historically lived around 

or nearest to the source locality where the specimen was found. 

Studies by Bell and others revealed that key morphologic characters used to 

identify isolated skeletal elements to genus and species within restricted geographic 
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boundaries often failed to distinguish the same specimens from related species and 

genera, and in some cases families much farther removed geographically (Bell et al., 

2004a; Bever, 2005; Bell and Bever, 2006; Jass, 2007). Therefore, taxonomic 

identifications based solely on biogeographic considerations are insufficiently supported. 

However, an additional indirect support for taxonomic identification by biogeography, 

especially for Pleistocene and Holocene specimens, may exist for select taxa from 

molecular studies of modern populations, demonstrating phylogeographic distributions of 

related taxa based on DNA (e.g. North American Lepus species [Halanych et al., 1999]). 

Classifying Errors 

Error Types—As I worked with the collection I discovered multiple types of 

data error. I have been aware of some of the types for years, such as misidentification and 

curatorial mis-numbering of specimens. Other types became apparent during the 

methodical assessment process of data improvement using GIS mapping (see Chapter 4), 

and direct examination of specimens, such as misplacement of locality points. I 

discovered yet other, more recent types of error because the data I saw in the database did 

not match my prior knowledge of the collection, such as global taxonomic changes and 

unplotted localities (see Serendipity, above). 

Detecting and correcting errors in fossil collections is an ongoing task, primarily 

because of the continual addition of new errors and exacerbation and re-publication of 

old ones. The two primary types of data inaccuracy in the ABD collections are taxonomic 

misidentification (the most numerous of the two) and locality misplacement. Secondary 

 92
 
 



 

data inaccuracies that affect the primary inaccuracies include incorrect catalogue numbers 

for specimens and localities. Any of these types of errata may appear in publications, 

databases, catalogue documents, raw field and laboratory notes, and on the specimens 

themselves. Table 2.3 lists 17 error types recognized in ABD paleontology records. These 

are presented below, with examples and discussion of ABD fossils and published records. 

Error Sources—Errors affecting the ultimate dissemination of data (publication) 

may be introduced through any of several key sources. The main sources pinpointed in 

the ABD collections include curation, publication, data conversion, contracted work, and 

the passage of time. In some cases the sources are combined (e.g., some data conversion 

was contracted work). 

Error Causes—Each source may generate errors from multiple proximate causes. 

Some of these causes act on more than one type of error (e.g., global database changes 

can cause taxonomic mistranslation and deletion of individual records). 

Examples of ABD Data Errors 

The following are detailed examples of the error types listed in Table 2.3. Many 

of the examples can be associated with more than one error type, source, or cause. The 

numbers in parentheses following the error type headings match the numbers for error 

type, error source, and error cause from Table 2.3. 
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Taxonomic Misidentification (1) 

Variability of Identification Skill—The ability to identify fragmentary fossil 

specimens to skeletal element and taxon is extremely variable from person to person and 

collection to collection. The majority of fossil specimens from the ABD are incomplete 

elements, often less than 10% of the whole bone or tooth. An individual skilled at 

identifying complete fossil bones may not be as adept with fragments. Over 90% of the 

ABD specimens were identified by a combination of professional and volunteer 

paleontologists, as in-house identifications, primarily for the purpose of curating the 

specimens into an organized, retrievable storage system, but not necessarily for 

publication. During my evaluation of close to 1,000 specimens in the winter of 2005-

2006, I gradually became aware that the individuals listed as identifiers for the specimens 

fell into three distinct categories. These categories apply to individuals who identified 

several dozen or more specimens for curatorial purposes only, and exclude those who 

were researching a particular group for publication or whose identifications appear only 

sporadically throughout the collection. The three categories include those individuals 

who were correct (I agreed with their identification) greater than about 95% of the time 

(Ted Downs and George Jefferson only), those who were correct about 75% of the time, 

and those who were correct less than 50% of the time. Most of the category 2 and 3 

individuals are or were professional paleontologists, although some were volunteers, 

lacking formal training. 

I did not expect such a large degree of variation by professionals. I expected the 

error to be higher in IVCM specimens, because of the volunteer nature of that program. 
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However, George Miller took much of the IVCM material to the LACM and George C. 

Page Museum (La Brea Tar Pits) to have professionals identify the fossils (George 

Jefferson, personal communication 1994; and from catalogue cards, specimen box labels, 

and signed and dated identification notes in specimen trays). As a result, the frequency of 

taxonomic accuracy is about equivalent for the LACM and IVCM parts of the collection. 

The degree of error was also a factor I began to notice. In general, almost 50% of 

the taxonomic identifications were incorrect at the more refined resolutions, species, 

genus, and family ranks. A total closer to 15% of specimens were incorrect at less refined 

resolution ranks, especially at the order rank (Table 2.4).  

The Effects of Fragmentary Elements on Taxonomic Identification—My 

working hypothesis is that the high rate of identification error in the ABD specimens is 

chiefly a result of the fragmentary nature of the fossils. Individuals who work primarily 

with whole skeletal elements possessing prominent identifying features may not have the 

patience or experience to be able to recognize more subtle features that separate taxa, 

which may be all that remains on a fragmentary fossil. The time involved in tracking 

down a morphological match for a bone fragment often seems inordinately wasteful. By 

working exclusively with the fragmentary ABD material I was forced to compare each 

fossil with a large variety of elements and taxa to obtain identifications. Otherwise I 

would never have been able to place taxonomic identifications on much more than whole 

ankle and toe bones, or a few partial skulls and teeth. An identification to "Mammalia, 

order indeterminate, large" is not a very useful identification. Once I became familiar 

with the families and genera known to be present within the ABD collections I was able 
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to narrow the number of taxa I needed to compare with the fossils in order to nail down 

an identification.  

Two previously questionable identifications of 'bear' specimens were recently 

resolved after years of uncertainty. These specimens were isolated from the collection in 

a 'research' drawer. A 'partial humerus' of a 'bear,' lacking periosteum (IVCM 

521/V2180) turned out to be a partial femur belonging to the giant tortoise, 

Hesperotestudo. And a 'bear canine' (IVCM 722/V2592) turned out to be the root of a 

mastodont style tooth. The latter identification was reinforced when I returned the 

specimen to the collection and discovered that other, more complete mastodont tooth 

fragments (V2586) with similar preservation characteristics were recovered from the 

same locality. Here, 'mastodont' implies similarities between fragmentary dental material 

of Gomphotheriidae or Mammutidae. The latter example also reinforces the need to keep 

specimens from a given locality together (see Parts of an Individual Skeleton Separated 

in a Collection, below). 

Identifications by Inexperienced Workers—Identification of fossils based on 

comparison with modern skeletal material, especially by inexperienced workers can 

introduce unusual taxonomic errors into the database. During the 1980s many of the 

fossil specimens curated in Borrego Springs were identified by volunteers, untrained in 

taxonomic identification. The ABDSP comparative collection consists of complete 

skeletons of modern vertebrates, many collected in or near the Park. Several anomalous 

taxa present on the ABD faunal list derive from those specimens. Examples include the 

ground squirrel, Ammospermophilus leucurus, the woodrat, Neotoma lepida, the 

blacktailed jackrabbit, Lepus californicus, and bighorn sheep, Ovis canadensis. Each of 
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those modern species appeared on some version of the database and on in-house faunal 

lists. In several cases, post-cranial bones of rodents and lagomorphs were identified to 

species. The likelihood is low that those identifications have a valid basis (see Chapter 3). 

Aiolornis—Perhaps the most significant misidentification to arise from the ABD 

collections was of a group of three compressed fragments of an 'artiodacyl rib,' 

ABDSP(IVCM) 519/V5660 identified by untrained volunteers. While randomly verifying 

specimen identifications in 1995 (see Serendipity above), Jefferson recognized the bone 

fragments as a partial ulna of a teratorn, one of only three records within the ABD. The 

specimen was buried by misidentification for almost two decades, because of 

inexperience of the identifier, the original taxonomic organization of the IVCM collection 

(see Parts of Same Specimens Misplaced, below), and budgetary restrictions impeding 

full staffing of the collection. The ulna was subsequently referred to the new genus 

Aiolornis by Campbell et al. (1999). 

?Euceratherium—The record of '?Euceratherium' appeared as one of 20 

mammalian taxa in the first published report of fossil vertebrates from the VCFC section 

(Downs, 1957). The taxon subsequently appeared on most in-house and published 

general ABD mammal lists, either with or without a '?' or 'cf.' qualifier included. 

By 1996, 19 catalogued ABD specimens were identified as either Bovidae, Ovis 

canadensis, Ovibos moschatus, or qualified and unqualified forms of Euceratherium. I 

discovered 11 of these were incorrectly identified, verified one recently discovered 

specimen, and reidentified five specimens as bovids that were previously identified to 

other taxa (Table 2.5). Only two of the bovid bones are from the VCFC section, 
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ABDSP(LACM) 1111/V3144, a complete second phalanx, and ABDSP(IVCM) 

137/V554, the distal end of a first phalanx. 

The original announcement of the new VCFC taxon (Downs, 1957) referred 

implicitly to specimen V3144, the only VCFC bovid specimen collected by the date of 

publication (LACM Specimen Data table last modified 2/26/1996, in database archives at 

SRC). However, no description or diagnosis was provided by the author. No locality 

number, specimen number, or specimen description of a Euceratherium from VCFC has 

been published to date. This specimen is clearly a bovid, with general morphology closer 

to modern Ovis aries specimens than to Bison (Fig. 2.3). The fossil is much larger than 

Ovis and smaller than female Bison, and is more slender than the cast of 'Euceratherium 

collinum' from U-Bar Cave in Hidalgo County, New Mexico (cast of UTEP (University 

of Texas at El Paso) 5689-1-94); otherwise, it compares well in general morphology with 

the latter. The most noticeable feature is the medial condyle which extends farther 

distally than the lateral condyle. The extension is prominent in 'Euceratherium collinum' 

and less so in Ovis aries. Lateral and medial condyles are approximately equal in lateral 

width in the fossil, 'Euceratherium collinum,' and Ovis aries, while the medial condyle of 

Bison bison is distinctly narrower than the lateral condyle and neither shows a clear distal 

extension beyond the other. The Bison bison proximal end also displays a prominent 

tubercle on the ventral margin of the lateral (right) side, lacking in the other three 

specimens. Specimen V3144 may be assigned an unqualified identification to subfamily 

Caprinae based on a greater similarity to Ovis than to Bison. The fossil appears more 

similar to the Rancholabrean age 'Euceratherium' specimen from U-Bar Cave than to 

either Ovis or Bison, providing an unqualified assignment to tribe Ovibovini. However, it 
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has not been compared with the other early North American bovid Soergelia or with early 

Irvingtonian age Euceratherium fossils. In addition, the cast of the UTEP specimen has 

no supporting documentation of the diagnostic arguments used for that identification. 

Until sufficient comparisons are made the identification of specimen V3144 should 

remain unqualified as 'Ovibovini.' 

The second VCFC bovid element, V554, is comparable in size to specimen 

V3144. It is shorter in dorsoventral dimension than in lateral dimension, as in the first 

phalanx of Bison bison and unlike the taller than wide appearance of Ovis aries. The 

general appearance is also more like Bison than Ovis, with rounded rather than sharp 

lateral margins of the condyles. Without an homologous 'Euceratherium' specimen for 

comparison, the best unqualified identification for the partial phalanx, V554, is 'Bovidae.' 

Locality Misplaced (2) 

The ability to connect a fossil specimen to the geographic-stratigraphic location 

where it was found (provenience) is as important, if not more important, than the 

identification of the specimen itself. Once the connection is broken or lost, the fossil loses 

its main scientific value as a physical source of information about a specific time and 

place in geologic history. 

One of the most important taxa reported from the VCFC section was 

ABDSP(LACM) 6814/V24540, "Microtus californicus ?, Rm1" (Zakrzewski, 1972). The 

tooth is complete and readily diagnosable to the genus Microtus. The specimen was 
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subsequently referred to the more inclusive taxonomic group, 'Microtus with five closed 

triangles' by Bell et al. (2004b). 

The importance of specimen V24540 lay in the stratigraphically extreme old age 

(for Microtus) of the locality, between 1.4 and 1.7 Ma (Repenning, 1992, and 1998; 

Repenning et al., 1995). In a detailed examination of the tooth, Murray et al. (in review) 

discovered several problematic issues regarding the provenience of the specimen. The 

single isolated tooth was reported in publication from three different ABDSP(LACM) 

localities ("6814," Zakrzewski, 1972:9; "6683," Repenning, 1992:59; and "6686," 

probably a typographic error for '6683,' Repenning, 1998:footnote 9). It was referred to 

three different dates: "presumably dated at about 1.4 million years old," Repenning, 

1998:59; "provide a basis for the recognition of the Irvingtonian mammal age (at about 

1.6 million years ago)," Repenning et al., 1995:13; and "1.7 Ma . . . A similar age, but 

less accurately interpolated," Repenning, 1998:52 and footnote 9. Primary 

documentation, including the collection date for Specimen V24540 is inconsistent with 

field notes for locality ABDSP(LACM) 6814, and the collection date may actually refer 

to a screenwashing event. Several localities were screenwashed around the same time as 

the 'collection' date for V24540, including LACM localities 6683 and 1357. Both of these 

localities produced other arvicoline specimens (Zakrzewski, 1972), although none are 

diagnosable as Microtus (Murray et al., in review). An unknown number of other 

localities were also screenwashed around the same time. In other words, the true 

provenience for specimen V24540 is indeterminate (correspondence between C. 

Repenning and curatorial staff of LACM, photocopies on file at SRC). The ages of the 

above listed localities, based on the VCFC paleomagnetic sequence, range from between 
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1.77 and 2.0 Ma (the stratigraphically highest locality, 6683) to between 3.3 and 3.58 Ma 

(the stratigraphically lowest locality, 6814). However, the extreme age, or any age, for 

the specimen is unsupported, because of uncertain locality provenience (Murray et al., in 

review). 

Specimens and Localities Misnumbered (3) 

A new species of pocket gopher, Geomys (Nerterogeomys) anzensis was named 

by Becker and White (1981). The IVCM specimens V1276 through V1279, inclusive, 

were referred to the new species, along with several other IVCM specimens (Table 2.6). 

Several IVCM specimens were also referred to the previously established (White and 

Downs, 1961) species Geomys (Nerterogeomys) garbanii, including V1280 through 

V1289, inclusive. In 1983, a student of White's curated a large number of IVCM 

specimens (information from catalogue cards and specimen labels at SRC) in association 

with his master's thesis project. Most of this activity took place in Pocatello, Idaho, where 

White was on the faculty of Idaho State University. Some of the specimen numbers the 

student used incidentally overlapped the 14 Geomys specimens listed above, plus two 

previously catalogued lagomorph specimens. The lagomorphs were later published in 

White (1984:43 and 53); ABDSP(IVCM) 297/V1274, referred to "Hypolagus vetus," 

mandibular fragment; and ABDSP(IVCM) 113/ V1275, referred to "Leporinae, genus 

and species indeterminate," mandibular fragment (more on these specimens below). 

Subsequently an unknown individual at IVCM discovered the duplication of numbers and 

arbitrarily renumbered the earlier, published specimens rather than the later duplications. 
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One specimen, ABDSP(IVCM) 297/V1274, was then, and is currently, missing, and 

apparently was never renumbered, leaving two catalogued specimens with different 

locality numbers (IVCM 292 and 297) but the same specimen number (Table 2.6). 

I discovered this group of errors in 1996 when I attempted to locate the published 

Geomys specimens to use as comparative material. They all appeared to be missing. 

Verification of the original specimens could only be accomplished by physically 

removing the current number from the bone surface of suspected candidates, along with 

the white base coat upon which it was written, to find the original number beneath. By 

backlighting altered documents under a dissecting microscope I was able to read the 

original numbers on specimen labels and catalogue cards beneath the white correction 

paint. My resolution for this problem was to retain the original, published catalogue 

numbers for the Geomys and lagomorph specimens and assign new numbers to the 

duplicated specimens (Table 2.6). 

The "Leporinae, genus and species indeterminate" specimen, ABDSP(IVCM) 

113/V1275 (White, 1984:53) was incorrectly renumbered to 'V4812' (Table 2.6). The 

latter number appears twice in print in association with this specimen, in a dissertation 

(Cassiliano, 1994), and in a review of select problematic specimens (Murray et al., in 

review). This specimen was one of two from locality ABDSP(IVCM) 113 identified as 

'Lepus,' but cited without locality or specimen number, and used as indexes to mark the 

Blancan-Irvingtonian boundary in the VCFC (Lundelius et al., 1987; Cassiliano, 1999). 

The second 'Lepus' specimen, from the same locality, was V413. The specimens were re-

examined and found to be undiagnosable beyond Leporinae, genus and species 

indeterminate (Murray et al., in review; see Unsupported Data, below). 
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Specimen Assigned to Wrong Locality (4) 

Specimens ABDSP 1480/V5929, 'Canis sp. ? C. armbrusteri, radius,' and V5968, 

'Equus sp., second metatarsal' were previously assigned, incorrectly, to locality ABDSP 

1640. Both locality ABDSP 1480 and ABDSP 1640 are in the Borrego Badlands. The 

error occurred because of a misreading of the handwritten field number on the original 

Field Data Sheet (information recorded on site at the time of collection or discovery) 

during transcription to database. The field number is PS12 (= locality 1480) and was 

misread as PS72 (= locality 1640). The date of collection recorded in the database for 

PS12 is 17 Dec 1993 which is the date printed on the Field Data Sheet. Both V5929 and 

V5968 are listed on the back of the Field Data Sheet for PS12. Neither of those 

specimens was recorded on the Field Data Sheet for PS72. I discovered this error 

incidentally, when evaluating the taxonomic identification of the Canis specimen, V5929 

(see Serendipity, above). 

Same Specimen Number Published for Two Separate Taxa (5) 

Publication of Batch Catalogued Specimens—Three VCFC specimens were 

described in two separate publications under the same specimen number, but with 

different taxonomic identifications. Specimen ABDSP(LACM) 1711/V7005, element not 

listed, was referred by Martin (1979:19) to "Sigmodon medius medius," although he 

provided measurements for two dentaries (Table 2.7) from locality ABDSP(LACM) 1711 

(Martin, 1979:table 4). The same catalogue number, ABDSP(LACM) 1711/V7005," left 
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mandible . . . with complete dentition," was referred by White (1984:50) to "?Nekrolagus 

species." This specimen was renumbered at an unrecorded date to V128003. 

The specimen currently labelled 'ABDSP(LACM) 1711/V7005,' is a Sigmodon 

skull with right side teeth all worn and broken, partially obscured by coprolite matrix, 

with no associated dentary. Several Sigmodon specimens from locality ABDSP(LACM) 

1711 were separated from V7005 at an unrecorded date, probably after the 1979 

publication by Martin, and renumbered as V124212 through V124216, inclusive. It is not 

clear if Martin (1979) intended that all the Sigmodon specimens from locality 

ABDSP(LACM) 1711, then labelled as 'V7005' represented S. medius medius or just the 

two measured specimens. Specimen V124215 and V124216 are the only dentaries. Both 

specimens have full cheek dentition, although specimen V124215 has a broken m1. 

These are probably the published specimens. Comparison of measurements with Martin 

(1979:table 4) match closely for specimen V124216 and the first specimen 'LCF 2057m,' 

but are inconclusive for specimen V124215 (Table 2.7). However, a lack of measurement 

for m1 implies that it was either missing or unmeasurable for the second specimen 'LCF 

2057m,' as in V124215. 

Renumbering Batch-Catalogued Specimens—Publication confusion is a typical 

problem caused by batch-catalogued groups of specimens, especially when they represent 

more than one taxon. Another problem caused by batch cataloguing is demonstrated here; 

the renumbering of specimens. Renumbering can be problematic when there is no explicit 

connection maintained between the newly generated specimen number and the original 

batch number. Many of the ABD microvertebrates were recovered from coprolites. A 

single locality may encompass a paleo carnivoran latrine area, from which each separate 
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coprolite may receive a separate catalogue number. Because of the nature of coprolites, 

as individual packages of body fossils, the trace fossil (coprolite) catalogue number 

automatically becomes a batch number for the (plant or animal) body fossils enclosed 

within it. Future studies may require the microprovenience of individual body fossils, 

regarding which came from the same coprolite source. 

The confusion of multiple specimens from the same batch can be mitigated in at 

least two ways. The first method is to generate an entirely new specimen number for each 

separated fossil, as was done in this example. This method also requires that notations be 

entered in the database record for the batch number, listing each new number separated 

from the batch, and a notation be entered in the record for the new number, citing the 

batch number from which it was separated. The latter procedure was not done in this 

example. The second method is to assign decimal numbers as a suffix to the batch 

number for each separated specimen (e.g., V7005.01, .02, etc.), thus maintaining an 

explicit connection to the original catalogue number while giving numeric identity to 

each object (see Table 2.6). 

Altering Published Catalogue Numbers—A third problem shown in the above 

example is the alteration of published catalogue numbers. In this case, all three specimens 

published under ABDSP(LACM) 1711/V7005 were renumbered after publication, to 

V124215, V124216, and 128003. The difficulty created here arises when someone wishes 

to examine a published specimen. If they ask for 'V7005' based on the publication, 

expecting a Sigmodon, they will receive a Sigmodon, but it is not the published specimen; 

or, expecting a leporid, the specimen appears to be missing, unless the database indicates 

the change. This example also shows an advantage of assigning decimal suffixes to the 
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batch number. A clear connection is maintained to the published number, even though it 

has been altered. 

The lack of an explicit link, in this example, between V7005 and the new numbers 

breaks the connection between the publications and the fossils. Two of the specimens 

above can be connected to the publications by independent means. Measurements of 

V124216 (Table 2.7) match closely those for one of the V7005 Sigmodon medius medius 

dentary specimens published by Martin (1979:table 4). One tooth (left p3) of the dentary 

of ?Nekrolagus species specimen V7005 is figured (White, 1984:fig.11C) and compares 

satisfactorily with the same tooth in specimen V128003. Measurements of the second 

Sigmodon medius medius dentary, V124215 (Table 2.7) differ considerably from the 

measurements published by Martin (1979:table 4). The connection between the first two 

specimens and the publications is thereby reinforced. By default, V124215 is probably 

the same as the published second Sigmodon medius medius specimen V7005, because it 

is the only other Sigmodon dentary currently known from locality ABDSP(LACM) 1711, 

and only the m2 and m3 were measured. However, the disconnected provenience and 

inconclusive measurements leave an uncertainty regarding its identity. 

Specimen Data in Database do not Match Published Data (6) 

None of the specimens from locality ABDSP(LACM) 1711 (see above) was 

entered in either the 1988 Taxir database printout or in the ABD portion of the digital 

copy of the Taxir database sent to ABDSP in 1995 (Table 2.1). This is clearly a complex 

curatorial problem, and it was not fully resolved prior to the transfer of specimens from 
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LACM in 1997. The transfer of the ABD collection from LACM no doubt interfered with 

the resolution of many such problems, and probably added others that are as yet 

unrecognized. This is the first publication of the new numbers for the specimens 

previously published under ABDSP(LACM) 1711/V7005; for Martin's (1979) Sigmodon 

medius medius, the new numbers are ABDSP(LACM) 1711/V124215 and V124216; and 

for White (1984), ?Nekrolagus species, ABDSP(LACM) 1711/V128003. ABD 

specimens previously referred to Sigmodon medius medius (Martin, 1979) were 

subsequently assigned to Sigmodon minor medius (Martin, 1986). 

In May of 1996 H. G. McDonald, a leading authority on fossil sloths, visited 

ABDSP. His visit to the fossil collection was incidental to his business with the Park, so I 

laid out all IVCM sloth specimens listed on the database (approximately 60), to allow 

him to identify them in the short time he had available in the collection. This was prior to 

the 1997 transfer of the LACM ABD fossil collection to ABDSP, so did not include those 

specimens. I recorded a taxonomic assignment and identification of the skeletal element 

on a preprinted tray label for each specimen based on McDonald's comments to me. I 

then placed the labels in the specimen trays with the intention of updating the database 

accordingly. Those were simple identifications and also included the catalogue locality, 

specimen number, McDonald's name, and the date, but no detailed explanations.  

I did not complete the update of the sloth information on the database until 2006. 

As a result of the delay, at least 40 of the original IVCM sloth identfications remained on 

the database during the production of Jefferson's and Lindsay's (2006) comprehensive 

summary of the ABD fossil record. The stratigraphic and geographic distribution of the 
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various sloth taxa as described by McDonald in the book (2006) may have been adversely 

affected by the inaccuracies in the database (see Chapter 3, Magnorder Xenarthra).  

Alteration of Taxonomic ID (Through Inconsistent use of Qualifiers and Serial 
Citation) (7) 

Sigmodon sp. cf. S. curtisi—Inconsistent use of qualifiers can create confusion, 

especially when citing previous publications. This may be demonstrated by tracing 

several related publications referring to the same ABD specimens of Sigmodon. Seven 

numbered VCFC specimens were listed as "Fossil material examined," under the 

systematic taxon "Sigmodon curtisi" by Martin (1979:14). In the following measurement 

table the specimens appear under "cf. S. curtisi" (Martin, 1979:table 4). In a subsequent 

publication, "cf. S. curtisi" is listed from the VCFC, with no specimen or locality 

numbers cited (Martin, 1984:fig. 2). The ABD taxon is listed as "S. curtisi" from VCFC 

by Martin (1986:table 1), and the republished and updated figure 2 from Martin (1984) 

lists "cf. S. curtisi" from VCFC. In the text, Martin (1986:376) refers to the "Vallecito 

Creek S. cf. S. curtisi." In a subsequent publication, Martin and Prince (1989) name a 

new species, "Sigmodon lindsayi", and do not mention, but implicitly synonymize the 

previously qualified Sigmodon cf. Sigmodon curtisi specimens from VCFC under the new 

species (see Cassiliano, 1999, and below; see Chapter 3 for detailed discussion). While 

dropping qualifiers for purposes of streamlining tables and figures may be an 

understandable convenience, it can lead to confusion, especially when subsequent authors 

attempt to cite the taxonomic assignments. Qualifiers should either be avoided entirely or 

used consistently throughout a publication, in text, figures, and tables. 
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cf. Dinohippus—A major study of the ABD horses (Downs and Miller, 1994) 

listed at least six distinct equid taxa from three fossil areas of the ABD, including the 

VCFC. Four isolated teeth and a partial mandible from three VCFC localities were 

reported as having characteristics similar to the latest Hemphillian age horse, Dinohippus. 

However, the material described shares enough characters with other equids of a similar 

age that the authors were cautious in assigning a genus designation. The specimens were 

referred to the qualified taxon, "cf. Dinohippus sp." (Downs and Miller, 1994:4). The 

partial mandible, ABDSP(IVCM) 537/V1873 came from high in the late Blancan portion 

of the section, over a million years younger than the isolated teeth. That specimen was 

referred to as being "younger than any specimens previously attributed to Dinohippus" 

(Downs and Miller, 1994:78). Subsequently, the qualified ABD taxon was discussed by 

Cassiliano (1999:176) under the section heading, "Dinohippus HSD." The local "cf. 

Dinohippus sp. HSD" (specimen V1873) was referred to as the "youngest occurrence of 

the genus in North America." The unqualified taxon was listed by Bell et al. (2004b:249) 

as "Dinohippus sp.," citing (Downs and Miller, 1994) and later (page 259) included in a 

discussion of LSDk and HSDk in the VCFC, as "Dinohippus HSDk," citing Cassiliano 

(1999). As a result, the tentatively identified record of 'cf. Dinohippus sp.' in the VCFC 

section (Downs and Miller, 1994) was implied to be a definite record of Dinohippus (Bell 

et al., 2004b). 

This type of publication error may (in part) be called 'serial citation,' where one 

author publishes information, a second author cites the first, and a third author cites the 

second, rather than the first, where the information was originally published. Serial 

citation is not inherently problematic. In cases where the second author corrects or 
 109

 
 



 

expands information by the first author, the second author becomes the authority for the 

changes, and should be cited as well. In this case, the proximate causes of the error were 

the inconsistent use of a qualifying taxonomic prefix by both the first and second authors 

(Downs and Miller, 1994; Cassiliano, 1999) and misreading of the first and/or second 

source by the third author (Bell et al., 2004b). Although the alteration was minor, the 

potential is high for this particular inaccuracy to be cited multiple times in the coming 

years, primarily based on the importance of the publication by Bell et al. (2004b) as a 

major review. 

Unsupported Resurrection of Retired Taxa (through Leap-Frogging Citation) (8) 

A potential side effect of deep literature searches is the resurrection of outdated 

information. If subsequent published corrections and updates of the original data are 

missed, the old data may be published as valid, or utilized in new analyses (leap-frogging 

citation). This is a problematic issue among researchers, and is mitigated somewhat by 

research tools such as the Science Citation Index, GeoRef, and general web searches, plus 

communication with colleagues. These can aid in finding newer relevant publications. 

Ultimately, the responsibity for avoiding the use of leap-frog citations in a new 

publication lies with the author. 

The ABD porcupine fossils were originally published as a new species, Coendou 

stirtoni (White, 1968). At that time, another, established species, Erethizon bathygnathum 

(Wilson, 1935) was described by White (1968:12) as being functionally closer to the 

prehensile-tailed Coendou. This species was placed under the latter genus, tentatively, as 
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"?Coendou brachignathum [sic]," with a different spelling of the species nomen. The two 

Coendou species were later synonymized as "Coendou brachygnathum [sic]," with a third 

spelling of the species nomen (White, 1970:7). In a subsequent review of fossil 

porcupines of North America the ABD porcupines were referred to the genus Erethizon 

as Erethizon bathygnathum (Frazier, 1981).  

Subsequent publications listed the ABD taxon variously, as Coendou 

bathygnathum (Cassiliano, 1994), Coendou stirtoni (Cassiliano, 1994; Remeika et al., 

1995; Jefferson and Lindsay, 2006), Coendou sp. (Cassiliano, 1994), Erethizon stirtoni 

(Cassiliano, 1999, 2006), and Erethizon sp. (Cassiliano, 1999, 2006). Only three studies 

of the ABD porcupines appeared in publication, the two by White (1968, 1970) and the 

1981 review by Frazier. The latter included all the specimens studied by White as well as 

an explicit explanation for the change from White's generic assignment of Coendou to 

Frazier's of Erethizon. The refutation was not contested in publication, so the latest 

supported taxonomic identification for the ABD porcupine material is 'Erethizon 

bathygnathum.' The ABD taxon combinations using the genus and species nomina 

'Coendou' and 'stirtoni' rely on data and arguments pre-dating Frazier's (1981) review 

(see Chapter 3, Family Erethizontidae). 

Specimen and Locality Numbers Misreported (9) 

Typographic errors in publication may have an impact on subsequent faunal 

studies and analyses. The main problem occurs when someone asks for a loan of the 

specimen for research, citing an incorrect catalogue number, as published, or asks for 
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information about a locality not associated with the specimen because of an incorrectly 

published locality number. If the error is not discovered the wrong specimen may be sent 

on loan, or incorrect locality data may be published, citing incorrect age, formation, or 

other data for the specimen. Many of these errors can be avoided if researchers work 

closely with the curatorial staff of the institutions holding the cited specimens to make 

sure the supporting data they publish is accurate.  

Canis—The first description of VCFC Canis specimens was published by Kurtén 

(1974). A right dentary was incorrectly listed under the catalogue number 

ABDSP(LACM) 1638/V6050. The specimen number V6050 is from locality 

ABDSP(LACM) 1461, and belongs to a partial phalanx of a camelid. The correct number 

for the described Canis priscolatrans specimen (Kurtén, 1974) is ABDSP(LACM) 

1595/V6250, left and right partial maxillae and left and right partial dentaries. Previously 

unaware the data had been published, the curatorial staff of LACM wrote to inform the 

author of the misnumbered specimen (letter to B. Kurtén from LACM, dated 16 April 

1975, photocopy on file at SRC). This specimen was published with both the wrong 

specimen number and the wrong locality number. 

Microtus—Specimen ABDSP(LACM) V24540 was inaccuately reported from 

locality "6686" (Repenning, 1998:52; see Locality Misplaced, above). Locality LACM 

6686 is not an ABD locality. The same specimen was reported previously from locality 

6683 by the same author (Repenning, 1992), so apparently this was a typographic error. 

Mammuthus—Due to a typographic error, a Stegomastodon specimen, 

ABDSP(LACM) 1111/V17144 was inaccurately reported by McDaniel and Jefferson 

(2006:127 and table 3), as a "Mammuthus" [sic] from the VCFC section, LACM locality 
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"1114/V17114" [sic]. The specimen in question was collected from the same locality as 

specimen V1582, a Stegomastodon partial tooth and partial postcranial elements. The 

only verified record of Mammuthus from the VCFC, ABDSP(LACM) 4937/V122526, 

consists of five fragments of dentine and enamel (see Chapter 3, Parvorder Proboscidea). 

This specimen was incorrectly cited with the wrong locality number (McDaniel and 

Jefferson, 2006:127) as "ABDSP(IVCM) 2937/V122526)." A separate errata statement 

correcting both typographic errors accompanies copies of the journal (Quaternary 

International).  

Taxonomic Mistranslation (10) 

Felis rexroadensis to Procyon rexroadensis—Perhaps the most egregious error 

associated with ABD records was because of the fourth of five major ABDSP database 

conversions (see Chapter 1, History of Anza-Borrego Desert Fossil Collections). This 

was a DPR, department-wide changeover in 2003, from the Argus© to TMS© database 

systems, carried out in Sacramento, with little input from ABDSP personnel. When I 

reviewed all Felidae records together on the database in the winter of 2005 I noticed the 

taxon Felis rexroadensis was missing. I investigated further, because I knew that at least 

one specimen was identified to that species in publication, ABDSP(IVCM) 317/V1076, 

dentary (Werdelin, 1985), and should therefore be on the database (Fig. 2.4A). I sorted 

the species field to see all 'rexroadensis' records together and discovered over 20 records 

of Procyon rexroadensis and no other genus associated with that species nomen (Fig. 

2.4B). I also knew that there was only one specimen identified, tentatively, to Procyon 
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sp. cf. P. rexroadensis (Murray and Jefferson, 1996). When I examined the catalogued 

specimens recorded as 'Procyon rexroadensis' I found the missing 'Felis rexroadensis' 

specimens. All database records with the associated species nomen 'rexroadensis,' had 

their taxonomic identity altered to family 'Procyonidae,' genus 'Procyon.' 

Castor canadensis to Branta canadensis, and Others—The same problem 

appeared with the genus Castor. Again, the taxon was not on the database, where I knew 

at least one record existed, informally identified as 'Castor sp. cf. C. canadensis.' The 

ABD taxon was published as Castor sp. by Remeika et al. (1995) and Cassiliano (1999). 

All records with species nomen 'canadensis', originally listed under the genera Branta, 

Grus, Lutra, and Castor appeared now under Aves: Anseriformes; Anatidae; Branta. A 

check of all species nomina in the database, revealed at least eight that were similarly 

changed in a global manner, affecting the taxonomic identity of 18 genera in 291 

specimen records (Table 2.8). 

The altered Felis records would have been discovered during my evaluation of the 

group Carnivora, but the global error might have gone unnoticed. However, the other 

taxonomic changes were discovered accidentally while investigating a taxonomic group 

outside of my research parameters, and led to the larger scale revelation (see Serendipity 

above). 

TMS© Conversion Notes—After a detailed record search I found a TMS© 

conversion folder with a Microsoft© Excel© file containing a series of programming 

protocols. The protocols (Fig. 2.5) are from the Excel© file named "TMS Conversion 

Notes" date 9/17/2003 (in archived database files, on CDD ABDSP network server). 
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The following is a transcription of lines 11-20 in Figure 2.10. Comments in 

brackets are mine: 

(Ba) The taxon fields are plugged from a table of taxon in the following manner. 

Read the Term value for TMSObject-Attributes ThesXrefType="Taxon" for the 

ObjectID and use it to search each column of a taxon table, from Subspecies 

through Species, Subgenus, Genus, Family, Order and Class. When a matching 

value is found in one of the taxon columns, the value goes in that column in the 

vertebrate row. The higher order taxon can then be populated from the columns 

"to the left" in the taxon table. For example: 

Term = "Equus" Not found in Subspecies, Species, or Subgenus 

Found in Genus; Equus plugged in Genus in vertebrate row 

The corresponding Family Equidae is taken from the table and plugged into 

Family in the vertebrate row 

The corresponding Order Perissodactyla is taken from the table and plugged into 

Family [sic, should be Order] in the vertebrate row 

The corresponding Class Mammalia is taken from the table and plugged into 

Family [sic, should be Class] in the vertebrate row 

Subspecies, Species, or Subgenus are set to spaces 

Critique of TMS Global Changes—In the TMS© Conversion Notes (above), 

each taxon rank is filled based on its relationship to the next lower rank. In other words, 

whatever lowest rank taxon name is listed in the database record, all ranks above it are 

automatically filled based on a list of taxa provided from a lookup table for each rank. 

For example, order Lagomorpha has a lookup table including family nomina 
 115

 
 



 

Archaeolaginae and Leporidae; family Leporidae has a lookup table including genus 

nomina Lepus, Nekrolagus, and Sylvilagus; and genus Sylvilagus has a lookup table 

including species nomina audubonii, floridanus, and hibbardi. In this example, the 

species nomen hibbardi is connected to the higher rank nomina genus Sylvilagus, family 

Leporidae, and order Lagomorpha. 

The lookup tables are designed to be used with a database 'form.' The form is 

another way to display the data (see Corrective Approaches to Data Improvement, 

above). Forms are designed primarily for data input. They display a select group of fields 

to which data may either be added or altered. Lookup tables are linked to the field 

containing the same kind of data as the lookup table. In the example above, once the 

genus nomen Sylvilagus is entered in the form, the species field is linked to the lookup 

table with species nomina audubonii, floridanus, and hibbardi and presents them as 

options for selection. This allows the person inputting data to select one of the nomina in 

the lookup table, rather than type out the word. As a result, the spelling and format of the 

data in the field remain consistent, and the possibility of entering the wrong type of data, 

or anomalous information, in the field is minimized. 

The TMS© protocol assumes a one-to-one relationship between any given taxon 

and the taxon rank immediately above (more inclusive). In particular, it allows for only 

one genus nomen for any given species nomen, and only one species nomen for any 

given subspecies nomen. As a result, the first occurrence of a genus associated with a 

given species nomen is selected and all other genera are changed to the first genus in 

subsequent occurrences of the species nomen. For example, the species nomen 'hibbardi' 

is associated in ABD specimens with both Lagomorpha Leporidae Sylvilagus hibbardi 
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and Rodentia Heteromyidae Dipodomys hibbardi yet appears in the converted TMS© 

version of the database only in the taxon 'Rodentia Heteromyidae Dipodomys hibbardi.' 

This globally manifested error, brought about by IT specialists at the highest State 

Park departmental administrative level, without input from the enduser scientists, 

potentially affected a landmark ABDSP publication, "Fossil Treasures of the Anza-

Borrego Desert" (Jefferson and Lindsay, 2006). This book is the first comprehensive 

presentation of the history, geology, and paleontology of the ABD. All biotic taxa found 

in the ABD are included in textual descriptions and discussions, faunal lists, and 

biostratigraphic range charts. The error was perpetrated in the middle of the five year 

editorial process, and any or all of the authors describing the taxa in the altered groups 

may have received data tainted by the error, including taxonomic alterations and 

stratigraphic ranges of birds, reptiles, lagomorphs, rodents, carnivorans, artiodactyls, and 

proboscideans. As it stands, all other data errors addressed in this study were present 

when the book was written, and may have affected its data content. 

Geomys anzensis to Geomys garbanii—At least five Geomys specimens were 

renamed during the TMS© conversion from Geomys (Nerterogeomys) anzensis to Geomys 

(Nerterogeomys) garbanii (ABDSP[LACM] 1448/V4198, ABDSP[LACM] 1474/V4195, 

ABDSP[LACM] 1508/V6745, ABDSP[LACM] 1511/V4197, and ABDSP[LACM] 

1514/V4189). The specimens V4198, V4195, V4197, and V4189 were originally 

published as Geomys garbanii (White and Downs, 1961) and subsequently rediagnosed 

as Geomys (Nerterogeomys) anzensis (Becker and White, 1981). Specimen V6745 was 

published only once, as Geomys (Nerterogeomys) anzensis (Becker and White, 1981). I 

have not yet discovered how or why these records were altered at the time of the TMS© 
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conversion. The change was not because of the TMS© Conversion protocol cited above, 

because the search would begin at the lowest hierarchical rank assigned a nomen, in this 

case, species, and would have left it unaltered from the preconversion database version. 

Field Numbers Scrambled (11) 

Field numbers provide the connection between specimens and the field notes and 

map plots that describe the geographic-stratigraphic position and physical description of 

the locality and circumstances of collection, such as date, person collecting, etc. If the 

field number does not match the locality number or specimens collected during that 

event, erroneous information may be applied to the specimen record in the database or 

publication. 

Field numbers for the LACM portion of the ABDSP database (Table 2.1:LACM 

Sep 2003 Specimens) do not correspond with the locality numbers to which they were 

originally assigned (Table 2.1:LACM 1995 Specimens) (Fig. 2.6). The name of collector 

and date of collection are similarly scrambled. The most likely explanations for this 

alteration are that all or part of the LACM vertebrate specimen table was copied to a 

Excel© file, in which the field number field was subsequently sorted separately from the 

other fields, and then the table was copied back to the Access© database. There is an 

important difference in the 'sort' command between the Access© database and Excel 

spreadsheet applications. In Access©, when any single field is highlighted and sorted all 

fields automatically sort together, retaining the relationship of the field data to all other 

fields in a given record. In Excel, sorting on any single field sorts only the data cells in 
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that field (unless a separate command to link all fields is selected). All other field data are 

unaltered. This, in effect, disconnects the sorted field data from the other fields in a given 

record (i.e., scrambles them). This error predates the final TMS© conversion, appearing 

on the database table 'LACM Sep 2003 Specimens' (Table 2.1). 

Deletion of Entire Record (12) 

Records that were accidentally deleted from the database are typically only 

discovered when a particular specimen or locality number is sought. Two adverse results 

of unkown deleted records occur when taxonomic searches are carried out on the 

database or when distribution maps are displayed in GIS. The missing data will not 

appear in either case, resulting in analyses based on incomplete information. 

Several specimen records were deleted during the TMS© database conversion 

(Table 2.1:ABDSP-LACM 2004 TMS© Specimens). At least four were of published 

specimens; (1) ABDSP(LACM) 1113/V3403; (2) ABDSP(LACM) 1114/V1551; (3) 

ABDSP(LACM) 1114/V1554; and (4) ABDSP(LACM) 1317/V3515. The specimens 

were originally published as Geomys garbanii (White and Downs, 1961). Subsequently, 

V1551, V1554, and V3535 were reidentified as Geomys (Nerterogeomys) anzensis 

(Becker and White, 1981). The total number of deleted records is not yet known. 

Plotted Localities with Incorrect or Missing Geographic Coordinates (13) 

Prior to the adoption of GPS technology to record geographic coordinates for 

fossil localities, all ABD localities (except those collected by AMNH and CIT) were 
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plotted on aerial photographs. These constituted the field maps for all LACM and IVCM 

field parties. In 1996 and 1997, all locality points were transcribed from the field maps to 

fresh photographs. The new photographs were sent to the United States Geological 

Survey (USGS) in Denver, Colorado, for digitization to 7.5' topographic quadrangle 

sheets. The return product suffered from two errors. Several of the localities were not 

digitized, and the wrong datum was used for several of the 7.5' quadrangle maps (see 

Appendix A for details and discussion). The datum issue was discovered and resolved by 

the CDD GIS technologist, L. Louise Jee. 

Unsupported Data (14) 

Specimen information provided through personal communication appears 

occasionally in publication. Increasingly, publishers require written permission of the 

communicant to accompany the submitted manuscript (e.g., Guide to Manuscript 

Preparation for the Journal of Vertebrate Paleontology). This is a relatively recent 

criterion, and provides verified authority for the communication, although it does not 

require evidence in support of the statement, itself. Information provided in an authorized 

personal communication may still be unverifiable. Data affecting at least three ABD taxa 

were cited from 'personal communications,' that established inaccurate or unsupported 

data as factual. 

Navahoceros—The genus Navahoceros, from VCFC, first appeared in print when 

Kurtén and Anderson (1980:313) stated, "G. J. Miller (personal communication) is in the 

process of reporting on an early Navahoceros from the Anza Borrego." An unpublished 
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manuscript (1977, on file at SRC) indicates Miller presented a new, flat-antlered 

subgenus and species of Navahoceros from VCFC at the "Annual Meeting of The Society 

of Vertebrate Paleontologists [sic] in Los Angeles, California, 10 November 1977." 

However, Geological Society of America Abstracts of Meetings for the years 1976 

through 1980 list no abstract by G. Miller. 

Subsequently, the genus Navahoceros appeared on every faunal list for the 

VCFC, although the new subgenus and species nomina appeared only on one in-house 

list (Table 2.2:ABDSP 1992). Variations of 'Navahoceros,' 'cf. Navahoceros sp.,' 

'Navahoceros sp.,' and 'Navahoceros n. sp.' appeared in subsequent publications 

(Remeika et al., 1995; Cassiliano, 1999; Bell et al., 2004c; Jefferson and Lindsay, 2006; 

Murray, 2006b).  

This ABD taxon record is based entirely on a reconstructed antler, 

ABDSP(IVCM) 127/V449 (Fig. 2.7), with only the base, brow tine, and first branching 

(bez) tine composed of bone. The continuation of the main beam, beyond the branching 

point is made of plaster. The original condition of the specimen was described by Miller 

(1977 unpublished manuscript, on file at SRC) 

Wind and rain had eroded the specimen out and parts were missing. 
However, the missing parts were preserved as a mold in the sandstone. 
Photographs and measurements were taken of the mold and used by 
IVCM Preparator Ralph Danklefsen to reconstruct the specimen. The 
quality of the mold and the preserved parts was such that a very accurate 
reconstruction was obtained. 
 
A note in the database for this record states, "reconstructed from photographs by 

Ralph Danklefsen." The surface of the specimen is artificially stained a dark brown, 

obscuring the separation between plaster and natural bone (see Fossil Morphology 
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Physically Masked or Altered by Preparation below), although figure 1 in Miller's (1977) 

unpublished manuscript shows the reconstructed portions of the specimen (Fig. 2.7A, B, 

C). 

Two photographs (on file at SRC) of the natural matrix mold (Fig. 2.7D, E) show 

the posterior aspect and cross-sectional break of the in situ antler base and a well formed 

impression of a complete bez tine. Also visible is a highly weathered impression of the 

first few centimeters of the main beam, possibly including an impression near the distal 

end of the beam tine. 

Reversal of the image of the extant bez tine (Fig. 2.7C), and comparison to the 

image of the well formed portion of the natural mold (Fig. 2.7D) shows it to be an exact 

reversed replica of the photographic image of the extant bez tine, indicating the anterior 

surface of that tine formed the mold. The different angles of the photographs and 

curvature of the bez tine (concave curve facing camera) and matrix mold (convex curve 

facing camera) cause distortion and inexact matching by direct superposition of the 

images. Transverse fissures at midshaft and near the antler base stand out in the mold, 

and can be seen on the bone in the same positions. In addition, patches of surface bone 

peeled away and adhered to the mold. Several of the patches on the mold correspond to 

the shape and position of the inner part of the peel remaining on the bone. 

The impression of the main beam tine is tenuous beyond the first two to three cm 

nearest the antler base, and disappears completely at midshaft. A white area at the right 

edge of Figure 2.12E may be an impression formed by the distal portion of the main 

beam tine. The possible distal impression appears to be lined with peeled surface bone. 

The matrix mold shows no definitive evidence, either positive or negative, of branching 
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of the main beam beyond the bez tine, and provides no indication of its cross-sectional 

morphology or thickness. According to Miller's (1977) description, the missing portion of 

the antler (main beam tine) was reconstructed using measurements and morphology of a 

matrix impression of sufficient quality to be highly accurate. The only well formed 

impression was formed by the bez tine, not the main beam tine, implying the 

reconstructed main beam tine was based on the photograph of the impression of the bez 

tine. In fact, the mid-portion of the reconstructed main beam tine is almost an exact 

reversed replica of the extant bez tine (see Fossil Morphology Physically Masked or 

Altered by Preparation, below). 

General morphology of the reconstructed complete antler conforms with figure 

15.8b of Kurtén and Anderson (1980:312) and their description of the monospecific 

Rancholabrean genus Navahoceros, with "three tined antlers," that differ from a probable 

close relative, the South American Andean deer, Hippocamelus, "in the presence of a 

brow tine and the more-flattened cross section of the antlers." The VCFC reconstruction 

is well formed, with a relatively thick base (approximately 3.5 cm diameter), and appears 

to be from an adult individual, with the implication that subsequent annual antlers would 

produce no additional tines by ontogenetic growth. However, the reconstructed main 

beam tine is based on an incorrect assumption, that the mold represents the complete 

missing tine (Miller, 1977 unpublished manuscript, on file at SRC). 

Locality ABDSP(IVCM) 127 lies just below the top of the Olduvai paleomagnetic 

normal event (chron C2An.1n) in the VCFC section, equivalent to approximately 1.8 Ma 

(Berggren et al., 1995). Specimen ABDSP(IVCM) 127/V449 may indeed represent an 

early form of the genus Navahoceros. However, the chronostratigraphic range extension 
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beyond all other known (Rancholabrean) records of the genus is considerable 

(approaching 1.5 Ma). This record, based on a single, 40% reconstructed, and notoriously 

variable element, cannot be used to support the presence of Navahoceros in the VCFC 

faunal sequence. Specimen V449, should be referred to tribe 'Odocoileini, genus and 

species indeterminate.' 

The only diagnostic study to date including VCFC cervid material evaluated one 

radius specimen (ABDSP[IVCM] 1241/V7023, proximal and distal ends), identified on 

the ABDSP database (Table 2.1:ABDSP 1997 Specimens) as genus Navahoceros 

(Blackford, 1995). Based on a morphometric comparison with fossil and modern deer 

taxa, Blackford concluded that the VCFC radius could not be identified based on shape 

parameters, but the size indicates it falls within the upper range for Odocoileus. 

Lepus—The first appearance of the jackrabbit, Lepus was discussed as a possible 

means for defining the beginning of the Irvingtonian NALMA (e.g., Kurtén and 

Anderson, 1980; Lundelius et al., 1987). Although, because of its probable indigenous 

beginnings, it is not an immigrant to North America and therefore is not a definitive 

index taxon (Cassiliano, 1999). The genus 'Lepus' was reported from the VCFC in early 

publications by Downs and White (1968), and Kurtén and Anderson (1980), and appears 

on most of the in-house faunal lists (Table 2.2). In a study of VCFC Leporidae, White 

(1984) determined, "It was impossible to refer the large, advanced leporid to either 

Sylvilagus or Lepus, as size and enamel patterns on p3 cannot be used as criteria for this 

purpose." However, Lundelius et al. (1987:214 and 220) stated, "In the Anza-Borrego 

Desert of California, Lepus appears at about 2.0 Ma (White, pers. com., 1985)", and 

"Lepus cf. callotis occurs at the base of the Olduvai subchron at about 1.9 Ma (White, 
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pers. com., 1985). Subsequent publications included various forms of 'Lepus,' 'Lepus sp.,' 

'Lepus sp. cf. L. californicus,' 'Lepus sp. cf. L. callotis,' and 'Lepus callotis' in the ABD 

and VCFC fauna (White, 1991; Remeika et al., 1995; Cassiliano, 1994, 1997, 1999; Bell 

et al., 2004c; Jefferson and Lindsay, 2006). All of these citations are based on no more 

than four lagomorph dentary specimens. Two were recorded from the same locality, 

ABDSP(IVCM) 113/V413 and V1275. These and a third, ABDSP(LACM) 

1906/V24889, were referred to 'Leporinae genus and species indeterminate' in the 

systematics section of White (1984). These specimens, plus one other, ABDSP(IVCM) 

110/V407 (previously discarded as modern and unavailable for examination), were 

discussed in detail by Murray et al. (in review). They referred the first three specimens to 

White's (1984) original identification of 'Leporinae, genus and species indeterminate.' To 

date, none of the ABD leporid material can be identified unequivocally as belonging to 

the genus 'Lepus.' 

Terricola—One personal communication resulted in the misreporting of a 

specimen locality (ABDSP(LACM) 68123) by Repenning (1992:50), who stated, 

"Terricola meadensis (fig. 10B) was found in this part of the Anza-Borrego Desert 

section (the Vallecito Creek fauna; LACM Locality 68123, specimen number LACM 

24828) below the youngest normal magnetic interval in a continuous part of the section 

with other faunas used in characterization of the late Vallecito Creek mammalian fauna 

(J.A. White, written commun., 1990)." All documentation associated with this specimen, 

V24828, indicates it was found in the Borrego Badlands, 40 km north of the VCFC, in 

the uppermost part of the section, stratigraphically above the Bishop Ash (average age 

758.9 ± 1.8 ka; Sarna-Wojcicki et al., 2000). Murray et al. (in review) agreed with 
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Repenning's (1992) species identification, but designated the specimen as 'Microtus 

meadensis,' based on polyphyly of the 'pitymyine' species groups and previously 

associated genera, including 'Terricola' (Moore and Janecek, 1990; Conroy and Cook, 

2000; and Bell et al., 2004b). 

The incorrect geographic-stratigraphic placement of ABDSP(LACM) 

68123/V24828 in the VCFC, plus a previously known maximum age of 850 Ka in the 

United States for the taxon, led Repenning (1992) to conclude that the Jaramillo normal 

magnetic event (chron C1r.1n) was missing from the VCFC paleomagnetic sample 

sequence and the uppermost normally-magnetized portion of the VCFC section actually 

represented the Brunhes (chron C1n). This reduced the reported age of that portion of the 

VCFC section by at least 0.29 Ma (bottom of Jaramillo, 1.070 Ma minus bottom of 

Brunhes, 0.780 Ma; Berggren et al., 1995; see discussion below). 

Modern Specimens Interpreted as Fossils (15) 

During my original taxonomic reevaluations of ABDSP specimens in 1994-1997 I 

came across a leporid partial dentary (ABDSP(IVCM) 110/V407) I believed to be 

modern. I removed the specimen from the main collection and placed it in a special 

drawer with other problematic specimens and noted it as possibly modern. 

Quite a few of the ABDSP microvertebrate specimens (rabbit size and smaller) 

(especially those collected by IVCM) appear to be modern in age. Typically these 

specimens are white, sun-bleached bones and teeth, with a translucent quality, similar to 

that seen in degreased modern bones and teeth. They possess no satisfactory evidence of 
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fossilization, such as chemical alteration or permineralization, cemented sand or silt 

adhering to the surface or filling voids in the bone, or autochthonous minerals growing 

inside the bone. Some or all of these characteristics are found in most of the ABD fossils. 

Bones of recently deceased small mammals, birds, and reptiles are distributed throughout 

the badlands. They can be seen lying on the surface, mixed in the upper cm or so of 

powdery sediment, or fallen into mudcracks or erosional crevices. Inexperienced 

volunteers constantly pick up these modern specimens, but usually ask a more 

experienced individual if they are fossil before collecting them. Modern specimens that 

make it into the collection are not easy to evaluate when they lack the visual field 

context. 

Because it was labeled as modern, specimen ABDSP(IVCM) 110/V407 was 

discarded at an unknown date between mid 1997, when I left employment at ABDSP, and 

2000, when I first tried to find it again. I needed to examine it because Cassiliano (1994) 

had referred it to Lepus in his dissertation (see Lepus, above), and it was one of the four 

leporid specimens I planned to re-examine for a manuscript (Murray et al., in review). 

Another of the four leporid specimens also appears to be modern, ABDSP(IVCM) 

113/V413 (see description and discussion in Murray et al., in review). 

Parts of an Individual Skeleton Separated in a Collection (16) 

Collection Organization—One cause of ABD taxonomic misidentification or 

nonidentification is the original curatorial organization of the LACM and IVCM 

collections. Both collections were organized taxonomically prior to transfer to ABDSP 
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(personal communication from George Jefferson, 1994; and LACM transfer document, 

1997, on file at SRC), at which time they were reorganized by locality number and 

specimen number. With the former system, unidentified and uncatalogued material is 

often kept together in a limbo-like existence separate from all the identified specimens. 

By reorganizing all specimens from the same locality together in one or a few drawers in 

sequence, broken bone pieces in different trays can be recognized as fitting together, and 

general sizes and state of preservation of elements in one tray can suggest relationships 

with other similarly sized and preserved elements in nearby trays that may aid in 

reuniting elements of a single individual. 

For example, the most complete porcupine specimen in the LACM part of the 

collection, ABDSP(LACM) 1563/V6136, was examined by both White (1968) and 

Frazier (1981). Twelve caudal vertebrae were reported by White, whereas Frazier 

(1981:41) referred only to "isolated caudal vertebrae from Vallecito Creek." The 

morphology of the tail is one criterion for determining whether the genus is Erethizon or 

Coendou, because only the latter has a prehensile tail (White, 1968). Records of Coendou 

tail length vary from 28 (Gupta, 1966) to 33 caudal vertebrae (Frazier, 1981), and those 

of Erethizon vary from 13 to 17 caudals (Sutton, 1972). After the LACM collection was 

transferred and reorganized by locality, eleven caudal vertebrae were identified in the 

same tray with specimen V6136. Seven additional caudal vertebrae, plus several foot 

elements, were originally catalogued separately as ABDSP(LACM) 1563/V17073. These 

were all previously identified as "?, misc." and were ultimately recognized at ABDSP 

sitting in a tray next to the published parts of the same skeleton. Because latter the tail 

and foot bones had never been assigned to a taxon they were curated apart (cabinet XII/3 
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drawer 2:Equus specimens from locality 1563) from the Erethizon specimens (cabinet 

XI/22 drawer 7:Coendu [sic]) at LACM (LACM Transfer Workbook, 1997 on file at 

SRC) and were therefore not seen by either White (1968) or Frazier (1981). 

A bear specimen (Tremarctos floridanus, IVCM 105/V5511), including a partial 

innominate and several vertebrae was previously identified as "?Equus" and placed in a 

box with three correctly identified Equus bone fragments and a previously unidentified 

Hesperotestudo carapace fragment. At IVCM these were curated with all the other Equus 

specimens from the VCFC and not reexamined for 17 years. 

The F:AMNH collection is organized taxonomically, similar to the LACM and 

IVCM collections. I inventoried the ABD specimens in that collection during the 1996 

SVP meeting in New York City. The specimens were distributed throughout several 

floors of the museum, and were mostly uncatalogued. Taxonomic identity of the ABD 

material was inferred from the drawer in which the fossils were stored. I discovered 

multiple instances of specimens placed with the wrong taxon, especially Cervidae and 

Camelidae specimens among the Equidae. 

Fossil Morphology Physically Enhanced, Masked, or Otherwise Altered (17) 

Ralph Danklefsen, a retired United States Navy dentist, was the volunteer head 

preparator during George Miller's tenure. Deconstruction of several of his reconstructions 

shows he was very skilled with plaster and stain. His stated intention was to make 

incomplete fossils as complete and realistic as possible (George McDaniel, ABDSP 

volunteer head preparator 1990-2005, personal communication, 1995), to the point of 
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adding to or masking defects in the fossils with plaster and stain. Unfortunately, instead 

of making a cast of a fossil and reconstructing the cast he performed his reconstructive 

artwork directly on the fossils. I have seen this type of überpreparation in several old 

collections, such as YPM specimens from the time of O. C. Marsh and R. S. Lull, 80 to 

120 years ago, and 50 to 100 years old portions of the collections at the TMM Vertebrate 

Paleontology Laboratory. It also is present at Rancho La Brea (G. Jefferson, personal 

communication, 2008). Preparators I have spoken with avoid the practice today.  

Danklefson's most significant reconstruction was on a cervid antler (see 

Navahoceros, above). Among other examples of his talent was an unusually long, nearly 

perfect fossil horse tibia, ABDSP(IVCM) 133/V523, that turned out to be only 70% 

complete, missing the proximal end and the distalmost projections of the distal end. 

Danklefsen molded and cast the two ends of a horse tibia (ABDSP/ZE1) from the modern 

comparative collection, attached them to the fossil, and stained the reconstruction so 

realistically it was only discovered when we began investigating the tibia because of its 

unusual length. When viewed side-by-side with the comparative tibia ZE1, the ends of 

the two objects were not only similar, they were exactly the same, in every detail. The 

'complete' distal end, molded and cast from specimen ZE1, totally covered the extant 

articular surfaces of the fossil, adding about 4 cm to the distal end. The plaster addition of 

the complete proximal end added several more cm to the overall length.  

The most ambitious reconstruction by Danklefsen was a complete Mammuthus 

skull. The reconstructed specimen, ABDSP(IVCM) 964/V4056, was on display at 

ABDSP for several years. McDaniel deconstructed this specimen in 1998 in pursuit of his 

study of the ABDSP proboscideans. The cleaned specimen is actually about 50% of the 
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skull, missing the cranium and upper portions, and retaining the palate. Unfortunately, 

there are no written or photographic records for these or most other such reconstructions, 

so it is necessary to remove all plaster from many of the IVCM specimens before the 

fossils can be studied properly (see Navahoceros above). 

Summary 

Most fossil collections suffer from various forms of data inaccuracy. The 

inaccuracies may be manifested by misnumbered or misidentified specimens and 

misplotted localities, and arise from multiple sources and causes. The oldest collections 

tend to lack taphonomic and geocoordinate data, and retain limited scientific value. As 

the science of Paleontology developed, improved collecting protocols and technology 

allowed for the capture and maintenance of more detailed information. However, minor 

inaccuracies are continuously injected into the collection system, through curatorial and 

published typographic errors and damage to and misplacement of data and specimens. 

Errors are also introduced through the application of more advanced technology. 

Inaccurate data may be improved with both objective and subjective methods. The 

objective or corrective methods affect simple issues of format consistency, spelling, and 

continuity of data between successive versions of specimen catalogues and databases. In 

most cases corrections can be made digitally through database programming or visual 

comparisons between archived and current documents and imagery. The subjective or 

evaluative methods require direct examination of specimens to determine the validity of 

 131
 
 



 

skeletal and taxonomic identifications. Also, the locality provenience of the fossils may 

be evaluated through the examination of primary field notes and field maps. 

At least seventeen types of errors were recognized in the ABD fossil mammal 

collections. Eight of those arose primarily from curatorial sources. Five were found in 

publications of data about the ABD specimens. The remaining sources included database 

conversion, contractors, and preparation. The proximate causes of most of the errors may 

be ascribed generally to variable skills of individual paleontologists and simple 

mistranscription of data (e.g., typographic errors). 

The ABD fossil data are an accumulation of over 70 years of fossil collections 

and publications. Before now, the general accuracy of that information was not evaluated 

and was not fully questioned. Most of the data errors and inconsistencies discussed here 

are minor, and are easily dismissed as unimportant to anyone outside of the SRC. 

However, the 70 years of accumulated inaccuracy of ABD fossil data is significant. 

Several published analyses based on those inaccuracies affected the understanding of 

local and continental biochronology, including the Blancan-Irvingtonian boundary. The 

general impact of the ABD fossil data is discussed in Chapter 5.  
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TABLE 2.1. ABD Database Tables archived on the CDD ABDSP network server, as 
cited in text, are listed chronologically by date last modified. 

 
Table as Cited in Text Table Name Description Date Last Modified 

LACM 1995 Localities ABLOCS earliest extant version of 1995 LACM 
localities table sent to ABDSP 

09/06/1995

LACM 1995 Specimens LACM Specimen Data earliest extant version of 1995 LACM 
specimens table sent to ABDSP 

02/26/1996

ABDSP 1997 Specimens & 
Localities 

VERTEBRATES earliest extant version of IVCM & 
ABDSP specimens & localities 
combined 

05/14/1997

ABDSP-LACM 2003 pre-
TMS Localities 

Localities last pre-TMS version of IVCM, 
ABDSP, & LACM localities 
combined 

09/17/2003

LACM Sep 2003 Specimens LACM Vertebrates LACM Specimens table with field 
numbers scrambled, pre-dates TMS 
conversion 

09/17/2003

LACM 2003 pre-TMS 
Specimens 

LACM Vertebrates last pre-TMS version of LACM 
specimens 

11/06/2003

ABDSP 2003 pre-TMS 
Specimens 

ABDSP Vertebrates last pre-TMS version of IVCM & 
ABDSP specimens 

11/11/2003

ABDSP-LACM 2004 TMS 
Specimens 

Combined Vertebrates early post-TMS version of IVCM, 
ABDSP, & LACM specimens 

02/10/2004

ABDSP-LACM 2007 
Specimens 

Specimens Combined 
Active 

Current version of 2007 IVCM, 
ABDSP, & LACM specimens 

08/12/2007
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TABLE 2.2. ABD in-house faunal lists (on file at SRC). 
 
Institution 

Acronym 
Date of List Author Fossil Area Covered 

LACM 1965 T. Downs and J. White VCFC 

LACM 1966 T. Downs and J. White VCFC 

LACM 1968 T. Downs and J. White VCFC 

ABDSP 1972 B. Jones (park naturalist) ABD 

LACM 1977 T. Downs and J. White VCFC 

IVCM 1979 no author (possibly G. Miller) ABD 

ABDSP no date (probably 1979) no author (possibly G. Miller) Coyote Canyon 
Badlands 

IVCM 1981 (handwritten addenda to
LACM 1977) 

 G. Miller (addenda to T. Downs and J. 
White) 

ABD (addenda to 
VCFC) 

LACM/IVCM 1981 T. Downs, J. White, and G. Miller ABD 

IVCM no date (between 1984 and 
1987) 

no author (probably G. Miller) ABD 

IVCM no date (between 1985 and 
1988) 

no author (probably G. Miller) ABD 

IVCM no date (about 1987) no author (probably G. Miller) Borrego Badlands 

ABDSP no date (probably 1992) no author (probably P. Remeika) ABD 

ABDSP no date (about 1994) no author ABD 
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TABLE 2.3. Seventeen types of data errors affecting the ABD collections, including the 
source, and proximate causes of the errors. 
 

Number Type of Data Error Source of Error Cause of Error 

1 taxonomic misidentification curation & 
publication 

variable skills of persons identifying 
specimens 

2 locality mis-placed curation locality provenience broken or lost 

3 specimens & localities misnumbered curation multiple curation venues, unsupervised 
volunteer workers 

4 specimen assigned to wrong locality curation misreading of handwritten field notes 

5 same specimen number published for 
two separate taxa 

curation batch catalogued specimens 

6 specimen data in database do not match 
published data 

curation published data not recorded in database 

7 alteration of taxonomic ID publication inconsistent use of qualifiers (cf., nr., ?) and 
serial citation 

8 unsupported resurrection of retired taxa publication citation of outdated published information 
through leap-frogging citation 

9 specimen & locality numbers 
misreported  

publication author/editor typographic error 

10 taxonomic mistranslation  database 
conversion 

global database changes 

11 field numbers scrambled  database 
conversion 

table transcribed to spreadsheet, single 
column sorted, table transcribed back to 
database 

12 deletion of entire record database 
conversion 

global database changes 

13 plotted localities with incorrect or 
missing geographic coordinates 

contractor contracted digitization was incompletely or 
inaccurately executed 

14 unsupported data publication personal communication 

15 modern specimens interpreted as fossils curation misidentified in the field 

16 parts of an individual skeleton separated
in collection 

 curation collection organized taxonomically 

17 fossil morphology physically enhanced, 
masked, or otherwise altered 

preparation inexperienced preparator 
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TABLE 2.4. Results of the 2006 taxonomic evaluation of ABD carnivorans. The 
carnivoran families (or other taxa) to which catalogued ABD specimens were identified 
prior to 2006 and the total number of records are listed in the first two columns on the 
left. The families (or other taxa) to which the specimens were assigned in 2006 are listed 
in the top row, with quantities below. Twentyseven specimens previously identified only 
as 'Carnivora' were subsequently identified to taxonomic ranks within the order 
Carnivora, and are included in the total (32) for carnivoran specimens identified in 2006. 

 
Previous 
Identification 

Total Canidae Felidae Mustelidae Procyonidae Ursidae Carnivora non-
Carnivorans 

Canidae 212 180 11 3 2 1 — 15 

Felidae 219 10 174 1 4 3 1 26 

Mustelidae 31 — 1 24 2 — 1 3 

Procyonidae 22 — — — 22 — — — 

Ursidae 42 1 2 — — 30 2 7 

Carnivora 55 12 11 2 2 — 5 (32) 23 

non-Carnivorans 11 4 6 1 — — — — 
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TABLE 2.5. 'Bovidae' records from archived (Table 2.1:ABDSP 1997 Specimens) and 
current (Table 2.1:ABDSP-LACM 2007 Specimens) ABD databases. 

 
Specimen Number Original Identification (date) Current Identification Skeletal Element Location in ABD 

ABDSP 2132/V6214 Ovibovini (2000) Ovibovini 1st phalanx Coyote Badlands 

ABDSP(IVCM) 43/V502 Bovidae (1976) Tayassuidae 2nd phalanx VCFC 

ABDSP(IVCM) 137/V554 ? Euceratherium, 2nd phalanx 
(1978) 

Bovidae 1st phalanx VCFC 

ABDSP(IVCM) 158/V637 Bovid? (no date) Equus sp. metapodial Coyote Badlands 

ABDSP(IVCM) 169/V698 ? Euceratherium (1979) Equus sp.  tibia VCFC 

ABDSP(IVCM) 267/V2133 ? Bovidae (1979) Camelidae astragalus VCFC 

ABDSP(IVCM) 470/V1598 ? Euceratherium (1978) Ovibovini metatarsal Coyote Badlands 

ABDSP(IVCM) 470/V1599 ? Camelidae (1978) Ovibovini femur Coyote Badlands 

ABDSP(IVCM) 470/V1643 ? Euceratherium (1978) Ovibovini metatarsal Coyote Badlands 

ABDSP(IVCM) 470/V2519 Equus (1980) Ovibovini tooth Coyote Badlands 

ABDSP(IVCM) 475/V1615 ? Euceratherium (1988) Platygonus sp. humerus VCFC 

ABDSP(IVCM) 499/V1788 Ovis canadensis (1978) Antilocapridae tooth VCFC 

ABDSP(IVCM) 585/V2199 sm. bovid (1979) ? Odocoileus sp. 2nd phalanx VCFC 

ABDSP(IVCM) 745/V2561 ? Euceratherium (1985) Equidae metapodial VCFC 

ABDSP(IVCM) 974/V4063 Ovibos moschatus, pubis (1982) Camelidae humerus Borrego Badlands

ABDSP(LACM) 1111/V3144 Euceratherium (no date) Ovibovini 2nd phalanx VCFC 

ABDSP(LACM) 1125/V45953 ? Euceratherium (no date) Camelidae tooth VCFC 

ABDSP(LACM) 1186/V3281 ? Euceratherium (no date) Ovibovini metacarpal Coyote Badlands 

ABDSP(LACM) 1186/V3282 ? Euceratherium (no date) Ovibovini astragalus Coyote Badlands 

ABDSP(LACM) 1186/V3283 ? Euceratherium, ulna (no date) Equus sp. calcaneum Coyote Badlands 

ABDSP(LACM) 1186/V105984 Equus (no date) Ovibovini magnum Coyote Badlands 

ABDSP(LACM) 1186/V105985 Equus, metatarsal (no date) Ovibovini metacarpal Coyote Badlands 

ABDSP(LACM) 1186/V105987 Equus (no date) Ovibovini unciform Coyote Badlands 

ABDSP(LACM) 1609/V59264 Bovidae ?, ulna (no date) Equus sp. tibia VCFC 

ABDSP(LACM) 6698/V17175 Bovidae (no date) Camelidae tooth VCFC 
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TABLE 2.6. Altered specimen numbers of Geomys and Leporidae specimens, as 
published in Becker and White (1981) and White (1984), plus specimens to which the 
published numbers were incorrectly assigned. 

 
Invalid Specimen Number 

Assigned to Published 
Taxon 1, Now Void 

Taxon 1 as Published Valid Specimen 
Number as 
Published for 
Taxon 1 

Taxon 2 Incorrectly 
Assigned the 
Published Specimen 
Number 

New, Valid Specimen 
Number Assigned 
to Taxon 2 

no new number assigned Hypolagus vetus, specimen 
missing 

V1274 Geomys garbanii V1156.01 

V4812 Leporinae, genus and species 
indeterminate 

V1275 Geomys garbanii V1156.02 

V4816 Hypolagus vetus, specimen 
missing 

V1276 Geomys ? V1156.03 

V4797 Geomys (Nerterogeomys) 
anzensis 

V1277 Rodentia V1156.04 

V4751 Geomys (Nerterogeomys) 
anzensis 

V1278 Mammalia V1156.05 

V4777 Geomys (Nerterogeomys) 
anzensis 

V1279 Mammalia (small) V1156.06 

V4804 Geomys (Nerterogeomys) 
garbanii 

V1280 Cricetidae V1156.07 

V4757 Geomys (Nerterogeomys) 
garbanii 

V1281 Mammalia (small) V348.04 

V4799 Geomys (Nerterogeomys) 
garbanii 

V1282 Geomys sp. V348.03 

V4786 Geomys (Nerterogeomys) 
garbanii 

V1283 Mammalia (small) V348.05 

V4802 Geomys (Nerterogeomys) 
garbanii 

V1284 Vertebrata V1134.01 

V5864 Geomys (Nerterogeomys) 
garbanii 

V1285 Perognathus sp. V1134.02 

V4778 Geomys (Nerterogeomys) 
garbanii 

V1286 Perognathus ? V1134.03 

V4801 Geomys (Nerterogeomys) 
garbanii 

V1287 Mammalia (small) V1134.04 

V4752 Geomys (Nerterogeomys) 
garbanii 

V1288 Perognathus sp. V1134.05 

V4795 Geomys (Nerterogeomys) 
garbanii 

V1289 Perognathus sp. V1134.06 
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TABLE 2.7. Sigmodon tooth measurements. Measurements in mm of the lower dentition 
of two Sigmodon specimens from Locality ABDSP(LACM) 1711, originally published 
with the same specimen number, V7005. Measurements of the first two specimens are 
taken from Martin (1979). MA = mandibular alveolar length; l = length; w = width; LCF 
= Layer Cake Fauna; 2057 m = depth below top of Vallecito Creek-Fish Creek section. 
V124215 and V124216 are most likely the same two specimens, renumbered subsequent 
to Martin's (1979) publication. The original method of measurement was not detailed by 
Martin (1979). The new measurements on V124215 & V124216 were made through a 
dissecting microscope at ABDSP, with a graduated reticle, calibrated to .01 mm. Length 
measurements were made along the anterior-posterior axis of the dentary and tooth. 
Width measurements were made perpendicular to the length. 

