
Pleistocene fauna from 111 Ranch
area, Graham County, Arizona

Item Type text; Dissertation-Reproduction (electronic)

Authors Wood, Paul A.

Publisher The University of Arizona.

Rights Copyright © is held by the author. Digital access to this material
is made possible by the University Libraries, University of Arizona.
Further transmission, reproduction or presentation (such as
public display or performance) of protected items is prohibited
except with permission of the author.

Download date 16/05/2023 14:15:47

Link to Item http://hdl.handle.net/10150/565600

http://hdl.handle.net/10150/565600


PLEISTOCENE FAUNA FROM 111 RANCH AREA, 
GRAHAM COUNTY, ARIZONA

by
Paul a Y' Wood

A Dissertation Submitted to the Faculty of the
DEPARTMENT OF GEOLOGY

In Partial Fulfillment of the Requirements 
For the Degree of

DOCTOR OF PHILOSOPHY
In the Graduate College

THE UNIVERSITY OF ARIZONA

1962



. !' V.

STATEMENT BY AUTHOR

This dissertation has been submitted in partial 
fulfillment of_ requirements for am advanced degree at 
The University of Arizona and is deposited in the 
University Library to be made available to borrowers 
under rules of the Library.

Brief quotations from this dissertation are 
allowable without special permission, provided that 
accurate acknowledgement of source is made. Requests 
for permission for extended quotation from or repro
duction of this manuscript.in whole or.in part may be 
granted by the head of the major department or the 
Dean of the Graduate College when in their judgement 
the proposed use of the material is in the interests 
of scholarship. In all other instances, however, 
permission must be obtained from the authoro

SIGNED:

/



THE UNIVERSITY OF ARIZONA

GRADUATE COLLEGE

I hereby recommend that this dissertation prepared under my

direction by ________ Paul A. Wood____________________________
entitled Pleistocene Fauna from 111 Ranch Area,________

Graham County, Arizona____________________________
be accepted as fulfilling the dissertation requirement of the 

degree of Doctor of Philosophy___________________________

STsK.
'X. 9y

rZ
_-x

ssertation Director Date

After inspection of the dissertation, the following members 
of the Final Examination Committee concur in its approval and 

recommend its acceptance:*

~i>/J

7/1.3// L

*This approval and acceptance is contingent on the candidate's 
adequate performance and defense of this dissertation at the 
final oral examination. The inclusion of this sheet bound into 
the library copy of the dissertation is evidence of satisfactory 
performance at the final examination.

ii



ABSTRACT

A Pleistocene vertebrate fauna was collected from 
the 111 Ranch on the west side of the Whitlock Hills in 
the San Simon Valley southeast of Safford, Arizona# The 
fossils were collected from near the top of the valley- 
fill deposits in undeformed, fine-grained, fluviatile and 
lacustrine sediments# The average stratigraphic thickness 
of the fossiliferous beds is about 150 feet. There are no 
unconformities within the section. The fauna from the 
lower part of the section, the Flat Tire fauna, is dated 
as of Blancan age and the upper fauna, the Tusker fauna, 
is dated as of Irvingtonian age# The Flat Tire and 
Tusker faunas include one genus of turtle, Testudo, and 
twenty-one described genera of mammals, including: one
edentate, two lagomorphs, ten rodents, three carnivores, 
one proboscidian, two artiodactyls, and two equids. Two 
new species of rodents, a pocket gopher and a harvest 
mouse, are described. The geomyid from the Tusker fauna 
suggests that little evolution has occurred in Geomys 
since Middle Pleistocene time® The Tusker fauna is 
interpreted as indicating that the climate during Tusker 
time was as follows: average yearly rainfall between 15
and 20 inches, winters without killing frosts, and mean
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summer temperatures probably in the magnitude of 60°F. 
The Flat Tire fauna is interpreted as suggesting that 
the climate during Flat Tire time was more humid than 
during Tusker time0
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INTRODUCTION AND PREVIOUS WORK

Fossil vertebrates were first reported from the 
San Simon Valley, Arizona, by Knechtel in 1938© These 
fossils were found on the 111 Ranch which is located on 
the northwest flank of the Whitlock Hills about l6 miles 
southeast of Safford, Arizona, in sections 22, 23« 26,
271 28, 33, T© 8S#, R.28E©, and sections 3, 4, 9$ 10,
T.9S.f R.28E 0 The vertebrate fossils collected by Knechtel 
were identified by Gazin who stated (in Knecht el, 1938) 
that the 111 Ranch fauna is not greatly separated in time 
from the Blancan fauna of Texas but less advanced than 
the Hagerman fauna of Idaho© Gazin also considered the 
111 Ranch fauna to be older than the Arizona Curtis Ranch 
fauna but younger than the Benson fauna of Arizona.
Skinner, in 1942, described an antilocaprid, Capronieryx 
arizonensis, which was collected from the 111 Ranch area© 
Lance, in 1958, on the basis of additional material, 
dated the 111 Ranch faunas as Blancan and early Irving- 
tonian in age © During 1958 and 1959, a more extensive 
search was made in the area for fossils in connection 
with the Arid Lands Project of the University of Arizona 
financed by a grant from the Rockefeller Foundation© In 
these two years, a four-man field party excavated at the
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111 Ranch sites, collecting many additional fossils.
From a preliminary study of this material, Lance, in i960, 
recognized two faunas in the 111 Ranch area, the Lower 
Flat Tire fauna of.Blancan age and the upper Tusker 
fauna of Irvingtonian age.
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GEOLOGY OF THE SAN SIMON VALLEY

The San Simon Valley is bordered on the east and 
west by mountain ranges which are different in composi
tion and age* On the west side are the Dos Cabezas 
Mountains and Pinaleno Mountains which are composed of 
Paleozoic and Cretaceous sediments and PreCambrian 
metamorphic and granitic rocks. The Peloncillo Mountains 
to the east are largely volcanic in composition and con
tain thick sequences of rhyolite, andesite, tuff, and 
basalt. These volcanics may be, at least in part, Late 
Cretaceous and Early Tertiary in age. The relationship 
between these bordering mountain ranges and the San Simon 
basin will be discussed below.

The basins in southern Arizona generally have 
been interpreted as being grabens between tilted fault 
block mountains (Wilson and Moore, 1959)* Accordingly, 
therefore, there should be a zone of normal faulting 
between the mountain and basin blocks. However, in the 
San Simon valley such boundary faults have not been 
found• Possibly, this apparent lack of faulting may be 
explained in one of the following ways: (1 ) boundary
faults are present but covered by basin deposits, (2)
the basin is primarily an erosional feature, (3) the San

3
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Simon basin is the down thrown portion of a tilted fault 
block whose uplifted portion forms the Peloncillo 
Mountains to the east. The Dos Cabezas and Pinaleno 
Mountains on the west side of the basin represent the 
uplifted portion of the adjacent, tilted, fault block. 
The fault between the western and eastern blocks would 
then lie in the center portion of the valley beneath the 
basin-fill deposits•

It appears certain that the San Simon was 
structurally formed, at least in part, since drilling 
data indicate that the valley-fill deposits may be found 
below the present- sea level (Johnson, 1959)* The lack 
of sufficient subsurface data makes it impossible to do 
more than speculate upon the structural nature of the 
San Simon basin, but the absence of any evidence of 
faulting between the basin and the adjacent mountains in 
addition to the almost complete absence of faulting in 
the basin deposits indicates that very little, if any, 
differential movement between the basin and bordering 
mountains has occurred since the upper, exposed portion 
of the basin sediments were deposited.

The basin-fill deposits may be divided into two 
units: a very thick, predominantly fine-grained, lower 
unit and a relatively thin, surficial, coarse-grained 
upper unit. The lower unit in the San Simon Valley is 
about 4,000 feet thick. It extends from a few hundred
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feet below sea level, as determined by drill holes 
(Johnson, 1959)t up to about 3,800 feet above sea level 
alo::& i&be basin margins• The lower unit is composed pre
dominantly of alluvial clays, silts, fine-grained sand
stones and, locally, conglomerates which probably represent 
old stream courses. Also present are numerous but aerially 
restricted limestone, diatomite, and water-laid tuff units 
which indicate that small ponds were common during the 
time of their deposition. There is a surprising lack of 
coarse alluvial fan material along the mountain fronts in 
the lower unit. Instead, fine-grained sediments often 
overlie basement crystalline rocks along a steeply dipping 
depositional contact•

The beds of the lower unit are relatively flat 
lying with dips generally of only 20-3° toward the center 
of the valley. Occasionally, local differential compaction 
has produced dips of 10°—20° near the mountain fronts•
There is some minor normal faulting in the Gila Valley, 
which is the northwestward extension of the San Simon 
Valley, but the faults are rare and the movement along 
any particular fault is in the magnitude of ten to twenty 
feet at most.

The lower unit in the central part of the basin 
has been deeply eroded. These deposits crop out near 
Safford at elevations of about 2900 feet and along the 
mountain fronts at elevations of about 3800 feet. While
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the beds dip toward the center of the valleyf this dip is 
slight and it is likely that at least 400 to 600 feet of 
basin-fill sediments have been eroded from the center of 
the valley. There are at least three major erosion 
surfaces developed at different elevations within the 
valley. These step-like pediments parallel the long axis 
of the valley and cut across, at a slight angle, the more 
gently dipping beds of the lower unit.

Overlying the pediment erosional surfaces are 
coarse alluvial fan sediments and pediment gravels 
which, together with the present stream channel deposits, 
constitute the upper unit of the basin fill• This unit 
is relatively thin. The only well developed alluvial 
fan in the valley is about 700 feet thick and the pedi
ment gravels are only about 20 feet thick (Harbour, 
i960)o The composition of this coarse upper unit 
indicates that it was derived locally from the adjacent 
mountain ranges©



Ill RANCH BEDS

The 111 Ranch fossil locality is located on the 
east side of the San Simon Valley at an elevation of 
about 3400 feet* Fossils have been collected from an 
area three to four miles long and one to two miles wide 
immediately adjacent to the northwest flank of the 
Whitlock Hills• An average composite stratigraphic sec
tion exposed in the area, totaling 14? feet in thickness, 
is given by Seff (i960) as follows:

Unit
Average

Thickness Description
11 32 * Massive sand with coarse gravels 

at the top
10 6 ' Limestone, chert and diatomite
9 15 ' Sandy silt with clay lenses
8 15' Sandy silt containing an 

abundance of volcanic shards
7 12 ' Sandy clay marl
6 5' Well indurated limestone
5 1 1 ' Massive silt with alternating 

layers of clay
k 16 • Thick clay
3 4' Silty limestone, thin chert
2 13' Clay with occasional chert
1 1 8 ' Diatomite with occasional chert 

beds and nodules
7
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The units described may vary considerably in thickness 
throughout the area. The most important marker beds are 
the limestone beds, units 3* 6, and 10, and in particular 
the middle limestone unit which outcrops over about two 
thirds of the fossiliferous area# There are no uncon
formities in the section except at the top where the 
pediment gravels unconformably overlie unit number 11.
The beds are undeformed except for gentle tilting in some 
places near the mountain front, interpreted as being the 
result of differential compaction.

There is a cyclic pattern of sedimentation repre— 
sented in the 111 Ranch section. The lower diatomite unit 
and the three limestone units are separated from each 
other by clastic intervals of increasing thickness and 
coarseness• The lower clastic interval, including only 
unit 2 | is only 13 feet thick and is composed primarily of 
clay• The middle clastic interval, including units 4 and 
5 i is 26 feet thick and is made up mostly of clay with 
some silt. The third clastic interval, 42 feet thick and 
consisting of units 7 , 8 , and 9 » is composed of clay, silt, 
marl, and sand. The fourth clastic interval includes 
unit 11 only, overlies the upper limestone, and is com
posed of massive sand with gravels near the top. Its 
original thickness is unknown since its upper surface is 
an erosional unconformity. While this is clearly a 
cyclic pattern, no interpretation can be made regarding
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its significance until a more detailed analysis of the 
sediments has been made#

The fossil vertebrates from the 111 Ranch locality, 
except for the rodents, are widely disseminated laterally# 
Although specimens have been collected from most of the 
units, certain beds are more fossiliferous than others#
Most of the rodent fossils were collected from one quarry 
located about 1 1/4 miles S 20° E of the 111 Ranch house 
near the top of unit 8 • This quarry is about 10 feet 
long, four feet wide and one foot deep• From this 
locality were collected approximately 150 partial mandibles 
and skulls and over 4$0 isolated teeth of various rodents 
and rabbits# Most of these specimens were concentrated in 
small pockets; one such pocket about a foot square yielded 
about forty partial mandibles and skulls• Often a number 
of jaws and skulls of different forms would be matted 
closely together# However, isolated specimens were also 
disseminated throughout the quarry area# In addition to 
the rodents and rabbits, other fossil forms were collected 
from this quarry including: bird, cat, mustelid, mastodon
(portion of a small milk tooth), a phalanx of a ground 
sloth, and fragments of turtle plates•

Rodents were also collected from two other areas 
in the 111 Ranch# One locality, about one fourth mile 
northeast of the rodent quarry described above and also 
situated near the top of unit 8 , yielded a few mandibles#



10

The rodent material here is not concentrated into pockets 
but is rather sparsely disseminated. The only other area 
where fossil rodents were found is about two miles S 10° W 
of the 111 Ranch house. This locality has yielded all the 
capybara material which has been collected and two mandi
bles of a pocket gopher. This capybara locality is in 
beds which are above the middle limestone unit and below 
the upper limestone bed. The pocket gophers were collected 
from a brown sandy silt unit and the capybaras from an 
immediately overlying green clay and chert unit.

The fossils of the larger vertebrate forms are 
highly disseminated throughout the section both laterally 
and vertically. However, the zones immediately below the 
three limestone units are the most prolific• Only rarely 
were two bones found in close association and there were 
no elements;found in articulation. The fossils are com
monly highly silicified, particularly those in sediments 
near the Whitlock Hills.

Lance (i960) noted that there were probably two 
faunas represented in the 111 Ranch area; a lower, Flat 
Tire fauna and an upper, Tusker fauna• These faunas were 
differentiated on the basis of the different horses found 
below and above the middle limestone unit• Nannippus is 
not- known to occur above this limestone unit and the 
species of Equus s• 1 . found above and below unit 6 appear 
to be different forms• These horses will be discussed in 
more detail in the sections on faunal description, paleo- 
ecology and age determination.



LIST OP FOSSIL LOCALITIES IN THE 111 RANCH AREA
. ' • : • : •

Localities from which specimens were collected 
were numbered and located on an aerial photograph with a 
scale of eight inches to the mile. The 111 Ranch area 
is designated by the number 1$ and the specific fossil 
localities are identified by numbers from 1 to 29 immedi
ately following the area number#

Flat Tire Level Fossil Localities 
: : ! , - . . , '

A. Localities 15-1, 15-2, 15-5, 15-4, 15-6,
15-7, 15-18 are located in an isolated group of hills one 
half mile S 10° E of the 111 Ranch house. These locali
ties are all within one fourth mile of the shaft on the 
Flat Tire claim.

B. Localities 15-12, 15-13, 15-14, 15-16, 15-17 
are in a low isolated group of hills three fourths of a 
mile S 70° E of the shaft on the Flat Tire claim. All of 
these localities are within an area one tenth mile in 
diameter.

Co Locality 15-15 is on the west side of an 
isolated hill seven tenths mile east of the shaft on the 
Flat Tire claim.

