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PATTERNS OF DENTAL EVOLUTION IN EARLY EOCENE
ANAPTOMORPHINE PRIMATES (OMOMYIDAE)
FROM THE BIGHORN BASIN, WYOMING

THOMAS M. BOWN anp KENNETH D. ROSE
U.S. Geological Survey, Denver, Colorado 80225 and
Department of Cell Biology and Anatomy, The Johns Hopkins University,
Baltimore, Maryland 21205

ABSTRACT—The subfamily Anaptomorphinae contains the oldest and most generalized members
of the tarsier-like primates and is the basal group of the extinct family Omomyidae. The best and
most continuous record of anaptomorphine history is from rocks of early Eocene (Wasatchian) age
in the Bighorn Basin of northwest Wyoming where eight genera and 14 species are recognized.
Three of these species are new (Teilhardina crassidens, Tetonius matthewi, Absarokius metoecus),
and four other new species are described from elsewhere (Tetonius mckennai, Absarokius gazini,
A. australis, Strigorhysis huerfanensis). Teilhardina tenuicula and Absarokius nocerai are new
combined forms. Absarokius noctivagus is considered to be a synonym of 4. abbotti, and Mcken-
namorphus is a synonym of Pseudotetonius.

The evolution of dental characters in three principal morphologic clades of anaptomorphines
from the Bighorn Basin is documented with the aid of numerous new specimens (75% of the sample
is new) and with precise stratigraphic data. These major clades are Teilhardina—Anemorhysis,
Tetonius—-Pseudotetonius, and Absarokius. In each of these clades, evolution appears to have oc-
curred gradually. In the first two clades it was mainly anagenetic, although each one included a
minor branching event. In Absarokius, evolution was instead characterized by cladogenesis followed
by continued (and continual) anagenetic change in each of the new lines. Anagenetic gradual
evolution produced the new genus Pseudotetonius (from Tetonius) and possibly Anemorhysis (from
Teilhardina). Similarly, the Absarokius metoecus lineage probably gave rise to late Wasatchian—
early Bridgerian Strigorhysis. Evolution from Tetonius to Pseudotetonius has been clarified by
establishment of five arbitrary stages of evolution (Tetonius—Pseudotetonius intermediates). Esti-
mates of relative proportions of time represented by paleosols in different parts of the Willwood
section suggest that cladogenetic speciation in Absarokius was almost certainly more rapid than
anagenesis in Tetonius—-Pseudotetonius.

Anagenetic character evolution and speciation in the anaptomorphine primates was typified first
by increase, then decrease in variability, which resulted in measurable apomorphic morphologic
change. Cumulation of changes of this sort created more extensive differences of importance at
the species and genus levels. Introduction of changing character states and their tempo was staggered
temporally, and new characters (and new taxa) are least separable from their antecedent states
when they first appear. This evidence is in sharp contrast to predictions of the punctuated equilibria
model of evolution. Because the emergence of diagnostic characters occurs gradually (in evolu-
tionary terms) and not all at once (in temporal terms), and because diagnostic characters are the
essence of the diagnosis (and thereby taxonomy), the implications of gradual evolution for both
systematic paleontology and biostratigraphy are profound. Stasis exists in the evolution of indi-
vidual characters over certain periods, but this study offers no evidence supporting either organismic
stasis or even stasis in the dental evolution of the Anaptomorphinae over a period of about 4.8
million years.

INTRODUCTION

THE ANAPTOMORPHINAE are an early group
of tarsier-like primates belonging to the fam-
ily Omomyidae. While most diversified in
North America, anaptomorphines are also
known from Europe (e.g., Simpson, 1940) and
probably from Asia (Kohatius; Russell and
Gingerich, 1980). Another proposed Asian
anaptomorphine genus, Altanius (Dashzeveg
and McKenna, 1977), may actually belong in
the Plesiadapiformes (Rose and Krause,
1984).