 
Specimen MA lm1 lm2 lm3 wm1 wm2 wm3 

LCF 2057 m 5.79 2.03 1.72 1.89 1.44 1.51 1.45 

LCF 2057 m – – 1.51 2.02 – 1.44 1.47 

V124215 5.65 – 1.5 1.7 – 1.5 1.5 

V124216 5.6 2.0 1.7 1.8 1.4 1.5 1.45 

 



 

TABLE 2.8. Specimen identifications altered during database conversion. At least 291 
catalogued ABD specimens originally identified to Eighteen ABD taxa (genus and all 
higher taxonomic ranks) were reassigned to eight genera based on the associated species 
nomen. 

 
Original specimen identification Altered specimen identification Number of catalogued records 

affected 

Fulica americana Fulica americana 7 

Antilocapra americana Fulica americana 2 

Anzanycteris anzensis Geomys anzensis 11 

Geomys anzensis Geomys anzensis 51 

unpublished new species using   
nomen 'anzensis' 

Geomys anzensis 27 

Lepus californicus Microtus californicus 14 

Microtus californicus Microtus californicus 4 

Branta canadensis Branta canadensis 1 

Castor canadensis Branta canadensis 2 

Grus canadensis Branta canadensis 1 

Lutra canadensis Branta canadensis 1 

Brantadorna downsi Xantusia downsi 2 

Xantusia downsi Xantusia downsi 23 

unpublished new species using   
nomen 'downsi' 

Xantusia downsi 4 

Bucephala fossilis Bucephala fossilis 7 

Neotoma fossilis Bucephala fossilis 6 

Felis rexroadensis Procyon rexroadensis 19 

Procyon rexroadensis Procyon rexroadensis 1 

Sylvilagus hibbardi Dipodomys hibbardi  91 

Dipodomys hibbardi  Dipodomys hibbardi  17 
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FIGURE 2.1. Datasheet view of part of the specimen table demonstrating the sorting 
feature. A, records unsorted; B, records sorted on fields 'genus,' 'locality number,' and 
'skeletal element.'
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FIGURE 2.2. Example of ABDSP Access© database index of tables, with dates of 
creation and last modification. This database includes the earliest known copy of the 
complete table of combined localities and specimens of the IVCM and ABDSP 
collections (from Table TABLE:ABDSP 1997 Specimens) table name VERTEBRATES, 
created 6/18/1993, last modified 5/14/1997).
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FIGURE 2.3. Comparison of medial phalanx of right digit of pes, all at same scale, six 
views of each specimen, upper row left to right; proximal, distal, medial; lower row left 
to right; dorsal, ventral, lateral; for proximal and distal views the dorsal side is on top and 
ventral side on the bottom; for the other views the top of the image is anterior. A. fossil 
ABDSP(LACM) 1111/V3144 B. Rancholabrean age 'Euceratherium collinum' TMM 
42764-1, cast of specimen from U-Bar Cave, Hidalgo County, New Mexico (images 
reversed, shading represents areas obscured by mold fill-spout) C. extant Ovis aries 
female domestic sheep TMM M-2050 from Travis County, Texas D. extant Bison bison 
female 'domestic' bison TMM M-6955 from Val Verde County, Texas. 
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FIGURE 2.4. Comparison of database tables, showing global change of taxonomic names 
based on the species nomen 'rexroadensis.' The two versions also show the change to a 
standardized format for taxonomic qualifiers. For full database citations see Table 2.1. A, 
ABDSP 2003 pre-TMS Specimens; B, ABDSP-LACM 2004 TMS Specimens. 
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FIGURE 2.5. Instructions for converting taxonomic fields, as recorded in Excel©. 
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FIGURE 2.6. Comparison of database tables, showing how LACM field number, person 
collecting, and date collected fields were scrambled. Tables derived from A, LACM 1995 
Specimens; B, LACM Sep 2003 Specimens (see Table 2.1). 
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FIGURE 2.7. Cervid antler, ABDSP(IVCM) 127/V449. A, photograph of fossil with 
reconstructed portion shaded (after Miller, 1977:fig. 1, unpublished manuscript, on file at 
SRC); B, photograph of reconstruction; C, bez tine reversed to show correspondence of 
details with matrix impression; D, photograph of matrix mold showing in situ antler base; 
E, photograph of matrix mold showing incomplete impression of main beam tine. 
(photographs on file at SRC) 
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Chapter 3: Faunal Lists and Taxonomy 

 

"Scientific men get an awkward habit—no, I won't call it that, for it is a valuable 

habit—of believing nothing unless there is evidence for it; and they have a way of 

looking upon belief which is not based upon evidence, not only as illogical, but as 

immoral" (Huxley, 1898:65). 

Introduction 

The mammalian fossils recovered from the ABD are recorded in various formats 

and venues, from specimen labels, catalogue cards, and database tables to informal in-

house faunal lists and formal publications of single or multiple species, up to and 

including complete taxonomic lists of mammals and vertebrates. Comparison of all the 

available listings of the ABD paleofauna (over 150 in-house lists and publications) shows 

an historical progression from preliminary taxonomic identifications to re-identifications 

based on newer information. But it also shows major inconsistencies in taxonomic name 

formats (over 830 alternative names and nomenclatural formats for approximately 100 

mammalian taxa) as well as invalid additions or alterations to the established ABD 

taxonomic list. 

The results of that comparison are presented below in three sections. The first 

section includes a general discussion of faunal lists; what they are, how they differ, and 

typical ways they are used, plus terminology and formats used in part two. The second 

section is a taxonomic review of the ABD paleomammals, including a listing of all 

148 
 
 

 
 



 

published taxa, all variants of each name, narrative descriptions of the source(s) and 

development of each taxonomic assignment, plus reasons for retaining or removing taxa 

from the ABD faunal list. The final section is an updated faunal list for the ABD 

mammals, based on the results of my research. 

Faunal Lists 

In general, a faunal list is one of the end products of the endeavor of 

paleontologists, representing a compilation of the identified fossils recovered by a 

particular group or institution or from a particular place. A list is defined by 'Webster' 

(Guralnik, 1972:825), in the broadest scope, as "a series of items of any kind, no matter 

what the arrangement or purpose." The transitive verb form from the same dictionary 

entry states, "2. a) to set forth (a series of names, items, etc.) in order b) to enter (a name, 

item, etc.) in a list directory, catalog, etc." One or two items by themselves would not 

normally constitute a list under such a description. However, in the context of this study, 

a single taxon name may constitute a list. This allows for every source of taxonomic data 

to be included in the discussion. For example, a published study of a single species, 

Geomys garbanii (White and Downs, 1961), 'lists' one taxon as present in the ABD fauna. 

That record is also automatically a part of the general faunal list for the ABD. In order to 

review all the ABD faunal lists, I created a 'Table of Faunal Lists,' including every 

identifiable published or unpublished list (over 150) and every taxon listed in them (at 

least 830 variants of taxonomic names). The table is archived on the CDD computer 

server. 
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Types of Faunal Lists 

Lists have different purposes and character, depending on the intent of the author. 

Catalogued ABD specimens may be described individually or referred to a taxon as a list 

or part of a list of specimen numbers in a general review of North American taxonomic 

groups (e.g., Martin, 1979; Frazier, 1981) or in a description of a new genus or species 

from the ABD (e.g., White, 1968; Martin and Prince, 1989). Local ABD taxa may appear 

in a broad regional discussion of biochronology (e.g., Lundelius et al., 1997; Bell et al., 

2004b) or in a description of the local biostratigraphy (Cassiliano, 1999). More exclusive 

lists of taxa may refer to a restricted geographic area, such as 'Coyote Canyon Badlands' 

or 'Fish Creek Badlands' (see Chapter 1) or a stratigraphic sequence, such as 'Vallecito 

Creek-Fish Creek section,' and are referred to here as, for example, the 'ABD (Coyote 

Canyon Badlands) faunal list.' The most inclusive list of taxa (for the entire Anza-

Borrego Desert) is referred to here as the 'ABD faunal list.' 

Institutional Faunal Lists—Institutional lists often are provided for general 

information only. They may be derived from in-house lists or directly from a specimen 

catalogue or database. They are not necessarily exact representations of the strict 

taxonomic identifications of specimens in the collection. They may be presented 

hyperbolically, as a form of advertising by the institution, such as, "Our museum has the 

biggest …, the oldest …, the only …" In such cases, a newly obtained taxon may be 

generally announced before the identification is fully verified and published. In fact, 

owing to the general systematic complexity of unresolved synonymies and phylogenies, 

many taxonomic assignments of fossil specimens are perpetually uncertain (see Rodentia, 
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Sciuridae, Eutamias below). With the almost universal adoption (since the 1980s) of 

digital databases to store and maintain specimen and locality catalogue information, an 

institutional faunal list can be generated directly from the institutional database. Many 

institutions provide internet access to some form of the collection database. Thus, every 

taxonomic assignment, no matter how tentative or temporary may become part of a 

publicly available and citable institutional faunal list. 

Biostratigraphy Faunal Lists—Lists created to demonstrate stratigraphic 

occurrence or distribution of taxa rely on accurate taxonomic identification and locality 

(stratigraphic) provenience of catalogued fossil specimens. Qualifying terms, such as '?,' 

'cf.,' or 'nr.' may be dropped from taxonomic designations in order to streamline a table or 

biostratigraphic chart (see Cassiliano, 1999). However, this promotes all questionable 

identifications to the status of definite identifications, skewing the results of the 

presentation. There are several options to this approach. Every nomenclatural variation of 

a given taxon designation may be included as a separate entry, which may make the table 

or chart unwieldy and indecipherable. Questionably identified specimens may be 

removed from the presentation, which may strip it of meaningful data. Records with 

qualified taxon designations may be presented at the next higher, meaningful diagnosable 

taxonomic rank (e.g., Felis cf. rexroadensis as Felis, or ?Mammuthus as Proboscidea). In 

the case of Mammuthus, the next highest taxonomic rank, sensu Linnaeus (1758), would 

be family Elephantidae. However, unless the specimen can be diagnosed to Elephantidae 

but not Mammuthus, this would not provide a meaningful difference in the ABD, because 

the only recognized North American genus in family Elephantidae is Mammuthus. The 
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order Proboscidea contains several North American genera, including Mammuthus, 

Gomphotherium and Stegomastodon, all reported from the ABD. 

Biochronology Faunal Lists—Lists provided in discussions of characterizing 

taxa of provincial ages or representing periods of time or chronologic, climatic events, or 

environmental conditions rely on the same accuracy of taxonomic identification and 

locality provenience as the Biostratigraphy list. Genus- and species-level identifications 

are the most informative for biochronology studies of 'provincial' or land mammal ages 

and periods of shorter duration, because of the relatively shorter (than family or order) 

'life expectancy' of the taxon. However, order and family level identifications may be 

useful for discussions of continental scale immigration or emigration of taxa. Genera 

reported from particular geographic-stratigraphic areas are often stripped of species 

designations, depending on the topic under discussion (see Lundelius et al., 1987; Bell et 

al., 2004b). 

Sources and Distribution of Faunal Lists—The ABD faunal lists include both 

published sources (theses and dissertations here are considered to be 'published') and 

archived copies of unpublished in-house faunal lists compiled for LACM, IVCM, and 

ABDSP, plus internal administrative reports for the California Department of Parks and 

Recreation, Colorado Desert District (CDD). The current ABDSP catalogue database is 

the definitive source of taxa for the ABD faunal list, including all catalogued ABD 

specimens with associated taxonomic identifications. However, even that list is 

incomplete and contains errors and outdated information (see Chapter 2). Many 

emendations and amendations to the current ABDSP database may be extracted from 

primary documents (such as field notes, catalogue cards, and specimen labels) or from 
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archived prior versions of the database, especially the earliest unaltered ABD portion of 

the LACM and IVCM databases (Table 2.1), and the LACM/ABDSP Specimen Transfer 

Workbook (1997, on file at SRC) and SIEVE worksheets (on file at SRC). 

The publication venues of faunal lists vary greatly, from widely distributed and 

easily obtainable book and journal sources; to low volume and distribution, local museum 

and university publications; to obscure government project reports; or restricted and 

proprietary private industry reports. Updates of faunal lists are not necessarily published 

in the same venue as the original. Depending on the availability of the various sources, 

the original list may have greater visibility than the updated one. For example, the first 

publication of the complete ABD fossil vertebrate faunal list (Remeika et al., 1995) was 

in a locally published field guide. That list was updated in several internal CDD reports 

and resource management conference publications (Jefferson, 1996, 2001, and 2004). 

The latest update of the list was published in the book, "Fossil Treasures of the Anza-

Borrego Desert" (Jefferson and Lindsay, 2006). The field guide remains in publication 

and is offered commercially. The internal reports are generally unavailable. The 

conference publications have a limited distribution (although some may be available on 

the internet). The book is more widely available because of its commercial status and 

broader subject matter. A second example is Cassiliano's (1999: fig. 4) biochronologic-

biostratigraphic chart of VCFC mammal distribution, published in the Journal of 

Vertebrate Paleontology. That list was derived from his dissertation (Cassiliano, 1994: 

plate 2), which in turn, was a greatly expanded version of the data presented by Downs 

and White (1968) in their figure 2. A further update was provided by Cassiliano (2006 

appendix: table 5). In that case, the first two versions appeared in less widely distributed 
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and available venues than the third, in a major paleontology journal, while the latest 

version is in a widely distributed commercial book format. Unless an updated version is 

specifically identified as such when cited in subsequent publications, its existence may go 

unnoticed by researchers needing the information, and citation of an earlier, outdated 

version can continue (see Chapter 2, Unsupported Resurrection of Retired Taxa). 

Outdated Faunal Lists—Published faunal lists become outdated as a result of 

the discovery of synonymous phylogenetic relationships among published taxa, the 

discovery of new taxa within an assemblage, collection, or fossil section, the 

reassignment of individual specimens to alternative taxa, and/or the realization that listed 

taxa are not present. Typically, updated faunal lists are published or produced (in the case 

of in-house lists) with brief or no explanations for individual taxonomic changes from 

previous lists. Often, invalidated taxonomic designations simply disappear between one 

list and its successor. However, the original faunal list remains in the published record, 

along with the locally (or generally) outdated taxa. The stage is thus set for the unfounded 

resurrection of taxa previously eliminated from a faunal list, by leap-frogging citation of 

the outdated source (see Chapter 2, Unsupported Resurrection of Retired Taxa). If the 

author of an updated faunal list does not provide an explanation for the removal of a 

taxon from the previous list, the reader is left to choose among multiple possibilities; 

either it was unintentionally left off of the new list, or the taxon was removed 

intentionally, based on scientifically valid or less-than-valid considerations.  

In other cases a retired taxon may not be recognized as retired, and both the valid 

and invalid taxa, representing the same group of specimens, end up on the list together. A 

fossil section, such as the VCFC, may produce a faunal list including multiple genus 
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names all based on the same local taxon, or even on the same individual specimen. For 

example, "the bat previously identified as ?Myotis (brown bat) is now identified as a new 

genus Anzanycteris (White, 1969); and ?Mustela (weasel) is now assigned to the mustelid 

subfamily Galictinae [Trigonictis]" (Opdyke et al., 1977:323). In this example, only two 

taxa are actually supported by voucher specimens and descriptions for the VCFC section, 

however, all four names persisted on published faunal lists for over three decades (see 

Jefferson and Lindsay, 2006 appendix: table 3). 

Terminology and Methods of Comparing Faunal Lists 

Retirement of Taxa from Faunal Lists—Taxonomic names that have been 

superceded by synonymy or altered because of re-identification of specimens should be 

eliminated from faunal lists. Also, taxa that are not represented by recognizable 

specimens in the collection or in the field should be eliminated from lists. However, 

complete removal from the list may cause confusion when comparing lists of the same 

collection compiled on different dates. One way to address this issue is by retaining all 

taxonomic names previously listed in publication, and appending a decommissioned 

status with an explanation and author for those taxa no longer considered part of the 

fauna. I apply that approach here. The inactivated taxa are grouped under the heading, 

'Retired Taxa,' implying a taxon may be reinstated to active status on the list, based on at 

least one vouchered specimen, and proper diagnostic support for the taxonomic 

assignment. The reason for retirement of a taxon should be stated explicitly, accompanied 
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by citation of the source that originally introduced the taxon onto the list, plus citation of 

the published source(s) for the removal. 

Synonymy—When a taxonomic name of any rank is re-designated as a junior 

synonym of another taxon, the automatic response is to go through a fossil collection and 

change all the old names to the new name. On a database this task may be performed 

simply in a single step, as a global change. This is not necessarily a good idea. Where 

taxonomic assignment of a fossil specimen is tentative or even incorrect, an automatic 

change to the new synonymy may compound the problem. In other words, if the original 

identification is wrong, altering the name based on synonymy only changes one wrong 

name for another. The application of a newly recognized and published synonymy is a 

good time to verify, individually, the taxonomic assignment of each of the affected 

specimens in a collection prior to updating database catalogue records. 

Local Taxon Status—Taxonomic designations with no known representative 

specimen either in the field or in the collection must be retired from the list. Physically 

retaining the name on the list with an explicit retired status maintains continuity with 

previously published versions of the list. Two proposed terms, 'Local Taxon Vanum' and 

'Local Taxon Nudum,' are derived from the International Code of Zoological 

Nomenclature (ICZN), where 'Nomen Nudum' refers to a taxonomic name that is not 

accompanied by a "description or a definition of the taxon" or a "bibliographic reference" 

that provides such a statement (International Commission on Zoological Nomenclature, 

1999:Articles 12, 13). In this study, 'Local Taxon Vanum' (empty taxon) applies to a 

taxon name that appears on any ABD faunal list, but can not be shown to be tied to any 

catalogued or uncatalogued specimen from the ABD. The term 'Local Taxon Nudum' 
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(naked or unadorned taxon) refers to any taxon name that appears on any ABD faunal 

list, but for which no catalogue number, specimen description, or diagnosis was ever 

published, and at least one catalogued specimen appears on the database or other archived 

documents identified to that taxon. 

As an example, the genus 'Martes' appears on in-house ABD faunal lists and 

publications between 1992 and 2001. However, there are no catalogued specimens 

identified as 'Martes' on any version of the LACM, IVCM, or ABDSP databases. The 

taxon is thus retired from the faunal list as a Local Taxon Vanum for the ABD. Should 

diagnosable Martes specimens be discovered, either in the collection or in new field 

surveys of the Park, the genus may be re-placed into the active column of the list, with 

appropriate citation of the source for the reactivation. Prior to this study, the skunk genus 

'Spilogale' appeared on every general ABD mammal list, both in-house and published, 

sometimes identified to a species. No catalogue number, description, or diagnosis were 

provided in any of those publications, although catalogued specimens are identified as 

'Spilogale' on all versions of the (LACM portion) of the database. The ABD 'Spilogale' is 

thus a Local Taxon Nudum for the ABD. 

Other Terminology—Nominal members of the historic and current ABD faunal 

lists appear in several nomenclatural formats. Most formats strictly follow the rules of the 

ICZN (International Commission on Zoological Nomenclature, 1999). Some formats 

incorporate common terminology within or appended to the strict form. Yet other formats 

are entirely informal, utilizing common terminology and descriptive phrases. In order to 

discuss all the members of the various ABD lists coherently, the following words are 

modified here from definitions or more strict usage under ICZN rules.  
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'Taxon,' as used in this study, means any name applied to a group of animals with 

members of the group more closely related to each other than to members outside the 

group. The group alliance may be based on any of several standards established 

elsewhere, including morphologic similarity, shared gene patterns, or shared apomorphic 

characters. These details will be discussed only where necessary to establish the source 

and intention of an ABD taxonomic name assignment. A taxon name may be a common 

name, such as 'shrew,' a quasi-scientific descriptive, such as 'soricid,' or a scientific 

group, such as 'Soricidae.' The name may be modified with an adjective or comparative 

phrase, such as 'Sorex large,' 'Soricidae large shrew,' or 'shrew similar to N. jacksoni.' 

Rank names of genus or higher may appear alone or with an indeterminate modifier, such 

as Soricidae genus and species indeterminate, Soricidae gen. et sp. indet., Sorex species 

indeterminate, or Sorex sp. 

The term 'nomen' applies here only to scientific zoological terminology, such as a 

family, genus, or species epithet. Common names and phrases are referred to as 'names,' 

'descriptives,' or by some other standard or common term. 

Except where otherwise stated, brackets [ ] occurring within quotation marks 

enclose my comments or 'sic,' indicating the immediately preceding text, as printed, 

contains an error in spelling or other typographic error. 

The high quantity of lists and the variation in individual format and content or 

intent at time of creation necessitates lumping all ABD listed taxa together before trying 

to separate out individual taxon claims of presence in any given fossil area of the ABD. 

Some lists or publications refer to only one fossil area, such as VCFC (e.g., Downs and 

White, 1968: fig. 2; Cassiliano, 1999: fig. 4). Other lists include multiple fossil areas or 
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'local faunas' but group them separately, each with a faunal list of its own (e.g., Jefferson, 

1996 ABD list; Cassiliano, 1999: tables 2, 3, 4). A third type of list includes all of the 

ABD taxa in one column and indicates for each individual taxon, one or more fossil areas 

where it was found (e.g., Remeika et al., 1995). A fourth format lists all ABD taxa 

together without indicating the areas where they were found (e.g., Jefferson and Lindsay, 

2006: Appendix table 3). The content of a list may be restricted to one or more closely 

related taxa (e.g., pocket gophers, White and Downs, 1961; arvicoline rodents, 

Repenning, 1992), or larger taxonomic groups such as lizards (e.g., Norell, 1989), birds 

(e.g., Howard, 1963), mammals (e.g., Downs and White, 1968) or vertebrates (e.g., 

Remeika et al., 1995). 

In-House Faunal Lists—See Chapter 2, Published Data and the List of Faunal 

Lists for a detailed explanation of the in-house lists. A characteristic of in-house faunal 

lists is the informal and inconsistent nature of the lists themselves. Typically there is no 

strict format for presenting scientific or common names. One list may display genera 

without an indeterminate species designator, 'sp.,' while the next may show all genera 

unaccompanied by specific nomina addended with 'sp.' (see discussion of 'sp.' below). 

Typically those are not consistent throughout any given list, such that the species 

designator for some genera will be blank while others will include 'sp.' Qualifiers often 

are used interchangeably, such as '?' and 'cf.' Again, different authors may assume all '?' 

qualifiers included on the database mean the same as 'cf.' and lump all questioned taxa 

under the same qualifier. 

Voucher Specimens—For a faunal list to be scientifically valid, every taxon must 

be anchored by a voucher specimen. The voucher must include fully catalogued locality 
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and specimen numbers that (either separately or in combination) are unique for the 

specimen (object) referenced, and are unambiguously associated with locality and 

specimen metadata. For a taxon represented by a stratigraphic or time range within a 

section at least two voucher specimens of that taxon (ideally) should be provided, one 

representing the upper (HSDk) and one representing the lower (LSDk) limits of the local 

range. When only one voucher specimen is available to represent a local range (HSDk = 

LSDk), it should be stated explicitly in text or in the faunal list. 

Interpretation of Multiple Nomenclatural Formats 

The following are examples of variations in nomenclatural formats typically 

appearing in the ABD faunal lists. Absent an explicit definition by the individual(s) who 

made the taxonomic assignment, the strict meaning must be determined based only on the 

taxon name as recorded. Detailed reading of the publication or catalogue notations may 

clarify the original intent. For this study, the format used in the most recent publication 

diagnosing the referred specimens is the accepted form for retained taxa. Otherwise, 

where applicable, genus names without the quantifying 'sp.' are used (the 'null species' 

format, see explanation below) 

Examples of Equivalent Formats—Hypolagus cf. regalis = Hypolagus cf. H. 

regalis = Hypolagus sp. cf. H. regalis. 

Explanation—The qualifying term 'cf.' is the same for all examples, and its 

position between the genus and species nomina is the same in all examples, implying the 

qualification applies to the species identification only. 
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Example—Sigmodon sp. A = Sigmodon 'A' 

Explanation—in the first example 'sp. A' is the species nomen, in the second 

example the placement of 'A' necessarily makes it the species designator for genus 

Sigmodon and implies a single species named 'A,' therefore the terms are equivalent in 

number and meaning. However, whether or not 'sp. A' in fact is equivalent to 'A' must be 

determined by comparison of the published and in-house authorities. 

Example—Large cat = Large felid 

Explanation—'Felid' is a descriptive noun implying the specimen is a member of 

the Linnaean family Felidae (cats). 

Examples of Non-Equivalent Formats—Felis cf. rexroadensis ≠ Felis ? 

rexroadensis 

Explanation—Absent an explanation by the identifying author(s), the qualifiers 

'cf.' and '?' have different meanings (Bengtson, 1988). The qualifier 'cf.' implies some 

comparison was made between the fossil and known representatives of the taxon, either 

directly or with published diagnoses, and the fossil 'conforms' with at least some of those 

characteristics, although is different enough or is insufficiently complete that it warrants a 

qualified status. The '?' qualifier does not imply a comparison was made, only that the 

taxonomic assignment is uncertain. 

Example—Neotoma ≠ Neotoma sp. 

Explanation—A genus name alone implies no quantity of associated species. I 

refer to this as the 'null species format.' The suffix 'sp.' implies only one associated, 

indeterminate species. The suffix 'spp.,' implies two or more indeterminate species within 

the named genus are recognized in the fossil assemblage. When identifying a single 
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specimen the single indeterminate species format is appropriate. However, when applied 

to a genus name within a taxonomic assemblage (such as a faunal list) of unverified 

specific affiliations or where the number of distinct species is unkown or where some 

specimens were identified to species and others were not, the null species format is more 

appropriate. 

Example—Archaeolaginae - New genus and species ≠ Archaeolagine n.g. 

Explanation—By ICZN rules (International Commission on Zoological 

Nomenclature, 1999: articles 42.3 and 61.1) a new genus can only be established in 

association with a species, which may, or may not, be a new species, although there may 

be multiple species (new or not) associated with the new genus. Therefore the strict 

reading of 'Archaeolagine n.g.' is potentially different in quantity of associated species 

(one or more species) from 'Archaeolaginae - New genus and species' (one species only). 

Example—Equus sp., large horse ≠ Equus, large 

Explanation—The first example implies a single indeterminate species of large 

horse, the second does not restrict the number of species of large horses and may include 

more than one. 

Prior Summaries of ABD Taxa 

Two paleofaunal lists persist in publication as authoritative sources of ABD taxa. 

Both lists have been updated several times (see Sources and Distribution of Faunal Lists 

above). The more inclusive list covers all vertebrate taxa for the entire ABD (Remeika et 

al., 1995; Jefferson, 1996, 2001, 2004; Jefferson and Lindsay, 2006: appendix 3). The 
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second list covers only the VCFC and includes only mammal taxa, in the format of a 

stratigraphic range chart (Downs and White, 1966 VCFC unpublished list, 1968; 

Cassiliano, 1994, 1999, 2006: appendix 5).  

The total number of fossil mammal taxa for each list is shown in Table 3.1. The 

number of fossil mammal taxa recognized in the ABDSP collections (at the beginning of 

this study) was around 100, with over 65 distinct genera and about 45 unqualified 

species. A compilation of all published and in-house taxonomic designations for fossil 

mammals of the ABD (Table of Faunal Lists, in archived database files, on CDD ABDSP 

network server) from at least 150 source lists produced over 830 nomenclatural 

variations, including common names, synonyms, and a multiplicity of qualifiers, placed 

in every conceivable position with relation to taxonomic nomina. A given taxon may 

appear in multiple nomenclatural formats (e.g., "? Euceratherium" (Downs, 1957:1823); 

"Euceratherium" (Kurtén and Anderson, 1980:7, 27, 330); "? Euceratherium sp." 

(Remeika et al., 1995:90); "Euceratherium sp." (Cassiliano, 1999:180). No catalogued 

ABD specimen was ever published or described for this taxon, so the format variations 

have no formal basis. 

Taxonomy 

Taxonomic identifications and database organization of the ABDSP fossil 

vertebrate collections are based on Linnaeus' (1758) hierarchical, ranked system. 

Phylogeny and mammal rank terminology generally follow that presented by McKenna 

and Bell (1997), which includes fossil taxa as part of the main structure. Exceptions are 
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made for outdated taxa, alternative synonymies provided by Wilson and Reeder (2005, 

who mention fossil taxa only peripherally), or with supporting evidence in other cited 

publications. 

My primary concern regarding taxonomic identification is the verification of prior 

claims of the presence of particular taxa in the ABD, as manifested in published and in-

house faunal lists. The following taxonomic summary includes the removal of taxa from 

the ABD faunal list resulting from published synonymy or altered identification, or the 

absence of identifiable specimens in the collections. 

Although I reviewed all ABD taxon names, I did not examine representative ABD 

fossils for every taxon. In all cases I compared all published and in-house faunal lists and 

determined from the published history when particular ABD taxa were explicitly or 

implicitly introduced, synonymized, or retired. Previously published ABD taxa that are to 

be retained on the ABD faunal list resulting from my study will be presented in the same 

nomenclatural format as originally published. For those taxa I examined directly, I 

identified fossil specimens to the nearest readily verifiable rank by simple comparison 

with previously identified modern or fossil specimens. In the future, more detailed genus 

and species level identifications should be resolvable upon a full review of each 

taxonomic group and comparison with fossil collections from other known North 

American localities, and are beyond the scope of this project. 

The following summaries include information from both published and 

unpublished or in-house faunal lists. The in-house faunal lists were informal, not intended 

for publication, and have many internal stylistic inconsistencies and simple typographic 

errors. I note below most non-trivial errors and differences between lists. The differences 
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and errors are useful in tracking the growth of the lists, applying an approximate date to 

undated lists, and determining whether a name difference between lists was the result of 

taxonomic revision, reevaluation of the specimens, the field discovery of a new taxon, or 

some form of error. Each taxonomic group is summarized with a publication chronology, 

lists of retained and retired taxa, and a taxonomic narrative, as detailed below. 

Publication Chronology of ABD Taxa—The publication chronology is a listing 

of only the first published citation of each taxon name, including qualifiers and 

indeterminate modifiers, as well as the first publication of every unique nomenclatural 

variant of each taxon. Unless otherwise stated, no catalogued voucher specimen, 

specimen description, diagnosis, or other evidence was provided in the cited original 

source for the actual presence of the taxon in the ABD. Taxa from in-house faunal lists 

are not included in the chronology, although they are included in the narrative, when 

appropriate, to explain the development of an ABD taxon name. 

Retained ABD Taxa—Those taxa that were either published with description 

and/or diagnosis of voucher catalogued specimens, or persist on the current ABDSP 

database, are retained on the ABD faunal list. Five levels of confidence are assigned to 

the taxonomic identifications. The lowest level (1) refers to ABD taxa that were 

published without a voucher catalogued specimen, and with no description or stated 

reason for the identification. The second level (2) of ABD taxa were published with a 

voucher catalogued specimen, but with no description or stated reason for the 

identification. The third level of identification includes published vouchered specimens 

with description and/or figure but no diagnosis or comparison to support the 

identification (3a), or published measurements and diagnosis without voucher catalogue 
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numbers to tie the data to physical specimens (3b). The fourth level (4) taxa were 

published with a description of vouchered specimen(s), including measurements, and/or 

diagnosis to support the identification. The fifth level (5) taxa were included in the 

original publication of a new ABD species. Level 1, 2, and 3 taxa are unverified for the 

ABD and are local taxa nuda. Only level 4 and 5 taxa are considered to be verified. 

Qualifying abbreviations, such as '?,' 'cf.,' or 'nr.' are retained only for published, properly 

vouchered and diagnosed or compared specimens. The suffix 'sp.' is retained only for 

published taxa where no more than one indeterminate species is known to be present 

within the section. Otherwise, 'spp.' indicates more than one indeterminate species is 

known to be present, or the uninominal genus (null species) is used, with no implication 

of number of species present. 

Retired ABD Taxa—Taxon names retired from the ABD faunal list are 

organized in four main classes: Those ABD taxa published without citation and 

description of at least one catalogued voucher specimen and lacking any record in any 

version of the ABDSP, LACM, or IVCM databases (= local ABD taxa vana, confidence 

level = 0); or the taxon name, as published, is an incorrect spelling (I); or the original 

ABD taxon name was altered owing to reidentification of catalogued specimens or local 

or general synonymization of the taxon, not necessarily in reference to ABD or ABD 

specimens (S); or the taxon is expected to be (possibly) present in the ABD sediments, 

based on biochronology and biogeographic considerations, but no voucher specimen has 

yet been identified to the taxon (P). Taxa retired from the ABD faunal list with 

classification 'P' are also, by definition, taxa vana. 
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Taxonomic Narrative—This is a narrative discussion of the sequence of 

published references and citations, including the in-house and database documentary 

sources of taxon names in all the various formats in which they appear. The narrative 

includes other sources for new taxa or nomenclatural variation, such as database records, 

specimen and locality catalogue documents, field notes, and my personal recollections of 

events. Summary counts of identified specimens obtained from database tables (e.g., 53 

soricid records, Soricidae [42], Notiosorex [3], Sorex [8]) are provided as a verification 

that specimens referred to those taxa exist but do not imply they were properly identified 

or published. Most ABD taxon publication histories are presented in a group under a 

common family nomen, because those taxa are typically studied and/or published 

together, often by the same author. Variations on this format include the small group of 

ABD sloths, presented under their common suborder nomen or the large ABD group of 

rodents, presented in subgroups under tribe nomina. Notifications of previous publication 

errata are included at the beginning of some taxonomic groups. 

 
CLASS MAMMALIA LINNAEUS, 1758:14 

COHORT PLACENTALIA OWEN, 1837:903 

MAGNORDER XENARTHRA COPE, 1889:657 

ORDER PILOSA FLOWER, 1883:184 

SUBORDER PHYLLOPHAGA OWEN, 1842:167 

Publication Chronology of ABD Taxa  

"Edentata" Downs, 1957:1822 (first published ABD record) 
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"Megalonyx" Downs and Woodard, 1962:21 (first published ABD record) 

"? Nothrotherium" Downs and White, 1966:310 (first published ABD record) 

"Paramylodon" Downs and White, 1966:310 (first published ABD record) 

"Megalonyx sp." Downs and White, 1968: fig. 2 (alteration to single indeterminate 

species format) 

"cf. Paramylodon" Downs and White, 1968: fig. 2 (qualifier added) 

"cf. Nothrotherium" Downs and White, 1968: fig. 2 (qualifier altered) 

"Nothrotheriops" Kurtén and Anderson, 1980:27 (first publication of ABD specimens 

under new synonymy, cited with other, non-ABD faunas) 

"Megalonyx wheatleyi" Kurtén and Anderson, 1980:137 (first published ABD record, 

cited with other, non-ABD faunas) 

"Nothrotheriops shastensis" Kurtén and Anderson, 1980:141 (first published ABD 

record, cited with other, non-ABD faunas) 

"Glossotherium sp." Remeika, 1992:26 (first published ABD record) 

"Megalonyx jeffersonii" Remeika and Jefferson, 1993: table 1 (first published ABD 

record) 

"Nothrotheriops sp. cf. N. shastensis" Remeika and Jefferson, 1993: table 1 (qualifier 

added) 

"Nothrotheriops sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Paramylodon sp. ? P. harlani" Remeika et al., 1995:87 (first published ABD record) 
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"Megalonyx jeffersoni" Remeika et al., 1995:87 (first publication with new spelling, 

single 'i,' an incorrect subsequent spelling according to Article 33.4 of ICZN rules 

[International Commission on Zoological Nomenclature, 1999]) 

"Paramylodon harlani" McDaniel and Jefferson, 2001:79 (qualifier removed) 

"'Glossotherium' chapadmalense" McDonald, 2006 (first published ABD record) 

"Megalonyx leptostomus" McDonald, 2006 (first published ABD record) 

"Megalonyx mathisi" McDonald, 2006 (first published ABD record) 

"Pliometanastes" McDonald, 2006 (first published ABD record) 

"Paramylodon sp." Cassiliano, 2006 appendix: table 5 (alteration to single indeterminate 

species format) 

Retained ABD Taxa 

Megalonyx jeffersonii 

Megalonyx wheatleyi 

Nothrotheriops shastensis 

Paramylodon harlani 

Retired ABD Taxa 

Edentata 

Glossotherium sp. 

'Glossotherium' chapadmalense 

Megalonyx jeffersoni single 'i,' an incorrect subsequent spelling 
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Megalonyx leptostomus 

Megalonyx mathisi 

Nothrotherium, ? Nothrotherium, cf. Nothrotherium 

Pliometanastes 

Taxonomic Narrative 

The first pubished notice of ABD sloths was of "Edentata" by Downs 

(1957:1822). That was followed five years later by Downs' and Woodard's (1962:21) 

identification of "Megalonyx" in the VCFC. Three distinct sloth taxa were included on 

the earliest in-house faunal list (Downs and White, 1965 VCFC list) as "Paramylodon," 

"Megalonyx," and "? Nothrotherium." The first publication of the taxa was by Downs and 

White (1968: fig. 2) as "Megalonyx," (four locality occurrences indicated) "cf. 

Nothrotherium," (one occurrence indicated) and "cf. Paramylodon" (one occurrence 

indicated).  

Elsewhere, and unrelated to ABD specimens, the genus Nothrotherium was 

determined to be restricted to a smaller tropical South American form, while the larger 

more mesial North American sloths belong to the genus Nothrotheriops (Couto, 1971). 

Sloths were placed in the taxon Pilosa (McKenna, 1975) and the name Edentata was 

subsumed under Xenarthra (Wetzel, 1985; Kraft, 1995). 

The next published citation of the ABD sloths by Opdyke et al. (1977) included 

no mention of Paramylodon. However they provided an absolute (LSDk) age for 

"Nothrotherium," of "~2.1 my [=Ma]" (Opdyke et al., 1977:324). The in-house faunal list 
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compiled by Downs and White (1977 VCFC list) included a change of nomenclature to 

"Megalonyx," "cf. Nothrotheriops," "cf. Glossotherium,"and "Glossotherium sp.," the 

latter two representing the previously published (Downs and White, 1968: fig. 2) ABD 

mylodontid taxon, "cf. Paramylodon." The ABD mylodontid sloth taxon was also 

omitted by Kurtén and Anderson (1980). However, they provided the first recorded 

species assignments for the other ABD sloth genera, "Megalonyx wheatleyi" and 

"Nothrotheriops shastensis" (Kurtén and Anderson, 1980:137 and 141). The species 

assignments were not supported by descriptions or voucher specimens, and although they 

stated that Nothrotheriops is a monotypic genus, they provided no citation or explanation 

for the monotypy. 

The ABD taxa "Megalonyx sp.," "Megalonyx jeffersoni [sic]," "M. wheatleyi," 

"Nothrotheriops sp. cf. N. shastensis," and "Parmylodon sp. ? P. harlani" were published 

by Remeika et al. (1995:87). That was the first appearance of a species nomen with the 

ABD genus Paramylodon. Neither the qualification of Nothrotheriops shastensis nor the 

addition of a species to Paramylodon were explained or supported by either database 

records or prior publications. The faunal list published by Remeika et al. (1995) was 

based (in part) on published and in-house faunal lists and the IVCM and LACM 

databases at that time (personal recollection of third author Murray). 

Based on H. G. McDonald's informal identifications of IVCM sloth specimens 

(see Chapter 2, Specimen Data in Database do not Match Published Data) the only sloth 

taxa present in the VCFC were Paramylodon or Paramylodon harlani and Megalonyx or 

Megalonyx wheatleyi. None of the IVCM (VCFC) specimens was identifiable either as 

Nothrotheriops or Megalonyx jeffersonii. 
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Publications between 1996 and 2006 included Cassiliano's (1999) list of 

Megalonyx sp., Megalonyx wheatleyi, Nothrotheriops shastensis, and Glossotherium sp., 

and Bell et al.'s (2004:259L) statement, "The [VCFC] sequence contains the earliest 

temporally constrained North American occurrences of Nothrotheriops, . . ." 

Published commentary by McDonald (2006) indicated that as many as six species 

in four genera of sloths may be present in the VCFC, including 'Glossotherium' 

chapadmalense, Megalonyx jeffersonii, Megalonyx leptostomus, Megalonyx mathisi, 

Megalonyx wheatleyi, Paramylodon harlani, and Pliometanastes. However, the only 

specimens that are currently referable to species based on data other than chrono-

stratigraphic position in the VCFC section are an approximately 60% complete skeleton 

of Megalonyx wheatleyi ABDSP(LACM)1377/V3624, a partial pelvis and associated 

osteoderms of Paramylodon harlani ABDSP(LACM)1568/V77700 (McDaniel et al., 

2001), and an immature Paramylodon harlani skull ABDSP(IVCM)1189/V4970. The 

only mylodontid sloth listed on the current ABDSP database is Paramylodon harlani. 

Therefore, that species should be retained on the ABD faunal list and 'Glossotherium' 

chapadmalense should be retired. 

Pliometanastes and Megalonyx mathisi are Hemphillian age megalonychid 

ground sloths, and may be represented by elements found low in the VCFC section, in the 

Yuha Formation. Megalonyx leptostomus is Blancan to early Irvingtonian in age while 

Megalonyx wheatleyi is known from Irvingtonian age sediments (McDonald, 2006). 

Megalonyx skeletal elements are found throughout the upper half of the VCFC, although 

most can not readily be identified to species with the material available. Based on 

published records elsewhere, the mid-section VCFC Megalonyx specimens are most 
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likely Megalonyx leptostomus, and the latest VCFC specimens are most likely Megalonyx 

wheatleyi, although this has yet to be determined by morphometric or other reproducible 

analyses. The Rancholabrean-age sloth Megalonyx jeffersonii was reported from both the 

Borrego Badlands and the VCFC (McDonald, 2006). Prior to 1996, all specimens of 

'Megalonyx jeffersonii' within the ABDSP boundaries were identified to that species by 

inexperienced volunteers, including specimen ABDSP(IVCM) 1027/V3406, a complete 

mandible from the Borrego Badlands. The specimen was one of those identified 

informally by H. G. McDonald in 1996 as Megalonyx wheatleyi. The figure and text 

citation of that specimen as "M. jeffersonii" (McDonald, 2006: fig. 10.3) were derived 

from outdated database and catalogue card information. Based on McDonald's 1996 on-

site identifications, none of the sloth specimens from the IVCM portion of the ABD 

collections was identifiable to Megalonyx jeffersonii. Also, none of the LACM ABD 

specimens was identified on the LACM 1995 Specimens database table (Table 2.1) as 

Megalonyx jeffersonii. Three specimens subsequently collected by the ABDSPPS were 

identified as 'Megalonyx jeffersonii.' Because the current ABDSP database retains records 

of specimens identified as 'Megalonyx jeffersonii' and 'Megalonyx wheatleyi,' those two 

taxa should be retained on the ABD faunal list, although both taxa still need verification. 

None of the ABDSP specimens are currently identified as 'Megalonyx leptostomus,' 

'Megalonyx mathisi,' or 'Pliometanastes.' Those taxa should be retired from the ABD 

faunal list until voucher specimens are properly diagnosed in publication.  

A third group of sloths is also present in the ABD, Nothrotheriops, represented by 

three complete limb elements recovered from one locality, ABDSP(LACM) 1915, from 

the Irvingtonian-age portion of the Borrego Badlands section. Various postcranial 
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elements from the VCFC are designated as belonging to Nothrotheriops, but the 

identifications are not currently supported by descriptions. Ten IVCM specimens and one 

LACM specimen from the VCFC were previously identified as belonging to the genus 

Nothrotheriops. Seven of the IVCM specimens were examined by McDonald in 1996 and 

all were re-identified by him as either 'Megalonyx,' 'Paramylodon harlani,' or '?' 

[indeterminate vertebrate]. The remaining four specimens are all foot elements, 

ABDSP(IVCM) 72/V275, 38/V1080, 38/V1085, and ABDSP(LACM) 1197/V20587 and 

should be re-evaluated. Nothrotheriops shastensis remains on the ABD faunal list but the 

VCFC records are unverified. 

 
MAGNORDER EPITHERIA MCKENNA, 1975:41 

GRANDORDER ANAGALIDA SZALAY AND MCKENNA, 1971:301 

ORDER LAGOMORPHA BRANDT, 1855:295 

FAMILY LEPORIDAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"cf. Sylvilagus" Downs, 1957:1822 (first published ABD record) 

"Sylvilagus" Downs and Woodard, 1962:21 (qualifier removed) 

"cf. Lepus" Downs and Woodard, 1962:21 (first published ABD record) 

"Hypolagus" Downs and White, 1965:107 (first published ABD record, "Two species of 

Hypolagus," without voucher specimen or description); Downs and White, 

1966:310 ("3 species," "a smaller species of Hypolagus is similar to a 111 Ranch 

form from Arizona") 
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"Hypolagus cf. regalis" Downs and White, 1966:310 (first published ABD record, 

without voucher specimen, "near the Rexroad locality 3 form") 

"Sylvilagus near floridanus" Downs and White, 1966:310 (first published ABD record) 

"Archaeolagine, n. g." Downs and White, 1968:45, fig. 2 (first published ABD record) 

"Lepus" Downs and White, 1968:42, fig. 2 (qualifier removed) 

"Nekrolagus n. sp." Downs and White, 1968:43 (first published ABD record) 

"Nekrolagus" Downs and White, 1968: fig. 2 ("n. sp." removed) 

"Hypolagus regalis" White, 1969:281 (qualifier removed) 

"Nekrolagus sp." Kurtén and Anderson, 1980:279 (alteration to single indeterminate 

species format, cited with other, non-ABD faunas) 

"Lepus sp." Kurtén and Anderson, 1980:281 (alteration to single indeterminate species 

format, cited with other, non-ABD faunas) 

"Sylvilagus spp." Kurtén and Anderson, 1980:280 (alteration to multiple indeterminate 

species format, cited with other, non-ABD faunas) 

"Hypolagus vetus" White, 1984:42, figs. 1, 2, 3 (refers 45 catalogued ABD specimens 

with description and diagnosis) 

"Nekrolagus species" White, 1984:50, figs. 11a, b, d (refers one catalogued ABD 

specimen with description and diagnosis) 

"?Nekrolagus species" White, 1984:50, fig. 11c (refers one catalogued ABD specimen 

with description and diagnosis) 

"Pewelagus" White, 1984:47 (new genus, original description based on ABD specimens) 
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"Pewelagus dawsonae" White, 1984:47, figs. 7, 8 (new species, original description 

based on ABD specimens, includes holotype and refers 19 catalogued ABD 

specimens)  

"Sylvilagus hibbardi" White, 1984:50, figs. 6, 12, 13 (new species, original description 

based on ABD specimens, includes holotype and refers 58 catalogued ABD 

specimens) 

"Pewelagus" White, 1987:441, fig. 7r (emended diagnosis) 

"Pewelagus dawsonae" White, 1987:441, fig. 7r (emended diagnosis, includes catalogued 

ABD holotype and refers 18 of the 19 catalogued ABD specimens from White, 

1984) 

"Sylvilagus hibbardi" White, 1991:77, fig. 9d (includes ABD holotype and refers seven 

specimens previously refered by White [1984] plus one new catalogued ABD 

specimen) 

"Leporinae, genus and species indeterminate" White, 1984:53, figs. 6a, c (refers three 

catalogued ABD specimens with description and diagnosis) 

 "Hypolagus vetus" White, 1987:431, fig. 7f (emended diagnosis, refers at least 40 of the 

same ABD specimens referred by White, 1984) 

"Hypolagus edensis" White, 1987:437 (refers one uncatalogued ABD specimen with 

description and diagnosis) 

"Lepus cf. callotis" Lundelius et al., 1987: (first published ABD record, based on pers. 

com. from White, 1985) 

"Sylvilagus cf. S. floridanus" White, 1991:78 (refers two specimens previously referred 

by White, 1984 to S. hibbardi, with diagnosis) 
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"Aztlanolagus agilis" White, 1991: fig. 14 (may be read to imply presence of 

Aztlanolagus agilis, no referred specimens) 

"Lepus sp. cf. L. californicus" Remeika, 1992:26 (first published ABD record) 

"Lepus californicus" Remeika and Jefferson, 1993:92 (qualifier removed) 

"Sylvilagus audubonii" Remeika and Jefferson, 1993:91 (first published ABD record) 

"Leporidae Genus and species indet." Cassiliano, 1994: table 1 (addition of indeterminate 

higher rank [Family]) 

"Lepus callotis" Cassiliano, 1994: table 1 (qualifier removed) 

"Sylvilagus sp." Cassiliano, 1994 table 1 (alteration to single indeterminate species 

format) 

"Nekrolagus sp. ? N. progressus" Remeika et al., 1995:87 (first published ABD record) 

"Sylvilagus floridanus" Cassiliano, 1999: fig. 4 (qualifier removed, with explanation in 

text) 

"? Sylvilagus sp." Jefferson and Lindsay, 2006 appendix: table 3 (qualifier added) 

Retained ABD Taxa 

Hypolagus edensis 

Hypolagus vetus 

Pewelagus dawsonae 

Leporinae 

Nekrolagus species 

? Nekrolagus species 
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Sylvilagus cf. S. floridanus 

Sylvilagus hibbardi 

Retired ABD Taxa 

Archaeolagine, n. g. 

Aztlanolagus agilis 

Hypolagus regalis, Hypolagus cf. regalis 

Lepus, cf. Lepus, Lepus sp. 

Lepus californicus, Lepus sp. cf. L. californicus 

Lepus callotis, Lepus cf. callotis, Lepus sp. cf. L. callotis 

Nekrolagus n. sp. 

Nekrolagus progressus, Nekrolagus sp. ? N. progressus 

Sylvilagus audubonii 

Sylvilagus floridanus, Sylvilagus near floridanus (reactivated as Sylvilagus, cf. S. 

floridanus by White, 1991) 

Taxonomic Narrative 

The first notice of ABD lagomorphs in the VCFC was published by Downs 

(1957:1822) as "cf. Sylvilagus." The taxon "cf. Lepus" was added by Downs and 

Woodard (1962:21). "Two species of Hypolagus" were cited by Downs and White 

(1965:107). The first species assignments to the VCFC rabbits included "Sylvilagus near 

S. floridanus" and "Hypolagus cf. regalis is near the Rexraod locality 3 form" (Downs 
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and White, 1966:310). They commented, "Hypolagus (3 species) apparently replaced by 

Sylvilagus" (Downs and White, 1966:310), although only one other ABD(VCFC) 

Hypolagus taxon was mentioned, "a smaller species of Hypolagus is similar to a 111 

Ranch form from Arizona."  

Five lagomorphs, including two previously unreported taxa, "Archaeolagine, n.g." 

and "Nekrolagus" were cited by Downs and White (1968: fig. 2), and included in their 

descriptions of the three VCFC 'local faunas.' From the youngest VCFC strata, "… 

Sylvilagus, Lepus … are a part of the arbitrarily designated Vallecito Creek fauna." 

(Downs and White, 1968:42). The stratigraphically oldest, "Layer Cake fauna … is 

characterized in part by the presence of … Hypolagus cf. regalis, and Nekrolagus n. sp" 

(Downs and White, 1968:43); the stratigraphically intermediate "Arroyo Seco fauna … is 

characterized in part by the presence of … Hypolagus cf. regalis, an Archaeolagine n.g. 

…" (Downs and White, 1968:45). 

The first detailed study of ABD rabbits and hares was provided by White (1984). 

Two genera, Hypolagus and a new genus, Pewelagus, were classified under subfamily 

Archaeolaginae, and two genera, Nekrolagus and Sylvilagus, under subfamily Leporinae. 

Elsewhere (not in reference to ABD specimens), both subfamilies Leporinae and 

Archaeolaginae subsequently were included in the synonymy block for Leporidae by 

McKenna and Bell (1997), although they provided no explanation or citation for the 

synonymies. A more recent taxonomic summary of the family Leporidae (Hoffmann and 

Smith, 2005:194) listed no subfamilies in the taxonomy and included the supporting 

comment, "Often divided into subfamilies … no subfamilies were recognized by 

Ellerman and Morrison-Scott (1951)". However, neither of those general taxonomic 
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summaries cited White's (1987) study of the Archaeolaginae of North America, in which 

he provided an emended diagnosis for Archaeolaginae Dice 1929, and differentiated that 

subfamily from Paleolaginae and Leporinae. Absent a published refutation of White's 

(1987) arguments, the two subfamilies should remain on the ABD faunal list. 

The previously published ABD taxon Hypolagus cf. regalis was implicitly retired 

and replaced by description and diagnosis of VCFC specimens to the species "Hypolagus 

vetus" (White, 1984:42, figs. 1-3). The previously published ABD taxon Archaeolagine, 

n.g. was formally named in the original description and diagnosis of "Pewelagus 

dawsonae" (White, 1984:47, figs. 7, 8). One specimen each was referred to "Nekrolagus 

species" (White, 1984:50, fig. 10) and "?Nekrolagus species" (White, 1984:50, fig. 11c). 

The previously published ABD taxa 'cf. Sylvilagus' and 'Sylvilagus near floridanus' were 

implicitly retired and replaced by the original description and diagnosis of "Sylvilagus 

hibbardi" (White, 1984:50, figs. 6, 12, 13). The previously published ABD taxa 'cf. 

Lepus' and 'Lepus' were implicitly retired and replaced by "Leporinae, genus and species 

indeterminate" based on equivocal diagnosis of three specimens from the VCFC (White 

1984:53, figs. 4, 6). 

Subsequently the ABD genus 'Lepus' was reactivated (although without 

supporting evidence or argument) by Lundelius et al. (1987:214); "In the Anza-Borrego 

Desert of California, Lepus appears at about 2.0 Ma (White, pers. com. 1985)." A new 

ABD species was also introduced in the same article (Lundelius et al., 1987:220), "Lepus 

cf. callotis occurs at the base of the Olduvai subchron at about 1.9 Ma (White, pers. com., 

1985). That lagomorph was identified by White (1984) as Lepus or Sylvilagus" (see 

below for details of this species record in ABD publications). 
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A second ABD Hypolagus species was introduced as "Hypolagus edensis" 

(White, 1987:436, fig. 7m4), although the published catalogue information for the one to 

as many as six possible specimens is problematic. The holotype of Hypolagus edensis 

Frick (1921, the only known record prior to 1984, and not from ABD) was tentatively 

referred to the genus Pewelagus by White (1984). The diagnosis of Hypolagus edensis 

was later emended and the taxon expanded to include Hypolagus limnetus and 12 other 

(non-ABD) sites (White, 1987). The specimen number of a left p3 is listed in White's 

(1987) figure 7, as "LACM 24930," yet the referred specimens section for Hypolagus 

edensis lists only "Arroyo Seco - p3, LACM 23174, 1*" (White, 1987:437). The number 

followed by an asterisk indicates one uncatalogued specimen from the site, although 

'LACM 23174' is a specimen number from locality ABDSP(LACM) 6821. ABD locality 

numbers are not included in the publication. The same specimen number and similar 

element description, "right p3, LACM 23174," also appears on page 443 in the referred 

specimens section for Pewelagus dawsonae. Specimen V23174 was previously published 

as a right p3 referred to "Pewelagus dawsonae" with the holotype description of the 

species (White, 1984:48). Both the LACM (1995 Specimens) and ABDSP-LACM (2007 

Specimens) database tables (Table 2.1) list ABDSP(LACM) 4267/V24930 as Sigmodon 

and ABDSP(LACM) 6821/V23174 as Pewelagus dawsonae. The stratigraphic range 

chart (White, 1987: fig. 12) indicates six distinct stratigraphic occurrences (indicated by 

six horizontal small lines) of Hypolagus edensis in the ABD. None of the ABD databases 

list the species nomen 'edensis.' Hypolagus edensis is technically a local ABD taxon 

vanum, however, the published figure ties the taxon to a real, if currently unknown, 

specimen. For now, the taxon should remain on the faunal list with the comment, 
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"voucher specimen missing." A more detailed curatorial search, especially among 

currently uncatalogued specimens may uncover the specimen (or specimens) in question 

and resolve the catalogue number confusion. 

A previously retired, qualified VCFC Sylvilagus species, Sylvilagus near 

floridanus, was reactivated as "Sylvilagus cf. S. floridanus" (White, 1991:78), based on 

described tooth morphology of two tentatively referred catalogued specimens previously 

referred to Sylvilagus hibbardi by White (1984). Although White (1991) did not include 

any ABD specimens in his discussion of Blancan age localities with Lepus, figure 14 of 

the article may be interpreted as indicating the presence of Lepus sp. in the ABD(VCFC). 

The same figure, however, may also be read to imply the presence of Aztlanolagus agilis 

in the ABD(VCFC), which has never been otherwise suggested (Murray et al., in review). 

Another Lepus species listed for the Borrego Local Fauna, "Lepus sp. cf. L. 

californicus" was first published by Remeika (1992: table 1). That taxon along with the 

new ABD taxon "Sylvilagus audubonii" was also included in the Borrego Local Fauna by 

Remeika and Jefferson (1993: table 1) as was "Lepus californicus" in table 2 of the same 

article. Sylvilagus audubonii appears once on an in-house document (author unknown, 

?1994 ABD list) and appears only two more times in publication (Remeika and Jefferson, 

1995; Remeika et al., 1995), and exclusively from the Borrego Local Fauna. The ABDSP 

(1997 Specimens & Localities) database table (Table 2.1) lists two post-cranial 

specimens and an incisor identified as Sylvilagus audubonii, ABDSP(IVCM) 

1093/V4486, V4488, and ABDSP(IVCM) 1277/V5182, in addition to 15 records of 

Lepus californicus, ABDSP(IVCM) 912/V3880, 927/V4125, 998/V4163, 1010/V4167, 

1142/V4985, 1261/V5033, 1261/V5278, 1277/V5220, 1277/V5220.01, .02, .03, .04, .05, 
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.06, .07. The latter consist of an unidentified tooth, an incisor, two skull fragments and 

the rest are post-cranial elements. The taxon 'Lepus californicus' does not appear on the 

ABDSP-LACM (2007 Specimens) database table (Table 2.1). The records are among 

those incorrectly altered during the 2003 Argus to TMS conversion, where all records 

with species nomen 'californicus' were globally altered to 'Microtus californicus' (see 

Chapter 2, Examples of ABD Data Errors, Taxonomic Mistranslation), with the exception 

of one specimen, ABDSP(IVCM) 1261/V5278, which was inadvertently deleted during 

the database conversion. All of the elements assigned to the two taxa are within the size 

range of Sylvilagus, which makes assignment of any of them exclusively to the genus 

Lepus (much less to a species) problematic because the purportedly diagnostic characters 

for such a determination are based on the dentary (Murray et al., in review). In addition, 

all the specimens were originally identified by untrained volunteers (see Chapter 2, 

Identifications by Inexperienced Workers). Species level identification for the material in 

question (mostly post-cranial) is not straightforward, even for experts. This is a case 

where the species may have been selected based on biogeography. The modern 

geographic ranges of Lepus californicus and Sylvilagus audubonii include the ABDSP 

(Burt and Grossenheider, 1976; Jameson and Peeters, 1988). Both Lepus californicus and 

Sylvilagus audubonii are thus local ABD taxa vana and should be retired from the faunal 

list. 

Three nomenclatural variants of the ABD(VCFC) Lepus, based on three 

catalogued specimens were provided by Cassiliano (1994:147): "Lepus sp.," 

ABDSP(IVCM) 110/V407; "Lepus sp. cf. L. callotis," ABDSP(IVCM) 113/V413; "Lepus 

callotis," ABDSP(IVCM) 113/V4812. The first specimen, ABDSP(IVCM) 110/V407 
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was later separated from the main collection as possibly modern in age and was 

subsequently discarded (see Chapter 2, Examples of ABD Data Errors, Modern 

Specimens). The third specimen, V4812, was previously published as IVCM 1275 by 

White (1984) and shortly thereafter incorrectly renumbered (see Chapter 2, Examples of 

ABD Data Errors, Specimens and Localities Misnumbered). The three variants 

subsequently were used by Cassiliano (1999) without catalogue numbers. All four ABD 

Lepus records published by White (1984) and Cassiliano (1994) and listed on the 

database as Lepus were recently reviewed. The three extant specimens were found 

lacking in sufficient morphology for diagnosis beyond Leporinae, gen. et sp. indet., in 

agreement with White's (1984) original conclusions (Murray et al., in review). The fourth 

specimen was prevously discarded as modern and was unavailable for review (see 

Chapter 2, Unsupported Data, Lepus). 

The taxon Hypolagus regalis, previously implicitly retired from the ABD faunal 

list and replaced with Hypolagus vetus by White (1984), was reintroduced in publication 

by Remeika et al. (1995:87), apparently obtained from the Remeika in-house list (1992 

ABD list). Hypolagus regalis was explicitly retired from the ABD (VCFC) by 

Cassiliano's statement (1999:175); "White (1984) re-identified Hypolagus sp. cf. H. 

regalis as H. vetus." The only expression anywhere of a species nomen applied to the 

ABD Nekrolagus was published by Remeika et al. (1995:87) as "Nekrolagus sp. ? N. 

progressus." This is a local ABD taxon vanum. Both species rank taxa Hypolagus regalis 

and Nekrolagus sp. ? N. progressus are thereby retired from the ABD faunal list. 
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ORDER RODENTIA BOWDITCH, 1821:7 

Publication Chronology of ABD Taxa 

"Rodentia, gen. and sp. indet." Cassiliano, 1994: table 11 (addition of indeterminate 

higher rank [Order]) 

 

FAMILY SCIURIDAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"Eutamias" Downs and White, 1968: fig. 2 (first published ABD record) 

"Eutamias sp." Kurtén and Anderson, 1980:220 (alteration to single indeterminate 

species format) 

"Ammospermophilus leucurus" Remeika and Jefferson, 1993: table 1 (first published 

ABD record) 

"Sciuridae, Genus and species indet." Cassiliano, 1994: table 1 (addition of indeterminate 

higher rank [Family]) 

"Spermophilus sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Spermophilus (Otospermophilus) sp." White et al., 2006:242 (addition of subgenus, with 

explanation but no voucher specimens or diagnostic description) 

"Tamias sp." Cassiliano, 2006 appendix: table 5 (first published ABD record) 
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Retained ABD Taxa 

Eutamias 

Spermophilus 

Retired ABD Taxa 

Ammospermophilus leucurus 

Spermophilus (Otospermophilus) sp. 

Tamias sp. 

Taxonomic Narrative 

The first mention of ABD squirrels in publication was by Downs and White 

(1968: fig. 2) as "Eutamias" from the Blancan portion of the VCFC section, although 

"Sciuridae sp." were noted from all three of the contiguous VCFC 'local faunas' on the in-

house list for the same year (Downs and White, 1968 VCFC list).  

The species "Ammospermophilus leucurus" was listed for the Borrego Local 

Fauna by Remeika and Jefferson (1993: table 1). That taxon appeared only twice more in 

publication and only from the Borrego Badlands (Remeika et al., 1995; Remeika and 

Jefferson, 1995). The taxon was not included in the most recent publication of the 

comprehensive ABD faunal list (Jefferson and Lindsay, 2006 appendix: table 3) or VCFC 

range chart (Cassiliano, 2006 appendix: table 5). In the same volume, White et al. 

(2006:242) stated explicitly, "The absence of Ammospermophilus [in VCFC Hueso strata] 
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indicates that the arid conditions present today had not fully developed." While the 

statement accounts for the upper portion of the VCFC section, it does not mention 

whether or not Ammospermophilus is present in the remainder of the section or other 

fossil areas of the ABD nor why the taxon disappeared from the faunal list. 

"Spermophilus sp." first appeared on an in-house list (Miller?, 1984-1987 ABD 

list) and was added to the published VCFC list by Cassiliano (1994: table 1). The 

Spermophilus record was altered by White et al. (2006:242), "Based on the few teeth and 

some jaws recovered [in VCFC Hueso strata], they can be identified to the genus 

Spermophilus, subgenus (Otospermophilus), the common ground squirrrel." However, no 

specimen numbers were provided and the diagnostic characters supporting the 

assignment to subgenus were not described.  

The ABD chipmunk, referred to as "Eutamias" by the latter authors (White et al., 

2006:242), and listed as "Eutamias sp." by Jefferson and Lindsay (2006 appendix: table 

3) was assigned to a different genus, "Tamias sp." in the same volume, by Cassiliano 

(2006 appendix: table 5). The general taxonomic status of the chipmunk has a see-saw 

history going back at least a half century. An equivocal summary was provided by 

Thorington and Hoffman (2005:813), "Thus, a single genus, Tamias, may be employed 

for all chipmunks (Levenson et al., 1985), but two genera (Tamias and Neotamias) could 

be recognized, or all three [including Eutamias] could be recognized as genera." 

The ABDSP-LACM (2007 Specimens) database table (Table 2.1) lists 50 

specimens under the family Sciuridae, two of them as Ammospermophilus leucurus from 

a single locality, three as Eutamias from three localities, and five as Spermophilus 

(without subgenus) from five localities. The two 'Ammospermophilus leucurus' 
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specimens, both partial limb elements, were identified by untrained volunteers, who 

probably had only a locally obtained Ammospermophilus leucurus skeleton as 

comparative squirrel material. The identification may also be a result of biogeographic 

identification. The modern range of Ammospermophilus leucurus includes the ABD (Burt 

and Grossenheider, 1976; Jameson and Peeters, 1988). To date, no ABD squirrel 

specimens have been described or diagnosed in publication. Eutamias and Spermophilus 

should currently remain on the faunal list as unverified. Alterations and additions to the 

taxonomic nomenclature of these specimens should be retired until the specimens are 

evaluated. Based on the problems outlined above, Ammospermophilus leucurus, subgenus 

Otospermophilus, and Tamias should be retired from the list. 

 

FAMILY CASTORIDAE HEMPRICH, 1820:33 

GENUS CASTOR LINNAEUS, 1758:58 

Publication Chronology of ABD Taxa 

"Castoridae" Miller, 1979 specimen catalogue card (IVCM 521/V 2068, on file at SRC) 

(first in-house ABD record) 

"Castor sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Castor" Cassiliano, 1994: table 16 (altered to null species format) 

Retained ABD Taxa 

Castor 
188 

 
 

 
 



 

Retired ABD Taxa 

none 

Taxonomic Narrative 

The first ABD(VCFC) beaver specimen ABDSP(IVCM) 521/V2086, a partial 

dentary, was identified in 1979 on the specimen catalogue card (on file at SRC) by G. 

Miller as "Castoridae" and appeared on the Miller? in-house list (1979 ABD list) as "? 

Paleocastor," and on the ABDSP (1997 Specimens & Localities) database table (Table 

2.1), with an incorrect spelling as "Pulecastor." The first publication of the ABD beaver 

was by Cassiliano (1994: table 1) as "Castor sp." Subsequent publications alternated 

between 'Castor sp.' and 'Castoridae.' The ABD beaver taxon was never published as 

'Paleocastor.' 

A second beaver specimen was recognized from the same locality, 

ABDSP(IVCM) 521/V1841, distal end of left humerus. That specimen was originally 

identified as "cf. Nasua," and anchored that ABD taxon as the only representative from 

1979 until 1995 (see Carnivora, Procyonidae), when G. T. Jefferson and L. K. Murray 

reidentified it as Castor sp. cf. C. canadensis. The qualified species identification appears 

on the specimen catalogue card and specimen box card, however, the ABDSP-LACM 

(2007 Specimens) database table (Table 2.1) lists only "Castoridae." During my 

examination of carnivoran specimens in 2006 I discovered three elements with previous 

identification on the specimen box card to "? Carnivora [crossed out], tibia - other frags," 

subsequently identified to "cf. Felidae, head of femur." By comparison with modern 
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skeletons of Lynx rufus and Castor canadensis and others, I reidentified the elements to 

Castor sp. These include the proximal portion of a femur and distal tibia and fibula, 

catalogued as ABDSP(LACM) 1800/V20616. As a result of this taxonomic reassignment 

from carnivoran to rodent I discovered the database listing for the other beaver specimens 

was in error. The class, order, family and genus names were incorrectly altered from 

"Mammalia, Rodentia, Castoridae, Castor" to "Aves, Anseriformes, Anatidae, Branta" 

based on the shared species nomen 'canadensis,' (see Chapter 2, Serendipity, and 

Taxonomic Mistranslation). 

 

FAMILY CRICETIDAE ILLIGER, 1811:84 

[THE TAXONOMY OF THE ABD CRICETIDAE FOLLOWS MUSSER AND CARLETON, 

2005] 

SUBFAMILY CRICETINAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"Cricetinae" Downs, 1957:1823 (first published ABD record) 

"Cricetidae, Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

Retained ABD Taxa 

Cricetidae, Genus and species indet. 
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Retired ABD Taxa 

Cricetinae 

Taxonomic Narrative 

191 

The ABD subfamily Cricetinae first appeared in Downs (1957:1822) as a general 

announcement of small cricetid mice in the ABD(VCFC). The taxon name appeared only 

one other time, in the Downs and White in-house list (1965 VCFC list). Cricetinae is now 

recognized as a monophyletic group known primarily from North Africa, Europe, and 

Asia and is closely allied to the Arvicolinae and Neotominae (Musser and Carleton, 

2005) but contains none of the known ABD rodent genera described to date. The 

ABDSP-LACM 2007 Specimens database table (Table 2.1) lists 132 records identified to 

the subfamily Cricetinae. All but four of those are LACM specimens without generic 

identification. The database lists four IVCM specimens identified in 1976 by JAW/RJZ 

(John A. White and Richard J. Zakrzewski) as Neotoma and Sigmodon and all are listed 

under the subfamily Cricetinae. The two comprehensive vertebrate systematic authorities 

available at that time were Romer (1966) and Simpson (1945). While the former author 

did not include subfamilies for Rodentia, the latter author included all those taxa (later) 

listed in the ABD as Neotominae and Sigmodontinae (see below) under the subfamily 

Cricetinae. This is clearly an out of date and inappropriate identification for the ABD and 

the taxon Cricetinae should be retired from the ABD faunal list. To avoid the potential 

problems created by global taxonomic reassignment of large numbers of specimens based 

on a general taxonomic change, the taxon Cricetinae should simply be removed from the 

 
 

 
 



 

database and from the specimen catalogue cards and labels, rather than be replaced by 

another subfamily nomen, such as Neotominae or Sigmodontinae. All the affected 

specimens were originally listed under family Cricetidae, and will retain that higher rank 

classification. As individual specimens are re-evaluated they may be assigned to 

appropriate subfamilies, genera, and species where appropriate. 

 

SUBFAMILY NEOTOMINAE MERRIAM, 1894:228 

TRIBE BAIOMYINI MUSSER AND CARLETON, 2005 

Publication Chronology of ABD Taxa 

"? Baiomys" Downs and White, 1968: fig. 2 (first published ABD record) 

"Baiomys sp." Cassiliano, 1994: tables 1, 4, 12, 18 (qualifier removed and alteration to 

single indeterminate species format) 

"Baiomys" Cassiliano, 1994: tables 16, 17, 19, plate 2 (altered to null species format) 

Retained ABD Taxa 

Baiomys 

Retired ABD Taxa 

none 

192 
 
 

 
 



 

Taxonomic Narrative 

The pygmy mouse first appeared on the Downs and White in-house list (1965 

VCFC list) as "? Baiomys sp." The first publication of the taxon was by Downs and 

White (1968: fig. 2) as "? Baiomys." The qualifier was dropped by Miller? (1984-1987 

ABD list) and does not appear again on any in-house or published list. The second 

publication of the ABD pygmy mouse was by Cassiliano (1994). Only three ABD 

Baiomys teeth were reported by White et al. (2006).  

The ABDSP-LACM 2007 Specimens database table (Table 2.1) lists two 

catalogue specimen numbers, ABDSP(LACM) 1114/V3327, Baiomys sp., tooth X, and 

ABDSP(LACM) 1114/V3328, ? Baiomys sp., tooth M/1, M/2. However, the LACM 

database lists the teeth of specimen V3327 as "teeth" and of V3328 as "/m1 + M2/." Both 

databases include a comment in the 'Remarks about Element' field for each specimen 

number, "LACM V3327 - V3327.13" and "LACM V3328 - V3328.10" ['V' not included 

on the LACM database]. That comment is clarified by examination of the 

LACM/ABDSP Specimen Transfer Workbook (1997, on file at SRC). The page labeled 

'odd 23' lists detailed information for 23 specimens identified as Baiomys. Those assigned 

to specimen number V3327.01 through V3327.13 are primarily right and left upper and 

lower first molars, while those assigned to V3328.01 through V3328.10 are primarily 

right and left upper and lower second molars. Notation in the workbook indicates "JAW" 

(John White) identified the Baiomys specimens. This format of decimal numbering and 

expanson of a specimen number originally assigned to a batch of multiple specimens into 

multiple unique records is typical of the ABD rodent specimens from the LACM 
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collection (see Chapter 2, Same Specimen Number Published for Two Separate Taxa, 

Renumbering Batch Catalogued Specimens). Several hundred of those renumbered 

microvertebrate former batch specimens do not appear on any database but are listed in 

the Specimen Transfer Workbook (1997, on file at SRC). 

 

TRIBE NEOTOMINI MERRIAM, 1894:228 

Publication Chronology of ABD Taxa 

"Neotoma" Downs, 1957:1823 (first published ABD record) 

"Neotoma sp. A" Downs and White, 1966:310 (first published ABD record) 

"Neotoma sp. B" Downs and White, 1966:310 (first published ABD record) 

"?Nelsonia" Downs and White, 1966:310 (first published ABD record) 

"Neotoma sp. b" Zakrzewski, 1993:408 (first published ABD record) 

"Neotoma sp. c" Zakrzewski, 1993:408 (first published ABD record) 

"Neotoma sp. e" Zakrzewski, 1993:408 (first published ABD record) 

"Neotoma lepida" Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"Neotoma sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Neotoma (Hodomys) sp. (A)" Remeika et al., 1995:88 (addition of subgenus) 

"Neotoma (Hodomys) sp. (B)" Remeika et al., 1995:88 (addition of subgenus) 

"Nelsonia sp." Remeika et al., 1995:88 (qualifier removed) 
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"Neotoma (Hodomys) sp." Cassiliano, 1999: table 2 (alteration to indeterminate species 

without alpha designator) 

"Neotoma (Hodomys) sp. c" Cassiliano, 1999: table 3 (addition of subgenus) 

"Neotoma (Hodomys) sp. e" Cassiliano, 1999: table 4 (addition of subgenus) 

"Repomys" Cassiliano, 1999: table 3 (first published ABD record) 

"N.[eotoma] (Parahodomys)" White et al., 2006:245 (reassignment of subgenus) 

N.[eotoma] (Paraneotoma)" White et al., 2006:245 (reassignment of subgenus) 

"Neotoma (Paraneotoma) sp." Jefferson and Lindsay, 2006 appendix: table 3 (alteration 

to single indeterminate species format) 

"Neotoma (Parahodomys) sp. (A)" Jefferson and Lindsay, 2006 appendix: table 3 

(reassignment of subgenus) 

"Neotoma (Parahodomys) sp. (B)" Jefferson and Lindsay, 2006 appendix: table 3 

(reassignment of subgenus) 

"Repomys sp." Jefferson and Lindsay, 2006 appendix: table 3 (alteration to single 

indeterminate species format) 

Retained ABD Taxa 

Neotoma sp. b (Zakrzewski, 1993) 

Neotoma sp. c (Zakrzewski, 1993) 

Neotoma sp. e (Zakrzewski, 1993) 

Repomys  
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Retired ABD Taxa 

Nelsonia, ?Nelsonia 

Neotoma sp. A 

Neotoma sp. B 

Neotoma lepida 

Neotoma (Hodomys) sp.  