D. Locality 15-8 is on the north end on a north- 
south trending ridge two fifths mile S 50° E of the shaft

11
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on the Flat Tire claim*

Tusker Level Fossil Localities
A* Locality 15-10 is located on the crest of a 

north-south trending ridge three fourths mile S 30° E of 
the shaft on the Flat Tire claim*

Be Localities 15-24 and 15-5 are three fourths 
mile S 30° E of the shaft on the Flat Tire claim* These 
localities are only a few hundred feet apart•

C• Locality 15-20 is one fourth mile S 60 E of 
locality 15-24 described in ,,BH above*

D* Localities 15-19, 15-26, 15-28 are two miles 
S 10° ¥ of the 111 Ranch house• These localities are in 
an area about one tenth mile in diameter*

E. Localities 15-21, and 15-23 are one and three 
fourths miles S 15° W of the 111 Ranch house• These locali
ties are only a few hundred feet apart©

F• Locality 15-29 is two miles S 30° ¥ of the 111 
Ranch house on an east-west trending ridge*

G. Locality 15-9 is three miles S 20° W of the 
111 Ranch house• It is close to a rhyolite knob near the
mountain front



FAUNAL LIST

Tusker Fauna Flat Tire Fauna
Class Aves
Class Reptilia Class Reptilia

Testudo s. 1 Testudo s.l
Class Mammalia

Order Edentata
Nothrotherium ?
Glyptodontidae 

Order Lagoniorpha 
Lepus 
Hypolagus 

Order Rodentiai 
Sciuridae
Geomys tuskeri sp. nov.
Perognathus 
Dipodomys 
Peromyscus ?
Reithrodontomys arizonensis sp. nov. . 
Sigmodon
Neotoma (Hodomys) alleni 
Synaptomys vetus 
Neotoma ?

13
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Tusker Fauna 

Microtus ?
Hydrochoeridae 

Order Carnivora
Spilogale cf. S. gracilis 
Martes ?
Lynx cf. L. rufus 

Order Proboscidea
Stegomastodon mirxficus 

Order Artiodactyla 
Catnelops ?
Platygonus 

Order Perrisodactyla 
Equus (Hippotigris)

Flat Tire Fauna 

Order Carnivora

Order Proboscidea
Stegomastodon mirificus 

Order Artiodactyla 
Camelops ?

Order Perrisodactyla 
Nannippus phlegon
Equus s. 1



SYSTEMATIC DESCRIPTION OF THE FAUNA

In the following descriptions upper teeth are 
designated by capital letters and lower teeth by lower 
case letters• All measurements are given in millimeters *

Class Aves
A number of bird limb bones were obtained from

the rodent quarry, UA loc• no. 15-24. This material has 
not been studied, but there are apparently at least two 
types of birds represented.

Class Reptilia 
Order Chelonia 
Family Testudinidae 
Testudo s• 1.

Fragments of large turtle shells and bones are 
commonly found throughout the 111 Ranch section but they 
are particularly numerous just below the three limestone 
units• One relatively complete shell, with only the left 
half of the carapace missing, has been collected from 
immediately below the middle limestone bed. The museum 
number of this specimen is UA 1275o

Description: A large Testudo with a very high
and rounded carapace. The proximal ends of the second,

15
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fourth, and sixth pleurals are in contact with three 
neurals each. There are 11 peripheral bones* Neural 
bones number two and four are octagonal; the third and 
fifth are quadrilateral* The lateral diameter of the
centrals is less than the proximal-distal length of the 
laterals. According to Oelrich (1957), Williams (1950), 
and Hay (1908), these characteristics are diagnostic for 
family Testudinidae and genus Testudo. Measurements are 
given in tables I, II, and III below*

Table I. Testudo carapace and plastron measurements
UA no. 1275

Total length carapace 850
Maximum width carapace -x) C O approximately
Height of carapace 280 approximately
Total length plastron 820 approximately

Table 11. -Testudo scute measurements . UA no. 1275
Medial

Central scute no• Anter©-posterior 
length

Medial Lateral 
width

2 155 174
3 144 193

/ » 4 184 154
Lateral scute Antero-posterior 

110 * width
Proximal-distal

length
1 224 200
2 154 222
3 166 24l
4 180 219
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Table III. Testudo bony plate measurements 
UA no. 1275

\
Neural bone

Maximum
no. Antero-posterior Maximum lateral

length width
2 94 108
3 70 92
4 96 118
5 68 88

Pleural Antero-posterior Antero-posterior 
bone no• Diameter of Diameter, of

Distal end Proximal end
Transverse
Diameter

2 116 59 240
3 . 37 93 263
4 96 52 270
5 97 98 282
6 ' ' 82 68 248

Discussion: Loveridge and Williams (1957) eleva
ted the forms Geochelone, Psamnobates and Chersina from 
subgenera of Testudo to full generic rank. Accordingly, 
the large fossil land tortoises of Tertiary and Pleisto
cene age in North America have been referred to the genus 
Geochelone by Loveridge and Williams as well as by Hibbard 
(i960). However, Loveridge, in a footnote in the 1957 
paper, states that he favors retaining Geochelone,, 
Psamnobates and Chersina as subgenera of Testudo but that,

Possibly this attitude is a mistaken one, so 
£or the purposes of this revision X defer to a 
current trend in herpetology. This is done in the 
confident belief that — as increasing knowledge 
reveals the disadvantages of a multiplicity of
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genera that are difficult to define - in due course 
there will be a return to the larger units as is 
even now occurring in South American ornithology 
following an extended period of nomenclature! 
chaos. .

Loveridge and Williams together emphasize that testudi- 
nates should never be described on.single characters and 
only rarely on single specimens and also that "conclusions 
based on series that are limited to less than ten indi
viduals should be. viewed with suspicion..» • In all
characters the amount of variation exhibited by members 
of this order is frequently astonishing and always dis
concerting. .. . This high degree of variability extends
to osteology also." Carr (1952) also emphasizes the 
difficulty of diagnosing genera of Testudinidae by 
stating that Gopherus "... is so slightly differentiated 
from Testudo that the positive identification of fossil 
material as representing Gopherus would be next to 
impossible." • Because of this high degree of variability 
of Testudinate turtles and because of the relatively , 
small amount of material available from many of the North 
American Pleistocene localities, including the 111 Ranch 
locality, it would seem prudent to refer these fossil 
forms to the genus Testudo s. 1. rather than to Geochelone.

Class Mammalia 
Order Edentata 
Family Megalonychidae
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Nothrotherium ?
A phalanx collected from the rodent quarry, UA 

loc. no. 15-24, is very similar to the medial phalanx 
of the second digit of Nothrotherium shastense as des
cribed and figured by Stock (1925)» This element is 
illustrated on plate III. The measurements of the 
Tusker specimen and that of N. shastense (Stock, 1925) 
are given below for comparison.

Table IV. Measurements of a phalanx of 
Nothrotherium ? from the Tusker 
fauna compared with the measure
ments of N. shastense Stock

Nothrotherium ? N, shastense
UA no. 902 from Stock 1925

Length through middle 50.4 50.9
Width proximal end 26.6 27
Depth of distal end 21.2 23-7

Family Glyptodontidae
Three glyptodon plates were collected from the 

Tusker, level. The material is too fragmentary to attempt 
a generic identification.

Order Lagomorpha <
Family Leporidae

- , . ' . . . ' . i t - ;  ■ - - _ ' . - •-

Lepus
J. Downey has identified a species of Lepus from 

the rodent quarry, UA loc, co. 15-24, which he considers
to be very close to L. californicus (Downey, personal
communication)•
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Hypolaffus
J . Downey has described a new species of Hypolagus 

in a paper which he has submitted to the Journal of 
Paleontology for publication. The Tusker species of 
Hypolagus is very similar to H. furlongi from the Grand 
View fauna, Idaho (Downey, personal communication).

Order Rodentia 
Family Sciuridae

Four isolated sciurid cheek teeth, three uppers 
and one lower, were collected from UA loc. no. 15-24.
The upper molars are triangular, relatively high crowned 
and lophid. They resemble the Citellus type of tooth 
but there is not sufficient material for a certain generic 
identification.

Family Geomyidae 
Geomys tuskeri sp. nov.

Holotype: UA no. 943i the anterior part of a
skull, with all of the teeth present except the left M3. 
Illustrations are on plate I.

Type locality: UA loc. no. 15-24, on the 111
Ranch located about 16 miles southeast of Safford, 
Arizona, on the northwest side of Dry Mountain at the 
north end of the Whitlock Hills. ‘

Fauna: Tusker fauna.
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Referred material: From UA loc. no* 15-24; no.
9^2, anterior part of skull with complete dentition; no. 
954, a partial mandible lacking m3; no. 1015, a partial 
mandible with ml and.m3 missing; no. 1016, a partial mandi
ble with the incisor and m3 missing. From UA loc. no. 
15-26; no. 1269, an incomplete lower jaw with complete 
dentition; no. 1270, an incomplete mandible with complete 
dentition. , . .

Diagnosis: A small geomyid about the size of 6.
arenarius. upper incisors bisulcate with the principal 
sulcus on.the outer side of the median line. M3 is a 
single prism lacking a well developed heel. The cheek 
teeth are all rootless. Lower premolar■much longer than 
the upper premolar in contrast to all other species of 
Geomys (Merriam, 1895; Hall and Kelson, 1959)• The depth 
of the rostrum relative to the palato-frontal depth is 
greater than in any living species of Geomys»

Detailed Description
Upper Incisorsi Bisulcate with the principal 

sulcus on the outer side of the median line. Measurements 
are given in tables VI and IX. The lengths of the 
incisors were calculated by the methods described by 
Landry (1957), which will be discussed in detail later.

Upper Cheek Teeth: Illustrated in plate I ,
figure b. Measurements are given in table V. Shaft of
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the upper premolar straight, not concave upward as in 
living geornyids (Merriam, 1895) • The upper premolar has 
three enamel plates, one anterior and two lateral; there 
is no enamel plate across the posterior border0 The 
anterior and posterior lobes are subequal in their trans
verse diameters, Ml and M2 are simple elliptical prisms, 
and each has a separate enamel plate across the anterior 
and posterior border• The transverse diameter of Ml and 
M2 is about twice the antero-posterior diameter of these 
teeth. M3 is subtriangular and has three enamel plates * 
There is no indication of a labial lateral groove on M3 * 

Lower Cheek Teeth: Illustrations on plate I,
figure do Measurements are given in table V. The lower 
premolar is dumbbell-shaped in cross section with the 
ant erior lobe smaller than the posterior lobe• The 
reentrant valleys between the anterior and posterior 
lobes are rectangular shaped and subequal in size. The 
p4 has four separate enamel plates, including an enamel 
plate completely across the posterior border. When 
viewed laterally, the lower premolar is only slightly 
concave anteriorly. The lower molars are elliptical in 
cross section and each has only one enamel plate located 
across the posterior border of the tooth*
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Skull Indices and Ratios

Depth of Rostrum/Breadth of Rostrum: A list of

the rostral indices for various living and fossil forms 

of Geomys is given in figure I and table VII# The three 
fossil forms; G. tuskeri, G. garbonii and G. quinni all 
have a relatively narrow rostrum, G. quinni amazingly so, 

much narrower than any of the other forms• The other two 

fossil species have a narrower rostrum than any recent 

forms except G. busarius, G. jugossicularis and G. 
arenarius arenarius.

Lower Cheek Teeth/Lower Diastema: The ratio of

the lower cheek teeth to the lower diastema for various 

geomyid taxa is listed in figure II and table VIII• The 

two fossil species, G. tuskeri and G. garbonii, have a 
longer check tooth row relative to the lower diastema 
than in any of the living groups. In G. garbonii the 

lower cheek teeth series is about one fourth times longer 

than the lower diastema, while in G . arenarius brevirostris, 

G. arenarius arenarius and G. tuskeri the lower check 

tooth series is only slightly longer than the lower dia
stema. In all other living groups of Geomys, the lower 

check tooth row is shorter than the lower diastema.

Depth of Rostrum/Palato-frontal Depth: The
rostral depth relative to the palato-frental depth for 

various forms of Geomys is given in figure III and table

X. The rostrum of the three fossil species, G. tuskeri,



Table V. Skull and teeth measurements of G. tuskeri
Specimen number

943 942 1271 N ro -v] o 1269 1015 937 1016
Length of upper cheek teeth series 7.0 7.2
Breadth of rostrum at maxillary "
pre-maxillary contact 7.8

Least depth of rostrum 8.0 8.4
Palato-frontal depth 13.5 /•
Length of lower diastema ;. ~ . . 7.8
Length of lower cheek teeth series 7.4
Tooth row projection to mental foramen 6.8 6.0
Transverse diameter upper incisor 2.4 2.5
Ant• post# diam, upper incisor 2.7 2.8
Transverse diam# lower incisor 2.4 2.6 2.4
Ant• post# diam, lower incisor 2.4 2.3 2.4 2.3 2.3
Trans# diam# ant. lobe p4 1.5 1.5 1.6 1.4 H VJI

Trans, diam# post# lobe p4 2.0 2.1 2.3 1.8 2.0
Ant# post• diam, P4 1.8 1.9 1.9
Trans• diam, ant• lobe P4 1.7 1.9 1.8
Trans• diam, post# lobe P4 1.7 1.8 2.2 '

Trans• diam. Ml 2.2 2.1
Trans # diam, M2 2.1 2.0
Ant# post• diam# Ml 1.0 0.9
Ant• post# diam# M2 1.2 1.2
Length of upper diastema 14.9
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Table VI. True length of upper incisors of various 
geomyid forms calculated by geometric 
method (Landrys 1957)

N Ar. Mean
Geomys quinni 1 43.9
G» sarbonii 3 40.8
G. bursarius majusculus 17 35.6
G. personatus megapotamus 2k 35.2
6. tuskeri 2 32.4
G# arenarius brevirostris 19 30.9
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Table VII. Depth of rostrum/breadth of 
in various forms of Geomys 
tuskeri* based on means of 
taken by J. White)

rostrum X 100 
(except for G . 
measurements

N Ar. Mean

Gi pihetis floridanus 13 73 - 2
G. bursarius attwateri 20 79.3
G. b. brazensis 10 79.8
G. bi pratincola 8 82.9
G. b. sagittalis 4 83.1
G. personatus fallax 25 83*5
G • be dutcheri 22 84.3
G • be illinoensis 24 84.8
G. b# lutescens 8 84.8
Go personatus megapotamus 19 87.9
G. b . breviceos 25 88.0
Ge arenarius breverostris 14 91.5
G. b . major 5 91.7
G. b . industrius 13 93.2
G. b . inajusculus 16 94.5
Ge tuskeri 2 95.1
Ge garbonii 6 96.5
G. b. jugossicularis 5 104.7
G; a. arenarius 13 105.2
6 . quinni 1 190.0



27

Table VIII. Lower cheek teeth/lower diastema x 100 
for various forms of Geomys (except for 
G . tuskeri, based on means of measure
ments taken by J. White)

N Ar. Means
G. bursarius illinoensia 24 71.0
G. pinetis floridanus ...... 13 76.9
G. b. ma.iusculus 16 78.7
G. b; .juKossicularis 5 81.1
G. b. attwateri 20 82.3
G; b. major 5 CMCO

G. b. lutescens 8 85.1
G. b. breviceps . J 25 87.1
Go b • industrius , 13 88.2
G. be dutcheri 22 89.7
G. b. pratencola 8 93.6
G. personatus megapotamus 19 94.2
G. personatus fallax 25 94.4 .
G; b. sagittalis 4 96.1
G* b. brazensis 10 97.5
G# arenarius brevirostris 14 102.7
G. a. arenarius 13 105.3
G. tuskeri 1 105.7
G. garbonii 5 125.3
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Table IX

(A) Lengths of upper incisors of various geomyids 
corrected by using the palato-frontal depth 
ratio as a correction factor and the palato- 
frental depth of Geomys bursarius majusculus 
as a standard (Relative opisthodonty accord
ing to White and Downs, 1961)

G. quinni 
Go tuskeri 
Go garbonii
G. bursarius 111a jusculus 
Go arenarius brevirostris ;
"Go personatus megapotamus

N
1
2
3

17
19
24

Ar. Mean
44.2
41.4
38.5
35.6 
35.4
34.2

(B) Lengths of upper incisors of various geomyids 
corrected by using skull length ratio as a 
correction factor and the skull of Geomys 
bursarius majusculus as a standard (Relative 
opisthodonty according to Landry, 1957)

N Ar* Mean
G# arenarius brevirostris 19 38.0
G. garbonii 3 : 37.5
G. personatus megapotamus 24 35.9
G# bursarius majusculus 17 . 35 06
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G. Rarbonii, and G. quinni is distinctly deeper than in 
any of the living species. The significance of this 
ratio in both the living and fossil forms will be dis
cussed later.