Two additional subfamilies are generally
included within the Omomyidae. The Omo-
myinae are apparently exclusively North
American, whereas the Microchoerinae (tra-
ditionally including Nannopithex, Necrole-
mur, Microchoerus, and perhaps Pseudoloris)
have been believed to be European in both
origin and dispersion (Nannopithex may be
an anaptomorphine). Szalay (1976) named
the new omomyid subfamily Ekgmowe-
chashalinae to accommodate Macdonald’s
(1963) Ekgmowechashala, otherwise includ-
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ed in Omomyinae. Krishtalka and Schwartz
(1978) placed Wilson’s (1966) Rooneyia in
the Microchoeridae, recognizing the extinct
tarsiiform families Omomyidae, Anapto-
morphidae, and Microchoeridae. The only
other certain fossil records of tarsier-like pri-
mates are Afrotarsius (?Tarsiidae) and an un-
named omomyid from the early Oligocene of
Egypt (Simons and Bown, 1985; Simons et
al., 1986). However, Szalay and Li (1986)
suggested that middle Paleocene Decoredon
(Xu, 1977) from China might be the earliest
tarsier-like primate.

The first specimen of an anaptomorphine
primate, the type skull of Tetonius homun-
culus (=Anaptomorphus homunculus of Cope,
1882a, 1882b) was described more than a
century ago from an unknown locality in the
so-called “Gray Bull” beds of the lower
Eocene Willwood Formation (then called the
“Bighorn Wasatch”). Since that time, more
than 850 specimens of anaptomorphines have
been collected from the Willwood Formation
of the Bighorn Basin, Wyoming (where they
make up less than 1.5% of the Wasatchian
fauna), and perhaps as many as 250 others
are known from lower Eocene rocks else-
where in Wyoming, Colorado, Utah, New
Mexico, and North Dakota. A significant
number of the Willwood Formation speci-
mens in the Yale (YPM) collection that were
examined for this study have been available
for more than a decade but remained unde-
scribed. The remainder (probably exceeding
500 specimens) were collected on expeditions
by the authors from 1975 to date, and by P.
D. Gingerich at the University of Michigan
during the same interval.

Only recently have stratigraphic studies of
lower Eocene fluvial rocks progressed to where
approximately coeval samples of omomyid
primates and other fossil mammals can be
identified and compared, with the goals of
establishing species variability and accurate,
temporally-controlled faunal compositions
and evolutionary records. By far, the best
published biostratigraphic control for conti-
nental lower Eocene rocks anywhere in the
world is that of the Willwood Formation of
the Bighorn Basin, Wyoming (Gingerich,
1974a, 1976, 1982; Bown, 1979a, 1980a;
Schankler, 1980; Rose, 1981b). This is also
the source of the largest lower Eocene sample
of anaptomorphine primates (more than 850

specimens, largely jaws with two or more
teeth, from 229 localities).

It is the intent of this study to document
anaptomorphine dental evolution and diver-
sity in the lower Eocene of the Bighorn Basin
(Figure 1) in the context of the now well es-
tablished Willwood Formation biostratigra-
phy, and to discuss closely related forms from
elsewhere in the Rocky Mountain region. The
information and evolutionary patterns that
have emerged from this research can be used
as a working base for study of anaptomor-
phine evolution in other lower Eocene inter-
montane basins, where exposures are less ex-
tensive but for which biostratigraphy relative
to that in the Bighorn Basin can be indepen-
dently established by examination of the non-
primate mammalian record.

A preliminary account of part of this re-
search was published by Rose and Bown
(1984). Stanley’s (1985) dismissal of that
carefully documented study by parenthetical
reference to a personal communication re-
garding questionable unpublished data was
an inadequate response. As Branscomb (1985,
p. 423) astutely observed: “Information that
is wrong is not useful. And information lack-
ing evidence revealing whether it is right or
wrong is scarcely more so.”