Neotoma (Hodomys) sp. A 

 Neotoma (Hodomys) sp. B 

 Neotoma (Hodomys) sp. c 

 Neotoma (Hodomys) sp. e 

Neotoma (Parahodomys) 

Neotoma (Parahodomys) sp. A 

Neotoma (Parahodomys) sp. B 

Neotoma (Paraneotoma), Neotoma (Paraneotoma) sp. 

Taxonomic Narrative 
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The first ABD wood rat taxon was published as "Neotoma" by Downs 

(1957:1823). The earliest known in-house faunal list (Downs and White, 1965 VCFC list) 

included "Neotoma sp.—Woodrat seemingly related to N. albigula, N. lepida, or N. 

mexicana;" "Neotoma sp.—A species distinct from the above;" and "? Nelsonia sp.—

Pygmy Woodrat-like cricetid." The two unnamed species of Neotoma were first 

published by Downs and White (1966:310) as "Neotoma sp. A (3200 feet [vertical range 

 
 

 
 



 

of 975 m])" and "Neotoma sp. B (6000 feet [vertical range of 1,829 m])," along with 

"?Nelsonia" (Table 3.2). The range chart by Downs and White (1966 VCFC list) shows 

'Neotoma sp. A' distribution from the top of the Vallecito Creek 'local fauna' into the 

middle of the Arroyo Seco 'local fauna,' equivalent to approximately 975 m (the 'vertical 

range' determined by Downs and White [1966:310]), while 'Neotoma sp. B' appears from 

the top of the Vallecito Creek, through the Arroyo Seco, and into the Layer Cake 'local 

fauna,' (Downs and White, 1966 VCFC list) equivalent to approximately 1,829 m 

'vertical range.' 

Only the single listing of the genus "Neotoma" appeared in Downs and White 

(1968: fig. 2). A subgenus was added in another in-house list (Downs and White, 1977 

VCFC list) as "Neotoma (cf. Hodomys) sp. 'A'," and "Neotoma (cf. Hodomys) sp. 'B'." A 

footnote appended to those taxa states, "From studies on Neotoma and Microtines by R. 

Zakrzewski (the later [sic, probably 'latter'], 1972)." The subsequent in-house list updated 

by Miller (1981 ABD list) included the comment for the Neotoma and Nelsonia entries, 

"under study by Zakrzewski." The 'cf.' qualifiers were dropped informally from the 

Neotoma and Nelsonia taxa by Miller? (1984-1987 ABD list) while the subgenus was 

apparently altered to a species nomen as "Neotoma hodomys." Those unqualified taxa 

were published subsequently, as "Neotoma (Hodomys) sp. (A)," "Neotoma (Hodomys) sp. 

(B)," and "Nelsonia sp." (Remeika et al., 1995).  

The latter authors were unaware (personal recollection of third author Murray) of 

a previous publication by Zakrzewski (1993:408) recognizing three unnamed Neotoma 

species in the VCFC: (1) "sp. b," 46 measured specimens from the Layer Cake and 

Arroyo Seco 'local faunas;' (2) "sp. c," 46 measured specimens from the Arroyo Seco and 
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Vallecito Creek 'local faunas;' (3) "sp. e," 25 measured specimens from the Vallecito 

Creek 'local fauna' (Table 3.2). The alpha designations assigned to unnamed Neotoma 

species by Zakrzewski (1993) were apparently arbitrarily assigned within that project, 

and the 'Neotoma sp. b' of the latter author is neither implicitly nor explicitly equivalent 

to the 'Neotoma sp. B' of Downs and White (1966). The 'local fauna' occurrence of 'N. sp. 

A' (Downs and White, 1966) coincides with the 'local fauna' occurrence of 'Neotoma sp. 

c' (Zakrzewski, 1993), and the 'local fauna' occurrence of 'Neotoma sp. B' (Downs and 

White, 1966) includes the 'local fauna' occurrences of both 'Neotoma sp. b' and 'Neotoma 

sp. e' (Zakrzewski, 1993). I provide this comparison of 'local fauna' occurrences merely 

as an observation and make no conclusions about the possible significance. Although 

subgenera were discussed in the text by Zakrzewski (1993), he provided no explicit 

assignment of the measured ABD specimens to a particular subgenus. 

A new ABD taxon, "Repomys sp." first appeared on the Remeika list (1992 ABD 

list), and later in publication (Cassiliano, 1999: table 3, fig. 4). That Blancan taxon 

replaced the previously published ABD (VCFC) taxon Nelsonia (Table 3.2) known 

elsewhere as modern in age (White et al., 2006). Neither Repomys nor Nelsonia appear 

on any ABD database, and no catalogued specimens have ever been described or 

diagnosed in publication. The stratigraphic range chart by Downs and White (1968: fig. 

2) indicated a single locality for ? Nelsonia, without locality or specimen number 

provided. A single specimen listed in the LACM/ABDSP Specimen Transfer Workbook 

(1997:page 'even 18,' on file at SRC) is identified as "Repomys" from locality 

ABDSP(LACM) 1358/V (specimen number not assigned, transfer number T1064, batch 
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subnumber .12). Nelsonia is thus a local ABD taxon vanum and should be retired from 

the faunal list, while Repomys remains on the list as unverified. 

The species "Neotoma lepida" appears only twice in publication as part of the 

Borrego Local Fauna (Remeika and Jefferson, 1993: table 1; 1995:101). Those listings 

were probably derived from the ABDSP database. Six catalogued specimen numbers 

from three localities in the Borrego Badlands are identified on the ABDSP-LACM (2007 

Specimens) database table (Table 2.1) as Neotoma lepida. Three of those are listed as 

teeth, ABDSP(IVCM) 1261/V5053, V5082; 1264/V5060, and the rest are post-cranial 

elements. The people listed as identifying the specimens were paleontology volunteers, 

not trained or experienced enough to make species level identifications of Neotoma, 

especially on post-cranial material or teeth not identified to jaw position (see Chapter 2, 

Taxonomic Misidentification, Identifications by Inexperienced Workers). This is a case 

where the species may have been selected based on biogeography. The modern 

geographic range of Neotoma lepida encompasses the ABD (Burt and Grossenheider, 

1976; Jameson and Peeters, 1988). Neotoma lepida is thus retired from the local ABD 

faunal list. 

The ABD(VCFC) subgenus Neotoma (Hodomys) was implicitly retired (by 

omission) by White et al. (2006) and replaced with three different forms, also listed in the 

same volume by Jefferson and Lindsay (2006 appendix: table 3) as "Neotoma 

(Paraneotoma) sp.;" "Neotoma (Parahodomys) sp. (A);" and "Neotoma (Parahodomys) 

sp. (B)." No documentation is available to determine the relationship, if any, between 

those three taxonomic forms and the three ABD(VCFC) taxa referred by Zakrzewski 

(1993) to Neotoma sp. b, Neotoma sp. c, and Neotoma sp. e, or the two earlier published 
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forms referred by Downs and White (1966) to Neotoma sp. A and Neotoma sp. B (Table 

3.2). However, "Neotoma (Hodomys) sp." was apparently reactivated later in the same 

volume (Cassiliano, 2006 appendix: table 5) where it is listed as present in the VCFC 

section. Recent phylogenetic analyses (elsewhere, not based on ABD specimens) raised 

Hodomys to genus rank, and Paraneotoma and Parahodomys are classified as synonyms 

of genus Neotoma (Musser and Carleton, 2005). 

The observation was made by White et al. (2006:245) that"Nearly 300 specimens 

of Neotoma have been recovered from the Hueso Formation." The ABDSP-LACM (2007 

Specimens) database table (Table 2.1) lists 374 Neotoma specimens. Most of those were 

present on the earlier LACM and IVCM databases prior to transfer of specimens from 

LACM to ABDSP. All but about 30 of the specimens are from the VCFC section. In 

addition to those fully catalogued specimens, more than 400 specimens identified as 

Neotoma were renumbered from batch catalogued specimen numbers at LACM and do 

not appear on the ABDSP-LACM (2007 Specimens) database table (Table 2.1) 

(LACM/ABDSP Specimen Transfer Workbook, 1997, on file at SRC). 

With the exception of the specimens currently catalogued as Neotoma lepida (see 

above), none of the 700 plus ABD specimens identified as Neotoma include either a 

subgenus or a species nomen, either on the database or on the transfer workbook 

documents. The specimens measured by Zakrzewski (1993) were not identified by 

catalogue number, and were only referred to unnamed species. To date, no other ABD 

Neotoma specimens are described or diagnosed, and none of the various taxonomic 

identifications have been supported by published morphologic or apomorphic data. Until 

such studies are performed and reported in publication, all the subgenera and other 
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unnamed species designations associated with ABD Neotoma (with the exception of the 

three ABD Neotoma taxa reported in Zakrzewski, 1993) should be retired from the ABD 

faunal list. 

 

TRIBE REITHRODONTOMYINI VORONTSOV, 1959 

[PEROMYSCUS, ONYCHOMYS, REITHRODONTOMYS] 

AND 

TRIBE PHYLLOTINI VORONTSOV, 1959 

[CALOMYS (BENSONOMYS)] 

OR [SENSU MCKENNA AND BELL, 1997] 

TRIBE PEROMYSCINI HERSHKOVITZ, 1966:354 

[BENSONOMYS] 

AND 

TRIBE PHYLLOTINI VORONTSOV, 1959 

[CALOMYS] 

Publication Chronology of ABD Taxa 

"Bensonomys" Downs and White, 1968: fig. 2 (first published ABD record) 

"Peromyscus" Downs and White, 1968: fig. 2 (first published ABD record) 

"Reithrodontomys" Downs and White, 1968: fig. 2 (first published ABD record) 

"Onychomys" Downs and White, 1968: fig. 2 (first published ABD record) 
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"Peromyscus maniculatus" Remeika and Jefferson, 1993: table 1 (first published ABD 

record) 

"Calomys (Bensonomys) sp." Cassiliano, 1994: table 1 (first published ABD record of 

Calomys, reassignment of Bensonomys to subgenus) 

"Onychomys sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Peromyscus sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Reithrodontomys sp." Cassiliano, 1994: table 1 (alteration to single indeterminate 

species format) 

"Calomys (Bensonomys)" Cassiliano, 2006: table 7.1 (altered to null species format) 

Retained ABD Taxa 

Calomys (Bensonomys) 

Onychomys 

Peromyscus 

Reithrodontomys 

Retired ABD Taxa 

Bensonomys 

Peromyscus maniculatus 
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Taxonomic Narrative 

Fossil mice of the subfamily Neotominae were first identified (informally) in the 

ABD by Downs and White (1965 VCFC list) as "Onychomys sp.," "Peromyscus sp.," and 

"Reithrodontomys sp." A fourth taxon, "Bensonomys sp." was added the next year 

(Downs and White, 1966 VCFC list). All four taxa were published for the first time by 

Downs and White (1968). The species "Peromyscus maniculatus" was added to the 

Borrego Local Fauna by Remeika and Jefferson (1993: table 1). That taxon appears in 

only two more publications (Remeika et al., 1995; Remeika and Jefferson, 1995), then 

disappears from all subsequent in-house lists and publications. The species does not 

appear on any ABDSP database, is thus a local ABD taxon vanum, and should be retired 

from the faunal list.  

Bensonomys was reduced in the ABD faunal list to subgenus rank as "Calomys 

(Bensonomys) by Cassiliano (1994: table 1), based implicitly on prior studies elsewhere 

establishing Bensonomys as a Miocene-Pliocene form of Calomys (Baskin, 1978; 1986; 

Lindsay and Jacobs, 1985; Czaplewski, 1987; Korth, 1994). Both Calomys and 

Bensonomys were recognized as genera by McKenna and Bell (1997), who placed 

Bensonomys in family Muridae, subfamily Sigomodontinae, tribe Peromyscini 

Hershkovitz, 1966, although, Musser and Carleton, 2005:1105 incorrectly stated, 

"McKenna and Bell (1997) assigned Bensonomys to Neotomini, within Sigmodontinae 

sensu lato." Calomys was placed in family Muridae, subfamily Sigomodontinae, tribe 

Phyllotini Vorontsov 1959 (McKenna and Bell, 1997). The phylogenetic relationship of 
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those two taxa is currently unresolved yet has an important bearing on "larger issues of 

New World rodent evolution and biogeography" (Musser and Carleton, 2005:1105). 

That group of taxa remained unaltered on the ABD faunal lists throughout the 

remainder (since 1992) of the publication history of the ABD, as Calomys (Bensonomys) 

sp., Onychomys sp., Peromyscus sp., and Reithrodontomys sp. The ABDSP-LACM (2007 

Specimens) database table (Table 2.1) lists five catalogued specimens as Calomys 

(Bensonomys) sp., three as Onychomys sp., 87 as Peromyscus sp., and 25 as 

Reithrodontomys sp. Many of the generic identifications are qualified by '?' or 'cf.,' 

including four of the six Calomys (Bensonomys) records and two of the three Onychomys 

records. Additional specimens are listed on the LACM/ABDSP Specimen Transfer 

Workbook (1997, on file at SRC), in particular, over 65 specimens of Reithrodontomys. 

The small number of Calomys (Bensonomys) and Onychomys specimens with the high 

percentage of qualified identifications necessitates that they be examined closely to verify 

the generic assignments. The ABD faunal list should indicate those four taxa are 

unverified. 

 

SUBFAMILY SIGMODONTINAE WAGNER, 1843:398 

TRIBE SIGMODONTINI VORONTSOV, 1959 

Publication Chronology of ABD Taxa 

Sigmodon Downs, 1957:1822 (first published ABD record) 
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"A small Sigmodon near S. intermedius from the Rexroad and S. medius from the 

Benson" Downs and White, 1965:107 (first published ABD record, with no 

voucher specimens and mention of crown height only, unclear if more than one 

taxon intended) 

"Sigmodon cf. medius" Downs and White, 1966:310 (first explicit assignment of taxon to 

ABD material) 

"Sigmodon of intermediate size" Downs and White, 1966:310 (explicit assignment of 

separate taxon based on size) 

"Sigmodon cf. intermedius" Downs and White, 1966:310 (first explicit assignment of 

taxon to ABD material) 

Sigmodon "A" Downs and White, 1968: fig. 2 (first publication of alpha species 

designator, with explanation in text) 

Sigmodon "B" Downs and White, 1968: fig. 2 (first publication of alpha species 

designator, with explanation in text) 

Sigmodon "C" Downs and White, 1968: fig. 2 (first publication of alpha species 

designator, with explanation in text) 

"Sigmodon … three species which are small, medium, and large in size" Downs and 

White, 1968:43 (explanation of alpha species designators in fig. 2) 

"Sigmodon curtisi Gidley 1922 = Sigmodon cf. S. hispidus, Hibbard 1952 (under Leucotis 

species Group)" Martin, 1979:16 (emended diagnosis, lists as "Fossil material 

examined" seven catalogued ABD specimen numbers, measurements in table 4) 
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"Sigmodon medius medius" Martin, 1979:19 (lists as "Referred specimens" three 

catalogued ABD specimen numbers and two ABD locality numbers without 

particular specimen numbers, includes diagnosis, measurements in table 4) 

"Sigmodon medius subspecies indeterminate" Martin, 1979:21 ("Fossil specimens 

examined" include two catalogued ABD specimen numbers, measurements in 

table 4) 

"cf. S. curtisi" Martin, 1979: table 4 (addition of qualifier) 

"cf. S. medius" Martin, 1979: table 4 (addition of qualifier, removal of indeterminate 

subspecies format) 

"Sigmodon medius" Kurtén and Anderson, 1980:250 (qualifier removed) 

"S.[igmodon] cf. S. curtisi" Martin, 1986: table 1 (addition of genus prefix) 

"S.[igmodon] minor medius" Martin, 1986: table 1, fig. 2 (first published ABD record, 

from new taxonomy on p. 376) 

"[Sigmodon] minor species group: S. minor Gidley 1922 (=S. medius Gidley 1922; =S. 

intermedius Hibbard 1938…" Martin, 1986:376 (author's current extinct cotton rat 

taxonomy) 

"Sigmodon lindsayi" Martin and Prince, 1989:81, figs. 3a-f (original description) 

"provisionally referred to S.[igmodon] lindsayi" Martin and Prince, 1989:84 (revised 

identification of a referred specimen later in the same publication) 

"Sigmodon minor" Martin and Prince, 1989:86 (drops subspecies designation) 

"Sigmodon lindsayi is an extinct member, along with S. curtisi … of the leucotis species 

group of cotton rats" Martin and Prince, 1989:86 (relationship of S. lindsayi to S. 

curtisi) 
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"Sigmodon hispidus" Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"Sigmodon sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"S.[igmodon] medius and/or S. minor" Jefferson and Lindsay, 2006 appendix: table 3 

(equivocal combination of taxa without exlanation) 

Retained ABD Taxa 

Sigmodon lindsayi 

Sigmodon minor medius 

Sigmodon minor 

Retired ABD Taxa 

"Sigmodon … three species which are small, medium, and large in size"  

Sigmodon "A"  

Sigmodon "B" 

Sigmodon "C" 

Sigmodon curtisi 

Sigmodon cf. S. curtisi 

cf. Sigmodon curtisi 

Sigmodon hispidus 

Sigmodon of intermediate size 

a small Sigmodon near intermedius from the Rexroad and S. medius from the Benson 
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Sigmodon cf. intermedius 

Sigmodon medius, subspecies indeterminate, Sigmodon cf. medius, cf. Sigmodon medius 

Sigmodon medius medius 

Sigmodon medius and/or Sigmodon minor 

Taxonomic Narrative 

The ABD(VCFC) cotton rat, "Sigmodon," was first presented in publication by 

Downs (1957:1822). Later, a single taxon was described for the "Fish Creek local fauna," 

the lower portion of the VCFC section, by Downs and White (1965:107) as, "A small 

Sigmodon near S. intermedius from the Rexroad and S. medius from the Benson." Two 

taxa were published by Downs and White (1966:310), "Sigmodon cf. medius" and 

"Sigmodon of intermediate size," with the comments, "There is possible 'ecological 

replacement' suggested with Sigmodon cf. medius replaced by S. 'intermediate size,' …," 

and "Sigmodon cf. intermedius, is close to the Benson fauna form in Arizona" (Table 

3.3). It is unclear if the latter taxon is a misprint of 'Sigmodon cf. medius' or if Sigmodon 

cf. intermedius is here intended to be equivalent to 'Sigmodon intermediate size' (see 

comments below). 

Three taxa were established in the first in-house list (Downs and White, 1965 

VCFC list; Table 3.3) "Sigmodon sp.—a Cotton Rat of intermediate size;" "Sigmodon 

near S. medius from the Benson, Arizona;" "Sigmodon sp.—Cotton Rat the size of S. 

hispidus." Three unnamed species appeared on the 1966 in-house list (Downs and White, 

VCFC list) as 'Sigmodon sp. A,' 'B,' and 'C.' Those were correlated with previous lists by 
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data provided by Downs and White on a subsequent in-house list (1968 VCFC list) 

"Sigmodon sp. 'A' Cotton Rat small size (2 & 3);" "Sigmodon sp. 'B' Cotton Rat of 

intermediate size (1 & 2);" "Sigmodon sp. 'C' Cotton Rat of the size of S. hispidus (1);" 

where the numbers '1,' '2,' and '3' inside the quotes refer to Vallecito Creek, Arroyo Seco, 

and Layer Cake 'local faunas' respectively. Further correlation was published by Downs 

and White (1968:43), "the small species is statistically the same size as Sigmodon medius 

from the Benson fauna (Late Pliocene) of Arizona, as well as S. intermedius from locality 

No. 3 of the Rexroad." The last statement rather confuses the status of the relationship 

between Sigmodon sp. A and Sigmodon sp. B. If both taxonomic assignments are based 

on size, and the only small and intermediate Sigmodon taxa offered are "statistically the 

same size," then there is no apparent basis for assigning the specimens to different 

species. However, a closer reading of the comments published by Downs and White 

(1966, 1968) make it evident that they were discussing two different taxa using virtually 

the same word (intermediate/intermedius) in different contexts. 'Sigmodon of 

intermediate size' is a descriptive term restricted to the local fossil assemblage, referring 

only to those ABD specimens assigned to the middle of three distinct size groups within 

the VCFC section. Whereas, 'Sigmodon intermedius' is a comparative term referring only 

to the small ABD specimens that are close in size to both Sigmodon intermedius from the 

Rexroad 3 locality and Sigmodon medius from the Benson, Arizona locality. 

Three VCFC taxa were formally identified by Martin (1979), consisting of two 

species and one identifiable subspecies; Sigmodon curtisi, Sigmodon medius subspecies 

indeterminate, and Sigmodon medius medius (Tables 3.3 and 3.4). Those identifications 

were based on measurements and tooth morphology of 18 listed teeth from ten localities. 
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Seven of the ABD specimens were listed by catalogue number under the systematic 

heading of "Sigmodon curtisi" as "Fossil material examined," so were not explicitly 

assigned to the unqualified species. Later in the text and table (Martin, 1979:23, table 4) 

the specimens were explicitly discussed as "(cf.) S. curtisi" and "cf. S. curtisi", 

respectively. In a similar manner, the ABD 'Sigmodon medius susbspecies indeterminate' 

specimens were listed by Martin (1979:21) only as "Fossil specimens examined" and not 

explicitly referred to the unqualified format. The qualified format "cf. S. medius" was 

explicitly applied to four measured ABD specimens in the results section (Martin, 1979: 

table 4), which were labeled as originating from the "Arroyo Seco-Vallecito Creek 

Transition zone." Those specimens were equated explicitly with the "Sigmodon (species 

B of Downs and White, 1968)." The ABD "Sigmodon medius medius" specimens were 

explicitly referred to the unqualified format (Martin, 1979:19). The other two Sigmodon 

species 'A' and 'C' of Downs and White (1966) were not explicitly correlated with the 

specimens Martin (1979) studied. However, based on size descriptions and stratigraphic 

distribution, Sigmodon sp. 'A' is equivalent to Martin's 'Sigmodon medius medius' and 

Sigmodon sp. 'C' is equivalent to Martin's 'cf. Sigmodon curtisi' (Table 3.3). The three 

unnamed Sigmodon species of Downs and White (1966) were thereby either explicitly or 

implicitly retired from the faunal list, based on synonymy proposed by Martin (1979). 

Although they persisted on the IVCM and LACM in-house faunal lists through about 

1987 (Miller?, 1984-1987 ABD list), they never again appeared in publication. 

In a later publication (Table 3.4), the unqualified taxon "Sigmodon medius" was 

the only form of Sigmodon medius listed for the ABD(VCFC), with the explicit inclusion 

of those specimens from the "Layer Cake", "Arroyo Seco," and "transition zone between 
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Arroyo Seco and Vallecito Creek faunas" (Martin, 1984: fig. 2). Three Vallecito Creek 

specimens (catalogue numbers not provided) were included under the unqualified species 

epithet "S. curtisi" in table 1 (Martin, 1986), although the qualified taxon 'cf. Sigmodon 

curtisi' remained unchanged on figure 2 (the same as figure 2 of Martin, 1984).  

The ABD(VCFC) Sigmodon medius specimens were explicitly reassigned to the 

taxon "Sigmodon minor medius" as part of a general synonymy of Sigmodon medius 

within Sigmodon minor (Martin, 1986: fig. 2). The latter reassignment was supported in 

Martin's table 1 by "ecological parameters" based on measured dimensions of the m1 of 

four ABD specimens. Those four specimens previously appeared in table 4 (Martin, 

1979), identified as "Sigmodon medius medius" from Layer Cake and Arroyo Seco 'local 

faunas' and "cf. Sigmodon medius" from the transition zone between the Arroyo Seco and 

Vallecito Creek 'local faunas' (Table 3.4). The similar age Borchers and Curtis Ranch 

Sigmodon were considered by Martin (1986:376) to "represent temporal subspecies S. 

minor minor. Other known populations are referred at this time to S. minor medius." 

Implicit in this statement is the classification of all Sigmodon populations, formerly 

identified to the species 'Sigmodon medius,' now as a temporal subspecies, Sigmodon 

minor medius. This includes both VCFC taxa 'Sigmodon medius medius' and 'cf. 

Sigmodon medius'of Martin (1979), and is demonstrated in table 1 and figure 2 of Martin 

(1986).  

A new species from the ABD(VCFC) was presented by Martin and Prince 

(1989:81) as "Sigmodon lindsayi," based on 77 specimens from five localities. Four of 

those localities, ABDSP(LACM) 1114, 1297, 1461, and 1615 are the same localities that 

produced all of the ABD(VCFC) 'cf. Sigmodon curtisi' specimens (Martin, 1979). The 
211 

 
 

 
 



 

fifth locality, ABDSP(LACM) 4963, produced a single tooth, V122964, that was referred 

to Sigmodon lindsayi with the original description of the holotype. Later in the same 

publication (pages 84, 86) the specimen was described in detail and "only provisionally 

referred to S. lindsayi," based on "accessory roots minimally developed on M1, as in S. 

minor, and the anteroconid of M1 is also not as exaggerated as it is in typical S. lindsayi 

first lower molars" (see Chapter 4). 

The subspecies, Sigmodon minor medius was implicitly retired by Cassiliano's 

(1999:176) comment that Martin and Prince (1989) "imply, but do not explicity state, that 

the only other species of Sigmodon [besides S. lindsayi] in the FCVC [VCFC] is S. minor 

(not S. minor medius)" (Table 3.4). Although subspecies of Sigmodon appear in figure 2 

(Martin and Prince, 1989), the text includes discussion only of species rank terminology. 

The absence of discussion of Sigmodon minor medius does not negate its validity as a 

VCFC temporal subspecies (sensu Martin, 1986). Based on discussions by Martin (1979, 

1984, 1986) and Martin and Prince (1989) all the original VCFC 'cf. Sigmodon medius' 

and 'Sigmodon medius medius' specimens (Martin, 1979) are now referred to the temporal 

subspecies Sigmodon minor medius (Table 3.4). Both Sigmodon minor and Sigmodon 

minor medius variants are therefore valid and should remain on the ABD faunal list. 

Sigmodon minor and Sigmodon lindsayi were the only species recognized in the 

VCFC by Martin and Prince (1989). Although the Sigmodon lindsayi specimens were 

verbally compared to the Sigmodon curtisi specimens of Martin (1979), the ABD 'cf. 

Sigmodon curtisi' specimens were not included among the paratypes and referred 

specimens for Sigmodon lindsayi, nor otherwise discussed. The status of the ABD 'cf. 

Sigmodon curtisi' thus became unclear. The interpretation made by Cassiliano (1999:176) 
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concluded, "only two species of Sigmodon occur in the FCVC section, S. minor and S. 

lindsayi." Two points may clarify the issue. The observation was made by both Martin 

(1986) and Martin and Prince (1989) that modern Sigmodon species rarely tolerate other 

species of Sigmodon or Microtus. All of the ABD 'cf. Sigmodon curtisi' localities also 

produced 'Sigmodon lindsayi' specimens. In other words, it is highly unlikely that two 

VCFC cotton rat populations, now named 'Sigmodon lindsayi' and 'cf. Sigmodon curtisi' 

were living together in the same place throughout the local stratigraphic range of both 

groups of specimens. Whereas two and only two Sigmodon species are discussed by 

Martin and Prince (1989) as being present in the VCFC section, those specimens 

provisionally identified earlier by Martin (1979) as 'cf. Sigmodon curtisi' from the same 

localities as the new species Sigmodon lindsayi, are implicitly synonymous with 

Sigmodon lindsayi. Thus, the ABD taxon 'cf. Sigmodon curtisi' should be retired. The co-

occurrence of 'Sigmodon lindsayi' and 'cf. Sigmodon curtisi' in the VCFC are displayed in 

Chapter 4, along with visual analysis of the relationship of the stratigraphically highest 

records of Sigmodon minor and the lowest records of Sigmodon lindsayi (see discussion 

by Martin and Prince, 1989). The inclusion by Cassiliano (1999) of the species 

indeterminate format, 'Sigmodon sp.' among the VCFC cotton rat taxa explicitly referred 

to the IVCM specimens. All previous studies of the group were based solely on LACM 

specimens. The IVCM specimens still have not been studied. 

One last ABD cotton rat taxon, Sigmodon hispidus was published by Remeika and 

Jefferson (1993, 1995), and Remeika et al. (1995). The ABD taxon is based on three 

cheek teeth and a metatarsal from two localities, ABDSP(IVCM) 793/ V7172, V7480, 

V7481, and ABDSP(IVCM) 1261/V5356. All the elements were identified by untrained 
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personnel, and the identifications were likely based on a modern comparative specimen 

and biogeography. The western edge of the modern range of Sigmodon hispidus extends 

to the lower Colorado River corridor and the eastern edge of the Imperial Valley (Burt 

and Grossenheider, 1976; Jameson and Peeters, 1988). The specimens appear on the 

ABDSP-LACM (2007 Specimens) database table (Table 2.1) as 'Heteromyidae, 

Perognathus, hispidus.' The records are among those incorrectly altered during the 2003 

Argus-to-TMS conversion, where all records with species nomen 'hispidus' were globally 

altered to 'Perognathus hispidus' (see Chapter 2, Taxonomic Mistranslation). 'Sigmodon 

hispidus' is probably a local ABD taxon vanum and should be retired from the ABD 

faunal list. 

 The most recent publications of ABD cotton rats included "Sigmodon curtisi" and 

Sigmodon lindsayi" and combined the small cotton rat taxon name as "Sigmodon medius 

and/or S. minor" (Jefferson and Lindsay, 2006 appendix: table 3). In the same volume, 

three ABD cotton rat taxa listed for the VCFC are "Sigmodon sp.," "Sigmodon lindsayi," 

and "Sigmodon minor" (Cassiliano, 2006 appendix: table 5). 

 
SUBFAMILY ARVICOLINAE GRAY, 1821:303 

TRIBE ARVICOLINI GRAY, 1821:303 

Publication Chronology of ABD Taxa 

"Microtus" Downs and White, 1968: fig. 2 (first published ABD record) 

"Microtine, gen. & sp. indet." Zakrzewski, 1972:7, fig. 1j (eight ABD specimens 

described and referred) 
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"Microtus californicus?" Zakrzewski, 1972:9, fig. 1k (three ABD specimens described 

and referred) 

"Microtus californicus" Remeika, 1992: table 1; Repenning, 1992:38L, fig. 10A 

(qualifier removed) 

"Lasiopodomys morphotype" Repenning, 1992:51L, fig. 11A (first published ABD 

record, one specimen indicated and figured with brief description, locality number 

provided, ABDSP(LACM) 1942, but not specimen number) 

"Lasiopodomys sp." Repenning, 1992: fig. 11A (alteration to single indeterminate species 

format) 

"Terricola" Repenning, 1992:51L (first published ABD record) 

"Terricola meadensis" Repenning, 1992:51L, fig. 10B (first published ABD record based 

on one referred ABD catalogued specimen, figured, with no detailed description) 

"Mimomys parvus" Repenning, 1992:78L (first published ABD record, mentions "LACM 

specimens, unpublished" but no catalogue numbers or description) 

"Lasiopodomys sp., cf. L. deceitensis" Cassiliano, 1994: table 1 (first published ABD 

record) 

"Mimomys sp. cf. M. parvus" Cassiliano, 1994: table 12 (addition of qualifier) 

"Family Cricetidae, Gen. et sp. indet. (microtine)" Remeika et al., 1995:88 (alteration of 

informal taxon name "Microtine, gen & sp. indet.") 

"Pitymys meadensis" Remeika et al., 1995:88 (new genus, synonymy applied) 

"Mimomys (Ophiomys) parvus" Repenning et al., 1995:30R (Repenning, 1980, 1987, 

recognized M. parvus as belonging to a separate, NA subgenus Ophiomys) 

(synonymy not directly referring to ABD specimens) 
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"Ophiomys parvus" Repenning, 1998:69 (elevation of ABD Ophiomys to genus rank, 

refers three catalogued ABD specimens without description) 

"Microtus sp. cf. M. californicus" Repenning, 1998:52 (application of new qualifier) 

"Lasiopodomys deceitensis" Cassiliano, 1999: fig. 4 (removal of qualifier, with 

explanation in text) 

"Microtus with five closed triangles" Bell et al., 2004b:259, 274 (alteration of 

designation, with explanation and citation) 

"Microtus meadensis (= Terricola or Pitymys of others)" Bell et al., 2004b:275, 278 

(alteration of genus assignment and synonymy, with explanation and citation) 

"Microtus sp. ? M. californicus" Jefferson and Lindsay, 2006 appendix: table 3 (alteration 

of qualifier) 

"M.[imomys] (Cosomys) sp." Jefferson and Lindsay, 2006 appendix: table 3 (new 

subgenus assignment and alteration to indeterminate species format) 

"Mimomys (Ophiomys) sp. cf. M. (O.) parvus" Jefferson and Lindsay, 2006 appendix: 

table 3 (reapplication of subgenus) 

"Microtus deceitensis" Cassiliano, 2006 appendix: table 5 (alteration of genus 

assignment) 

"'Lasiopodomys' morphotype" Murray et al., in review (addition of single quotation 

marks) 

Retained ABD Taxa 

Arvicolinae 
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'Lasiopodomys' morphotype 

Microtus with five closed triangles 

Microtus meadensis (= Terricola or Pitymys of others) 

Mimomys (Cosomys) 

Ophiomys parvus 

Retired ABD taxa 

Lasiopodomys deceitensis, Lasiopodomys sp., cf. L. deceitensis 

Microtine, gen. & sp. indet., Family Cricetidae, Gen. et sp. indet. (microtine) 

Microtus deceitensis 

Microtus californicus, Microtus californicus ?, Microtus sp. ? M. californicus, Microtus 

sp. cf. M. californicus 

Mimomys parvus, Mimomys sp. cf. M. parvus 

Mimomys (Ophiomys) parvus, Mimomys (Ophiomys) sp. cf. M. (O.) parvus 

Pitymys meadensis 

Terricola 

Terricola meadensis 

Taxonomic Narrative 

The first listing of an ABD arvicoline rodent appeared on the first Downs and 

White in-house list (1965 VCFC list) as "? Microtus sp." The taxon was published as 

"Microtus" by Downs and White (1968: fig. 2). The first analysis of ABD(VCFC) 
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arvicolines by Zakrzewski (1972:2, 6) produced a new subgenus and species, 

"Synaptomys (Metaxyomys) anzaensis" (see discussion under Tribe Lemmini). An 

identification of "Microtine, gen. and sp. indet." was based on eight isolated teeth from a 

single locality, ABDSP(LACM) 1357 (Zakrzewski, 1972:7). The identification of a 

qualified species, "Microtus californicus?," was based on two isolated teeth and an 

edentulous jaw from three ABDSP(LACM) localities 6814; 1942; and 6683, respectively 

(Zakrzewski, 1972:9). 

A comment on taxonomic priority made by Musser and Carleton (2005:956) has 

implications for the publication history of ABD rodent taxonomy,  

See Kretzoi (1955, 1962, 1969) for family-group priority of Arvicolidae 
Gray, 1821, instead of Microti Miller, 1896. Although some have 
intentionally maintained the latter name (e.g., Repenning, 1992, 1998), a 
group concept of arvicoline rodents, recognized as Arvicolinae, actually 
had emerged long prior to Miller's (1896) seminal monograph (e.g., Baird, 
1857; Coues, 1874; Murray, 1866; Alston, 1876; Lataste, 1887). Carleton 
and Musser (1984) generally defined and reviewed the limits and contents 
of the subfamily.  
 

Thus Zakrzewski's (1972:) referral of ABD(VCFC) specimens to "Microtine, gen. and sp. 

indet." might be considered as replaced by Arvicolinae of Carleton and Musser (1984). 

The explanation by Repenning (1987:238; also 1992; and Repenning and Grady, 1988) 

for the vernacular use of the term "microtine" as a non-taxonomic adjective, "refers to a 

member of one of the five lineages of cricetid rodents that have evolved triangularly 

prismatic cusps on their molar teeth, similar to the cusps of the molar teeth of the genus 

Microtus." As such, subfamily Arvicolinae (sensu Musser and Carleton, 2005) constitutes 

only a part of Repenning's 'microtine' descriptive group. The description of the ABD 

Microtine, gen. and sp. indet. taxon by Zakrzewski (1972) explicitly emphasized the 
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similarity of the ABD specimens to the genera Pliophenacomys, Phenacomys, and 

Ophiomys, all in subfamily Arvicolinae (sensu Musser and Carleton, 2005). The taxon 

'Microtine, gen. and sp. indet.' was published once more in an altered, partially informal 

format, as "Family Cricetidae, Gen. et sp. indet. (microtine)" (Remeika et al., 1995:88). 

Neither nomenclatural form of the taxon name appears again in any published ABD 

faunal list (see additional comments regarding this taxon below). 

Four new taxa were introduced to the ABD faunal list by Repenning (1992), 

Lasiopodomys morphotype; Terricola meadensis; Mimomys parvus; and Ondatra 

idahoensis (see Tribe Ondatrini). The ABD(VCFC) Lasiopodomys taxon is based on a 

single isolated tooth, partially obscured by matrix, ABDSP(LACM) 1942/V8252, and is 

one of the three specimens originally identified by Zakrzewski (1972:9) as "Microtus 

californicus?." Subsequently, a CDD report by Jefferson (1996, on file at SRC) added a 

qualified species nomen to the Lasiopodomys taxon as "Lasiopodomys sp. cf. L. 

deceitensis." The qualified taxon was later published by Cassiliano (1999: table 4) as was 

the unqualified form, "Lasiopodomys deceitensis," in his figure 4. All qualifiers were 

intentionally dropped from the taxa listed in Cassiliano's figure 4 as one of "seven 

criteria" for construction of the figure (Cassiliano, 1999:173). The ABD taxon (based on 

a single specimen) appears in three formats in the 2006 book, "Fossil Treasures of the 

Anza-Borrego Desert" (Jefferson and Lindsay, eds.), as "Lasiopodomys deceitensis" 

(White et al., 2006:249), "Lasiopodomys sp. cf. L. deceitensis" (Jefferson and Lindsay, 

2006 appendix: table 3), and "Microtus deceitensis" (Cassiliano, 2006 appendix: table 5). 

Specimen V8252 was evaluated by Murray et al. (in review), who agreed with 

Repenning's (1992) taxonomic assignment of "Lasiopodomys morphotype," with the 
219 

 
 

 
 



 

cautionary observation, "In many North American faunas, this morphotype occurs in such 

low abundance that it likely represents atypical morphologies of other species (e.g., 

Microtus paroperarius; Bell et al., 2004b)." All other nomenclatural forms and species 

nomina associated with the single tooth assigned the taxon name 'Lasiopodomys 

morphotype' are thereby retired from the ABD faunal list. 

The "Terricola meadensis" ABD(VCFC) taxon was based on a single figured 

tooth, ABDSP(LACM) 68123/V24828 (Repenning, 1992:59). The specimen was 

identified explicitly to species, under the systematic heading '"Typical" Terricola,' 

following an emended diagnosis of the genus. No explanation was provided for the 

species assignment other than the implication from the discussion in which he 

(Repenning, 1992) referred to all North American post-Jaramillo event Terricola north of 

Central Mexico as Terricola meadensis. That same year, "Pitymys meadensis" appeared 

on the Remeika ABDSP in-house faunal list (1992 ABD list), followed by its publication 

by Remeika et al. (1995), White et al. (2006), and Jefferson and Lindsay (2006 appendix: 

table 3). An explanatory comment was provided by White et al. (2006:249), "Here it 

[Pitymys] is considered a valid genus following Walker [et al.] (1964), and Repenning 

(1983, 1987)." The ABD(VCFC) taxon Terricola meadensis appeared in Cassiliano's 

(1994; 1997; 1999) publications, but is absent from his (Cassiliano, 2006 appendix) table 

5. The ABD(VCFC) taxon was mentioned by Bell et al. (2004c:275) as, "Microtus 

meadensis (= Terricola or Pitymys of others)." A recent examination of specimen 

V24828 (Murray et al., in review) resulted in agreement with Repenning's (1992) species 

identification, but citing prior phylogenetic and taxonomic analyses summarized by Bell 

et al. (2004c) we assigned the ABD specimen to a different genus (than Repenning's 
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assignment), as "Microtus meadensis." All other nomenclatural forms of this taxon are 

thereby retired from the ABD faunal list. The specimen assigned to the taxon was 

incorrectly published previously as originating in the VCFC (Repenning, 1992), but was 

in fact collected from the Borrego Badlands (Murray et al., in review). That correction 

had a major impact on the interpretation of the VCFC paleomagnetic reversal sequence, 

on Repenning's local arvicoline chronology, and ultimately on the analysis of the local 

Blancan-Irvingtonian boundary (see Chapters 4, and 5). 

The ABD(VCFC) taxon "Mimomys parvus" of Repenning (1992:32) was based 

on the "author's unpub. data, 1990." No catalogue number or specimen description was 

provided at that time. The taxon was reported as "Mimomys sp. cf. M. parvus" by 

Cassiliano (1994: table 12; 1999: table 5). A subgenus was included in the systematics 

heading of Repenning et al. (1995:30), "Mimomys (Ophiomys) parvus" and in the text, 

the statement, "Mimomys parvus has been collected in the Vallecito creek succession 

only at LACM locality 1357." The ABD taxon was raised to genus rank as Ophiomys, 

which was described by Repenning (1998:69) as having "evolved out of the Columbia 

River lineage of Mimomys (M. meadensis)." Three catalogued ABD specimens were 

listed as "Ophiomys parvus," "LACM 24647, 24648, and 24680, locality 1357," but no 

descriptions or supporting explanation for the identifications were provided. The taxon 

Mimomys meadensis was considered by Repenning (2003) to be a transitional gradational 

sequence of morphotypes, lasting for about 0.7 Ma, succeeded by the derived, 

morphologically stable (for a span of 0.8 Ma) Ophiomys parvus.  

The ABD taxon was referred by White et al. (2006:249) to "M. (Ophiomys) 

parvus" in the ABD (Hueso Formation) and by Jefferson and Lindsay (2006 appendix: 
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table 3) as "Mimomys (Ophiomys) sp. cf. M. (O.) parvus" in the ABD faunal list. The 

ABDSP-LACM (2007 Specimens) database table (Table 2.1) lists the three catalogued 

specimens (above) as "Cricetidae." Handwritten notes in the LACM/ABDSP Specimen 

Transfer Workbook (1997:33, on file at SRC), copied by me from specimen labels at the 

time of the transfer, identify those specimens from locality ABDSP(LACM) 

1357/V24647 (one tooth) and V24680 (two teeth) as "Mimomys (Ophiomys) parvus," and 

specimen V24648 (seven teeth) as "Mimomys (Ophiomys) sp." Specimens V24647 and 

V24648 are the same specimens identified as "Microtine, gen. and sp. indet." by 

Zakrzewski (1972:7). Although the ABD specimens were not diagnosed by Repenning, 

the multiple referrals of the locality (Repenning et al., 1995) and specimen catalogue 

numbers (Repenning, 1998) to the taxon Ophiomys parvus are sufficient to retain the 

taxon on the ABD list. Full verification of the taxon with figures and explicit diagnosis of 

the ABD specimens remains to be published. 

During a visit to ABDSP in 1996 (see discussion under Magnorder Xenarthra) H. 

G. McDonald informally identified an isolated tooth, ABDSP(IVCM) 793/V7183, as 

Cosomys sp. The taxon Cosomys, was recognized by Repenning (2003) as a subgenus of 

Mimomys from two primary paleofaunas, at Coso Mountain in the southern central valley 

of California and at Hagerman, Idaho. It never reached as far south as the ABD. In the 

late 1990s McDonald was the Paleontologist and Chief of Research at Hagerman Fossil 

Beds National Monument, and was fully conversant with that local fauna, including 

Cosomys, which accounts for his informal referral of the ABD specimen to that genus. 

The fossil distribution of Mimomys (Cosomys) primus is restricted to Repenning's (2003) 

Western Faunal Region (the geographic area of the conterminous United States west of 
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the Rockies). The subgenus and species became extinct around 3.0 Ma. Specimen V7183 

is listed as "Cosomys sp." on the ABDSP-LACM 2007 Specimens database table (Table 

2.1), otherwise it has never been studied. The only published mention of the taxon was by 

White et al. (2006:249) as "M. (Cosomys)" and Jefferson and Lindsay (2006 appendix: 

table 3) as "M. (Cosomys) sp." The taxon remains on the ABD faunal list as unverified, 

needing further study, although based on Repenning's (2003) biochronology of Mimomys, 

the specimen probably belongs to the geologically younger, southern taxon Ophiomys 

parvus. 

Following its original publication by Zakrzewski (1972), the ABD taxon Microtus 

californicus? was published three more times in the qualified format, as "Microtus sp. cf. 

M. californicus" (Repenning, 1998:footnote 9); as "Microtus californicus?" (Bell, 

2000:394);" and as "Microtus sp. ? M. californicus" (Jefferson and Lindsay, 2006 

appendix: table 3). The genus Microtus has a highly variable occlusal pattern, a fact 

known by Zakrzewski (1972), who noted that this specimen might represent a different 

species of Microtus than Microtus californicus, although "many subsequent treatments of 

this record have not acknowledged the questionable specific identification" Bell 

(2000:394). The '?' qualifier was dropped, without explanation, from the 1984-1987 in-

house list (Miller?, ABD list) and the taxon was cited as 'Microtus californicus' in all 

subsequent publications except the three listed above, and all but one in-house faunal list 

(Jefferson, CDD report, 1996, on file at SRC). This ABD taxon was referred by Bell et al. 

(2004b) to the more inclusive taxonomic group, 'Microtus with five closed triangles,' 

owing to the general m1 morphology shared among at least 12 extant North American 

Microtus species, including M. californicus (Bell and Barnosky, 2000).  
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One of the most important fossil specimens reported from the VCFC section was 

ABDSP(LACM) "6814"/V24540, "Microtus californicus ?, Rm1" (Zakrzewski, 1972). 

The tooth is complete and readily diagnosable to the genus Microtus. In a recent 

evaluation of ABD Microtus (sensu lato), Murray et al. (in review) provide a detailed 

discussion for the rediagnosis of specimen V24540 to Microtus with five closed triangles. 

The second of the three original 'Microtus californicus?' specimens (Zakrzewski, 1972), 

ABDSP(LACM) 1942/V8252, was reidentified as Lasiopodomys morphotype 

(Repenning, 1992) and was discussed above. The third specimen, ABDSP(LACM) 

6683/V24649 is an edentulous dentary fragment, which could represent either Microtus 

or a different genus or species (Murray et al., in review), an observation noted by the 

original author (Zakrzewski, 1972). The specimen was described by Bell and Bever 

(2006) as 'arvicoline,' with an alveolar pattern of the m1 consistent with Microtus but 

insufficiently diagnostic for a definitive identification. The most defensible taxonomic 

assignment for specimen V24649 is 'Arvicolinae' (Murray et al., in review). Because all 

three specimens anchoring the ABD taxon 'Microtus californicus?' were reidentified to 

other taxa or more inclusive groups, the original taxon and all its nomenclatural variants 

should be retired from the ABD faunal list. 

 

224 
 
 

 
 



 

TRIBE ONDATRINI GRAY, 1825:341 

Publication Chronology of ABD Taxa 

"Ondatra idahoensis" Repenning, 1992:32 (first published ABD record, mentioned 

"LACM specimens, unpublished" but provided no catalogue numbers or 

description) 

"Pliopotamys minor" Remeika et al., 1995:88 (first published ABD record) 

"Pliopotamys" Cassiliano, 1997: appendix B (species dropped) 

"Ondatra" Cassiliano, 1997: appendix B (species dropped) 

"Ondatra idahoensis ?" Cassiliano, 1999: table 4 (addition of qualifier) 

"? Ondatra idahoensis" Jefferson, 2001 (alternative qualifier format) 

Retained ABD Taxa 

Ondatra idahoensis 

Retired ABD taxa 

Pliopotamys, Pliopotamys minor 

Taxonomic Narrative 
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catalogue numbers or descriptions were provided. A second muskrat taxon, "Pliopotamys 

minor," was included on the ABD vertebrate list published by Remeika et al. (1995:88), 

and was obtained originally from an in-house list (Miller?, 1984-1987 ABD list). The 

latter authors (Remeika et al., 1995) were unaware of Repenning's (1992) citation of the 

ABD muskrats (personal recollection of third author Murray), in part because the 

specimens Repenning mentioned were still curated by LACM and no muskrat taxa 

appeared on any databases. Only two muskrat specimens appear on the current (or any 

other) ABDSP database, catalogued as Ondatra ABDSP(IVCM) 410/V2198 a distal 

femur and associated proximal tibia. I re-identified those specimens in 1996 (previously 

identified as Lagomorpha), based on favorable comparison with a modern Ondatra 

zibethicus specimen. Both "Pliopotamys minor" and "Ondatra" were listed in the VCFC 

section by Cassiliano (1997: table 7, appendix B), and "Ondatra idahoensis ?" and 

"Pliopotamys minor" by Cassiliano (1999: table 4). More recent commentary by White et 

al. (2006:248) indicated that Ondatra idahoensis is found in the Hueso Formation 

(VCFC). They also discussed the taxon Pliopotamys minor, although they did not state 

explicitly whether or not it appears in the ABD. Both taxa were listed in the same volume 

by Jefferson and Lindsay (2006 appendix: table 3), as "? Ondatra idahoensis" and 

"Pliopotamys minor," and by Cassiliano (2006 appendix: table 5), as "Ondatra 

idahoensis" and "Pliopotamys minor." Both muskrat taxa are clearly based on the same 

specimens, one or more currently missing teeth and two leg bones. The identifications 

published by Repenning (1992), based on his unpublished data indicate he examined the 

ABD muskrat specimens and assigned them to Ondatra idahoensis. No published or 

unpublished arguments support any records of the genus Pliopotamys in the ABD. The 
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former taxon should be retained on the ABD faunal list as unverified, and the latter is a 

local ABD taxon vanum and should be removed from the list, along with all its variants. 

 

TRIBE LEMMINI GRAY, 1825:342 

Publication Corrections 

ABDSP(LACM) 6683/V19701 misprinted by Zakrzewski, 1972:6 as "LACM 19071 

2RM2s", ABDSP-LACM 2007 Specimens database table (Table 2.1) indicates 

right M2, M3. 

Publication Chronology of ABD Taxa 

"Metaxyomys" subgenus Zakrzewski, 1972:2 (original description based on ABD 

specimens) 

"Synaptomys (Metaxyomys) anzaensis" Zakrzewski, 1972:6, fig. 2 (original description 

based on ABD specimens) 

"(Mictomys)" Repenning, 1987:260 (reassignment to subgenus, with explanation in text) 

"Synaptomys (Metaxomys)" Repenning, 1987:260 (an incorrect subsequent spelling of the 

subgenus nomen, according to Article 33.4 of ICZN rules [International 

Commission on Zoological Nomenclature, 1999]) 

"Metaxyomys [taxon suppressed]" Repenning and Grady, 1988:19 (supressed with 

diagnosis) 

"Mictomys anzaensis" Repenning and Grady, 1988:22 (new combination with diagnosis) 
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"Mictomys vetus" (includes Mictomys anzaensis) Repenning, 1992:32; Repenning, 

1998:52, Footnote 9 (implied synonymy) 

"Synaptomys anzaensis" Remeika et al., 1995:88 (subgenus removed) 

"Mictomys vetus" as Metaxiomys [sic] anzaensis Repenning et al., 1995:16, 29 (explicit 

synonymy and new combination) 

"Metaxiomys anzaensis" Repenning et al., 1995:29 (new combination and an incorrect 

subsequent spelling of the genus nomen, according to Article 33.4 of ICZN rules 

[International Commission on Zoological Nomenclature, 1999]) 

"Mictomys anzensis [sic, anzaensis] Cassiliano, 1997: table 7 (an incorrect subsequent 

spelling of the species nomen, according to Article 33.4 of ICZN rules 

[International Commission on Zoological Nomenclature, 1999]) 

"Synaptomys (Mictomys) anzaensis" Jefferson and Lindsay, 2006 appendix: table 3 (new 

combination) 

Retained ABD Taxa 

Mictomys vetus 

Retired ABD taxa 

Metaxiomys[sic] anzaensis (incorrect spelling of genus nomen) 

Metaxyomys 

Subgenus (Mictomys) 

Mictomys anzaensis 
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Mictomys anzensis [sic] (incorrect spelling of species nomen) 

Synaptomys (Metaxyomys) anzaensis 

Synaptomys (Metaxomys) [sic] (incorrect spelling of subgenus nomen) 

Synaptomys (Mictomys) anzaensis 

Synaptomys anzaensis 

Taxonomic Narrative 

The Anza Bog Lemming (Kurtén and Anderson, 1980) is represented by four 

isolated teeth from a single locality, ABDSP(LACM) 6683. The specimens were 

designated as a new species and referred to a new subgenus, Synaptomys (Metaxyomys) 

anzaensis, by Zakrzewski (1972).  

 According to Repenning (1987:260), "The subgenus Metaxyomys (or 

Metaxomys) could be applied except that Zakrzewski selected S. vetus as the type species 

and this species [Synaptomys (Metaxyomys) anzaensis] is, in all respects, a primitive 

member of the subgenus Mictomys." Subsequently, the subgenus, Metaxyomys, was 

formally suppressed by Repenning and Grady (1988), who reassigned the ABD taxon to 

the genus Mictomys. the ABD specimens were referred to by Repenning in later 

publications (Repenning, 1992; 1998; Repenning et al., 1995) as Mictomys vetus. No 

formal descriptive explanation for the species reassignment was provided, other than 

Repenning's statemtent (1992:78) that Mictomys anzaensis is "very similar to the latest 

Blancan Mictomys vetus." That comment followed two previous references in the same 

publication, to Mictomys vetus in the ABD without mention of M. anzaensis.  
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The taxon was published by Jefferson and Lindsay (2006) as Synaptomys 

(Mictomys) anzaensis, without explanation for the change of subgenus from Zakrzewski's 

(1972) S. (Metaxyomys) anzaensis. This was, in effect, a resurrection of Repenning's 

(1987) reassignment of the ABD taxon to the subgenus (Mictomys). The earliest version 

of the LACM database lists the subgenus as "Metaxyomys" only for specimens 

ABDSP(LACM) 6683/V19701 [two isolated teeth] and ABDSP(LACM) 6683/V19684, 

with no subgenus designation for specimen ABDSP(LACM) 6683/V24539. The ABDSP-

LACM (2007 Specimens) database table (Table 2.1) lists "Mictomys" under subgenus for 

specimens V19701 and V19684, with no subgenus designated for specimen V24539.  

Based on the most recent published diagnosis and description referring explicitly 

to the ABD specimens (Repenning and Grady, 1988) the formally correct taxonomic 

designation is Mictomys anzaensis, without a subgenus designated. However, it is clear 

that Repenning (1992, 1998; Repenning et al., 1995) considered Zakrzewski's (1972) 

ABD species to be a junior synonym of Mictomys vetus. Until further studies are 

published, the latter taxon name should be retained and all other published taxonomic 

identifications for these four teeth should be retired from the ABD faunal list. 

FAMILY GEOMYIDAE BONAPARTE, 1845:5 

Publication Chronology of ABD Taxa 

"cf. Geomys" Downs, 1957:1822 (first published ABD record) 

"Geomys, a new species" White and Downs, 1959:33 (first published ABD record) 

"Geomys garbanii" White and Downs, 1961:8, figs. 14, 15, 16, 17 (original description) 
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"Geomys sp." Downs and White, 1968: fig. 2 (indeterminate format indicates a second 

unidentified species) 

"Thomomys" Downs and White, 1968: fig. 2 (first published ABD record) 

"Geomys (Nerterogeomys) anzensis" Becker and White, 1981:212, fig. 1a, b, c, d, e, f 

(original description) 

"Geomys cf. G. anzensis" Becker and White, 1981:213, fig. 1g (addition of qualifier with 

description) 

"Geomys (Nerterogeomys) garbanii" Becker and White, 1981:214 (addition of subgenus, 

with explanation and emended species diagnosis) 

"Thomomys sp." Becker and White, 1981:215 (alteration to single indeterminate species 

format) 

"Geomyidae, Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

"Geomys anzensis" Remeika et al., 1995:87 (subgenus removed) 

"Geomys garbanii" Remeika et al., 1995:87 (subgenus removed) 

"Thomomys bottae" Remeika et al., 1995:87 (first published ABD record) 

"Geomyidae" Cassiliano, 1999: table 1 (included in addition to G. garbanii) 

Retained ABD Taxa 

Geomys (Nerterogeomys) garbanii 

Geomys (Nerterogeomys) anzensis 

Thomomys 
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Retired ABD Taxa 

Geomys, a new species 

Thomomys bottae 

Taxonomic Narrative 

Pocket gophers from ABD were first listed by Downs (1957:1822) as "cf. 

Geomys, an extremely large plains-type gopher." This was altered to "Geomys (new 

species)" by White and Downs (1959:33). The new species, "Geomys garbanii," was 

presented by White and Downs (1961:8). A new ABD genus, "Thomomys sp.," was 

introduced informally by Downs and White (1965 VCFC list), who also included both 

"Geomys garbanii" and "Geomys sp."  

The Geomys single indeterminate species taxon apparently implied a second, as 

yet unidentified species (rather than specimens permanently unidentifiable to species). 

That observation was never explicitly stated, but subsequent publications imply it. The 

only genus listed with a species group epithet in figure 2 (Downs and White, 1968) is 

"Geomys garbanii." The only genus listed in that figure with a single indeterminate 

species suffix is "Geomys sp." All other unqualified genera in figure 2 are listed without 

the suffix 'sp.,' e.g., "Thomomys." All three taxonomic forms persisted on in-house faunal 

lists through 1981, when a new species replaced the 'Geomys sp.' taxon.  
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The ABD Geomys specimens were placed in subgenus Nerterogeomys by Becker 

and White (1981:212) who also named the new species "Geomys (Nerterogeomys) 

anzensis" and emended the diagnosis for Geomys (Nerterogeomys) garbanii. One isolated 

 
 

 
 



 

tooth (ABDSP(LACM) 1508 or 1509/V4185) was not included among the referred 

specimens, but was identified in figure 1g as "Geomys cf. G. anzensis, n. sp., juvenile 

RM3." The authors also referred specimens from 10 ABD(VCFC) localities to 

"Thomomys sp." (Becker and White, 1981:215). 

A new ABD taxon, "Thomomys bottae," was added to the other three taxa on the 

1984-1987 in-house list (Miller?, ABD list). "Geomys sp." and "Thomomys sp." were 

listed as present in the Borrego local fauna with "Geomys anzensis," "Geomys garbanii," 

and "Thomomys bottae" in the VCFC section by Remeika et al. (1995:87). 'Thomomys 

bottae' did not appear on any other publication and only on one other in-house list 

(Remeika, 1992 ABD list). The species nomen does not appear on any version of the 

ABD database, and is thus a local ABD taxon vanum.  

The indeterminate species format, 'Geomys sp.,' listed as a second distinct, though 

unidentified, species by Downs and White (1968), was effectively retired and replaced 

when Becker and White (1981) established the new species Geomys (Nerterogeomys) 

anzensis. The single indeterminate species form subsequently appeared in publication as 

representing a single Geomys taxon in the Borrego local fauna (Remeika, 1992; Remeika 

and Jefferson, 1993, 1995; Remeika et al., 1995). "Geomys sp.," along with "G. 

anzensis," "G. garbanii," and "Thomomys sp.," were included consistently by Cassiliano 

in each version of his VCFC mammal range chart and faunal list (1994, 1999, 2006: 

appendix 5), although he never indicated or otherwise implied that a third species of 

Geomys is present in the section. The ABD 'Thomomys' specimens were referred to 

"Thomomy sp." by Becker and White (1981:215) because "The available material is not 

adequate for identification to species." The number of species of Thomomys in the ABD 
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was not determined by Becker and White (1981), therefore, the ABD 'Thomomys sp.' 

taxon should be retained in the null species format, as Thomomys. 

As stated above, the appearance on the faunal list of two different genus nomina 

in single indeterminate species format may have two distinctly different interpretations. 

The taxon name 'Geomys sp.' or 'Thomomys sp.' appearing on a faunal list by itself 

indicates the genus is present. However, when a species is identified as present in the 

section, the inclusion of a single indeterminate species form of the same genus (e.g., 

Geomys sp. with Geomys garbanii) implies a second, as yet unidentified species of the 

same genus (Geomys) is present in the section. However, Cassiliano (1994, 1999, 2006: 

appendix 5) was clearly using 'Geomys sp.' to show the full stratigraphic range of the 

genus Geomys (beyond and between the ranges for G. (N.) anzensis and G. (N.) garbanii) 

and not necessarily implying a third species. Similarly, table 7 of Cassiliano (1997) 

included all indeterminate species taxa ('sp.') along with the same genera identified to 

species (where applicable) in order to provide the quantity of identifiable specimens for 

each of the small mammal taxa in a taphonomic study. As these examples demonstrate, 

the intention of the author should be stated explicitly when including an indeterminate 

species format with a species epithet in the same faunal list, or when citing taxa from the 

list. 

The subgenus Nerterogeomys was included by Patton (2005) (incorrectly spelled 

as "Neterogeomys" on pages 861 and 2052) as a synonym under Geomys, although he 

provided no explicit citation or explanation for the synonymy. Until published reasons for 

the synonymy are compared with the Becker and White (1981) diagnosis for assignment 
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of Nerterogeomys to subgenus for the ABD specimens, the subgenus should remain on 

the ABD faunal list. 

 

FAMILY HETEROMYIDAE GRAY, 1868:201 

SUBFAMILY DIPODOMYINAE GERVAIS, 1853:245 

Publication Chronology of ABD Taxa 

"Dipodomyinae" Downs, 1957:1822 (first published ABD record) 

"Prodipodomys or Etadonomys" White, 1965:69 (first published ABD record)  

"Dipodomys" White, 1965:69 (first published ABD record) 

"?Prodipodomys" Downs and White, 1966:310 ('or Etadonomys' not included, qualifier 

added) 

"Prodipodomys" Downs and White, 1968: fig. 2 (qualifier removed) 

"Etadonomys" Kurtén and Anderson, 1980:231 ("?Prodipodomys or" not included) 

"Dipodomys" Cunningham, 1984:61 (ABD Prodipodomys referred to Dipodomys based 

on vouchered specimens with description, cites Etadonomys syonymized under 

Prodipodomys by Zakrzewski, 1981) 

"Dipodomys cf. D. compactus" Cunningham, 1984:88 (first published ABD record, with 

voucher specimen and description) 

"Dipodomys cf. D. hibbardi" Cunningham, 1984:91 (first published ABD record, with 

voucher specimens and description) 
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"Dipodomys cf. D. minor" Cunningham, 1984:96 (first published ABD record, with 

voucher specimen and description) 

"Dipodomys [new species]" Cunningham, 1984:72 (first published ABD record, with 

voucher specimens and description) 

"Dipodomys compactus" Cunningham, 1984:83 (first published ABD record, with 

voucher specimens and description) 

"Dipodomys [new species]" Cunningham, 1984:95 (first published ABD record, with 

voucher specimen and description) 

"Dipodomys hibbardi" Cunningham, 1984:90 (first published ABD record, with voucher 

specimens and description) 

"Dipodomys sp." Remeika and Jefferson, 1993: table 1 (alteration to single indeterminate 

species format) 

"Heteromyidae, Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

"Dipodomys n. sp. A" Cassiliano, 1994: table 1 (alpha character citation for 

Cunningham's 1984 new species) 

"Dipodomys n. sp. B" Cassiliano, 1994: table 1 (alpha character citation for 

Cunningham's 1984 new species) 

"? Microdipodops sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Microdipodops sp. ?" Cassiliano, 1994: table 12 (qualifier altered to suffix) 

"Microdipodops" Cassiliano, 1994: table 16 (altered to null species format) 

"Microdipodops sp." Cassiliano, 1994: table 18 (qualifier removed) 
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"Dipodomys sp. (A)" Remeika et al., 1995:87 (alpha character citation for Cunningham's 

1984 new species) 

"Dipodomys sp. (B)" Remeika et al., 1995:87 (alpha character citation for Cunningham's 

1984 new species) 

"Dipodomys sp." Cassiliano, 1999: fig. 4 (two Dipodomys sp. cited in addition to listed 

species) 

"Dipodomys minor" Cassiliano, 1999: fig. 4 (qualifer removed, with explanation in text) 

"Prodipodomys sp." Jefferson and Lindsay, 2006 appendix: table 3 (alteration to single 

indeterminate species format) 

Retained ABD Taxa 

Dipodomys compactus 

Dipodomys hibbardi 

Dipodomys cf. D. minor 

Dipodomys n. sp. A 

Dipodomys n. sp. B 

? Microdipodops sp. 

Retired ABD Taxa 

Dipodomys minor 

Etadonomys 

Prodipodomys, Prodipodomys sp., ?Prodipodomys 
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Prodipodomys or Etadonomys 

Taxonomic Narrative 

 The first published record of the ABD kangaroo rat appeared in Downs 

(1957:1823) as "Dipodomyinae." Three genera were added informally by Downs and 

White (1965 VCFC list), "Prodipodomys sp.," "Dipodomys sp.," and "Etadonomys sp." 

These were first published by White (1965:69) as "Prodipodomys or Etadonomys" and 

"Dipodomys." Etadonomys was not included on the list published by Downs and White 

(1968). Etadonomys did not appear on any other in-house faunal list, and the only other 

published claim of its presence in the ABD was made by Kurtén and Anderson 

(1980:231); "Etadonomys … is also present in the Arroyo Seco and Vallecito Creek 

Faunas." They also reported "Prodipodomys" and "Dipodomys" from the same two 

'faunas.'  

In 1984 John White's student, Greg Cunningham produced a masters thesis study 

of the ABD Dipodomyinae. He retired the ABD Etadonomys record with the observation 

that Etadonomys was synonomized with Prodipodomys by Zakrzewski (1981). He also 

retired the ABD Prodipodomys; "With the advantage of a much larger sample and more 

comparative material, those specimens assigned to Prodipodomys are now referred to 

Dipodomys. Thus, the only dipodomyine present in this collection is Dipodomys" 

(Cunningham, 1984:61). As a result of the study, Cunningham concluded (1984:62), 

"four species are definitely present. A fifth species is questionable. Two species are new: 
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… Two others are referred to D. compactus and D. hibbardi. The fifth species is 

tentatively referred to D. minor."  

The first new Dipodomys species of Cunningham (1984) was identified and 

described based on an almost complete skull, plus at least 80 partial skulls, dentaries, and 

isolated upper and lower cheek teeth. The stratigraphic distribution included Vallecito 

Creek, Arroyo Seco, and Layer Cake 'local faunas (see Chapter 1, Evolving 

Biostratigraphy of the Vallecito Creek-Fish Creek Section).' In later publications this 

taxon was cited as "Dipodomys n. sp. A," (Cassiliano, 1994: table 1, 1999: fig. 4, 2006 

appendix: table 5) and "Dipodomys sp. (A)" (Remeika et al., 1995:87), as found in the 

same 'local faunas' as Cunningham (1984:72). 

The second new Dipodomys species was identified and described based on an 

isolated lower premolar, a dentary, and seven other isolated lower cheek teeth. These 

specimens, all from the same locality, were found in the Arroyo Seco 'local fauna.' 

Subsequent authors cited this taxon as "Dipodomys n. sp. B" (Cassiliano, 1994: table 1) 

and "Dipodomys sp. (B) (Remeika et al., 1995:87, referring it only to the Arroyo Seco 

'local fauna.' Apparently the 'new species B' designation was inadvertently deleted from 

later versions of the VCFC mammal range chart, as two stratigraphic ranges of 

"Dipodomys sp." were provided by Cassiliano (1999: fig. 4, and 2006 appendix: table5). 

One of the ranges includes all three 'local faunas' and the other is restricted to a single 

record in the Arroyo Seco 'local fauna.' The latter no doubt refers to the missing 

'Dipodomys n. sp. B' of Cassiliano (1999: fig. 4). 

In addition to the two new species, Cunningham (1984) referred 34 specimens to 

Dipodomys compactus, one to Dipodomys cf. D. compactus, 30 to Dipodomys hibbardi, 
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three to Dipodomys cf. D. hibbardi, three to Dipodomys sp., and a single partial dentary 

to Dipodomys cf. D. minor. The discussion under 'Dipodomys n. sp. B' and that regarding 

the tentative identification of Dipodomys cf. D. minor (Cunningham, 1984) account for 

the retirement of the Prodipodomys taxon from the ABD. The author described both 

groups of ABD specimens as superficially similar to Prodipodomys. The qualified taxon 

Dipodomys cf. D. minor was published without qualifier, as "Dipodomys minor" or "D. 

minor" by Cassiliano (1994:plate 2, 1999: fig. 4, and 2006 appendix: table 5) and White 

et al. (2006:244). 

According to the catalogue data provided by Cunningham (1984), several 

localities include two of the Dipodomys species and two localities include four of the 

species (Table 3.5). Although multiple Dipodomys species co-occurring in a geographic 

area the size of the ABD is not unusual (Hoffmeister, 1986; Jameson and Peeters, 1988), 

four species in the same fossil locality warrants a much closer look at the taxonomic 

identifications. 

The ABD kangaroo mouse first appeared on the 1984-1987 in-house list (Miller?, 

ABD list) as "Microdipodops sp.," and was first published by Remeika et al. (1995:87). 

The taxon was qualified by Cassiliano (1994: tables 1, 4, 12, 1997: table 7, 1999: tables 

3, 4 ) as either "? Microdipodops sp." or "Microdipodops sp. ?" All other in-house faunal 

listings and publications of the taxon cite it as either "Microdipodops" or "Microdipodops 

sp.," including the most recent publications (White et al., 2006:244; Jefferson and 

Lindsay, 2006 appendix: table 3; Cassiliano, 2006 appendix: table 5). 

 The LACM (1995 Specimens) and the ABDSP-LACM (2007 Specimens) 

database tables (Table 2.1) list seven Microdipodops records without qualifier and five 
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records with the qualifier as '? Microdipodops sp.' At least two of the specimens were 

identified informally by R. Zakrzewski. This is an unusual taxon for the ABD(VCFC), 

because the modern distribution (Burt and Grossenheider, 1976; Jameson and Peeters, 

1988) is limited to the central to northern Great Basin, well over 300 km north of the 

VCFC, and Mckenna and Bell (1997) listed the chronologic range of the genus as Late 

Pleistocene to modern. The statement by Cunningham (1984; cited in the second 

paragraph of this section) indicated Dipodomys is the only dipodomyine rodent in the 

VCFC, implying by omission that Microdipodops is not present and thus retiring it from 

the ABD faunal list. However, identified voucher specimens persist on the current 

ABDSP combined database, so the taxon will remain on the ABD faunal list, as an 

unverified local taxon nudum. The ABD 'Microdipodops' specimens are currently under 

study. 

The large quantity and deep stratigraphic distribution of the ABD dipodomyine 

rodent specimens should provide valuable data for biochronologic and environmental 

discussions of the VCFC section. However, the entire ABD group is in need of detailed 

review and proper publication before the taxa can provide meaningful species level data 

for any large scale analysis. 

 

SUBFAMILY PEROGNATHINAE COUES, 1875:277 

Publication Chronology of ABD Taxa 

"Perognathinae" Downs, 1957:1822 (first published ABD record) 
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"Perognathus" Downs and White, 1968: fig. 2 (first published ABD record) 

"Perognathus sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Perognathus hispidus" Remeika et al., 1995:87 (first published ABD record) 

"Perognathus/Chaetodipus sp. A" Gensler, 2002:44, fig. 13, table 1) (first published 

ABD record, with figure, description, and diagnosis) 

"Perognathus/Chaetodipus sp. B" Gensler, 2002:46, fig. 13, table 1) (first published 

ABD record, with figure, description, and diagnosis) 

"Perognathus nr. P. hispidus" Jefferson, 2001: table 1 (qualifier added)  

Retained ABD Taxa 

Perognathus 

Perognathus/Chaetodipus sp. A 

Perognathus/Chaetodipus sp. B 

Retired ABD Taxa 

Perognathus hispidus, Perognathus nr. P. hispidus, Perognathus sp. (seemingly of the P. 

hispidus group) 
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Taxonomic Narrative 

The first published mention of the ABD pocket mouse appeared in Downs 

(1957:1822) as "Perognathinae." The taxon "Perognathus sp. (seemingly of the P. 

hispidus group)" was entered on the first in-house list by Downs and White (1965 VCFC 

lisf). It was listed in publication by Downs and White (1968: fig. 2) as "Perognathus," 

but Cassiliano (1994: table 1) listed "Perognathus sp." Both "Perognathus sp." and 

"Perognathus hispidus" were listed by Remeika et al. (1995:87) as present in the VCFC 

section. All subsequent publications listed only Perognathus sp., except two of the most 

recent. The unqualified species was mentioned by White et al. (2006:244), "There are 

over 160 skulls, jaws, and teeth in the Anza-Borrego collection. Some of these remains 

have been referred to P. hispidus, the hispid pocket mouse," yet only the qualified taxon 

"Perognathus nr. P. hispidus" appears in the ABD vertebrate faunal list in the same 

volume (Jefferson and Lindsay, 2006 appendix: table 3).  

The LACM (1995 Specimens) database table (Table 2.1) lists 160 specimens, 

identified as 'Perognathus,' while the ABDSP (1997 Specimens) database table (Table 

2.1) lists 21 specimens of the same genus, although neither database includes a species 

nomen. The ABDSP-LACM (2007 Specimens) database table (Table 2.1) lists 188 

Perognathus specimens, only four of which are identified as 'P. hispidus;' 

ABDSP(IVCM) 793/V7172, V7480, 7481, and ABDSP(IVCM) 1261/V5256. However, 

those four 'P. hispidus' specimens were identified on the ABDSP (1997 Specimens) 

database table (Table 2.1) as 'Sigmodon hispidus.' The records are among those 

incorrectly altered during the 2003 Argus to TMS conversion, where all records with 
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species nomen 'hispidus' were globally altered to 'Perognathus hispidus' (see Chapter 2, 

Taxonomic Mistranslation). At least 45 additional partially catalogued 'Perognathus' 

specimens are listed in the LACM/ABDSP Specimen Transfer Workbook (1997, on file 

at SRC). Although John White clearly saw a resemblance of ABD Perognathus 

specimens to P. hispidus, no voucher specimens are recorded with that designation. The 

latter taxon is therefore a local ABD taxon vanum and should be retired from the ABD 

faunal list. 