Discussion
Length and Opisthodonty of the Upper Incisors: 

Landry (1957) devised a technique for measuring the length 
and relative opis thodonty of rodent incisors <, An explana
tion and evaluation of Landry1s technique is given below.

The true length of upper incisors was determined 
by Landry by simple geometric methods, but his method of 
determining the "calculated incisor lengths" involved 
the development of a technique for finding what he con
sidered to be the relative degree of opisthodontye 
(Landry used the term procumbency to include the opistho— 
dont, proodont, and orthodont conditions. However, we 
are concerned here with only the opisthodont condition.) 
Landry concluded that the degree of opisthodonty was 
directly proportional to the length of the incisor if the 
skull size was constant. Thus, according to Landry, in 
order to compare the relative opisthodonty of different 
taxa with varying skull sizes, the incisor lengths of all 
the forms must be related to a common standard skull size. 
The common standard he chose was the taxa with the small
est skull and the manner by which he related any incisor
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X to the common standard S is demonstrated by the
equation:

Calculated incisor _
length of X "

Skull length of S Measured incisor 
Skull length of X X length of X

Hence, the measured incisor length is the distance found 
by the application of geometric methods to measurements 
taken directly from the specimen and the calculated 
incisor length is the measured incisor length reduced to 
a common standard in order to make comparisons as .to the 
relative degree of opisthodonty• A better term perhaps 
would be "corrected incisor length,11 used by White and 
Downs (1961).

Landry (1957) has evaluated the various techniques 
for determining relative opisthodonty and it appears that 
the method he developed, which was discussed above, is 
the most accurate• However, Landry1s system also is of 
questionable value for the following reasons:

(1) Landry mentioned the difficulty of obtain
ing precise measurements of the upper incisors 
from the skull• It is necessary to estimate 
the position of the base of the incisor 
and Landry states that a maximum error of 
ten percent is possible in the genus Neotoma*



32

An error of this magnitude could influence 
significantly the statistical tests relating 
to the probable differences between various 
populations• •

(2) Landry assumed that the length of the skull 
is a valid estimate of relative size. White 
and Downs (1961) used the palato-frental 
depth ratio as a correction factor instead 
of.the skull length ratio used by Landry. 
Table IX. demonstrates that the relative 
opisthodonty of. four species of Geomys is 
different depending upon whether the skull 
length or palato-frontal ratio is used as 
a correction factor. Seemingly five 
explanations are possible: (a) Neither
skull length nor skull depth are valid 
indicators of skull size in Geomys; (b)
Either skull length or skull depth is not 
a valid indicator of skull size in Geomys; 
(c) Incisor length is not a valid measure 
of relative opisthodonty in Geomys; (d)
Both the skull length and depth are valid 
indicators of size and the incisor length 
is a valid measure of opisthodonty in 
Geomys but the margin of error of the 
method is greater than the differences in
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relative opisthodonty o£ the four species 
; : tested; (e ) Various parts of the skull may

vary independently of incisor length. Hence,
• if the incisor length and the opisthodonty 

. remained constant but the skull length varied
due to a change in the cranium, the applica
tion of Landry's method should erroneously 
indicate a variation in the degree of 
opisthodonty*

(3) Landry investigated representatives of only 
four genera, two chosen because they repre- 

■ sented a varying degree of proodonty
(Thomomys and Cryptomys) and two because 

■ they showed a varying degree of opisthodonty
(Nebtoma and'Sciurus). No mention was made 
by Landry as to what species were studied*
The total number of specimens measured was 
121. It would seem that much more data must 
be accumulated in order to adequately support 
a generalization regarding the relationship 

: of opisthodonty and incisor length in all
rodents * - : *

- Depth of Rostrum/Palato—frental Depth: The rostral
palato-frontal ratios for various forms of Geomys, given 
in figure III and table X, demonstrate that the rostrum of
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the three fossil species, G. garbonii, G. quinni and G. 
tuskeri, is distinctly deeper relative to the depth of 
the skull than in any of the living species. This rela- 
tionship was noted by White and Downs (1961) with regard 
to Go garbonii and G. quinni. They considered that this 
deeper rostrum in these fossil forms may be a primitive 
character and perhaps indicated a relationship of Geomys 
to the Heteromyidae. However, in the living forms of 
Geomys the relative depth of the rostrum varies geo- 
graphically as will be shown below.

The relative rostral depth in living forms of 
Geomys increase from the Gulf Coast area to the western 
limits of its range and into the central interior of 
North America. In table X, seventeen of the living forms 
of Geomys have been divided into three groups on the
basis of their relative rostral depth. Group I includes

, , , ' •

taxa with ratio percentages ranging from 4l.8 percent to 
46.0 percent; group II includes forms with ratio percen
tages of 46.7 percent to 48.7 percent; and group III 
includes forms with ratio percentages ranging from 50.0 
percent to 52.9 percent. The geographic ranges of these 
groups have been plotted in figure IV. Group I is 
restricted to the Gulf Coast area from Florida to southern 
Texas; group II is located in Illinois, northeast 
Louisiana, eastern Texas and eastern Oklahoma; and group
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Table X. Depth of rostrum/palato-frental depth x 
100 for various forms of Geomys (except 
for G. tuskeri, based oh means of measure
ments taken by J . White)

N Ar. Mean
Group I - . ' ,

1. Ge pinetis floridanus 12 41.8
2. G. bursarius pratincola 8 45.0
3. Go b. attwateri' 22 45.1
4. G. personatus fallax 25 45.2
5. G. personatus megapotamus 19 45.2
6. G. b. sagittalis 4 46.0

Group II
7. G; b. dutcheri 22 46.7
8. G« be lllinoensis 24 46.9
9. G. b . brazensis 10 47.2

oH G. b . breviceps 25 48.7
Group III
11. G. b . ma.iusculus 16 50.0
12. G* arenarius brevirostris 14 ‘ 50.0
13. G* be lutescens 8 ' 50.3
14. G. b . industrius 13 50.9
15. G. b 0 .iuRossicularis ;':5 51.7
16. G. b. major 5 51.8
17. G. a. ar enarius . : 15 52.9

Fossil forms ‘
G. quinni 1 56.1
G . garbonii - 6 59.6
G. tuskeri 1 60.7
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Ill occupies west Texas, eastern New Mexico, western 
Oklahoma and the Great Plains northward to South Dakota. 
This distribution pattern may indicate that: (l) There
is a relative increase in rostral depth from humid to 
arid regions; (2) This increase in rostral depth may be 
a function of soil type; (3) It is a combination of both
of these factors. In any case, it appears that the depth 
of the rostrum in Geomys is a function of local environ
mental conditions and a deep rostrum is not necessarily 
an indication either of a primitive condition or of a 
close relationship of Geomys to the Heteromyidae•

Relationship of G • tuskeri: Go tuskeri is more
closely related to G. arenarius than to any other species. 
The measurements of the following characters in G. 
tuskeri fall within the ranges reported for these char
acters in G. arenarius by White and Downs (196l): length
of the upper cheek tooth row, breadth of rostrum, depth 
of the rostrum, length of lower diastema, tooth row pro- 
jaction to mental foramen, length of lower cheek tooth 
row, andlength of the upper diastema. Also, of the 
living species, G. arenarius most closely approximates 
G. tuskeri in the ratios of the lower cheek teeth to the 
lower diastema and the depth of the rostrum to the 
palato-frontal depth of the cranium.
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Evolutionary Relationships in Geomys
White and Downs (1961) list the following 

characters of Geomys as possibly being primitive:
1. Presence of a lateral groove on M3.
2. Interruption of the enamel pattern of P4 

and p4 in the process of natural wear.
3,0 Presence of an "open" reentrant on P4

and p4 (in adult specimens of G. quinni 
and juveniles of other species).

4. Relatively greater depth of rostrum.
5. Relatively greater recurvation of the

• incisors and the consequent placing of
the anterior face of the incisors posterior 
to the foremost extension of the nasals.

6. Enlarged tympanic bullae.
Two of the above characters, numbers 4 and 5, 

have been discussed previously. It has been shown that 
the relative depth of the rostrum in living forms of 
Geomys varies!geographically and hence this character 
probably does not have any phylogenetic significance. 
The recurvation, or relative opisthodonty, of the inci
sors in Geomys is difficult to measure with any degree 
of confidence. Also, of the three specimens of Geomys 
available in the University of Arizona Zoological 
Museum, two have the anterior face of the incisor
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clearly posterior to the foremost extension of the nasals• 
The other four points listed by White and Downs as being 
possibly primitive in Geomys will be discussed briefly 
in the following paragraphs.

Presence of a lateral groove on M3 > White and 
Downs state that the lateral groove is more prevalent in 
G« garbonii than in the adults of any living species of 
Geomys. Howevert since the presence of the lateral 
groove is related to the stage of wear of the tooth, this 
may mean only that some of the G. garbonii specimens were 
immatureo

Interruption of the enamel pattern of P4 and p4 
in the process of natural wear: The degree of delay in
the interruption of the enamel pattern is difficult to 
determine* In living forms of Geomys, the distal part of 
the unworn premolar is completely enveloped with enamel. 
This enamel envelope then passes continuously into the 
four separate enamel bands that are present in the adult* 
It is not known what the height of this enamel cap is in 
the various forms of Geomys. In order to determine this, 
it would be necessary to measure the enamel cap of 
unworn premolars, but specimens having unworn premolars 
are rare in museum collections* Merriam (1895) states 
that out of about 1000 specimens of pocket gophers which 
he studied, he observed only four specimens which had
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deciduous molars and the unworn crowns of some molars* 
Until the variation in the delay in the interruption of 
the enamel pattern is known for some of the living forms s 
it is difficult to determine the significance of the 
amount of delay in fossil forms• Furthermore f the fact 
that certain fossil forms have a relatively deep enamel 
band completely encircling the premolar may simply indi
cate a young growth stage• In the case of G. tobinensis * 
the occurrence of several deciduous molars with the type 
material also indicates that the other individuals pre
sent may have been in an early growth stage.

Presence of an ltopentt reentrant on P4 and p4 s 
Again, this is a feature which is related to the stage 
of wear in living forms and hence difficult to evaluate 
in fossil specimens * Go quinni appears to posses this 
character in the adult stage but this species, because 
of its exceedingly narrow and deep rostrum, may have 
been a uniquely specialized form.

Enlarged tympanic bullae: Since G. garbonii is
the only extinct species of Geomys in which the tympanic 
bullae are known, it is not possible to evaluate the 
significance of this character with any degree of confi
dence. Perhaps as White and Downs state, 11 The fact that 
the bullae are somewhat larger in the fossil may again 
represent a primitive condition reminiscent of the con
dition in the heteromyids •11



Conclusion: There is no well established evi
dence that there has been any evolution in Geomys since 
early Irvingtonian time.

Family Heteromyidae 
Perognathus

Three partial mandibles and five isolated cheek 
teeth assignable to Perognathus have been collected from 
the Tusker rodent quarry, UA loc. no. 15-24. Illustra
tions are on plate I. It is not possible to determine 
species relationship on the basis of the material availa
ble.

Dipodomys
Fourteen partial maxilliaries and mandibles and 

34 isolated cheek teeth of Dipodomys were collected from 
the Tusker rodent quarry, UA loc• no. 15-24. Illustra
tions are on plate I. Without skull material, I have 
not been able to determine the species relationship of 
these specimens.

Family Cricetidae 
Peromyscus ?

Five partial mandibles and five isolated lower 
cheek teeth from the Tusker fauna, UA loc. no. 15-24, 
have been tentatively referred to Peromyscus; this form 
is illustrated on plate I. The dental pattern of the
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occlusal surface is simple; accessory lophs and cusps 
are not developed* The cusps are somewhat higher than 
is common in Peromyscus, but the cusps are more alternate 
in position than in Onychomys* The m3 is not reduced as 
in Baiomys. The cusps are higher and not as procumbent 
anteriorly as in Reithrodontomys. These distinctions, 
however, are very subjective and, until the coronoid 
process and upper dentition is found, it is not possible 
to demonstrate a definite generic relationship*

Reithrodontomys arizonensis sp• nov*
Holotype UA no# 1044. Partial palate with left 

upper dentition complete• This specimen is illustrated 
on plate I#

Type locality: UA loc. no. 13-24 on the 111
Ranch located about 19 miles southeast of Safford,
Arizona, on the northwest side of Dry Mountain at the 
north end of the Whitlock Hills•

Referred material: Two partial mandibles with
complete dentition UAM 1049 and 1043» two mandibles with 
incomplete dentition, UAM 104? and 1066*

Diagnosis: First primary fold (major anterior
' ' * •

labial reentrant fold) of M3 distinctly shorter than the 
second primary fold (major posterior labial reentrant 
fold). The major fold (major lingual reentrant fold) of 
M3 is distinct and subequal to the first primary fold.
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Description: Illustrations are on plate I#
Measurements are given in table XI. Upper incisors uni- 
sulcate, molars are low crowned and cuspidate. Cusps of 
all molars are alternate in position. The molar occlusal 
pattern is simple; accessory lophs and cusps are absent. 
The occlusal pattern of m3 is similar to that of R. 
fulvescens, primary (lingual) and major (labial) folds 
present. M) is one half as long as M2.