Earlier detailed reviews of anaptomor-
phine primates and of their interrelationships
were published by Matthew (1915), Simpson
(1940), Gazin (1958), Szalay (1976), Krish-
talka and Schwartz (1978), and Gingerich
(1981). Each of these has contributed to
knowledge of these animals as well as to per-
spectives in methodology for studying them.
It might well be asked, in view of the three
quite recent studies of the group, why pale-
ontologists need yet another study of the An-
aptomorphinae?

Prior to the present work, most knowledge
of anaptomorphines was based on small
numbers of fragmentary (often inadequate)
dental remains, almost invariably lacking
good stratigraphic data. This applies partic-
ularly to many type specimens. Though large
samples of Bighorn Basin anaptomorphine
dentitions were available by 1975, Szalay
(1976) and Krishtalka and Schwartz (1978)
did not make use of the vast majority of this
material; and Gingerich (1980a) based his
study only on materials from the Clark’s Fork
Basin (northern Bighorn Basin), restricting
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FIGURE I —Map of the Bighorn Basin, northwest Wyoming, showing major physiographic features and
shaded study area in lower Eocene Willwood Formation (see also Figures 2 and 3).

his analysis to lower first molar size. Neither
of the first two studies made any use of de-
tailed stratigraphic information, used to con-
siderable advantage by Gingerich (1974a,
1976) in his seminal studies of evolution in
the Bighorn Basin condylarth Hyopsodus and
the adapid primate Cantius (then included in
Pelycodus). The collections utilized in the
present study include at least 700 specimens
(many recently collected) not examined by
Szalay (1976), Krishtalka and Schwartz
(1978), and Gingerich (1980a). This material
constitutes at least 75% of all known North
American lower Eocene anaptomorphine
jaws, and includes the most complete known
dental remains of Teilhardina, Anemorhysis,
Pseudotetonius, and Steinius.

The study by Krishtalka and Schwartz
(1978) was thoroughly cladistic in philosophy
and based on too few characters for each tax-
on to assist very much in deciphering anap-
tomorphine interrelationships. Moreover,
many of their nodal characters are common
to both their established sister groups and/or
to outgroup taxa. Some characters do not oc-
cur consistently within the specified clade, or

are not fully distinguished or defended as syn-
apomorphous. Krishtalka and Schwartz’s
study is also founded on their unorthodox
and cumbersome interpretations of primate
dental formulae (partly based on the se-
quence of dental development and eruption
in extant Tarsius); namely, the presumed loss
of all incisors and retention of five premolars
as the ancestral condition of tarsiiforms. Al-
though the presence of five lower premolars
may well be primitive for therian mammals
(McKenna, 1975; Novacek, 1986), the dental
homologies inferred by Krishtalka and
Schwartz (1978) and Schwartz (1978) cannot
be established for any fossil primate, and have
been challenged for Tarsius as well (Luckett
and Maier, 1982). Therefore, it is premature
to extend these homologies to primates.
Szalay’s (1976) review of the Omomyidae
is the most comprehensive ever published
and is largely founded on traditional view-
points. Although the authors disagree with
him on some of these, Szalay clarified many
points of anaptomorphine systematics.
Nonetheless, there are problems in using Sza-
lay’s work as a reliable handbook on the
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TABLE I—Recent systematic treatment of various parts of the hypodigms of anaptomorphine primates discussed
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in this paper (* = not known from the Bighorn Basin; + = not known outside the Bighorn Basin).

This paper

Szalay (1976, 1982)

Gingerich (1980a, 1981)

Teilhardina americana+

Teilhardina crassidens+
Teilhardina tenuicula+
Tetonius matthewi
Tetonius homunculus+
Tetonius mckennai*
Tetonius sp.+
Pseudotetonius ambiguus

Steinius vespertinus
Anemorhysis pattersoni+
Anemorhysis wortmani+
Chlororhysis incomptus+
Absarokius abbotti

Absarokius metoecus

not available in 1976; placed in Ane-
morhysis tenuiculus in 1982

Anemorhysis tenuiculus

Anemorhysis tenuiculus

T. homunculus

T. homunculus

Tetonius sp.

not available

Tetonius? ambiguus, Mckennamorphus
despairensis

Uintanius vespertinus

not available

not available

not available

A. abotti (sic), A. noctivagus

A. abotti (sic), A. noctivagus

Tetonoides sp.