Two new ABD pocket mouse taxa were recovered from the Coyote Canyon 

Badlands and described by Gensler (2002:44, 46) as "Perognathus/Chaetodipus sp. A" 

and "Perognathus/Chaetodipus sp. B." The 'sp. A' taxon is anchored by two tooth 

specimens, ABDSP 2167/V6368 and ABDSP 2165/V6324. The 'sp. B' taxon is anchored 

by a single tooth specimen, ABDSP 2132/V6329. 

 

FAMILIY ERETHIZONTIDAE BONAPARTE, 1845:5 

Publication Chronology of ABD Taxa 

"cf. Coendou" Downs and White, 1966:310 (first published ABD record) 

"Coendou stirtoni" White, 1968:2, figs. 1, 2, 3, 4, 5, 6, 7, tables 1, 2 (original description) 

"Coendou stirtoni" White, 1970:5, figs. 3, 4, tables 1, 2 (emended diagnosis) 

"Erethizon bathygnathum" (includes Coendou stirtoni) Frazier, 1981:40, figs. 8H, 9H, 

10H, 11I, 14C, 16A, 16B, 17E, 18D, 19C, tables 2, 3, 5 (new synonymy with 

original spelling) 
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"Coendou bathygnathum" Cassiliano, 1994: table 1 (new combination with original 

spelling) 

"Coendou sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Coendou" Cassiliano, 1994: table 16 (alteration to null species format) 

"Erethizon stirtoni" Cassiliano, 1999: table 4, fig. 5 (new combination) 

Retained ABD Taxa 

Erethizon bathygnathum 

Retired ABD Taxa 

Coendou, Coendou sp., cf. Coendou 

Coendou stirtoni 

Coendou bathygnathum 

Erethizon stirtoni 

Taxonomic Narrative 

The ABD porcupines were originally described and assigned to the new species 

Coendou stirtoni by White (1968). The tooth morphology of Coendou and the only other 

known North American porcupine, Erethizon, were determined by White to be 

inconclusive in distinguishing the genera. However, a difference in the masticatory 

245 
 
 

 
 



 

function was deemed "clearcut" and seemingly "of greater importance than dentition in 

characterizing these two genera" (White, 1968:12). As a result, an established species, the 

late Blancan porcupine, Erethizon bathygnathum (originally described from Jackass 

Butte, Grand View Local Fauna, by Wilson, 1935) was referred tentatively by White 

(1968:12) to "? Coendou brachignathum [sic, an incorrect subsequent spelling according 

to Article 33.4 of ICZN rules, International Commission on Zoological Nomenclature, 

1999]." Although that taxonomic change referred to non-ABD specimens at that time, 

subsequently it affected the ABD porcupine identifications.  

The diagnosis of Coendou. stirtoni was later emended, and Erethizon 

bathygnathum Wilson (1935) was formally placed (not in reference to ABD specimens) 

in the genus Coendou, as "Coendou brachygnathum [sic, a second and different incorrect 

subsequent spelling according to Article 33.4 of ICZN rules, International Commission 

on Zoological Nomenclature, 1999]" (White, 1970:7). Subsequently, the ABD porcupines 

were reviewed by Frazier (1981) who determined that they were all referable to genus 

Erethizon, not Coendou, assigning them to Erethizon bathygnathum Wilson (1935), 

resurrecting the original binomial combination and spelling. 

The ABD porcupines were listed by Cassiliano (1994: table 1) as "Coendou 

bathygnathum," "Coendou stirtoni," and "Coendou sp." The multiple taxon names were 

no doubt because of the multiple designations in the LACM and IVCM databases 

immediately prior to 1997. The porcupine species used for the faunal list compiled by 

Remeika et al. (1995) was Coendou stirtoni, published without explanation. Coendou 

stirtoni was listed on the LACM 1995 Specimens database table (Table 2.1), whereas the 

original IVCM catalogue cards listed E. bathygnathum, subsequently altered in 1994 to 
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C. bathygnathum. The authors of Remeika et al. (1995; personal recollection of third 

author Murray) did not see Frazier's (1981) publication before the ABD vertebrate faunal 

list went to press, and used White's (1968) published identifications as authoritative. 

Subsequently, the taxon designations were altered to "Erethizon sp." and "Erethizon 

stirtoni" by Cassiliano (1999: table 4, fig. 4). The source for the new name combination 

was cited on page 176 as "Erethizon stirtoni (Frazier, 1981)," although Frazier (1981:40) 

used only the designation "Erethizon bathygnathum" for the ABD material. The most 

recent published faunal lists used the designations, "Coendou stirtoni" (Jefferson and 

Lindsay, 2006 appendix: fig. 3) and "Erethizon sp." and "Erethizon stirtoni" (Cassiliano, 

2006 appendix: fig. 5). 

Based on the most recent published diagnosis of the ABD porcupine material 

(Frazier, 1981) the taxonomic name Erethizon bathygnathum is currently the correct 

designation for those specimens. All ABD specimens studied by White, 1968 and 1970 

were considered by Frazier (1981). Absent subsequent published description of ABD 

specimens and argument in support of alternative taxonomic assignment, the other names 

should be retired from the ABD faunal list. 

 

FAMILY CAVIIDAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"Hydrochoerus sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Hydrochoerus" Cassiliano, 1994: table 16 (altered to null species format)  

247 
 
 

 
 



 

Retained ABD Taxa 

none 

Retired ABD Taxa 

Caviidae 

Hydrochoerus, Hydrochoerus sp. 

Taxonomic Narrative 

No capybara fossil material has been recovered from the ABD, and the genus 

Hydrochoerus does not appear on any extant version of the ABD database. The catalogue 

and specimen cards of one specimen, ABDSP(IVCM) 33/V111, distal tibia, lists the 

original identification as Hydrochoerus. That identification was changed by G. Jefferson 

in 1994, to Castor sp. cf. C. canadensis, and subsequently, by me in 2007, to Erethizon 

bathygnathum. The taxon Hydrochoerus otherwise appears only on the Remeika in-house 

list (1992 ABD list), and thus made its way into publication on the tables provided by 

Cassiliano (1994) and the list by Remeika et al. (1995). The genus does not appear again 

in publications of ABD fauna, and both it and the family name, Caviidae are local taxa 

vana for the ABD. 
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GRANDORDER FERAE LINNAEUS, 1758:37 

ORDER CARNIVORA BOWDICH, 1821:33 

FAMILY FELIDAE FISCHER (1817:372) 

Publication Chronology of ABD Taxa 

"Smilodon" Downs and White, 1966:310 (first published ABD record) 

"Smilodon cf. gracilis" Downs and White, 1968: fig. 2 (first published ABD record) 

”Smilodon gracilis" Kurtén and Anderson, 1980:186 (removal of qualifier, listed among 

multiple sites) 

"Felis rexroadensis" Werdelin, 1985:202 (first published ABD record, with catalogue 

number and measurements) 

"Felis (Lynx) rufus" Remeika, 1992: table 1 (first published ABD record) 

"Panthera atrox" Remeika, 1992: table 1 (first published ABD record) 

"S.[milodon] californicus" Remeika, 1992: table 1 (first published ABD record) 

"F.[elis] concolor" Remeika and Jefferson, 1993: table 1 (first published ABD record)  

"Felis rufus" Remeika and Jefferson, 1993: table 1 (removal of subgenus nomen) 

"S.[milodon] fatalis" Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"Felidae Genus and species indet." Cassiliano, 1994: table 1 (addition of indeterminate 

higher rank [Family]) 

"Felis sp. cf. F. concolor" Cassiliano, 1994: table 1 (qualifier added) 

"Lynx sp." Cassiliano, 1994: table 1 (elevation of subgenus nomen to genus rank) 

"Lynx sp. cf. L. rufus" Cassiliano, 1994: table 1 (qualifier added) 
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"Panthera sp. cf. P. onca" Cassiliano, 1994: table 1 (first published ABD record) 

"Lynx" Cassiliano, 1994: table 16 (altered to null species format) 

"Panthera sp." Cassiliano, 1994: table 16 (application of indeterminate format) 

"Panthera onca" Cassiliano, 1994: table 16 (qualifier removed) 

"Acinonyx" Jefferson and Tejada-Flores, 1995:33 (first published ABD record, with 

voucher specimens, but without catalogue numbers or detailed description) 

"Acinonyx sp." Remeika et al., 1995:89 (application of indeterminate format) 

"Homotherium sp." Remeika et al., 1995:89 (first published ABD record) 

"Homotherium sp. cf. H. serum" Jefferson, 1996) (first published ABD record) 

"Lynx rufus" Cassiliano, 1997: table 2 (indeterminate format dropped) 

"Felidae (dentary and metapodial of a cat smaller than Felis concolor or Miracinonyx and 

larger than F. rufus)" Jefferson, 1999:59 (first publication of taxon for new ABD 

fossil area) 

"Felis sp." Cassiliano, 1999: table 4 (application of indeterminate format) 

"Felis (Puma) concolor" Cassiliano, 1999: table 4 (addition of subgenus) 

"Felis lacustris" Cassiliano, 1999: table 4 (first published ABD record) 

"Panthera sp., cf. P. onca" Cassiliano, 1999: table 4 (first published ABD record) 

"Acinonyx sp., cf. A. inexpectatus" Cassiliano, 1999: table 5 (first published ABD record) 

"Miracinonyx inexpectatus" Shaw and Cox, 2006: fig. 11 (first published ABD record) 

"Panthera onca" Shaw and Cox, 2006: fig. 11 (removal of qualifier) 

"pseudalurine [sic] felid" McDaniel and Jefferson, 2006:126 (first published ABD record, 

misprinting of 'pseudaelurine') 

"Felis sp. (smaller than Lynx rufus)" Murray, this study (first published ABD record) 
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"Felis (Lynx) sp. cf. F. (L.) rufus" Murray, this study (first published ABD record) 

Retained ABD Taxa 

Felidae (smaller than Felis concolor or Miracinonyx and larger than Felis rufus) 

Felis (size of Felis [Lynx] rufus) 

Felis rexroadensis 

Felis (size of Felis rexroadensis) 

Felis (smaller than Felis [Lynx] rufus) 

Miracinonyx inexpectatus 

Panthera onca 

Smilodon gracilis 

Retired ABD Taxa 

Acinonyx 

Acinonyx sp. cf. Acinonyx inexpectatus 

Felis concolor, Felis sp. cf. Felis concolor 

Felis lacustris 

Felis (Lynx) rufus 

Felis (Puma) concolor 

Felis rufus 

Homotherium sp. 

Homotherium sp. cf. H. serum 
251 

 
 

 
 



 

Lynx, Lynx sp. 

Lynx rufus, Lynx sp. cf. Lynx rufus 

Panthera atrox 

pseudaelurine felid 

pseudalurine [sic] felid (incorrect spelling of informal subfamily name) 

Smilodon californicus 

Smilodon fatalis 

Taxonomic Narrative 

The first published notice of felids in the ABD(VCFC) was the saber-tooth cat, 

"Smilodon (one specimen) is allied to S. gracilis of Pennsylvania" (Downs and White, 

1966:310). Two years later the taxon was published as "Smilodon cf. gracilis" (Downs 

and White, 1968: fig. 2), and later mentioned as "Smilodon gracilis" by Kurtén and 

Anderson (1980:186).  

The taxon "Felis rexroadensis" was established in the ABD(VCFC) by the results 

of Werdelin's (1985: fig. 11) general review. That referral was based on a single ABD 

dentary, ABDSP(IVCM) 317/V1076, compared with six specimens from other North 

American local faunas and datasets of Felis rexroadensis and Felis lacustris, plus a 

baseline dataset of the European species Lynx issiodorensis. From the results of the study, 

the ABD(VCFC) specimen "probably represents" Felis rexroadensis (Werdelin, 

1985:202). 
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Aside from 'Smilodon gracilis' and 'Felis rexroadensis,' no ABD felid taxa were 

mentioned in publication until 1992, when Remeika (1992: table 1) listed "Felis (Lynx) 

rufus," "Panthera atrox," "Smilodon gracilis," and "S. californicus" as present in the 

Borrego local fauna.  

However, a considerable number of felids accumulated on the in-house faunal 

lists in the intervening years, beginning with 'large,' 'medium-sized,' and 'small' 'cat' or 

'felid' (Downs and White, 1965 VCFC list; 1966 VCFC list; 1968 VCFC list; 1977 VCFC 

list; Jones, 1972 ABD list). The first species listed was "Felis cf. concolor" (Miller?, 

1979 ABD list), followed by new taxa; "? Felis," "Felis," "Cf W/[sic] Panthera" (Miller?, 

1979? Coyote Badlands list), "Felis cf. concolor large," "Felis cf. concolor small," "F. ? 

rexroadensis," "Lynx cf. rufus," "Smilodon cf. californicus or possibly Machairodus" (in-

house list updated by Miller, 1981 ABD list), "Felis (Lynx) rufus" (Downs, White, and 

Miller, 1981 ABD list), "Panthera atrox," "Homotherium sp." In the subsequent in-house 

faunal list, all qualifiers were dropped from previous taxa (Miller?, 1984-1987 ABD list). 

Felid taxa of the Borrego local fauna were altered or appended as "Felis rufus," 

"F. concolor," and "S. fatalis" by Remeika and Jefferson (1993: table 1). Qualifiers were 

reintroduced for the VCFC taxa by Cassiliano (1994: table 1) for "Felis sp. cf. F. 

concolor" and Lynx sp. cf. L. rufus," and a new ABD(VCFC) taxon was added, as 

"Panthera sp. cf. P. onca." A new taxon from the Hueso Formation, "Acinonyx" was 

announced by Jefferson and Tejada-Flores (1995:33), with a list of elements but no 

catalogue numbers or description. The ABD 'Homotherium' taxon appeared only twice in 

publication, first as "Homotherium sp." in a list by Remeika et al. (1995:89) and later it 

was altered to "Homotherium sp. cf. H. serum" (Jefferson, 1996; McDaniel and Jefferson, 
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1999b:6). A subgenus, "Felis (Puma) concolor" and new taxon "Felis lacustris" were 

added by Cassiliano (1999: table 4). The oldest felid specimen in the ABD was reported 

for Hawk Canyon by Jefferson (1999:59), as "Felidae (dentary and metapodial of a cat 

smaller than Felis concolor or Miracinonyx and larger than F. rufus)." This taxon 

designation was later altered to "pseudalurine [sic, should be pseudaelurine] felid" by 

McDaniel and Jefferson (2006:126). The name, 'pseudaelurine' implies taxonomic 

relationship to the subfamily Pseudaelurinae Kretzoi (1929). However, that taxon was 

synonymized under subfamily Nimravinae Trouessart (1885) by Simpson (1945) and 

more recently under subfamily Felinae Fischer (1817) by McKenna and Bell (1997). The 

ABD taxon name 'pseudaelurine' should be retired, and the descriptive name for the taxon 

should be retained, as 'Felidae, smaller than Felis concolor or Miracinonyx and larger 

than Felis rufus.' 

Prior to writing the chapters on carnivorans for the Jefferson and Lindsay (2006) 

volume, authors Shaw and Cox (2006) and Murray (2006a) examined all of the ABD 

felid specimens known at that time. The authors provided no voucher specimens, detailed 

descriptions, or other support for taxonomic identifications in the publication. However, 

detailed notes supporting taxonomic identification for each large felid specimen (Shaw, 

photocopies) are on file at SRC. Similar supporting commentary for many of the small 

felid identifications (Murray) are incorporated into the individual specimen records on 

the current ABDSP database. One photographic figure of a previously published 

specimen was included in the volume, ABDSP(IVCM) 317/V1076 (misprinted by 

Murray [2006a: fig. 12.4] as "V1067"), partial dentary, Felis rexroadensis (Werdelin, 

1985). Large cats (> 40 kg) present in the ABD include "Miracinonyx inexpectatus," 
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"Panthera onca," and "Smilodon gracilis" Shaw and Cox (2006). Small ABD cats (< 40 

kg) appear to belong primarily to two distinct size groups. The smaller group, is 

comprised of skeletal elements conforming closely in size and morphology to local 

modern specimens of bobcat, Felis (Lynx) rufus. The larger skeletal elements are 

noticeably larger than modern bobcat, although morphologically similar. Those probably 

belong to Felis rexroadensis or Felis lacustris (Werdelin, 1985). The genus Felis was 

used arbitrarily by me (Murray, 2006a), in reference to all the small North American cats 

(Kurtén and Anderson, 1980), and included subgenera to acknowledge where previous 

authors differed on phylogenetic relationships and taxonomic assignments. The generic 

status of 'Lynx' has alternated between a full genus (Kurtén and Anderson, 1980) and a 

subgenus of Felis (McKenna and Bell, 1997). In a recent compilation of mammal species 

'Lynx' was assigned generic rank (Wozencraft, 2005). Felis rexroadensis was also 

referred to the latter genus by Martin (1998:238), as "Lynx rexroadensis." For this study, 

the nomen 'Lynx' is retained, arbitrarily, at the subgeneric rank, and the ABD 'Felis 

rexroadensis' taxon, based on a single published specimen (Werdelin, 1985) should 

remain unaltered, until a full study of the small ABD felids is published. Other ABD 

specimens are identified as 'Felis (size of Felis rexroadensis)' and 'Felis (size of Felis 

[Lynx] rufus)' 

A felid calcaneum, much smaller than that of modern comparative specimens of 

Felis (Lynx) rufus and in the size range of modern Herpailurus yagouaroundi is 

identified as, 'Felis (smaller than Felis [Lynx] rufus).' The specimen, ABDSP(LACM) 

1360/V20626 is the only known record of this small cat in the ABD, and was not 

previously published or listed on any ABD in-house faunal lists. Although specimen 
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V20626 was collected in 1959 and was described on the specimen label as "very small," 

it was only recently (2006) recognized as distinctly different from the other small ABD 

felids. 

The previously published ABD taxa Homotherium, Homotherium sp. cf. H. 

serum, Smilodon californicus, Smilodon fatalis, Panthera atrox, Machairodus, and Felis 

(Puma) concolor were not included among the referred ABD taxa by Shaw and Cox 

(2006). Those taxa, by the implication of that omission from a general review of large 

ABD felids, were retired from the ABD faunal list. Although the genus 'Miracinonyx' was 

included as a synonym under 'Acinonyx' by McKenna and Bell (1997), it was later listed 

by Martin (1998) as a full genus. The former genus nomen will be retained on the ABD 

faunal list. 

 

FAMILY HYAENIDAE GRAY, 1821:302 

Publication Chronology of ABD Taxa 

"Chasmaporthetes ossifragus" Shaw and Cox, 2006:186 (first published ABD record) 

Retained ABD Taxa 

none 
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 Retired ABD Taxa 

Chasmaporthetes ossifragus 

Taxonomic Narrative 

The first published suggestion that the ABD paleofauna may include the 

American hunting hyeana, Chasmaporthetes ossigragus was made by Shaw and Cox 

(2006). The taxon does not appear on any in-house list or database. A single specimen, 

ABDSP(IVCM) 629/V2337 pisiform, may represent this taxon. Although, the 

identification of the specimen to a particular taxon is currently indeterminate (see 

discussion under family Ursidae, below). The nearest known report of Chasmaporthetes 

is 250 km south of the ABD, in northwestern Sonora, Mexico. So, the taxon may be 

present in the ABD sediments. For now, 'Chasmaporthetes ossifragus' is a local ABD 

taxon nudum, and although it never appeared on any ABD faunal list, it will be classified 

as retired. 

 

FAMILY CANIDAE FISCHER, 1817:372 

Publication Corrections 

Kurtén (1974:6) specimen ABDSP(LACM) 1595/V6250 was misprinted as locality 

"1638"/ specimen "6050." 
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Publication Chronology of ABD Taxa 

"Canidae" Downs, 1957:1823 (first published ABD record) 

"?Borophagus" Downs and White, 1966:310 (first published ABD record) 

"Canis, large" Downs and White, 1968: fig. 2 (first published ABD record) 

"Canis, small" Downs and White, 1968: fig. 2 (first published ABD record)  

"Urocyon" Downs and White, 1968: fig. 2 (first published ABD record) 

"Canis latrans" Nowak, 1979:79, appendix c2 (first published ABD record) 

"Canis lepophagus" Kurtén and Anderson, 1980:167 (first published conjecture of 

presence at ABD) 

"Canis priscolatrans" Kurtén and Anderson, 1980:168 (first published conjecture of 

presence at ABD) 

"Borophagus sp." Remeika, 1992: table 1 (qualifier removed and alteration to single 

indeterminate species format) 

"Canis dirus" Remeika, 1992: table 1 (first published ABD record) 

"Canidae Genus and species indet." Cassiliano, 1994: table 1 (addition of indeterminate 

higher rank [Family]) 

"? Borophagus sp." Cassiliano, 1994: table 1 (qualifier re-added to single indeterminate 

species format) 

"Canis sp." Cassiliano, 1994: table 1 (application of single indeterminate species format) 

"Canis sp. cf. C. dirus" Cassiliano, 1994: table 1 (qualifier added) 

"Canis sp. near C. lupus" Cassiliano, 1994: table 1 (first published ABD record) 

"Urocyon sp." Cassiliano, 1994: table 1 (application of indeterminate format) 
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"Vulpes sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Vulpes" Cassiliano, 1994: table 16 (altered to null species format) 

"Canis dirus" Cassiliano, 1994: table 19 (qualifier removed) 

"Canis lupus" Cassiliano, 1994: table 19 (qualifier removed) 

"C.[anis] edwardii or C. priscolatrans" Remeika et al., 1995:88 (first published ABD 

record) 

"Borophagus” Cassiliano, 1997: appendix b (altered to null species format) 

"Canis” Cassiliano, 1997: appendix b (altered to null species format) 

"Borophagus diversidens" Cassiliano, 1999: table 4 (first published ABD record) 

"Canidae (scapula of a medium-sized dog)" Jefferson, 1999:59 (first publication of taxon 

for new ABD fossil area, with voucher specimen element identification, but 

without catalogue number or detailed description) 

"medium Canis" Murray, 2006a:201 (new size descriptor) 

"Canis armbrusteri" Jefferson and Lindsay, 2006 appendix: table 3 (first published ABD 

record)  

"C.[anis] priscolatrans (= C. edwardii, Edward's dog)" Jefferson and Lindsay, 2006 

appendix: table 3 (explicit synonymy) 

"Urocyon cinereoargenteus" Murray, 2006a:203 (first published ABD record) 

"Urocyon sp. ? U. progressus" Jefferson and Lindsay, 2006 appendix: table 3 (first 

published ABD record) 

"? Vulpes sp." Jefferson and Lindsay, 2006 appendix: table 3 (addition of qualifier) 

"Canis edwardii" Cassiano, 2006 appendix: table 5 (first publication without 'or C. 

priscolatrans') 
259 

 
 

 
 



 

Retained ABD Taxa 

Borphagus diversidens 

Canis (size of modern Canis latrans and Canis lepophagus) 

Canis (size of modern Canis lupus) 

Canis edwardii/Canis priscolatrans 

Urocyon 

Retired ABD Taxa 

Canis armbrusteri 

Canis dirus, Canis sp. cf. C. dirus 

Canis edwardii, Canis edwardii or Canis priscolatrans 

Canis, large 

Canis latrans 

Canis lepophagus 

Canis lupus, Canis sp. near C. lupus 

Canis priscolatrans (= Canis edwardii) 

Canis, small 

medium Canis 

Urocyon cinereoargenteus 

Urocyon sp. ? U. progressus 

Vulpes, Vulpes sp., ? Vulpes sp. 
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Taxonomic Narrative 

The first published announcement of ABD "Canidae" was by Downs 

(1957:1823). In 1962, the absence (up to that time) of the bone-eating dog, Borophagus, 

from the VCFC was explicitly noted by Downs and Woodard. Four canid forms were 

recognized informally in 1965 (Downs and White, VCFC list), "dog, small species," 

"fox," "wolf (large)," and "? Borophagus." The "? Borophagus" was first reported in 

publication by Downs and White (1966:310). The other forms were represented as 

"Canis, small," "Canis, large," and "Urocyon" by Downs and White (1968). However, '? 

Borophagus' did not appear in that important publication, possibly because the locality 

was "adjacent to", rather than in, the type VCFC section. Therefore, it was in one of the 

fault blocks and could not be correlated directly to the main stratigraphic sequence 

(Downs and White, 1966:310). The next publication of the taxon was by Remeika (1992) 

as "Borophagus sp." The local taxon name was based on two partial dentaries, 

ABDSP(LACM) 1951/V57449 and 4924/V123906. The latter specimen, approximately 

70% complete, retains the diagnostic massive, 'bone-crushing' m1. The ABD taxon was 

altered to species, "Borophagus diversidens" informally by Jefferson (1996, Borrego 

Badlands list). Although 'Borophagus' was listed from both the Borrego Badlands and the 

VCFC on two in-house lists and by Remeika et al. (1995), no database records ever listed 

it from any fossil area within the ABD other than the VCFC. The species name was first 

applied to the ABD taxon in publication by Cassiliano (1999). That same year, a general 

review and summary of Borophaginae indicated that all North American Borophagus 

specimens from late-early to late Blancan belong to the single terminal species of the 
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family, Borophagus diversidens (Wang et al., 1999). Although the records of Borophagus 

from the VCFC were acknowledged by Wang et al., the specimens apparently were not 

examined by them or referred explicitly to a species. Nevertheless, the late Blancan age 

of the VCFC Borophagus localities combined with the large size and similarity to figured 

and described features of the dentition by Wang et al. (1999:304, fig. 128) support the 

species designation of the ABD dentary specimens to Borphagus diversidens.  

Five catalogued ABD specimens were measured by Kurtén (1974) and referred to 

Canis priscolatrans, including six dentaries, ABDSP(LACM) 1193/V3258 (left and 

right), 1595/V6250 (right), 1638/V6236 (left), 1854/V8235 (left and right), and four 

metatarsals 1317/V3805. Individual measurements were provided for the metatarsals 

(Kurtén, 1974: table 6), but the ABD dentary data were lumped with other Irvingtonian 

age fossil sites, so are not retrievable.  

Six ABD Canis mandibular fragments and various postcranial fragments were 

referred to "Canis latrans Say," by Nowak (1979:79), without voucher catalogue 

numbers. The description of the referred material is similar to the description of the 

material examined by Kurtén (1974), and may refer to the same specimens. However, the 

lack of catalogue numbers makes the inference unverifiable. Four measurements were 

provided for a single ABD(VCFC) dentary (Nowak, 1979: appendix C). Only one ABD 

Canis dentary, ABDSP(LACM) 1595/V6250, is complete enough to accomodate all four 

of Nowak's (1979) measurements. That catalogue number refers to one of the specimens 

cited by Kurtén (1974), as Canis priscolatrans. The discussion of Canis priscolatrans by 

Nowak (1979) indicates he considered late Irvingtonian Canis priscolatrans equivalent to 

Rancholabrean and modern Canis latrans. Implicit in the discussion is inclusion of the 
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VCFC specimens with late Irvingtonian specimens from other sites. The ABD specimens 

are in fact late Blancan in age. That stratigraphic age misplacement may be one reason 

the ABD specimens were re-identified as Canis latrans (Nowak, 1979; and see Chapter 

4). 

Two forelimb elements from the Coyote Canyon Badlands, ABDSP 472/V1602, 

were examined by Beryl Taylor at the AMNH and identified as Canis edwardii (hand-

written note in specimen tray), although they were not included in any publication. No 

other ABD canid material was studied or published by catalogue number. 

Two Canis species were tentatively proposed as being present in the ABD(VCFC) 

by Kurtén and Anderson (1980), Canis lepophagus and Canis priscolatrans. Those two 

species grouped together may be equivalent to the "Canis, small" taxon, cited by Downs 

and White (1968). The "Canis, large" taxon was implicitly equated with a large wolf in 

an earlier in-house faunal list (Downs and White, 1965 VCFC list). However, there are 

three distinct sizes of ABD Canis specimens (Murray, 2006a). The smallest specimens of 

the three size groups are the same size as modern coyote (Canis latrans), and may 

represent either the late Blancan form, Canis lepophagus, or the middle Irvingtonian-to-

extant form, Canis latrans. The largest specimens of the three ABD Canis forms are 

close in size to modern gray wolf (Canis lupus), and may represent the early Irvingtonian 

wolf Canis armbrusteri. The third size group of ABD Canis specimens are intermediate 

between coyote and gray wolf in size, and may represent either or both of the early 

Irvingtonian taxa Canis edwardii and Canis priscolatrans (Murray, 2006a). Several 

authorities refer only to one or the other species as representing the intermediate size 

Irvingtonian-age Canis in North America (Kurtén and Anderson, 1980; Tedford et al., 
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2001; Nowak, 2002). A phylogenetic review of the subfamily Caninae, currently in 

preparation (Tedford et al., 2001) should resolve the issue. Until that information is 

available, the ABD taxon Canis priscolatrans should remain on the ABD faunal list as 

verified by Kurtén (1974). The relationship of that species to Canis edwardii may be 

acknowledged, for now, without resorting to arguments for priority or validity by 

combining the two in alphabetic order, as the ABD taxon 'Canis edwardii/Canis 

priscolatrans.' 

The ABD wolf-size taxon appeared as "Canis dirus," on the Jones in-house list 

(1972 ABD list). From 1977 through 1995 that taxon was on virtually every published 

and in-house ABD faunal list that included canids, after which time it disappeared. Prior 

to 1977, the only catalogued ABD 'dire wolf' specimen was ABDSP(LACM) 

1527/V8889, scapholunar, "Canis cf. dirus" (no identifier or date). That identification 

was altered on catalogue documents, at an unknown date, by T. Downs, to "? Boroph ?" 

In 1979, specimen ABDSP(IVCM) 317/V1692 was identified on the catalogue card and 

specimen label as a dentary fragment of "Canis cf. dirus." In 1996 it was reidentified by 

me as a vertebral process of a large indeterminte mammal. Specimen ABDSP(IVCM) 

370/V1271 was originally identified by G. J. Miller in 1979 as a scapula fragment of 

"Canis ? dirus." In 1996 I reassigned the specimen to the taxon "Canis sp. ? C. 

armbrusteri." A fourth 'dire wolf' specimen, ABDSP(IVCM) 964/V4058 was identified 

in 1984 by an untrained paleontology volunteer as an ulna fragment of "Equus." The 

identification was altered in 1993 by G. T. Jefferson to "Canis sp. (large) lupus/dirus 

size." Subsequently, in 2006 I recorded the specimen in the database as approximately 

10% of the right ulna (semilunar notch) of "Canis sp. ? C. armbrusteri." Genus level 
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identifications made by me were based on visual comparison with a modern wolf skeleon 

(specimen number ABDSP Zoology/C9, Canis lupus). My decisions to replace the 

species nomina 'lupus' and 'dirus' with 'armbrusteri' were based on biogeographic, 

biostratigraphic, and chronostratigraphic considerations only. In other words, the ABD 

sediments producing the large Canis specimens are supposedly too old for Canis dirus 

and Canis lupus but should be the correct age for Canis armbrusteri. Although those 

taxonomic considerations may be used in a general discussion, the identifications applied 

to the specimens should remain at the supportable level of 'Canis (size of modern Canis 

lupus),' until a more defensible method of species level identification is published in 

detail. 

With the exception of the ABD taxon Canis edwardii/Canis priscolatrans, the 

ABD Canis taxa remain unverified. The Canis latrans ABD taxon of Nowak (1979) 

apparently was based on the same specimens as the Canis priscolatrans of Kurtén (1974), 

although Canis latrans is not known elsewhere from locations older than middle 

Irvingtonian (Kurtén and Anderson, 1980; Barnosky and Bell, 2004). All other ABD 

Canis specimens should retain the general size descriptions 'Canis (the size of modern 

Canis latrans),' 'Canis (the size of modern Canis lupus),' and 'Canis (intermediate size 

between modern Canis latrans and Canis lupus).' Until more detailed analyses can be 

carried out, all other 'Canis' taxa should be retired from the ABD faunal list. 

The first ABD fox taxon was the gray fox, "Urocyon," published by Downs and 

White (1968: fig.2). That format remained unchanged until the informal 1984-1987 list 

(Miller? ABD list) was compiled, where it was altered to "Urocyon sp.," and a new fox 

taxon, "Vulpes sp.," was added. Both taxa remained on the list through 2006, when I 
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suggested the gray fox may be represented by more than one species, the Blancan 

species, Urocyon progressus and/or the Irvingtonian-to-modern species Urocyon 

cinereoargenteus, or a transitional form (Murray, 2006a). I also added a species name, 

"Vulpes vulpes" before retiring that genus from the ABD faunal list (Murray, 2006a:209). 

The taxonomic nomenclature was modified later in the same volume, to "Urocyon sp. ? 

U. progressus" and "? Vulpes sp." (Jefferson and Lindsay, 2006 appendix: table 3).  

The original report of the ABD Urocyon taxon was based on two VCFC partial 

dentaries, ABDSP(LACM) 1298/V3839 and 6814/V53678. The dentary of Urocyon is 

distinctly different from all other North American canids, possessing a straight (as 

opposed to curved) ventral margin, and a distinct angular 'step' ventral to the mandibular 

condyle. The earliest report of ABD Vulpes may have been based on a single database 

record of a partial skull, ABDSP(LACM) 6586/V17210. That specimen was the only 

record of 'Vulpes' on any ABD database prior to 1996. I re-identified V17210 as 

'Urocyon' in 2006. A second referred specimen, an upper canine tooth, ABDSP(IVCM) 

609/V2282, was identified by me in 1996 as '? Vulpes sp.' That canine specimen is also 

similar in general appearance to canine teeth of the genus Mustela. Although it was never 

identified as such on any ABD list or database, it provided internal hearsay support for 

the presence of Mustela in the ABD collections (see discussion of Mustela below). A 

comparison of specimen V2282 with upper canines of modern Urocyon cinereoargenteus 

and Vulpes vulpes revealed exfoliated (missing) enamel in the area where a longitudinal 

ridge normally is present on Urocyon and absent on Vulpes. The size of the tooth is 

noticeably smaller than that of modern Vulpes vulpes and very close to the size of modern 

Urocyon cinereoargenteus. The missing enamel does not prove the specimen is Urocyon. 
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However, because other unquestionable Urocyon specimens are present in the ABD, 

assignment of V2282 to Urocyon is not unreasonable. The missing enamel also does not 

prove the specimen is 'Vulpes.' However, the specimen is insufficiently complete to serve 

as the sole specimen representing Vulpes as a valid ABD taxon. Therefore Vulpes should 

be removed from the ABD faunal list as a local taxon vanum. The ABD gray fox should 

be retained as 'Urocyon.' The species names should be retired until a more detailed 

diagnosis can be made. 

 

FAMILY URSIDAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"cf. Tremarctos" Downs and Woodard, 1962:21 (first published ABD record) 

"Tremarctos" Howard, 1963:3 (qualifier removed) 

"Tremarctos n. sp." Downs and White, 1968: fig. 2 (first announcement of new ABD 

species) 

"Tremarctos floridanus" Kurtén and Anderson, 1980:178 (first published ABD record, 

listed among multiple sites) 

"Arctodus sp." Remeika, 1992: table 1 (first published ABD record, listed among 

multiple sites) 

"A.[rctodus] simus" Scott, 1992: (first published ABD record) 

"cf. Ursus sp." Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"Tremarctos sp." Cassiliano, 1994: table 1 (application of indeterminate format) 
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"Tremarctos sp. cf. T. floridanus" Cassiliano, 1994: table 1 (application of qualifier) 

"Ursus sp." Cassiliano, 1994: table 1 (qualifier removed) 

"Arctodus" Cassiliano, 1994: table 16 (altered to null species format) 

"Ursus" Cassiliano, 1994: table 1 (altered to null species format) 

"Arctodus sp. ? A. simus" Remeika et al., 1995:88 (application of qualifier) 

"Ursus americanus" Remeika et al., 1995:88 (first published ABD record) 

"Arctodus sp., cf. A. simus" Cassiliano, 1999: table 4 (alteration of qualifier) 

"Ursus sp., cf. U. americanus" Cassiliano, 1999: table 4 (application of qualifier) 

"? Ursus sp. cf. U. americanus" Jefferson and Lindsay, 2006 appendix: table 3 

(application of second qualifier)  

Retained ABD Taxa 

Arctodus simus 

Tremarctos floridanus 

Retired ABD Taxa 

Tremarctos n. sp. 

Ursus, Ursus sp., cf. Ursus sp. 

Ursus americanus, Ursus sp., cf. U. americanus, ? Ursus sp. cf. U. americanus 
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Taxonomic Narrative 

Bears of the ABD were first recognized in publication by Downs and Woodard 

(1962:21), as "cf. Tremarctos," and presented as a potential new species by Downs and 

White (1968: fig. 2), as "Tremarctos n. sp." Those listings were apparently based on three 

specimens recovered between 1960 and 1962, a dentary ABDSP(LACM) 1454/V4118, 

and two foot bones ABDSP(LACM) 1609/V6767, ABDSP(LACM) 1638/V20826. A 

species nomen was added to the ABD taxon by Kurtén and Anderson (1980:178), 

"Tremarctos floridanus," in reference to Blancan-Irvingtonian age Vallecito 'local fauna,' 

although on page 12 they referred to "Tremarctos" (null species format) in the Arroyo 

Seco 'local fauna' as one of the earliest known records of the genus. A qualifier was 

added to the species nomen on the in-house list, "Tremarctos cf. T. floridanus" (Remeika, 

1992 ABD list). Three nomenclatural formats were presented by Cassiliano (1994: tables 

1 and 16); "Tremarctos sp. cf. T. floridanus," "Tremarctos sp.," and "Tremarctos." 

Subsequent lists and publications included one or more of the three variations. Six 

additional VCFC localities (nine total) and one Borrego Badlands locality produced 

'Tremarctos' specimens. 

The second ABD ursid taxon, "Arctodus" was added to the 1979 in-house list 

(Miller?, ABD list), and was first published by Remeika (1992: table 1), as "Arctodus 

sp." Later, Scott (1992:27) included a species nomen for the ABD taxon, "A. simus." The 

taxon was published by Remeika et al. (1995:88), as "Arctodus sp. ? A. simus." The most 

recent publication of the ABD ursids included the following statement by Shaw and Cox 

(2006:182); "The giant short-faced bear, Arctodus simus (Figure 11.5), is represented in 
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[ABDSP] by nine isolated skeletal elements (seven foot bones and two vertebrae and an 

associated partial postcranial skeleton." Forelimb and hindlimb elements of specimen 

ABDSP(LACM0 68103/V132162 were presented as figures 11.6 and 11.7 by Shaw and 

Cox (2006). 

The ABDSP-LACM (2007 Specimens) database table (Table 2.1) lists Arctodus 

specimens from four distinct fossil areas of the ABD. The partial skeleton, 

ABDSP(LACM) 68103/V132162, was recovered from the Borrego Badlands in 1964, 

and was the first ABD 'Arctodus' specimen collected. Four foot elements were found in 

one other Borrego Badlands locality; ABDSP(IVCM) 1093/V6099. A first phalanx, 

ABDSP(IVCM) 588/V2207, was found in the Coyote Canyon Badlands; and two 

vertebra fragments, ABDSP(IVCM) 2017/V5943 came from Truckhaven Rocks. Three 

'Arctodus' foot elements were discovered in the VCFC section; ABDSP(IVCM) 

413/V1508, ABDSP(IVCM) 844/V4832, and ABDSP(IVCM) 845/V3387. Definitive 

identifications were made by Shaw and Cox (2006) for Tremarctos floridanus and 

Arctodus simus. Several voucher specimens were cited, the elements identified, and 

accompanied by photographic figures. However, none of the ABD specimens was 

diagnosed sufficiently to explain the identifications. Those taxa still need to be fully 

diagnosed to establish them as verified on the ABD faunal list. 

The genus Ursus was included on several ABD in-house lists and publications, 

beginning with a handwritten entry on the in-house list updated by Miller (1981 ABD 

list), as "Ursus cf. arctos." A second ABD ursid, "Ursus americanus" was added 

informally by Remeika (1992 ABD list). The first publication of the ABD genus was by 

Remeika and Jefferson (1993: table 1), as "cf. Ursus sp." from the Borrego local fauna. 
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The first published ABD species was "Ursus americanus," by Remeika et al. (1995:88) 

from the Vallecito Creek 'local fauna.' That was followed with "Ursus sp., cf. U. 

americanus" (Cassiliano, 1999: table 4). The status of that ABD taxon was summarized 

by Shaw and Cox (2006:185); "until more complete, diagnostic skeletal material is 

recovered, the identification of any species of Ursus from Anza-Borrego Desert State 

Park must remain tentative." 

The 1997 ABDSP database lists six specimens under the genus Ursus. Two of 

those were identified as foot bones of "Ursus cf. arctos" ABDSP(IVCM) 681/V2445, and 

one as a pisiform of "Ursus americanus" (ABDSP(IVCM) 629/V2337). The following 

information is recorded on the ABDSP-LACM (2007 Specimens) database table (Table 

2.1); The two foot bones labeled V2445 were reidentified by me in 1996 to Ursus 

americanus, and subsequently, in 2006, to Tremarctos floridanus by C. A. Shaw. I re-

assigned the pisiform specimen V2337 in 2006 to the more inclusive taxon, 'Carnivora,' 

based on the morphology of the ulnar facet (large and quasi-spherical indicating a high 

degree of rotation of the forepaw). The specimen also appears more similar to large cats 

than to bears. Although, the suggestion was raised by Shaw and Cox (2006) that the 

pisiform may belong to a borophagine canid (such as Borophagus) or a hyaenid such as 

Chasmoporthetes. Specimen V2337 can not currently be assigned with confidence to a 

family, much less a genus. Two of the remaining three 'Ursus' specimens were not ursids. 

An ulna, ABDSP 967/V3970, was reidentified in 1993 by G. T. Jefferson (handwritten 

note in specimen tray) as a distal portion of a first phalanx of Hemiauchenia. However, 

the database record was not updated until 2006. A lower third premolar, ABDSP(IVCM) 

1344/V7586, was reidentified by me in 2006 as an upper M2 of Platygonus sp. The sixth 
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and last record of 'Ursus,' a distal tibia, ABDSP 901/V3735, was reidentified in 1995 by 

G. T. Jefferson to Tremarctos floridanus, and verified by C. A. Shaw in 2006. Thus the 

genus Ursus is a local taxon vanum for the ABD and should be removed from the faunal 

list. 

 

FAMILY MUSTELIDAE FISCHER, 1817:372 

Publication Chronology of ABD TaxaPublication Chronology of ABD Taxa 

"Spilogale" Downs, 1957:1823 (first published ABD record) 

"? Mustela" Downs and White, 1968: fig. 2 (first published ABD record) 

"cf. Taxidea" Downs and White, 1968: fig. 2 (first published ABD record) 

"Satherium piscinarium" Anderson, 1984:262 (first published ABD record) 

"Trigonictis macrodon" Anderson, 1984:261 (first published ABD record) 

"Trigonictis sp." Anderson, 1984:261 (application of indeterminate format for different 

area of VCFC) 

"Taxidea taxus" Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"Mustelidae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

"cf. Gulo sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Mustela sp. cf. M. frenata" Cassiliano, 1994: table 1 (first published ABD record) 

"Spilogale sp." Cassiliano, 1994: table 1 (application of indeterminate format) 

"Taxidea sp." Cassiliano, 1994: table 1 (application of indeterminate format) 
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"Trigonictis" Cassiliano, 1994: table 12 (altered to null species format) 

"Gulo" Cassiliano, 1994: table 16 (qualifier removed and altered to null species format) 

"? Pliotaxidea sp." Cassiliano, 1994: table 16 (first published ABD record) 

"Mustela" Cassiliano, 1994: table 16 (qualifier, '?,' dropped) 

"Taxidea" Cassiliano, 1994: table 16 (altered to null species format) 

"Gulo sp." Remeika et al., 1995:88 (altered to single indeterminate species format) 

"Martes sp." Remeika et al., 1995:88 (first published ABD record) 

"Satherium sp. ? S. piscinarium" Remeika et al., 1995:88 (application of qualifier) 

"Spilogale sp. cf. S. putorius" Remeika et al., 1995:89 (application of qualifier) 

"Taxidea sp. ? T. taxus" Remeika et al., 1995:89 (application of qualifier) 

"Mustelidae indet." Cassiliano, 1999: table 2 (application of indeterminate format) 

"cf. Lutra canadensis" Cassiliano, 1999: table 4 (first published ABD record) 

"Trigonictis macrodon" Cassiliano, 1999: table 4 (first published ABD record) 

"Lutra canadensis" Cassiliano, 1999: fig. 4 (qualifier removed, with explanation in text) 

"Spilogale putorius" Cassiliano, 1999: fig. 4 (qualifier removed, with explanation in text) 

Mustela frenata Lichtenstein, 1831: Cassiliano, 1999: fig. 4 (qualifier removed, with 

explanation) 

"? Gulo sp." Jefferson and Lindsay, 2006 appendix: table 3 (application of qualifier) 

"cf. Satherium piscinarium" Jefferson and Lindsay, 2006 appendix: table 3 (altered 

placement of qualifier) 

"Lutra (Lontra) canadensis" Anderson, 2004:144 (first published ABD record) 
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Retained ABD Taxa 

Spilogale 

Taxidea taxus 

Trigonictis macrodon 

Satherium piscinarium 

Retired ABD Taxa— 

Mustela, ? Mustela 

Mustela frenata, Mustela sp. cf. M. frenata, Mustela frenata 

Martes, Martes sp. 

Gulo, Gulo sp., ? Gulo sp., cf. Gulo sp. 

Lontra 

Lutra (Lontra) canadensis 

Lutra canadensis, cf. Lutra canadensis 

? Pliotaxidea sp. 

Spilogale putorius, Spilogale sp. cf. S. putorius 

Spilogale rexroadi 

Taxonomic Narrative 

274 

The first published record of an ABD mustelid was the spotted skunk, 

"Spilogale," by Downs (1957:1823). The format was altered to "Spilogale sp." and a new 

ABD taxon, "cf. Taxidea," was added to the in-house list in 1965 (Downs and White, 

VCFC list). The ABD spotted skunk taxon, 'Spilogale,' was originally founded on two 

 
 

 
 



 

partial dentaries, ABDSP(LACM) 1114/V1581, collected in 1954 from the VCFC. Two 

additional VCFC records identifiable as Spilogale are catalogued dentary specimens, 

ABDSP(LACM) 1944/V20612 and ABDSP(IVCM) 125/V441. The taxon was altered to 

"Spilogale sp. cf. putorius" on the 1977 in-house list (Downs and White, VCFC list), and 

changed to the unqualified format, "Spilogale putorius" on the 1984-1987 in-house list 

(Miller?, ABD list). The qualified ABD species was first published by Remeika et al. 

(1995:89) as "Spilogale sp. cf. S. putorius," and the unqualified form appeared in 

Cassiliano's figure 4 (1999), as "Spilogale putorius." A second possible ABD species was 

proposed by me (Murray, 2006a:205), as "Spilogale rexroadi." None of the publications 

that list ABD "Spilogale" provided catalogue data or descriptions of specimens. All 

species nomina should be removed from the ABD faunal list until the specimens are 

examined in detail. 

The ABD badger taxon, 'cf. Taxidea,' was altered to "Taxidea" on the 1972 in-

house list (Jones, ABD list), and changed to "Taxidea sp." on the 1992 in-house list 

(Remeika, ABD list). The first reference to a species was provided by Remeika and 

Jefferson (1993: table 1) as "Taxidea taxus" from the Borrego Local Fauna. A second 

ABD badger genus was listed (in addition to "Taxidea sp.") by Cassiliano (1994: table 1) 

as "? Pliotaxidea sp." The source of that taxon is unclear, because it appears on none of 

the known in-house lists or databases and is not discussed in the text. Non-ABD records 

of Pliotaxidea are reported primarily from paleofaunas of Hemphillian age (Baskin, 

1998). The ABD 'Pliotaxidea' was never published again, is therefore a local ABD taxon 

vanum, and should be retired from the ABD faunal list. The ABD 'Taxidea taxus' taxon 

was qualified by Remeika et al. (1995:89) as "Taxidea sp. ? T. taxus," and presented in 
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the unqualified format, 'Taxidea taxus,' in most subsequent publications (Remeika and 

Jefferson, 1995; Cassiliano, 1999, 2006; Jefferson, 2001; Jefferson and Lindsay, 2006; 

Murray 2006a). The genus Taxidea was considered to be monotypic as recently as 2005 

(Wozencraft), based on a review by Long (1973). The species Taxidea taxus apparently 

persisted since at least the late Pliocene to the present (Kurtén and Anderson, 1980). The 

ABD badger specimens can therefore be assigned to the species "Taxidea taxus" with 

reasonable confidence.  

The ABD weasel taxon '? Mustela' first appeared on the in-house list (Downs and 

White, 1968 VCFC list) and in publication by Downs and White (1968). In a comment 

regarding updating the ABD faunal list, Opdyke et al. (1977:323) stated, "?Mustela 

(weasel) is now assigned to the mustelid subfamily Galictinae," thus retiring the weasel 

taxon. However, it persisted on the ABD list. In 1981 the IVCM in-house faunal list was 

combined with the LACM list, which still contained the taxon '?Mustela,' and a second 

taxon, "Mustela cf. frenata" was added to that list. The only other list where both 

qualified taxa occurred was the 1994 in-house list (no author, ABD list) where each taxon 

appears under a different 'local fauna.' The unqualified taxon, "Mustela frenata" first 

appeared on the 1984-1987 in-house list (Miller?, ABD list). Later lists (Table 2.1) and 

publications alternated between '? Mustela,' 'cf. Mustela,' 'Mustela frenata,' and variants. 

The qualified taxon 'Mustela sp. cf. M. frenata' was published by Cassiliano (1994, 

1999), Remeika et al. (1995, who listed it in two different 'local faunas'), and Jefferson 

and Lindsay (2006). The unqualified taxon 'Mustela frenata' was published by Cassiliano 

(1999) and Jefferson and Lindsay (2006).  
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No records of Mustela appear on the LACM 1995 Specimens database table 

(Table 2.1). Several catalogued mustelid specimens were not found during the 

LACM/ABDSP specimen transfer (1997) and are recorded on the current database as 

'missing.' Two of those missing specimens, both partial dentaries are identified on the 

database as "Mustelidae," ABDSP(LACM) 1944/V20612 and 6557/V20610. Either or 

both of them may be the voucher for the Downs and White (1968) citation of ?Mustela. 

That conjecture is based on the fact that all catalogued ABD specimens which ever were 

identified on the database as Mustela (qualified or not qualified), were collected 

subsequent to the (1968) publication by Downs and White. Those subsequent records 

include the only verified specimen of subfamily 'Galictinae,' ABDSP(IVCM) 344/V1378, 

partial right and left dentaries, identified as Trigonictis macrodon. That specimen was 

collected in 1977, and may be the source of the comment by Opdyke et al. (1977; and see 

discussion of Trigonictis below).  

The taxon "Mustela ?" appeared on a 1994 paper printout of the ABDSP database 

(SIEVE:183, 1994 on file at SRC), in reference to specimen ABDSP(IVCM) 125/V441, 

right and left dentaries. A note in the specimen tray written by Elaine Anderson identifies 

that specimen as "Spilogale." A second specimen, ABDSP(IVCM) 124/V1959, a distal 

humerus, was identified by John White as "Mustela cf. frenata," on the catalogue card 

and specimen label. A Note in the tray, written by E. Anderson identifies that specimen 

as "Neotoma." A third specimen, ABDSP(IVCM) 334/V1821, distal humerus, was 

identified, on a note in the specimen tray, initialed by J. White, as "Mustela cf. M. 

frenata?" A second note with specimen V1821, written by E. Anderson, identifies the 

same specimen as "Mustela cf. frenata." However, the morphology of V1821 is much 
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closer to that of V1959 and the modern Neotoma form than to Mustela. I updated the 

database for those three records in 2006, verifying the identification of ABDSP(IVCM) 

125/V441 to "Spilogale," qualifying the identification of V1959 to "cf. Neotoma sp.," and 

changing the identification of V1821 to "cf. Neotoma sp." As a result of those 

identification changes, and based solely on fossils currently available in the collection, 

there are no ABD specimens identified as Mustela (see also the discussion of Vulpes 

above). It is therefore a local ABD taxon vanum and should be retired from the ABD 

faunal list. 

The ABD grison taxon first appeared as "cf. Galictis" on the 1968 in-house faunal 

list with "? Mustela" (Downs and White, VCFC lists), although the former taxon was not 

published by Downs and White (1968). None of the databases include any form of 

'Galictis.' The voucher for that ABD taxon may be one of the two missing 'Mustelidae' 

dentaries discussed above. The taxon was altered to 'Galictinae' on the 1977 in-house list 

(Downs and White, VCFC list), the same year it was cited by Opdyke et al. (1977). That 

was also the same year specimen ABDSP(IVCM) 344/V1378 was collected. According 

to catalogue cards, the specimen was identified as "Trigonictis macrodon" by G. J. Miller 

and P. [Philip] Bjork in December, 1977. The genus, 'Trigonictis,' was first added to the 

1979 in-house list (Miller, ABD list), apparently replacing 'cf. Galictis.' The 1981 in-

house list (Downs, White, and Miller, VCFC list) included both "galictinae [sic]" and 

"Trigonictis ? n. sp." Two separate records of ABD Trigonictis were mentioned by 

Anderson (1984:261) as "Trigonictis macrodon" from the Vallecito Creek 'local fauna' 

and "Trigonictis sp." from the Arroyo Seco 'local fauna.' Aside from the partial dentaries 

of specimen V1378, the only other specimen recorded as 'Trigonictis' is a partial 
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innominate, ABDSP(IVCM) 82/V330. A note with the specimen, written by E. 

Anderson, identifies the specimen as "cf. Trigonictis." However, there is no explanation 

for the identification or any other comments. Locality IVCM 82 is stratigraphically near 

the bottom of the area mapped (see Chapter 4) as the 'Vallecito Creek local fauna,' and 

clearly not in the 'Arroyo Seco local fauna.' However, specimen V330 is the only ABD 

fossil that otherwise matches the taxonomic reference to "Trigonictis sp." by Anderson 

(1984). Only "Galictis sp." and a new species for the ABD, "Trigonictis idahoensis," 

appear on the 1984-1987 in-house list (Miller? ABD list). The taxon was further 

expanded on the 1992 in-house list (Remeika, ABD list), including "Galictis sp.," "? 

Protogalictis sp.," a new ABD species "Trigonictis sp. nov.?," and "Trigonictis 

idahoensis." Subsequent publications referred either 'Trigonictis sp.' or 'Trigonictis 

macrodon' to the ABD faunal list. The dentary specimens, V1378, compare satisfactorily 

with the diagnosis provided for Hagerman specimens of Trigonictis macrodon by Bjork 

(1970), and according to the catalogue cards, were identified by him in 1977. The 

innominate specimens, V330, still need verification as "Trigonictis sp." Whereas those 

are the only two ABD specimens identified on any database within the subfamily 

Grisoninae, all other ABD genus and species nomina within that subfamily should be 

retired from the ABD faunal list. 

The ABD river otter was first added to the 1981 in-house list (Downs, White, and 

Miller, ABD list), as "Satherium sp." The ABD taxon is represented by a single 

specimen, a partial skull, ABDSP(IVCM) 421/V1457, collected in 1978. The taxon was 

referred to "Satherium piscinarium" by Anderson (1984:262). No supporting comments 

were provided in the publication and there are no diagnostic notes with the specimen. The 
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taxon was not included in Cassiliano's (1994) faunal lists. The species was qualified as 

"Satherium sp. ? S. piscinarium" by Remeika et al. (1995:88). The genus and species 

were altered to "cf. Lutra canadensis" in the 1996 in-house list (Jefferson, ABD list). The 

genus "Lutra" was listed by Cassiliano (1997: appendix B). Later, he listed the taxon as 

"cf. Lutra canadensis" (Cassiliano, 1999: table 4) and "Lutra canadensis" (Cassiliano, 

1999: figure 4, 2006 appendix: table 5). In 2006, I suggested the specimen may be 

referred to either "Lontra" or "Satherium" (Murray, 2006a:205). In the same volume, it 

was also referred to "cf. Satherium piscinarium" by Jefferson and Lindsay (2006 

appendix: table 3).  

The alteration of the ABD genus name to 'Lutra' was based on a lack of a clear 

difference between the fossil and a modern comparative specimen of Lutra canadensis. 

The only diagnostic information provided by Anderson (1984: table 1) was, "> Lutra." A 

note with the specimen, handwritten by Elaine Anderson, identifies the specimen as 

"Lutra sp. cf. canadensis." The second genus alteration, to "Lontra" was based on 

phylogenetic reviews unassocated with ABD specimens. Those studies separate New 

World otters Lontra (including Lutra canadensis and excepting Pteroneura) from the 

European otter, Lutra (Wozencraft, 2005). The ABD otter was referred by Anderson 

(2004:144) to "Lutra (Lontra) canadensis" with the comment, "Other Irvingtonian 

records of the species include … Vallecito." The assignment of 'Lontra' as a subgenus 

was not explained. The stratigraphic position of locality 421 is below the Olduvai 

subchron, older than 1.95 Ma (Berggren et al., 1995), placing it in the late Blancan. The 

genus Satherium is characteristic of Blancan age faunas and Lontra is reported primarily 

from Irvingtonian and younger age localities (Kurtén and Anderson, 1980). Resorting to 
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an argument from biochronology, the ABD otter is most likely referrable to Satherium. 

Therefore, the original published ABD taxonomic identification by Anderson (1984) as 

Satherium piscinarium should remain on the ABD faunal list, as unverified. 

The ABD record of wolverine first appeared on the 1981 in-house list (Miller, 

ABD list) as "cf. Gulo." The first publication of the taxon was by Cassiliano (1994: tables 

1, 12) as "cf. Gulo sp." and "Gulo." Subsequently, "Gulo sp." was listed by Remeika et al. 

(1995:88), and "? Gulo sp." by Jefferson and Lindsay (2006 appendix: table 3). The ABD 

wolverine taxon was originally based on a single distal radius, ABDSP(IVCM) 

521/V2065, identified on catalogue documents in 1979 as "cf. Gulo" and re-identified by 

me in 1995 as "Felis sp. ? F. rexroadensis." A second 'wolverine' specimen was 

identified as "Gulo sp." by G. T. Jefferson and me in 1995. That specimen, 

ABDSP(IVCM) 101/V5507, is a weathered distal femur, previously identified as "Felis." 

I re-identified it again in 2006 as "Procyon." Incidentally, three other Procyon elements 

and two Felis elements were recovered from the same locality. A third specimen, 

ABDSP(IVCM) 2273/V6502, femur shaft, was identified by Jefferson in 2002 as "Gulo," 

and re-identified by me in 2006 as "cf. Taxidea taxus." There are no ABD specimens 

currently identified as 'Gulo.' It is therefore a local ABD taxon vanum and should be 

removed from the faual list. 

The ABD marten taxon first appeared on the 1992 in-house list (Remeika, ABD 

list) as "Martes sp." It was later included in the ABD vertebrate faunal list by Remeika et 

al. (1995) and by Jefferson (2001). No records of Martes appear on any database. The 

ABD marten is a local ABD taxon vanum and should be removed from the faunal list. 
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FAMILY PROCYONIDAE GRAY, 1825:339 

Publication Corrections 

Murray and Jefferson (1996:153) specimen ABDSP(IVCM) 161/V643 was 

misprinted as "V634." 

Publication Chronology of ABD Taxa 

"? Bassariscus" Downs and White, 1968: fig. 2 (first published ABD record) 

"? Procyon" Downs and White, 1968: fig. 2 (first published ABD record) 

"Bassariscus casei" Anderson, 1984:264 (first published ABD record, listed among 

multiple sites) 

"Procyon rexroadensis" Anderson, 1984:264 (first published ABD record, listed among 

multiple sites) 

"Procyonidae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

"Bassariscus sp." Cassiliano, 1994: table 1 (qualifier removed and application of 

indeterminate format) 

"cf. Nasua sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Procyon sp." Cassiliano, 1994: table 1 (application of indeterminate format) 

"Nasua" Cassiliano, 1994: table 16 (qualifier removed and altered to null species format) 

"Procyon" Cassiliano, 1994: table 16 (altered to null species format) 

"Bassariscus" Cassiliano, 1994: table 17 (altered to null species format) 
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"Bassariscus sp. cf. B. casei" Remeika et al., 1995:88 (application of qualifier) 

"Nasua sp." Remeika et al., 1995:88 (qualifier removed) 

"Procyon lotor" Remeika et al., 1995:88 (first published ABD record) 

"Bassariscus ?" Murray and Jefferson, 1996:153 (altered placement of qualifier, with 

voucher specimen listed but no description) 

"Bassariscus casei" Murray and Jefferson, 1996:153 (voucher specimen listed but no 

description)  

"Nasua sp." Murray and Jefferson, 1996:153 (voucher specimen listed but no description)  

"Procyon ?" Murray and Jefferson, 1996:153 (altered placement of qualifier, with 

voucher specimen listed but no description) 

"Procyon sp. cf. P. rexroadensis" Murray and Jefferson, 1996:153 (application of 

qualifier, with voucher specimen listed and brief description) 

Retained ABD Taxa 

Bassariscus casei 

Nasua sp. 

Procyon sp. cf. P. rexroadensis 

Retired ABD Taxa 

Procyon lotor 
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Taxonomic Narrative 

The first published ABD(VCFC) procyonid representatives were ringtail, "? 

Bassariscus," and raccoon, "? Procyon," listed by Downs and White (1968: fig. 2). The 

1979 in-house list (Miller?, ABD list) included the qualified species "Procyon cf. lotor" 

and the qualified addition of coati, "? Nasua."  

The 1979 listing of "? Nasua" was based on a single specimen, ABDSP(IVCM) 

521/V1841, a distal humerus. The identification of the humerus was altered on internal 

documents to "Castor sp. cf. C. canadensis" by G. T. Jefferson and myself in 1995, thus 

retiring the 'Nasua' taxon from the ABD list. The following year, we referred two 

associated partial dentaries, ABDSP(IVCM) 90/V356, to "Nasua sp." (Murray and 

Jefferson, 1996:153), re-activating the ABD taxon. 

The species "Bassariscus casei," and "Procyon rexroadensis" were listed for the 

"Vallecito Creek" and "Anza Borrego [sic] faunas," respectively, by Anderson 

(1984:264). The next publication of ABD procyonids, by Cassiliano (1994: table 1), 

included "Bassariscus sp.," "cf. Nasua sp.," and "Procyon sp." The list as presented by 

Remeika et al. (1995:88) included "Bassariscus sp.," "Bassariscus sp. cf. B. casei," 

"Nasua sp.," and "Procyon lotor." 

The following year, the ABD(VCFC) procyonids were presented as "Bassariscus 

?," "Bassariscus casei," "Nasua sp.," "Procyon ?," and "Procyon sp. cf. P. rexroadensis" 

by Murray and Jefferson (1996:153). We enumerated all the ABD procyonid specimens 

known to that date (six), and included catalogue numbers and element identifications. We 

did not, however, provide diagnostic support for the taxonomic assignments. 
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The indeterminate format was altered from 'Bassariscus ?' to "Bassariscus sp.," 

and 'Procyon ?' to "Procyon sp." by Cassiliano (1999: tables. 3, 4) otherwise he retained 

the taxa and nomenclatural formats of Murray and Jefferson (1996). In the latest 

publication of ABD procyonids, I reviewed the group and quantified each of the taxa 

Murray (2006a), but provided no voucher catalogue numbers or supporting arguments for 

identifications. I indicated a low confidence in the 'Nasua' taxon assignments, 

commenting; "However, the measurements overlap with fossil Procyon specimens, plus 

most of the diagnostic features that readily separate the two taxa are missing from the 

Anza-Borrego Desert fossils. Further study of these specimens may resolve the 

taxonomic identities" (Murray, 2006a:207). The two faunal lists in the same volume 

presented slightly different nomenclature. Where Jefferson and Lindsay (2006 appendix: 

table 3) showed "Bassariscus casei," "Nasua sp.," and "Procyon sp. cf. P. rexroadensis," 

Cassiliano (2006 appendix: table 5) listed "Bassariscus sp.,""Bassariscus casei," and 

"Procyon sp." The procyonid taxa should remain on the ABD list as 'Bassariscus casei,' 

'Nasua sp.,' and 'Procyon sp. cf. P. rexroadensis,' although they all need further study. 

 

285 
 
 

 
 



 

GRANDORDER LYPOTYPHLA HAECKEL, 1866:CLX 

ORDER ERINACEOMORPHA GREGORY, 1910:464 

FAMILY TALPIDAE FISCHER, 1817:372 

Publication Corrections 

Misprint by Hutchison (1987: Hypodigm, page 4) of specimen numbers from 

locality ABDSP(LACM) 1114, "122862-122863, metacarpals III," should read 122861-

122862, metacarpals III. 

Locality Note—In the description of the type locality, Hutchison (1987) stated 

that locality IVCM 15 is geographically equivalent to the type locality LACM 1114, near 

Arroyo Hueso. Aerial photograph maps of the IVCM localities show IVCM locality 15 

plotted over a kilometer to the northwest of and upsection from locality LACM 1114, in 

June Wash. Locality IVCM 15 is also the type locality for Equus enormis. This issue has 

not yet been resolved. 

Publication Chronology of ABD Taxa 

"cf. Scapanus" Downs, 1957:1822 (first published ABD record) 

"? Hesperoscalopus" [sic, Hesperoscalops] Downs and White, 1966:310 (first published 

ABD record, an incorrect subsequent spelling according to Article 33.4 of ICZN 

rules, International Commission on Zoological Nomenclature, 1999) 

"Scapanus" Downs and White, 1968: fig. 2 (qualifier removed) 

286 
 
 

 
 



 

"Scapanus malatinus" Hutchison, 1987:3, figs. 2, 3a-c, 4a, 6a (original description based 

on ABD specimens) 

"Family Talpidae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Genus]) 

"Scapanus sp." Cassiliano, 1994: table 1, 4, 12, 18; 1997: table 7 (alteration to single 

indeterminate species format) 

"Talpidae indet." Cassiliano, 1999: table 3 (addition of indeterminate higher rank 

[Family]) 

Retained ABD Taxa 

Scapanus malatinus 

Retired ABD Taxa 

Hesperoscalops, ? Hesperoscalopus [sic, incorrect spelling of Hesperoscalops] 

Taxonomic Narrative 

The first listing of a fossil mole in the ABD was "cf. Scapanus" by Downs 

(1957:1822). The taxon "? Hesperoscalopus" [sic, incorrect spelling of Hesperoscalops 

Hibbard, 1941:337] was the only ABD mole included in an abstract by Downs and White 

(1966:310). That genus was included (as misprinted in Downs and White, 1966) on an 

earlier faunal list (Downs and White, 1965 list), but never appeared on any other 
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published or in-house list, and no record appears in any ABD database. The first listing of 

the family name "Talpidae" as a separate taxonomic record, in addition to "Scapanus," 

appeared on the in-house list by Miller (1981 ABD list). A notation in the Miller list 

explicitly referred to the Talpidae specimens as "under study by J. H. Hutchison." A new 

species, "Scapanus malatinus" (Hutchison, 1987:3) was established, based on specimens 

from the VCFC section. Cassiliano (1994: table 1, 4, 12, 18; and 1997: table 7) included 

the indeterminate designation, "Scapanus sp.," published for the first time alongside 

species designation "Scapanus malatinus." The indeterminate higher rank, "Talpidae 

Genus and species indet." was first published by Cassiliano (1994: table 1) and 

Cassiliano (1999: table 3) as "Talpidae indet." The ABDSP-LACM (2007 Specimens) 

database table (Table 2.1) lists 99 records of Talpidae. Only those specimens listed by 

Hutchison (1987) are identified on the ABDSP-LACM (2007 Specimens) database table 

(Table 2.1) to species. There is no documented evidence that more than one genus or 

species of mole is present in the ABD collections. 

 

ORDER SORICOMORPHA GREGORY, 1910:465 

FAMILY SORICIDAE FISCHER, 1817:372 

Publication Chronology of ABD Taxa 

"Soricidae (large shrew)," Downs, 1957:1822 (first published ABD record) 

"Soricidae (small shrew)," Downs, 1957:1822 (first published ABD record) 
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"Notisorex [sic] near N. jacksoni" Downs and White, 1966:310 (first published ABD 

record, an incorrect subsequent spelling of the genus nomen, according to Article 

33.4 of ICZN rules, International Commission on Zoological Nomenclature, 

1999) 

"Notiosorex," Downs and White, 1968: fig. 2 (species nomen removed) 

"Sorex," Downs and White, 1968: fig. 2 (first published ABD record) 

"Notiosorex jacksoni," Kurtén and Anderson, 1980:113 (qualifier removed) 

"Soricidae Genus and species indet." Cassiliano, 1994: table 1 (alteration to 

indeterminate format) 

"Notiosorex sp.," Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

 "Sorex sp.," Cassiliano, 1994: table 1 (alteration to single indeterminate species format) 

"Soricidae, Gen. et sp. indet.," Remeika et al., 1995:86 (alteration to indeterminate 

format) 

Retained ABD Taxa 

Notiosorex 

Sorex 

Retired ABD Taxa 

Soricidae (large shrew) 

Soricidae (small shrew) 
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Notiosorex jacksoni, Notiosorex, near N. jacksoni 

Notisorex [sic] near N. jacksoni 

Taxonomic Narrative 

The shrews of ABD were first mentioned by Downs (1957:1822), represented as 

"Soricidae, small and large shrew." The first generic assignment to the ABD shrews was 

Notiosorex, near N. jacksoni by Downs and White (1966). Although the authors made no 

explicit statement, this probably represented the 'small shrew' of Downs (1957). The 

genus Sorex was added to the ABD faunal list by Downs and White (1968), and may 

represent the 'large shrew' of Downs (1957). The two taxa were published under various 

nomenclatural formats in the following years, with Notiosorex jacksoni presented as 

either a qualified or unqualified taxon for the ABD. The ABDSP-LACM (2007 

Specimens) database table (Table 2.1) lists 53 soricid records, identified either as 

Soricidae (42), Notiosorex (3), or Sorex (8). Notiosorex jacksoni does not appear on any 

database in any nomenclatural format, and no specimens have been described in 

publication. Until a more formal presentation is made, that species should be removed 

from the ABD faunal list, and Sorex, and Notiosorex should be categorized as unverified 

taxa for the ABD. 
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GRANDORDER ARCHONTA GREGORY, 1910:322 

ORDER CHIROPTERA BLUMENBACH, 1779:58 

FAMILY VESPERTILIONIDAE GRAY, 1821:299 

Publication Chronology of ABD Taxa 

"Vespertilionidae" Downs, 1957:1822 (first published ABD record) 

"? Myotis" Downs and White, 1968: fig. 2 (first published ABD record) 

"Anzanycteris" White, 1969:276, figs. 1-6, 8, tabs. 1, 2 (original description) 

"Anzanycteris anzensis" White, 1969:276, figs., 1-5, 8, tabs. 1, 2 (original description) 

"cf. Anzanycteris sp." White, 1969:282, figs. 6, 8, tabs. 1, 2 (original description) 

"the [ABD] bat previously identified as ? Myotis (brown bat) is now identified as a new 

genus Anzanycteris" Opdyke et al., 1977:323 (retirement of ABD taxon) 

"Family Vespertilionidae Genus and species indet." Cassiliano (1994: table 1) (alteration 

to indeterminate format) 

"Myotis sp." Remeika et al., 1995:87 (qualifier removed) 

"Myotis" White et al., 2006:240 (altered to null species format) 

Retained ABD Taxa 

Vespertilionidae Genus and species indet. 

Anzanycteris anzensis 

cf. Anzanycteris sp. 
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Retired ABD Taxa 

Myotis, ? Myotis, Myotis sp. 

Taxonomic Narrative 

The first report of fossil bats in the ABD appeared in the preliminary 

announcement of work in the VCFC by Downs (1957:1822). Originally presented at the 

family level, "Vespertilionidae," the next published designation of ABD bats was 

qualified at the generic level, "? Myotis," by Downs and White (1968: fig. 2). The next 

year, the new ABD genus and species "Anzanycteris anzensis," were introduced by White 

(1969:276) plus an additional, tentatively referred specimen, "cf. Anzanycteris sp." 

(White, 1969:282). The explicit announcement by Opdyke et al. (1977:323) that "the bat 

previously identified as ? Myotis (brown bat) is now identified as a new genus, 

Anzanycteris (White, 1969)," effectively retired Myotis from the ABD faunal list by 

replacement. The genus Myotis appears on most published and internal ABD faunal lists 

(both before and after the notation by Opdyke et al., 1977), and was apparently 

reactivated by White et al. (2006:240) in the statement, "Two genera and one identified 

species of fossil bats are recognized from the Hueso strata: Myotis, the mouse-eared bat, 

and Anzanycteris anzensis (White, 1969), the Anza bat." However, no catalogued 

specimens were listed or described as Myotis by the latter authors. Several specimen 

records not described by White (1969) appear on the ABDSP-LACM 2007 Specimens 

database table (Table 2.1) identified as either Chiroptera or Vespertilionidae, but Myotis 
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does not appear on any ABD database. Myotis is thus a local taxon vanum for the ABD 

and should be retired from the faunal list. 

 

ORDER PRIMATES LINNAEUS, 1758:20 

FAMILY HOMINIDAE GRAY, 1825:338 

Publication Chronology of ABD Taxa 

"early hominid" Miller et al., 1988a:41 (first published ABD record) 

Retained ABD Taxa 

none 

Retired ABD Taxa 

Primates 

Hominidae, early hominid 

Taxonomic Narrative 

Humans have occupied the ABD area for several thousand years. Archaeological 

data, similar to those found in other desert areas of southwestern North America, 

establish a local maximum age of occupancy around 4-5 ka. Discovery of the 'Miller 

mammoth,' ABDSP(IVCM) 1277/V5126, in 1987 (see detailed discussion under Family 
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Elephantidae below) revealed possible indirect evidence that early hominids were living 

in the ABD area between 300 and 720 ka (Miller et al., 1991). That proposal was based 

on several parallel groups of 'V'-shaped 'cut marks' found on some of the mammoth 

bones, leading Miller and others (Miller et al., 1988a, 1988b, 1989; 1991; Parks et al., 

1989) to suggest "that the cuts were made by early hominids using a primitive stone 

chopper or hand axe" (Miller et al., 1988a:41). A subsequent detailed study led to an 

alternative interpretation of the cuts as large carnivoran bite-and-glide marks (McDaniel 

and Jefferson, 1997; 1999b), effectively retiring the 'Primates' and 'early hominid' taxa 

from the ABD faunal list as local ABD taxa vana. 