Discussion: According to Hooper 1s (1952) defini
tion of the two subgenera of Reithrodontomys, R. 
arizonensis is clearly a member of the subgenus R. 
(Reithrodontomys)« Hooper characterized the subgenera 
as follows: R. (Reithrodontomys); cusps of all molar
teeth alternate in position except for R. humulus f M3 up 
to one half as long as M2 and the molar patterns are 
relatively simple. R. (Aprodon); cusps almost opposite 
in position, molar patterns are complex, accessory 
cusps and lophs well developed and M3 is three fourths 
as long as M20 v

The species included under the subgenus 
Reithrodontomys may be divided into two groups on the 
basis of the size and occlusal pattern of M3 (Hooper* 
1952)/ In the fulvescens group, the first and second 
primary folds of M3 (the major anterior and posterior 
labial reentrant folds respectively) are of equal length 
and there is a distinct major fold (single major lingual
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reentrant fold). The length of M3 in this group is 
about one half as long as M2. In the megalotis group, 
the occlusal pattern of M3 is characterized by a short 
first primary fold, a second primary fold that is about 
twice as long as the first primary fold, and by the 
absence of a major fold* In this group, the /length of 
M3 is less than half the length of M2•

R. arizonensis is intermediate between the 
fulvescens and the megalotis groups with regard to the 
occlusal pattern of M3* The pattern of the primary 
folds of M3 is the same as that present in the megalotus 
group but the occurrence of a major fold on M3 is 
^characteristic of the fulvescens group® However, the 
relative length of M3 and the occlusal pattern of m3 
suggest that R« arizonensis is more closely related to 
the fulvescens group• Hooper (1952) states that

although megalotis superficially resembles 
fulvescens* probably many of those resemblances 
are parallel responses to similar environments• 
Certain features, notably the enamel pattern of 
M~ and the bony parts of the zygoraasseteric 
structure suggest that the 2 species are separ
ate morphologically and probably represent distinct 
evolutionary lines within the subgenus Reithro- 
dontomyso

However, the intermediate character of the enamel 
pattern of M3 in R. arizonensisf together with the other
wise fulvescens—like characteristics of R. arizonensis, 
suggests that the fulvescens group may have been the 
basic stock from which the megalotus group developed®
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Table XI# Measurements of the teeth of 
Reithrodontomys arizonensis

specimen number length of tooth width of tooth
ml m2 m3 ml m2 m3

1043 1.4 lol 0.9 0.9 0.9 0.8
1049 1.3 lei 0.8 0.9 0.9 0.8
896 1.3 0.9 0.7 0.9 0.9 0.8

1066 1.3 1.1 0.9 0.9 0.8
Ml M2 M3 Ml M2 M3

1044 1.3 1.0 0.5 0.9 0.9 0.7

Sigmodon
Specimens of Sigmodon are the most common element 

in the Tusker fauna# There are represented about 50 
partial skulls and mandibles and about 300 isolated 
teeth# Although all the skulls are rather fragmentary, 
it is possible to determine that the skull is not long 
and narrow as in £5* hispidus but relatively short and 
broad as in the fulviventer group• The Tusker form 
closely approximates S • ochrognathus in size and dental 
patterns; however, I have not been able to eliminate the 
possibility that it may be more closely related to some 
other species in the fulviventer group. Hall and Kelson 
(1959) state that, ^Excepting Sigmodon hispidus, none of 
the species of cotton rats is represented by adequate 
study specimens, and the genus is badly in need of new
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taxonomic study... . Specimens within the iulviventer
group can be identified surely only by direct comparison.11 
Until the dental and skeletal characters and variability 

of the species of Sigmodon are better k n o w n , it is not 

possible to assign a fossil Pleistocene Sigmodon to a 
particular species with any degree of confidence. 

Illustrations are on plate II.

Neotonia (Hodomys) alien!

• Many specimens having characters indistinguishable 

from N. alien! have been collected from the Tusker rodent 

quarry, UA l o c • no. 15-24• These specimens include three 

upper cheek teeth series, two partial mandibles with com
plete dentition and 110 isolated teeth. Illustrations 

are on plate II, and measurements are given in table X I I • 

Included among the isolated teeth are 16 m 3 1s , of which 
three are clearly assignable to N* alien!* one has typi

cal Par alio domys features, one is intermediate between N. 

(Hodomys) and Parahodomys, one lacks the distinguishing 

features of either a n d 'ten are so well worn that they do 

not exhibit distinguishing features. In the following 

section, the taxonomic position of Hodomys and Parahodomys 

will be reviewed and the importance of the intermediate 

character of some of the Tusker specimens discussed.
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Gidley and Gazin (1933) described P* spelaeus 

and defined the genus Parahodoinys as having cheek teeth 
like those of Hodomys in general but with the following 
differences: in Parahodomys the reentrant valleys are

directed nearly at right angles to the long axes of the 
tooth while in Hodomys the valleys are directed more 

obliquely forward; the m3 in both forms have two major 

reentrant valleys, one lingual and the other labial, 

which are offset antero-posteriorly, each extending 

about half way across the occlusal surface of the tooth; 

a third shallow and short reentrant valley is present on 

the posterior internal lobe of m3 in Parahodoinys and on 

the anterior external lobe of m3 in Hodomys.
Hibbard (194 l ) described the Rexroad form, P • 

quadriplicatus, as follows:

Lower molars shorter crowned, reentrant 
molars shallower, broader,and extend farther 
across crown, being more alternating and 
directed forward at a greater angle than those 
of comparable age wear in Parahodomys spelaeus 
Gidley and Gazin. Molars with a slightly 
greater anteroposterior and transverse 
diameter; M= heavier with a more prominent 
posterior lobe than P • spelaeus. M- with four 
distinct reentrant angles.

Hibbard also states that while P • quadriplicatus is

closely related to Hodomys f it may be more closely

related to Teanopus.

Except for the enamel patterns of M3 and m3, the 

features listed as diagnostic for P. quadriplicatus by
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Hibbard are subjective and of doubtful significance# The 
molars of p# quadriplicatus are stated to be slightly 
greater in anterior posterior diameter than P* spelaeus# 
Unfortunately, Hibbard did not give the measurements for 
individual cheek teeth# However, the average occlusal 
length of six lower cheek teeth series was reported by 
Hibbard to be 9#6 mm with a total range of 9*0 mm to 9*9 
mm# Gidley and Gazin state that the alveolar length of 
the lower cheek teeth in P # spelaeus is 9*5 mm. While 
the alveolar length may be slightly longer than the 
occlusal length (in the Hodomys from the Tusker fauna, 
the alveolar length is about 1#0 mm longer than the 
occlusal length), the lower cheek tooth series of P# 
quadriplicatus and P# spelaeus appear to be within the 
same size range# Accordingly, it is difficult to visu
alize how the length of the lower molars could all be 
significantly smaller in P# quadriplicatus#. The height 
of the crown and the depth of the reentrant valleys is, 
in part, a function of the stage of wear and in small, 
fragmentary samples the stage of wear cannot be evaluated 
with any degree of confidence# Thus, the generic 
definition of Parahodomys, as modified by Hibbard1s 
addition of P • quadriplicatus to the genus, is as 

follows: small reentrant valley on the posterior internal
lobe of m3 and M3 with four distinct reentrant valleys#
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Gidley and Gazin (1933, 1938) and Hibbard (1941) 
described Parahodomys and the included species as dis- 
cussed above largely on the basis of a comparison with 
Hodomys and Teanopis, forms which they considered to be 
genera. Hibbard (1941) states that, 11P. quadriplicatus 
differs in lower dentition as greatly from P. spelaeus 
as P • spelaeus differs from Hodomys alien! (Merriam).
Since the upper dentition of P. spelaeus is not known it 
seems best to refer the Rexroad species to the Pleisto
cene genus." Hibbard (1941) also states that"... Para- 
hodomys quadriplicatus can not be considered ancestral 
to Hodomys, Teanopus or Xenomys though it is certainly 
related to all three genera by a common ancestor, but more 
closely related to the Teanopus line." Burt and Barklow 
(1942) recommended that Hodomys and Teanopus be reduced 
to subgeneric rank, a recommendation which has been 
generally followed (Simpson, 1945; Kelson, 1952; Hall and 
Kelson, 1959)# Burt and Barklow also pointed out that 
they found the Hodomys type of m3 tooth pattern in cer- 
tain N. (Neotoma) specimens as well as a rather high 
degree of variation of the dental pattern.

Most of the sixteen N. (Hodomys) m3 teeth from 
the 111 Ranch area are indistinguishable from those of 
the living N. alleni. However, only six of these molars
are worn slightly enough to indicate the presence of a
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third reentrant valley• Of these $ three have a third 
reentrant fold on the anterior external lobe; one has a 
third reentrant valley on the anterior external lobe 
and also a reentrant valley on the posterior internal 
lobe; one m3 has a reentrant valley on the posterior 
internal lobe only; and one m3 does not have a third 
reentrant fold# Thus, of these six slightly worn m3 
teeth, three have a Hodomys pattern, one has a Para- 
hodomys pattern, one has a combination of the two 
patterns and one m3 is indeterminate* Since the loca
tion of.the third reentrant valley is a critical factor 
in distinguishing between Parahodomys and Hodomys * the 
existence of an intermediate pattern apparently indi
cates a close relationship between these two forms* 

Since it is likely that Parahodomys is more 
closely related to either Hodomys or Teanopus than to 
any other subgenera of Neotoma, and since Parahodomys 
is apparently at least as closely related to Hodomys 
as this form is to any other subgenera of Neotoma, it 
is desirable to reduce Parahodomys to a subgenus of
Neotoma*
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Table XII. Measurements of Neotoma alien! ■

Specimen number -
1034 908 909 1080

Lower cheek teeth
occlusal length 8*4

Lower cheek teeth
alveolar length : 8.5

Upper cheek teeth
occlusal length 8.1 8.2

Upper cheek teeth
alveolar length- 9*2 9*1

Lower diastema 8.5
Individual teeth

no. of 
spec.

mean anterior 
posterior length mean transverse width

Ml M2 M3 ml m2 m3 Ml M2 M3 ml m2i: m3
12 oCM 1.5
23 2.5 O

22 3*4 2.3
17 1.8 1*5
16 3.2 1.8
20 2.6 2.1
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Synaptomys vetus Gazin 1933
Lemmings consitute a relatively large percentage 

of the Tusker rodent fauna* The specimens include: six
partial skulls, ten partial mandibles with complete 
dentition, six fragmentary maxilliaries and six frag
mentary mandibles with incomplete dentition and 94 iso
lated cheek teeth* Illustrations are on plate II. 
Measurements are given in table XIII. Most of this 
material is indistinguishable from S* vetus described 
by Wilson (1933) from the Grand View locality in Idaho. 
However, some of the lower first molars from the Tusker 
fauna are intermediate between S . vetus and S. landesi 
Hibbard 1954, from the Borchers fauna. In the follow
ing section, the descriptions of 5. cooperi, S. borealis, 
S. vetus and S . landesi are reviewed, the characters of 
the Tusker S * vetus listed, and the relationship of 
these forms discussed.

The genus Synaptomys is generally divided into 
two subgenera, each of which includes only one living 
species: S* (Synaptomys) cooperi and S. (Mictomys)
borealis. The enamel pattern of the lower cheek teeth 
of S • (Synaptomys) cooperi is as follows: ml - closed
anterior and posterior loops separated by three alter
nating closed triangles, which are numbered from poster
ior to anterior in lower molars (for the nomenclature of

i
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microtine teeth see Hibbard, 1950; Hintonf 1926), tri- 
angles one and three are located lingually, triangle 
number two is situated labially; m2 - closed anterior 
and posterior loops separated by two a l c e r n a c l o s e d  

triangles, number one situated lingually and number two 
labially; m3 - same basic enamel pattern as m2* The 
labial reentrant angles in all molars (valleys formed 
by the infolding of the enamel to form the triangles and 
loops of the dental pattern) are well developed but 
smaller than the lingual ones. S* (Mictomys) borealis 
differs from S. (Synaptomys) cooperi in the absence of 
outer triangles from each tooth* The enamel pattern of 
the individual lower molars is as follows: ml - closed
anterior and posterior loops separated by two closed 
labial triangles; m2 - closed anterior and posterior 
loops with a single closed labial triangle; m) - same 
general pattern as m2* The labial reentrant angles are 
scarcely developed except in m) where one is slightly 
developed*

Hibbard (1954) described the lower cheek teeth 
of S • (Synaptomys) landesi as follows: ml - anterior
and posterior loops and triangle number three closed, 
first and second triangles confluent; m2 - anterior and 
posterior loops closed, the two alternating triangles 
are confluent; m3 - same general pattern as m2*
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Wilson (1933) described and illustrated the ml 
of S . vetus as consisting of a posterior and anterior
:
* ■ *loop and three alternating triangles, numbers one and
three lingual and number two labial. All the triangles 
and the posterior and anterior loop are described or 
illustrated as being confluent with their adjacent 
members although there is a narrow constriction between 
the end loops and their adjacent triangles. The labial 
triangle is small in comparison to 13. cooperi. No m2 
or m 3 teeth of S • vetus have been described.

In the specimens of the Tusker S • vetus the 
number and arrangement of the lophs and triangles in the 
lower second and third molars are identical to those of 
S • (Synaptomys) cooperi described above. However, none 
of the lobes or triangles are closed in the Tusker 
specimens. Twentynine lower first molars of the Tusker 

vetus are identical to those of S• vetus from Grand 
View but ten have a closed posterior loph, a deeper 
first external reentrant angle and a larger labial 
triangle• These teeth with the closed posterior loop 
are intermediate between the Grand View S. vetus and S • 
landesi but closer to the Grand View form©

In discussing the relationship of S. vetus to 
the two subgenera of Synaptomys Wilson stated that S. 
vetus represented an intermediate form but that it was



Table XIIIo Measurements of Synaptomys vetus from the Tusker fauna
Specimen numbers

1083 1105 1029 891 892 1028 1102
Alveolar length ml-m3 8.1 7.8 : 7.8
Lower diastema 3.7 3.7 3.6 3.8
Depth of jaw below ml 4.3 i 4.4 5.0
Transverse diameter lower incisor 1.3 1.3
Palato-frontal depth 6.5
Length of nasal foramen * 5.0 4.5
Length upper diastema 
Transverse diameter upper 
Individual teeth

incisor ' • 1.4
7.6

Number of 
Specimens

average anterior 
posterior length

average
transverse diameter

Ml M 2 M3 ml m2 m3 Ml M2 M3 ml m2 m3
36 2.7 1.4
21 2.2 1.2
9 2.0 1.0

16 3.0 . 1.4
9 1.9 1.2
3 1.7 1.1

VI
VJl
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more closely related to the subgenus Mictomys because of 
the absence in S. vetus of closed triangles on the 
external side of ml. He noted, however, that the 
grooves on the upper incisor of £[« vetus conformed more 
closely to the condition found in the subgenus Synaptomys. 
Hibbard (1954) states that S. vetus or a closely related 
form is ancestral to S . landesi and that these two species 
are both generalized forms of the subgenus Synaptomys.
The development of closed posterior loops and a more 
pronounced external triangle in some specimens of S * 
vetus from the Tusker fauna suggests a close relationship 
between S • vetus and &. landesi and supports the assign
ment of S • vetus to the subgenus Synaptomys.

Neotoma?
One partial mandible and a few isolated cheek

teeth which resemble a small form of Neotoma were col
lected from the Tusker rodent quarry. These teeth are 
much smaller than the N. alien! collected from the same 
locality. Until more material is available, a generic 
determination cannot be made with certainty.

" Microtus ?
One lower first molar, which closely resembles 

the ml of Microtus was collected from the Tusker rodent
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quarry. The posterior portion of the tooth is missing, 
however, and a definite generic identification cannot be 
made.