Tetonoides tenuiculus
Tetonoides tenuiculus
T. steini

T. homunculus

not discussed

not discussed
Tetonius homunculus

Omomys? vespertinus

not available

not available

not available

A. abbotti, possibly also
A. noctivagus

A. abbotti, possibly also

A. abotti (sic)

A. noctivagus
Absarokius sp.
Absarokius noctivagus

Absarokius gazini*
Absarokius australis*
Strigorhysis bridgerensis
Strigorhysis huerfanensis*

A. noctivagus
not discussed
not discussed
Anaptomorphus aemulus
not discussed

Omomyidae (e.g., see reviews by Krishtalka,
1978; Kay, 1980; Cartmill, 1980; Bown, 1981;
Rose, 1981a).

Consequently, it is timely to present an up-
to-date account of anaptomorphine evolu-
tion in the light of an enormous body of un-
published material. The authors recognize
eight genera and 14 species of anaptomor-
phine primates in the Willwood Formation
of the Bighorn Basin (13 species are named).
The original citations of these taxa and the
taxonomic names assigned to them by Szalay
(1976, 1982), Gingerich (1980a, 1981), and
the authors (this study) are depicted in Table
1.

It has always been tacitly or explicitly be-
lieved by proponents of gradual evolution that
paleontologic species would be more difficult
to discriminate once series of intermediates
were found (e.g., Simpson, 1943; Gingerich,
1974a; Rose and Bown, 1986). Evidence from
this study shows that enough intermediates
are now known in at least three lineages of
omomyid primates to render specific and even
generic diagnoses exceptionally difficult to
construct. The problems that this informa-
tion poses are relevant and far-reaching for
traditional taxonomy as applied to fossil or-
ganisms, as well as for the biostratigraphy
derived from the examination of temporally-
stratified lineages in stratigraphic context. The
assignment of specimens to evolutionary

stages is very useful in evolutionary studies
(Rose and Bown, 1984, 1986; see also Ma-
glio, 1973; Krishtalka and Stucky, 1985).
These stages are established by fiat for the
purposes of discussing fossils in stratigraphic
context. It should be apparent that, far from
destroying established practice in biostratig-
raphy, recognition of stages in evolutionary
sequences adds appreciably to biostrati-
graphic resolution.

Evidence is presented here for directional
evolution from species to species and genus
to genus in a single line (anagenesis), as well
as for sympatric divergence of evolutionary
lineages (cladogenesis). For taxonomists, the
recognition of separate though evolving taxa
in an anagenetic line must be accomplished
more or less arbitrarily, though tempered by
recognition of significantly, if not fundamen-
tally, different adaptations. Where the fossil
record is sufficiently dense there are simply
no longer any convenient points of chrono-
logic, sedimentologic, or morphologic origin
at which many of the anaptomorphine taxa
discussed herein can be neatly and consis-
tently separated.

At this point it is necessary to define some
terms as used here and to provide a brief
overview of some of the conclusions reached
in this study. This will aid in understanding
the organization of the evidence. In this pa-
per, taxa that arise by anagenesis (resulting
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in no diversification) and those arising by
cladogenesis (resulting in multiplication of
taxa) are both termed ““species.” The authors
are aware that many authors consider ana-
genesis to be simply phyletic change. How-
ever, because the sum of morphologic change
by either cladogenesis or anagenesis does not
differ in number or quality (i.e., the end prod-
ucts of one are as morphologically different
as the end products of the other), nothing is
served by considering one end product a dif-
ferent “‘species” but failing to recognize the
other as a distinct “‘species.” All taxa herein
discussed as ““species’ are paleontologic mor-
phospecies. The relationship between these
“species” and species as defined biologically
and neontologically is imperfectly known, but
the approximation is probably close (Gould,
1983). Some critics have argued that the lin-
eages presented here are oversplit, whereas
others suggested that each morphospecies de-
scribed herein may actually represent more
than one biologic species.