 

ORDER ARTIODACTYLA OWEN, 1848:131 

SUBORDER SUIFORMES JAECKEL, 1911:233 

FAMILY TAYASSUIDAE PALMER, 1897:174 

GENUS PLATYGONUS LECONTE, 1848:103 

Publication Chronology of ABD Taxa 

"cf. Platygonus" Downs and White, 1968: fig. 2 (first published ABD record) 

"Platygonus sp." Kurtén and Anderson, 1980:298 (qualifier removed and application of 

indeterminate format, listed among multiple sites) 

"Tayassuidae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 

"Mylohyus sp." Cassiliano, 1994: table 1 (first published ABD record) 
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"Mylohyus" Cassiliano, 1994: table 16 (altered to null species format) 

"Platygonus" Cassiliano, 1994: table 16 (altered to null species format) 

"Platygonus vetus" Remeika et al., 1995:89 (first published ABD record) 

"Platygonus spp." Jefferson and Lindsay, 2006 appendix: table 3 (first published ABD 

record of multiple species)  

Retained ABD Taxa 

Platygonus 

Retired ABD Taxa 

Mylohyus, Mylohyus sp. 

Platygonus vetus 

Platygonus spp. 

Taxonomic Narrative 

The first ABD peccary was recorded on the first Downs and White in-house list 

(1965 VCFC list) as "cf. Platygonus," and published as such by Downs and White (1968: 

fig. 2). The taxon "Mylonhyus [sic] sp." appeared on the 1984-1987 in-house list (Miller?, 

ABD list) and the Remeika in-house list (1992 ABD list). The identification was based 

on a specimen collected in 1981 and identified by G. J. Miller at Rancho La Brea; 

ABDSP(IVCM) 774/V2640, symphyseal portion of mandible. Both tayassuid genera 
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were listed by Cassiliano (1994) as ABD taxa. "Mylohyus sp." was included by Remeika 

et al. (1995:89) and a species nomen was added to the other taxon, "Platygonus vetus." 

No explanation or reference to a voucher specimen was provided for the latter 

assignment, although the species was selected based on the relatively large size 

(compared to a modern peccary, Tayassu, skeleton) of the ABD fossil elements and the 

purported late Blancan to early Irvingtonian age of the localities (personal recollection of 

third author Murray). The 'Mylohyus' specimen was subsequently reidentified in 1996 by 

me as Platygonus sp., based on the relatively steep angle of the ventral margin of the 

symphyseal region with respect to the dorsal plane of the dentition (which is shallow in 

Mylohyus, steep in Platygonus). That effectively retired the Mylohyus taxon from the 

ABD faunal list. All subsequent in-house and published references to ABD tayassuids list 

only 'Platygonus,' 'Platygonus sp.,' or 'Platygonus spp.,' without a species nomen. 

Mylohyus and Platygonus were the only genera of peccaries in North America, 

north of Mexico, during the late Pliocene and Pleistocene epochs. The westernmost 

records of Mylohyus occur in the central states of Texas, Oklahoma, Kansas, and 

Nebraska. Platygonus occurs throughout North America and extends into South America 

(see review by Murray et al., 2004). The likelihood is high that all the ABD tayassuids 

are referable to the genus Platygonus. However, the only specimens referred at this time 

to genus based on description and comparison with Mylohyus and Platygonus are partial 

dentaries. 

More than 50 fossil peccary (Tayassuidae) specimens are recorded in the VCFC 

section, although the species Platygonus vetus does not appear on any ABDSP database. 

Platygonus was not one of the groups I evaluated in detail. However, many of the 
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unidentified medium-size artiodactyl elements I encountered may be referable to that 

group. When the ABD peccaries are evaluated I expect the total number of records 

should about double. Platygonus records extend stratigraphically from late Blancan 

through early Irvingtonian portions of the VCFC section and may represent more than 

one species.  

All North American Platygonus were combined into four species by Kurtén and 

Anderson (1980), Blancan age Platygonus pearcei and Platygonus bicalcaratus, 

Irvingtonian age Platygonus vetus (the largest species) and Rancholabrean age 

Platygonus compressus (the smallest species). However, they provided no support or 

citation for the synonymies. A review of Tayassuidae by Wright (1998) includes at least 

four species, including Platygonus compressus, Platygonus Edson sp. (unnamed species), 

Platygonus piercei, and Platygonus cumberlandensis (often synonymized with 

Platygonus vetus), plus two possible species, ?Platygonus oregonensis, and ?Platygonus 

brachyrostris. The ABD specimens likely are assignable to either the late Blancan to 

early Irvingtonian Platygonus bicalcaratus and/or to the Irvingtonian species, Platygonus 

vetus/Platygonus cumberlandensis. Lacking a more detailed study, the best designation 

for the ABD tayassuids is 'Platygonus.' No positive evidence has yet been produced 

indicative of the presence of either a single species or more than one species of 

Platygonus in the ABD. Therefore the multiple indeterminate species format ('spp.') 

should be retired. Other taxonomic names should be retired from the faunal list. 
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SUBORDER TYLOPODA ILLIGER, 1811:102 

FAMILY CAMELIDAE GRAY, 1821:307 

Publication Chronology of ABD Taxa 

"Camelidae sp., gigantic long-limbed camel" Downs, 1957:1823 (first published ABD 

record) 

"? Tanupolama" Downs, 1957:1823 (first published ABD record) 

"cf. Gigantocamelus" Downs and Woodard, 1962:21 (first published ABD record)  

"Tanupolama" Downs and Woodard, 1962:21 (qualifier removed) 

"Camelid specimens" Downs and White, 1965:107 (informal nomenclature applied to 

new stratigraphic area) 

"cf. Titanotylopus" Downs and White, 1968: fig. 2 (first published ABD record) 

"cf. Camelops" Downs and White, 1968: fig. 2 (first published ABD record) 

"Titanotylopus sp." Kurtén and Anderson, 1980:302 (qualifier removed and application 

of indeterminate format, listed among multiple sites) 

"Hemiauchenia blancoensis" Kurtén and Anderson, 1980:308 (first published ABD 

record, listed with one other site) 

"Gigantocamelus sp." Remeika, 1992: table 1 (qualifier removed and application of 

indeterminate format)  

"Camelops sp." Remeika, 1992: table 1 (qualifier removed and application of 

indeterminate format)  

"C.[amelops] hesternus" Remeika, 1992: table 1 (first published ABD record)  
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"C.[amelops] huerfanensis" Remeika, 1992: table 1 (first published ABD record)  

"Hemiauchenia sp." Remeika, 1992: table 1 (application of indeterminate format) 

"Camelidae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family])  

"Hemiauchenia ? blancoensis" Cassiliano, 1994: table 1 (qualifier added) 

"Hemiauchenia sp. cf. H. macrocephala" Cassiliano, 1994: table 1 (first published ABD 

record) 

"Titanotylopus" Cassiliano, 1994: table 16 (altered to null species format) 

"Camelops" Cassiliano, 1994: table 16 (altered to null species format) 

"Hemiauchenia " Cassiliano, 1994: table 16 (altered to null species format) 

"Blancocamelus sp. ? B. meadei" Remeika et al., 1995:89 (first published ABD record) 

"Megatylopus sp." Remeika et al., 1995:90 (first published ABD record) 

"Camelops sp. cf. C. hesternus" Remeika et al., 1995:90 (qualifier added) 

"Camelops sp. ? C. huerfanensis" Remeika et al., 1995:90 (qualifier added) 

"Hemiauchenia sp. ? H. blancoensis" Remeika et al., 1995:90 (qualifier altered) 

"Blancocamelus sp." Jefferson, 1996 (species nomen dropped) 

"? Megatylopus sp." Jefferson, 1996 (qualifier added) 

"Hemiauchenia macrocephala" Cassiliano, 1999: table 4 (qualifier removed) 

"Lamini (llama with metapodials more gracile than Hemiauchenia macrocephala)" 

Jefferson, 1999:59 (first published ABD record) 

"Gigantocamelus sp. cf. G. spatula" Jefferson, 2001:47 (first published ABD record) 

"Titanotylopus sp. cf. T. nebraskensis" Jefferson, 2001:47 (first published ABD record) 
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"Blancocamelus meadi [sic, meadei]" Jefferson, 2001:47 (qualifier removed, an incorrect 

subsequent spelling according to Article 33.4 of ICZN rules [International 

Commission on Zoological Nomenclature, 1999]) 

"Camelops minidokae" Jefferson, 2001:47 (first published ABD record) 

"H.[emiauchenia] vera" Jefferson, 2001:47 (first published ABD record) 

"Paleolama sp." Jefferson, 2001:47 (first published ABD record) 

"a fourth, yet undescribed, form of Hemiauchenia" Webb et al., 2006:299 (first published 

ABD record) 

"Paleolama" Webb et al., 2006:302 (altered to null species format) 

"Gigantocamelus spatula" Webb et al., 2006:304 (qualifier removed) 

"Camelops hesternus or C.[amelops] huerfanensis" Jefferson and Lindsay, 2006 

appendix: table 3 (first published ABD record) 

Retained ABD Taxa 

Hemiauchenia blancoensis 

Hemiauchenia macrocephala 

Hemiauchenia vera 

Hemiauchenia (gracile fourth ABD species) 

Blancocamelus meadei 

Camelops minidokae 

Camelops hesternus 

Gigantocamelus spatula 
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Lamini (llama with metapodials more gracile than Hemiauchenia macrocephala) 

Paleolama 

Retired ABD Taxa 

Camelidae sp., gigantic long-limbed camel 

Blancocamelus meadi [sic, meadei] (incorrect spelling) 

Camelops huerfanensis 

Camelops hesternus or Camelops huerfanensis 

Lamini (llama with metapodials more gracile than Hemiauchenia macrocephala) 

Megatylopus sp. 

Tanupolama, ? Tanupolama 

Titanotylopus, Titanotylopus sp., cf. Titanotylopus 

Titanotylopus sp. cf. T. nebraskensis 

Taxonomic Narrative 

The first camels reported from the ABD(VCFC) by Downs (1957:1823) were 

"Camelidae sp., gigantic long-limbed camel" and "? Tanupolama." Those were altered to 

"cf. Gigantocamelus" and "Tanupolama" by Downs and Woodard (1962:21). The same 

two taxa were listed informally as "cf. Titanotylopus—gigantic, long-limbed camel" and 

"Tanupolama—small, llama-like camel" by Downs and White (1965 VCFC list), with the 

addition of "Camelidae." One more taxon, "cf. Camelops," was added to the in-house list 

by Downs and White (1968 VCFC list). The latter three genera were listed by Downs and 
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White (1968: fig. 2) in the same format as on the 1968 in-house list. A new taxon, 

"Slender limb camel" was added, and the 'Tanupolama—small, llama-like camel' taxon 

was altered informally to "Hemiauchenia—small, llama-like camel" by Downs and 

White (1977 VCFC list). 

The latter change was probably based on the general review of llamas by Webb 

(1974:197), who stated, "It can now be asserted with condfidence that Tanupolama is in 

fact a junior synonym of Hemiauchenia." Thus, Tanupolama was retired from the ABD 

faunal list. A new ABD species was suggested by Webb (1974:201), "It [Hemiauchenia 

blancoensis] might be expected to occur in … the Vallecito Creek sequence (Downs and 

White, 1968)." Assignment of the ABD specimens to Hemiauchenia blancoensis by 

Kurtén and Anderson (1980:302) was only slightly less tentative, "Material from Curtis 

Ranch and Vallecito Creek is probably referable to this species (Webb, 1974c [1974])." 

Twelve camel taxa were recorded on the 1984-1987 in-house list (Miller?, ABD 

list; Table 3.6). Two of the genera, Blancocamelus sp. and Alticamelus sp. probably refer 

to several long, large limb elements in the collection. Three genera (Megatylopus sp., 

Gigantocamelus sp., and Titanotylopus sp.) appear variously on catalogue cards and 

specimen labels in reference to massive large limb elements. The previously retired 

'Tanupolama' was reactivated from earlier faunal lists, apparently in reference to smaller 

camelid elements also identified as Hemiauchenia. As a descriptive term, 'Slender-limbed 

camel,' may apply to more than one genus or species, although it most likely refers to 

Hemiauchenia specimens. The descriptive name, 'Slender-limbed camel,' disappeared 

from subsequent in-house lists and was never published. Alticamelus appeared once more 

on an in-house list, but never in publication.  
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The publication record of the massive camel alternated primarily between 

Gigantocamelus sp. (Remeika, 1992; Remeika and Jefferson, 1993; Webb et al., 2006; 

Jefferson and Lindsay, 2006 appendix: table 3) and Titanotylopus sp. (Cassiliano, 1994, 

1997, 1999, 2006 appendix: table 5; Remeika and Jefferson, 1995), although both 

Megatylopus and Titanotylopus were included by Remeika et al. (1995). Two qualified 

species were added by Jefferson (2001:47) as "Gigantocamelus sp. cf. G. spatula)" and 

"Titanotylopus sp. cf. T. nebraskensis." Categorical statements by Webb et al. (2006:303, 

305) established an unambiguous taxonomic identity for the massive ABD camels; "Only 

the Gigantocamelus occurs in Anza-Borrego," and "Titanotylopus currently is not 

recognized from Anza-Borrego." Thus, 'Titanotylopus' and 'Titanotylopus nebraskensis' 

were retired explicitly and 'Megatylopus' was implicitly retired by exclusion from the 

ABD faunal list. 

The species Camelops hesternus and Camelops huerfanensis first were mentioned 

in publication by Remeika (1992) and subsequently as qualified taxa, 'Camelops sp. cf. C. 

hesternus' and 'Camelops sp. ? C. huerfanensis' (Remeika and Jefferson, 1995; Remeika 

et al., 1995) as members of the ABD (Borrego local fauna). None of the publications to 

date explicitly placed either of those two Camelops species in the ABD(VCFC) section, 

although the genus was consistently listed as present in the section since its first 

publication. Other new ABD camel taxa were added by Jefferson (1999:59), "Lamini 

(llama with metapodials more gracile than Hemiauchenia macrocephala)" and (2001:47), 

"Camelops minidokae," "H.[emiauchenia] vera," "Blancocamelus meadi [sic, meadei]," 

and "Paleolama sp." 
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Five camel genera were recognized in the ABD by Webb et al. (2006) and 

supported by voucher specimens, figures with catalogue numbers (fig. 17.3), and 

diagnostic comparisons of metapodials and phalanges, including Hemiauchenia, 

Blancocamelus, Camelops, Gigantocamelus, and Paleolama. The ABD genus 

Hemiauchenia is represented by three or four species. The species Hemiauchenia vera 

from the 5 Ma Latrania Formation, is based on a complete lower jaw (Webb et al., 2006: 

fig. 17.4). Hemiauchenia blancoensis and Hemiauchenia macrocephala were included as 

probable ABD taxa based on biochronologic considerations. A "fourth, yet undescribed, 

form of Hemiauchenia" (Webb et al., 2006:299) was found in the ABD collection. This is 

the gracile 'Lamini' referred to by Jefferson (1999). One definite and two tentative species 

assignments for ABD Camelops were suggested by Webb et al. (2006:300); "Camelops 

minidokae" and either "Camelops hesternus" or "Camelops huerfanensis." 

A catalogued voucher specimen and figure were provided for Hemiauchenia vera 

by Webb et al. (2006: fig. 17.4A, B), although they provided no supporting diagnosis for 

it or for any of the Camelops or Hemiauchenia species assignments. Two of the genera 

are currently considered to be monotypic, Blancocamelus meadei and Gigantocamelus 

spatula, thereby establishing two unqualified species taxa on the ABD faunal list. A new 

small form of Hemiauchenia (Jefferson's [1999] gracile llama) was recognized by the 

same authors (Webb et al., 2006: fig. 17.3a) in the ABD (figure and voucher catalogue 

number included), although they did not provide a new species name or diagnosis. 

Similarly, they suggested the Paleolama material may represent a new species. 

Based on figures and descriptions of catalogued specimens and monotypy as 

presented in Webb et al. (2006), the camelids Camelops, Blancocamelus meadei, 
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Gigantocamelus spatula, Hemiauchenia and Paleolama are verified taxa for the ABD 

faunal list. The species Camelops minidokae, Camelops hesternus, Hemiauchenia 

macrocephala, and Hemiauchenia vera are each represented by one specimen recorded in 

the ABDSP-LACM 2007 Specimens database table (Table 2.1). Hemiauchenia 

blancoensis is represented by two records. Although the Hemiauchenia macrocephala 

specimen, ABDSP(IVCM) 21/V48, partial maxilla, was examined and identified by 

Cassiliano (1999), supporting evidence for the species assignment was not provided. 

Those five species remain on the ABD(VCFC) faunal list as unverified taxa. All other 

camelid taxa are local ABD taxa vana, so they and their associated nomenclatural forms 

should be retired from the list. 

 

SUBORDER RUMINANTIA SCOPOLI, 1777:493-496 

FAMILY ANTILOCAPRIDAE GRAY, 1866:326 

SUBFAMILY ANTILOCAPRINAE GRAY, 1866:326 

Publication Chronology of ABD Taxa 

"Tetrameryx" Downs, 1957:1823 (first published ABD record)  

"Capromeryx" Downs and White, 1968: fig. 2 (first published ABD record)  

"Tetrameryx sp." Remeika (1992: table 1) (altered to indeterminate format) 

"Capromeryx sp." Remeika (1992: table 1) (altered to indeterminate format) 

"Antilocapridae Genus and species indet." Cassiliano, 1994: table 1 (addition of 

indeterminate higher rank [Family]) 
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"? Antilocapra sp." Cassiliano (1994: table 1) (first published ABD record) 

"Antilocapra" Cassiliano (1994: table 16) (qualifier removed) 

"cf. Stockoceros sp." Gensler (2002:66) (first published ABD record) 

"Capromeryx cf. arizonensis" R. White, 2004, database identification (first ABD 

database record) 

Retained ABD Taxa 

Antilocapra 

Capromeryx cf. arizonensis 

Tetrameryx 

cf. Stockoceros sp. 

Retired ABD Taxa 

none 

Taxonomic Narrative 

The first ABD antilocaprid to appear in publication was "Tetrameryx" (Downs, 

1957:1823). "Capromeryx" was added by Downs and White (1968: fig. 2). These were 

next published as "Tetrameryx sp." and "Capromeryx sp." by Remeika (1992: table 1). 

The first listing of "? Antilocapra sp.," and "Antilocapra" in the ABD (VCFC) was 

published by Cassiliano (1994: tables 1, 16). Previously, that taxon was included on the 
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1979? in-house list (Miller?, Coyote Badlands list), as "? Antilocapra," and on the 1984-

1987 in-house list (Miller?, ABD list), as "Antilocapra sp."  

A single specimen from the Coyote Canyon Badlands was identified by Gensler 

(2002:69) as "cf. Stockoceros," ABDSP(IVCM) 282/V1047. The taxon "cf. Stockoceros" 

should remain on the ABD faunal list as unverified until the specimen is presented in a 

formal publication venue. 

Comparatively tiny ABD antilocaprid bones are usually assigned to 'Capromeryx.' 

The ABDSP-LACM (2007 Specimens) database table (Table 2.1) lists 46 Capromeryx 

specimens. Two tiny horn cores, further identifiable to Capromeryx by the nearly 

parallel, unequal length of the horn cores, are currently under study by Richard White. 

According to the ABDSP-LACM (2007 Specimens) database table (Table 2.1), in 2004, 

R. White identified at least one of them (ABDSP(LACM) 66157/V17615, from an adult) 

to the qualified taxon "Capromeryx cf. arizonensis." The taxon name has not yet been 

published for the ABD and supporting arguments for the identification have yet to be 

published, however, because at least one catalogued specimen is so identified on the 

database by a researcher working specifically on antilocaprids (R. White), the taxon may 

be added to the ABD faunal list as unverified. 

The first published discussion of ABD antilocaprids (Murray, 2006b) emphasized 

the general morphological similarities among the ABD antilocaprid fossils, especially 

when comparing post-cranial partial skeletal elements. Based on biochronology, at least 

two, and as many as five, genera may be represented in the ABD, including 

"Capromeryx, Ceratomeryx, Tetrameryx (figure 16.5), Stockoceros (figure 16.6), and 

Antilocapra" (Murray 2006b:280). The specimens anchoring ABD genus-level 
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identifications, so far, are typically horn cores and mandibles. Two horn core specimens 

include paired 'V-shaped' horns, each from a single frontal bone, ABDSP(LACM) 

1246/V6218, and ABDSP(LACM) 1113/V6085. Both specimens retain a nearly complete 

anterior core and a broken posterior core with a laterally compressed ovoid cross-section, 

and "may represent either Stockoceros or Tetrameryx " (Murray 2006b: fig. 16.7). Based 

on the currently known chronologic ranges of Stockoceros (from mid- to late Pleistocene) 

and Tetrameryx (from late Pliocene to late Pleistocene), the horn core specimens 

probably belong to Tetrameryx (McKenna and Bell, 1997). 

The ABDSP-LACM 2007 Specimens database table (Table 2.1) lists 22 fossil 

specimens as "Antilocapra," and 39 as "Tetrameryx." Modern Antilocapra specimens 

have been recovered from the ABD, mostly from the surface or only partially buried in 

the loose upper few cm of sediments. These specimens are not catalogued in the main 

ABDSP fossil vertebrate database. At least two of the specimens have complete horn 

cores, and are readily identifiable to Antilocapra americana (see specimen ABDSP Z622-

1-79 in Murray 2006b: fig. 16.9). However, none of the fossil ABD 'Antilocapra' 

identifications have been explained or published, and none of those specimens retain 

identifiable horn cores. Aside from designations based on the general size determination 

(not tiny) and the horn cores, the current best identification for most of the larger fossil 

elements is 'Antilocapridae gen. et sp. indet.' Yet, because of prior publication of 

'Antilocapra' and 'Tetrameryx,' and the database identificatons, both taxa should remain 

on the ABD faunal list as unverified, until those specimens are examined and the results 

are published. 
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FAMILY CERVIDAE GOLDFUSS, 1820 

SUBFAMILY ODOCOILEINAE POCOCK, 1923:206 

TRIBE ODOCOILEINI POCOCK, 1923:206 

Publication Chronology of ABD Taxa 

"Odocoileus cascensis" Frick, 1937:201, figs. 20, 20B (original description, not in 

reference to ABD specimens) 

"Odocoileus cascensis (2b) Variety" Frick, 1937:202, no figures (original description) 

"Odocoileus hemionus" (includes O. cascensis) Kurtén and Anderson, 1980:312 

(synonymy, not in reference to ABD specimens, no supporting argument or 

citation) 

"Navahoceros" Kurtén and Anderson, 1980:313 (first published ABD record, from 

personal communication with G. J. Miller)  

"Cervidae Genus and species indet." Cassiliano, 1994: table 1 (addition of indeterminate 

higher rank [Family]) 

"Cervus sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Odocoileus sp." Cassiliano, 1994: table 1 (alteration to single indeterminate species 

format) 

"Navahoceros n. sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Cervus elaphus" Remeika et al., 1995:90 (first published ABD record) 

"Odocoileus sp. cf. O. hemionus" Remeika et al., 1995:90 (qualifier added)  
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"Odocoileus sp. cf. O. virginianus" Jefferson and Lindsay, 2006 appendix: table 3 (first 

published ABD record)  

Retained ABD Taxa 

Cervus 

Odocoileini (in the size range of modern Odocoileus spp.) not previously published 

Odocoileini (larger than modern Odocoileus spp.) not previously published 

Odocoileus cascensis, (2b) variety Frick, 1937 

Retired ABD Taxa 

Cervus elaphus 

Odocoileus hemionus, Odocoileus sp. cf. O. hemionus 

Odocoileus sp. cf. O. virginianus 

Navahoceros 

Navahoceros, n. sp. 

Taxonomic Narrative 

The first mention of ABD (Carrizo Creek) deer was of a new species, published 

by Frick (1937). The new species, Odocoileus cascensis, was based on material obtained 

from El Casco, in San Timoteo Canyon, approximately 120 km north of the VCFC. 
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rami. It is probable that this form is closely allied to or identical with that 
described in [Frick] 1921 from the not far distant Bautista deposit 
[Odocoileus cascensis, (2a) Variety Frick, 1937]. It was observed that the 
metapodials in the case of the latter were slenderer and longer-
proportioned than in modern species. . . . A variety of the El Casco deer 
may be represented by a series of horns collected in Imperial [sic, San 
Diego] County, California, by Guy E. Hazen in the spring of 1936 (Frick, 
1937:197).  
 

The latter mentioned specimens were briefly described under a subspecific designation 

several pages later, as "(2b) Variety From Carrizo Creek, Southern California" (Frick, 

1937:202).  

Odocoileus cascensis was synonymized by Kurtén and Anderson (1980) under 

Odocoileus hemionus, although they provided no explanation or citation for the 

synonymy, and did not explicitly mention the VCFC [Carrizo Creek] specimens of Frick 

(1937). The VCFC deer were mentioned as "Odocoileus" in each of the discussion 

sections for the Blancan and Irvingtonian age faunas (Kurtén and Anderson, 1980:9, 27). 

A tentative species designation of "mule deer" (Odocoileus hemionus) was applied 

generally to Irvingtonian age southern California deer (Kurtén and Anderson, 1980:312). 

More recent studies (e.g., Murray, 2004; 2005) placed the earliest VCFC record of fossil 

deer in the late Blancan (~2.7 Ma), requiring a long 'lifespan' for the species O. hemionus 

to be present in that part of the section. A lineal relationship has not yet been 

demonstrated between VCFC specimens and modern southern California Odocoileus. 

The original description of the ABD taxon Odocoileus cascensis (2b) variety 

(Frick, 1937:202), provided no figures and was supported by only two diagnostic 

statements, "The anterior [antler] branch is single-pointed," and "Limb proportions 

approximate Odocoileus hemionus, A.M.(M.) 122667, from Alberta, Canada." The 
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synonymization of Odocoileus cascensis under Odocoileus hemionus by Kurtén and 

Anderson (1980) was not presented in a proper evidentiary format. In summary, the 

species Odocoileus cascensis was published based on vouchered and figured non-ABD 

(F:AMNH) specimens and the subspecific taxon was based on vouchered ABD 

(F:AMNH) specimens. So until the ABD cervid specimens are formally studied and 

compared with other late Pliocene to early Pleistocene cervids of southern California the 

name Odocoileus cascensis (2b) variety is valid for the ABD faunal list. 

The next time ABD deer appeared in publication, following Frick's (1937) review, 

was twenty years later, when Downs (1957:1823) listed "Cervidae," with no mention of 

the Frick specimens or taxon. Two distinct sizes of deer were recognized in the ABD 

fossil collection, and appeared on the first Downs and White in-house list (1965 VCFC 

list) as "Deer Small species" and "Deer Large species." These were altered on a 

subsequent in-house list (Downs and White, 1968 VCFC list) to"Cervidae: Deer; ? small 

species; cf. Odocoileus." The qualified deer taxon, "cf. Odocoileus," was included in fig. 

2 of Downs and White (1968).  

The genus "Navahoceros new species Mountain deer" was included on a 1979 in-

house list (Miller?, ABD list; See discussion of ABD Navahoceros Chapter 2). Another 

in-house faunal list (Miller?, 1979 Coyote Badlands list) included a garbled taxon, "Cf. 

[sic] Muntjacus [sic] nuntjack [sic]. That taxon appeared only on the 1979 list and never 

in publication, although the genus Muntjacus was in George Miller's notes on ABD 

cervids (on file at SRC). 

In addition to the specimen anchoring the Navahoceros taxon, ABDSP (LACM) 

127/V449, the current database lists 26 other specimens as "Navahoceros." Many, but not 
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all, of the specimens are larger than modern comparative specimens of Odocoileus 

hemionus and smaller than Cervus elaphus. Other than size, none of the identifications 

includes reasons for assignment to Navahoceros. Because the morphological basis for the 

original, unpublished taxonomic assignment was shown to be invalid (see Chapter 2), and 

no arguments exist (published or otherwise) supporting the assignment of other ABD 

specimens to the taxon, Navahoceros is currently a local taxon vanum for the ABD. 

One other cervid taxon, Cervus elaphus (elk) first appeared on the 1984 (Miller ?, 

ABD list). It persisted on ABD faunal lists and in publication as either the genus Cervus 

(Cassiliano, 1994, 1997, 1999, 2006: Appendix 5; Jefferson, 1996; Jefferson and 

Lindsay, 2006:363, 368) or as the species Cervus elaphus (Remeika et al., 1995; Remeika 

and Jefferson, 1995). Two database records, LACM 1768/V6448.01 and V6448.02, 

originally identified as "Cervus" toe bones by Ted Downs, were subsequently altered to 

"Cervidae" by him at an unknown date. The ABDSP 1997 Specimens & Localities 

database table (Table 2.1) retains one ABDSP and 33 IVCM records of Cervus sp. or ? 

Cervus sp. All but two of the specimens were identified by personnel untrained in fossil 

identification. Until these specimens are examined, the taxon Cervus will remain on the 

ABD faunal list, although Cervus elaphus will be removed as a local ABD taxon vanum. 

At least one complete ABD antler specimen, ABDSP(LACM) 1609/V6130 shows 

similarities in branching pattern to modern Odocoileus virginianus (a prominent brow 

tine and single main beam with multiple secondary tines branching from the main beam) 

and unlike modern Odocoileus hemionus (a less prominent brow tine and symmetrically 

dichotomous branches from the main beam). No direct association has yet been made 

between antler morphology and comparative size of skeletal elements of ABD specimens. 
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The stratigraphically earliest ABD(VCFC) cervid, ABDSP(LACM) 1507/V20809 several 

associated elements, approximately 2.4 Ma (see Chapter 4), is larger than modern 

Odocoileus hemionus specimens. These associated elements may represent the earliest 

reported 'true cervid' in North America (Opdyke et al., 1977; Cassiliano, 1999). The early 

age of the ABD cervids necessitates a cautious approach to taxonomic assignment of the 

fossils, especially without detailed study and comparison with material from other 

paleofaunas.  

North American Tertiary genera in the family Cervidae were referred by Webb 

(1998) to the subfaminly Odocoileinae. Of the three tribes within Odocoileinae (sensu 

McKenna and Bell, 1997), the Capreolini are known only from localities outside of North 

America and the genera within Alcini, Alces (moose) and Cervalces (stag-moose) are 

much larger than any ABD specimens currently in the collections. The tribe Odocoileini 

(sensu McKenna and Bell, 1997) includes several genera reported from North America, 

Blastocerus (marsh deer), Bretzia (false elk), Mazama (brocket or gouazou), Odocoileus, 

Navahoceros, and Rangifer (caribou). Only one North American genus outside of 

subfamily Odocoileinae, Sangamona (fugitive deer) in subfamily Cervinae, is 

comparable in size to ABD cervids. Sangamona, in tribe Cervini (sensu McKenna and 

Bell, 1997) had a skull and dentition about the size of Navahoceros, larger than 

Odocoileus hemionus and smaller than Cervus elaphus, with slender limbs, approaching 

Cervus elaphus in length (Kurtén and Anderson, 1980). If the late Blancan age deer are 

correctly referred by Webb (1998) to Odocoileinae, the genus Sangamona is an unlikely 

candidate for one of the ABD deer taxa. The best supported taxonomic assignments for 

ABD specimens (other than Frick's Odocoileus cascensis Variety [2b] specimens) are 
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'Odocoileini (larger than modern Odocoileus spp.)' and 'Odocoileini (in the size range of 

modern Odocoileus spp.).' 

 

FAMILY BOVIDAE GRAY, 1821:308 

SUBFAMILY CAPRINAE GRAY, 1821:307 

TRIBE OVIBOVINI GILL, 1872:9 

GENUS EUCERATHERIUM FURLONG AND SINCLAIR, 1904 

Publication Chronology of ABD Taxa 

"?Euceratherium" Downs, 1957:1823 (first published ABD record) 

"Euceratherium" Kurtén and Anderson, 1980:7 (qualifier removed) 

"Euceratherium sp." Remeika, 1992: table 1 (alteration to single indeterminate species 

format) 

"Ovibos" Remeika, 1992: table 1 (first published ABD record)  

"Ovibos moschatus" Remeika, 1992: table 1 (first published ABD record) 

"Ovibovini" Remeika and Jefferson, 1993: table 1 (first published ABD record) 

"? Euceratherium sp." Remeika et al., 1992:90 (indeterminate format added to qualified 

taxon) 

"Ovis" Cassiliano , 1994:138 (first published ABD record) 

"? Ovis sp." Cassiliano , 1994: table 1 (qualifier added, alteration to single indeterminate 

species format) 

"Ovis sp. cf. O. canadensis" Cassiliano , 1994: table 1 (first published ABD record) 
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"Ovibovinae indet." Cassiliano, 2006 appendix: table 5 (first published ABD record) 

Retained ABD Taxa 

Bovidae 

Ovibovini 

Retired ABD Taxa 

Euceratherium, ? Euceratherium, Euceratherium sp., ? Euceratherium sp. 

Ovibos 

Ovibos moschatus 

Ovibovinae indet. 

Ovis, ? Ovis sp. 

Ovis sp. cf. O. canadensis 

Taxonomic Narrative 

The first announcement of the bovid taxon in the ABD was made by Downs 

(1957:1823), as the shrub ox "?Euceratherium" (see Chapter 2, Identifications by 

Inexperienced Workers). The qualified format appeared in several more publications 

listing ABD fauna. In 1980, the qualifier was dropped, when "Euceratherium" was 

reported as present in several Irvingtonian age faunas, including "Vallecito" (Kurtén and 

Anderson, 1980:330). Subsequent publications and in-house lists varied the format 
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among '? Euceratherium,' 'Euceratherium,' and 'Euceratherium sp.' The most recent 

publications listed the taxon as "? Euceratherium" (Cassiliano, 2006:132; Jefferson and 

Lindsay, 2006 appendix: table 3). 

The ABD sheep taxon, 'Ovis sp.' was added to the 1984-1987 in-house list 

(Miller? ABD list). This record was based on an isolated tooth, ABDSP(IVCM) 

499/V1788, listed on the ABDSP 1997 Specimens & Localities database table (Table 2.1) 

as "Ovis canadensis." The upper third molar was reidentified by me in 1995 as 

'Antilocapridae.' A second 'Ovis' specimen, a partial 'tibia,' ABDSP(IVCM) 1339/V7575, 

was also reidentified by me in 1995 as 'Camelidae,' the sustentaculum of a calcaneum. 

The ABD sheep taxon appeared in Cassiliano's dissertation (1994:138, table 1) as, 

"Ovis," "? Ovis sp.," and "Ovis sp. cf. O. canadensis," based on the database records prior 

to my reidentifications. It was also included on the 1994? in-house faunal list (author 

unknown, ABD list) as "Ovis canadensis." The taxon did not appear on any subsequent 

publications or in-house lists.  

The muskox also appeared on an in-house faunal list (author unknown, 1987?, 

ABD list), as "Ovibos moschatus." This taxon was published by Remeika (1992), and 

apparently was based on a 'pubis fragment,' ABDSP(IVCM) 974/V4063, listed as "ovibos 

[sic] moschatus" on the ABDSP 1997 Specimens & Localities database table (Table 2.1). 

This specimen was reidentified by me in 1995 as '?Camelidae,' olecranon fossa of a distal 

humerus. The ABD muskox taxon never appeared in publication or on any in-house 

faunal lists after 1992. 

The first application of an indeterminate higher rank for the ABD bovids was 

used by Cassiliano (1994: table 1) as "Bovidae, genus and species indet.," in reference to 
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the specimens on the database identified only to 'Bovidae.' Subsequently, a partial 

phalanx from the Coyote Canyon Badlands was identified by Gensler (2002:69) as 

"Bovidae, gen. et sp. indet." The subfamily, "Ovibovinae indet." was listed by Cassiliano 

(2006 appendix: table 5). This may be a typographic error, because Ovibovinae was 

subsumed within tribe Ovibovini in the subfamily Caprinae at least as long ago as 1945 

(Simpson) and was still classified as such in 1997 (McKenna and Bell). My review of the 

ABD bovid specimens (Chapter 2, Identifications by Inexperienced Workers) resulted in 

a cautious retreat from the use of 'Euceratherium' in any form until further study is 

performed. Currently, all ABD bovids are identified either as 'Bovidae' or 'Ovibovini.' All 

other genera and species designations for ABD bovids should be retired. 

 

ORDER PERISSODACTYLA OWEN, 1848:131 

FAMILY EQUIDAE GRAY, 1821:307 

Publication Chronology of ABD Taxa 

"Equus occidentalis" Bowers, 1901 (first published ABD record) 

"Equus (Plesippus)" Downs, 1957:1822 (first published ABD record) 

"Equus (cf. Plesippus)" Downs and Woodard, 1962:21 (qualifier added) 

"horse" Downs and White, 1965:107 (informal nomenclature applied to new stratigraphic 

area) 

"Equus sp. large" Downs and White, 1966:310 (first published ABD record) 
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"a small Equus is closely allied to E. bautistensis of California" Downs and White, 

1966:310 (first published ABD record) 

"Equus (Plesippus) sp. large" Downs and White, 1966:310 (first published ABD record) 

"? Hippidion" Downs and White, 1966:310 (first published ABD record) 

"? Equus or Pliohippus" Downs and White, 1968: fig. 2 (first published ABD record) 

"Equus, large" Downs and White, 1968: fig. 2 (altered to null species format) 

"Equus, small" Downs and White, 1968: fig. 2 (first published ABD record) 

"Equus" Downs and White, 1968:42 (first use of genus nomen without modifiers, in text) 

"cf. Hippidion sp." MacFadden and Skinner, 1979:7, fig. 7 (first referred ABD specimen, 

figured and described) 

"cf. Equus" Kurtén and Anderson, 1980:12 (qualifier added) 

"Pliohippus" Kurtén and Anderson, 1980:12 (first publication without '? Equus or,' 

without explanation) 

"Equus scotti group" Winans, 1989:293 (first published ABD record) 

"Equus (Equus) sp. indet." Remeika, 1992: table 1 (addition of subgenus and application 

of indeterminate format) 

"E.[quus] (Dolichohippus) enormuus" Remeika, 1992: table 1 (first publication in 

abstract of new species name, first published ABD record) 

"E.[quus] (D.) simplicidens" Remeika, 1992: table 1 (first published ABD record) 

"E.[quus] (D.) sp." Remeika, 1992: table 1 (addition of subgenus) 

"E.[quus] bautistensis" Remeika, 1992: table 1 (first published ABD record) 

"E.[quus] ? E. hemionus" Remeika, 1992: table 1 (first published ABD record) 

"Equus sp. ? E. hemionus" Remeika and Jefferson, 1993: table 1 (addition of 'sp.') 
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"Equus sp." Remeika and Jefferson, 1993: table 2 (subgenus removed) 

"Equus enormuus" Remeika and Jefferson, 1993: table 2 (subgenus removed) 

"Equus hemionus" Remeika and Jefferson, 1993: table 2 (qualifier removed) 

"cf. Dinohippus sp." Downs and Miller, 1994:4, figs. 3, 4 (first published ABD record, 

five referred ABD specimens, with figures and description) 

"Equus (Dolichohippus) enormis" Downs and Miller, 1994:19, figs. 5-17 (first 

description and diagnosis of new species, ABD holotype, one ABD paratype, 

three ABD referred specimens, name previously published in abstract with 

different spelling) 

"Equus (Dolichohippus) sp. cf. E. (D.) simplicidens" Downs and Miller, 1994:57, figs. 

20, 21a, 23a (two referred ABD specimens, with figures and description) 

"Equus (Equus) species A" Downs and Miller, 1994:66, figs. 21b, 22, 23b, c (first 

published ABD record, one referred ABD specimen, with figures and description) 

"Equus (Equus) species B" Downs and Miller, 1994:69, figs. 24-26 (first published ABD 

record, two referred ABD specimens, with figures and description) 

"Equus cf. Equus (Equus) species" Downs and Miller, 1994:73, figs. 27-29 (one referred 

ABD specimen, with figures and description) 

"Equus (Dolichohippus) sp." Cassiliano, 1994: table 1 (application of single 

indeterminate species format) 

"Equus (Dolichohippus)" Cassiliano, 1994: table 16 (altered to null species format) 

"Equus (Dolichohippus) n. sp." Cassiliano, 1994: table 4 (first ABD publication) 

"Equus (Dolichohippus) simplicidens" Cassiliano, 1994: table 4 (qualifier removed) 

"Equus (Asinus) sp." Cassiliano, 1994: table 1 (first ABD publication) 
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"Equus (Asinus)" Cassiliano, 1994: table 16 (altered to null species format) 

"Equus (Equus) sp." Cassiliano, 1994: table 4 (qualifier removed) 

"Equus (Equus)" Cassiliano, 1994: fig. 17 (first ABD publication without modifiers) 

"Equus francescana" Cassiliano, 1994: table 4 (first published ABD record)  

"Equus (Hemionus) sp." Cassiliano, 1994: table 1 (ABD nomen 'hemionus' raised to 

subgenus rank) 

"Equus (Hemionus)" Cassiliano, 1994: table 16 (altered to null species format) 

"Dinohippus sp." Cassiliano, 1999: table 4 (qualifier removed, with explanation in text) 

"Dinohippus" Cassiliano, 1994: table 4 (first ABD publication without modifiers) 

"Hippidion" Cassiliano, 1994: table 16 (first ABD publication without modifiers) 

"Hippidion sp." Cassiliano, 1994: table 18 (application of single indeterminate species 

format) 

"Equus (Asinus or Hemionus) sp." Remeika et al., 1995:89 (first published ABD record) 

"Equus (? Hemionus) sp." Remeika et al., 1995:89 (qualifier added) 

"E.[quus] enormis" Remeika et al., 1995:89 (subgenus removed) 

"Equus sp. ? E. pacificus" Remeika et al., 1995:89 (first published ABD record) 

"Equus simplicidens" Cassiliano, 2006: table 17.3 (subgenus dropped) 

"Equus" Cassiliano, 2006: table 17.4 (first ABD publication without modifiers) 

"E.[quus] (Plesippus) sp. cf. E. (P.) simplicidens" Scott, 2006:262 (change of subgenus) 

"E.[quus] scotti" Jefferson and Lindsay, 2006 appendix: table 3 (first published ABD 

record) 

"Equus (Plesippus) sp." Cassiliano, 2006 appendix: table 5 (application of indeterminate 

format) 
321 

 
 

 
 



 

"Equus (P.[lesippus]) enormis" Cassiliano, 2006 appendix: table 5 (change of subgenus) 

"Equus (P.[lesippus]) simplicidens" Cassiliano, 2006 appendix: table 5 (change of 

subgenus) 

Retained ABD Taxa 

cf. Dinohippus sp. 

Equus bautistensis 

Equus cf. francescana 

Equus (Plesippus) sp. cf. E. (P.) simplicidens 

Equus enormis 

Equus (Equus) species A 

Equus (Equus) species B 

Equus cf. Equus (Equus) species 

Equus sp. ? E. pacificus 

cf. Hippidion sp. 

Retired ABD Taxa 

Dinohippus, Dinohippus sp. 

Equus, large, Equus sp. large 

Equus, small 

a small Equus is closely allied to E. bautistensis of California 

Equus (Asinus or Hemionus) sp. 
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Equus (Asinus), Equus (Asinus) sp. 

Equus (Hemionus), Equus (Hemionus) sp., Equus (? Hemionus) sp. 

Equus hemionus, Equus ? E. hemionus, Equus sp. ? E. hemionus  

Equus (Dolichohippus), Equus (Dolichohippus) sp. 

Equus (Dolichohippus) enormis 

Equus (Dolichohippus) sp. cf. E. (D.) simplicidens 

Equus enormuus, Equus (Dolichohippus) enormuus [original spelling of species nomen, 

incorrect Latin ending, before formal holotype publication] 

Equus (Equus), Equus (Equus) sp. indet., Equus (Equus) sp. 

Equus (Plesippus) enormis 

Equus occidentalis 

? Equus or Pliohippus 

Equus scotti 

Equus scotti group 

Pliohippus 

Taxonomic Narrative 

The first published record of terrestrial vertebrate fossils in the ABD was a 

statement by Bowers (1901), reporting the collection of remains of Equus occidentalis by 

M. C. S. Alverson (Marrs, 2006). The current status of that material is not known. The 

observation was made by Scott (2006:258) that, "the species itself, initially described by 

the renowned paleontologist Joseph Leidy in 1865, based on three isolated teeth, is now 
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considered invalid." That taxon never appeared on any ABD in-house list or other 

publication, and may be considered as retired from the ABD faunal list. In the mid-1930s, 

Guy Hazen collected dozens of ABD equid fossils for Childs Frick of the AMNH, 

however none of them were described in publication (ABDSP(F:AMNH) database 

archived on CDD server).  

The next mention of ABD horses was by Downs (1957:1823) as "Equus 

(Plesippus)," followed in Downs and Woodard (1962:21) as "Equus (cf. Plesippus)." The 

latter authors commented; "Notable in their absence (after 3 years of intensive collecting) 

are Nannippus and Borophagus (late Pliocene-early Pleistocene) and Bison (late 

Pleistocene)." Borophagus was discovered in the ABD about the same time that 

publication (Downs and Woodard, 1962) appeared in print, Bison was found in late 

Pleistocene to Holocene sediments outside the ABDSP boundaries in 1974, yet after 50 

additional years of collecting, Nannipus is still absent from the ABD faunal collections. 

"Equidae sp.," "Equus sp.—Large Horse," "Equus cf. bautistensis—Small Horse," 

"Pliohippus sp.," and "? Hippidion" were included on the first known in-house list 

(Downs and White, 1965 VCFC list). The following year, "Equus sp. A" and "Equus sp. 

B" appeared with "cf. Pliohippus" and "Equidae" [but not '? Hippidion'] on the in-house 

list and range chart (Downs and White, 1966 VCFC list). 

Some biostratigraphic and comparative data were published by Downs and White 

(1966:310) for the growing number of ABD horses, including "[Among several 

ABD(VCFC)] 'species' … that show unusual vertical range in the geologic section: … 

Equus sp. large [is distributed throughout] (3,800 feet [1,158 vertical meters]) …;" 

"Some taxa that are more typically North American 'Blancan' genera, occur in the 
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Irvingtonian part of the section: Equus (Plesippus) sp. large …;" "a small Equus is 

closely allied to E. bautistensis of California;" and "A mandibular fragment of a horse, 

?Hippidion, may represent an immigrant (or possibly a form ancestral to the South 

American genus)." The subgenus Plesippus was retired by omission from all subsequent 

published and ABD in-house faunal lists until Scott (2006) reactivated it. 

 The horse taxa were presented informally by Downs and White (1968 VCFC list) 

as "Equus sp.—large horse" and "Equus sp. —small horse," both from the Vallecito 

Creek and Arroyo Seco 'local faunas,' plus "? Hippidion" from "?" Vallecito Creek and "? 

Pliohippus sp." from "Loop Wash - ? Hemphillian-Blancan," and the genus and species 

indeterminate form, "Equidae sp." found in Arroyo Seco. That group of taxa and the 

stratigraphic ranges remained unchanged on the in-house lists through 1977. The same 

taxa were included on the Jones in-house list (1972 ABD list) without stratigraphic 

ranges.  

Only three horse taxa were published by Downs and White (1968: fig. 2) , 

"Equus, large," "Equus, small," and "? Equus or Pliohippus." The stratigraphic ranges 

described in the text and plotted on the range charts in the 1966 in-house list and the 1968 

publication imply that 'Equus sp. A' (Downs and White, 1966 VCFC list) is equivalent to 

'Equus sp. -- Large Horse' (Downs and White, 1965 VCFC list, 1968 VCFC list); 'Equus 

sp. large (Downs and White, 1968); and 'Equus (Plesippus) sp. large' (Downs and White, 

1966) (Table 3.7). Similarly, 'Equus cf. bautistensis—Small Horse' (Downs and White, 

1965 VCFC list) is equivalent to 'Equus sp. B' (Downs and White, 1966 VCFC list); "A 

small Equus is closely allied to E. bautistensis of California" (Downs and White, 

1966:310); 'Equus sp. small' (Downs and White, 1968); and 'Equus sp.—small horse' 
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(Downs and White, 1968 VCFC list). The small Equus was later reidentified as "Equus 

(Dolichohippus), cf. E. (D.) simplicidens" by Downs and Miller (1994:57) and most 

recently as ”Equus (Plesippus) sp. cf. E. (P.) simplicidens" (Scott, 2006:262 ; Jefferson 

and Lindsay, 2006 appendix: table 3). Although one specimen remains on the ABDSP 

database as 'Equus ? bautistensis,' ABDSP(LACM) 1502/V4208, second and third 

phalanges, the taxon was effectively retired from the ABD by Downs and Miller (1994). 

The Loop Wash 'local fauna' (at the base of the VCFC section, representing the 

possible transition from ?Hemphillian-Blancan age) was never named explicitly by 

Downs or White in publication, although it persisted on all in-house faunal lists (that 

included VCFC) beginning in 1965 through the 1984-1987 list. The 'local fauna' was 

described by Downs and Miller (1994:4) as "LACM 1656 from 'zone' 4 (see Chapter 4, 

Woodard and Downs Transect Grid System), Imperial Formation, probable pre-Layer 

Cake local fauna, late Hemphillian in age (early Pliocene)." The only published 

references of taxa from the Loop Wash 'local fauna' were those of Remeika et al. (1995), 

obtained from the in-house faunal lists (personal recollection of third author Murray). 

Subsequently, Cassiliano (1999) reasoned that the ABD 'local faunas' were sensu stricto 

invalid and Loop Wash was sensu lato invalid, based on the lack of enough taxa to 

establish a charactization for the fauna. However, the ABD taxon 'Pliohippus' appeared 

explicitly on every in-house VCFC faunal list from 1965 through 1977 (Table 2.2) as 

coming from the Loop Wash 'local fauna.' In fact, all but the 1966 in-house list (Downs 

and White, VCFC list) indicate the taxon as coming exclusively from the Loop Wash 

'local fauna.' The 1966 in-house list includes a range chart prototype for what became 

figure 2 of Downs and White (1968), showing a single record labeled as "?x" on the 
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taxonomic line labeled "cf. Pliohippus" plotted in the middle of the Layer Cake 'local 

fauna' range, with a dashed line extending into the Loop Wash 'local fauna.' In 

publication, Downs and White (1968) only reported 'Pliohippus' from the Layer Cake 

'local fauna.' For example, "It [the Layer Cake 'fauna'] is characterized in part by the 

presence of ? Pliohippus or primitive Equus …" (Downs and White, 1968:45) and their 

figure 2 showed a single record labeled "? Equus or Pliohippus" plotted at the base of the 

transition between the Layer Cake and Arroyo Seco 'local faunas.' The LACM (1995 

Specimens) database table (Table 2.1) lists a single incomplete tooth, ABDSP(LACM) 

1615/V27959, as "Pliohippus," collected in 1970. Listed on the ABDSP-LACM (2007 

Specimens) database table (Table 2.1) as "Dinohippus" the locality LACM 1615 is 

situated high in the VCFC section, so this probably was not among the specimens 

referred to in early publications.  

The most likely candidate for the original voucher specimen anchoring the ABD 

'? Pliohippus' taxon is ABDSP(LACM) 1656/V4356, right M3. This specimen was 

collected by Harley Garbani, (field number HJG 128) from the Split Mountain area, "7/10 

of mi. from Loop Wash sign to area to the right" (Garbani field notes, 07 May 1961, 

photocopy on file at SRC). A subsequent visit to the same locality (HJG 128) yielded 

notes (Garbani field notes, dated 01 Feb 1962) that indicated the area as "Fish Cr. Loop 

Wash." The locality does not appear on the LACM 1995 Specimens database table (Table 

2.1). The specimen is recorded as "Dinohippus M/3" on page 'odd 10' in the 

LACM/ABDSP Specimen Transfer Workbook (1997, on file at SRC), as copied by hand 

from the specimen label (Figure 3a in Downs and Miller [1994] clearly shows the tooth 

V4356 to be an upper third molar).  
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When the 1965 list was compiled, the only available method of dating the VCFC 

section was with biostratigraphic comparisons. Downs and White (1968:44-45) were 

aware that the lowest portion of the section was Pliocene in age, possibly early Blancan, 

based on the presence of "Hypolagus cf. regalis and Nekrolagus n. sp." in addition to the 

"? Pliohippus or primitive Equus." Because no description or voucher specimen was 

provided in any publication, further reasoning behind the taxonomic assignment can only 

be guessed. The last published appearance of the taxon was a reference by Kurtén and 

Anderson (1980:12); in "The Layer Cake fauna . . . At the lowest vertebrate-fossil level 

(~3.8 m.y. B.P.), the Clarendonian-Hemphillian horse Pliohippus has been recognized, 

which indicates that the lowest level may be Hemphillian in age." The taxon did not 

appear on the LACM/IVCM combined in-house list in 1981 (Downs, White, and Miller, 

ABD list), but persisted on ABDSP in-house faunal lists through 1994 (Table 2.2). 

The 1977 in-house list (Downs and White, VCFC list) was substantially modified 

by George Miller in 1981 (photocopy of handwritten changes on file at SRC), and the 

finished product was printed under the authors Downs, White, and Miller (1981 VCFC 

list). Table 3.8 compares the equid taxa of the two lists with the horses listed by Downs 

and White (1968). The new list assigned the two indeterminate 'large' and 'small Equus' 

groups to 'Equus (Dolichohippus) large—"zebra" like,' and 'Equus (Dolichohippus) 

small—cf. simplicidens.' The subgenus, 'Dolichohippus' was a new addition, and three 

new taxa were included; 'Equus (cf. Hemionus),' 'Equus (cf. Asinus),' and 'Equus (cf. 

Equus ).' The 'cf. Dinohippus,' marked as found only in 'Loop Wash,' apparently replaced 

'cf. Pliohippus sp.,' and the 'cf. Hippidion' taxon remained unchanged. 
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 In 1994, Downs and Miller referred ABDSP(LACM) 1656/V4356 to cf. 

Dinohippus sp., as well as three other teeth from two IVCM localities; ABDSP(IVCM) 

177/V2257.01, right M3, V2257.02, right M2, V2257.03, right M1. Specimen 

ABDSP(IVCM) 537/V1873, partial left and right mandibles was also referred. Although 

never stated explicitly, that publication is undoubtedly the reason for the disappearance of 

Pliohippus from the ABD faunal list after 1994; by implication, the referral of catalogued 

ABD specimens to the taxon 'cf. Dinohippus sp.' was a direct retirement by replacement 

of the ABD taxon '? Pliohippus or primitive Equus.' 

The taxon "cf. Hippidion sp." was described and figured by MacFadden and 

Skinner (1979:7, fig. 7), referring to specimen ABDSP(LACM) 1245-15/V3363, 

"incomplete left ramus with fragments of three cheek teeth, probably p3-m1 (fig. 7)." 

Based on the single ABD specimen, the taxon appeared in various nomenclatural formats 

in both published and in-house lists, as 'cf. Hippidion sp.,' 'Hippidion sp.,' or 'Hippidion' 

(Cassiliano, 1994, 1999, 2006 appendix: table 5; Remeika et al., 1995; Jefferson and 

Lindsay, 2006 appendix: table 3). The monograph on ABD equids (Downs and Miller, 

1994:2) did not cover this taxon, the authors stating "additional fossil equids with 

probable hemionine, asinine, and Hippidion-like affinities … will be described in a future 

report." An updated description and discussion of the specimen was provided by Scott 

(2006:266-267), including an emended identification of the teeth as, "the second, third, 

and fourth premolars," and the observation that the penetration of the isthmus by the 

ectoflexid in the premolars plus the less hypsodont "nature of the cheek teeth, confirms 

that this specimen closely resembles Hippidion." When we first looked at this specimen 

after the transfer from LACM, George Jefferson (personal communication, 1997) 
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observed that the specimen is from an old adult and suggested the enamel patterns may 

not be normal because of the nearness to the roots. The original authors (MacFadden and 

Skinner, 1979) pointed out the poor preservation of the specimen, and Scott (2006) gave 

a general caveat regarding identification of horses based solely on teeth, "the enamel 

patterns seen on the wear surface of the teeth can change noticeably as the tooth wears 

down through the animal's life." The poor physical condition and possible advanced 

biological age of the specimen, and the fact that it is the only ABD specimen so far 

referable to the taxon, demands that the tentative identification to "cf. Hippidion sp." by 

the original authors (MacFadden and Skinner, 1979:7) and latest reviewer (Scott, 

2006:267) be followed faithfully. Until more complete, fully identifiable specimens (if 

they exist) are recovered from the ABD, this taxon should only be cited with the 

qualifier, 'cf.' properly prefixed. 

In a general review of the genus Equus in North America (Winans, 1989:293) 

referred measured ABD(VCFC) specimens (representing ten individuals) to the "Equus 

scotti group." The 1984-1987 in-house list (Miller?, ABD list) included nine Equus taxa, 

including a tentative name for a new species, "Equus Dolichohippus [sic, no subgeneric 

parentheses] enormuus, Giant Anza Borregan Zebra." That name was first published by 

Remeika (1992) and Remeika and Jefferson (1993), with subgeneric parentheses in place, 

as "Equus (Dolichohippus) enormuus." The new name did not accompany a description 

or a voucher specimen catalogue number. The first description and diagnosis of the new 

species by Downs and Miller (1994:19) was based on a holotype partial skull, mandible, 

and post-crania, one paratype partial skull, and three referred partial dentitions. The 
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authors provided a new spelling, "Equus (Dolichohippus) enormis," with a corrected 

Latin ending for the species epithet. 

In addition to 'cf. Dinohippus sp.,' discussed above, and the new species, 'Equus 

(Dolichohippus) enormis,' Downs and Miller (1994) identified and figured four other 

taxa: (1) Equus (Dolichohippus) sp. cf. Equus (Dolichohippus) simplicidens; (2) Equus 

(Equus) species A; (3) Equus (Equus) species B; and (4) Equus cf. Equus (Equus) 

species. Whereas the Equus (Dolichohippus) enormis and Equus (Dolichohippus) sp. cf. 

Equus (Dolichohippus) simplicidens were equivalent to the earlier in-house list (Downs 

and White, 1965 VCFC list) 'Equus sp. A' and 'B,' respectively (Table 3.7), the 'A' and 'B' 

species of Downs and Miller (1994) represented a different pair of taxa (Table 3.9). 

The two publications, Cassiliano's (1994) dissertation and Downs and Miller 

(1994), appeared at the same time and show some overlap with each other as well as with 

the 1981 in-house list (Downs, White, and Miller, ABD list; Table 3.9). The 'A' and 'B' 

Equus (Equus) species of Downs and Miller (1994) appear to have replaced the 'Asinus' 

and 'Hemionus' subgeneric taxa of Downs, White, and Miller (1981 ABD list) and 

Cassiliano (1994), however there is no explicit statement in publication or on the in-

house lists relating the two groups of taxa. The ABDSP-LACM 2007 Specimens database 

table (Table 2.1) lists one specimen as 'Equus (Asinus)' and eight specimens as 'Equus 

(Hemionus).' However, none of the catalogue numbers for those specimens were 

published by Downs and Miller (1994), still providing no connection among the groups 

of taxa. 

The species taxon, "Equus francescana," added by Cassiliano (1994: table 1), 

originally appeared on the 1992 in-house list (Remeika, ABD list). That taxon never 
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appeared again on in-house lists or in publication. Eight records appear on the ABDSP-

LACM 2007 Specimens database table (Table 2.1), as "Equus cf. francescana", no 

identifier listed. Because none of the catalogued specimens was previously published 

with a different identification, the taxon should remain on the ABD faunal list as "Equus 

cf. francescana", unverified, until they are properly studied. 

"Equus sp. ? conversidens" occupies a single record on the ABDSP database, 

ABDSP(IVCM) 964/V3930, left m3, identified by untrained volunteers in 1982. This 

taxon appeared on only three in-house lists (Miller?, 1984-1987 ABD list; unknown 

author, 1994 ABD list; and Jefferson, 1996 ABD list) and was never published. Owing to 

the questionable nature of the identification, that taxon should not be included on the 

ABD faunal list. 

"Equus sp. ? E. pacificus" was published as an ABD horse taxon by Remeika et 

al. (1995:89). The taxon originally appeared informally as "? Equus pacificus" on the 

1992 in-house list (Remeika, ABD list), as "Equus pacificus" on the 1994 in-house list 

(author unknown, ABD list), and as "Equus sp. ? E. pacificus" on the 1996 in-house list 

(Jefferson, ABD list). It was published by Cassiliano (1999: table 5) as "Equus sp., E. 

pacificus ?," and is represented by a single record on the ABDSP-LACM 2007 

Specimens database table (Table 2.1), as "Equus pacificus" with qualifiers in a separate 

field as "sp., cf." The specimen, ABDSP(IVCM) 266/V1010, partial dentary, was 

identified in 1977 by "NFS" (a misprint of Morris F. Skinner's inititals). The taxon 

otherwise disappeared from all published and in-house lists after 1999. Because at least 

one previously unpublished, catalogued specimen remains on the database, apparently 
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identified by a well known authority on fossil horses (Skinner), the taxon should remain 

on the faunal list as unverified, until the specimen can be examined further. 

The ABD taxon 'Equus cf. bautistensis,' originally associated with the 'small' 

Equus sp. (Downs and White, 1965) disappeared from the 1981 LACM-IVCM in-house 

faunal list (Downs, Miller, and White, ABD list) with the addition of the subgenus 

Dolichohippus and establishment of the Equus (Dolichohippus) small—cf. simplicidens, 

implying a replacement and retirement of Equus cf. bautistensis. Although, Scott 

(2006:265) used the opposite size descriptive, "Equus scotti (extinct large horse, 

previously reported as Equus bautistensis)." However, the original taxon persisted on 

most of the subsequent ABDSP in-house faunal lists, without the qualifier, as "Equus 

bautistensis", also appearing in that form as part of the Borrego local fauna in 

publications by Remeika (1992), Remeika and Jefferson (1993, 1995), Remeika et al. 

(1995) and Jefferson (1996, 2001). Reference to a taxonomic revision made elsewhere, 

unrelated to ABD fossils, was provided by (Scott, 2006:266), "(Scott, 1998) placed E. 

bautistensis under E. scotti as a junior synonym." A single record of 'E. ? bautistensis' 

remains on the ABDSP-LACM 2007 Specimens database table (Table 2.1), a holdover 

from the LACM 1995 Specimens database table (Table 2.1), ABDSP(LACM) 

1502/V4208, second and third phalanges, identifier not listed. Because this specimen was 

not discussed specifically by Scott (2006), and it has not been studied with regard to the 

veracity of its taxonomic identity, the taxon 'E. ? bautistensis' should remain on the ABD 

faunal list as unverified (i.e., if the original identification is wrong, changing it to Equus 

scotti now, based on synonymy arguments elsewhere would be counterproductive). The 

suggestion was proposed by Scott (2006) that the Downs and Miller (1994) taxon, 'Equus 
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(Equus) sp. B' shares several characteristics with Equus scotti, but the advanced 

ontogenetic age of the specimen requires more detailed study for a confident assignment 

to the latter species, i.e., he did not explicitly assign it to the latter taxon. He also pointed 

out that a previous referral of all VCFC equids to the Equus scotti species-group 

(Winans, 1989; see also Winans, 1985) encompassed several possible species, and 

"cannot be interpreted as an assignment to E. scotti in the strict sense" (Scott, 2006:265). 

The ABDSP-LACM 2007 Specimens database table (Table 2.1) lists no specimens as 

'Equus scotti' in any format. In summary, the two taxa, 'Equus ? bautistensis,' 'Equus 

(Equus) sp. B,' should remain on the ABD faunal list. Although, "Equus scotti" was 

included by Jefferson and Lindsay (2006 appendix: table 3) on their ABD vertebrate list 

(Table 3.10), no voucher specimens have yet been referred in publication or on ABD 

databases to 'Equus scotti' or the 'Equus scotti species-group.' The ABD taxon 'Equus 

scotti' is technically a local taxon vanum, and although Scott (2006) clearly considered at 

least some of the ABD horses to belong to that species, for now it should be removed 

from the ABD faunal list. 

Previously published ABD Equus subgenera, 'Asinus,' 'Dolichohippus,' 'Equus,' 

and 'Hemionus' were retired from the ABD faunal list by Scott (2006:258), who argued 

they were  

nearly all defined on extant Old World equids … [and] … considering that 
the phylogenetic relationships of these animals to each other and to equids 
from the Old World have yet to be satisfactorily resolved, it seems 
somewhat presumptuous to assign virtually all Plio-Pleistocene Equus 
from Anza-Borrego to extant Old World subgenera. 
 

 Although 'Equus (Equus)' was tentatively accepted until further study can be performed 

(see below). The subgenera were selectively replaced by Scott (2006) with subgenus 
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'Plesippus,' when supporting evidence was adequate. The ABD taxa thus affected include 

Equus (Plesippus) sp. cf. Equus (Plesippus) simplicidens, three specimens described by 

Scott (2006), including the suggestion that one of the three, identified elsewhere as 'cf. 

Dinohippus' also possesses many characteristics similar to Equus simplicidens. All but 

one of the five Equus enormis specimens originally described by Downs and Miller 

(1994) appear more advanced than plesippines, the specimens are also similar to Equus 

scotti, and specimens identified to the taxon should be compared closely with 

stratigraphically contemporaneous specimens of Equus idahoensis from nearby Indio 

Hills. For specimens assigned to 'Equus (Equus) sp. A,' 'Equus (Equus) sp. B,' and 'Equus 

(Equus) sp.,' the subgeneric assignment should remain tentative, "because other 

subgenera than Equus (Equus) also exhibit similar dental features [U-shaped 

linguaflexids]" (Scott, 2006:266). 

 

FAMILY TAPIRIDAE GRAY, 1821:306 

Publication Chronology of ABD Taxa 

"T.[apirus] haysii" Jefferson, 1986:68 (first published ABD record) 

"Tapirus" Jefferson, 1987: Abstract Number 13 (first use of genus nomen without 

modifiers, in text) 

"Tapirus sp." Jefferson, 1989:17 (two referred ABD specimens, with description) 
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"Tapirus merriami" Jefferson, 1989:3, 4, figs. 3, 4, 5 (emended diagnosis, explicitly 

separates T. merriami from T. haysii, three referred ABD specimens, with figures 

and description) 

Retained ABD Taxa 

Tapirus merriami 

Retired ABD Taxa 

Tapirus haysii 

Taxonomic Narrative 

The ABD taxon "Tapir" first appeared on the Jones in-house list (1972 ABD list), 

and later as "Tapirus" on the Miller? in-house list (1979 ABD list). The taxon became 

"cf. Tapirus" on the hand-written in-house list updated by Miller (1981 ABD list). 

However, it did not appear on the mechanically printed version (Downs, White, and 

Miller, 1981 ABD list). 

The taxon was first published as "tentatively referred to" Tapirus haysii, "from 

Blancan and Irvingtonian portions of the Borrego and Palm Springs [sic] Formations of 

San Diego County (Downs, pers. comm.; Miller, pers. comm.)" (Jefferson, 1986:68-69). 

The taxon was altered by Jefferson (1987: Abstract Number 13); "The specific name, T. 

merriami Frick, 1921 is applied to morphologically distinctive, large specimens 
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previously placed in T. copei Simpson, 1945, or T. haysii Leidy, 1859." The identification 

was based on an undescribed "skull and partial skeleton from the Anza Borrego Desert." 

The first published description of ABD tapirs included "Tapirus merriami," 

ABDSP(IVCM) 835/V3356, partial skeleton (Jefferson, 1989:3), "Tapirus sp.," 

ABDSP(IVCM) 570/V2026, cranial fragments, plus specimen ABDSP(IVCM) 22/V66, 

partial acetabulum and fragment of pubis, "only tentatively referred to Tapirus sp." 

(Jefferson, 1989:17). No indication was made whether the 'Tapirus sp.' specimens 

represented a second unidentified species, separate from T. merriami, or simply 

specimens indeterminate with regard to species level assignment.  

The two taxa remained unaltered in subsequent in-house faunal lists and 

publications (e.g., Cassiliano, 2006 appendix: table 5), occasionally with the omission of 

Tapirus sp. (e.g., Jefferson and Lindsay, eds. 2006 appendix: table 3). The ABD tapirs 

were revisited by Scott (2006:268) with the comment, "the most complete specimen yet 

known of T. merriami is from Anza-Borrego." Whereas the ABD 'Tapirus sp.' 

assignments did not specify the presence of a second, unidentified species, the only 

verified ABD tapir is 'Tapirus merriami.' 
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ORDER URANOTHERIA MCKENNA AND BELL, 1997:490 

INFRAORDER BEHEMOTA MCKENNA AND BELL, 1997:497 

PARVORDER PROBOSCIDEA ILLIGER, 1811:96 

FAMILY MAMMUTIDAE HAY, 1922:101 

OR 

FAMILY GOMPHOTHERIIDAE HAY, 1922:101 

Publication Chronology of ABD Taxa 

"cf. Stegomastodon" Downs, 1957:1823 (first published ABD record) 

"Stegomastodon" Howard, 1963:3 (qualifier removed) 

"Stegomastodon sp." Cassiliano, 1994: table 1 (application of indeterminate format) 

"Cuvieronius sp." Cassiliano, 1994:138 (first published ABD record) 

"? Cuvieronius" Cassiliano, 1994: table 1 (altered to null species format, qualifier added) 

"Mammut sp." Cassiliano, 1994: table 1 (first published ABD record) 

"Mammut" Cassiliano, 1994: table 16 (null species format) 

"Cuvieronius sp. or Stegomastodon sp." Remeika et al., 1995:89 (first published ABD 

record) 

"Mammut sp. ? M. americanum" Remeika et al., 1995:89 (first published ABD record) 

"Proboscidea Gen. and sp. indet." Cassiliano, 1999: table 3 (application of indeterminate 

format) 

"Mammut sp., cf. M. americanum" Cassiliano, 1999: table 4 (altered qualifier) 
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"Mammut americanum" Cassiliano, 1999: fig. 4 (qualifier removed, with explanation in 

text) 

"Gomphotheriidae or Mammutidae" Jefferson, 1999:59 (first publication of taxon for 

new ABD fossil area) 

"mastodon or stegomastodon" McDaniel and Jefferson, 1999a:61 (referral of two distinct 

specimens to common taxon names, without catalogue number or description) 

"Mammut" McDaniel and Jefferson, 1999a:61 (referral of two distinct specimens to 

taxon, without catalogue number or description) 

"Proboscidea" McDaniel and Jefferson, 1999a:61 (referral of two distinct specimens to 

taxon, without catalogue number or description) 

"Gomphotheriidae" McDaniel and Jefferson, 1999a:61 (referral of several distinct 

specimens to taxon, without catalogue number or description) 

"mastodon or gomphothere" McDaniel and Jefferson, 1999a:61 (referral of two distinct 

specimens to common taxon names, without catalogue number or description) 

"Gomphotherioidea" McDaniel and Jefferson, 1999a:61 (referral of one distinct specimen 

to taxon, without catalogue number or description) 

"mastodon, mammoth, or gomphothere" McDaniel and Jefferson, 1999a:61 (referral of 

one distinct specimen to taxon, without catalogue number or description) 

"Stegomastodon" McDaniel and Jefferson, 1999a:61 (referral of one distinct specimen to 

taxon, without catalogue number or description) 

"Gomphotherium sp." Jefferson, 2001:46 (first published ABD record) 

"Rhynchotherium" Jefferson, 2005 database identification (first ABD database record) 
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Retained ABD Taxa 

Gomphotheriidae or Mammutidae 

Gomphotherium 

Rhynchotherium 

Stegomastodon 

Retired ABD Taxa 

Cuvieronius 

Cuvieronius sp. or Stegomastodon sp. 

Mammut 

Mammut americanum, Mammut sp., cf. M. americanum 

Taxonomic Narrative 

The first ABD proboscidean taxon to be published was "cf. Stegomastodon," by 

Downs (1957:1823) and Downs and Woodard (1962:21), later listed again by Howard 

(1963:3) and Downs and White (1966:310; and 1968: fig. 2) as "Stegomastodon." The 

specimen anchoring this taxon was discovered in the first ABD locality recorded by Ted 

Downs, ABDSP(LACM) 1111/V1582, incomplete molar plus fragments. This taxon 

persisted as the only proboscidean for the ABD(VCFC) until the 1979 in-house list 

(Miller?, ABD list) included "Mammuthus sp." The 'Stegomastodon' taxon was altered to 

"Stegomastodon or Cuvieronius" on the in-house list updated by Miller (1981 ABD list). 
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'Cuvieronius' and 'Stegomastodon' were separated as two distinct ABD(VCFC) taxa by 

Cassiliano (1994, 1997), although he did not include the former on the mammal range 

chart (1994: plate 2) because of the reported location of the fossil in the 'non-type section' 

fault blocks.  

The ABD 'Stegomastodon' continued to appear in publications and in-house 

faunal lists up to the most recent references (Cassiliano, 2006 appendix: table 5; Jefferson 

and Lindsay, 2006 appendix: table 3). "To date, a single 1.2 million year old locality, in 

the southern part of the Park, has produced specimens identified as Stegomastodon" 

(McDaniel, 2006:224). The single locality remains ABDSP(LACM) 1111, and the 

specimens (all tooth fragments) appear to belong to a single tooth, V1582, V17144, and 

V57447. 

The only 'Cuvieronius' record appeared on the ABDSP 1997 Specimens and 

Localities database table (Table 2.1) as ABDSP(IVCM) 722/V2586, tooth fragment, with 

additional comments, "mastodon - also lg bone frags found here." This specimen was 

reidentified by G. E. McDaniel and G. T. Jefferson in 1998 as "not Elephantidae" on the 

specimen catalogue card and as "Proboscidea" on the specimen box card. It is listed as 

"Proboscidea" on the ABDSP-LACM 2007 Specimens database table (Table 2.1). The 

'Cuvieronius' taxon was thus retired by reidentification to a higher rank and never 

appeared again on any ABD publication or in-house list. 

 "Mammut sp." was added as a new ABD (VCFC) taxon on the 1984-1987 in-

house list (Miller?, ABD list), and was first published by Cassiliano (1994: tables 1, 4, 

18). The ABD 'mastodons' were identified by Remeika et al. (1995:89) to "Mammut sp. ? 

M. americanum," based primarily on an assumption of North American monotypy for the 
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genus Mammut (recollection of third author Murray; Kurtén and Anderson, 1980). 

"Mammut sp. cf. M. americanum" was listed by Cassiliano (1999: table 4), and the 

qualifier was dropped for his streamlined range chart (figure 4), as "Mammut 

americanum." The ABD 'Mammut' records were quantified by McDaniel and Jefferson 

(1999a:61) to a single specimen in the Hueso Formation prior to 3.3 Ma and a second one 

between 3.2 and 2.5 Ma, plus a "mastodon or stegomastodon" from the Late Miocene age 

Hawk Canyon sediments. Subsequently, 'Mastodon,' or 'Mammut,' was retired from the 

ABD faunal list, due primarily to the efforts of George Jefferson and George McDaniel. 