Family Hydrochoeridae
Remains of at least five capybaras have been 

collected from the Tusker level at the 111 Ranch. This 
material includes six isolated p4's, three partial mandi
bles with only the m3 missing in each specimen, one iso
lated m3, one palate with complete but crushed dentition 
and three isolated M3's. Dr. J . F . Lance, who is 
currently studying these specimens, reports that the 
Tusker capybara is probably generically different from 
the known North American Pleistocene genera (Hydrochoerus 
and Neochoerus) and may represent a new genus. (Lance,
personal communication)

Order Carnivora 
Family Mustelidae 
Spilogale cf. S « gracilis 

A mustelid mandible resembling the mandible of 
S. gracilis was found in the Tusker rodent quarry• 
Illustrations are on plate II. The ascending ramus and 
anterior portions of the mandible are missing and only 
the p4 and ml are present■ The ml in the Tusker form 
is shorter and narrower than the ml in three recent
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specimens of S * gracilis I have examined# Since the 
range of variation of this character is not known for 
either the recent or fossil form, it is not possible to 
evaluate the significance of this feature# Measurements 
are given below for comparison#

Table XIV., Measurements of cf. Spilogale gracilis

Specimen no. length p4 width p4 length ml width ml
944 3.0 1.6 5.8 2.5

Maries ?
An isolated M2 from the Tusker rodent quarry

closely resembles the M2 of Martes# More material is 
necessary for a definite generic identification#

Lynx cf. L. rufus
A lower jaw, UA specimen number 1 2 8 2, collected

from the Tusker rodent quarry, is clearly referable to 
the genus Lynx; illustration on plate II. This specimen 
lacks both ascending rami but has complete dentition 
except for the left canine and four incisors• There is 
a distinet but small heel developed on ml and the mental 
foramen are positioned more posteriorly than in the 
specimens of L. rufus which I have examined. Lance 
(personal communication) reports that he found two 
specimens in the American Museum of Natural History that

L



had heels as well developed as that in the Tusker speci
men. Until more specimens of the Tusker form are found 
and until the range of variation of these characteristics 
in L. rufus are known, it is not possible to identify 
the 111 Ranch material beyond genus.

Measurements of the Tusker Lynx are given in 
table XV below.
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Table XV. Measurements of Lynx cf. L. rufus

Length of cheek teeth 27.5
Length of p3 7.7
Width of p3 3.7
Length of p4 * 9.3
Width of p4 4.3
Length of ml 11.1
Width of ml : 4.8
Depth of jaw below ml 12.1

Order Proboscidea 
Family Gomphotheriidae 
Stegomastodon mirificus

Mastodon bone and teeth fragments are common in 
both the upper and lower levels in the 111 Ranch area. 
The only complete element is a right M3, UA specimen 
number 8 3 , collected by P. Seff from the middle lime
stone unit. This tooth is indistinguishable from M3 of 
S. mirificus as described by Savage (1953). In the
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following description of the 111 Ranch specimen the 
terminology utilized is that developed by Osborn (1936, 
1942) and Savage (1955).

The tooth is slightly worn and small portions of 
the metaloph and hexaloph are missing. The tooth is 
choerodont• The protoloph exhibits a triple trefoiling 
pattern, two ectotrefoils and one entotrefoil. The 
metaloph, tritoloph and tetartoloph9 while they have not 
been worn sufficiently to exhibit an enamel pattern, 
appear to have triple trefoiling patterns, two ectotre- 
foils and one entotrefoil• On the tritoloph the entotre
foil appears to be compound• The trefoil pattern of the 
pentaloph and hexaloph is indeterminate• The measure
ments of this tooth, given in table XVI, are within the 
range of variation of S. mirificus reported by Savage

(1955).

Table XVI. Measurements of 
UA no. 83

Stegomastodon mirificus

Maximum length1 Maximum width Widest loph No. of lophs
202 est„* 86 3rd 5 1/2

♦The maximum length of the tooth is probably very 
close to the figure given above. The enamel is missing 
from the extreme posterior portion of the tooth but it is 
unlikely that there could be a difference of over two or 
three millimeters between the estimated and the actual 
value.
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Order Artiodactyla 
Family Camelidae 
Camelops ?

The following camelid material has been collected 
from the Tusker level: an upper molar series with Ml
badly crushed, one complete metatarsal and several frag
ments of metapodials and phalanges• The size of the 
molars and metatarsal are within the range reported by 
Savage (1951) for the smaller species of Camelops, namely 
C. sulcatus and C. minidokae* Howeverf this material is 
too fragmentary to permit positive generic identification® 
Illustrations are on plate IV, and measurements are given 
in table XVII below for comparison®

Table XVII. Measurements of Camelops ?
UA no. 1123 UA no. 1229

Greatest
length

anterior posterior 
Ml 42.8 est.

Greatest transverse diameter Ml 30.8 est.
Greatest

length
anterior posterior 
M2 51.0

Greatest transverse diameter M2 #CM

Greatest
length

anterior posterior 
M3 -3*#Oin

Greatest transverse diameter M3 to to

Length of metatarsal 347
Transverse diameter proximal 

of metatarsal
end

60e 6
Transverse diameter distal end 

of metatarsal 35.0

L



Family Tayassuidae
Platygonus

One upper molar and a portion of a lower mandible 
with only the roots of teeth present of Platygonus were 
collected in float from the Tusker level• This material 
is too fragmentary for specific identification#

Order Perissodactyla 
Family Equidae 
Nannippus phlegon

The horse teeth collected from the Flat Tire 
level and identified here as N# plegon include twentyone 
isolated cheek teeth and a partial mandible with three 
milk molars• The enamel patterns of these teeth are 
almost identical to those illustrated by Hibbard (1956) 
and Gazin (1942) as No plegon. The protocone is oval, 
ranging from 3*5 times as long as it is wide in one M3 
to 1.6 times in one M2® The height of crown of two 
slightly worn P 3 1s is 66.8 and 64.5 millimeters• Illus
trations are given in plate III, and measurements are 
given in table XVIII.

Discussion: Matthew (1926) characterized
Nannippus and N# plegon as follows:

- One group of small American species (new 
subgenus Nannippus) has the teeth very long 
crowned, up to a fourth longer than in any 
living horse; oval protocones and extremely 
slender limbs and feet, in which the side toes 
are complete but no trace remains of the fifth



Table XVIIIe Measurements of Nannippus phlegon

Tooth Dimension Protocone Dimension
Specimen
Number Tooth Ant•-post 0 Transverse Ant.-post. Transverse

834 P3 19.8 15.5
832 P3 19.6 17.7 7.4 3.5
833 P3 18.1 16.5 7.1 3.4
834 P3 19.2 16.2 7.4 3.1
795 P3 or P4 16.1 17.4 7.4 3.6
794 P3 or P4 16.1 17.1 6.7 3.4
801 P3 or P4 17.4 6.6 3.2
69 P2 23.0 17.3 7.4 3.1921 Ml 16.7 6.5 3.568 Ml 16.5 15.3 5.0 3.3796 Ml 17.3 16.0 8.1 3.7

851 M2 1 5 .8 . 14.2 5.3 3.4
836 M2 15.7 14.6 5.7 3.564 M2 15.6 6.5 3.384o • M2 or Ml 14.8 15.4 6.4 3.3834b M3 15.5 13.4 7.6 2.866 M3 15.8 12.9 8.4 2.4
836B M3 16.3 12.2 6.7 2.4
70 M3 15.1 12.8 7.8 2.2
75 DP 3 21.3 13.8 5.3 2.376 Dp2 22.0 7.0

Dp3 20.5 8.0
Dp 4 23.6 7.4

810 p2 18.7 7.8



digit and trapezium. This group is typified by
Hipparion phlegon of the Blanco formation, of
which I secured skulls, feet, etc. in 1924.

This material which Matthew collected was not further 
described or illustrated. Stirton in 1935 recognized 
Nannippus as a genus but gave no other descriptions, 
measurements or illustrations. McGrew (1936, 1938) 
suggested that the teeth of Nannippus tend toward a 
reduction of cross sectional area and an increase in 
hypsodonty with N. phlegon as the most advanced form. 
However, McGrew does not give any dimensions for N. 
phlegon. Drescher (1941) indicates that the more 
advanced Nannippus have a more (iongated protocone and 
distinctly curved crowns• The published records of the 
measurements of Nannippus phlegon are scant but the 
measurements which are available, Gazin (1942) and 
Hibbard (1956), suggest that the height of a slightly 
worn upper cheek tooth is about 65 mm and the width and 
length of the occlusal surface of an upper molar is 
about 15 and 17 mm respectively.

It is apparent that Nannippus and N. phlegon have 
not been adequately defined and that the genus needs to 
be revised© At the present time, however, Nannippus 
species with very hypsodont teeth and with molars having 
very small cross sectional areas can only be referred 
to N. phlegon.
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Equus
The type of Equus present in the Tusker fauna 

appears to be different from the Equus from the Flat 
Tire fauna. Because of insufficient material and because 
of the confused taxonomy of the Pleistocene equids it is 
not possible to identify the Flat Tire form beyond the 
genus Equus and the Tusker form beyond subgenus Hippoti- 
gris. Each of these forms is discussed separately 
below.

Equus from the Flat Tire Fauna 
The material available includes three isolated 

upper cheek teeth, one lower premolar, and three incom
plete upper cheek teeth series. One of these upper 
molar series, specimen number 57» was collected by Mr. 
Brooks Bryce of Pima, Arizona, who generously gave this 
specimen to the University of Arizona• The precise 
locality for this specimen is not known although it is 
probable that it was collected from below the middle 
limestone unit in the 111 Ranch locality.

Description: Plications of pre- and post
fossettes are simple in all specimens except one cheek 
tooth series in which the pre- and post fossettes are 
delicately but multiply plicated on their posterior and 
anterior borders respectively. The protocones are 
moderately elongated, generally flattened lingually or
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with a very slight internal concavity• The length of 
the protocone relative to the length of the tooth is 
less in the premolars than in the molars. The long 
axes of the protocones are aligned parallel to the anter- 
ior posterior diameter of the tooth. The pli caballin 
is weakly developed but present on ail teeth except P2. 
Crowns of the cheek teeth are straight or with only a 
very slight lingual curve. Only one lower cheek tooth, 
a p3 or p 4 , has been collected from the Flat Tire level. 
This tooth has a short medial, valley and a broadly open, 
shallow, V-shaped metaconid-metastylid valley* Illus
trations are given on plate III. Measurements are given 
in table XIX.

Discussion: The absence of lower molars makes
it impossible to assign the Flat Tire Equus to a subgenus 
since the critical diagnostic features occur in the lower 
molars (McGrew, 1944; Quinn, 1955t 1957)* However, the 
flatness of the protocone of the upper molars and the 
shortness of the metaconid and metastylids of the one 
lower premolar suggests that this form is not assignable 
to the subgenus Equus and the shallowness of the metaconid- 
metastylid valley is not typical of the subgenus 
Hippotigris. It is possible that the Flat Tire form is 
either E. (Onager) or E. (Asinus) since these forms
appear to be intermediate between E. (Hippotigris) and



Table XIX. Measurements of Equus from the Flat Tire fauna

Anterior-posterior Diameter Transverse Diameter
Specimen
Number 10 *0 V) % Ml M2 M3 P2 P3 p4 Ml M2 M3

826 25.3 28.6 24.7 25.8 24.5 28.6 26.6 25.6
830 28.5 28.1 24.7 25.6 28.9 28.9 27.5 26.2
825 29.5 ' 30.7
824 24.8 29.4.
823 29.9 31.3 ;
51 25.7 21.4 22.5 21.7 23.7 23.4 22.4 18.8

Specimen Length c Protocone length X 100Number Tooth length
P3 P4 Ml M2 M3 P3 P4 Ml M2 M3

57 8.1 8.8 10.0 9.0 31.5 41.1 44.4 41.5
823 11.6 38.8
824 11,7 47.2
830 9.5 10.6 11.2 10.8 33.3 37.7 45.3 42.2
826 9.4 11.1 11.0 32.9 44.9 42.6

Lower Cheek Tooth
SpecimenNumber Length Width as-j901 p3 or p4 25.0 14.0
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E. (Equus) with regard to certain dental characters* 
However, for reasons which are discussed later, I regard 
Onager and Asinus as indeterminate with regard to dental 
characters as they have been described* While the Flat 
Tire Equus cannot be identified below genus at the 
present time, it is apparently different from the Tusker 
Equus. The comparison of these two forms will be dis- 
cussed after the Tusker form has been described in the 
following section.

Equus (Hippotigris)
The following equid material has been collected 

from the Tusker level: three isolated upper cheek teeth
(2 P 3 1s| 1 M 3 )i four isolated lower cheek teeth (p2 , p3, 
p4, m3); a fragmentary mandible with Dp2 and Dp3; a 
number of cheek teeth fragments; one radius-ulna; and a 
medial phalanx.

Description: Fossettes of upper cheek teeth small,
plications simple with a pli post fossetie, pli proto- 
conule and pli prefossette; protocone considerably 
elongated and with a short, shallow, lingual concavity; 
long axes of the protocone parallel to the anterior 
posterior diameter of the tooth; pli caballin present 
and well developed* The lower cheek teeth have a 
sharply V-shaped metaconid-metastylid valley and the 
median valley of the molars penetrates between or beyond
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the reentrants of the flexids; Dp2 and Dp3 have distinct 
parastylids and hypostylids. Illustrations are given on 
plates III and IV* Measurements are given in table XX 
below*

Table :XXe Measurements of Equus (Hippotigris)
Spec • 
no. Tooth Length Width Protocone

Length
Protocone Length
Length of Tooth

58 P3 29.1 27.6 14.6 50.2
1283 P4 29 est. 17.5 60
1283 M 3 26 est. 14.1 54

62 p2 39.5
60 P3 28.5 16.7
63 p4 33.7 20.0
61 m3 39.6 13.2

1149 Dp3 29.6 10.6

Discussion: The well developed parastylid and
hypostylids on Dp2 and Dp3 $ the deeply V-shaped metaconid- 
metastylid grooves and the deep median valley penetrating 
between the reentrants of the flexids indicate that this 
form is a species of Hippotigris as this subgenus is 
currently defined. (The definitions of the various sub- 
genera of Equus are discussed in the following section*) 

Comparison of Tusker and Flat Tire Equus; The 
upper cheek teeth of the Tusker form appear to be more 
advanced than those of the Flat Tire species. The proto
cone length relative to the length of the tooth ranges
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from about 50 to 60 percent in the upper Tusker horse 
and from about 51 to 45 percent in the Flat Tire Equus. 
Also, the lingual protoconal groove is much more pro
nounced in the Tusker form. This evaluation is tenta-
tive, however, because of the relatively few specimens 
available for comparison.



DISCUSSION OF THE TAXONOMIC STATUS 
OF PLEISTOCENE EQUIDS

There is considerable confusion regarding the 
classification of Pleistocene equids. Four groups—  

Equus, Hippotigris, Asinus, and Onager— are generally 
recognized although there is no general agreement as 
t o .either the taxonomic rank of these groups or to 
their definitions. MeGrew (1944) stated that these 
groups should be given generic rank because each of 
them is subdivided into such a large number of species. 
Quinn (1955» 1957) suggests that since these groups, in 
his estimation, have been discrete units since the 
Miocene, they should be accorded full generic status. 
However, the apparent close genetic similarity of some 
of the living representatives of these equid groups 
suggests that they are probably congeneric. Simpson 
(I96l) states that

Supposedly intergeneric hybridization, 
usually with sterile offspring, is possible 
among animals, for instance, in mammals, the 
artificial crosses Bos x Bison, Equus x Asinus, 
and Ursus x Thalarctos. In my opinion, how
ever, this might better be taken as basis for 
uniting the nominal genera. I would not now 
give generic rank to Bison, Asinus, or 
Thalarctos.

70
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More important than the problem of the taxonomic rank, 
however, is the problem of establishing diagnostic 
criteria for the identification of these taxa. The 
diagnostic criteria offered by various authors for these 
supra-specific groups of Pleistocene equids are discussed 
in the following section.