In this study, three major lineages of an-
aptomorphine primates in the Bighorn Basin
of Wyoming are recognized that show evi-
dence of gradual evolution through time. Each
apparently originated from a common
“primitive”” anaptomorphine with a mor-
phology near that of Bighorn Basin Teilhar-
dina americana. The first lineage, that of
Teilhardina, exhibits evolutionary tenden-
cies toward enlarging the lower central inci-
sors and developing short, squat, more mo-
larized lower posterior premolars in a dental
array that remained more-or-less evenly
spaced and was accompanied by minimal loss
of teeth (pl only). The Teilhardina-Teto-
nius—Pseudotetonius lineage exemplifies
trends toward great enlargement of the cen-
tral incisor, accompanied by reduction in size
and number of the other teeth anterior to the
lower fourth premolar and consequent short-
ening of the anterior portion of the jaw. The
principal evolution in both of these lineages
appears to have been accomplished by ana-
genetic speciation, although each one con-
tains an apparent branching event.

Genus Absarokius (Absarokius metoecus—
A. abbotti) evinces cladogenetic rather than
anagenetic speciation, as well as intraspecific
anagenesis. Absarokius metoecus was an im-
migrant to the Bighorn Basin where it gave
rise to A. abbotti. Yet A. metoecus persisted

sympatrically with A. abbotti and retained its
generalized lower fourth premolar but under-
went progressive morphologic changes in
molar anatomy, including reduction in molar
size. In contrast, the evolution of A. abbotti
was typified by slight increase in overall size
of the lower fourth premolar and the first and
second molars, accompanied by increase in
height of the lower fourth premolar and pro-
gressive distinctive posterobuccal distention
of its crown. The 4. metoecus lineage was
probably related to the ancestries of Brid-
gerian Aycrossia and Strigorhysis (almost cer-
tainly the latter genus), and the 4. abbotti line
might be related to the ancestries of Absa-
rokius nocerai and perhaps some other Ab-
sarokius species occurring outside the Big-
horn Basin. The data at hand, including those
from other basins, are not sufficient to sub-
stantiate these possibilities.

PHILOSOPHY

It appears probable that the geographic dis-
persion and biostratigraphic occurrences of
some, if not many, Willwood mammals are
subject to poorly understood paleoecologic
controls (see, e.g., Bown, 1979a, 1987,
Schankler, 1981; Wing and Bown, 1985;
Beard et al., 1986; Bown and Kraus, 1987).
Though hardly surprising, the effect of these
controls is that true stratigraphic points of
origination, immigration, and extinction of
certain taxa may not exactly coincide with
stratigraphic points of first or last occurrence
as inferred from field data or the biostrati-
graphic record of the Willwood Formation.
Nevertheless, the established biostratigraphy
of the Willwood Formation is a real record
of these biologic events that must be consid-
ered if time plays an important role in evo-
lutionary studies and phylogeny reconstruc-
tion.

The authors have proceeded from the
viewpoint that the paleontologist has three
essential tools with which to reconstruct phy-
logenies: 1) time (in this case, stratigraphy),
because without it evolution cannot occur; 2)
morphology, because without it evolution
through time cannot be documented; and 3)
paleoecologic studies, because they are the
only method by which to determine paleoen-
vironments and thereby reconstruct ancient
habitats. Though seemingly prosaic, the tools
cited above have been neglected by many
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workers, especially in the last decade, due to
the advent of the cladistic approach to phy-
logenetic reconstruction. Cladistic analyses
appear to be especially appealing to workers
not engaged in field oriented studies and to
those who have many specimens but little in
the way of obtainable stratigraphic controls.
Though cladistic analyses can be very valu-
able by virtue of their methodological rigor
(particularly where the density of the fossil
record is poor), they must not be substituted
for field research or for stratigraphic control.