The status of the taxon was summarized by Jefferson (2003:53), "The American 

mastodon, Mammut americanum, … has not been identified from any Rancholabrean 

LMA sites within the Mojave Desert or Colorado desert regions;" and by McDaniel 

(2006:220), "Mastodons … have not been identfied from Plio-Pleistocene deposits of the 

Salton Trough." 

This conclusion stemmed from an extended research project McDaniel began in 

1996, originally to obtain concise data upon a single Mammuthus specimen, known 

informally as the 'Miller mammoth,' ABDSP(IVCM) 1277/V5126, skeleton, 

approximately 70% complete. Retired veterinarian Dr. George McDaniel, Laboratory 

Supervisor/preparator and Paleo Society volunteer, carried out extensive research on 

proboscidean phylogeny, especially that segment relating to mammoths and their origins, 

confering daily with George Jefferson regarding his findings and conjectures (personal 

observation). McDaniel attended mammoth conferences in Europe and North America, 

and traveled to many of the museums holding type specimens of the various mammoth 

species and other important proboscidean collections, recording them by measurements 
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and photographs. He and George Jefferson invited several of the leading late Neogene 

proboscidean authorities (e.g., Larry Agenbroad, Dick Mol, and Andre Sher) to visit the 

ABDSP collections, examine the specimens, give presentations to the Paleontology 

Society, and discuss their views. The project expanded to include a detailed examination 

and review of all the mammoths recovered from the ABD (see genus Mammuthus 

below), and because many of the proboscidean identifications at that time were 

inconclusive, it ultimately included a close look at all the proboscidean specimens. 

The early listings of the ABD 'Mammut' were based on a minimium of three 

LACM specimens and six IVCM specimens (Table 3.11). The reidentifications recorded 

on the ABDSP-LACM 2007 Specimens database table (Table 2.1) were made by either 

McDaniel or Jefferson between about 1998 and 2005. The ABD 'mastodon' specimens 

were recorded in the LACM 1995 Specimens database table originally as "Mammut;" and 

in the ABDSP 1997 Specimens & Localities database table, originally as "Mammutidae" 

or "Mastodontidae."  

Typically, the only ABD proboscidean material recovered is either a fragment of 

a very large bone or pieces of a broken tusk or cheek tooth. Mammoth cheek teeth are 

distinctly different from all the other known ABD proboscideans because of the basic 

structure; a straight sided tooth with a relatively flattened grinding surface and short 

roots, the crown is composed of a series of, tall, flattened, envelope-like loops of enamel, 

called 'plates,' filled with dentine, and held together with cementum. Even fragments of 1 

cubic cm may be readily identifiable to Mammuthus, the only North American genus of 

the family Elephantidae. Other late Neogene North American proboscideans have various 

forms of cusped cheek teeth, with the crown composed of a massive core of dentine 
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coated by a layer of enamel, generally with no flat surfaces. Identification of one of these 

fossils to genus or species may depend on the amount of material recovered. Fragments 

of mastodon cheek teeth and exfoliated enamel superficially resemble similar parts of 

gomphothere teeth and may require microscopic or more technically involved analyses to 

determine taxonomic identity. The tooth similarity creates a taxonomic problem when 

deciding on a taxon name to asign to such fragmentary fossils. Because gomphotheres are 

more closely related to mammoths than they are to mastodons, the appropriate rank to 

apply should be parvorder Proboscidea as a group that encompasses both mastodons and 

gomphotheres. Unfortunately, Proboscidea also includes mammoths; so by applying such 

a high rank to a fossil tooth fragment the resolution of the identification is reduced to a 

point where it is not very informative. The simplest formal way to impart the fact that the 

fossil is from a non-Mammuthus proboscidean is to use two taxon names exclusive of 

mammoths but inclusive of the range of potentially correct identifying nomina. Partly for 

that reason, the taxon 'Gomphotheriidae or Mammutidae' was added by Jefferson (1999) 

to the ABD faunal list, replacing some records previously identified solely as 

'Mammutidae,' 'Mammut,' or 'mastodon.' 

A detailed but concise quantification was provided by McDaniel and Jefferson 

(2006:127) with a brief diagnosis of proboscideans recovered from the ABD. They cited 

"numerous cheek tooth fragments that exhibit thick enamel, often curved with an exterior 

surface and not like that found in Mammuthus tooth plates, have been referred to 

"Gomphotheriidae or Mammutidae," plus a single specimen of "Gomphotherium sp.," 

ABDSP 2204/V409, distal alveolar area of right and left I2 (upper tusks), and the single 

"Stegomastodon sp.," ABDSP(LACM) 1111/V1582, discussed above. Thus, currently, 
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"Gomphotheriidae or Mammutidae," "Gomphotherium sp.," and "Stegomastodon sp." are 

well supported, described, and vouchered ABD taxa. All other taxonomically related 

nomina and nomenclatural formats within the families Gomphotheriidae and 

Mammutidae should be retired from the ABD faunal list, with the following exception. 

One ABD specimen is identified on the ABDSP-LACM 2007 Specimens database 

table (Table 2.1) as Rhynchotherium; ABDSP 2499/V6814, right ectocuneiform, ~95% 

complete. According to the database record, the recently collected specimen was 

identified in 2005 by G. T. Jefferson in consultation with Pleistocene vertebrate 

specialists Shelley Cox and Chris Shaw of the George C. Page Museum (Rancho La 

Brea). This specimen has yet to be described in publication, but the taxon should be 

added to the ABD faunal list as unverified. 

 

FAMILY ELEPHANTIDAE GRAY, 1921:305 

Publication Chronology of ABD Taxa 

"mastodon, mammoth, or gomphothere" McDaniel and Jefferson, 1999a:61 (referral of 

one distinct specimen to taxon, without catalogue number or description) 

"Mammuthus sp." Miller et al., 1988a:41 (first published ABD record) 

"Mammuthus columbi" Remeika, 1992: table 1 (first published ABD record) 

"M.[ammuthus] imperator" Remeika, 1992: table 1 (first published ABD record)  

"Mammuthus meridionalis" McDaniel and Jefferson, 1999a:61 (referral of three distinct 

specimens to taxon, without catalogue number or description) 
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"a late stage of Mammuthus meridionalis, comparable to the Bacton Stage of Maglio 

(1973)" McDaniel and Jefferson, 1999a:61 (first published ABD record)  

"a very late evolutionary stage of Mammuthus meridionalis" McDaniel and Jefferson, 

1999b:1 (addition of 'very') 

"an early evolutionary stage of Mammuthus imperator" McDaniel and Jefferson, 1999b:1 

(first published ABD record) 

"Archidiskodon meridionalis" McDaniel and Jefferson, 2003a:86 (first published ABD 

record) 

"Mammuthus columbi (=Mammuthus imperator)" McDaniel and Jefferson, 2003a:86 

(synonymy based on Agenbroad, 2003) 

comparable to Archidiskodon meridionalis meridionalis" McDaniel and Jefferson, 

2003c:88 

Retained ABD Taxa 

Mammuthus columbi 

Mammuthus meridionalis 

Retired ABD Taxa 

Archidiskodon meridionalis 

Archidiskodon meridionalis meridionalis 

Mammuthus imperator, an early evolutionary stage of Mammuthus imperator 
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Taxonomic Narrative 

The discovery of ABD "Mammuthus sp." was first noted on the 1979 in-house list 

(Miller?, ABD list). According to the ABDSP-LACM 2007 Specimens database table 

(Table 2.1), the first ABD mammoth material, collected in 1975 from the Borrego 

Badlands, included specimens ABDSP(IVCM) 178/V788 and V789, including a partial 

tusk and three partial cheek teeth. Specimen V789, partial m3, was described by Jefferson 

and Remeika (1994, 1995) and subsequently renumbered as V788.03. The belated 

discovery of such an important late Neogene taxon (over 20 years after the first survey by 

Downs, almost 35 years after the first collections by Garbani, and 40 years after the first 

intensive collection of ABD fossils by Hazen) was due, in part, to an increase in field 

survey work by George Miller's volunteer paleontologists in the Borrego Badlands. 

Mammoth remains are abundant there, relative to the stratigraphically older, mammoth-

depauperate VCFC section where Downs' crews and Garbani did most of their field 

work. As an example of the difference of focus between the two paleontology programs, 

between 1972 and 1988 the Miller (IVCM) crews discovered mammoth material at 25 

localities in the Borrego Badlands and one locality in the Coyote Badlands, while the 

Downs crews, between 1954 and 1982, discovered mammoth material at one locality in 

the Borrego Badlands and one in the VCFC section. 

The taxon 'Mammuthus' was noted by Kurtén and Anderson (1980) explicitly for 

its absence from the VCFC section. Two species were added to the ABD faunal list, 

"Mammuthus columbi" and "Mammuthus imperator" on the 1984-1987 in-house list 

(Miller?, ABD list). The first published positive reference to 'Mammuthus' in the ABD 
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(Borrego local fauna) was in a series of locally published abstracts and short reports on 

the 'Miller mammoth,' ABDSP(IVCM) 1277/V5126, especially regarding the appearance 

of suggested anthropogenic 'half-a-million year old cutmarks' on several of the bones 

(Miller et al., 1988a, 1988b, 1989, 1991; Parks et al., 1989; and see above). The cause of 

the marks was refuted in a brief presentation and abstract by McDaniel and Jefferson 

(1997). Later, in an internal CDD report, they provided a detailed description of each 

element of the 'Miller mammoth,' including selected measurements, figures and a 

taphonomic reconstruction of the locality, concluding, in part; "After detailed study, 

including analyses of SEM [scanning electron microscope] images, what initially were 

proposed as possible human cut marks by Miller et al. (1991), now are seen as carnivore 

bite-and-glide marks" (McDaniel and Jefferson, 1999b:24). 

Two species of ABD mammoths were reported by Remeika (1992: table 1), as 

"Mammuthus imperator" and "M. columbi" (Table 3.12). The observation was made by 

Jefferson and Remeika (1994, 1995) that the two ABD mammoth species occurred in the 

ABD (Borrego local fauna) in sediments of equivalent age, around 1.0 Ma. That 

observation was supported by citations of multiple dating methods constraining the 

stratigraphic context of the fossils and multiple catalogued specimens, including 

complete mandibles of each of the species represented, one of which is the mandible 

from the 'Miller mammoth,' V5126. The other mandible is catalogued as ABDSP(IVCM) 

964/V4056 (see Chapter 2, Fossil Morphology Physically Enhanced, Masked, or 

Otherwise Altered). The co-occurrence of two mammoth species in the ABD was a 

driving factor in the research begun by Remeika and Jefferson and subsequently 

expanded by McDaniel and Jefferson, because the phylogenetic lineage, as understood at 
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the time, recognized M. imperator as the direct antecedent to M. columbi, in the 

"morphologic transition from M. meridionalis through M. imperator to M. columbi" 

(Jefferson and Remeika, 1994:89, 1995:104). A result of the extended proboscidean study 

was a short announcement (McDaniel and Jefferson, 1997:35) of the reassignment of the 

'Miller mammoth' to "M. meridionalis" (Table 3.12). 

Another aspect of the ABD proboscidean study was a reexamination of the 

various hypotheses regarding the timing of immigration and phylogenetic relationships of 

mammoths entering North America from Asia. The two ABD mammoth taxa were 

described by McDaniel and Jefferson (1999b:1, 2003b:239), based on the evolutionary 

stage of the fossil specimens correlated to two hypothetical immigrant lineages; a 1.8 Ma 

dispersal of M. meridionalis, and a 1.2 Ma dispersal of "M. imperator—M. columbi—M. 

jeffersoni" lineage, derived from the Eurasian M. armeniacus. The previously identified 

ABD 'M. imperator' specimens (including the 'Miller mammoth') and 'M. columbi' 

specimens (Jefferson and Remeika, 1994, 1995) were reassigned by McDaniel and 

Jefferson (1999b:1-2, 2003b:239), respectively to "a late [also very late] evolutionary 

stage of M. meridionalis" and "an early evolutionary stage of M. imperator" (Table 3.12). 

In association with the 3rd International Mammoth Conference, the ABD 

specimen ('Miller mammoth') previously identified as Mammuthus meridionalis was 

referred to Archidiskodon meridionalis (McDaniel and Jefferson, 2003a) and declared 

comparable to Archidiskodon meridionalis meridionalis (McDaniel and Jefferson, 

2003c). In concurrence with a recent analysis by Agenbroad (2003) Mammuthus 

imperator was synonymized with Mammuthus columbi as conspecific, the latter having 

publication priority over the former (McDaniel and Jefferson, 2003a). 
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Brief diagnoses, descriptions, and tooth measurements were provided by 

McDaniel and Jefferson (2006) for eight catalogued ABD mammoth specimens (20 

measured teeth). Six of the specimens were identified as Mammuthus meridionalis (14 

total teeth). One of the eight specimens is a partial Stegomastodon tooth and was 

inadvertently listed as Mammuthus meridionalis (see discussion below). The remaining 

six teeth were identified as Mammuthus columbi (Table 3.12). The latter six teeth were 

from the same specimens previously described by McDaniel and Jefferson (1999b) as M. 

imperator, V4214 and V4260. 

 All but two of the measured 'mammoth' specimens were recovered from the 

Borrego Badlands. Those two specimens, "ABDSP(LACM) 1114/V17114 [sic should be 

1111/ V17144]" and "ABDSP(LACM 4937/V122526," both from the VCFC section, 

were assigned to "M. meridionalis" (McDaniel and Jefferson, 2006:127 and table 3). The 

first of the two specimens was incorrectly included on the list. This is the same specimen 

cited in the previous section as Stegomastodon, tooth fragments, with corrected locality 

and specimen numbers of ABDSP(LACM) 1111/V17144 (see Chapter 2, Specimen and 

Locality Numbers Misreported). 

The other VCFC M. meridionalis specimen, ABDSP(LACM) 4937/V122526, is 

the only verified record of mammoth in the VCFC section. As such, it is one of the most 

important ABD specimens yet recovered, owing to biochronologic implications of its 

taxonomic identity and the stratigraphic position of the locality (about 1.25 Ma, near the 

Blancan-Irvingtonian boundary, sensu Bell et al., 2004b). The specimen consists of three 

distinct fragments of a cheek tooth, including enamel and dentine. The largest fragment is 

about 5 cm long and 2 cm thick, showing dentine sandwiched between two enamel plates. 
350 

 
 

 
 



 

The mammoth tooth fragments (V122526) from the VCFC were referred by McDaniel 

and Jefferson (2006: table 3) to Mammuthus meridionalis, based on enamel thickness of 

3.5 mm. 

Three records of Mammuthus were cited by Cassiliano (2006) as coming from the 

VCFC. That citation was derived from McDaniel and Jefferson (1999a), "Three localities 

in the VCFC have produced molar fragments referred to Mammuthus meridionalis" (see 

Chapter 2, Unsupported Resurrection of Retired Taxa). The three records include the two 

specimens discussed above, V17144 (Stegomastodon) and V122526 (Mammuthus). The 

third VCFC 'Mammuthus' record, ABDSP(LACM) 1356/V17145, is a collection of rib 

fragments, identified on the LACM 1995 Specimens database table (Table 2.1) as 

"Elephantidae," but undiagnosable beyond Proboscidea. The rib fragments are from the 

same locality as a fragmentary right scapula, V3707, previously identified on the LACM 

1995 Specimens database table (Table 2.1) as "Mammutidae." Recently published 

comments regarding the scapula conclude, "It is not referable to Mammuthus, but based 

on morphology, assignment to Gomphotehriidae cannot be excluded" McDaniel and 

Jefferson (2006:127).  

The ABD mammoth taxa include two species, 'Mammuthus columbi' and 

'Mammuthus meridionalis.' Both taxa are well supported by description and diagnosis of 

voucher catalogue specimens, and are currently valid for the ABD faunal list. All other 

mammoth genera and species previously applied to the ABD material should be retired. 
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Summary 

The published, active, and archived records of the mammalian fossils recovered 

from the ABD show a remarkable variation in presentational formats of the various taxa 

reported from the local sediments. The majority of these were minor nomenclatural 

differences and inconsistencies, often representing a single taxon, such as the 

presentation of both the single indeterminate species format (Agenus sp.) and the null 

species format (Agenus), conflation of qualifiers, such that 'cf.' = '?' = 'nr.,' and a 

multiplicity of presentations of the same qualified taxon (e.g., Agenus aspecies ?, ? 

Agenus aspecies, Agenus ? aspecies, Agenus sp. ? aspecies, and Agenus sp. ? A. 

aspecies). 

Many individual ABD fossil specimens are represented by multiple taxonomic 

identifications. These typically were accumulated through years of tentative 

identifications, recorded informally on in-house faunal lists and catalogue documents, 

and ultimately on digital databases. Taxonomic identifications changed through time, as 

the ABD paleofauna were studied in greater detail. Changes also accumulated, owing to 

results of phylogenetic studies and taxonomic reviews performed elsewhere, not related 

to ABD fossils. Formal studies of ABD fossils produced definitive and diagnosed 

identifications in publication. In some cases, a given ABD taxon was studied over a 

period of time and interim publications reported the same catalogued specimens with 

several different taxonomic identifications (e.g., Mammuthus by Remeika and Jefferson, 

1992; McDaniel and Jefferson, 1999b, 2003a, 2003c, and 2006; Mictomys by 

Zakrzewski, 1972; Repenning, 1987, 1992; and Repenning and Grady, 1988; Repenning 
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et al., 1995; Sigmodon by Martin, 1979, 1984, 1986; and Martin and Prince, 1989). 

Periodic publications of compiled taxonomic data of the ABD included combinations of 

in-house faunal lists, identifications recorded on database tables, and published studies of 

ABD fossils. The taxa listed on those compilations also changed through time (e.g. the 

ABD vertebrate list by Remeika et al., 1995; Jefferson, 1996, 2001; Jefferson and 

Lindsay, 2006 appendix; and the VCFC mammal range chart by Downs and White, 1968; 

Cassiliano, 1994, 1999, 2006 appendix). Throughout the historical development of the 

ABD faual list, some taxa were retired from the list as others were added. However, the 

retirement was done in an arbitrary manner, and some names that previously were retired 

either remained on the list or subsequently were reactivated without a supporting 

explanation (e.g., ? Mustela, ? Myotis). 

The comprehensive faunal list of terrestrial Mammalia currently recorded from 

the ABD and revised in this study is presented in two parts, Retained ABD Taxa (Table 

3.13) and Retired ABD Taxa (Table 3.14). The total number of retained, active ABD 

taxonomic names is 110, with 66 unqualified genera, and 46 unqualified species. 

Although 178 taxonomic names and groups of equivalent nomenclatural variations were 

placed on the retired list by this study, the overall totals of taxa remain almost unchanged 

from recent publications (see Table 3.1). Approximately 50% of the retained taxa were 

previously published without voucher catalogue numbers or any description of fossils. 

The rest were presented in publication with a range of informative data, including 

catalogue numbers, lists of skeletal elements, description of specimens, diagnostic 

arguments in support of taxonomic identification, figures, and measurements. Some ABD 

taxon names progressed from informal descriptions, employing descriptive adjectives, to 
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scientific names subsequently altered by synonymy, established elsewhere on non-ABD 

specimens (e.g., the ABD taxon 'slender-limbed camel' was subsequently identified as the 

genus 'Tanupolama,' which, in turn, was synonymized under 'Hemiauchenia'). Other 

names were originally incorrectly assigned and the final taxon name is entirely unrelated 

to the original (e.g., specimens originally identified as wolverine, Gulo, were reidentified 

as a raccoon, Procyon, and a tentatively identified badger, cf. Taxidea taxus). Still other 

taxon names had no catalogue number or fossil associated with it (e.g., Martes). In some 

cases a retired taxon is probably present in the ABD collection (e.g., Megalonyx 

leptostomus). However, because no catalogued specimens are so identified, the taxon is 

currently considered a local taxon vanum, until specific catalogued fossils are identified 

to that taxon. 

As long as the search for fossils in the ABD continues, the ABD faunal list will 

continue as a work-in-progress. Paleontological, phylogenetic, and taxonomic work 

unrelated to the ABD always has the potential to affect the contents of the ABD faunal 

list. Periodic updates and checks of the list are necessary to keep it current, both with 

local discoveries and the general advancement of paleontology. The protocol utilized in 

this study is a prototype, and is a first attempt to include all informal and formal 

taxonomic data applicable to the ABD fossils. Relevant publications were undoubtedly 

missed, as well as internal data. Those may be incorporated into the protocol as they are 

discovered. The protocol itself will undergo developmental changes, and should be a 

useful tool for improving the ABD fossil data. 
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TABLE 3.1. Total number of ABD fossil mammal taxa in prior ABD faunal lists. 
 
Citation Geographic-

Stratigraphic Area 
Taxa of All 

Designations 
Distinct 

Genera 
Unqualified 

Species 

Downs and White LACM in-house list 
(1966 VCFC list) 

VCFC 54 34 1 

Downs and White (1968: fig. 2) VCFC 53 46 1 

Cassiliano (1994: plate 2) VCFC 91 67 19 

Remeika et al. (1995) ABD 134 80 45 

Cassiliano (1999: fig. 4) VCFC 98 67 45 

Jefferson and Lindsay (2006 appendix: 
table 3) 

ABD 104 77 46 

Cassiliano (2006 appendix: table 5) VCFC 99 66 45 
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TABLE 3.2. Taxonomic history of ABD Neotomini from 1965 to 2006. Published and in-
house references to taxonomic identifications of VCFC Neotomini specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Downs and White in-

house list, 1965 
Downs and 

White, 
1966 

Downs and 
White in-
house list, 
1977 

Zakrzewski, 
1993 

Remeika et al., 
1995 

Cassiliano, 
1999 

White et al., 2006

Neotoma sp. -- 
Woodrat seemingly 
related to N. 
albigula, N. lepida, 
or N. mexicana 

      

Neotoma sp. -- A 
species distinct from 
the above 

      

 Neotoma sp. 
A 

Neotoma (cf. 
Hodomys) 
sp. 'A' 

 Neotoma 
(Hodomys) 
sp. (A) 

 Neotoma 
(Parahodomys) 
sp. A 

 Neotoma sp. 
B 

Neotoma (cf. 
Hodomys) 
sp. ''B' 

 Neotoma 
(Hodomys) 
sp. (B) 

 Neotoma 
(Parahodomys) 
sp. B 

? Nelsonia sp. -- 
Pygmy Woodrat-like 
cricetid 

   Nelsonia sp. Repomys sp. Repomys sp. 

   Neotoma sp. b    

   Neotoma sp. c    

   Neotoma sp. e    

     Neotoma 
(Hodomys) 
sp. 

 

      Neotoma 
(Paraneotoma) 
sp. 
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TABLE 3.3. Taxonomic history of ABD Sigmodon from 1965 to 1979. Published and in-
house references to taxonomic identifications of VCFC Sigmodon specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Downs and 

White 
(1965) 

Downs and 
White (1965 
VCFC list) 

Downs and 
White 
(1966) 

Downs and 
White 
(1966 
VCFC list)

Downs and 
White 
(1968) 

Downs and 
White (1968 
VCFC list) 

Martin 
(1979) 

A small 
Sigmodon 
near S. 
intermedius 
from the 
Rexroad and 
S. medius 
from the 
Benson 

Sigmodon  
near S. medius 

from the 
Benson, 
Arizona 

Sigmodon cf. 
medius 

Sigmodon sp. 
A 

Sigmodon sp. 
'A' 

Sigmodon sp. 
'A' Cotton 
Rat small 
size 

Sigmodon 
medius 
medius 

 Sigmodon 
sp.—a 
Cotton Rat 
of 
intermediate 
size 

Sigmodon of 
intermediate 
size 

Sigmodon sp. 
B 

Sigmodon sp. 
'B' 

Sigmodon sp. 
'B' Cotton 
Rat of 
intermediate 
size 

cf. 
Sigmodon 
medius 

 Sigmodon 
sp.—Cotton 
Rat the size 
of S. 
hispidus 

 Sigmodon sp. 
C 

Sigmodon sp. 
'C' 

Sigmodon sp. 
'C' Cotton 
Rat of the 
size of S. 
hispidus 

cf. 
Sigmodon 
curtisi 
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TABLE 3.4 Taxonomic history of ABD Sigmodon from 1979 to 2008. Published and in-
house references to taxonomic identifications of VCFC Sigmodon specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Martin (1979) Martin (1984) Martin (1986) Martin and 

Prince 
(1989) 

Cassiliano 
(1999) 

Jefferson and 
Lindsay 
(2006) 

Cassiliano 
(2006) 

this study 
(2008) 

Sigmodon 
medius 
medius 

Sigmodon 
medius 

Sigmodon 
minor 
medius 

Sigmodon 
minor 

Sigmodon 
minor 

Sigmodon 
medius 
and/or 
Sigmodon  
minor 

Sigmodon 
minor 

Sigmodon 
minor 
medius 

cf. Sigmodon 
medius 

Sigmodon 
medius 

Sigmodon 
minor 
medius 

Sigmodon 
minor 

Sigmodon 
minor 

Sigmodon 
medius 
and/or 
Sigmodon 
minor 

Sigmodon 
minor 

Sigmodon 
minor 
medius 

cf. Sigmodon 
curtisi 

cf. Sigmodon 
curtisi 

Sigmodon 
curtisi 

Sigmodon 
lindsayi 

Sigmodon 
lindsayi 

Sigmodon 
curtisi and 
Sigmodon 
lindsayi 

Sigmodon 
lindsayi 

Sigmodon 
lindsayi
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TABLE 3.5. Occurrences of Dipodomys in the Hueso Formation by locality number, 
based on Cunningham (1984). All localities are ABDSP(LACM). 

 
Taxon Locality 

1114 
Locality 
1437 

Locality 
1461 

Locality 
1513 

Locality 
1615 

Locality 
6583 

Locality 
68141 

Dipodomys compactus present present present  present present present 

Dipodomys cf. D. 
compactus 

   present    

Dipodomys hibbardi  present  present  present  

Dipodomys cf. D. hibbardi      present  

Dipodomys cf. D. minor      present  

Dipodomys n. sp. A present present present  present present present 

Dipodomys n. sp. B.  present      
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TABLE 3.6. Camel taxa from the 1984-1987 in-house faunal list (Miller?, ABD list). 
 
Common Descriptive Name Scientific Name 

Early Dromedary Camelopine  Camelops huerfanensis 

American Camelopine  Camelops sp. 

Large Camelopine  Megatylopus sp. 

Giant Camel  Gigantocamelus sp. 

Giraffe Camel  Altocamelus [sic, Alticamelus] sp. 

Gigantic long-limbed Camel  Titanotylopus sp. 

Slender-limbed Camel  

Llama-like small Camelid  Tanupoloma [sic, Tanupolama] sp. 

Blanco Llama  Hemiauchenia blancoensis 

Small Llama-like Camel  Hemiauchenia macrocephala 

Giraffe-like Camel  Blancocamelus sp. 

Western Camel  Camelops hesternus 
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TABLE 3.7. Taxonomic history of ABD Equidae from 1965 to 1968. Published and in-
house references to taxonomic identifications of VCFC Equidae specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Downs and White (1965 

VCFC list) 
Downs and White 

(1966 VCFC list)
Downs and White (1966) Downs and White 

(1968 VCFC 
list) 

Downs and White 
(1968) 

Equidae sp. Equidae    

Equus—large horse Equus sp. A Equus sp. large; and Equus
(Plesippus) sp. large 

Equus sp.—large 
horse 

Equus, large 

Equus cf. bautistensis—
small horse 

Equus sp. B "a small Equus is closely 
allied to E. bautistensis
of California" 

Equus sp.—small 
horse 

Equus, small  

Pliohippus sp. cf. Pliohippus not mentioned ? Pliohippus sp. ? Equus or 
Pliohippus; 
and ? 
Pliohippus or 
primitive 
Equus 

? Hippidion not listed ? Hippidion ? Hippidion not listed 
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TABLE 3.8. Taxonomic history of ABD Equidae from 1968 to 1981. Published and in-
house references to taxonomic identifications of VCFC Equidae specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Downs and White (1968) Downs and White (1977 VCFC 

list) 
Downs, White, and Miller (1981 VCFC list) 

  Equus sp. indet. 

Equus, large Equus sp. large—large horse Equus (Dolichohippus) large—"zebra" like 

Equus, small  Equus sp. small—small horse Equus (Dolichohippus) small—cf. 
simplicidens 

  Equus (cf. Hemionus)—"half ass" 

  Equus (cf. Asinus)—"Ass" 

  Equus (cf. Equus )—"horse" 

? Equus or Pliohippus; and           
? Pliohippus or primitive 
Equus 

cf. Pliohippus sp. cf. Dinohippus—"pre Equus " 

not listed cf. Hippidion cf. Hippidion—"pre So. American hippidion"
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TABLE 3.9. Taxonomic history of ABD Equidae from 1981 to 1999. Published and in-
house references to taxonomic identifications of VCFC Equidae specimens (columns). 
The chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Downs, White, and Miller (1981 

ABD list) 
Downs and Miller (1994) Cassiliano (1994) Cassiliano (1999) 

Equus sp. indet.  Equus sp. Equus sp. 

Equus (Dolichohippus) large—
"zebra" like 

Equus (Dolichohippus) 
enormis 

Equus (Dolichohippus) 
enormis, Equus (D.) n. sp. 

Equus (Dolichohippus) 
enormis 

  Equus (Dolichohippus) 
simplicidens 

 

Equus (Dolichohippus)      small—
cf. simplicidens 

Equus (Dolichohippus) sp. 
cf. E. (D.) simplicidens

Equus (Dolichohippus) sp. cf.
E. (D.) simplicidens 

  

  Equus (Dolichohippus) sp. Equus (Dolichohippus) sp.

Equus (cf. Hemionus)—"half ass"  Equus (Hemionus) sp. Equus (Hemionus) sp. 

Equus (cf. Asinus)—"Ass"  Equus (Asinus) sp. Equus (Asinus) sp. 

Equus (cf. Equus)—"horse" Equus cf. Equus (Equus) 
species 

Equus (Equus) sp. Equus (Equus) sp. 

cf. Dinohippus—"pre Equus " cf. Dinohippus sp.            
(= Equus or Pliohippus 
of Downs & White, 
1968) 

cf. Dinohippus sp. cf. Dinohippus sp. 

cf. Hippidion—"pre So.  
      American hippidion" 

 not discussed cf. Hippidion sp. cf. Hippidion sp. 

 Equus (Equus) species A  Equus (Equus) species A 

 Equus (Equus) species B   

  Equus francescana  

   Equus sp., E. pacificus ? 
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TABLE 3.10. Taxonomic history of ABD Equidae from 1999 to 2006. Published 
references to taxonomic identifications of VCFC Equidae specimens (columns). The 
chronological development of locally equivalent ABD taxonomic names is displayed 
horizontally (rows). 

 
Cassiliano (1999) Scott (2006); Jefferson and Lindsay (2006) Cassiliano (2006) 

Equus sp.  Equus sp. 

Equus (Dolichohippus)   
enormis 

Equus enormis Equus (Plesippus) enormis 

 Equus scotti   

 Equus (Plesippus) sp. cf. E. (P.) 
simplicidens 

Equus (Plesippus) simplicidens 

Equus (Dolichohippus) sp.  Equus (Plesippus) sp. 

Equus (Hemionus) sp.  Equus (Hemionus) sp. 

Equus (Asinus) sp.  Equus (Asinus) sp. 

Equus (Equus) sp.  Equus (Equus) sp. 

cf. Dinohippus sp. cf. Dinohippus sp. cf. Dinohippus sp. 

cf. Hippidion sp. Hippidion sp. Hippidion sp. 

Equus (Equus) species A Equus (Equus) sp.A (medium-sized horse)  

Equus sp., E. pacificus ?   
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TABLE 3.11. Large mammal specimens previously identified as 'Mammut', 
'Mammutidae,' or 'Mastodontidae' on either the LACM 1995 Specimens database table or 
the ABDSP 1997 Specimens & Localities database table. 

 
Locality/Specimen Number Element Current Identification (reidentified element) 

ABDSP(LACM) 1111/V57447 tooth fragment Gomphotheriidae or Mammutidae 

ABDSP(LACM) 1111/V17144 tooth fragments Stegomastodon sp. (tooth lamellae) 

ABDSP(LACM) 1304/V17434 tooth fragments Gomphotheriidae or Mammutidae 

ABDSP(IVCM) 52/V211 antler Phyllophaga (femur) 

ABDSP(IVCM) 504/V1741  unidentified fragment Proboscidea (ischium shaft) 

ABDSP(IVCM) 537/V1872-1 incisor fragment Gomphotheriidae (tooth I1) 

ABDSP(IVCM) 537/V1872-2 unidentified fragment Gomphotheriidae (fibula head) 

ABDSP(IVCM) 1360/V7625 proximal ulna Hesperotestudo (plastron fragment) 

 ABDSP(IVCM) 1369/V7640 vertebra cervical  Gomphotheriidae (vertebra thoracic fifth) 

 ABDSP(IVCM) 1371/V7645 tooth fragment Proboscidea 
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TABLE 3.12. Taxonomic history of ABD Mammuthus from 1992 to 2006. Published and 
in-house references to taxonomic identifications of VCFC Mammuthus specimens 
(columns). The chronological development of locally equivalent ABD taxonomic names 
is displayed horizontally (rows). 

 
Specimen 

Number 
Remeika, 1992; 

Jefferson and 
Remeika, 
1994 

McDaniel and 
Jefferson, 
1997 

McDaniel and 
Jefferson, 
1999b, 
2003b 

McDaniel and 
Jefferson, 
2003a 

McDaniel and 
Jefferson, 
2003c 

McDaniel and 
Jefferson, 
2006 

V788, 
V4214, 
V5126, 
V6524 

Mammuthus 
imperator 

Mammuthus 
meridionalis

a [very] late 
evolutionary 
stage of 
Mammuthus 
meridionalis

Archidiskodon 
meridionali
s 

comparable to 
Archidiskodon 
meridionalis 
meridionalis 

Mammuthus 
meridionalis

V4056, 
V4260 

Mammuthus 
columbi 

 Mammuthus 
columbi 

 an early 
evolutionary 
stage of 
Mammuthus 
imperator 

Mammuthus 
columbi 

Mammuthus 
columbi 

Mammuthus 
columbi 
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TABLE 3.13. Retained ABD Taxa of terrestrial Mammalia on the active ABD faunal list. 
Confidence Ranks: 1 =  listed on database, no published voucher catalogue number, 
description, or diagnosis, 2 = voucher catalogue number published, no description or 
diagnosis, 3a = voucher catalogue number with description and or figure published, not 
diagnosed or compared, 3b = specimen measured or diagnosed in publication without 
voucher catalogue number, 4 = voucher catalogue number and description, with 
measurement, figure, and or diagnosis published, 5 = holotype or voucher catalogue 
number referred in original publication of holotype. 

 
Active Taxa Original Citation Confidence 

Rank 
Explanation for Confidence 

Assignment 
Authority for Status

Paramylodon 
harlani 

Downs and White, 
1966 as 
'Paramylodon;' 
McDaniel and 
Jefferson, 2001 

3a catalogued specimen(s) figured McDonald, 2006 

Nothrotheriops 
shastensis 

Kurtén and 
Anderson, 1980 

2 catalogued specimen(s) and skeletal 
element published 

this study 

Megalonyx 
jeffersonii 

Remeika and 
Jefferson, 1993 

1 local ABD taxon nudum this study 

Megalonyx wheatleyi Kurtén and 
Anderson, 1980 

3a catalogued specimen(s) figured with 
incorrect species name 
Megalonyx jeffersonii 

McDonald, 2006; 
this study 

Hypolagus edensis White, 1987 4 catalogued specimen(s) referred 
based on emended diagnosis of 
species, and figured; previously 
identified as Pewelagus 
dawsonae White (1984); voucher 
specimen(s) missing 

White, 1987 

Hypolagus vetus White, 1984 4 catalogued specimen(s) referred 
based on emended diagnosis of 
species, and figured 

White, 1987 

Pewelagus 
dawsonae 

White, 1984, 1987 5 original holotype genus and species 
descripton and diagnosis 

White, 1984 

Leporinae, genus 
and species 
indeterminate 

White, 1984 4 catalogued specimen(s) described, 
diganosed, and figured; 
specimens previously identified 
as Lepus callotis, Lepus cf. 
callotis, and Lepus sp. 

Murray et al., in 
review 
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TABLE 3.13 (continued) 
 

Sylvilagus hibbardi White, 1984, 1987 5 original holotype species descripton 
and diagnosis 

White, 1984 

Sylvilagus cf. S. 
floridanus 

White, 1991 4 catalogued specimen(s) described and 
diganosed; specimens previously 
identified as Sylvilagus hibbardi 

White, 1991 

Nekrolagus species Downs and White, 
1968 

4 catalogued specimen(s) described, 
diganosed, and figured 

White, 1984 

? Nekrolagus species Downs and White, 
1968 

4 catalogued specimen(s) described, 
diganosed, and figured 

White, 1984 

Eutamias Downs and White, 
1968 

1 local ABD taxon nudum, generally 
unresolved synonym of Tamias 

current ABDSP 
database 

Spermophilus Cassiliano, 1994 1 local ABD taxon nudum current ABDSP 
database 

Castor Cassiliano, 1994 2 catalogued specimen(s) and skeletal 
element published 

this study 

Baiomys Downs and White, 
1968, as '? 
Baiomys' 

2 catalogued specimen(s) and skeletal 
element published 

this study 

Neotoma sp. b 
(Zakrzewski, 
1993) 

Zakrzewski, 1993 3b brief description, measurements, no 
catalogue numbers provided 

Zakrzewski, 1993 

Neotoma sp. c 
(Zakrzewski, 
1993) 

Zakrzewski, 1993 3b brief description, measurements, no 
catalogue numbers provided 

Zakrzewski, 1993 

Neotoma sp. e 
(Zakrzewski, 
1993) 

Zakrzewski, 1993 3b brief description, measurements, no 
catalogue numbers provided 

Zakrzewski, 1993 

Repomys Jefferson and 
Lindsay, 2006 

2 taxon altered from ? Nelsonia, based 
on biochronology; partial 
catalogued specimen(s) and 
skeletal element published 

this study 

Calomys 
(Bensonomys) 

Cassiliano, 1994 1 local ABD taxon nudum current ABDSP 
database 

Onychomys Downs and White, 
1968 

1 local ABD taxon nudum current ABDSP 
database 
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TABLE 3.13 (continued) 
 
Reithrodontomys Downs and White, 

1968 
1 local ABD taxon nudum current ABDSP 

database 

Peromyscus Downs and White, 
1968 

1 local ABD taxon nudum current ABDSP 
database 

Sigmodon lindsayi Martin and Prince, 
1989 

5 original holotype species descripton 
and diagnosis; implicitly includes 
local ABD Sigmodon cf. curtisi 

Martin and Prince, 
1989; this study

Sigmodon minor Martin, 1986, Martin 
and Prince, 1989 

4 synonymy of catalogued specimen(s) 
originally measured, described, 
and diagnosed by Martin (1979) 
as cf. Sigmodon medius; as a 
temporal subspecies, Sigmodon 
minor medius includes those 
ABD specimens previously 
referred to cf. Sigmodon medius 

Martin, 1986 

Sigmodon minor 
medius 

Martin, 1986 4 synonymy of catalogued specimen(s) 
originally measured, described, 
and diagnosed by Martin (1979) 
as Sigmodon medius medius; as a 
temporal subspecies, Sigmodon 
minor medius includes those 
ABD specimens previously 
referred to Sigmodon medius 
medius 

Martin, 1986 

Arvicolinae Musser and Carleton, 
2005; this study 

4 reassessment of subfamily 
Arvicolinae, not based on ABD 
specimens, implicitly includes 
the ABD 'Microtine, gen. and sp. 
indet.' sensu stricto of 
Zakrzewski, 1972, as he based 
the taxon on similarity to three 
genera currently included in 
Arvicolinae, Pliophenacomys, 
Phenacomys, and Ophiomys 

Musser and 
Carleton, 2005; 
this study 

Mimomys (Cosomys) Jefferson and 
Lindsay, 2006 

2 catalogued specimen(s) listed in PhD 
dissertation; probably referrable 
to Ophiomys parvus 

current ABDSP 
database; this 
study 

Ophiomys parvus Repenning, 1998 2 catalogued number referred in 
publication 

Repenning, 1998 
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TABLE 3.13 (continued) 
 
'Lasiopodomys' 

morphotype 
Repenning, 1992 4 catalogued specimen(s) described, 

diganosed, and figured 
Murray et al., in 

review 

Microtus with five 
closed triangles 

Bell et al., 2004 4 catalogued specimen(s) described, 
diganosed, and figured; 
originally identified as 'Microtus 
californicus?' (Zakrzewski, 1972) 

Murray et al., in 
review 

Microtus meadensis 
(= Terricola or 
Pitymys of 
others) 

Bell et al., 2004 4 catalogued specimen(s) described, 
diganosed, and figured; 
originally identified as 'Terricola 
meadensis' (Repenning, 1992) 

Murray et al., in 
review 

Ondatra idahoensis Repenning, 1992 1 local ABD taxon nudum this study 

Mictomys vetus Repenning, 1992 5 catalogued specimen(s) described, 
diagnosed, and figured in 
original publication of holotype 
species Synaptomys 
(Metaxyomys) anzaensis 
(Zakrzewski, 1972); 
synonymized under Mictomys 
vetus 

Repenning, 1987, 
1992, 1998; 
Repenning et al., 
1995 

Geomys 
(Nerterogeomys) 
anzensis 

Becker and White, 
1981  

5 original holotype species descripton 
and diagnosis 

Becker and White, 
1981  

Geomys 
(Nerterogeomys) 
garbanii 

White and Downs, 
1961; Becker and 
White, 1981  

5 original holotype species descripton 
and diagnosis; plus subsequent 
emended diagnosis and addition 
of subgenus (Nerterogeomys) 

White and Downs, 
1961; Becker 
and White, 1981 

Thomomys Becker and White, 
1981  

2 catalogued specimen(s) referrred in 
publication without description 
or diagnosis 

this study 

Dipodomys 
compactus 

Cunningham, 1984 4 catalogued specimen(s) described, 
diagnosed, figured in Master's 
thesis 

Cunningham, 1984 

Dipodomys hibbardi Cunningham, 1984 4 catalogued specimen(s) described, 
diagnosed, figured in Master's 
thesis 

Cunningham, 1984 

Dipodomys sp. cf. D. 
minor 

Cunningham, 1984 4 catalogued specimen(s) described, 
diagnosed, figured in Master's 
thesis 

Cunningham, 1984 
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TABLE 3.13 (continued) 
 
Dipodomys new 

species A 
Cunningham, 1984 5 original holotype species description 

and diagnosis in Master's thesis; 
not formally named or published 

Cunningham, 1984 

Dipodomys new 
species B 

Cunningham, 1984 5 original holotype species description 
and diagnosis in Master's thesis; 
not formally named or published 

Cunningham, 1984 

? Microdipodops sp. Cassiliano, 1994 1 local ABD taxon nudum current ABDSP 
database 

Perognathus Downs and White, 
1968 

1 local ABD taxon nudum current ABDSP 
database 

Perognathus/ 
Chaetodipus sp. 
A 

Gensler, 2002 4 catalogued specimen described, 
diagnosed, and figured in 
Master's thesis 

Gensler, 2002 

Perognathus/ 
Chaetodipus sp. 
A 

Gensler, 2002 4 catalogued specimen described, 
diagnosed, and figured in 
Master's thesis 

Gensler, 2002 

Erethizon 
bathygnathum 

Frazier, 1981 5 review and synonymy of holotype 
material of Coendou stirtoni 

Frazier, 1981 

Felidae (smaller than 
Felis concolor or 
Miracinonyx and 
larger than Felis 
[Lynx] rufus) 

Jefferson, 1999 2 catalogued elements mentioned 
without catalogue numbers, 
refers to Miocene age taxon 

Jefferson, 1999 

Felis rexroadensis Werdelin, 1985 4 catalogued specimen(s) described, 
diagnosed, and measured 

Werdelin, 1985 

Felis (size of Felis 
rexroadensis) 

this study 1 local ABD taxon nudum this study 

Felis (smaller than 
Felis [Lynx] 
rufus) 

Murray, this study 2 catalogued specimen(s) referrred 
without description or diagnosis 
in PhD dissertation 

this study 

Felis (size of Felis 
(Lynx) rufus 

Remeika, 1992, as 
'Felis (Lynx) 
rufus' 

1 local ABD taxon nudum this study 
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TABLE 3.13 (continued) 
 
Miracinonyx 

inexpectatus 
Shaw and Cox, 2006 3b skeletal elements listed without 

description or diagnosis; 
unpublished notes including 
catalogue number(s), partial 
diagnosis, and measurements on 
file at SRC 

Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Panthera onca Cassiliano, 1994, as 
'Panthera sp. cf. 
P. onca' 

3b skeletal elements listed without 
description or diagnosis; 
unpublished notes including 
catalogue number(s), partial 
diagnosis, and measurements on 
file at SRC 

Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Smilodon gracilis Downs and White, 
1968, as 
'Smilodon cf. 
gracilis' 

3b skeletal elements listed without 
description or diagnosis; 
unpublished notes including 
catalogue number(s), partial 
diagnosis, and measurements on 
file at SRC 

Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Borophagus 
diversidens 

Downs and White, 
1966, as 
'Borophagus;' 
Cassiliano, 1999 

3b skeletal elements listed with figure 
and without description or 
diagnosis; unpublished notes 
including catalogue number(s), 
partial diagnosis, and 
measurements on file at SRC 

Wang et al., 1999; 
Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Canis (size of 
modern Canis 
latrans and Canis 
lepophagus) 

 1 local ABD taxon nudum Murray, 2006a; this 
study 

Canis 
edwardii/Canis 
priscolatrans 

Kurtén and 
Anderson, 1980, 
as 'Canis 
priscolatrans' 

2 catalogued specimen(s) identified by 
B. Taylor, not published 

Tedford et al., 2001; 
Nowak, 2002; 
Murray, 2006a; 
this study 

Canis (size of 
modern Canis 
lupus) 

Cassiliano, 1994 2 catalogued specimen(s) identified 
informally, with detailed notes, 
and measurements on file at SRC 

Shaw and Cox, 
2006; this study

Urocyon Downs and White, 
1968 

2 catalogued specimen(s) referred 
without description or diagnosis 
in PhD dissertation 

Murray, 2006a; this 
study 
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TABLE 3.13 (continued) 
 
Arctodus simus Remeika, 1992, 

Scott, 1992 
3b skeletal elements listed with figure 

and without description or 
diagnosis; unpublished notes 
including catalogue number(s), 
partial diagnosis, and 
measurements on file at SRC 

Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Tremarctos 
floridanus 

Kurtén and 
Anderson, 1980 

3b skeletal elements listed with figure 
and without description or 
diagnosis; unpublished notes 
including catalogue number(s), 
partial diagnosis, and 
measurements on file at SRC 

Shaw and Cox, 
2006; Shaw 
notes, 2006, on 
file at SRC 

Taxidea taxus Downs and White, 
1968, as 'cf. 
Taxidea;' 
Remeika and 
Jefferson, 1993 

2 catalogued specimen(s) referrred 
without description or diagnosis 
in PhD dissertation 

Murray, 2006a; this 
study 

Spilogale Downs, 1957 2 catalogued specimen(s) referrred 
without description or diagnosis 
in PhD dissertation 

Murray, 2006a; this 
study 

Trigonictis 
macrodon 

Anderson, 1984 2 catalogued specimen(s) referrred 
without description or diagnosis 
in PhD dissertation 

this study 

Satherium 
piscinarium 

Anderson, 1984 2 catalogued specimen(s) referrred 
without description or diagnosis 
in PhD dissertation; ID based, in 
part, on biochronology and local 
biostratigraphy 

this study 

Bassariscus casei Anderson, 1984 2 catalogued specimen(s) and skeletal 
element published 

Murray and 
Jefferson, 1996 

Nasua sp. Cassiliano, 1994, as 
'cf. Nasua sp.' 

2 catalogued specimen(s) and skeletal 
element published 

Murray and 
Jefferson, 1996; 
Murray 2006a; 
this study 

Procyon sp. cf. P. 
rexroadensis 

Anderson, 1984, as 
'Procyon 
rexroadensis' 

2 catalogued specimen(s) and skeletal 
element published 

Murray and 
Jefferson, 1996 

Scapanus malatinus Hutchison, 1987 5 original holotype species descripton 
and diagnosis 

Hutchison, 1987 
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TABLE 3.13 (continued) 
 
Notiosorex Downs and White, 

1968 
1 local ABD taxon nudum current ABDSP 

database 

Sorex Downs and White, 
1968 

1 local ABD taxon nudum current ABDSP 
database 

Anzanycteris 
anzensis 

White, 1969 5 original holotype genus and species 
descripton and diagnosis 

White, 1969 

cf. Anzanycteris sp. White, 1969 5 tentatively referred with original 
holotype genus descripton and 
diagnosis 

White, 1969 

Platygonus Downs and White, 
1968, as 'cf. 
Platygonus' 

4 catalogued specimen(s) described and 
diagnosed in PhD dissertation 

this study 

Blancocamelus 
meadei 

 3a catalogued specimen(s) figured; 
species assignment based on 
current monotypy 

Webb et al., 2006 

Camelops Downs and White, 
1968 

4 catalogued specimen(s) described, 
diagnosed, and figured 

Webb et al., 2006 

Camelops hesternus Remeika, 1992 1 local ABD taxon nudum Webb et al., 2006; 
this study 

Camelops minidokae Jefferson, 2001 1 local ABD taxon nudum Webb et al., 2006; 
this study 

Hemiauchenia 
blancoensis 

Kurtén and 
Anderson, 1980 

1 local ABD taxon nudum Webb et al., 2006; 
this study 

Hemiauchenia 
macrocephala 

Cassiliano, 1994, as 
Hemiauchenia 
sp., cf. H. 
macrocephala 

1 local ABD taxon nudum Webb et al., 2006; 
this study 

Hemiauchenia vera Jefferson, 2001 3a catalogued specimen(s) figured Webb et al., 2006 

a fourth, yet 
undescribed, 
form of 
Hemiauchenia 

Jefferson, 1999, as 
'Lamini (llama 
with metapodials 
more gracile than 
Hemiauchenia 
macrocephala)' 

3a catalogued specimen(s) figured and 
identified to genus 
'Hemiauchenia' 

Webb et al., 2006 

Paleolama Jefferson, 2001 3a catalogued specimen(s) figured Webb et al., 2006 
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TABLE 3.13 (continued) 
 
Gigantocamelus 

spatula 
Downs and Woodard, 

1962, as '? 
Gigantocamelus;' 
Jefferson, 2001 

4 catalogued specimen(s) described, 
diagnosed, and figured; species 
assignment based on current 
monotypy 

Webb et al., 2006 

Capromeryx 
arizonensis 

ABDSP 1997 
Specimens & 
Localities 
database table 

2 unpublished catalogued specimen(s) 
identified informally by Richard 
White 

current ABDSP 
database 

cf. Stockoceros sp. Gensler, 2002 4 catalogued specimen(s) described, 
diagnosed, and figured in 
Master's thesis 

Gensler, 2002 

Antilocapra Murray, 2006b 1 local ABD taxon vanum this study 

Tetrameryx Murray, 2006b 4 catalogued specimen(s) described and 
diagnosed in PhD dissertation, 
previously figured (Murray 
2006b); ID based, in part, on 
biochronology 

this study 

Odocoileini (in the 
size range of 
modern 
Odocoileus spp.) 

this study 2 catalogued specimens(s) described 
without taxonomic assignment in 
PhD dissertation 

this study 

Odocoileini (larger 
than modern 
Odocoileus spp.) 

this study 2 catalogued specimens(s) described 
without taxonomic assignment in 
PhD dissertation 

this study 

Odocoileus 
cascensis (2b) 
variety Frick, 
1937 

Frick, 1937 5 variety 2b included with original 
description of holotype species 
Odocoileus cascensis 

Frick, 1937 

Cervus  Cassiliano, 1994 1 local ABD taxon nudum current ABDSP 
database 

Ovibovini Remeika and 
Jefferson, 1993 

4 catalogued specimen(s) described, 
diagnosed, and figured in PhD 
dissertation 

this study 

cf. Dinohippus sp. Downs and Miller, 
1994 

4 catalogued specimen(s) described, 
diagnosed, figured, and measured 

Downs and Miller, 
1994 

Equus enormis Downs and Miller, 
1994; Scott, 2006 

5 ABD subgenus (Dolichohippus) 
retired; taxon assigned to original 
holotype specimen of Equus 
(Dolichohippus) enormis 

Scott, 2006 
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TABLE 3.13 (continued) 
 
Equus cf. 

francescana 
Cassiliano, 1994 1 local ABD taxon nudum current ABDSP 

database 

Equus sp., ? E. 
pacificus 

Remeika et al., 1995 2 one unpublished catalogued specimen 
identified informally by Morris 
Skinner 

current ABDSP 
database; this 
study 

Equus (Equus) 
species A 

Downs and Miller, 
1994 

4 catalogued specimen(s) described, 
diagnosed, figured, and 
measured; subgeneric assignment 
should remain tentative 

Scott, 2006 

Equus (Equus) 
species B 

Downs and Miller, 
1994 

4 catalogued specimen(s) described, 
diagnosed, figured, and 
measured; subgeneric assignment 
should remain tentative 

Scott, 2006 

Equus cf. Equus 
(Equus) species 

Downs and Miller, 
1994 

4 catalogued specimen(s) described, 
diagnosed, figured, and 
measured; subgeneric assignment 
should remain tentative 

Scott, 2006 

Equus (Plesippus) 
sp. cf. E. (P.) 
simplicidens 

Scott, 2006 4 reidentified from original catalogued 
specimen(s) described, 
diagnosed, figured, and measured 
as Equus (Dolichohippus) sp. cf. 
E. (D.) simplicidens (Downs and 
White, 1994)  

Scott, 2006 

cf. Hippidion sp. Downs and White, 
1966 as '? 
Hippidion;'   

4 catalogued specimen(s) described, 
diagnosed, figured 

MacFadden and 
Skinner, 1979 

Tapirus merriami Jefferson, 1989 4 catalogued specimen(s) described, 
diagnosed, figured, and measured 

Jefferson, 1989 

Gomphotheriidae or 
Mammutidae 

Jefferson, 1999 3a catalogued specimen(s) described McDaniel and 
Jefferson, 2006 

Gomphotherium Jefferson, 2001 4 catalogued specimen(s) described, 
diagnosed, and measured 

McDaniel and 
Jefferson, 2006 

Rhynchotherium current ABDSP 
database 

2 unpublished catalogued specimen(s) 
identified informally by George 
Jefferson, Chris Shaw, and 
Shelley Cox, 2005 

current ABDSP 
database 

Stegomastodon Downs, 1957 as 'cf. 
Stegomastodon;' 
Howard, 1963 

4 catalogued specimen(s) described, 
diagnosed, and measured 

McDaniel and 
Jefferson, 2006 
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TABLE 3.13 (continued) 
 
Mammuthus columbi Remeika, 1992 4 catalogued specimen(s) described, 

diagnosed, and measured 
McDaniel and 

Jefferson, 2006 

Mammuthus 
meridionalis 

McDaniel and 
Jefferson, 1999a 

4 catalogued specimen(s) described, 
diagnosed, and measured 

McDaniel and 
Jefferson, 2006 
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TABLE 3.14. Retired ABD Taxa of terrestrial Mammalia removed from the active ABD 
faunal list. Confidence Ranks: 0 = no specimen listed on database; I = incorrect spelling; 
S = original taxon altered owing to reidentification of catalogued specimens or local or 
general synonymization of taxon; P = taxon is possibly present. 
 

Retired Taxa Original Citation Confidence Rank Explanation for 
Confidence 
Assignment 

Authority for Status 

Edentata Downs, 1957 S Edentata synonymized 
under Xenarthra, not 
based on ABD 
specimens 

Wetzel, 1985; Kraft, 
1995 

Glossotherium sp. Remeika, 1992 0 local ABD taxon vanum this study 

Glossotherium' 
chapadmalense 

McDonald, 2006 P local ABD taxon vanum, 
possibly present 

this study 

Nothrotherium, ? 
Nothrotherium, cf. 
Nothrotherium 

Downs and White, 
1966 

S North American 
Nothrotherium placed 
in genus 
Nothrotheriops, not 
based on ABD 
specimens 

Couto, 1971 

Megalonyx jeffersoni 
[sic, incorrect 
spelling] 

Jefferson, 2001 I incorrect spelling of 
species nomen 
jeffersonii 

this study 

Megalonyx leptostomus McDonald, 2006 P local ABD taxon vanum, 
possibly present 

this study 

Megalonyx mathisi McDonald, 2006 P local ABD taxon vanum, 
possibly present 

this study 

Pliometanastes McDonald, 2006 P local ABD taxon vanum, 
possibly present 

this study 

Archaeolagine, n. g. Downs and White, 
1968 

S formally named as new 
genus and species 
Pewelagus dawsonae 

White, 1984 

Aztlanolagus agilis White, 1991 0 local ABD taxon vanum; 
inaccurate plot in 
stratigraphic range 
chart (White, 1991) 

Murray et al., in 
review; this study

Hypolagus regalis, 
Hypolagus cf. 
regalis 

Downs and White, 
1966 

S implied reidentification 
as Hypolagus vetus 

White, 1984 
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TABLE 3.14 (continued) 
 
Sylvilagus audubonii Remeika and 

Jefferson, 1993 
0 local ABD taxon vanum this study 

Sylvilagus floridanus, 
Sylvilagus near 
floridanus  

Downs and White, 
1966 

S taxon retired by naming 
of new species 
Sylvilagus hibbardi; 
subsequently 
reactivated as 
Sylvilagus cf. S. 
floridanus (White, 
1991) 

White, 1984 

Lepus, cf. Lepus, Lepus 
sp. 

Downs and Woodard, 
1962 

P local ABD taxon vanum, 
possibly present 

Murray et al., in 
review 

Lepus callotis, Lepus 
sp. cf. L. callotis  

Lundelius et al., 1987 S reidentified as Leporinae, 
genus and species 
indeterminate 

Murray et al., in 
review 

Lepus californicus, 
Lepus sp. cf. L. 
californicus  

Remeika, 1992 0 local ABD taxon vanum; 
original ID based on 
modern specimen and 
biogeography 

Murray et al., in 
review 

Nekrolagus n. sp. Downs and White, 
1968 

0 local ABD taxon vanum this study 

Nekrolagus progressus, 
Nekrolagus sp. ? N. 
progressus 

Remeika et al., 1995 0 local ABD taxon vanum this study 

Ammospermophilus 
leucurus 

Remeika and 
Jefferson, 1993 

0 local ABD taxon vanum; 
original ID based on 
modern specimen and 
biogeography 

this study 

Tamias sp. Cassiliano, 2006 P generally unresolved 
synonym of 
Eutamias; possibly 
present 

Thorington and 
Hoffman, 2005 
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TABLE 3.14 (continued) 
 
Spermophilus 

(Otospermophilus) 
sp. 

White et al., 2006 P local ABD taxon vanum; 
possibly  present 

this study 

Subfamily Cricetinae  Downs, 1957 S local taxon vanum; 
genera previously 
assigned to Cricetinae 
(e.g., Simpson, 1945) 
were reassigned, in 
part, to Neotominae 
and Sigmodontinae, 
not based on ABD 
specimens 

Musser and Carleton, 
2005 

Nelsonia, ? Nelsonia Downs and White, 
1966 

0 local taxon vanum; 
reidentified as 
Repomys based on 
biochronology 

White et al., 2006 

Neotoma sp. A Downs and White, 
1966 

S local ABD taxon vanum; 
no catalogue numbers 
associated with taxon; 
implicitly locally 
equivalent to 
Neotoma (Hodomys) 
sp. A and Neotoma 
(Parahodomys) sp. A 

this study 

Neotoma lepida Remeika and 
Jefferson, 1993 

0 local ABD taxon vanum; 
original ID based on 
modern specimen and 
biogeography 

this study 

Neotoma (Hodomys) 
sp. 

Cassiliano, 1999 S local ABD taxon vanum; 
subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma 
(Parahodomys) sp. 

this study 

 
 
 
 
 
 
 
 
 
 
 



 
 

381 
 
 

TABLE 3.14 (continued) 
 
Neotoma (Hodomys) 

sp. A 
Remeika et al., 1995 S local ABD taxon vanum; 

subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma sp. A and 
Neotoma 
(Parahodomys) sp. A 

this study 

Neotoma sp. B Downs and White, 
1966 

S local ABD taxon vanum; 
no catalogue numbers 
associated with taxon; 
implicitly locally 
equivalent to 
Neotoma (Hodomys) 
sp. B and Neotoma 
(Parahodomys) sp. B 

this study 

Neotoma (Hodomys) 
sp. B 

Remeika et al., 1995 S local ABD taxon vanum; 
subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma sp. B and 
Neotoma 
(Parahodomys) sp. B 

this study 

Neotoma (Hodomys) 
sp. c 

Cassiliano, 1999 S local ABD taxon vanum; 
subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma sp. c 

this study 

Neotoma (Hodomys) 
sp. e 

Cassiliano, 1999 S local ABD taxon vanum; 
subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma sp. e  

this study 
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TABLE 3.14 (continued) 
 
Neotoma 

(Parahodomys), 
Neotoma 
(Parahodomys) sp. 

White et al., 2006; 
Jefferson and 
Lindsay, 2006 

P local ABD taxon vanum; 
subgenus not verified; 
implicitly locally 
equivalent to 
Neotoma (Hodomys) 
sp.; possibly present 

White et al., 2006; 
this study 

Neotoma 
(Parahodomys) sp. 
A 

Jefferson and Lindsay, 
2006 

S local ABD taxon vanum; 
subgenus not verified; 
no catalogue numbers 
associated with taxon; 
implicitly locally 
equivalent to 
Neotoma sp. A and 
Neotoma (Hodomys) 
sp. A 

this study 

Neotoma 
(Parahodomys) sp. 
B 

Jefferson and Lindsay, 
2006 

S local ABD taxon vanum; 
subgenus not verified; 
no catalogue numbers 
associated with taxon; 
implicitly locally 
equivalent to 
Neotoma sp. B and 
Neotoma (Hodomys) 
sp. B 

this study 

Neotoma 
(Paraneotoma), 
Neotoma 
(Paraneotoma) sp. 

White et al., 2006; 
Jefferson and 
Lindsay, 2006 

P local ABD taxon vanum; 
subgenus not verified; 
no catalogue numbers 
associated with taxon; 
possibly present 

White et al., 2006; 
this study 

Bensonomys Downs and White, 
1968 

S genus reduced to 
subgenus rank as 
Calomys 
(Bensonomys), not 
based on ABD 
specimens 

Cassiliano, 1994, 
2006 

Peromyscus 
maniculatus 

Remeika and 
Jefferson, 1993 

0 local ABD taxon vanum this study 
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TABLE 3.14 (continued) 
 
"Sigmodon … three 

species which are 
small, medium, and 
large in size"  

Downs and White, 
1968 

S implicity locally 
equivalent to 
Sigmodon minor, 
Sigmodon minor 
medius, and 
Sigmodon lindsayi 

Martin, 1986; Martin 
and Prince, 1989

Sigmodon curtisi, 
Sigmodon cf. 
Sigmodon curtisi; 
cf. Sigmodon curtisi 

Martin, 1979 S implicitly locally 
equivalent to 
Sigmodon lindsayi 

Cassiliano, 1999; this 
study 

Sigmodon medius Kurtén and Anderson, 
1980 

S explicitly generally 
equivalent to 
Sigmodon minor 

Martin, 1986 

Sigmodon cf. medius, 
cf. Sigmodon 
medius 

Downs and White, 
1966; Martin, 
1979 

S explicitly generally 
equivalent to 
Sigmodon minor 

Martin, 1986 

Sigmodon medius 
medius 

Martin, 1979 S explicitly generally 
equivalent to 
Sigmodon minor 
medius 

Martin, 1986 

Sigmodon medius, 
subspecies 
indeterminate 

Martin, 1979 S explicitly locally 
equivalent to 
Sigmodon minor 

Martin, 1986 

Sigmodon medius 
and/or Sigmodon 
minor 

Jefferson and Lindsay, 
2006 

S explicitly locally 
equivalent to 
Sigmodon minor 

Martin, 1986 

Sigmodon "A" Downs and White, 
1968 

S implicitly locally 
equivalent to 
Sigmodon minor 
medius 

this study 

Sigmodon "B" Downs and White, 
1968 

S explicitly locally 
equivalent to cf. 
Sigmodon medius; 
implicitly locally 
equivalent to 
Sigmodon minor 
medius 

Martin, 1979; this 
study 
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TABLE 3.14 (continued) 
 
Sigmodon "C" Downs and White, 

1968 
S implicitly locally 

equivalent to 
Sigmodon lindsayi 

this study 

a small Sigmodon near 
S.intermedius from 
the Rexroad and 
Sigmodon medius 
from the Benson 

Downs and White, 
1965 

S implicitly locally 
equivalent to 
Sigmodon minor 
medius 

this study 

Sigmodon of 
intermediate size 

Downs and White, 
1966 

S implicitly locally 
equivalent to 
Sigmodon minor 
medius 

this study 

Sigmodon hispidus Remeika and 
Jefferson, 1993 

0 local taxon vanum this study 

Sigmodon cf. 
intermedius 

Downs and White, 
1966 

S implicitly locally 
equivalent to 
Sigmodon minor 
medius 

this study 

Microtine, gen. & sp. 
indet., Family 
Cricetidae, Gen. et 
sp. indet. 
(microtine) 

Zakrzewski, 1972 S reassessment of 
subfamily 
Arvicolinae, not based 
on ABD specimens, 
implicitly includes the 
ABD 'Microtine, gen. 
and sp. indet.' sensu 
stricto of Zakrzewski, 
1972, as he based the 
taxon on similarity to 
three genera currently 
included in 
Arvicolinae, 
Pliophenacomys, 
Phenacomys, and 
Ophiomys 

Musser and Carleton, 
2005; this study 

Mimomys parvus, 
Mimomys sp. cf. M. 
parvus 

Repenning, 1992 S general reidentification of 
Mimomys parvus as 
Mimomys (Ophiomys) 
parvus, not based on 
ABD specimens 

Repenning et al., 
1995 
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TABLE 3.14 (continued) 
 
Mimomys (Ophiomys) 

parvus, Mimomys 
(Ophiomys) sp. cf. 
M. (O.) parvus 

Repenning et al., 1995 S general reidentification of 
Mimomys 
(Ophiomys) parvus as 
Ophiomys parvus, not 
based on ABD 
specimens 

Repenning, 1998 

Lasiopodomys 
deceitensis, 
Lasiopodomys sp. 
cf. L. deceitensis 

Cassiliano, 1994 S local ABD taxon vanum; 
local taxon 
reidentified as 
'Lasiopodomys' 
morphotype 

this study 

Microtus deceitensis Cassiliano, 2006 S local ABD taxon vanum; 
locally equivalent to 
'Lasiopodomys' 
morphotype 

this study 

Microtus californicus, 
Microtus 
californicus?, 
Microtus sp. ? M. 
californicus, 
Microtus sp. cf. M. 
californicus 

Zakrzewski, 1972 S catalogued specimen(s) 
reidentified as 
Microtus with five 
closed triangles, 
'Lasiopodomys' 
morphotype, and 
Arvicolinae, gen. et 
sp. indet. 

Murray et al., in 
review 

Pitymys meadensis Remeika et al., 1995 S implicitly locally 
equivalent to 
Microtus meadensis 

Murray et al., in 
review 

Terricola Repenning, 1992 S implicitly locally 
equivalent to 
Microtus [meadensis] 

Murray et al., in 
review 

Terricola meadensis Repenning, 1992 S implicitly locally 
equivalent to 
Microtus meadensis 

Murray et al., in 
review 

Pliopotamys Cassiliano, 1997 0 local taxon vanum this study 

Pliopotamys minor Remeika et al., 1995 0 local taxon vanum this study 

Metaxiomys [sic, 
incorrect spelling] 
anzaensis  

Repenning et. al, 1995 I incorrect spelling of 
subgenus nomen 
(Metaxyomys) 

this study 

Metaxyomys Zakrzewski, 1972 S subgenus suppressed, not 
based on ABD 
specimens 

Repenning and 
Grady, 1988 
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TABLE 3.14 (continued) 
 
Mictomys anzaensis Repenning and Grady, 

1988 
S synonymized under 

Mictomys vetus 
Repenning, 1992 

Mictomys anzensis [sic, 
incorrect spelling]  

Cassiliano, 1997 I incorrect spelling of 
species nomen 
anzaensis,synonymize
d under Mictomys 
vetus 

Repenning, 1992 

Synaptomys anzaensis Remeika et al., 1995 S synonymized under 
Mictomys vetus 

Repenning, 1987, 
1992, 1998; 
Repenning et al., 
1995 

Synaptomys 
(Metaxomys) [sic, 
incorrect spelling] 

Repenning, 1987 I incorrect spelling of 
subgenus nomen 
(Metaxyomys); 
subgenus suppressed; 
synonymized under 
genus Mictomys 

Repenning and 
Grady, 1988 

Synaptomys 
(Metaxyomys) 
anzaensis 

Zakrzewski, 1972 S synonymized under 
Mictomys vetus 

Repenning, 1987, 
1992, 1998; 
Repenning et al., 
1995 

Subgenus (Mictomys) Repenning, 1987 S ABD subgenus 
(Metaxyomys) 
reassigned to 
subgenus (Mictomys) 

Repenning, 1987 

Synaptomys (Mictomys) 
anzaensis 

Jefferson and Lindsay, 
2006 

S out-of-date subgenus 
nomen, ABD taxon 
previously 
synonymized under 
Mictomys vetus 

Repenning, 1992 

Geomys, a new species White and Downs, 
1959 

S informal designation, 
implicitly replaced by 
holotype description 
of Geomys garbanii 

White and Downs, 
1961 

Thomomys bottae Remeika et al., 1995 0 local taxon vanum; 
original ID based on 
modern specimen and 
biogeography 

this study 
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TABLE 3.14 (continued) 
 
Dipodomys minor Cunningham, 1984, as 

'Dipodomys sp. cf. 
D. minor;' 
Cassiliano, 1999 

S implicitly locally 
equivalent to qualified 
ABD taxon 
Dipodomys sp. cf. D. 
minor 

this study 

Etadonomys Kurtén and Anderson, 
1980 

S synonymized under 
Prodipodomys, not 
based on ABD 
specimens 

Zakrzewski, 1981 

Prodipodomys, 
Prodipodomys 
sp.,?Prodipodomys 

Downs and White, 
1966 

S reidentified locally as 
Dipodomys new 
species B and 
Dipodomys sp. cf. D. 
minor in Master's 
thesis 

Cunningham, 1984 

Prodipodomys or 
Etadonomys 

White, 1965 S Etadonomys 
synonymized under 
Prodipodomys, not 
based on ABD 
specimens; ABD 
Prodipodomysreidenti
fied locally as 
Dipodomys new 
species B and 
Dipodomys sp. cf. D. 
minor in Master's 
thesis 

Zakrzewski, 1981 
and Cunningham, 
1984 

Perognathus hispidus, 
Perognathus nr. P. 
hispidus, 
Perognathus sp. 
(seemingly of the P. 
hispidus group) 

Remeika et al., 1995 P local ABD taxon vanum; 
possibly present 

this study 

Coendou, Coendou sp., 
cf. Coendou 

Downs and White, 
1966 

S reidentified locally as 
Erethizon 

Frazier, 1981 

Coendou bathygnathum Cassiliano, 1994 S synonym of Erethizon 
bathygnathum, not 
originally based on 
ABD specimens 
(White, 1968, 1970) 

Frazier, 1981 
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TABLE 3.14 (continued) 

Coendou stirtoni White, 1968, 1970 S synonymized under 
Erethizon 
bathygnathum 

Frazier, 1981 

Erethizon stirtoni Cassiliano, 1999 0 informal synonym of 
Coendou stirtoni 
unsupported by 
argument, previously 
reidentified as 
Erethizon 
bathygnathum 
(Frazier, 1981) 

this study 

Family Caviidae this study 0 local ABD taxon vanum this study 

Hydrochoerus, 
Hydrochoerus sp. 

Cassiliano, 1994 0 local ABD taxon vanum this study 

Acinonyx, Acinonyx sp. Jefferson and Tejada-
Flores, 1995 

S local ABD taxon 
reidentified as 
Miracinonyx 

Shaw and Cox, 2006; 
this study 

Acinonyx sp., cf. A. 
inexpectatus 

Cassiliano, 1999 S local ABD taxon 
reidentified as 
Miracinonyx 
inexpectatus 

Shaw and Cox, 2006; 
this study 

Felis concolor, Felis 
sp. cf. Felis 
concolor 

Remeika and 
Jefferson, 1993 

0 local ABD taxon vanum Shaw and Cox, 2006; 
this study 

Felis(Puma) concolor Cassiliano, 1999 0 local ABD taxon vanum Shaw and Cox, 2006; 
this study 

Homotherium sp. Remeika et al., 1995 0 local ABD taxon vanum Shaw and Cox, 2006; 
this study 

Lynx, Lynx sp. Cassiliano, 1994 P implicitly locally 
equivalent to Felis 
(Lynx); possibly 
present 

this study 

Lynx rufus, Lynx sp. cf. 
Lynx rufus 

Cassiliano, 1994 P implicitly locally 
equivalent to Felis 
(Lynx) sp. cf. F. (L.) 
rufus; possibly 
present 

this study 

pseudaelurine felid, 
pseudalurine [sic] 
felid 

McDaniel and 
Jefferson, 2006 

S Pseudaleurinae 
synonymized under 
Felinae 

McKenna and Bell, 
1997; this study 
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TABLE 3.14 (continued) 
 
Smilodon californicus Remeika, 1992 0 local ABD taxon vanum Shaw and Cox, 2006; 

this study 

Smilodon fatalis Remeika and 
Jefferson, 1993 

0 local ABD taxon vanum Shaw and Cox, 2006; 
this study 

Chasmoparthetes 
ossifragas 

Shaw and Cox, 2006 P local ABD taxon vanum; 
possibly present 

Shaw and Cox, 2006

Canis, large Downs and White, 
1968 

S implicitly locally 
equivalent to Canis 
(size of modern Canis 
lupus) 

Murray, 2006a; this 
study 

medium Canis Murray, 2006a S implicitly locally 
equivalent to Canis 
edwardii/Canis 
priscolatrans 

Murray, 2006a; this 
study 

Canis, small Downs and White, 
1968 

S implicitly locally 
equivalent to modern 
Canis latrans and 
Canis lepophagus 

Murray, 2006a; this 
study 

Canis armbrusteri Jefferson and Lindsay, 
2006 

P implicitly locally 
equivalent to Canis 
(size of modern Canis 
lupus); possibly 
present 

Shaw and Cox, 2006; 
this study 

Canis dirus, Canis sp. 
cf. C. dirus 

Remeika, 1992 P implicitly locally 
equivalent to Canis 
(size of modern Canis 
lupus); possibly 
present 

Shaw and Cox, 2006; 
this study 

Canis latrans Nowak, 1979 P implicitly locally 
equivalent to Canis 
(size of modern Canis 
latrans); possibly 
present 

Murray, 2006a; this 
study 

Canis lepophagus Kurtén and Anderson, 
1980 

P implicitly locally 
equivalent to Canis 
(size of modern Canis 
latrans); possibly 
present 

Murray, 2006a; this 
study 
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TABLE 3.14 (continued) 
 
Canis lupus, Canis sp. 

near C. lupus 
Cassiliano, 1994 P implicitly locally 

equivalent to Canis 
(size of modern Canis 
lupus); possibly 
present 

Shaw and Cox, 
2006; this study 

Urocyon 
cinereoargenteus 

Murray, 2006a P local ABD taxon vanum; 
possibly present 

Murray, 2006a; this 
study 

Urocyon sp. ? U. 
progressus 

Jefferson and Lindsay, 
2006 appendix  

P local ABD taxon vanum; 
possibly present 

Murray, 2006a; this 
study 

Vulpes, Vulpes sp., ? 
Vulpes sp. 