Schultz (1936) characterized Hippotigris 
(= PTesippus) as being morphologically intermediate 
between Pliohippus and Equus and ancestral to the latter. 
The characters he listed as diagnostic for Pliohippus and 
Equus are as follows: Pliohippus, (1) cheek teeth
strongly incurved, (2) protocone round-oval in shape,
(3) isthmus broad in upper cheek teeth, (4) pre- and 
post-fossettes broad, enamel borders with few or no 
plications, (5) outer walls of protoconid and hypoconid
rounded, (6) metaconid-metastylid valley sharply V-shaped; 
Equus, (1) cheek teeth with nearly straight crowns, (2) 
isthmus narrow, (3) protocone elongated, indented and 
with marked anterior projection, (4) borders of pre- 
and post-fossettes usually with numerous plications, (5) 
proto- and hypoconids with flattened or slightly concave 
external walls, (6) metaconid-metastylid groove broadly 
open. The particular species assigned to the genus 
Hippotigris by Schultz individually had characters which 
were typical of both Pliohippus and Equus• Certain of
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these species, in his opinion, were more closely related 
to either Pliohippus or to Equus while others were 
equally related to both groups,

MeGrew (1944) evaluated the various characters 
which had been used to differentiate the horses, asses 
and zebras. His study was based on a relatively small 
number of the living representatives of these groups; 
seven Onager, twentyone Hippotigris, seven Asinus, and 
"several" Equus caballus. McGrew concluded that there 
were three valid characters useful in separating these 
forms: (l) Metaconid-metastylid groove V-shaped in
Hippotigris and U-shaped in Equus except for m3. In 
Onager, this groove is "more or less intermediate 
between the horse and the zebra, but closer to the 
former." Asinus and Onager cannot be differentiated 
on the basis of this character. (2) The hypostylid 
of Dm3 is present in.Hippotigris, sometimes as an iso
lated lake, but absent in Equus and Asinus. (3) Para-
stylid. is absent in Equus both in deciduous and permanent 
teeth, present in both milk and permanent teeth in 
Hippotigris« present but weakly developed, in Asinus. 
McGrew pointed out, however, that some other characters 
which he considered to be not diagnostic may, if studied 
statistically on large numbers of specimens, prove to be 
useful.
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Savage (1951) states that
'A beginning student of speciation in Equus 

is completely overwhelmed by the multitude of 
presumably diagnostic species characters which 
have been used; he is even more confused to 
find that most of the proposed distinctions col
lapse into minor variations within a species when 
a large number of specimens are available from 
one locality. ... Only when types are accompanied 
by sufficient materials to give at least some 
indication of infraspecific variation can there 
be a justification for the proposal of a new 
species among the equines. No objective com
parisons may ever be formulated when reference 
of a specimen from one locality to a species 
from another locality is based on disparate 
material.

Savage does not list diagnostic criteria for the identi
fication of the various supra-specific equid groups, 
but he does state that, 11 In North America certain
characters seem to have a chronological implication.11 
He discusses only one such character, as follows:

In the North American Blancan to late Pleisto
cene species respectively, there is a general 
tendency, except in P 2 , for the protocone to 
become relatively more elongate, relatively 
thinner transversely, and for its long axis to 
become aligned more nearly parallel to the 
anteroposterior diameter of the tooth. Also 
the protocones of the premolars are relatively 
shorter in comparison to those of the molars in 
the Blancan species which tend to have elongate 
molar protocones• Notable exceptions to these 
tendencies occur; some of the Blancan plesippines 
have long axes of protocone aligned parallel.

Savage also noted that the Rancho LaBrea horse, Equus cf.
E. caballus* 11 approaches plesippines in many of its
characters" and that in the Old World many of the



characters evidenced in the earlier forms of Equus are 
still retained by the recent forms«

Quinn (1957) recognized that, "There seems to be 
a general feeling that too many species have been des
cribed on too little evidence (Savage, 1951, PP» 24l- 
252) and that most characters based on tooth differences 
are invalid because these exhibit a high degree of 
variability." H e , however, expresses the opinion that 
the difficulty experienced by various investigators in 
the classification of Pleistocene horses is due to the 
lack of the proper evaluation of three factors; (1)
the morphologic limits and variability of paleontologi
cal species, (2) distribution of pleistocene species in
space and time, (3) the marked parallelism in the

■ v . i ,  ■ : :
various genera. These factors will be discussed indi
vidually in the following paragraphs.

Quinn, in his evaluation of morphologic limits 
and variability of paleontological species, emphasizes 
that Cause's principle (that only one of a group of 
closely related species or lesser taxa can occupy a 
particular ecological niche at a given time) must be 
used with caution in interpreting fossil quarry assem
blages. As an example of a situation where the applica
tion of Cause's principle would erroneously lead to the 
lumping of two species into one, Quinn states,
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One of the species found in the quarry 
assemblages is Onager littoralis (Hay), small- 
est of the Equini. Another is Equus nacificus 
Leidy (of Gidley)t one of the largest of the 
Pleistocene horses# Besides theset there are 
materials of horses of intermediate size, so 
that teeth grade from smallest to largest with 
no appreciable breaks» Few investigators would 
place Ee littoralis £sic. and E* pacificus i n , 
the same species t yet the practice outlined 
above, if strictly adhered to, would lead to 
just this.

Savage (1951) considered both E. littoralis (= 0. 
littoralis) and E • pacificus to be a nomen vanum and not 
on the basis of Cause's principle but because in his 
opinion these species were so poorly defined as to be 
indeterminate with regard to any specimens except the 
type• Another investigator, Hibbard (1955), considered 
E. littoralis to be a synonym of E. conversidens, a 
species which Quinn (1957) places in the genus Asinus« 
Furthermore, one may wonder what evidence would better 
indicate that two forms from a quarry assemblage were 
conspecific than the existence of materials that "grade 
from smallest to largest with no appreciable breaks0"
Thus, it would appear that the significance and taxo
nomic position of these forms is questionable•

Quinn diagnosed Onager littoralis in the same 
manner as Hay (1913) described the type of E • littoralis; 
"Characterized by teeth of small size..#enamel surround- 
ing the lakes rather strongly folded. The crown some- 
what more curved than in E. leidyi." The type of E.
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littoralxs is one upper cheek tooth and it occurs with 

E# leidyi, a species described by Hay on the basis of an 
upper molar, from the Peace Creek fauna from Florida.
E. leidyi is described by Hay (1913) as having 11 teeth of 

medium size, the length of the grinding surface of the 
first molar being about 25 mm, the width about 24 m m , 
excluding the cement. Enamel surrounding the lakes > 

rather strongly folded. Type tooth moderately curved.M 
T h u s , the only difference clearly indicated between E • 

littoralis and E. leidyi is one of size. Certainly the 
conclusion of Savage (1951) is warranted that E • littoralis 

"may be logically regarded as a small individual of the 
probable one species represented at Peace Creek.** 
Furthermore, Savage concludes that these names are 
notnena vana because they cannot be distinguished from 
other species on the basis of the type and referred 
specimens.

Equus pacificus, the species wh i c h , according to 
Quinn, few investigators would make conspecific with 0• 
littoralis, is described by Quinn as follows: **The

type of E . pacificus was never figured, and Gidley1s 
referred teeth may or may not belong to the species. 
Material from the terraces of the Brazos River.•.repre- 
sents the same form as the Oregon (i.e. Gidley* s ) 
material• This horse, insofar as the upper teeth are 
concerned, is not greatly different from E. caballus 
except possibly in size.*' Thus, Quinn, although he is 
not sure that Gidley1s Oregon horse is E. pacificus,
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compared his Texas material to this Oregon form and 
through this comparison identified the Texas horse as 
E e pacif icus. Clearly t if Gidley1 s Oregon horse ••may or 
may notH belong to the species E* pacificusf then Quinn1s 
Texas horse may or may not belong to the species E. 
pacificus> Furthermore, Savage (1951) considered E • 
pacificus to be a nomen vanum because in his estimation 
Leidy1s type does not have definitive characters, a point 
which Quinn does not discuss«

In Quinn1s (1957, p * 6-8 ) evaluation of the 

second factor which in his opinion has contributed to 
the difficulty of classifying Pleistocene horses, the 

distribution in time and space, he emphasized two points:
(1) The peculiarities introduced because of the unique 
climatic conditions existent during the Pleistocene.
(2) .The probability that the horses lived in several 
different ecological areas• These two points will be 

discussed, in order, in the succeeding paragraphs.

The major climatic changes during the Pleistocene 
would, in Quinn1s estimation, result in the

successive occupation and elimination of 
populations in Pleistocene time• ®•© considera
ble evidence has been accumulated in recent years 
indicating extinction and replacement of the 
large mammal components of the Pleistocene 
faunas in relation to glacial stages• This 
condition is not as clearly reflected in 
small mammal components of the faunas (Skinner,
1942, p • 153)• Rodents especially, and other
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burrowing animals, are less subject to rigor
ous climatic conditions than animals such as 
horses, which must remain in the open. The 
point of maximum extinction in a glacial- 
interglacial cycle is not known, but it seems 
logically to relate with glacial maxima. ... 
glacial stages were periods of intense pluvia- 
tion and undoubtedly low temperature••.horses 
especially are most susceptible to wet-cold 
conditions• #.. Destruction and replacement of
species of horses in response to climatic 
fluctuations during Pleistocene time thus 
seems to be a well supported concept. It may 
be supposed, however, that populations were 
not affected, or were less affected, in south
eastern North America, extreme southwestern 
North America, and possibly along the West 
Coast•

Quinn (1957 1 p • 31) then concludes, n ... extreme south

eastern and western North America, M e x i c o , and Central 

America, •••together with the Old World, may have fur

nished replacement species after glacial climaxes had 
passed.u Certain features of Quinn1s evaluation of the 

influence of Pleistocene climatic change upon the 
evolution and distribution of North American equids 

are questionable or. open to different interpretations• 
These features include: (1) A measure of cyclic

reasoning is apparently involved; seemingly the horses 
varied because the climate changed and it is known that 
the climate changed through a particular stratigraphic 

sequence because the types of horses vary. (2) It is 

not apparent why it is more logical to assume that the 

extinctions are related to glacial maxima in Texas to 
a greater degree than to interglacial maxima; if the
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interglacials were arid and hot, it is seemingly as 
logical to assume that* since horses are particularly 
susceptible to the lack of water, they became extinct 
in this area during the interglacial maxima* (3) It is 
not clear why many forms of rodents would be "less sub
ject to rigorous climatic conditions than animals, such 
as horses, which must remain in the open." Certainly, 
many forms of rodents are hot burrowing forms and remain 
in the open. Many forms of rodents, both burrowing and 
non-burrowing forms, are dependant upon plant forms 
which are susceptible to climatic change. Many modern 
species of rodents are restricted to a southerly distri
bution at least partly because of climatic conditions*
At least one author, Hibbard, in numerous publications 
including (1950, 1 9 5 6, 1958), has interpreted changes, 
in the rodent fauna in Kansas and Oklahoma as indicative 
of glacial or interglacial conditions. (4) If south
eastern North America, extreme southwestern North 
America and possibly the West Coast were areas that were 
less affected by Pleistocene climatic changes and hence 
were regions which continuously supported populations of 
horses, it seems likely that these localities, in many 
instances, would have afforded refuge areas for the 
horses of the Great Plains during periods of severe 
climate. From these areas these same forms could rees— 
tablish themselves in the midcontinent with the return
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of milder climates.
Quinn, in his discussion of the distribution of 

Pleistocene horses in time and space, also states that 
another complicating factor in equine taxonomy is the 
probability that the horses lived in several different 
ecological areas. Quinn gives as an example of 
Pleistocene horses living in different ecological 
areas, "Onager complicatus" (= E. complicatus), "0. 
fraternus" (= E. fraternus) and "Asinus conversidens"
(= E. conversidens). The type area of the first two 
forms is in southeastern United States, and the third 
form, according to Quinn, is known primarily from south
western United States and Mexico. These are two of the 
areas which, according to Quinn, "may have furnished 
replacement species after,glacial climaxes had passed." 
If in fact these three forms are valid species which 
inhabited different areas then it may be reasonable to 
suppose that they differed somewhat in their ecology.
It is rather surprising, however, that Quinn would so 
oppose the application of Cause's principle to most 
fossil assemblages and yet assume ecological differences 
on the basis of paleogeographic separation. Moreover, 
at least two of the three species listed by Quinn as 
examples are of doubtful taxonomic validity. According 
to Savage (1951), E. complicatus is a nomen vanum since
the type indicates only that it is of medium to large
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size and had moderate to strong complications of the 
enamel borders of the fossettes. Savage pointed out 
that "so many species have proved to be moderately 
large with moderate complications of the enamel that 
there is no longer any diagnostic or descriptive value 
in such a statement*" E. fraternus is also considered 
to be a nomen vanum by Savage in addition to the fact 
that he considered E. fraternus to be indistinguishable 
from E * complicatus* The third species, E* conversidens, 
used by Quinn in his example, has had a very confused 
and complicated nomenclatureal history which has been 
discussed by Hibbard (1955)# Hibbard, however, con
siders this species to be valid but he also considered 
E • littoralis from Peace Creek, Florida, to be a synonym 
of E# conversidens* which, according to Quinn, is a 
horse typical of the southwestern United States and 
Mexico, and probably ecologically distinct from horses 
in the southeastern United States* Moreover, these two 
forms which Hibbard considered conspecific under the 
genus Equus are placed by Quinn in two different genera, 
Onager and Asinus*

A complete evaluation of the third factor which, 
in Quinn's estimation, has contributed to the difficulty 
of classifying Pleistocene horses, the marked parallelism 
of the various genera, would require an extensive revision
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of the North American equinae. Such a revision is beyond 
the scope of this study. However, it is questionable 
whether these genera as defined by Quinn constitute 
discrete, recognizable, and natural species groups. In 
the following section, Quinn's diagnosis of the various 
genera will be discussed and then these diagnoses will 

be evaluated.

Diagnosis of Asinus, after Quinn (1955, 1957): 
upper teeth distinguished by lower styles and shallower 
valleys than Equus or Hippotigris with the protocone 
generally much compressed transversely and deeply con- 
cave internally; the lower teeth are distinguished by 
the angle of the antero external border of the meta- 
flexid which is produced outward in a "deep sharp angle 
exceeding either Equus or Hippotigris," the metaconid 
is directed inward and then forward, metaconid-metastylid 
valley V-shaped as in Hippotigris but less deeply so, 
the median valley of the lower molars not protruding 
beyond the reentrants of the flexids, metatarsals short 
and stout but less so than in Equus* Quinn also states 
that, while Asinus is intermediate between Equus and 
Hippotigris with regard to the metaconid-metastylid 
valley and the presence or absence of parastylids and 
hypostylids in the milk dentition, Asinus appears to 
resemble Equus more than Hippotigris in the other fea
tures of the enamel patterns of the lower teeth. Quinn



83

(1955) further emphasizes the intermediate character of 
the Pleistocene Asinus in the following statement,
"Certain species, mainly Pleistocene, which do not 
clearly belong to either Equus or Hippotigris but express 
these intermediate characters are thus referable to 
Asinus •11 <

Diagnosis of Onager after Quinn (1957): size
range equal to Equus; pattern of cheek teeth more complex, 
third molar less modified than in Equus or Asinus; upper 
and lower molars much more hypsodont than Asinus $ as high 
crowned or more hypsodont than Equus; protocone flatter 
and longer than either Equus or Asinus; hypoconal groove 
in upper premolars tends to be closed; lower molars with 
median valley shorter than most species of Equus; meta- 
podials more slender than in Equus* longer and more 
slender than in Asinus*

Diagnosis of Hippotigris after Quinn (1955): 
lower dentition with deflected metaconid and metastylid, 
intervening valley sharply V-shaped; median valley of 
lower molars penetrating between the reentrants of the 
flexids; lower milk dentition with parastylids and 
hypostylid; protocones of upper teeth roughly triangular.