Cassiliano, 1994 0 local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Murray, 2006a; this 
study 

Tremarctos n. sp. Downs and White, 
1968  

0 local ABD taxon vanum; 
not associated with 
any catalogued ABD 
specimen 

Shaw and Cox, 2006 
(by omission); 
this study 

Ursus, Ursus sp., cf. 
Ursus sp.  

Remeika and 
Jefferson, 1993 

S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Shaw and Cox, 
2006; this study 

Ursus americanus, cf. 
U. americanus, cf. 
U. americanus 

Remeika et al., 1995 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Shaw and Cox, 
2006; this study 

Gulo, Gulo sp., cf. Gulo 
sp., ? Gulo sp. 

 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Murray, 2006a; this 
study 

Martes sp.  0 local ABD taxon vanum Murray, 2006a; this 
study 
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TABLE 3.14 (continued) 
 
Mustela, ? Mustela sp. Downs and White, 

1968 
S local ABD taxon vanum; 

catalogued 
specimen(s) 
reidentified as other 
taxa 

Murray, 2006a; this 
study 

Mustela frenata, 
Mustela sp. cf. M. 
frenata 

 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Murray, 2006a; this 
study 

? Pliotaxidea sp. Cassiliano, 1994 0 local ABD taxon vanum  

Spilogale putorius, 
Spilogale sp. cf. S. 
putorius 

Remeika et al., 1995 0 local taxon vanum Murray, 2006a; this 
study 

Spilogale rexroadi Murray, 2006a 0 local taxon vanum Murray, 2006a; this 
study 

Lontra Anderson, 1984 S implicitly locally 
equivalent to 
Satherium; 
replacement of genus 
Lutra based on 
phylogentic studies 
elsewhere, not based 
on ABD specimens 

this study 

Lutra canadensis, cf. 
Lutra canadensis, 
Lutra (Lontra) 
canadensis 

Cassiliano, 1999 S implicitly locally 
equivalent to 
Satherium 
piscinarium; 
reidentification from 
original ID as 
'Satherium' based on 
general biochronology 
and local (inaccurate) 
biostratigraphy 
(Anderson, 2004) 

this study 

Procyon lotor Remeika et al., 1995 P implicitly locally 
equivalent to Procyon 
sp. cf. rexroadensis; 
possibly present 

this study 
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TABLE 3.14 (continued) 
 
Hesperoscalops Downs and White, 

1966, as 
'Hesperoscalopus 
[sic]' 

0 local ABD taxon vanum this study 

? Hesperoscalopus [sic, 
incorrect spelling] 

Downs and White, 
1966, as 
'Hesperoscalopus 
[sic]' 

I local ABD taxon vanum; 
incorrect spelling of 
genus nomen 
Hesperoscalops 

this study 

Soricidae (large shrew) Downs, 1957 S implicitly locally 
equivalent to Sorex 

this study 

Soricidae (small shrew) Downs, 1957 S implicitly locally 
equivalent to 
Notiosorex 

this study 

Notiosorex jacksoni, 
Notiosorex, near N. 
jacksoni,  

Kurtén and Anderson, 
1980 

0 local ABD taxon vanum this study 

Notisorex [sic, incorrect 
spelling] near N. 
jacksoni 

 I local ABD taxon vanum; 
incorrect spelling of 
genus nomen 
Notiosorex 

this study 

Myotis, ? Myotis, ? 
Myotis sp. 

Downs and White, 
1968 

S explicitly locally 
equivalent to 
Anzanycteris anzensis 

Opdyke et al., 1977 

Order Primates Miller et al., 1988, as 
'early hominid' 

0 local ABD taxon vanum McDaniel and 
Jefferson, 1997, 
1999b; current 
ABDSP database

Hominidae, early 
hominid 

Miller et al., 1988, as 
'early hominid' 

0 local ABD taxon vanum McDaniel and 
Jefferson, 1997, 
1999b; current 
ABDSP database

Platygonus vetus Remeika et al., 1995 0 local ABD taxon vanum current ABDSP 
database 

Platygonus spp. Jefferson and Lindsay, 
2006 appendix 

0 local ABD taxon vanum current ABDSP 
database 
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TABLE 3.14 (continued) 
 
Mylohyus, Mylohyus sp. Cassiliano, 1994 S local ABD taxon vanum; 

catalogued voucher 
specimen reidentified  
locally as Platygonus 

this study 

Camelidae sp., gigantic 
long-limbed camel 

Downs, 1957 S local ABD taxon vanum; 
reidentified locally as 
Blancocamelus 
meadei 

Webb et al., 2006 

Blancocamelus meadi 
[sic, meadei] 
(incorrect spelling) 

Jefferson, 2001 I incorrect spelling of 
species nomen meadei 

this study 

Camelops huerfanensis Remeika, 1992 0 local ABD taxon vanum this study 

Tanupolama, ? 
Tanupolama 

Downs, 1957 S general synonymization 
of genus Tanupolama 
under Hemiauchenia, 
not based on ABD 
specimens 

Webb, 1974 

Titanotylopus, 
Titanotylopus sp., 
cf. Titanotylopus 

Downs and White, 
1968 

S local ABD taxon vanum; 
reidentified locally as 
Gigantocamelus 
spatula 

Webb et al., 2006 

Titanotylopus sp. cf. T. 
nebraskensis 

Jefferson, 2001 0 local ABD taxon vanum Webb et al., 2006 

Megatylopus Remeika et al., 1995 0 local ABD taxon vanum Webb et al., 2006 

Navahoceros Kurtén and Anderson, 
1980 

S local ABD taxon vanum; 
catalogued voucher 
specimen reidentified 
locally as Odocoileini 

this study 

Navahoceros new 
species 

Kurtén and Anderson, 
1980 

S local ABD taxon vanum; 
catalogued voucher 
specimen reidentified 
locally as Odocoileini 

this study 

Odocoileus hemionus, 
Odocoileus sp. cf. 
O. hemionus 

Kurtén and Anderson, 
1980 

0 local ABD taxon vanum this study 

Odocoileus virginianus, 
Odocoileus sp. cf. 
O. virginianus 

Jefferson and Lindsay, 
2006 

1 local ABD taxon nudum this study 
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TABLE 3.14 (continued) 
 
Cervus elaphus Remeika et al., 1995 0 local ABD taxon vanum this study 

Ovibovinae indet. Cassiliano, 2006 S local ABD taxon vanum; 
general 
synonymization under 
Ovibovini, not based 
on ABD specimens 

Simpson, 1945; 
McKenna and 
Bell, 1997; this 
study 

Euceratherium, ? 
Euceratherium, 
Euceratherium sp., 
? Euceratherium sp. 

Downs, 1957 S local ABD taxon vanum; 
locally reidentified as 
Ovibovini and 
Bovidae 

this study 

Ovibos Remeika, 1992 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

this study 

Ovibos moschatus Remeika, 1992 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

this study 

Ovis, ? Ovis sp. Cassiliano, 1994 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

this study 

Ovis sp. cf. O. 
canadensis 

Cassiliano, 1994 0 local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

this study 

Dinohippus, 
Dinohippus sp. 

Cassiliano, 1994 S local ABD taxon vanum; 
implicitly locally 
equivalent to cf. 
Dinohipppus 

this study 

Equus, large, Equus sp. 
large 

Downs and White, 
1966 

S implicitly locally 
equivalent to Equus 
enormis 

Downs and White, 
1966; Downs and 
Miller, 1994; 
Scott, 2006 
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TABLE 3.14 (continued) 
 
Equus, small Downs and White, 

1968 
S implicitly locally 

equivalent to Equus 
(Plesippus) sp. cf. E. 
(P.) simplicidens 

Downs and White, 
1966; Downs and 
Miller, 1994; 
Scott, 2006 

a small Equus is closely 
allied to E. 
bautistensis of 
California 

Downs and White, 
1966 

S implicitly locally 
equivalent to Equus 
(Plesippus) sp. cf. E. 
(P.) simplicidens 

Downs and White, 
1966; Downs and 
Miller, 1994; 
Scott, 2006 

Equus bautistensis Remeika, 1992 S local ABD taxon vanum; 
implicitly locally 
equivalent to Equus 
(Plesippus) sp. cf. E. 
(P.) simplicidens 

Downs and White, 
1966; Downs and 
Miller, 1994; 
Scott, 2006 

Equus occidentalis Bowers, 1901 0 local ABD taxon vanum; 
species shown to be 
invalid, not based on 
ABD specimens 

Miller, 1971; 
Winans, 1989; 
Scott, 2004 

Equus scotti Jefferson and Lindsay, 
2006 

0 local ABD taxon vanum; 
probably present in 
the ABD 

this study 

Equus scotti group Winans, 1989 0 local ABD taxon vanum; 
no catalogue number 
associated with taxon 
on any database 

Scott, 2006 

Equus (Asinus or 
Hemionus) sp. 

Remeika et al., 1995 S local ABD taxon vanum; 
local Equus subgenus 
suppressed 

Scott, 2006 

Equus (Asinus), Equus 
(Asinus) sp. 

Cassiliano, 1994 0 local ABD taxon vanum; 
local Equus subgenus 
suppressed 

this study 

Equus (Dolichohippus), 
Equus 
(Dolichohippus) sp. 

Remeika, 1992 S local ABD taxon vanum; 
ABD subgenus 
(Dolichohippus) 
retired 

Scott, 2006 
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TABLE 3.14 (continued) 
 
Equus (Dolichohippus) 

enormis 
Downs and Miller, 

1994 
S subgenus removed from 

original holotype 
name 

Scott, 2006 

Equus enormuus, 
Equus 
(Dolichohippus) 
enormuus 

Remeika, 1992 I incorrect Latin ending for 
species nomen 
enormis; ABD 
subgenus 
(Dolichohippus) 
retired; implicitly 
locally equivalent to 
Equus enormis 

this study 

Equus (Dolichohippus) 
sp. cf. E. (D.) 
simplicidens 

Remeika, 1992 S subgenus reidentified as 
Plesippus 

Scott, 2006 

Equus (Equus), Equus 
(Equus) sp. indet., 
Equus (Equus) sp. 

Cassiliano, 1994 S implicitly locally 
equivalent to Equus 
cf. Equus (Equus) 
species 

this study 

Equus hemionus, Equus 
? E. hemionus, 
Equus sp. ? E. 
hemionus 

Remeika, 1992 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Scott, 2006 

Equus (Hemionus), 
Equus (Hemionus) 
sp., Equus (? 
Hemionus) sp. 

Cassiliano, 1994 S local ABD taxon vanum; 
local (Hemionus) 
subgenus suppressed 

Scott, 2006 

Equus (Plesippus) 
enormis 

Cassiliano, 2006 0 local ABD taxon vanum; 
subgenus (Plesippus) 
not applicable to 
Equus enormis 

Scott, 2006 

? Equus or Pliohippus Downs and White, 
1968 

S local ABD taxon vanum; 
reidentified as cf. 
Dinohippus 

Downs and Miller, 
1994 

Pliohippus Kurtén and Anderson, 
1980 

S local ABD taxon vanum; 
reidentified as cf. 
Dinohippus 

Downs and Miller, 
1994 

 
 
 
 
 
 



 
 

TABLE 3.14 (continued) 
 
Tapirus haysii Jefferson, 1986 S local ABD taxon vanum; 

reidentified as 
Tapirus merriami 

Jefferson, 1989 

Family Mammutidae  S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Jefferson, 2003; 
McDaniel, 2006 

Mammut, Mammut sp. Cassiliano, 1994 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Jefferson, 2003; 
McDaniel, 2006 

Mammut americanum, 
Mammut sp. ? M. 
americanum, 
Mammut sp., cf. M. 
americanum 

Remeika et al., 1995 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

Jefferson, 2003; 
McDaniel, 2006 

Cuvieronius sp., ? 
Cuvieronius 

Cassiliano, 1994 S local ABD taxon vanum; 
catalogued 
specimen(s) 
reidentified as other 
taxa 

this study 

Cuvieronius sp. or 
Stegomastodon sp. 

Remeika et al., 1995 S local ABD taxon vanum 
(in part); implicity 
locally equivalent to 
Stegomastodon 

 

Archidiskodon 
meridionalis 

McDaniel and 
Jefferson, 2003a 

S local ABD taxon vanum; 
implicity locally 
equivalent to 
Mammuthus 
meridionalis 

McDaniel and 
Jefferson, 2006 

Archidiskodon 
meridionalis 
meridionalis 

McDaniel and 
Jefferson, 2003c 

S local ABD taxon vanum; 
implicity locally 
equivalent to 
Mammuthus 
meridionalis 

McDaniel and 
Jefferson, 2006 

Mammuthus imperator Remeika, 1992 S local ABD taxon vanum; 
generally 
synonymized under 
Mammuthus columbi 
(Agenbroad, 2003), 
not based on ABD 
specimens 

this study 
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Chapter 4: Data Display and Practical Applications of GIS 

 

"Plain upon plain leads up and out to the horizon - far as the eye can see - in 

undulations of gray and gold; ridge upon ridge melts into the blue of the distant sky in 

lines of lilac and purple; fold upon fold over the mesas the hot air drops its veiling of opal 

and topaz" ("The Desert," Van Dyke, 1903:43). 

Introduction 

Visual displays of locality and specimen field data aid in the explanation and 

understanding of how the gathering and interpretation of that information is affected by 

geography, geology, stratigraphy, and topography. Data recording and display technology 

utilized in the ABD developed over a 50 year period from mechanical and analogue to 

electronic and digital. The unique character of the VCFC section was recognized quickly 

and a unique method was designed to display the data obtained with mechanical and 

analogue techniques. After 40 years the original display methodology was no longer a 

viable tool for clarifying or answering many of the questions and problems associated 

with the VCFC fossils. Digitization of locality and specimen data and presentation of 

those data in GIS maps provide new and informative ways of analyzing and interpreting 

them.  
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Data display 

Remote Techniques for Mapping of Stratigraphy and Fossil Localities—Of 

the several exposed fossiliferous areas within the ABD, the VCFC section provides the 

most consistently coherent aerial aspect of stratigraphic layering and relationship of the 

sedimentary beds. This visual aspect is readily captured in aerial photographs and 

satellite imagery. Textural and color differences in lithology and resistance to erosion of 

the separate layers enhance the visual effect naturally (e.g., in aerial photographs), and 

may be used to increase the effect digitally by contrast and color adjustments (e.g., in 

Adobe© Photoshop). 

The ABD was photographed in the 1940s and 1950s from stable aerial platforms 

(airplanes; see Appendix A). The resultant aerial photographs were utilized by the LACM 

and IVCM field parties as field maps, on which they recorded fossil localities and other 

data. The aerial photographs were also used to map the geology (Woodard, 1963, 1974; 

Winker, 1987; and Remeika, ca. 1995 for Borrego Badlands, on file at SRC). Individual 

beds and bedding horizons were traced on the aerials and used to establish a detailed 

biostratigraphy of the section (handwritten protocol dated 21 March 1990, signed "T. 

Downs," photocopy on file at SRC). 

With the adoption of GPS (Global Positioning System) and GIS (Geographic 

Information Systems) technology in the 1990s, the CDD (including ABDSP) began 

recording ground coordinate data digitally (e.g., drainages, trails, roads, plant 

distribution) and displaying the results on satellite images. Previously published and 

unpublished geology maps of the ABD were digitized in the early 2000s. New geology 
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maps and data from ongoing field studies are continuously added to the ABDSP GIS 

records.  

The ABDSP paleontology division generated the first GIS maps with fossil 

localities plotted for the 1994 field season, utilizing portable GPS devices, called Global 

Positioning Units or GPUs. Universal Transverse Meridian coordinates (UTMs) for the 

previous two seasons, 1992 and 1993, were obtained by Park staff and Paleontology 

Society members returning to the sites with a GPU. All subsequently discovered fossil 

sites were recorded with a GPU. 

Until 1998, GIS display of fossil data was restricted primarily to ABDSP locality 

distribution, broken down by field season. With addition of the digitized LACM and 

IVCM and other pre-1992 ABDSP localities in 1998 (see Appendix A), general locality 

distribution maps were created to show areas of the Park previously unsurveyed or poorly 

covered by fossil localities, and employed in planning annual survey efforts. A few 

distribution maps were created for specific taxa, and none for biostratigraphy. However, 

GIS map production was concentrated in one department of the CDD, with multiple 

projects covering seven State Parks. Paleontology map production was thus restricted. 

The first strictly taxonomic distribution and biostratigraphic queries using GIS were 

applied to the ABD vertebrate fossil collections by Murray (2004). 
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The Woodard and Downs Transect Grid System—The steep erosional 

topography of the VCFC typically occurs with an elevation differential of around 10 to 

20 m maximum with many features less than 10 m high. The United States Geological 

Survey (USGS) 7.5' topographic quadrangle maps, which utilize a 6.1 m secondary 

contour interval, do not register details of the myriad small hills and side canyons of the 

 
 



 
 

major arroyos. Accurate plotting and direct mapping onto topographic quadrangle maps 

in the field, without satellite assistance, is therefore problematic. Geologist G. Davidson 

Woodard and Ted Downs recognized the unusual nature of the bedding horizons of the 

VCFC and developed an ingenious method of mapping the stratigraphy remotely. Using 

aerial photographs and geology maps developed for Woodard's (1963) unpublished 

dissertation, they created a transect overlay system covering the Hueso Formation, 

Tapiado Claystone, and Arroyo Diablo, Olla, and Deguynos formations of the VCFC. 

The transect system allows for the stratigraphic placement of fossil localities within the 

section. It was developed in 1960 by Woodard and Downs (correspondence from Downs 

to George Miller dated 31 May 1979, original on file at SRC) and was maintained 

through at least 1990 by Downs and LACM staff and volunteers (handwritten 

worksheets, initialed and dated by T. Downs, photocopies on file at SRC). 
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The extensive linear aspect of the VCFC bedding horizons are visible on both 

aerial photographs and satellite images (Fig. 1.11). The only remote sensing technology 

useful for paleontology and readily available in the 1950s to mid-1960s was aerial 

photography. The same photographs that record the locality points were utilized by 

Woodard and Downs to outline the transect system (Fig. 4.1). For the along-strike 

primary baseline they selected a prominent ridge in the Hueso Formation which is capped 

with a thick erosion-resistant conglomerate, creating a linear geologic feature with 

considerable lateral continuity (approximately 3 km). This ridge passes through a point 

on the Arroyo Tapiado 7.5' quadrangle map, 'View of Badland' (sic, 'Badland,' as labeled 

on the 7.5' quadrangle map is singular in number). Subsequently the ridge was called, 

informally, 'View of Badlands conglomerate ridge,' with the plural 's' added. To mark the 

 
 



 
 

baseline, a straight line was drawn along the ridge on the 10x10 inch (25.4x25.4 cm) 

photograph (United States Department of Agriculture [USDA], AXN-16M-202, 13 May 

1953), passing through the apex of a 'V'-shaped erosional notch in the conglomerate. The 

vertical reference line for the grid was placed normal to the strike of the baseline and the 

intersection of the two axes was located, arbitrarily, outside of the stratigraphically 

orthogonal portion of the VCFC section, southeast of Mesquite Oasis (below and to the 

right of the area shown in Figure 4.1). The lines were continued (along strike) onto 

overlapping photographs in the flight sequence, and two secondary baselines were 

established on aerial photographs (USDA, AXN-16M-199 and AXN-4M-205, 13 May 

1953) to the northeast of the primary baseline photograph, toward the base of the VCFC 

section (handwritten protocol dated 21 March 1990, signed T. Downs, on file at SRC). 
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Woodard and Downs 'Zones' and Collecting Units—Grid units are based on 

the '40' scale of a standard engineer's ruler (40 units per foot = 40 units per 30.48 cm) 

measured directly on the photographs (Fig. 4.2). Woodard and Downs labeled the units 

'zones,' noting that they represent "physical, stratigraphic horizons, not formal 

biostratigraphic zones," (handwritten protocol dated 21 March 1990:page 1 

(unnumbered), signed "T. Downs," photocopy on file at SRC). Each vertical (normal to 

strike) grid unit represents an average of 61 meters (200 feet) of stratigraphic section 

(Cassiliano, 1999). The grid units are further divided into 10 decimal subunits (e.g., 'zone' 

56.3). The bottom of the transect system was established near the base of the continuous 

section, below the contact between the marine Imperial and terrestrial Palm Spring 

groups. The lowest layer is labeled 'zone 1.' The marine-terrestrial boundary is at 'zone 7' 

(aerial photograph USDA, AXN-4M-205, 13 May 1953). A line drawn along-strike, 

 
 



 
 

arbitrarily, through vertebrate locality ABDSP(LACM) 6849 marks a secondary baseline, 

'zone 9' on the same aerial photograph. This latter line passes through CU 10 (not CU 9) 

on the topographic map later compiled from the aerial photographs (see Geomagnetic 

Polarity Data, below). The next secondary baseline (aerial photograph USDA, AXN-

16M-199, 13 May 1953) was anchored by a line drawn on strike through locality 

ABDSP(LACM) 1711 as 'zone 29' (actual measurement is 29.6, correspondence from T. 

Downs to G. Miller, 31 May 1979, on file at SRC). The primary baseline (aerial 

photograph USDA, AXN-16M-202, 13 May 1953) was labeled 'zone 56' (actual 

measurement is 56.6, correspondence from T. Downs to G. Miller, 31 May 1979, on file 

at SRC). The highest point of the section thus measured is labeled 'zone 68.' 
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The transect system was used strictly as an in-house method to plot localities 

stratigraphically and was never formally published or explained by the authors. The 

Woodard and Downs 'zone' terminology appeared in only a few later publications 

(Opdyke et al., 1977; Martin and Prince, 1989; Downs and Miller, 1994). Subsequently, a 

detailed explanation was provided by Cassiliano (1994), in his dissertation, and later, in 

peer-reviewed publication, he (Cassiliano, 1999) provided an abbreviated explanation of 

the system. The arbitrarily measured and assigned physical stratigraphic horizon 'zones' 

of Woodard and Downs are easily conflated with established stratigraphic terms, for 

which, assignment is based on fossil content (e.g., biozone, fossizone, or fossilzone). For 

this reason, Cassiliano (1999) redesignated the Woodard and Downs stratigraphic horizon 

'zones' as 'Collecting Units' or 'CU.' Since the first formal description of the Woodard and 

Downs transect system (Cassiliano, 1999) it has been cited, variously, as "a series of 

sampling horizons … called collecting units (CU)" (Cassiliano, 2006:129), " a transect 

 
 



 
 

overlay system," and "Downs' CU transect system" (Murray, 2006a:200). According to 

Downs' letter to Miller (correspondence from T. Downs to G. Miller, 31 May 1979, on 

file at SRC), "The procedure for 'zoning' was established by Woodard and Downs in 

early 1960." Although the method was never formally published by either Woodard or 

Downs, and Cassiliano (1999) attributed its development institutionally to 'LACM,' the 

fair and proper citation should be the 'Woodard and Downs' system. 
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 Over 250 localities were plotted onto a two-dimensional 'master' chart 

(photographic copy on file at SRC, Fig.4.3) representing the entire VCFC. This chart 

accounts for about 30% of the 776 VCFC localities recorded by LACM. The master chart 

was made in 1967 and a second chart was started (correspondence from Downs to George 

Miller dated 31 May 1979, original on file at SRC), but I did not find it in Downs' files. 

The chart as originally plotted is reversed (mirror image) along the vertical axis, with the 

southeastern localities in the upper right quadrant and northwestern localities in the upper 

left quadrant. Downs' written explanation for that reversal is not entirely clear 

(correspondence from T. Downs to G. Miller, 31 May 1979, on file at SRC; and notes of 

21 Mar 1990, signed "TDowns," photocopy on file at SRC). However, while the chart 

provides a visual reference for the vertical stratigraphic and lateral geographic 

relationship among localities, the geographic (along strike) position is not necessary for 

placing a locality strictly within the stratigraphic section. The important stratigraphic data 

for each locality are the Woodard and Downs CU (normal to strike) positions, designated 

as numbers with resolution to one decimal place. The CU is determined directly from 

aerial photographs by measuring the distance of locality points from the primary and 

secondary CU baselines. 

 
 



 
 

Geomagnetic Polarity Data—As part of the geomagnetic polarity 

(paleomagnetic) studies in the VCFC (Opdyke et al., 1977; Johnson et al., 1983), Everett 

Lindsay, G. Davidson Woodard, and Ted Downs, plotted the paleomagnetic sample 

localities onto the Arroyo Tapiado 7.5' quadrangle map (photocopy on file at SRC), along 

with the transferred Woodard and Downs CU lines (Fig. 4.4). The CU lines were 

continued lower in the section on the map than on the Woodard and Downs transect 

overlay grid. These added units are labeled from '0' to '-6.' The Lindsay, Woodard, and 

Downs map was never published.  

The collecting units provided a relative dating system for the VCFC fossil 

localities. The paleomagnetic studies of Opdyke et al. (1977) and Johnson et al. (1983) 

provided a framework of magnetochrons with known ranges of numeric dates (originally, 

Mankinen and Dalrymple, 1979; later, Cande and Kent, 1995 and Berggren et al., 1995), 

to which the collecting units could be correlated. An ash layer passing laterally through 

the Tapiado and lower Hueso formations provided an absolute date (2.3 ± 0.4 Ma, 

Johnson et al., 1983) to which the geomagnetic polarity time scale (GPTS) could be 

calibrated. The paleomagnetic studies also provided an estimate of varying sedimentation 

rates throughout the section. The sedimentation rate can be used to interpolate numeric 

dates between magnetochron boundaries. Utilizing the paleomagnetic data with the 

Woodard and Downs CU method, Cassiliano (1999) estimated ages of localities to within 

±10,000 years. 
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Collecting Unit 45 is labeled on the map (Fig. 4.4) as the boundary between two 

'local faunas', where the Vallecito Creek 'local fauna' lies (stratigraphically) above the 

line and the Arroyo Seco 'local fauna' lies below the line. Collecting Unit 29 separates the 

 
 



 
 

Arroyo Seco 'local fauna' from the Layer Cake 'local fauna' below that line. Although the 

two 'local fauna' boundaries are designated by individual CU lines on the 7.5' quadrangle 

map, the boundaries are shown on the transect chart (Fig. 4.3) and in publication (Downs 

and White, 1968: fig. 2) as transitions of indeterminate stratigraphic thickness (see 

discussion of 'local faunas' in Chapter Two, Evolving Biostratigraphy of the Vallecito 

Creek-Fish Creek Section; and Cassiliano, 1999). 

Limitations of the Woodard and Downs CU system—The Woodard and 

Downs method is conceptually innovative. By taking advantage of the regular orthogonal 

nature of the VCFC exposures and the consistent strike and dip, the stratigraphic 

placement of localities may be accomplished solely by measurements on aerial 

photographs, without the necessity of field measurements to tie each locality laterally to a 

measured section. 

However, the transect overlay system does not work for other fossil areas of the 

ABDSP and does not apply to the horizontal-lying lower 1,000 meters of the VCFC 

section, including the Split Mountain Group and Latrania Formation. It also does not 

apply to the southern part of the VCFC. That portion of the section includes a series of en 

echelon fault blocks abutting the right-lateral strike-slip Elsinore Fault Zone. Many of the 

fault blocks appear to be rotated clockwise and stratigraphically offset with respect to the 

main block of the VCFC section. 

406 

The Woodard and Downs transect overlay method is awkward and time-

consuming to use. The last CU number assignments for the VCFC section were 

calculated for the LACM localities in 1990 (photocopies of data worksheets on file at 

SRC) and for the IVCM localities by Cassiliano (1994). Subsequently, newly discovered 

 
 



 
 

localities were dated by interpolation between established localities with known CU 

numbers. 

The Woodard and Downs method relies on a series of straight lines drawn over 

irregularly eroded bedding horizons that apparently shift back and forth across the drawn 

lines. For broad discussions about the section, using temporal resolution on the order of 

1.0 million years, the natural variation of the strata is not critical. However, for detailed 

analysis at smaller scales (10,000-100,000 years) the mismatch between the straight, 

drawn lines and the irregular paths of the natural bedding horizons, due to unequal 

erosion patterns, can cause critical errors in biostratigraphic interpretation and dating of 

localities (see below, Investigation of Questions Posed in Previous Studies). 
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Of 779 LACM localities within the VCFC, Downs and his assistants assigned CU 

numbers to 466, the majority of the remainder were outside the orthogonal region of the 

section, in the en echelon block-faulted area. Of 966 IVCM localities within the VCFC, 

Cassiliano (1994) assigned CU numbers to 574, plus fault block designations to 342 

localities, indicating an alpha character identifier (A through H, plus HV=Hollywood and 

Vine block) for the fault block in which they occur. In summary, of 1,745 total VCFC 

localities, from LACM and IVCM, 1,040 were assigned CU numbers, 342 were assigned 

fault block designations, and 363 were not assigned any reference designation within the 

Woodard and Downs transect system. The transect grid system was the only method 

available for dating fossil localities of the VCFC until 2004, at which time a new dating 

method was developed by layering the Woodard and Downs CU lines and locality and 

paleomagnetic data onto satellite images and topographic maps using GIS (Murray, 2004; 

2005). 

 
 



 
 

Preparing VCFC Data for GIS Display 

GIS technology provides new methods for displaying recently acquired data and 

updating and refining previous or 'old' data (see Chapter 2, Review of the ABDSP 

Vertebrate Fossil Collections). Paleomagnetic sample points, fossil localities, geologic 

maps, and topographic quadrangle sheets can be digitized to satellite images. Image 

colors can be adjusted to enhance the natural banding effect of differential lithologies of 

bedding horizons or of differences in depositional environments, such as lake beds or 

fluvial deposits. Overlays of the georeferenced data produce, directly, both the 

stratigraphic position (constrained by stratigraphic bands) and relative age of fossil 

localities. This is accomplished without the necessity of measuring, calculating, or 

plotting points on an idealized stratigraphic column or grid. The Geomagnetic Polarity 

Time Scale (GPTS) magnetochron (chron) boundaries can be extended laterally along 

bedding surfaces, bracketing localities within known time spans. The thick stack of 

sediments and lack of significant hiatuses in the depositional regime allows for fine-

tuning of sedimentation rates within chrons, with fewer sources of error and narrower 

ranges of error than was previously possible. This allows for reasonable assignment of 

absolute dates to sub-segments within chrons. 

Adaptation of the Woodard and Downs CU system to GIS— The CU lines and 

paleomagnetic sample points from the Lindsay, Woodard, and Downs map were both 

digitized directly to a GIS layer. This involves registering the transferred image (Lindsay, 

Woodard, and Downs map) to a framework GIS map or image layer possessing defined 

geographic coordinates. The process is accomplished by copying the transferred image to 
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a GIS layer and setting the layer to the same geographic coordinate system and projection 

as the framework map or image. The new layer is displayed over the framework layer. 

Three or more recognizable landmarks on the transferred image are aligned with the same 

(homologous) landmarks on the framework GIS map or image (Fig. 4.5). These steps 

lock the new layer to the same scale, coordinate system, and projection as the framework. 

The lines and points of the transferred image are then traced onto the framework GIS 

map or image as a new layer (Fig. 4.6). Because the Lindsay, Woodard, and Downs map 

was drawn on the USGS Arroyo Tapiado 7.5' quadrangle sheet, it can be registered 

directly to the USGS topographic master GIS layer for eastern San Diego County (which 

includes the Arroyo Tapiado quadrangle) by matching equivalent section corners on the 

two maps. 

Application of the GPTS to the VCFC—The aerial view of the VCFC section 

presents an orthogonal picture of a thick stack of regular, virtually straight bedding 

horizons. The Woodard and Downs transect grid displays these bedding horizons with 

fossil localities placed both stratigraphically and geographically. Theoretically, the 

Woodard and Downs chart could be placed over an image of the VCFC section, drawn to 

the same scale, and the locality points on the chart would align with the geographic 

coordinates of the same points on the image. The Woodard and Downs chart, however, is 

a construct, requiring measurement of the position of the localities on the aerial maps 

within the grid system, followed by transcription of mapped locality points to the chart in 

order to display the stratigraphic-geographic relationships of the localities. These two 

steps introduce possible error for each locality, added to any original plotting error.  
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The application of GIS display techniques avoids the necessity of measuring and 

transcribing points. The geographic position of the localities and their stratigraphic 

relationships within the section can be displayed directly on GIS layers of satellite 

images, aerial photographs, or topographic maps of the VCFC section (Fig. 4.7), based on 

UTM coordinates of localities obtained either directly from GPUs or from digitized field 

maps. The majority of the VCFC locality UTMs are from digitized field maps (see 

Appendix A). 

The depth and lateral extent of the strata along with the juxtaposition of the 

Woodard and Downs CU system, and paleomagnetic sample sites in both the Lindsay, 

Woodard, and Downs map and the GIS display are visually suggestive of a magnetic 

polarity time scale. By overlaying the Pliocene-Pleistocene portion of the Geomagnetic 

Polarity Time Scale (Fig. 4.8; modified from Berggren et al., 1995) the majority of the 

VCFC section may be correlated directly to the GPTS (Murray, 2004). 
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Calibrating the GPTS to the VCFC Section—The lengths of the individual 

normal and reversed chrons of the GPTS, as adapted from Berggren et al. (1995), do not 

match the stratigraphic thickness of the corresponding normal and reversed segments of 

the VCFC section (Fig. 4.9), and were adjusted to the paleomagnetic reversal sequence 

specific for the VCFC. This adjustment first required calibration of the reversal 

boundaries between contiguous chrons of the GPTS to the midpoint between contiguous 

paleomagnetic samples of opposite polarity (Fig. 4.9; local VCFC chron identifications 

from Remeika, 2006b; Dorsey et al., 2007). The chron boundary lines of the GPTS were 

then aligned with the strike of the VCFC bedding horizon lines (Fig. 4.10). Finally, the 

outer margins of the local VCFC polarity time scale (VCFC PTS) were extended to 

 
 



 
 

include as much of the fossil producing area as possible (Fig. 4.10). The dated ash 

samples are from a pair of laterally extensive ash layers traceable in Arroyo Tapiado for 

several kilometers. They are from the same volcanic source and are separated by layers of 

alluvial sediments, in some places by several meters. The ash appears to be from 

sediments of normal paleomagnetic polarity. The age of the ash identifies the surrounding 

sediments as either within the Reunion Normal Event (chron C2r.1n, 2.15-2.14 Ma, 

Berggren et al., 1995) or youngest Gauss normal subchron (C2An.1n, 3.040-2.581 Ma, 

Berggren et al., 1995). Both chron date ranges overlap the error margin of the Arroyo 

Tapiado ash (2.3 ±0.4 Ma). The earliest paleomagnetic analyses of the VCFC (Opdyke et 

al., 1977; Johnson et al., 1983) resulted in correlation of the dated ash with the Gauss-

Matuyama boundary (top of chron C2r.1n). The Reunion Normal Event has not yet been 

formally identified in the VCFC paleomagnetic sequence. 

This procedure obtains a first rough approximation of the VCFC PTS, and 

demonstrates immediately and directly the geographic, stratigraphic, and chronologic 

relationship of the fossil localities within the section, as well as the taxa recovered from 

them. The localities of the southern portion of the section are not included within the 

VCFC PTS due to the uncertain stratigraphic relationship of the en echelon fault blocks. 

These may be added after detailed geologic mapping and additional paleomagnetic 

studies in this area (see below). 
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Suggestions for Strategic Improvement of the VCFC PTS and Stratigraphic 

Display—The GIS display of the VCFC section and the biostratigraphy and 

magnetostratigraphy rely on the accuracy and resolution of locality points, the sampling 

interval of paleomagnetic sites, and the resolution of geologic mapping of the bedding 

 
 



 
 

horizons. The latter two may be improved by additional detailed sampling and mapping. 

The current GIS display may be used to determine the best approaches for improving the 

paleomagnetic and geology maps.  

For example: The distance between the last normal polarity sample of chron C2n 

(Olduvai event) and the first reversed polarity sample of chron C1r2r is approximately 

200 m (horizontal ground measurement, Fig. 4.11). The 4.5 km of dipping strata of the 

VCFC occur between about 5.3 and 0.9 Ma (Dorsey 2006:fig. 5.3), a span of 

approximately 4.4 million years. This translates to roughly 1.0 Ma per km of stratigraphic 

thickness or, within an order of magnitude, to an overall sedimentation rate near 1.0 

m/1,000 years. Deposition in the Palm Spring Formation (now Group) was estimated by 

Cassiliano (1994:23) to be "a rough average of 1.3 m/1,000 years". A horizontal ground 

distance of 200 m measured normal to the strike of the section, tilted at 23 degrees, is 

equivalent to approximately 78 m of bedding thickness, or 78 m of sedimentation (Fig. 

4.12). Therefore, 200 m measured perpendicular to strike, is roughly equivalent to 78,000 

years of depositional time. By placing the chron boundary, arbitrarily, at the midpoint 

between the normal and reversed sample points the resolution of the boundary is ±100 m 

on the ground, which translates roughly to ±39,000 years of depositional time. 
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By increasing the number of paleomagnetic samples in the interval the resolution 

of the boundary between the chrons can be improved, perhaps to within ±1 m on the 

ground (±39,000 years/±100 m = ±390 years of deposition), or even to the horizon 

between two distinct sedimentary beds (<390 years of deposition). At the least, a 

transitional stratigraphic range may be discovered, where the polarity is unstable near the 

full reversal. Once the reversal horizon or transitional interval is plotted, a visibly distinct 

 
 



 
 

and continuous bedding horizon nearest the reversal can be traced along strike, in both 

directions, to its extremities. Additional paleomagnetic sampling across (normal to) the 

same bedding horizon at those extreme end points should locate the same reversal event 

(Fig.4.13). Once the endpoints of the 'horizon of reversal' are located, a continuous line 

can be drawn between them, representing the local boundary between the two chrons. 

Adjustments may be necessary where bedding horizon lines are discontinuous at the 

reversal or where there is a measurable difference of the timing of deposition along 

strike. As an example of the latter condition, the plane of the reversal may appear to pass 

through the bedding plane of laterally continuous beds of a prograding alluvial surface. 
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The bedding horizon lines appear to curve southward along the southern edge of 

the VCFC section. The geology of this portion of the section consists of a series of en 

echelon fault blocks, some of which exhibit apparent clockwise rotation associated with 

right-lateral strike-slip translation along the Elsinore Fault zone. The Elsinore Fault trace 

parallels Highway S2 (the gray line southwest of, and paralleling, Vallecito Creek in 

Figure 4.13), from northwest to southeast. In the future, the VCFC PTS may be extended 

onto the en echelon fault block area of the section (Fig. 4.14). Detailed ground truthing of 

bedding horizons in each fault block may resolve questions of linear continuity within the 

blocks. Application of the paleomagnetic sampling technique outlined above hopefully 

will aid in correlating the stratigraphy (bedding horizon lines) within the fault blocks to 

the main orthogonal portion of the VCFC section. This is a critical necessity due to the 

large number of localities within the fault block area, and the number of important taxa 

identified from there (eg., Mictomys [Zakrzewski, 1972; Repenning, 1992], Sigmodon 
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minor [Martin and Prince, 1989], and 'Lasiopodomys' morphotype [Repenning, 1992; 

Murray et al., in review]). 

Each of these steps is complex and labor intensive, but each segment of the VCFC 

PTS thus validated will become a permanent benchmark for the section. Ultimately, 

should the technique prove viable, the entire exposed geographic area of the VCFC 

section may be correlated directly to the Global Plio-Pleistocene GPTS, and each locality 

within it placed in its proper stratigraphic position and dated by its relative position 

within a magnetochron. 

Practical Applications of GIS 

Error discovery and correction involve several closely interconnected techniques, 

of both digital (GIS and database manipulation) and non-digital (memory, observation, 

cogitation) processes (see Chapter Two). The ideal method of checking data accuracy is 

to examine every fossil specimen with all of its associated primary data to verify the 

database information and UTM locality coordinates. In some cases this is a relatively 

simple task (e.g., a total of around 500 VCFC carnivoran specimens include 5 families 

and at least 15 genera). However, some family and genus level taxa in the VCFC include 

several hundred to over 1,000 specimens (e.g., Camelidae, Antilocapridae, Cervidae, 

Equus). The time required to check every such specimen is prohibitive for most broad-

based analytic projects. Many biochronology and biostratigraphy studies require only the 

lowest (LSDk = Lowest Stratigraphic Datum known, sensu Walsh, 1998) and highest 

(HSDk = Highest Stratigraphic Datum known, sensu Walsh, 1998) local stratigraphic 
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records of a given taxon. GIS display of taxonomic distribution in the VCFC section 

allows for determination and verification of LSDk and HSDk without the necessity of 

examining all specimens. 

GIS Evaluation of LSDk and HSDk—My primary goal was to verify the 

existence of each of the taxa listed within the VCFC. This could have been accomplished 

merely by discovering any specimen identifiable to the taxon, then publishing its locality 

and specimen number as a voucher specimen. However, the performance of this task 

provided an opportunity to establish some important biostratigraphic and biochronologic 

framework data for the VCFC. For taxonomic groups with fewer than about 100 

representative specimens it was a relatively simple matter to check all specimens and plot 

their stratigraphic position afterwards. This detailed checking included direct examination 

of the specimen and comparison with modern or fossil representatives of the taxon to 

which it was originally identified. The result was either a verification of the original 

identification or reidentification to a different taxon. The locality provenience data was 

also reviewed, including aerial photographic map plots, field notes, and catalogue cards. 

These data were compared with the information on the archived and current database 

tables. Because I checked these groups from all localities within the ABD (not just the 

VCFC) I was also able to complete an important curatorial task across all of the ABDSP 

collections. For groups with more than 100 specimens it was simpler to examine 

specimens based on their potential importance in biostratigraphic and biochronologic 

studies in the VCFC section. In those cases I checked the highest and/or lowest known 

stratigraphic occurrence of a given taxon. Where identification or locality provenience of 

the first specimen checked proved inaccurate, I moved to the next highest or lowest 
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plotted occurrence, repeating the exercise until I found an accurately identified and 

plotted specimen. For those taxa with known biochronologic ranges extending into the 

middle Irvingtonian or later I did not attempt to resolve the HSDk, because the top of the 

VCFC section ends around 0.9 Ma. Thus, an apparent HSDk record in the uppermost 

portion of the VCFC section may be a result of missing strata rather than the natural 

disappearance of a taxon from the local stratigraphic record. Representatives of those 

taxa are usually present in the Irvingtonian segments of the Borrego Badlands or other 

ABD fossil areas not covered by the VCFC PTS. 

Cervidae—A search for the LSDk of cervids in the VCFC validated the GIS 

search method for evaluating a large assemblage of specimens of the same taxonomic 

group. Display of the database records of specimens identified as Cervidae prior to the 

beginning of my project (Fig. 4.15) showed at least one anomalous record, more than 1.5 

Ma older than the next oldest record. Examination of the specimen showed the taxonomic 

identification to be correct, but the locality information was incorrect. Field notes curated 

with the specimen indicate that it was collected near Mesquite Oasis, in the middle of the 

other cervid localities, and not near Fish Creek Wash, at the transition between marine 

and terrestrial sediments. A stepwise examination of the next six oldest cervid records 

showed each of them to be correctly plotted geographically and stratigraphically but 

misidentified taxonomically. The corrected identifications included a sloth, two camels, a 

tortoise, a pronghorn, and an unidentified mammal bone. The next oldest record, 

ABDSP(LACM) 1507/V20809, was correctly identified as Cervidae, and the locality 

provenience appears to be accurate. This then is the oldest known record (LSDk) of 

Cervidae in the VCFC and the ABD. The specimen consists of several skeletal elements, 
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clearly identifiable as Cervidae, and probably retains identifiable apomorphic characters 

that will aid in the eventual identification to genus and species. Interpolation within the 

VCFC magnetic polarity time scale indicates the fossils came from normal polarity 

sediments of chron C2An.1n and are at least as old as 2.581 Ma (Berggren et al., 1995). 

This date exceeds the previously published LSDk for Cervidae in the VCFC of 2.11 Ma 

(Cassiliano 1999). 

Sigmodon—The LSDk for ABD Sigmodon is displayed in Figure 4.16. A single 

tooth specimen, ABDSP(LACM) ) 6851/V23400 was recovered from sediments 

stratigraphically below the base of the Cochiti Normal Event (chron C3n.1n, 4.29 Ma, 

Berggren et al., 1995). The stratigraphic position and age of this locality were previously 

published as "CU 6.2, ~4.32 Ma" by Cassiliano (1999:176). The taxonomic identification 

and locality provenience data appear to be correct for this specimen. 

GIS may be used to investigate questions posed in publication. Two such 

examples are associated with ABD Sigmodon. The first is a question regarding an implied 

local synonymy of the ABD taxa 'Sigmodon lindsayi' and 'cf. Sigmodon curtisi' (see 

discussions in Chapter 1, Alteration of Taxonomic ID Through Serial Citation and 

Chapter 3, Subfamily Sigmodontinae). The second involves an apparently anomalous 

stratigraphic occurrence of Sigmodon minor.  

Sigmodon lindsayi and cf. Sigmodon curtisi—The first study of ABD Sigmodon 

specimens resulted in the publication of two qualified species from the VCFC, 'cf. 

Investigation of Questions Posed in Previous Studies 
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Sigmodon curtisi' and 'cf. Sigmodon medius,' and one unqualified subspecies, 'Sigmodon 

medius medius' (Martin, 1979; and see Chapter 3, Tribe Sigmodontini). The latter two 

groups were subsequently reorganized based on broader Sigmodon studies elsewhere 

(Martin, 1984, 1986), and all the VCFC specimens previously identified by Martin 

(1979) as either 'cf. Sigmodon medius' or 'Sigmodon medius medius' were referred to 

'Sigmodon minor medius' by Martin (1986), and discussed as 'Sigmodon minor' by Martin 

and Prince (1989). A new species was named 'Sigmodon lindsayi' by Martin and Prince 

(1989), based on VCFC specimens. Although Sigmodon minor was included in the 

general discussion, the previous VCFC taxon, 'cf. Sigmodon curtisi' was not mentioned. 

The indefinite status of the older VCFC Sigmodon taxon was noted by Cassiliano (1999), 

although he made no assumptions about the relationship of the VCFC 'cf. Sigmodon 

curtisi' specimens to the only two species recognized in the VCFC by Martin and Prince 

(1989), namely, Sigmodon lindsayi and Sigmodon minor.  

A comparison of catalogue numbers of the VCFC specimens referred to 'cf. 

Sigmodon curtisi' (Martin, 1979) and 'Sigmodon lindsayi' (Martin and Prince, 1989) 

reveals that none of the specimen numbers overlap between the two studies. However, 

the locality numbers match almost exactly (Fig. 4.16). All of the VCFC specimens 

referred to 'cf. Sigmodon curtisi' by Martin (1979) came from four localities, 

ABDSP(LACM) 1114 (N=2), 1297 (N=1), 1461 (N=1), and 1615 (N=3). All of the 

VCFC specimens identified positively as 'Sigmodon lindsayi' by Martin and Prince 

(1989) came from those same four localities, ABDSP(LACM) 1114 (N=59), 1297 (N=1), 

1461 (N=1), and 1615 (N=15). Only one specimen, tentatively identified as 'Sigmodon 

lindsayi' was from a different locality, ABDSP(LACM) 4963/V122964. That specimen 

 
 



 
 

was described as possessing traits similar to both Sigmodon lindsayi and Sigmodon minor 

(Martin and Prince, 1989:86; see below). The GIS map display of the stratigraphic-

geographic distribution of the two VCFC taxa, 'Sigmodon lindsayi' and 'cf. Sigmodon 

curtisi' (Fig. 4.16) provides a visual demonstration of the co-occurrence. Sigmodon 

species are considered to be intolerant of other Sigmodon species living in the same area 

(Martin, 1986; Martin and Prince, 1989). Modern individuals of Sigmodon hispidus and 

Sigmodon arizonae, placed together in a cage, were observed to fight (Hoffmeister, 

1986). However, on a larger geographic scale, modern distribution ranges of at least three 

species overlap in southeastern Arizona (Sigmodon arizonae, Sigmodon ochrognathus, 

and Sigmodon fulviventer; Hoffmeister, 1986). 

Although the co-occurrence of specimens with two distinct taxonomic 

identifications in the same localities does not definitively prove the two taxa are locally 

synonymous, the general description of both species as large Sigmodon, and that the local 

specimens identified as 'Sigmodon lindsayi' are similar to the general taxon 'Sigmodon 

curtisi' in size favors synonymy of the described groups. The best interpretation of the 

data available is that those VCFC specimens previously identified as 'cf. Sigmodon 

curtisi' belong to the species Sigmodon lindsayi. However, for a final judgement on the 

issue, all the specimens should be re-evaluated together. 
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Stratigraphic Uncertainty of Some VCFC Sigmodon Specimens—The two 

species of Sigmodon recognized from the VCFC by Martin and Prince (1989) were a 

middle to late Pliocene species, Sigmodon minor, and a late Pliocene new species, 

Sigmodon lindsayi. An apparent local anomaly was discovered in the interpretation of the 

stratigraphic distribution of the two species in the VCFC section.  

 
 



 
 

Sigmodon lindsayi appears at zone [CU] 55.5 (or 53.8), and persists 
through zone [CU] 57.7, but it then is absent from zone [CU] 57.8, at 
which level only S. minor is encountered (14 isolated teeth and one 
mandibular fragment with m1–m3). At the next highest level, zone [CU] 
58.8, S. lindsayi occurs once again, wihtout S. minor" (Martin and Prince, 
1989:86). 
 

This apparent short term reappearance of a previously extirpated Sigmodon species was 

not previously recorded in other North American sedimentary basins. The authors stated 

explicitly that they suspected the locality producing the anomalous Sigmodon minor 

records belonged in a lower stratigraphic unit than CU 57.8. An alternative explanation 

was also provided, of local extinction of Sigmodon lindsayi due to a climatic event, 

allowing a temporary repopulation by Sigmodon minor. 

This problem may be evaluated by creating a GIS map displaying the geographic-

stratigraphic distributions of the specimens in question. This requires locality data for all 

of the specimens. Although no catalogue numbers were provided for any of the ABD 

Sigmodon minor specimens discussed by Martin and Prince (1989), the element 

descriptions of the specimens from 'CU 57.8' correlate with Sigmodon specimens from 

locality ABDSP(LACM) 6683 (over 60 isolated teeth and four dentaries with m1, m2, 

m3; ABDSP-LACM 2003 pre-TMS Localities, Table 2.1; LACM Transfer Workbook, 

1997 on file at SRC). Only one other LACM locality is listed under 'CU 57.8,' 

ABDSP(LACM) 1466, which has no records of Sigmodon. 

Several of the localities are plotted in the block-faulted area of the VCFC, 

including locality 6683 (Fig. 4.16). A closer view of the area (Fig. 4.17), including the 

Woodard and Downs CU lines, shows locality 6683 lies in almost a straight line with a 

CU line drawn into the bock-faulted area (inside the white rectangle in Figure 4.17). This 
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line was drawn angled further south than the continuous line of CU 56, and although it 

was not labeled on the Lindsay, Woodard, and Downs map, appears to represent an 

extension of CU 58. This would place LACM 6683 at about CU 57.8. Locality 

ABDSP(LACM) 1114 was listed with two different CUs by Martin and Prince (1989), 

CU 57.6 and CU 58.8. The GIS display (Fig. 4.17) shows locality 1114 stratigraphically 

above CU 56, and its stratigraphic position may be interpreted as 'CU 57.6.' The ABDSP-

LACM 2007 localities database table lists only CU 57.6 for locality 1114 and CU 57.8 

for locality 6683. Different versions of in-house LACM compilations of the CU 

assignments for localities list both '58.8' and '57.6' for locality 1114 and only 57.8 for 

locality 6683. One of the compilations, apparently a master list, labeled 'Home Copy,' 

includes both '58.8' and '57.6' for locality 1114 in the same document, with a 'check' mark 

next to '57.6.' The 'check' mark indicates a corrected 'zone' (explanation initialed by Ted 

Downs, July 1986). Therefore, apparently, CU 58.8 was a retired CU for locality 1114. 

By taking into consideration the natural curvature of the bedding horizon lines, rather 

than the straight CU lines, it can be argued that the sedimentary beds enclosing locality 

6683 curve northward and align with stratigraphically older sediments, probably 

stratigraphically below the base of the Olduvai Event. The suggestion by Martin and 

Prince (1989) that the locality was stratigraphically misplaced is thus correct, and the 

previously unknown scenario of local extirpation and later repopulation is not necessary. 
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A second issue of stratigraphic uncertainty involves the specimen tentatively 

identified as 'Sigmodon lindsayi,' V122964 (Martin and Prince, 1989; and see above). 

Locality LACM 4963 may be the stratigraphically lowest locality in the VCFC to 

produce a specimen identified provisionally as Sigmodon lindsayi. The equivocal nature 

 
 



 
 

of the tooth morphology led Martin and Prince (1989:86) to speculate that that 

stratigraphic layer may represent "the transition from a smaller, more generalized species 

such as S. minor to a member of the leucotis species group," which includes Sigmodon 

lindsayi. The mapped locality (Figure 4.17) is in rotated sediments of the block-faulted 

area, and also appears to be aligned (via bedding horizon lines) with reversed polarity 

sediments, stratigraphically below the base of the Olduvai Event, and possibly 

stratigraphically above locality LACM 6683 (the 'Sigmodon minor' specimens). The 

physical description of specimen V122964, by Martin and Prince (1989), as transitional 

between Sigmodon lindsayi and Sigmodon minor is reinforced by the stratigraphically 

transitional position of the locality between the two taxa. 

GIS Display Before and After 100% Evaluation of Taxonomic Identifications 

Bovidae and Mammuthus—Euceratherium and Mammuthus are two of the 

taxonomic groups discussed in prior publications regarding placement of the Blancan-

Irvingtonian boundary within the VCFC section (see Chapters 2, 3). Display of the 

distribution of these taxa within the VCFC section is instructive. The database record 

prior to my study included 12 bovid specimens in the VCFC, identified as 

'Euceratherium,' '? Euceratherium,' 'Ovis canadensis,' 'Bovidae,' '? Bovidae,' 'Bovidae ?' 

and 'sm. bovid.' After examination of all those specimens, the total number of bovids in 

the VCFC was reduced to one specimen identified as 'Ovibovini' and one as 'Bovidae' 

(see Table 2.5). Only eight localities are displayed in Figure 4.16 due to the lack of 

available UTM coordinates for some localities. 
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Previous publications listed three (McDaniel and Jefferson, 1999a; Cassiliano, 

2006) and two (McDaniel and Jefferson, 2006) localities with Mammuthus specimens in 

the VCFC. Only two specimens were ever identified on the ABDSP database as 

'Elephantidae,' ABDSP(LACM) 1356/V17145 and ABDSP(LACM) 4937/V122526. 

Only one specimen, V122526, consisting of three distinct fragments of a cheek tooth, is 

unquestionably identifiable as Mammuthus (Fig. 4.18). This specimen was identified to 

species Mammuthus meridionalis by McDaniel and Jefferson (2006). Specimen V17145 

consists of rib fragments undiagnosable beyond 'Proboscidea.' The rib fragments are from 

the same locality as a partial scapula, V3707, not referable to Mammuthus, although it is 

possibly referable to Gomphotheriidae (McDaniel and Jefferson, 2006). The third VCFC 

'Mammuthus' was the result of a typographic error. That specimen, ABDSP(LACM) 

1111/V17144 consisting of tooth fragments, is referred to Stegomastodon (McDaniel and 

Jefferson, 2006; see Chapter 3, Family Elephantidae). 
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The VCFC 'Bovidae' and 'Mammuthus' localities are all located in reversed 

polarity sediments of chron C1r.2r (1.77-1.07 Ma, Berggren et al., 1995). The two 

Bovidae localities appear stratigraphically below the midpoint between the two 

boundaries of the chron (Fig. 4.19). Assuming a constant sedimentation rate during the 

reversal, a numeric age may be estimated as slightly older than 1.42 Ma (the date at the 

midpoint of the chron). The Mammuthus locality appears stratigraphically at a point 

midway between the chron midpoint and the top of the chron, with an estimated age close 

to 1.25 Ma. Thus, at least one voucher specimen of each of these two important 

Irvingtonian age taxa verifies their presence in the VCFC. The recovery of more 

specimens of better quality may be anticipated by designing a field survey plan with the 

 
 



 
 

specific goal of obtaining Bovidae and Mammuthus fossils. GIS display can aid in 

reaching that goal. A methodical search along strike from those localities is the logical 

place to look for more representatives of the taxa (Fig. 4.18, red rectangle). 

Canidae—The Canidae of the ABD consist of three genera (see Chapter 3, 

Family Canidae), Urocyon (gray fox), Borophagus (extinct bone-crushing dog), and 

Canis (wolf, coyote). A fourth genus, red fox (listed as 'Vulpes,' 'Vulpes sp.,' or '? Vulpes 

sp.'), was published as present in the VCFC by Cassiliano (1994, 1997, 1999, 2006 

appendix), Remeika et al. (1995), Jefferson (1996, 2001) and Jefferson and Lindsay 

(2006 appendix). However, no identifiable Vulpes specimens exist in the ABD 

collections. The Canis specimens are of three distinct sizes. Small specimens are the size 

of modern coyote (Canis latrans). Large specimens are the size of modern gray wolf 

(Canis lupus). Medium-size specimens are intermediate between coyote and gray wolf in 

size.  
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Display of the stratigraphic distribution of the VCFC canids with GIS maps (Figs. 

4.20 and 4.21) shows a marked change between pre- and post-taxonomic evaluation. The 

different canid taxa as identified prior to my study (Fig. 4.20) appear to be 

contemporaneous throughout the VCFC section, with no identifiable pattern of 

taxonomic progression or replacement. After taxonomic evaluation (Fig. 4.21), the 

different sizes appear in distinctly separate geographic-stratigraphic bands, showing a 

biochronological progression from medium-size Canis to small Canis then back to 

medium-size Canis. The genus Urocyon was present throughout most of the stratigraphic 

presence of Canis within the VCFC section. The LSDk of the VCFC taxon Urocyon 

appears slightly above the middle of chron C2An.3n (3.58-3.33 Ma, Berggren et al., 

 
 



 
 

1995) and the HSDk lies near the midpoint of the Olduvai Normal Event (C2n, 1.9-1.77 

Ma). 

Two dentaries from different localities were identified as Borophagus diversidens, 

ABDSP(LACM) 1951/V57449 and ABDSP(LACM) 4924/V123906. Both localities 

appear in the block-faulted area of the VCFC, where numeric dates are not readily 

determinable. UTM coordinates for locality 1951 are not currently available. However a 

site descripton on a piece of the original collecting bag in the specimen tray indicates the 

locality is "East of 1356 100 yds." Locality 1951 is plotted on the GIS map (Fig. 4.21) as 

a purple circle, centered at 100 m (approximately 100 yards) due east of locality 

ABDSP(LACM) 1356. The two Borophagus diversidens localities are positioned close 

together and both are near bedding horizon lines that appear to be aligned with the lower 

portion of the reversed polarity sediments of chron C2r.1r (2.14-1.95 Ma, Berggren et al., 

1995). Two other specimens, tentatively identified as ? Borophagus, also lie within the 

same segment of reversed sediments. 

Four localities that produced large wolf-size Canis appear in the block-faulted 

area. One of those specimens ABDSP(LACM) 1558/V57448, a lower first molar, was 

collected from a position approximately 0.75 km to the southwest of the Borophagus 

diversidens localities (1951 and 4924). Locality 1558 appears to lie stratigraphically 

above the bedding horizon lines that pass nearest to localities 1951 and 4924, and is 

therefore of a younger age than the Borophagus diversidens localities. The other three 

localities with large wolf-size Canis specimens are too far removed from the datable 

portion of the VCFC section to be assigned even a relative age. 
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Felidae—The Felidae of the VCFC section are represented by at least six distinct 

taxa. The smallest cat, represented by a single calcaneum, is about the size of modern 

jaguarundi (Felis [Puma] yagouaroundi). The next larger cat is represented by specimens 

from several localities, and is the size of modern bobcat (Felis [Lynx] rufus). The most 

abundant cat in the VCFC is larger than modern bobcat and smaller than modern cougar 

(Puma concolor). One dentary specimen of this size of felid was published tentatively as 

the Rexroad cat (Felis rexroadensis) by Werdelin (1985), although it is also similar to the 

slightly larger lake cat (Felis lacustris). The large cats and other large carnivorans (those 

with an estimated live body weight in excess of 40 kg, Shaw and Cox, 2006) of the ABD 

were reviewed by authorities on large Pleistocene carnivorans, Chris Shaw and Shelley 

Cox at the George C. Page Museum. The large ABD Felidae include the gracile saber-

toothed cat (Smilodon gracilis), the American cheetah (Miracinonyx inexpectatus), and 

jaguar (Panthera onca).  
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Maps generated in GIS show the felids distributed throughout the VCFC section 

(Figs. 4.22 and 4.23). Differences between the VCFC distribution of Felidae before and 

after the taxonomic review and specimen examination are informative. Three of the taxa 

displayed in Figure 4.22 were retired from the ABD faunal list (Acinonyx, Felis concolor, 

and Smilodontopsis). The revised distribution (Fig. 4.23) shows a substantial increase in 

the number of records of Smilodon gracilis and the Felis rexroadensis-sized cat, plus two 

records of Panthera onca. The locality that produced the Felis (smaller than F. rufus) 

specimen, ABDSP(LACM) 1360/V20626, a calcaneum, currently has no UTM 

coordinates. The probable map position of the locality was determined by comments in 

field notes (HG [HJG] 31, HG [HJG] 35, 695, and TD 709, all dated between Mar. 1 and 

 
 



 
 

Mar. 22, 1959, photocopies on file at SRC), and other nearby localities with UTM 

coordinates collected at the same time. The locality may actually be 1350, and not 1360. 

The small Felis locality is displayed with a dark green circle enclosing the probable 

position. Localities producing fossils of large cats, are only slightly less numerous than 

those producing fossils of cats in the size range of Felis rexroadensis. The smaller cats, in 

the size range of Felis (Lynx) rufus and Felis (Herpaileurus) yagouaroundi are the least 

common. The medium size cats are recorded throughout the VCFC section. The lowest 

stratigraphic record within the VCFC, ABDSP(LACM) 1302/V3817, a calcaneum, 

occurs in sediments of normal polarity (chron C3n.1n, 4.29-4.18 Ma, Berggren et al., 

1995). The large cats first appear in the VCFC record around 2.58 Ma and are most 

abundant just after 1.95 Ma. 

The approximate age of the Panthera onca records displayed in Figure 4.23, is at 

least as old as 2.58 Ma (Berggren et al., 1995), based on the normal polarity of the 

sediments (chron C2An.1n) where they were found. Prior to these records 

(ABDSP[LACM] 1473/V6765, a metacarpal and phalanx and 

ABDSP[LACM]1641/V17021, a distal femur), the species was known only from the 

Pleistocene and Holocene of North America (Shaw and Cox, 2006). The age of the 

VCFC Panthera onca specimens was previously published as 2.5 to 2.2 Ma (Shaw and 

Cox, 2006). 
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The genus Smilodon is one of the taxa proposed as an index marking the Blancan-

Irvingtonian boundary (sensu Lundelius et al., 1987), although it was rejected as an index 

by Cassiliano (1999) because it is not an immigrant to North America. The LSDk for the 

genus in the VCFC section is near the base of the Olduvai Normal Event (chron C2n, 

 
 



 
 

1.95 Ma, Berggren et al., 1995), represented by specimen ABDSP(IVCM) 150/ V608, an 

occipital condyle. The position of the locality is marked by the light blue circle in Figure 

4.23. 

Mustelidae, Procyonidae, and Ursidae—The number of ABD localities that 

produced specimens identified as Mustelidae was increased from 16 to 24 as a result of 

my taxonomic review (see Chapter 3, Family Mustelidae). Most of the new records were 

altered from an indeterminate carnivoran or other taxon to badger (Taxidea) or spotted 

skunk (Spilogale). Similarly, several new raccoon (Procyon) records were added, plus 

one new record of ringtail (Bassariscus). The published ABD records of coati (Nasua; 

Murray and Jefferson, 1996) are questionable, due to a lack of readily distinguishable 

characters other than those that indicate they are procyonids. The dimensions fall within 

the range of Holocene specimens of both Nasua and Procyon (see Chapter 3, Family 

Procyonidae). The ABD bear taxa were reduced from three genera to two with the 

retirement of 'Ursus' from the ABD faunal list (see Chapter 3, Family Ursidae). The only 

Ursidae genera and species currently recognized in the ABD collections are the two 

tremarctine bears, Arctodus simus and Tremarctos floridanus. 
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The GIS display of stratigraphic distributions of Mustelidae, Procyonidae, and 

Ursidae in the VCFC (Fig. 4.24) do not aid in determining the local VCFC Blancan-

Irvingtonian boundary (~1.4 Ma, sensu Bell et al., 2004b). All of the localities within the 

datable area of the map appear to be no younger than late Blancan in age. However, the 

distribution patterns may be instructive in a paleohabitat study. All of the Taxidea and 

Procyon localities and over half of the Ursidae localities are clustered around the Tapiado 

lake beds (Fig. 4.24, blue outline). Modern badgers prefer deep, readily excavatable 

 
 



 
 

sediments (Murray, 2006a). Such conditions may be expected near a lake basin that 

accumulates the finer-grained sediments of a drainage gradient. The close geographic-

stratigraphic association (within a specific depositional environment) of all of the 

specimens identified both tentatively and positively as Taxidea taxus lends support to the 

tentative identifications. The single otter record (Lutrinae, Satherium piscinarium), 

ABDSP(IVCM) 421/V1457, a partial rostrum, is from a locality situated at least three km 

northwest of the lake beds. It lies (geographically) about 600 m from a locality that 

produced a muskrat (Ondatra), ABDSP(IVCM) 410/V3198, partial femur and tibia. Both 

taxa are indicative of permanent water, such as a stream or pond. The bedding horizon 

lines in that portion of the VCFC section are disrupted and apparently aligned differently 

than the main orthogonal portion, where "the rocks wrap around an anticlinal axis so that 

collecting units there are only approximate" (Cassiliano, 1999:173). The available 

geology map (Winker, 1987) covers only part of that area. Therefore, currently the 

stratigraphic relationship between the two localities is uncertain. Modern raccoons are 

typically found near permanent water (Hoffmeister, 1986; Murray, 2006a). Additional 

raccoon specimens may be found in the future near the otter and muskrat localities. 

Previous publications reported the genus Arctodus only from Pleistocene age 

localities (Bell et al., 2004b; Shaw and Cox, 2006). The two Arctodus records in the 

VCFC section are a second and a third (ungual) phalanx. The fact that another, closely 

related, tremarctine genus is recorded from the same geographic-stratigraphic area 

dictates that those elements should be re-evaluated before establishing a definite claim 

that Arctodus is present in the Blancan age sediments of the VCFC section. 
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Summary 

The methods used to record, display, and interpret the geographic and 

stratigraphic position of fossil localities within the ABD were affected by the progression 

of technological changes throughout the history of the collections. Advances in 

paleomagnetic polarity studies, tectonics, remote sensing, and the development of GIS 

had the greatest influence. The unusually long stratigraphic sequence exposed in the 

VCFC area and the faunal evidence that the Blancan/Irvingtonian boundary is included 

within the sequence led to concentration of ABD paleontology studies in the VCFC 

section. Until the 1990s, very little attention was paid in publication to the other 

fossiliferous areas of the ABD.  

The distinct lithologic character of the bedding horizons in the VCFC section 

allows for visual recognition of individual stratigraphic layers in remotely generated 

imagery (aerial photographs and satellite images). In the 1960s, this character of remote 

visual recognition led to an innovative method of recording and analyzing the fossil 

locality data within the stratigraphic context of the VCFC section (the Woodard and 

Downs CU transect grid system). Relative ages of the VCFC fossils were assigned based 

on their stratigraphic position within the section and the (then current) biochronology of 

the taxa to which the fossils were identified. Between the late 1970s and late 1990s, 

absolute numeric dates were obtainable based on paleomagnetic studies in the VCFC 

section and correlation of the CU transects to the global Geomagnetic Polarity Time 

Scale. Beginning in the early 1990s all new locality and specimen data were recorded 

digitally. By the end of the 1990s virtually all of the older analogue locality and specimen 
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data were transposed to digital format and available for display as GIS layers. GIS maps 

of fossil locality distribution and collecting events were produced throughout the 1990s. 

In 2004, the Woodard and Downs CU transect system, the VCFC paleomagnetic polarity 

sample localities, the global Geomagnetic Polarity Time Scale and random selections of 

the visible bedding horizons were digitized to GIS layers and used as backgrounds for 

displaying and analyzing various groups of VCFC taxa and individual specimens. The 

resultant displays of fossil data provide a direct representation of the geographic-

stratigraphic-paleomagnetic relationship of fossil localities without multiple steps of 

measurement and plotting of localities from one medium (aerial photograph) to another 

(paper chart). Absolute numeric dates may be obtained for over half of the VCFC 

localities. The remainder are in the block-faulted area and are currently generally 

considered to be Plio-Pleistocene in age. 
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Analysis of the VCFC fossil mammals using GIS display techniques was applied 

to several different types of questions. Determination of the LSDk and HSDk for a 

taxonomic group in a GIS map relies on the accuracy of the data used to create the map. 

GIS display of the VCFC Cervidae demonstrates how inaccurate taxonomic 

identificatons or incorrect locality provenience affect apparent stratigraphic relationships 

within a fossil assemblage and the absolute age of the LSDk or HSDk of a taxon. 

Problematic biostratigraphic issues, published previously only in a verbal format, may be 

elucidated or resolved by displaying the specimens in question on a GIS map. Questions 

regarding the local synonymy of Sigmodon species and a stratigraphically anomalous 

Sigmodon minor locality were clarified, and if not fully resolved, at least methods to 

reach resolution are now more apparent. A combination of GIS display and 100% 

 
 



 
 

taxonomic re-evaluation of several groups of taxa provided different ways to look at the 

same types of data. The mutliple Bovidae and Mammuthus records were reduced by 

reidentification to the actual number of specimens identifiable as those taxa (two and one, 

respectively). The stratigraphic-paleomagnetic position of those specimens is close to the 

currently accepted general definition for the Blancan/Irvingtonian boundary, sensu Bell et 

al. (2004b). GIS displays of the Canidae and Felidae geographic-stratigraphic distribution 

patterns before and after the taxonomc re-evaluations and specimen examinations show 

definite changes from uninformative random mixtures of taxa throughout the section to 

recognizable patterns of appearance and stratigraphic clustering of distinct taxonomic 

forms. The Mustelidae, Procyonidae, and Ursidae show similar recognizable patterns, 

plus geographic clustering that may be related to paleohabitat preferences.  