Diagnosis of Equus after Quinn (1955, 1957): 
large forms with complicated enamel patterns in the upper 
permanent cheek teeth; styles of ectoloph high, thick,
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and bifurcated, valleys deep and concave; protocone less 
elongated and compressed than in Onager, internally con
cave but not as much as in Asinus; hypoconal valley open 
on all but M3; lower permanent teeth with long crescentic 
metaconids and metastylids; median valley of lower molars 
short; lower milk dentition without parastylids and hypo- 
stylids.

Evaluation of Quinn1s * generic criteria: Quinn
does not indicate the number of specimens he examined, 
nor is it clear what taxonomic groups he examined. 
Furthermore, most of the characters listed by Quinn as 
diagnostic for the various groups are qualitative and 
subjective. This is particularly true with regard to 
the genera Onager and Asinus. It is of little practical 
value to know that the protocone in Onager is longer 
than it is in Asinus or Equus unless one knows what the 
range of variation is in Asinus and Equus. One may 
identify Hippotigris on the basis that the median valley 
penetrates between the reentrants of the flexids; however, 
Quinn characterizes the median valley in Equus as short 
and that of Onager as shorter than most species of Equus. 
The problem is, of course, how long is short? Thus, 
while these criteria may be valid, they can only be 
evaluated by comparisons with large numbers of indi
viduals



CONCLUSIONS REGARDING THE TAXONOMIC STATUS 
OF PLEISTOCENE EQUTDS.

While there are differences of opinion regarding 
the classification of North American Pleistocene Equids, 
there are some points of general agreement and some 
conclusions that can be drawn. It is generally agreed 
that Equus and Hippotigris occurred in beds of Pleisto
cene age in North America and they may be identified 
primarily on the basis of the enamel patterns of the 
lower cheek teeth. Those forms which exhibit characters 
intermediate between Equus and Hippotigris probably 
should be considered taxonomically indeterminate below 
the genus level at the present time. It is certainly 
suggestive that the Old World subgenera, Asinus and 
Onager, are morphologically intermediate between Equus 
and Hippotigris and that apparently intermediate forms 
can also be demonstrated in the North American Pleisto
cene . The significante of this relationship, however, 
has not been demonstrated. It is quite possible that 
the forms included under Asinus and Onager in the Old 
World are not distinct enough to warrant subgeneric 
ranking. In any case, the osteological and dental

85
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characters which have been given as diagnostic of the 
two groups are so qualitative and subjective that any 
interpretation of these features is entirely a matter of 
personal judgement•



PALEOECOLOGY OF THE 111 RANCH FAUNAS

In order to interpret the paleoecology of the 111 
Ranch faunas, I have assumed the following three factors 
to be valid environmental indicators: (1 ) the ecological
requirements of fossil species fall within the range of 
variation exhibited by the living representatives of the 
same genus, (2 ) in certain cases, even though the fossil
form may not be referable to a living genus, morphologi
cal features may suggest adaptations to a particular 
ecological situation, (5) the nature of the sediments 
may indicate certain environmental conditions• It will 
be shown that these factors indicate that the Tusker 
fauna lived in an area characterized by an average yearly 
rainfall of between 15 and 20 inches but probably closer 
to 20 inches; winters without killing frost; mean summer 
temperatures somewhat cooler than at present in this 
area and probably in the magnitude of 60°F; through 
flowing streams in the valley with occasional ponds and 
adjacent bogs; open grassland in the area away from the 
ponds and streams« The evidence is rather meager con
cerning the paleoecology of the Flat Tire fauna; how
ever, these tentative conclusions may be drawn. The

8?
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climate was more humid than during the Tusker fauna time; 
there were through flowing streams in the valley and some
ponds; the area in the valley away from the streams and

, . ' ‘ I . ■' F' - * ■ ' :

ponds was probably a savanna* The evidence upon which 
the preceding conclusions are based is given in the 
following sections,

Ecological Requirements of the Faunal Elements
Testudo: The ecology and paleoecology of large

testudinate turtles have been recently discussed by 
Hibbard (i960) and Brattstrom (196l)• Hibbard concluded> 
on the basis of an evaluation of the distribution and 
environmental requirements of the living forms, that 
11 large Pliocene and Pleistocene land tortoises could not 
stand freezing, but■they may have existed in an area where 
very few light frosts occurred at night but with tempera
tures during the day warmed to 60° or more Fahrenheit#*' 
Brattstrom (1961), who also based his conclusions upon 
the distribution and ecology of modern forms, states that 
"most fossil tortoises are, in fact, probably indicators 
of tropical and subtropical climates#.• . Without mild,
equable climates and shade the large tortoises, which more 
than.likely did not burrow, would probably have absorbed 
too much solar radiation and reached their lethal tempera- 
tures# If it were too cool, they probably could not have 
absorbed enough heat to allow them to be active#"
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; Hydrochoerinae: There have been several extinct
genera described in the subfamily Hydrochoerinae but only 
one living genus which contains two species• It is likely 
that the range of ecological adaptation of the extinct 
forms exceeded the range exhibited by the living genus• 
However| the very hypsodont, persistently growing and 
flat-crowned cheek teeth of the 111 Ranch form indicates 
that this capybara was a grazing form. Also, the feet of 
the living South and Central American forms are webbed, 
an adaptation to a semi-aqua tic habitat• Except for size, 
the medial and distal phalanx in the Tusker capybara is 
identical to those of the living forms• This would 
appear to indicate that the Tusker capybara also lived 
m  a semi-aquatic habitat•

Synaptomys v e t u s : Howell (192?) describes the
habitat of Synaptomys as follows:

Synaptomys belongs at the present day 
definitely to a boreal fauna, and in the north, 
although usually found in moist situations, they 
also occur in dry patches of grass and other low 
cover, as well as in bogs. In the districts 
farther south, however, they have evidently 
been able to survive only because of the presence 
of occasional cold spagnum bogs, to which they 
are almost entirely confined in the lower 
latitudes of the Eastern States.

The southernmost fossil locality containing Synaptomys 
is San Josecito Cave of Wisconsin age (Hibbard, 1958) 

which is located near the town of Aramberri in southern 
Nuevo Leon, Mexico• Cushing (19^5) in describing this 
fauna noted that 11 apparently S. cooperi does not require
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a particularly cold climate#11 Hibbard (1955) states 
that the :
i. extension of the range of Synaptomys

southwestward and into Mexico reflects a 
climatic condition which permitted the develop
ment and southward movement of a belt of tall 
grasses and sedges•#• # If the mean annual
temperature was lower than that of northeastern 
Kansas and if periods of summer drought did 
not exist during the time of glaciation, a 
smaller amount of rainfall than occurs in 
northeastern Kansas would have allowed the 
development of grassland# Provided the ele
vation was essentially the same as it is today, 
a grassland route may well have existed dur
ing each successive period of glaciation#

Geomys tuskeri; The genus Geomys ranges from 
Florida in the southeast to eastern New Mexico in the west 
and northward to the Canadian border in the vicinity of 
the North Dakota-Minnesota boundary# This genus has 
clearly adapted to a wide range of temperature and mois
ture conditions# However, Kennerly (1959) reports that 
Geomys is "partial to sandy, friable soils, (Merriam,
1895; Davis, 1940) and that areas of indurate, non- 
friable soils, abundant vegetation#••act as usually 
effective barriers or deterrents to its distribution.11 
Kennerly also suggests that the smaller forms of Geomys 
may be better adapted to living on more indurated soils# 
Also, in the living forms, there is an increase in the 
relative depth of the rostrum from east to west (dis
cussed previously under the description of G. tuskeri)#
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Apparently this change is due to either decreasing rain
fall or changing soil types or a combination of these 
factors.

Neotoma alien!: Merriam (1892) quotes Nelson as
stating that N. alien! is abundant Mon the lower parts of 
wooded hill slopes and adjacent dry ground covered with 
mesquite and other seed bearing trees11 and that it "usually 
lives in holes or burrows at the foot of a tree or under 
some convenient shelter•11 This species and subgenus is 
presently found only in Mexico along the west coast from 
southern Nayarit to central Guerrero and in the southern 
part of the range it is found as far inland as Morelos.

Dipodomys: The,habitat and ecology of Dipodomys
are described by Grinnell (1922) as follows: "The genus
Dipodomys is emphatically Austral in its life zonal 
occurrence." In California, however,

The agiles and heermani groups contain 
species which extend well into the Transition 
zone...the very limited power of digging in 
the kangaroo rats, combined with the necessity 
in most species for some digging, limits the 
animals to areas containing tracts of loose 
soil such as is a rule associated with lack of 
rainfall..• • That cloudiness, high percentage
of atmospheric humidity and even moderately 
heavy rainfall are not per se inimical to the 
existence of Dipodomys, if the soil be of 

, proper texture, is shown by the fact that a 
large population occurs, locally, in the 
southern end of the humid coastal belt of 
California.

Dale (1939) affirmed the observations of Grinnell and 
added the following: "Another factor ordinarily
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associated with the habit of Dipodomys is sparseness of 
vegetation. D. venustus is said to be an exception to 
this general rule and, to occur in quite dense chaparral.11 
Dale also stressed the importance of moisture as a 
limiting factor in restricting the range of Dipodomys 
and he states that "places with adequate drainage are 
preferred in the optimum habitat." Howell's (1932) 
description of tne nabxcat of Dipodomys agrees in general 
with those of Grinnell and Dale; however, he describes 
the occurrence of Dipodomys in more humid and vegetated . 
areas in greater detail as follows:

On the whole it is found in open country 
but is not confined to this type of habitat.
In prairie country it is at home in theishbrt 
grass lands, often devoid of brush..• • In 
parts of its range the genus is found where the 
winter rains may be relatively copious, and 
there may even be rather low summer tempera- 
tures accompanied by frequent fogs (as in the 
case of D. m. goldmani* near Monterey, Calif•), 
but always the immediate habitat is of an arid 
character, and individuals will never be found, 
in any part of the range of the genus, in low, 
swampy areas amid lush vegetation.

Perognathus: The range of the genus Perognathus
is west of the Mississippi River and from the Isthmus of 
Teliuatitepic northward into Canada• It extends west
ward into California and western Washington and Oregon. 
Hall and Kelson (1959) state that "most pocket mice live 
in arid to semi-arid situations." Osgood (1900) reports 
that "pocket mice usually choose plains and deserts for
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their habitat** and that they are found in the Sonoran 
and lower part of the Transition life zones.

Reithrodontomys arizonensis s The genus Reithro- 
dontomys has a very wide geographic distribution. Its 
range extends throughout the southeast northward to the 
Ohio River and southern Pennsylvania. In the west, 
Reithrodontomys is known from Panama northward into 
Canada and it is present in most of the area west of the 
Mississippi River with the exception of the more moun
tainous regions of Colorado, Wyoming, Montana, and Idaho. 
Such an extensive distribution suggests that this form 
has adapted to many different environmental situations 
and Hall and Kelson (1959) state that "harvest mice 
live in a wide variety of habitats from marshy sea-side 
situations to tropical forests •11 However, they also 
note that Reithrodontomys "usually are associated with 
stands of short and often sparse grasses."

Sigmodon: This genus is primarily a southern
form. It is found from Panama northward throughout Cen
tral America and Mexico; into southern Arizona and New 
Mexico; throughout most of Texas, Oklahoma and Kansas; in 
all the southcentral and southeastern United States south 
of central Missouri, Tennessee and North Carolina• The 
habitat of Sigmodon throughout this region naturally is 
variable but according to Hall and Kelson (1959), the
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habitat ^usually includes tall weeds or grass.** Bailey 
(1902) states that Sigmodon inhabits the Tropical,
Sonoran and Transition zones.

Equinae: Shotwell (1961) suggests that Bquus and
Nannippus occupied different grassland habitats, with 
Nannippus living in savannas and Equus in open grasslands.

The other 111 Ranch forms are of little value as 
environmental indicators either because the identifica- 
tion of the form is uncertain, or * the ecological require- 
ments of the group are very generalized, or the group is 
extinct and its ecology is problematical.

Sedimentary Deposits as Environmental Indicators
The diatomites and limestones in the 111 Ranch 

area are clearly indicative of the former presence of 
lakes or ponds. A diatomite sample collected by Knechtel 
was examined by Lohman, who reported that the diatoms 
indicated ** that they were deposited in warm, somewhat 
saline lake water** (in Knechtel , 193#). Also snails 
which are indicative of standing bodies of water are 
present in the 111 Ranch limestone units (Seff, personal 
communication).

The evidence for the presence of through-flowing 
streams in the San Simon and Gila Valleys during the 
time that the valley—fill sediments were being deposited 
has been presented by Harbour (i960), Marlow (i960),
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Melton (i9 6 0), and Seff (i9 6 0). The fine-grained 
character of the bulk of the basin-fill deposits indi
cates that these streams generally had a relatively low 
competence. The great volume of sediments present, how
ever, suggests a high stream capacity. This combination 
of factors may indicate that these streams were large, 
low velocity, aggrading rivers. The absence of coarse 
clastic sediments along the mountain fronts suggests 
that chemical weathering predominated on the mountain 
slopes and the absence of alluvial fans along the valley 
margins may indicate that there was sufficient vegetation 
on these slopes to prevent rapid erosion.

Conclusions Regarding the Paleoecology 
The occurrence of Synaptomys and large forms of 

Testudo in the Tusker fauna have important implications 
with regard to the possible paleoclimate during Tusker 
time. The presence of Testudo indicates that the winters 
must have been slightly warmer than at present with rare, 
if any, freezing temperatures. Synaptomys indicates 
that the average yearly temperature was lower and/or 
the average yearly rainfall was higher than at present 
in the San Simon Valley• At the present time, in western 
Kansas, Synaptomys lives in an area that has between 15 
and 20 inches of rainfall annually. This is the most 
arid part of its range. Hibbard (1958) suggested that
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Synaptomys might be able to survive in a somewhat more 
arid area if the mean annual temperature were lower*
The average yearly temperature of Dodge City, Kansas, 
for the years 1921-1950 is 55*1^F and in the San Simon 
Valley it is 6 3 *2^F (Kansas temperature from Weather 
Bureau, U. S. Dept. Commerce; Arizona temperature is an 
average of Safford and Bowie, Arizona, as reported in 
University of Arizona Agricultural Bull. No* 197)*
Thus a decrease of about eight degrees in the mean annual 
temperature in the San Simon Valley would give this area 
the same mean annual temperature as western Kansas* 
However, in the preceding section it was noted that the 
winter temperatures must have been above freezing for 
Testudo to have survived and, therefore, any relative 
reduction of the mean annual temperature during Tusker 
time must have been the result of lower summer tempera
tures, since freezing winter temperatures commonly occur 
in the San Simon Valley at the present time* To reduce 
the present mean annual temperature of the San Simon 
Valley to that of western Kansas and keep the winter 
temperatures constant it would be necessary to reduce 
the mean annual temperature of the months of April 
through September by l6°F. This would result in a mean 
temperature for the months of April through September of 
about 57 F • If it is true that Synaptomys could only
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survive in an area more arid than western Kansas if the 
mean annual temperature in that more arid area were 
lower, and if the San Simon Valley were more arid (had 
less than 15 inches of rainfall annually), then the mean 
summer temperature in the valley must have been below 
about 57^F. However, it is unlikely that the average 
summer temperatures could have been much, if any, below 
57^ in this area during Tusker time# The present average 
winter temperature in the valley is about 51^F and the 
average winter temperature during Tusker time must have 
been at least this high, and probably slightly higher, to 
permit the existence of the large turtles. Obviously, 
the summer temperatures must have been somewhat higher 
than the winter temperatures• Thus, since the mean 
annual temperature during Tusker time in the San Simon 
Valley probably was not lower than that of western Kansas 
today, the presence of Synaptomys apparently indicates 
that the annual precipitation during Tusker time must 
have been at least as great as that of western Kansas 
today, 15 to 20 inches annually. The presence of other 
forms in the Tusker fauna indicate that the precipita
tion could not have been much greater.

The occurrence of Dipodomys and Perognathus in 
the Tusker fauna indicate s the pr esence of an arid or 
semi-arid climate and a short grasslands habitat. It

L
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is unlikely that an area with an average annual tempera
ture of over 20 inches could be classified as semi-arid. 
Furthermore, this much precipitation would probably 
support a denser vegetative cover than short grass.

The Flat Tire Nannippus, if Shotwell1s (1961) 
interpretation of the paleohabitat of Nannippus is 
correct, lived in a savanna habitat. This may indicate 
that the climate during Flat Tire time was somewhat 
more humid than during Tusker time. The slight increase 
in the grain size of the clastic sediments from the 
bottom of the 111 Ranch section to the top also may 
indicate a change in the average rainfall from more to 
less humid• This evidence is very tenuous, however, 
and the conclusions must be regarded as tentative*



AGE OF THE 111 RANCH FAUNAS

Two approaches have been made toward the estab
lishment of a North American Pleistocene chronology. One 
is based on vertebrate faunas and has resulted in the 
establishment of "provincial stages o" The other is based 
on the climatic interpretation of the sedimentary deposits 
and the included fossils in the previously glaciated 
areas in the North American midcontinent and has resulted 
in the establishment of a sequence of glacial and inter
glacial stages. In nonglaciated areas the glacial and 
interglacial stages have generally been considered to 
be pluvial and arid periods respectively (Flint, 1957)« 

Pleistocene provincial stages which have been 
commonly recognized in North America are the Blancan, the 
Irvingtonian, and the Rancholabrean# Hibbard (1958) 
states that 11 At the present time the term Blancan is 
used for those faunas containing Flesippus and Nannippus, 
regardless of their Pleistocene or Pleiocene age•11 
Savage (1951) states that "The Irvingtonian assemblage 
contains some mammalian species which appear to be 
unadvanced as compared to the most nearly related forms 
from the Rancholabrean and Recent. The Irvingtonian is 
marked by the absence of Bison." Rancholabrean faunas,
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according to Savage (1951) * 11 are denoted by their pos
session of the remains of Bison and by the presence of 
many mammalian species t particularly in the Carnivora 
and Rodentia, which are inseparable from Recent inhabit
ants of the same area*"

There are differences of opinion regarding the 
correlation of provincial stages and glacial stages; 
however, the scheme suggested by Flint (1957) is probably 
the most generally accepted* Flint correlated the pro
vincial stages and glacial stages as follows:

Provincial stages Approximate correlative
glacial stage

— ---------------------------  Wisconsin
Rancholabrean Sangamon
_____________________________  Illinoian
Irvingtonian Yarmouth
___ _________________________  Kansan

Aftonian
Blancan

Nebraskan
' _____________________  pre-Nebraskan

Age of the Tusker Fauna
The Tusker rodent and rabbit fauna, as a whole, 

is intermediate between Blancan and Rancholabrean faunas©
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There are some species (S. vetus* R* arizonensis# and 
the capybaras) which are "unadvanced as compared to the 
most nearly related forms from the Rancholabrean and 
Recent." Two species (N# alleni and G. tuskeri) are 
identical to, or closely related to, modern species 
which at present live in other regions. Four forms 
(Perognathus* Dipodomys* Sigmodon, and Lepus) are very 
similar to forms which live in the area today. One form 
(Hypolagus) is a member of an extinct, more typically 
Blancan, genus. Since some of the Tusker forms are 
more primitive than the comparable Rancholabrean forms 
and others are more advanced than the most nearly 
related Blancan forms, an Irvingtonian age is indicated 
for the Tusker fauna.

The presence of Lepus. Hypolagus, and Synaptomys 
vetus indicate that the Tusker fauna is early Irvingtonian, 
probably Late Kansan or Early Yarmouth, in age. This 
age designation is based upon the comparison of these 
rabbit and rodent forms with faunas from Idaho, Arizona, 
and Kansas which have been dated, with regard to their 
glacial-interglacial age, by Hibbard (1957). The earliest 
reported occurrence of Lepus is from the Curtis Ranch 
locality, Arizona, which is Kansan or Yarmouth in age.
The latest occurrence of Hypolagus is in the Borchers 
fauna of Yarmouth age. To my knowledge, this is the only
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other fauna which contain* both Lepus and Hypolagus#
The Tusker S. vetus is identical to or slightly more 
advanced than the S . vetus from the Grand View fauna 
which is Kansan or Yarmouth in age but the Tusker form 
is less advanced that the S. landesi from the Borchers 
fauna.

Stegornastodon is listed by Savage (1955) as
occurring throughout the Blancan and into only the very 
early post-Blancan in North America. The Curtis Ranch 
specimen, S. arizonae* is considered by Savage to be 
a synonym of S . mirificus. The Curtis Ranch fauna has 
been dated by Hibbard (1958) as possibly late Kansan 
and/or Yarmouth in age. Hibbard (1958) also lists two 
Kansan faunas which contain Stegomastodon, the Holloman 
fauna and the Seger fauna. To my knowledge, these three 
faunas represent the latest occurrence of Stegomastodon 
in North America• Thus, while the occurrence of S • 
mirificus does not preclude a Blancan date for the 
Tusker fauna, it does indicate that the fauna is not 
younger than early Irvingtonian in age.

The late Kansan or early Irvingtonian age deter- 
mination is further supported by the paleoecological. 
interpretations. While the Tusker fauna indicates that 
the climate during Tusker time in the San Simon Valley 
was cooler and more humid than at the present time, it
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is not known what the extremes of temperature and humidity 
were during the various glacial stages in southern 
Arizona# However, the presence of both the boreal form, 
Synaptomys, and the tropical or southern elements, Neotoma 
alleni, Testudo t and capybara, suggests that the Tusker 
fauna represents a transition between a glacial and an 
interglacial fauna#

E# (Hippotigris), which is present in the Tusker 
fauna, has generally been considered to indicate a 
Blancan age* However, the clearly Irvingtonian character 
of the rodent fauna is, I think, more compelling evidence 
in this case. Nevertheless, it is unlikely that E* 
(Hippotigris) could have survived in southern Arizona 
beyond early Irvingtonian time. If the severe climate 
during the Kansan stage in the midcontinent caused the 
extinction of Hippotigris in that area, and if Hippotigris 
had survived through the Kansan stage in Arizona, then 
it would appear that the return of milder climates in the 
midcontinent with the waning of the glacial period would 
have permitted Hippotigris to enter that region again.
If E • (Hippotigris) became extinct in the midcontinent 
because it was unable to compete successfully with E •
(Equus), the same problem of competition would have 
faced E# (Hippotigris) in. the early Irvingtonian in 
southern Arizona as indicated by the presence of E# (Equus) 
in the early Irvingtonian Curtis Ranch fauna.
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Age of the Flat Tire Fauna 
The presence of Nannippus phlegon in the Flat 

Tire fauna indicates a Blancan age for this fauna, as 
the Blancan is presently defined (Hibbard, 1957)* How
ever, the deposits in the 111 Ranch area indicate that 
there was continuous sedimentation throughout the sec- 
tion, and since there are stratigraphically only about 
150 feet of primarily clastic material represented in 
the section, it appears unlikely that very much time is 
represented by these deposits♦ Thus, an early Irving- 
tonian age may be indicated for the Flat Tire as well as 
the Tusker fauna• However, the absence of N. Phlegon 
in the upper fauna may reflect environmental differences 
between the two faunas and this change may represent the 
B1ancan-Irvingtonian boundary in this area* At the 
present time, it would appear best to consider the Flat 
Tire fauna as late Blancan and Kansan in age.

Discussion of the Age of the 111 Ranch Faunas
Hibbard (1957) stated that f,a control is needed 

to assign Pleistocene' faunas from the nonglaciated 
regions to given ages... . Stratigraphic controls do 
not exist in the nonglaciated regions since the Pleisto
cene deposits are not continuous•11 The initial control 
which is necessary in southern Arizona for the establish 
ment of a Pleistocene chronology is a stratigraphic
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succession of vertebrate faunas. The Flat Tire and 
Tusker fauna study represents an initial step in the 
establishment of such a succession. At the present

• - V ' ...........................  • , : ‘

time| it is not known if the forms which are characteristic 
of particular Pleistocene stages in the midcontinent and 
California also characterize these same stages in the 
Southwest and Mexico e It may be that these areas were 
reservoir areas for certain animals during glacial 
periods and hence experienced less severe climatic 
changes. If this were the case, it may be expected 
that forms such as E. (Hippotigris) and N. phlegon sur
vived longer in this region than elsewhere in North 
America. Also, it may be that arid cycles, such as the 
arid period now occurring in the Southwest, had a more 
profound effect upon the faunas in the Southwest than 
did the cooler but more humid glacial periods• Then the 
factors influencing faunal change would be different in 
the Southwest than in the midcontinent where glaciation 
appears to have been the primary factor and it may be 
that forms, such as the voles and lemmings, which have 
been useful in establishing Pleistocene chronology in the 
midcontinent, may not be equally useful in the Southwest• 
If humidity is the primary factor influencing faunal 
change in the Southwest, then forms such as Dipodymys and
Perognathus may be more critical in determining faunal
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change through time. However, these problems cannot be 
solved until more data are available and until then the 
only recourse left is to assign Southwestern faunas to 
ages on the basis of comparisons with dated faunas in 
other provinces.



Plate I
Rodents of the Tusker Fauna

Geomys tuskeri sp. nov. , type, UA no. 943, lateral
view of the skull, X 1.2
Geomys tuskeri sp. nov. , type, UA no • 943, occlusal
enamel pattern of the upper cheek teeth, X 4.0
Geomys tuskeri sp. nov. , UA no. 1271, left mandible,
X 2.0 • . ;
Geomys tuskeri sp. nov. t UA no. 1271, occlusal enamel
pattern of lower cheek teeth, X 4.0 

e<, Dipodomys, UA no. 1093» left mandible, X 3*0 
fo Dipodomys. UA no. 1093, occlusal enamel pattern of 

lower cheek teeth, X 5*0
g o  Perognathus, UA no. 1008, occlusal view of upper cheek

teeth, X 4o5
h . , i. Perognathus, isolated upper premolars, X 8.0
j. Peromyscus ?, UA no. 1048, left mandible, X 5.0 
ke Reithrodontomys arizonensis sp« nov., type, UA no. 1044 

occlusal view upper cheek teeth, X 4.5 
1 • Reithrodontomys arizonensis sp. nov., UA no. 896, left 

mandible, lateral view, X 5.7
m. Reithrodontomys arizonensis sp. nov., UA no. 894, right

mandible, occlusal view, X 5.7
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Plate II

a. Sigmodon, UA no. 919i lateral view of the skull, X 3»3
b . Sigmodon, UA no. 919i occlusal enamel pattern upper 

cheek teeth, X 3.6
c. Sigmodon. UA no. 971, occlusal enamel pattern of the

- ' -1 .

lower cheek teeth, X 6e 6 '
■ ' ■ - ■ ' ' ■ 'd« Sigmodon. UA no. 971, mandible lateral view, X 6.6 

e. Neotoma alleni. UA no. 912, occlusal enamel pattern 
upper cheek tee.th, X 2.0 -

f • Neotoma alleni. UA no. 1033, occlusal enamel pattern_ 
lower cheek teeth, X 3*0

-. - - - -
g • Neotoma alleni, UA no. 1033, mandible lateral view,

X 1.6 a ; ; ..
- ■': ..

he Synap tomys vetus, UA no. 88?, lateral view skull f X 4e 7 
i • Synaptomys vetus % UA no• 687, occlusal enamel pattern 

upper cheek teeth, X 5.8
'■ V ■ , 'j• Synaptomys vetus, UA no© 1010, occlusal enamel pattern 

lower cheek teeth, X 4.0
Synaptomys vetus, UA no• 1010, mandible, lateral view,
x 2 .3 "  .

• Spilogale gracilis, UA no. 944, mandible*lateral
view, X 2.3

m ® hynx cf• L© rufus, UA no. 1282, mandible, lateral view,
X 1.2 L

Rodents and Carnivors of the Tusker Fauna
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Plate III
Ground Sloth and Horses of the 111 Ranch Faunas

a., b . Nothrotherium ? medial phalanx of the second digit, 
lateral and proximal views, X 1.0

! .c. Nannippus phlegon, UA no. 68, Ml, occlusal view, X 1.0
d . Nannippus phlegon, UA no. 8331 P 3 1 occlusal view, X 1.0
e. Nannippus phlegon, - UA no. o52a, lower molar occlusal 

view,' -X 1.0 1
f. Nannippus phlegon, UA no. 76, lower milk teeth, occlusal

view, X 1.0 : ' . . . ; - ' , . '• ' ' ^
; ’ ■ '' . - ' ’■ .... • ", ■ . •' • "" ' ■ ' : ■ * ' ' ' '

g . Equus, UA^no.; 830, P3-M2 occlusal view, from the Flat
Tire fauna, X 1.0 : .

h. Equus, UA no. 825, P4 occlusal view, from the Flat Tire
fauna, X 1.0 ,

i • Equus, UA no. 824, Ml occlusal view, from the Flat Tire
fauna, X 1.0 . /1 V:_ ..

j• Equus, UA no. 57, P4-M3 occlusal view, from the Flat
Tire fauna, X 1.0

' . '; ' . • ' >-
k. Equus, UA no. 801; p3 or p4, occlusal view, from the 

Flat Tire fauna, X 1.0
l. , m., n., Equus (Hippotigris), UA no. 799, metaconid-

metastylids, X 1.0
- ■ ' ■ ■ A N .  ■ :o. Equus (Hippotigris). UA no. 85, lower molar, X. 1.0 _—

P • Equus (Hippotigris), UA no. 63, p4 occlusal view,
XI.0

q. Equus (Hippotigris). UA no. 4, lower molar, X 1.0
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Plate IV
Horses and Camels of the Tusker Fauna

a. Equus (Hippotigris), UA no* 1283, P4 and part of Ml
v  . : v ■ . .

occlusal view, X'1.0• • . ■ ■ - . ' .r '
b. Equus (Hippotigris), UA no* 58, P3 occlusal view,

X 1.0 ; '
.

c. Equus (Hippotigris), UA no. 1149, dp3, dp4, occlusal
view, X 1.0

d. Equus '(Hippotigris), UA no* 60, p3 occlusal view, _
X 1.0 , . '

. .: : " -V ■; "
e. Equus (Hippotigris), UA no* 62,?p2V"occlusal view, X 1.0
f • Camelops ?, UA no. 1123» part P4,' Ml—M3» occlusal view, 

X 1.0

n :.

"i!

4k

1

iV
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