The GIS distribution map that included Ursidae produced two anomalously old 

records of Arctodus, indicating those specimens require further study. They were part of 

the taxonomic re-evaluation carried out in this study. As such, they demonstrate the fact 

that none of the protocols established here are cure-alls designed to fix the fossil data 

once-and-for-all. Rather, they are reciprocal processes, requiring back-and-forth testing 

of the data, with refinement and improvement at each stage, similar to honing a knife, 

grinding down one side, then the other, until the blade is sharp and free of burrs. 
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FIGURE 4.1. Aerial photograph (USDA, AXN-16M-202, 13 May 1953) used for field 
mapping and for establishing the Woodard and Downs transect system. The top of the 
image is North, top of the section is to the Southwest, scale listed by USDA as 1:20,000, 
is closer to 1:21,000). The numbers label localities, marked on the photograph with 
pinholes, enclosed within circles. The drawn straight line marks the View of Badlands 
Conglomerate Ridge and parallels the strike of other bedding horizons visible on the map. 
The arrow within the red circle points to locality LACM 1249 immediately southeast of 
the 'V'-shaped notch in the ridge. 
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FIGURE 4.2. Aerial photograph used for field mapping and for establishing the Woodard 
and Downs transect system, showing method of measuring stratigraphic position of 
localities. The parallel lines (yellow) represent Collecting Units, measured with the '40' 
scale of a standard engineer's ruler. Labelled locality pinholes are circled in red. The top 
of the image is north. The top of the section is to the southwest. The scale listed by 
USDA as 1:20,000, is closer to 1:21,000.
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FIGURE 4.3. The Woodard and Downs CU chart for VCFC (LACM) localities. All 
printed text (blue and red) is transcribed from the handwritten text to the chart margins. 
The column of numbers on the right side are the stratigraphic collecting unit (CU) 
numbers. The numbers along the top and bottom margin are along-strike (geographic) 
positions of localities. The localities are plotted in a reversed format (mirror image about 
the vertical axis). The numbers in the central field represent localities, each with an 'x' 
marking the measured geographic-stratigraphic position, measured and transposed from 
an aerial map. The top of the VCFC section is at the top of the chart. 
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FIGURE 4.4. Lindsay, Woodard, and Downs map. Photocopy of portion of Arroyo 
Tapiado 7.5' quadrangle map with Woodard and Downs CU (numbered parallel lines) 
and paleomagnetic sample sites (labeled dots). The top of the section is to the southwest.
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FIGURE 4.5. The Lindsay, Woodard, and Downs map registered to the USGS 
topographic master GIS layer for the southern half of San Diego County. The top of the 
section is to the southwest. 
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FIGURE 4.6. The Woodard and Downs CU lines and paleomagnetic sample sites 
digitized from the Lindsay, Woodard, and Downs map and displayed on a satellite image 
of the VCFC section. The CU lines (red), are as drawn originally on aeral photographs, 
and present a nearly parallel appearance. These represent the natural orientation of the 
bedding horizon lines, a sequence of visible northwest to southeast trending striations, 
caused by variations in lithology between stratigraphic layers. Random horizon lines are 
digitized and highlighted (green). The labeled CU lines are discussed in the text. The top 
of the section is to the southwest.
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FIGURE 4.7. Display of the GIS layer of paleontology locality points over layers of 
Woodard and Downs CU, paleomagnetic sample localities, and satellite image of the 
VCFC area. The top of the section is to the southwest.
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FIGURE 4.8. Preliminary overlay of the Geomagnetic Polarity Time Scale (modified 
from Berggren et al., 1995) onto the VCFC satellite image, with chron boundaries 
registered to gaps between paleomagnetic sample sites of opposite polarity at CU10 
(transition from chron C3n to C2Ar) and CU56 (transition from chron C2n to C1r2r). The 
top of the section is to the southwest.
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FIGURE 4.9. The preliminary (uncalibrated) digitization of the local VCFC Polarity 
Time Scale, as traced from an image overlay of the GPTS. The scale is registered to the 
GIS map at two chron boundaries (top of the Cochiti, chron C3n.1n, and top of the 
Olduvai, chron C2n). Other chron boundaries (in this image) are yet to be adjusted to 
gaps between paleomagnetic sample localities of different polarty. The ash samples, 
dated 2.3 ± 0.4 Ma, are used to calibrate the local VCFC PTS to the global GPTS, and to 
identify the individual chrons in the local paleomagnetic polarity sequence. Chron dates 
are from Berggren et al. (1995). The top of the section is to the southwest.
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FIGURE 4.10. The VCFC PTS with all chron boundaries registered to gaps between 
normal and reversed polarity paleomagnetic sample sites. Lateral margins of the VCFC 
PTS are extended to include fossil localities in the main, non-block-faulted, tilted 
segment of the VCFC section. The scale is calibrated with ash samples collected at 
approximately CU 45 and dated 2.3 ± 0.4 Ma (Johnson et al., 1983). The curved chron 
boundaries to the northeast follow mapped geologic features of Winker (1987). Chron 
dates are from Berggren et al. (1995). The top of the section is to the southwest. 
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FIGURE 4.11. Increased resolution of the stratigraphic position of magnetic polarity 
reversals via reduced sampling intervals. Proposed sampling routes (red lines) are drawn 
perpendicular to the strike of the bedding plane between paleomagnetic sample points of 
different polarity. The stratigraphically lower horizon (yellow) of View of Badlands 
Conglomerate (VOB Ridge bottom) crosses at the midpoint between the normal and 
reversed samples marking the transition from C2n to C1r2r. Chron dates are from 
Berggren et al. (1995). The top of the section is to the southwest. 
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FIGURE 4.12. Translation of ground coverage to stratigraphic thickness. sine of dip 
angle = stratigraphic thickness / horizontal ground distance; sin 23˚ = 0.3907; 0.3907 = 
thickness / 200 m; thickness = 78.14 m
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FIGURE 4.13. Proposed extension of paleomagnetic sampling to the extreme ends of the 
View of Badlands Conglomerate Ridge (yellow line), near the transition between chrons 
C2n (Olduvai event) and C1r2r. The red lines perpendicular (normal) to strike at the ends 
of the VOB horizon line are the proposed paleomagnetic sample routes. Chron dates are 
from Berggren et al. (1995). The top of the section is to the southwest. 
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FIGURE 4.14. Detail view of the VCFC PTS abutting the area of en echelon fault blocks. 
Apparent block rotation resulted in distortion, disconnection, and offset of bedding 
horizon lines, with strike orientation changing from northwest-southeast to north-south. 
Chron dates are from Berggren et al. (1995). The top of the section is to the southwest. 
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FIGURE 4.15. The geographic-stratigraphic distribution of Cervidae in the VCFC 
section. The plotted localities are based on ABDSP database records prior to the 
taxonomic review and examination of specimens. Many of the displayed localities are 
thus inaccurate. Those records and specimens examined for determination of the VCFC 
LSDk for Cervidae are labeled in the figure. Chron dates are from Berggren et al. (1995). 
The top of the section is to the southwest. 
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FIGURE 4.16. Distribution of localities producing Sigmodon in the VCFC. The yellow 
circle marks a locality with the species 'Sigmodon minor' referred indirectly by Martin 
and Prince (1989). The black circle marks the VCFC LSDk for the genus Sigmodon. 
Chron dates are from Berggren et al. (1995). The top of the section is to the southwest. 
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FIGURE 4.17. Detailed view of the VCFC Sigmodon localities, showing the geographic-
stratigraphic relationship of the two species Sigmodon lindsayi and Sigmodon minor in 
the block-faulted area. The white rectangle encloses two Sigmodon localities, 
ABDSP(LACM) 4963 and 6683, that did not correlate with the taxonomic and/or 
biostratigraphic analysis of the upper part of the VCFC section, as published by Martin 
and Prince (1989). Chron dates are from Berggren et al. (1995). The top of the section is 
to the southwest. 
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FIGURE 4.18. Review and stratigraphic distribution of VCFC Bovidae and Mammuthus. 
Localities of specimens previously identified to those taxa are displayed. Only two 
Bovidae and one Mammuthus specimen were correctly identified. The rest belong to 
different families or orders. The red rectangle outlines a proposed search area where 
further fossil specimens of the two taxa are most likely to be found. Chron dates are from 
Berggren et al. (1995). The top of the section is to the southwest. 

 
 



 

 

 

 

 

 

 

 
 
 
 
FIGURE 4.19. Estimation of the numeric age of VCFC Bovidae (>1.42 Ma) and 
Mammuthus (~1.25 Ma) by the relative position of localities within the reversed chron 
C1r.2r. Chron dates are from Berggren et al. (1995). The top of the section is to the 
southwest. 
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FIGURE 4.20. Stratigraphic distribution of Canidae within the VCFC section prior to 
taxonomic review and examination of all specimens. All taxonomic names are obtained 
from the Nov. 16, 2004 combined ABDSP/IVCM/LACM database, although the 
identifications are not necessarily correct. Many localities have qualified taxonomic 
identifications not displayed in the figure. Chron dates are from Berggren et al. (1995). 
The top of the section is to the southwest. 
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FIGURE 4.21. Stratigraphic distribution of Canidae within the VCFC section after 
taxonomic review and examination of all specimens. The Canis specimens are identified 
by a comparative size descriptor. The purple circle marks the position of Borophagus 
diversidens specimen ABDSP(LACM) 1951/V57449. Chron dates are from Berggren et 
al. (1995). The top of the section is to the southwest. 
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FIGURE 4.22. Stratigraphic distribution of Felidae within the VCFC section prior to 
taxonomic review and examination of all specimens. All taxonomic names are obtained 
from the Nov. 16, 2004 combined ABDSP/IVCM/LACM database, although the 
individual specimen identifications are not necessarily correct. Many localities have 
qualified taxonomic identifications not displayed in the figure. A species nomen within 
brackets indicates that some but not all of the specimens identified to the associated 
genus included the species nomen. Chron dates are from Berggren et al. (1995). The top 
of the section is to the southwest. 
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FIGURE 4.23. Stratigraphic distribution of Felidae within the VCFC section after 
taxonomic review and examination of all specimens. The small (<40 kg) Felidae are 
identified by a comparative size descriptor only. The light blue circle marks the position 
of Smilodon gracilis specimen ABDSP(IVCM) 150/V608. The dark green circle marks 
the position of Felis (smaller than F. rufus) specimen ABDSP(LACM) 1360/V20626. 
Chron dates are from Berggren et al. (1995). The top of the section is to the southwest. 

 
 



 

 

 

 

 

 

 

 
 
 
FIGURE 4.24. Stratigraphic distribution of Mustelidae, Procyonidae, and Ursidae in the 
VCFC section. The Tapiado lake beds are outlined in blue. The two labeled Arctodus 
specimens are anomalous, based on prior published biochronology of the genus, and need 
re-evaluation. Note the geographic juxtaposition of the Ondatra and Satherium localities. 
Chron dates are from Berggren et al. (1995). The top of the section is to the southwest.
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Chapter 5: Conclusions 

 

"Therefore, from the narratives of Herodotus to those set forth in yesterday's 

'Times,' all history is to be read subject to the warning that fiction has its share therein." 

(Huxley, 1898:205) 

Introduction 

The previous chapters presented evidence of a high incidence of error in the 

published and curatorial record of ABD fossil specimens. Methods used to detect and 

correct those errors were explained in detail. A comprehensive taxonomic review of ABD 

fossil mammals utilized published data, in-house documents, and digital records to 

determine the current status of every reported ABD taxon, as either active or retired. The 

technological changes in recording and display of locality data display were explained, 

and new analytical methods using digital techniques were demonstrated. 

I here provide general and specific recommendations for data improvement, based 

on the results obtained in previous chapters. General recommendations apply to recurring 

causes of data error found in most fossil collections and affecting published information. 

Specific recommendations for the ABDSP collections include suggestions for 

continuation of the protocols established during this study and additional comments 

based on my personal observations and conclusions. 
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However, error detection and data improvement are only preliminary steps 

leading to the ultimate goal of this study: analysis of the data. One basic question remains 
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to be answered: What effect, if any, does improving data have on analyses that 

incorporate those data? This final chapter includes a discussion of the local effects of data 

improvement, an examination of the cyclic progression of collection growth, 

technological advancement, and biochronologic review, in the search for a definitive 

description of the local VCFC Blancan-Irvingtonian boundary, and a brief discussion of 

the impact of local data changes on the status of North American biochronology. 

Recommendations 

As demonstrated by my study, all data pertaining to a given fossil assemblage 

must be accurate before that assemblage is utilized in any biostratigraphic or 

biochronologic analysis, from local- up to continental-scale. Direct (personal) 

examination and review of both specimens and their supporting primary data may be 

necessary to verify the accuracy of taxonomic information about a paleofauna. If direct 

verification is impractical, an estimate of the accuracy of taxonomic identifications may 

be represented by application of a confidence rank assigned to each taxon on the faunal 

list, based on the amount and quality of supporting evidence for the identifications. 

 

 
 



 

Recommendations for Publication of Taxa from a Paleofauna 

Implimentation of the following suggestions should minimize the publication of 

existing curatorial inaccuracies in a given paleofaunal collection and prevent the radiation 

of published errors by serial citation or leap-frogging citation. 

Statement of Purpose—Every faunal list should include a statement of purpose 

for the list. Some lists are informal, not intended for analytical use. Others are considered 

to be compilations of verified, factually supported data. A simple statement will aid 

researchers to determine if the list is useful for their purposes. The statement should be 

directly associated with the list, itself (e.g., in a table or figure caption that contains the 

list) and not separated from the list in the text or in a methods section of a larger paper. 

Voucher Specimens—Faunal lists should not be considered definitive data unless 

the following criteria are met. Every taxon name should be supported by catalogue 

numbers of at least one voucher specimen and its locality, and include descriptions and 

diagnoses of actual specimens, or other verifiable reasons for taxonomic assignments. 

Supporting diagnoses and reasons may be in the form of citations in the faunal list, of 

studies (preferably published) that identify specimens from the paleofauna, with voucher 

catalogue numbers, descriptions, and diagnoses. If unique UTM or other plottable 

coordinates are not known for a locality, a description of the locality provenience should 

be available. The locality description should provide enough information to draw a dot or 

closed curve on a USGS topographic quadrangle map (or other map based on a 

geographic coordinate system and a projection format) outlining the geographic-

stratigraphic limits of the locality.  
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Publication History—Authors should trace the publication history of taxonomic 

data for a locality or paleofauna. They should avoid the assumption that the last published 

faunal list provides all the taxonomic identifications or data available. 

Updating Faunal Lists—When re-publishing and updating a faunal list, authors 

should indicate the reasons for addition, alteration, or elimination of taxa from previous 

lists. All previously listed taxa should be explicitly mentioned, even if they are being 

eliminated from the list. The sources of taxonomic identifications should be cited for 

every taxon name on the list, as well as citations of authorities and reasons for the 

retirement of invalid taxonomic names from the list. 
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Direct Verification of Data—To the extent possible, information should be 

verified by direct examination of raw data and specimens. This is not always feasible 

(e.g., specimens destroyed during warfare or other disasters are no longer extant). If the 

published faunal list is supported by voucher catalogue numbers and adequate diagnoses 

or citations, direct review should not be necessary. 

Personal Communications—Secondary or serial citation of unsupported 

information from a personal communication is not advisable, especially for analytic 

discussions. Editors should discourage the use of personal communications for the 

dissemination of data not supported by published argument or explanation. However, a 

published personal communication provides a source for further investigation and should 

be pursued to determine the current status of the original information (see Chapter 2, 

Unsupported Data).  

Communicate with Institutions Housing Material Cited—Prior to publication 

of a manuscript, authors should verify locality and specimen catalogue details by 

 
 



 

communicating with collection managers and curators of institutions housing specimens 

and data cited. The primary purpose of this suggestion is to reduce the incidence of 

published typographic errors, of locality and specimen numbers. 

Qualified Taxonomic Identifications—Taxonomic identifications should not be 

forced beyond the original intent of the person making the identification (e.g., arbitrarily 

dropping a taxonomic qualifier). Instead, the next most inclusive, well-supported taxon 

level should be utilized in biochronological statements involving qualified taxa. At the 

very least, the equivocal status of specimens bearing qualified taxon names should be 

emphasized in discussions. 

LSDk and HSDk Records—Any published discussion of the highest and lowest 

known stratigraphic records of a given taxon from a given paleofauna, should include the 

catalogue numbers of the specimens assigned those designations. Where only one 

specimen of a taxon is recorded as the HSDk or LSDk, the relevant specimen and locality 

catalogue numbers should be included. In some cases, a given HSDk or LSDk produces 

multiple specimens of the taxon in question, from the same locality. Ideally, all of those 

specimens should be cited. If that is not possible because of editorial or other publication 

restrictions, at least one representative specimen and its catalogue numbers should be 

cited as a voucher for the datum. 
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Isolated Records—Solitary taxonomic records within a paleofaunal assemblage, 

based on isolated, single elements, should be thoroughly supported by diagnostic 

description or other evidence verifying the identification, before they are used in 

biochronologic analyses. Locality provenience for such records also should be verified. A 

single specimen may be readily identifiable with high confidence, based on biometric 

 
 



 

analysis and morphologic agreement with well established, published, and diagnosed 

reference taxa. However, single records of poorly preserved or partial fossil elements, 

missing measurable dimensions or identifiable morphology, or of ontogenetically old or 

young individuals, may only be tentatively referrable to a taxon. In such cases it is easy to 

overemphasize the importance of such specimens as representing temporal or geographic 

range extensions. For a faunal list to be useful in studies of biochronology, a conservative 

approach to such identifications is advisable. This is especially true of 

biochronologically, biogeographically, or biostratigraphically anomalous records (see 

Chapter 3, Family Equidae, cf. Dinohippus sp. and cf. Hippidion sp.). 

Minor Morphological Variations—Many taxonomic groups show remarkable 

ranges of variation in morphology and size within a given population. It is important to 

point out individual differences within a taxonomic population, and affinities shared with 

related taxa from nearby or distant paleofaunas. However, it is usually not useful to 

introduce a new taxonomic name into a faunal list based on minor variations (see Chapter 

3, Family Leporidae, Sylvilagus cf. S. floridanus). 

Undiagnosed Identifications—Previously undiagnosed specimen identifications 

and associated locality data should be approached conservatively, when utilizing material 

collected by someone else (in particular, those no longer available for consultation), and 

especially with microvertebrate specimens. Unless records are detailed and specimen 

provenience is well documented, from collection through processing and curation, all the 

data should be closely reviewed and the specimens should be re-examined (see Chapter 3, 

Order Rodentia, Neotoma lepida and Ammospermophilus leucurus).  
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Informal Identifications by Taxonomic Authorities—Informal identifications 

of specimens are often made by researchers, incidental to a study of fossil specimens or 

during a casual visit to a fossil collection. The identifications may appear as corrections 

on a specimen label, a note placed in a tray with the specimen, or some other written 

communication about the specimen. As long as the notation is signed by the individual 

making the identification, or the handwriting is unambiguously recognizable as being 

written by that individual, that individual is the authority for the identification. Every 

such notation should also include sufficient information (catalogue numbers, description 

or drawing of the specimen) to link the notation uniquely to the specimen or specimens 

being identified. However, regardless of the authoritative expertise of the individual 

making such identifications, until at least one voucher catalogued specimen of a given 

taxon from a given paleofauna is described and diagnosed in publication, that taxon 

should be considered as 'unverified' for that paleofauna. 

Modern Contaminants—Latest Neogene fossil collections are susceptible to 

modern contamination, especially those of microvertebrates. Many modern species are 

indistinguishable from their Pleistocene and Holocene antecedents. Often, the only 

evidence to distinguish them is taphonomic alteration of the fossil. Unless the author 

personally collected and processed the specimens, the possibility of contamination must 

be taken into account (see Chapter 3, Family Leporidae, Lepus). 
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Recommendations for Additional Improvement of ABDSP Fossil Collections 

Archived Database Tables—All the currently archived ABDSP database tables 

should be copied as 'read only' tables into a new, single, searchable, 'ARCHIVES' 

database. The content and structure of newly archived tables must not be further altered, 

and instructions should be clear to that effect. All database queries and other actions 

involving the ARCHIVES tables should be performed only on working copies of the 

archived tables, not on the ARCHIVES, themselves. The table names should reflect the 

contents of the table and should include the last date the table was modified. Once the 

ARCHIVES database tables are so organized, one copy of every currently active table 

should be added to the ARCHIVES database at least once a year as a 'read only' table. 

Tables should also be archived immediately before and after significant alterations to the 

content, format, or structure of the tables (e.g., the addition of a new sub-collection, or 

conversion to a different database system, or a global change in data formatting). The 

result will be a static, yearly record of the developing data for future reference and will be 

a valuable resource for data improvement and collection history. Secondary backup 

copies of the ARCHIVES database tables should be maintained on portable media (i.e., 

not a computer network server) in at least two separate locations, preferably not in the 

same complex of buildings. The secondary backup copies must be updated or replaced 

each time the primary ARCHIVES database is updated. The backup media must be kept 

up-to-date with advances in computer retrieval and display technology. 

Excavation Protocols—Although the majority of the fossil vertebrate specimens 

recovered from the ABD are fragmentary, skeletal elements of complete and partially 

 
 



 

complete skeletons are typically in reasonably good to excellent condition. Recent 

discoveries by CDD staff and ABDSP Paleontology Society volunteers include several 

partial large mammal skeletons with multiple undamaged, articulated elements. The 

difference between the fragmentary material and the partial skeletons is most likely the 

result of prolonged exposure on or in the surface sediments, versus continued protection 

of buried elements. A more aggressive testing of the subsurface, below and near surface 

finds, may increase the number of complete and partially complete skeletons discovered. 

The amount of extra testing and the radius of testing should be determined on a case-by-

case basis. The testing protocols must conform with the California Environmental Quality 

Act and CDD regulations. 
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Guy Hazen Field Maps—Arrangements should be made with the AMNH to 

obtain copies of the Hazen field maps and other ancillary documents, preferably in digital 

format, as scanned files. The scanned files should be stored digitally on the CDD server. 

Field Notes—Arrangements should be made with LACM to scan all ABD-related 

field notes by Ted Downs, Harley J. Garbani, John A. White, and George J. Miller from 

original copies (not microfiche) to digital files. Other original Garbani field notes, 

whether already donated to the SRC or still in his possession, and with his permission, 

should also be scanned. An effort should also be made to locate and scan the field notes 

of G. Davidson Woodard (if they are not at the LACM). All field notes should be 

transcribed. Both the scanned field notes and transcriptions should be stored digitally on 

the CDD server and backup media. Digital transcriptions can be searched digitally, as 

opposed to scanned documents, and are a useful form of index to the scanned original 

documents.  

 
 



 

Correlate Specimens with Original Field Notes—Specimens described in field 

notes should be identified by the locality and specimen numbers assigned to those field 

numbers and specimens. References should be made in the database 'specimen' and 

'locality' tables, recording field note page numbers that contain information about distinct 

specimens and localities. Similar cross-references should be made in an annotated, digital 

version of the transcribed field notes; each field number (in the field notes) should be 

labeled with a corresponding locality number; and each specimen description should be 

labeled with the specimen number of the object to which it refers. 

Effects of Data Improvement 

North American Land Mammal 'Ages'—Since their establishment almost 70 

years ago, the conceptual and terminological development of North American Land 

Mammal 'Ages' (NALMAs) has been closely related to the growth of the sciences of 

geology, biology, and paleontology. That development has been affected directly, and on 

occasion, most profoundly, by advances in technology adapted for use in geologic, 

biologic, and paleontologic research (e.g. radioisotopic dating, geomagnetic polarity 

stratigraphy, DNA analysis). The publication history of the NALMA framework is rich in 

detail and is summarized and analyzed relatively frequently (e.g., Flynn et al., 1984; 

Lindsay et al., 1975, 2003; Lindsay and Tedford, 1990; Savage, 1962; Savage and 

Russell, 1977; Tedford, 1970; Woodburne, 1977, 1987a, 1987b 1996, 2004, 2006). The 

conceptual and terminological changes had an influence on, and were influenced by, the 
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analyses of individual paleofaunas presented within the NALMA framework, including 

the VCFC section. 
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The primary conflict in NALMA theory appears to be the difference between 

biochronologic and chronostratigraphic methods used to organize individual NALMAs. 

The results of the Wood Committee were equivocal in resolving that issue (Savage, 

1962). The former method utilizes "the irreversible process of organic evolution" 

(Berggren and Van Couvering, 1978:39) to create a temporal sequence, unassociated with 

any given rock sequence (Lindsay, 2003). The latter ties a sequence of fossils to a given 

stratigraphic sequence of rocks in which they are found. The fossil sequence may be used 

to provide a temporal range for the rock unit. The purpose of the biochronologic method 

is associated with uncertainty with regards to stratigraphic relationships between non-

adjacent rock sequences and allows the correlation of paleofaunas across geographic 

space, without reliance on dated strata. A criterion for defining both chronostratigraphic 

units and NALMAS is a single taxon that first appears in the fossil record during the time 

interval represented by the unit. The taxon is used to define the base of the unit, which is 

also the top of the preceding unit (preventing overlap of time units). The "boundaries of 

chronostratigraphic units are always isochronous" (Lindsay, 2003:214) whereas 

boundaries between rock units are usually time-transgressive. Boundaries between 

NALMAs are also time-transgressive. Variation in taxonomic content between 

paleofaunas of similar age and different geographic sources impedes correlation between 

paleofaunas. Time-transgression affects the timing of first appearance fossil datums and 

impedes the correlation of local paleofaunas to defined and characterized NALMAs. The 

primary problem with NALMAs, in practice, is the determination of a single definition 
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and characterization that applies equally well to all paleofaunas within North America. 

For example, the defining taxon for a given NALMA does not appear in all paleofaunas 

that occur within the chronologic range of that NALMA. Also, different paleofaunas have 

different suites of taxa and different quantities of taxa. Two paleofaunas of a given 

NALMA, representing the same interval of time, may not share any taxa in common. At 

provincial- and geographically smaller-scales, unique definitions and characterizations 

are applicable, based on the taxa available. 

NALMAs are partitioned into divisions, based on temporal as well as provincial 

considerations. One sequence of temporal subdivisions of the Hemphillian, Blancan, and 

Irvingtonian NALMAs, based on arvicoline immigration, evolution, and dispersal 

(Repenning, 1987), included some taxa recorded from some, but not all, of three 

provinces of North America, west of the Mississippi River. The NALMA division, 

Irvingtonian I is defined by the first North American appearance of Microtus with five 

closed triangles in the southern United States, west of the Rocky Mountains between 1.4 

and 1.6 Ma (Repenning, 1992; Repenning et al., 1995; Bell et al., 2004b), by 

Phenacomys in the northern United States, west of the Rocky Mountains at 

approximately 1.72 Ma (Repenning et al., 1995; Bell et al., 2004b), and by Allophaiomys 

east of the Rocky Mountains possibly as early as 1.9 Ma (Rogers et al., 1992; Repenning 

et al., 1995; Bell et al., 2004b). The record of Microtus with five closed triangles, 

defining Irvingtonian I in the southern United States west of the Rocky Mountains, is the 

record from the VCFC section. The base of Irvingtonian I is equivalent to the B-I 

boundary. 

 
 



 

The Blancan-Irvingtonian Boundary—The Irvingtonian NALMA was 

ambiguously defined by Savage (1951), by the absence of Bison. No explicit definition 

was published prior to 2004, when a definition for the B-I boundary was proposed, as 

"the first appearance of Mammuthus in North America south of 55˚ N latitude" (Bell et 

al., 2004b:269). At least one earlier effort was made to establish a boundary stratotype in 

the VCFC, to define the Blancan-Irvingtonian boundary for North America (Cassiliano, 

1999). The fossil record from the VCFC was determined to be inadequate at that time to 

assign a definitive taxon (see below). 

The Blancan-Irvingtonian Boundary and the VCFC Section—Several studies 

and publications, from 1968 to the present, led to shifting perspectives on the B-I 

boundary in the VCFC. The first stratigraphic range chart of VCFC paleomammals 

displayed several taxa with the lowest stratigraphic occurrences marked at or near the 

purported B-I boundary (Downs and White, 1968). These taxa included cf. 

Nothrotherium, Geomys garbanii, Coendou, cf. Taxidea, ? Procyon, cf. Odocoileus, and 

?Euceratherium. The relative stratigraphic position assigned to the boundaries of the 

Irvingtonian part of the chart were correlated to the North American stratigraphic ranges 

of mammalian genera as published by Hibbard et al. (1965), in comparison to the local 

stratigraphic ranges of the same genera recorded from the VCFC. 

469 

The VCFC paleomagnetic sequence was established by two related studies 

(Opdyke et al., 1977; Johnson et al., 1983). The original interpretation of the two 

uppermost normal polarity zones in the VCFC magnetic polarity stratigraphy sequence 

was equivocal due to the lack of an absolute date within the sequence with which to 

calibrate it to the global GPTS. "On the evidence available, the event observed above the 

 
 



 

Gauss could be either the Olduvai or the Réunion event and the normal polarity zone at 

the top of the section could be either the basal Jaramillo or Olduvai event" (Opdyke et al., 

1977:323). An equivocal numeric age of ~1.9 or 1.6 Ma was assigned to the LSD (= 

LSDk, sensu Walsh, 1998) of two VCFC taxa, Smilodon and ?Euceratherium, with the 

Smilodon LSD plotted stratigraphically below the ?Euceratherium LSD. The two dates 

refer, respectively, to the local stratigraphic position above either the Réunion (chron 

C2r.1n) or the Olduvai (chron C2n) normal events. Smilodon was purported to be "known 

only from Irvingtonian and Rancholabrean faunas in North America," and Euceratherium 

was "characteristic of Irvingtonian and especially Rancholabrean faunas" (Opdyke et al., 

1977:325). Other unplotted taxa reported at the same stratigraphic level include, 

Stegomastodon, Lepus, and Dipodomys. The genus Microtus was described as occurring 

stratigraphically higher in the section.  
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In a subsequent paleomagnetic study (Johnson et al., 1983), the original field 

samples were re-analyzed and the VCFC magnetic polarity stratigraphy was adjusted 

accordingly. Zircons from a volcanic tuff in Arroyo Tapiado yielded a fission-track date 

of 2.3 ± 0.4 Ma and were used to calibrate the VCFC paleomagnetic sequence to the 

global GPTS (Johnson et al., 1983). The uppermost normal polarity zone was correlated 

to the lower chron boundary of the Jaramillo normal event (chron C1r.1n, 0.98 Ma). The 

Olduvai normal event was assigned boundary dates of 1.88 and 1.66 Ma. Chron dates 

were obtained from Mankinen and Dalrymple (1979). The effect of the recalibrated 

paleomagnetic sequence on the ages of local mammal records was not discussed by 

Johnson et al. (1983). 

 
 



 

In a general review of North American Quaternary biochronology, the B-I 

boundary in the VCFC was placed arbitrarily at 1.6 Ma, equivalent to the LSD (= LSDk, 

sensu Walsh, 1998) of Smilodon (Lundelius et al., 1987). The '?Euceratherium,' 

'Stegomastodon,' and 'Microtus' LSDs were estimated to be slightly higher in the section. 

The 'Lepus cf. callotis' LSD was placed near the base of the Olduvai normal event, with a 

date of 1.9 Ma. The taxon 'Lepus' was assigned a date of about 2.0 Ma. The general 

continental transition between Blancan and Irvingtonian NALMAs proposed by 

Lundelius et al. (1987) was based, in part, on the VCFC specimens. The transitional dates 

fell between 2.0 and 1.6 Ma, approximating the base to top of the Olduvai normal event 

(1.88 to 1.72 Ma) and the Plio-Pleistocene transition (Lundelius et al., 1987). The chron 

boundary dates for the Olduvai normal event were obtained from Lindsay et al. (1987). 

A concurrently published biochronology of 'microtine' rodents established the 

beginning of 'Irvingtonian I' at 1.9 ± 0.0 Ma (Repenning, 1987). This date was based on 

the appearance of the "late Blancan V Borchers Local Fauna in the top of and 

immediately above the Type 'B' ash, which is 1.9 to 2.0 Ma, indicat[ing] that the closely 

overlying Irvingtonian I faunas … are not as old as 2 Ma." The VCFC 'Microtus 

californicus ?' taxon was cited by Repenning (1987:248); "… in California … the earliest 

microtine indicating an Irvingtonian age is upsection from a normal event in the Palm 

Springs [sic] Formation, which must be the Olduvai subchron (Opdyke et al., 1977)." 
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In a later study, one of three specimens identified originally as 'Microtus 

californicus ?' (Zakrzewski, 1972) was assigned an age of between 1.4 and 1.7 Ma, 

making it the oldest record of the genus Microtus (sensu stricto) in the world (Repenning, 

1992). A single tooth originally identified as Terricola meadensis was purported to be 

 
 



 

from the VCFC section, making it the oldest record of that taxon (Repenning, 1992). 

Because of the uncharacteristically early ages of these two specimens, the uppermost 

segment of the VCFC paleomagnetic sequence, from where they were reported, was 

interpreted as being incorrectly identified (Repenning, 1992:50): 
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There is no record of Terricola meadensis in the United States that is as old as the 
Jaramillo event and this immigrant indicates an age younger than 850,000 years. 
Thus the youngest normal-polarity zone represents the Brunhes Chron, and 
sediment rates must be less than was calculated on the basis of this polarity being 
the Jarmillo event. 

A reduced sedimentation rate and at least one period of nondeposition in the 

upper portion of the VCFC was postulated by Repenning (1992) to explain the 'missing' 

Jaramillo normal event. Subsequently, the argument was made that a long sampling 

interval, used for the original study (Opdyke et al., 1977), may have missed the short-

duration Jaramillo normal event (Cassiliano, 1999 citing E. H. Lindsay, personal 

communication, 1994). 

The most comprehensive biochronology review of the VCFC, to date, was 

provided by Cassiliano (1999). One of the goals of that study was to evaluate the VCFC 

section as a possible physical location to serve as the boundary stratotype for the B-I 

boundary, thus establishing the Irvingtonian as a chronostratigraphic unit, rather than a 

biochron. Two criteria were examined: The stratotype has to be based on a single, 

continuous stratigraphic section, containing both Blancan and Irvingtonian age fossils in 

direct superposition; and the boundary must be defined based on a taxon located in a 

stratigraphic section, "whose lowest stratigraphic occurrence is also its probable earliest 

appearance in the fossil record and thus ties the boundary to a specific place in the 

geologic record" (Cassiliano, 1999:182). Only two fossil areas fit the first criterion (at 

 
 



 

that time), the San Pedro Valley, Arizona and the VCFC section (see Albright, 1997, 

1999a, 1999b; and Bell et al., 2004b). Both fossil areas are also characterized by 

paleomagnetostratigraphic and radioisotopic data that locates the Plio-Pleistocene 

boundary within the section. The San Pedro Valley was eliminated as a candidate based 

on the lack of Mammuthus, Smilodon, Euceratherium, and Lepus near the B-I boundary 

(Cassiliano, 1999). 
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The redesignation of the uppermost normally polarized sediments of the VCFC, 

from Jarmillo to Brunhes, reduced the purported age of the uppermost transition from 

reversed to normal polarity sediments by 0.29 Ma (see Chapter 2, Unsupported Data). 

Because of that reduction, the local VCFC LSDk for '?Euceratherium' was interpreted by 

Cassiliano (1999) as ~1.13 Ma. That taxon was thus eliminated from consideration as a 

local indicator for the B-I boundary (sensu Lundelius et al., 1987) because of its 

relatively young age. The traditional indicator for the boundary, Mammuthus, was 

reported as absent from the VCFC section by Cassiliano (1999), thus was not considered. 

Smilodon was rejected for three reasons. First, it is reported from late Blancan records in 

Florida. In addition, it is hypothesized to be descended from the North American 

Pliocene cat, Megantereon, and thus is not an immigrant, and finally, it is rarely found in 

local faunas. As a result, Lepus was cited as a possible marker taxon in the VCFC, even 

though it is not considered to be an immigrant taxon. The LSDk for Lepus and the local 

B-I boundary was thus set at ~1.95 Ma (Cassiliano, 1999). Arvicoline ('microtine') 

rodents were mentioned by Cassiliano as potential marker taxa for the B-I boundary, but 

were eliminated because of instability of the group taxonomomy, and the lack of 

abundance and stratigraphic uncertainty of arvicoline records within the VCFC section. 

 
 



 

A subsequent review of Blancan, Irvingtonian, and Rancholabrean NALMAs 

included a list of possible boundary-defining taxa present in the VCFC, based on data 

reported in prior publications (Bell et al., 2004b). Approximate dates were included for 

LSDk records of Navahoceros (approximately 2.05 Ma), Equus (Equus) (approximately 

2.09 Ma), Lepus (approximately 1.95 Ma), Smilodon (approximately 1.77 Ma), 

Euceratherium (approximately 1.13 Ma), and Mammuthus (approximately 1.2 Ma). 
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The range chart of Downs and White (1968) was figured, and the Lepus Faunal 

Datum Plane of Opdyke et al. (1977) was cited in a recent review of NALMAs 

(Woodburne, 2006). Although Woodburne referred to ongoing revisions of the taxonomic 

content of the range chart, the original data from both sources were thus revitalized and 

given current credence by the newer publication. 

Review of VCFC Taxa referred to the B-I boundary—As a result of 

subsequent studies, and my taxonomic review (Chapter 3), the LSDks of the VCFC taxa, 

originally plotted by Downs and White (1968: fig. 2) at the base of the Irvingtonian, were 

changed significantly. In several instances, additional specimens of the taxa were 

recovered or recognized after 1968, extending the stratigraphic ranges of some taxa lower 

into the Blancan. Among these are 'Coendou' (subsequently synonymized under 

Erethizon by Frazier [1981]), 'cf. Taxidea,' '?Procyon,' 'cf. Odocoileus.'  

'Geomys garbanii' was plotted inaccurately on figure 2 (Downs and White, 1968). 

That taxon range extended from early Irvingtonian to late Blancan parts of the VCFC 

section, in 1968 as well as today. The VCFC sloth elements originally identified as 'cf. 

Nothrotherium' were reidentified as Megalonyx, or they are currently indeterminate. The 

 
 



 

Megalonyx taxon range extends from middle Blancan through early Irvingtonian parts of 

the VCFC section.  

The VCFC LSDk for Smilodon, originally reported by Opdyke et al. (1977) as 

above either the Réunion normal event at ~1.9 Ma or the Olduvai normal event at 1.6 Ma 

and most recently, at 1.77 Ma by Bell et al. (2004b) is currently plotted below the bottom 

of the Olduvai normal event, >1.95 Ma (Fig. 4.23). This change was the result of a recent 

increase in the number of specimens identified as 'Smilodon,' with localities extending 

down section into the late Blancan.  

The VCFC 'Microtus' dates reported by Lundelius et al. (1987) and Repenning 

(1992), no longer apply. Two of the three specimens, originally identified by Zakrzewski 

(1972) as 'Microtus californicus ?' were reidentified as Lasiopodomys-morphotype and 

Arvicolinae (Repenning, 1992; Murray et al., in review; see Chapter 2, Locality 

Misplaced, and Chapter 3, Arvicolinae). The locality provenience for the remaining 

'Microtus californicus ?' (re-identified as Microtus with five closed triangles) is 

indeterminate. As a result, there are currently no valid Microtus records from the VCFC 

(Murray et al., in review).  

Similarly, the age assigned by Lundelius et al. (1987) and Cassiliano (1999) to 

VCFC 'Lepus cf. callotis' is no longer valid. The 'Lepus cf. callotis' specimen, along with 

all other previously published VCFC 'Lepus' specimens, are taxonomically indeterminate 

beyond subfamily Leporinae (Murray et al., in review).  

The 'Stegomastodon' reported by Lundelius et al. (1987) was then, and is 

currently, a single record for the VCFC and is plotted above the top of the Olduvai, >1.42 
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Ma. The genus first appeared (elsewhere, not related to the ABD) in the Blancan and 

persisted through the early Irvingtonian (Bell et al., 2004b).  

Several species of Dipodomys were identified by Cunningham (1984). The range 

of the Dipodomys records of the VCFC section, extends from above the Olduvai normal 

event down-section into the late Blancan, unlike the range plotted by Downs and White 

(1968).  

The Navahoceros taxon was based on a reconstructed partial antler with 

inadequate morphology to support an identification beyond tribe Odocoileini (see 

Chapter 2, Unsupported Data). The taxon Navahoceros was retired from the ABD faunal 

list (see Chapter 3, Cervidae, and Table 3.14). 

The locality provenience for the 'VCFC Terricola meadensis' specimen 

(reidentified as Microtus meadensis, Murray et al., in review) was misreported (see 

Chapter 3, Unsupported Data). The field map and all other documents place that locality 

in the Borrego Badlands, 40 km north of the VCFC, in sediments above the Bishop Ash 

(average age 758.9 ± 1.8 ka; Sarna-Wojcicki et al., 2000). As a result, that taxon name is 

not included in the VCFC biostratigraphic framework. Thus, there is no need for a 

reinterpretation of the original (Opdyke et al., 1977) paleomagnetic sequence 

(Repenning, 1992).  
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In consequence, the '?Euceratherium' locality (two specimens from two localities, 

currently identified as Ovibovini and Bovidae) is older than 1.13 Ma, and appears to be at 

least as old as 1.42 Ma. This new estimate was determined from GIS map displays (see 

Chapter 4, Bovidae and Mammuthus, Figs. 4.18 and 4,19). Coincidentally the new age 

estimate (>1.42 Ma) for the Ovibovini record ('?Euceratherium' of Cassiliano, 1999) is 

 
 



 

numerically equivalent to the sum of the age assigned by Cassiliano (~1.13 Ma) plus 0.29 

Ma. The latter number is the difference in age between the bottom of the Jaramillo and 

the bottom of the Brunhes normal events (see previous section).  
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One definite record of Mammuthus is now known in the VCFC sequence, at 

approximately 1.25 Ma (see Chapter 4, Bovidae and Mammuthus). The B-I boundary 

definition proposed by Bell et al. (2004b) is based on the first appearance of Mammuthus 

in North America below 55˚ North latitude. The earliest reliable dates associated with 

Mammuthus are bracketed between about 1.3 and 1.4 Ma. In the VCFC section, tooth 

fragments of Mammuthus meridionalis were recovered from approximately 1.25 Ma, and 

represent the only record of that genus in the VCFC to date. An age of 1.2 Ma for the 

VCFC Mammuthus was previously published by McDaniel and Jefferson (1999a) and 

cited by Bell et al. (2004b). A maximum possible age range of 1.0 to 1.25 Ma was cited 

for Mammuthus material recovered from the Borrego Badlands (Bell et al., 2004b), 

although more precisely, the older date was originally cited as the maximum age for the 

fossil bearing Ocotillo Formation, and not tied directly to any specimens (Remeika and 

Jefferson, 1993). A more recent review of the ABD proboscideans listed the oldest date 

for Mammuthus in the Borrego Badlands as 1.1 Ma, and two dates for records in the 

VCFC section of 1.2 and 1.4 Ma (McDaniel and Jefferson, 2006). However, the older 

VCFC Mammuthus date was a typographic error, and is associated with a Stegomastodon 

specimen (not Mammuthus) from the same locality (ABDSP[LACM] 1111) as the LSDk 

Ovibovini specimen (see Chapter 2, Mammuthus). Following the strict definition of Bell 

et al. (2004b), the local B-I boundary is marked by the Mammuthus record at ~1.25 Ma. 

This correlates closely with the bracketed early ages from other Mammuthus localities of 

 
 



 

1.3 to 1.4 Ma. However, the locality provenience for the VCFC Mammuthus specimen is 

based on a written description, and no accurate map coordinates are known.  

Therefore, the best indicator taxon for the VCFC B-I boundary, supported by a 

positive identification and precise locality provenience, remains the LSDk Ovibovini 

specimen, ABDSP(LACM) 1111/V3144. Yet, this is still not an ideal boundary-defining 

specimen, for two reasons. First, the specimen is not identified to genus or species, 

although that identification is subject to refinement. Second, bovids are not abundant in 

any early Irvingtonian age paleofauna, and are rare in the early Irvingtonian. Specimen 

V3144 will therefore remain a local boundary marker, but is unlikely to be useful for 

establishing a boundary stratotype, as previously noted by Cassiliano (1999). 
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As a result of this study, there are now three vouchered specimens from the 

VCFC section, known elsewhere only from Irvingtonian age or younger paleofaunas, 

several tooth fragments identified as Mammuthus meridionalis, and phalanx specimens 

identified as Bovidae and Ovibovini. The latter taxon is a tribe within family Bovidae, 

subfamily Caprinae. The approximate age assigned to the bovid localities (>1.42 Ma) is 

based on an assumption of an unchanging local sedimentation rate throughout the 

duration of the reversed polarity segment between the top of the Olduvai and the bottom 

of the Jaramillo (C1r.2r, 1.770-1.070 Ma, Berggren et al., 1995). This may be calculated 

more precisely with further research. The oldest reported bovid in North America is the 

Hemphillian age Neotragoceros. Teeth referred to this taxon were described by Webb 

(1998) as indicative of a brachydont antelope group, such as Hippotraginae, and not like 

Caprinae or Bovinae. The oldest reported Caprinae record is from Panaca, Nevada, 

approximately 3.5 Ma (Mead and Taylor, 2005), a partial skeleton of Sinocapra 

 
 



 

willdownsi, in the tribe Caprini. The two VCFC bovid phalanges probably represent 

Euceratherium or Soergelia. However, that determination will require a detailed study. 

For now, the single specimen identified as Ovibovini is the best local taxon marking the 

B-I boundary in the VCFC section. It may be the oldest North American record of the 

tribe. A paleofauna from Topaz Lake, Nevada was assigned an Irvingtonian age based on 

a record of Euceratherium (Kelly, 1997), and was suggested as possibly older than the 

VCFC record (Bell et al., 2004b). However, that statement was based on a purported age 

of 1.13 Ma for the VCFC Ovibovini (Cassiliano, 1999). 

Discussion 
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One source of data error not included in the 5 sources detailed in Chapter 2 is 

historic time. Throughout the progression of the last 50+ years, multiple changes 

accumulated affecting the ABD and VCFC fossil data. Some of those changes were 

internal to the collection, such as new fossil discoveries, extending the local stratigraphic 

ranges of taxa. Others were external to the collection, such as the discovery of new 

paleofaunas, or taxonomic revisions based on phylogenetic and other studies. The status 

of the ABD and VCFC fossil data (at any given time) does not immediately reflect all of 

those changes. Many such changes only affect the ABD and VCFC fossil data when they 

are reviewed as a whole (in, for example, a biochronologic or biostratigraphic study). The 

progression of published analyses, presented above, shows a gradual series of changes, 

based on the internal growth of the local VCFC fossil collection and understanding of the 

local geology, and the external, general growth of the use of technological tools and 
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paleontologic knowledge. The most important changes affecting the VCFC section are 

related to the progressive refinement of the chronostratigraphy and biochronology. 

Application of the (then) current chronostratigraphic and biochronologic methods 

produced the best estimates of the ages of the strata that produced given taxa. Until 1977, 

the best estimate for age assignment to the VCFC fossils was based, locally, on the 

taxonomic identifications of the fossils, themselves. The age of the sediments was thus 

based on correlation to the general biochronology of other paleofaunas of North America. 

In 1968, the presence of Irvingtonian age taxa, such as '?Euceratherium' was sufficient to 

assign a relative Irvingtonian age to the upper part of the Hueso Formation, although 

numeric dates were not yet applicable. After the determination of a geomagnetic polarity 

sequence for the VCFC section (a chronostratigraphic method), the ages of the fossils 

were correlated to known dates of global polarity reversals. Calculations of sedimentation 

rates within the paleomagnetic stratigraphy allowed for estimation of absolute numeric 

dates for fossil localities, within a range of ± 10,000 years (Cassiliano, 1999).  

The progressive refinement of the VCFC chronologic framework was interrupted 

by the publication of inaccurate locality sources for two isolated rodent teeth (see Chapter 

3, Arvicolinae), ABDSP(LACM) 6814/V24540, 'Microtus californicus ?' (reidentified as 

Microtus with five closed triangles, Murray et al., in review) and ABDSP(LACM) 68123/ 

V24828, 'Terricola meadensis' (reidentified as Microtus meadensis, Murray et al., in 

review). Based on specimen V24540, the Irvingtonian I was defined for the southern 

United States west of the Rocky Mountains between 1.4 and 1.6 Ma (Repenning, 1987, 

1992; Bell et al., 2004b). The locality data for that specimen is indeterminate, thus, the 

definition for the southwestern subdivision of the Irvingtonian I is no longer valid. Based 

 
 



 

on specimen V24828, the uppermost normal polarity zone in the VCFC section was 

incorrectly redesignated, and based on that redesignation the age of the '?Euceratherium' 

(reidentified as 'Ovibovini') LSDk was inaccurately placed at ~1.13 Ma. A combination 

of the correction of those errors and a new definition for the B-I boundary, caused an 

adjustment to the apparent age of the Ovibovini locality (>1.42 Ma). That age is near the 

estimated range of dates for the B-I boundary (1.3 to 1.4 Ma), based on early records of 

Mammuthus elsewhere (Bell et al., 2004b). 
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The development of the ABD faunal list was, and is, an ongoing process, with 

many changes in the informal lists, the database, and the formal published results. The 

early identifications were altered as more was learned about the section and other 

specimens were discovered to support or challenge previous assumptions about which 

taxa are or are not present in the VCFC section. Some of those early taxonomic 

assignments were based on very few specimens or on imperfect specimens. During the 

early stages of development of the VCFC biostratigraphic framework, only relative 

dating of the sediments was possible. Therefore, efforts to place the section in the general 

geochronology of North America included a focus on identifying taxa that would clarify 

the age of the sediments through biochronologic relationship with paleofaunas elsewhere. 

Thus, singular or minimal records were published that provided definitive ages for 

specific strata within the section, based on taxa characteristic of specific NALMAs, or 

with known chronostratigraphic ranges established elsewhere. Among these records, cf. 

Dinohippus sp. (the HSDk record only), cf. Hippidion sp., Microtus californicus ?, 

Navahoceros, Nothrotheriops, and Terricola meadensis were reported from the VCFC 

section. Some of the records are based on ontogenetically old specimens (cf. Hippidion 

 
 



 

sp.), or on specimens sharing characters with other closely related taxa, now known to be 

present in the VCFC, and within the same strata (the HSDk record of cf. Dinohippus sp.; 

Nothrotheriops). With the exception of Navahoceros and Nothrotheriops, the taxa were 

described and diagnosed in publication, based on voucher catalogued specimens.  

 The VCFC section and its paleofauna are now well established regarding the 

stratigraphic age and position of fossil localities. All of the taxonomic records listed 

above are anomalously old or young, compared to the known records of the taxa 

elsewhere. In most cases the anomaly is in excess of 0.5 Ma. At the time the records were 

first published, the chronological extent of the anomaly was unkown. As the stratigraphic 

plotting and dating of the section was refined, those anomalies became more apparent. 

Detailed investigation of all the listed taxa (except 'cf. Hippidion sp.' and the HSDk 'cf. 

Dinohippus sp.') revealed data errors with regard to either locality provenience or 

taxonomic identification (see Chapter 3). After data improvement, Microtus 

californicus?, Navahoceros, Nothrotheriops, and Terricola meadensis were retired from 

the VCFC faunal list. Further detailed examinations of other anomalous records in the 

VCFC may provide satisfactory resolution of those issues. 
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The western Salton Trough, including the ABD and the VCFC section, is the 

repository for sediments deposited from prior to at least 8 million years ago to today. 

Fossils encapsulated therein have the potential of providing independent evidence for the 

timing of the onset, continuation, or cessation of any or all of several geologic and 

climatic events that occurred during that period of time (Table 5.1). Each of these events 

may have a paleofaunal signal in local sediments, based on the appearance, persistence, 

and disappearance of various taxa. Time transgressive responses to events, especially 

 
 



 

those geographically distant, may overlap with responses to other events, either 

geographically close, or eliciting immediate local response (e.g., fire, landslide, or the 

shift of Colorado River discharge into a previously desiccated or briny Lake Cahuilla). 

Deciphering the various paleofaunal signals and applying the appropriate proximate 

causes require detailed and accurate taxonomic identification and stratigraphic 

provenience. 

483 

Any or all of the events may be a causative factor in provincial scale taxonomic 

changes, sufficient to be classified as a division of a mammal age, a mammal age, or even 

an epoch. A recent revision of the B-I boundary between 2.06 and 1.95, was based on the 

extinction of Sigmodon minor and the first appearance of Microtus (Allophaiomys of 

Repenning, 1992 and Bell et al., 2004b) in the Meade Basin, Kansas (Martin et al., 2008). 

Along with the B-I boundary revision, Martin et al. strongly recommended a relocation of 

the Plio-Pleistocene boundary from its current position at 1.8 Ma to 2.6 Ma, based on the 

beginning of global cooling, in part, demonstrated by their results. The effects of the data 

improvement begun with my study should be an important factor in the future analyses 

and determination of the relationship of local faunal changes to the changes in the 

physical environment. The local VCFC B-I boundary and the base of the Irvingtonian I 

boundary were altered, the latter requiring a new definition. The detailed examination of 

the ABD Carnivora produced several unexpected results, including early records of 

Panthera onca, a possible cyclic size change in Canis taxa from intermediate size, 

between modern Canis latrans and Canis lupus to modern Canis latrans size to 

intermediate size Canis and back to Canis latrans size, also geographic clustering of 
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select taxa may be a useful tool for determining paleohabitats. Similar examinations of 

other taxonomic groups in the VCFC should prove equally informative.  

Summary 

The current ABD fossil mammal collections curated by the AMNH 

(approximately 300 specimens), LACM (over 75 holotype specimens and two CIT 

specimens), SDNHM (one specimen), and ABDSP (>12,800 mammal specimens) have 

gone through over 50 years of minor and major changes. The ABDSP retains the core 

collection at the SRC. That collection is the result of collecting activities from 1955 to 

1982 (LACM), 1972 to 1989 (IVCM), and 1990 to today (ABDSP). Each of the three 

collections resulted from the efforts of one curator (Ted Downs at LACM, George Miller 

at IVCM, and George Jefferson at ABDSP) and multiple paid and volunteer assistants. 

The structure and character of the collections are related owing to an institutional 

relationship among the curators. Miller and Jefferson worked for Downs at the LACM in 

the late 1960s and early 1970s (Miller 1969 to 1971 and Jefferson 1973 to 1977) and both 

received training and experience related to that collection. Miller established the IVCM 

collection using most of the LACM field and curatorial techniques and philosophy. 

Jefferson took on the ABDSP and IVCM collections with over 15 years of additional 

experience, as curator at the LACM George C. Page Museum, an entirely different type 

of fossil collection than those of the ABD. Thus, when the three collections were merged 

between 1992 and 1997, they fit together physically with only minor differences in 

documenation protocols (e.g., there are no known field notes for the Miller IVCM ABD 

 
 



 

collection). The one major change instituted by Jefferson was a physical reorganization 

of all three collections, altered from the LACM and IVCM model, which was organized 

taxonomically, to one organized by general fossil area (each with a distinct stratigraphic 

time range), then by locality number and specimen number.  
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Each of the curators took advantage of the most recent technology, as it became 

available, for recording, storage, and display of fossil and locality data. From the 1950s 

through the 1980s, the localities for LACM and IVCM ABD specimens were plotted on 

aerial photographs and (after 1960) displayed using the Woodard and Downs CU transect 

grid system. That transect system allowed for the determination of relative stratigraphic 

position of localities and fossil taxa. The geomagnetic polarity sequence of the VCFC 

section (Opdyke et al., 1977; and Johnson et al., 1983) was one of the first applications of 

that technology to a terrestrial stratigraphic section. It allowed for the determination of 

numeric ages of VCFC taxa related to stratigraphic position of localities within 

magnetochrons. By the mid-1980s, both the LACM and IVCM catalogues were digitized 

to database tables. Beginning in 1994, all new UTM coordinates of ABDSP localities 

were recorded with GPUs and displayed on GIS-generated maps. By the late 1990s, most 

of the localities originally recorded by hand on aerial photographs were digitized and 

available as a GIS layer, including UTM coordinates. Digital cameras were used to 

record fossil localities and individual specimens. The first detailed biostratigraphic and 

biogeographic map displays of ABD fossil taxa and individual specimens were created in 

2004 (Murray). GIS layers of paleomagnetic polarity sample localities and the local 

VCFC Polarity Time Scale were used for determination of numeric ages. These displays 

allowed for direct plotting of localities within the polarity time scale, without the 

 
 



 

necessity of measuring and transferring plotted points to an idealized stratigraphic chart. 

They also provided a realistic visual display of the relationship among plotted localities, 

the irregular bedding horizons, and the geomagnetic polarity of the strata. 

As a result of this study, data errors were discovered involving taxonomic and 

locality inaccuracies accumulated as the ABD collections grew and matured. At least 17 

types of data error were recognized, arising from several sources, especially from 

published and curatorial records of ABD fossil specimens. A review of all published and 

unpublished taxa recorded for the ABD resulted in an updated faunal list of 110 retained 

taxonomic names, including 66 unqualifed genera and 46 unqualified species, with 178 

retired taxonomic names and groups of equivalent nomenclatural variations.  
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The Blancan-Irvingtonian boundary in the VCFC was previously based on two 

Lepus specimens dated to about 1.95 Ma (Cassiliano, 1999). However, subsequent 

examination of those specimens showed them to be undiagonsable beyond Leporinae 

gen. et sp. indet. (Murray et al., in review). Removal of the earliest records of Microtus 

(=Terricola and Pitymys of others) meadensis and Microtus with five closed triangles 

from the VCFC biostratigraphy, based on publications of inaccurate locality data, 

eliminated postulated inconsistencies with the paleomagnetic sequence, (i.e., the 

uppermost normal polarity zone represents the Jaramillo normal event, not the Brunhes). 

Results of my work indicate two phalanx specimens from two stratigraphically close 

localities, one identified as 'Ovibovini' and the other as 'Bovidae,' are candidates for 

indicators of the local VCFC B-I boundary, at >1.42 Ma. A single record of Mammuthus 

meridionalis, is tentatively plotted at approximately 1.25 Ma, based on a written locality 

description. 

 
 



 

Continuing geology and paleontology work in the VCFC should resolve the B-I 

boundary more definitively. The VCFC fossil beds continue to be productive, and with 

the aid of more detailed and focused paleomagnetic studies, planned fossil recovery 

surveys based on GIS plotted taxon distribution maps, and perhaps more aggressive 

excavation protocols, the section has the potential to be the longest, most detailed 

biostratigraphic section in North America. Further research on taxa not examined for this 

study and investigation of the general faunal dynamics throughout the section are yet 

needed.  
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TABLE 5.1. Geologic and climatic events that occurred during the period of 
sedimentation that created the VCFC section. 
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Source Event Time of onset 

Opening of the Salton Trough >8.1 ± 0.4 Ma Dorsey et al., 2007 

Incursion of the Gulf of California ~6.3 Ma Dorsey et al., 2007 

Emplacement of the lower Colorado River and
delta 

Coates et al., 1992 

Rise in global sea-level 

 ~5.3 Ma Dorsey et al., 2007 

Rapid uplift of the Colorado Plateau <5 Ma Sahagian et al., 2002 

Closure of the seaway between the North and 
South American continents 

3.8 to 3.6 

Establishment of the Panamanian land bridge 2.7 Ma Webb, 1997 

Onset of northern latitude glaciation 3.1 to 2.5 Ma Shackleton et al., 1995 

latest Miocene Haq et al., 1987 

Uplift of peninsular and coastal mountain 
ranges and Onset of local desertification 
from mountain rainshadow. 

2.0 Ma Cosma et al., 2002 

 

 
 



 

Appendix A: Digitization of Aerial Photograph Maps 

 

 
Terminology Note—In the procedures described below and elsewhere in the text 

the word 'point' refers to the actual (accurate) geographic position of a locality on a 

photograph. The words 'dot' and 'pinhole' refer, respectively, to the ink mark on the 

photograph and hole penetrating the paper of the photograph, representing the locality 

point. The importance of these distinctions will become apparent under the discussion of 

the variance between ink dot positions and sizes on different photographs representing 

the same locality point (see Chapter 2, Evaluative Approach to Data Improvement). 

Aerial Photograph Locality Maps 

Prior to 1993, both LACM and IVCM field parties used the same materials and 

methods for recording fossil localities in ABDSP. A series of aerial photographs of the 

Park were used as field maps. The photographs were preferred over local topographic 

map coverage due to the generally low relief of the badlands areas. Although the 

topography is rugged, most of the local, small scale, visual landmarks have less than 20 

feet (6.096 m) of vertical variation (the standard contour interval) and do not appear on 

the 7.5' quadrangle maps. The aerial photographs provide a more feasible method of 

locating oneself accurately in the ABD badlands.  

In 1947 and in 1953 the entire park was photographed from stable platforms 

(airplanes) flying at approximately 3.5 km elevation, with coverage of about 5x5 km per 
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photograph. The scale for the 1953 photograph series was listed by USDA as 20,000:1. 

However, measurement of the photographs displayed in GIS shows at least some to be 

closer to 21,000:1. The primary causes of this discrepancy are either a result of local air 

turbulence displacing the stable platform from its target altitude or rapid elevation 

changes of the landscape. The flight path followed a series of parallel lines north and 

south across the width of the Park. The resultant photographs overlap each other, varying 

due to flight conditions, by about 2/3 to 3/4 of the total area, in both the north-south and 

east-west directions. The vertical (flight path) overlap allows for the use of stereoscopic 

viewers, which produce a three-dimensional visual effect. Parallax (the three-dimensional 

effect) is produced when photographs of the same ground object are taken from slightly 

different positions of the moving photographic platform. The effect is created when the 

same ground features are observed simultaneously on two consecutive photographs 

through a stereoscopic viewer. This tool allows each eye to see only one of the two 

photographs. When the ground features are aligned each eye receives the same apparent 

information (view of ground features) from slightly different angles. This is the parallax 

that the brain of many organisms with stereoscopic vision processes to provide depth 

perception. Stereoscopic viewers are designed to take advantage of the organic parallax 

response to make features appear artificially to rise out of the flat photograph. The stereo 

view greatly enhances the ability of the observer to identify positions on the terrain of the 

photograph, especially in areas where elevation differences are not readily apparent or 

appear inverted on any single photograph.  
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The two series of aerial photographs used in the VCFC were F-15151- produced 

in 1947 and used exclusively by LACM, and AXN-(series 4M, 15M, and 16M) produced 
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in 1953 and used by LACM, IVCM, and ABDSP. The AXN 1953 series of photographs 

were available from the United States Department of Agriculture (USDA) through 1996, 

after which time they were turned over to a private distributor. Locality catalogue cards 

(IVCM) and specimen labels (LACM and IVCM) record the aerial photograph series 

number on which the locality is plotted. Some locality points appear on more than one of 

the overlapping photographs. 

The photographs used for field mapping are in 10x10 inch (25.4x25.4 cm) format. 

A larger 24x24 inch (60.96x60.96 cm) format is also available and the ABDSP has sets 

of both sizes covering most of the fossil areas within the Park. Of the seven or more 

geographically and geologically separated fossil areas within the Park three were 

consistently surveyed prior to 1993 and localities were mapped on aerial photographs by 

both LACM and IVCM. These are internally referred to by park paleontologists as the 

'VCFC' (or 'Vallecito Creek'), 'Borrego Badlands,' and 'Coyote Canyon' (or 'Coyote 

Badlands') fossil areas. 

The geographic position of localities was marked (in most instances) by making a 

pinhole through the paper of the photograph, using an insect mounting pin or similar 

sized device. When no pinhole was made, the locality was marked by an ink dot on the 

front of the photograph. The field number for the locality was printed on the back of the 

photograph for pinholes and on the front for ink dots, usually with a small line drawn 

from the pinhole or ink dot to the field number. Both pinholes and ink dots average 

approximately 1 mm in diameter.  

The subsequent protocol shows variation, but in general, a second set of "master" 

photographs was made by transcribing the field numbered pinhole or ink dot from the 

 
 



 

"field" photograph to a printed ink dot on the front of the master photograph and by 

translating the field number from the field photograph to the equivalent locality number 

written on the front of the master photograph. In many instances the locality number was 

printed on the front of the field photograph, labeling the pinhole with the corresponding 

field number on the back. Some of the LACM master photographs have mechanically 

printed locality labels, apparently made with a typewriter or technical drawing device. 

The localities on those photographs are marked by circles and are much larger (up to 3 

mm diameter) than standard pinholes or ink dots. 

In practice, locality numbers or field numbers may appear on either the front or 

the back of any given photograph. Field numbers typically have the initials of the person 

who discovered the locality (two or three letters) preceding a number. Numbers without 

an alpha prefix are typically locality numbers. However, this is not always the case. On 

some photographs where all or most field numbers were generated by the same person, 

e.g., Harley Garbani (HJG), the alpha prefix may be missing. In some instances a number 

may refer to something other than a fossil locality, such as an ash or a lithologic sample. 

Some dots or pinholes are not labeled. 

492 

Some field photographs have over 100 localities marked and labeled. Before the 

common use of photocopying machines, LACM had several of the master photographs 

copied photographically for use as field photographs. These photographs therefore have 

earlier recorded localities and labels in the photographic image on the front as well as the 

later field recorded pinholes and handprinted field numbers on the back. In consequence 

of the variable methods of recording, localities may appear as locality numbers or as field 

numbers on more than one photograph. With few exceptions, LACM localities appear 

 
 



 

only on LACM photographs and IVCM localities appear only on IVCM photographs. In 

areas of high fossil density more than one photograph of the same series number was 

used to record locality points. I labelled such multiple photographs arbitrarily with alpha 

characters (e.g., AXN-16M-202 LACM Field A, LACM Field B, LACM Master A, 

LACM Master B, IVCM Master A, IVCM Master B, etc). 

Digitization of Localities by Direct GPS Recording in the Field 

The Park adopted Global Positioning Satellite (GPS) technology as soon as it 

became available for state agencies, for mapping trails and roads, creeks and drainages, 

vegetation and faunal distributions, etc. During the first few years, around 1993 through 

about 2000, all GPS recording was carried out by the park Global Information Systems 

technician, L. Louise Jee, and other park staff trained in the use of the equipment. After 

about the year 2000, once satellite resolution restrictions were relaxed and GPS units 

became widely available to the public, recording was performed by a combination of park 

staff and volunteer personnel, using park and personal GPS recording units, or GPUs. 

The GPS data are checked for datum and coordinate system used and appropriate 

corrections are made by Ms. Jee. 

Until 2000 the park GPS units were available for paleontology work on a limited 

basis, about one or two days per month. The protocol from the beginning of Mr. 

Jefferson's tenure at ABDSP, around 1993, was to make a photocopy of a clean 

(unmarked) aerial photograph, and mark the photocopy in the field. The 24x24 inch 

(60.96x60.96 cm) format photographs were used to make field photocopies as soon as a 
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set was obtained by the Park. Each photocopy was used only for one or two days of fossil 

survey. As a result, most of these photocopy maps have around five to twenty five 

localities marked on them. Once the GPS recording unit and technician became available 

the field leaders would return to the field and relocate the marked localities to obtain the 

satellite generated UTM coordinates. The UTM coordinates were entered into the 

database locality table, providing data points for digital plotting in Geographic 

Information System (GIS) mapping format.  

Since 1996 every new locality received a permanent site marker, a 10 to 12 inch 

(25.4 to 30.48 cm) metal nail, driven into the ground where the fossil was removed. A 

metal tag is attached to the nail with information identifying the locality. Photographs are 

taken of most localities to record the fossils as they are found and to record the relative 

position of the site with respect to surrounding topographic features. Digital photographs 

are loaded onto the CDD computer server and analogue photographs are scanned and 

entered on the server. Analogue photographs are also placed in locality file folders. 
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Since about 2003 the ABDSPPS has used Digital Ortho Quarter Quadrangle 

(DOQQ) images, generated by satellite imaging, for field maps. The paleontology unit 

has DOQQs in oversize photograph format, which are photocopied for use as field maps. 

This allows for multiple copies to be distributed to the field crews. DOQQs are also 

copied or printed directly from the California State internet resource site. Locality UTM 

coordinates are recorded at the time of discovery with GPU. If a GPU is not immediately 

available park staff or volunteers return to the locality within one or two days with a GPU 

to obtain the coordinates. 

 
 



 

Digitization of Localities from Aerial Photograph Maps 

During the 1996-1997 season at ABDSP, at the behest of Mr. Jefferson, I began 

the locality digitization project. The purpose of this project was to translate all locality 

points from the aerial photographs produced prior to 1993 to a digital format to conform 

with current data gathering technology. The goal was to produce a series of fresh aerial 

photographs with all locality points plotted and clearly labeled. This series of 

photographs was sent to the United States Geological Survey in Denver, Colorado. At the 

USGS the locality points were transferred via digitizing technology to the appropriate 7.5' 

topographic quadrangle sheets, and the UTM coordinates generated therefrom were 

compiled into a database table. Errors were generated during the digitization process (see 

below). 

IVCM Field and Master Aerial Photographs—The IVCM aerial photograph 

maps include field and master copies of Coyote Canyon, Borrego Badlands, and VCFC. I 

produced a worksheet to keep track of the localities as I transcribed them, to record which 

original photographs contained the locality plots, and to record the new photograph onto 

which the locality was plotted. The worksheet for the IVCM collection (on file at SRC) is 

a table compiled from the IVCM database and includes the aerial photograph, locality 

number, and field number database fields.  

The first step was to examine each photograph and record on the worksheet every 

locality or field number that appears on it. I used magnifying lenses and dissecting 

microscopes to verify the letters and numbers of the handwritten labels. I also used 

stereoscopic viewers to aid in reading the plotted points and labels. 
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Once I accounted for every pinhole, ink dot and label on a field or master 

photograph I began the process of transcribing the locality points to fresh, unmarked 

aerial photographs. I used a stereoscopic viewer to transcribe all plotted points. In most 

cases I transcribed points to a photograph with the same series and number as that of the 

photograph containing the original points. This protocol hindered the transcription 

process somewhat, because identical photographs do not produce a parallax 3-D effect in 

a stereo viewer. The 3-D effect is very useful because it creates an apparent elevation as 

well as a geographic position for each ink dot, providing two different visual clues for 

correct placement of a transcribed point. When viewing identical photographs, however, 

the viewer acts as a camera lucida, allowing one eye to see where the dot is situated on 

the original photograph and fooling the other eye into seeing where the new dot should be 

plotted on the unmarked photograph. I copied locality points to the same photographic 

series and number (instead of the companion stereo image) for two reasons; the fewer 

changes that are made in curatorial data the easier they are to maintain and verify, and 

due to the overlap of stereo pairs of photographs, half of the plotted points of any given 

original photograph would, of necessity, be transcribed to one of two separate 

photographs (the preceding and succeeding images in the flight path), both of different 

series number from the original. 
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Once all the locality points were transcribed I proceeded to label the dots. The 

best adjective to describe the physical layout of the labels on the original photographs is 

'higgledy-piggledy'. Labels were placed in any available space and in every conceivable 

orientation. Although this was done doubtlessly for reasons of simplicity at the time of 

labeling, it makes it extremely difficult to locate any given locality label and its 

 
 



 

associated ink dot. On each new photograph I printed the labels in areas with no points, 

or very few points. These areas were usually located along the margins of the photograph. 

I avoided printing labels in dark areas of the photograph, when possible, so the black ink 

would be readily visible. I then drew lines from the locality dots to the labeling area, 

leaving a space of approximately 2 mm between the dot and the beginning of the label 

line. I used a straight edge for neatness and in order to draw several long lines in close 

proximity without any line touching or crossing another. I made angular turns to avoid 

drawing any line through a locality point or cluster of points, resulting in an appearance 

similar to that of an electronic component board. I ended all label lines at the same 

position along a vertical line and placed labels in columns so they could be visually 

scanned quickly when searching for a particular locality number. As a result of these 

protocols many label lines are over 10 cm long with multiple segmented turns. However 

each label can be read easily and the label line can be traced back to the locality dot. 

Owing to the large number of points (well over 100 on some photographs) and the 

complexity created thereby when drawing label lines, I drew all the label lines at the 

same time, before printing any of the labels (locality numbers). Once every ink dot on the 

new photograph had a corresponding line associated with it I printed the locality numbers 

next to the end of the label lines. This last step involved returning to the stereo viewer to 

match the original photograph and its points and labels with the new photograph, and 

checking off each locality on the worksheet as it was labeled to verify that all points were 

labeled. 

497 

LACM Field and Master Aerial Photographs—The LACM aerial photograph 

maps include field and master copies of Coyote Canyon, Borrego Badlands, and VCFC. I 

 
 



 

transcribed the LACM locality points in 1997 after I left employment at ABDSP. The 

original LACM photographs were not available to me. However, I made photocopies of 

all LACM field and master aerial photographs during the weekly visits I made with Mr. 

Jefferson to LACM in 1995. The 10x10 inch (25.4x25.4 cm) format necessitated making 

two overlapping copies of each photograph on the 8.5x11 inch (21.59x27.94 cm) copier 

paper made available by LACM. I made paper copies of the emulsion side of the 

photographs and both paper copies and transparencies of the back, when field numbers or 

other data were printed there, resulting in as many six copies for some aerial maps.  

Pinholes appear as black dots on the transparencies of the back and usually as 

white halos surrounding black dots on the photocopies of the emulsion side. Whereas 

most of the pinholes were thrust from front to back of the photographs, when the pin was 

withdrawn it pulled the paper out toward the emulsion side. The displaced paper appears 

on the front as a small crown surrounding the hole and extending perpendicularly up to 

about 0.5 mm from the surface, with the white thickness of the paper visible around the 

rim of the crown. When viewed from directly above the photograph the circular rim has 

the appearance of a white halo surrounding the hole. The halo is usually visible on 

photocopies but sometimes only a dark area is visible representing the hole. Ink dots or 

pinholes that appear as dark spots on the front of photocopies can be distinguished from 

natural features in the same size range, such as large rocks, creosote bushes, or mesquite 

trees, by viewing the photocopy next to an unmarked photograph through a stereo viewer. 

Natural features appear in both the photocopy and the photograph and merge visually. 

The white halos and dark spots appear solely on the photocopy until they are transcribed 
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as a locality dot onto the fresh photograph, at which time the camera lucida effect 

becomes obscured by the new dot.  

The edges of the original photographs appear on the transparencies as black lines. 

By reversing the transparency and laying it over the front of the photocopy I was able to 

use these lines to register the transparency to the photocopy. I aligned the dark pinholes 

from the back with the white halos or dark spots on the photocopy for finer adjustment. I 

was then able to tie the pinhole labels (field numbers) on the transparency directly to the 

locality points on the front of the photocopy. 
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Other (Privately Purchased) Field and Master Aerial Photographs— Harley 

Garbani, Rob Mabey, Marvin Pachen, and Michael Cassiliano purchased aerial 

photographs and used them in the field to record their fossil discoveries. Of these, all but 

Pachen turned over (donated) all their original photographs to the Park. There is some 

duplication in these photographs with IVCM and LACM localities, especially on the 

Garbani and Cassiliano photographs. The Garbani photographs were not available when I 

performed the original locality transcription. However, most of the pre-1982 Garbani 

field numbers or corresponding locality numbers appear on LACM photographs. 

Currently, park personnel (Scott Music and others) are relocating the later (after about 

1982) Garbani localities in the field and producing UTM coordinates by direct GPS 

recording on site. Mr. Garbani is consulted regularly and when possible, assists in the 

field with relocation of difficult localities. He has an excellent memory for geographic 

places in the ABD, and is able to return directly to sites he has not visited for over 40 

years. I witnessed his ability first hand in 1996 when he took us to a small cave with 

artifacts he had found 20 years previously. 

 
 



 

USGS Digitization and Introduced Errors—The photographic copies with 

newly labeled localities were sent to the USGS in Denver where the points were 

manually transcribed to semi-transparent topographic quadrangle sheets and 

simultaneously digitized to a calibrated electronic grid, recording geographic coordinates 

in a tabular database format. These data points are the source of the UTM coordinates 

used to generate the GIS locality maps for the ABDSP. Upon completion of the 

digitization project, the USGS returned the topographic quadrangle sheets and 

photographs to ABDSP.  

The handprinted point labels on the digitized topographic quadrangle sheets, as 

returned by the USGS, are arranged in a general circle around and among the points. The 

orientation of the printing requires continuous turning of the topographic quadrangle 

sheet to read the labels right side up. The best adjective to describe the end result is 

"spirally-higgledy-piggledy." 
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I was not present at ABDSP when the digitized data and topographic quadrangle 

sheets were returned, and was not able to verify the resultant work. ABDSP staff and 

volunteers subsequently discovered that several locality points were not digitized, 

although they were on the transfer photographs and on a hardcopy of the database table I 

sent with them. The ABDSP GIS technician, L. Louise Jee also discovered that several of 

the nine 7.5' topographic quadrangle sheets that cover the areas of the photographs were 

improperly calibrated by the USGS. All the digitized topographic quadrangle sheets were 

set to geographic coordinate system NAD83, although some of the topographic 

quadrangle sheets were originally drawn in a different coordinate system, NAD27 (L. L. 

Jee, personal communication, 2006). Some of these errors were recently discovered due 

 
 



 

to a great increase in field activity in the VCFC in the last five years. The coordinate 

system problem was corrected by Ms. Jee. Most of the missing locality points were 

identified and digitized by ABDSP staff. 
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