In this study considerable emphasis is
placed on the stratophenetic approach to
phylogeny reconstruction, developed in sev-
eral works by Gingerich (e.g., 1974a, 1976,
1979, 1980a). This is not to say that time (or
biostratigraphy) in combination with bio-
metric data alone are the only requisite evi-
dence for phylogeny reconstruction. Rather,
the stratigraphic arrangement of tooth di-
mensions or a function of their dimensions
is an easy and succinct way to depict how
these dimensions exist in time and the fact
that they have changed through time (ob-
servable and testable), if not why they have
changed (interpretive). When consistently
occurring morphologic attributes are studied
and displayed graphically in like manner,
what results is a summary of empirical ob-
servations (size, structure, and stratigraphic
position) that constitutes a data base for more
heuristic interpretation.

Graphic representations of tooth size alone,
as used here in several figures, are means of
arranging data, not of interpreting it. All of
the parameters used in constructing this
graphic data base (tooth size, morphology,
and stratigraphic position) are observable and
testable data that can be and have been es-
tablished independently of one another, and
that can be rechecked and reassessed as often
as necessary. For cases in which a good strati-
graphic data base exists, it is more efficient
to begin studies by utilizing all of the avail-
able data from the outset, rather than by re-
peated examination of character states, set-
ting up possible morphologic clades or pivots,
and then testing these against biostratigra-
phy. Although many cladistically-oriented
students philosophically acknowledge the
importance of testing their cladograms with
known biostratigraphy and the fossil record,
few actually reach this stage, preferring in-

stead to present cladistic representations as
faits accomplis.

Any systematic or phylogenetic scheme that
is not tested by, or is not consistent with, the
fossil record is either incomplete or spurious,
because the fossil record is the only real re-
cord and thereby our only means of testing
conclusions with facts. An unfortunate aspect
of many cladistically-oriented studies is that
actual specimens of fossils are only rarely
mentioned. How, then, are these studies to
be evaluated or tested again by other workers,
if not by the specimens they purport to eval-
uate? Thus, it is rather distressing in the light
of the foregoing that several authors appear
to believe that evolutionary studies need no
longer be encumbered by the fossil and/or
biostratigraphic evidence (e.g., Schaeffer et
al., 1972; Patterson, 1981; Rosen et al., 1981).

The stratophenetic approach must, how-
ever, be undertaken with the realization that
the antiquity of a character state does not by
itself determine its primitiveness, even though
it can certainly be helpful in establishing
character polarities, as even Hennig (1966)
acknowledged. With a dense stratigraphic re-
cord of specimens it is, indeed, the only
method by which character polarities can be
tested without a great many a priori assump-
tions that may or may not be grounded in
empirical data. The stratophenetic approach
appears to be especially parsimonious in this
regard because it allows consideration of only
those character states that are known from
specimens whose time contexts can be estab-
lished; that is, it makes use of only real data,
and all conclusions drawn from those data
must conform with what is known from the
fossil record.

For example, concerning this study, it is
fruitless to speculate that the morphology of
middle and late early Eocene Absarokius
might be ancestral to the morphology of early
early Eocene Tetonius. The morphology of
Tetonius is such that derivation of Absaro-
kius from it is a very likely possibility, and
one that is supported by biostratigraphic oc-
currences. However, the polarities of the
Omomyidae are such that Tetonius could be
regarded to be a descendant of Absarokius if
the stratigraphic record were ignored. Though
no one can say positively that no early early
Eocene species of Absarokius existed to give
rise to Tetonius, stratophenetic methodology
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excludes this possibility until fossils of such
an animal are found. In other words, the stra-
tophenetic approach ideally utilizes only evi-
dence and, if used properly, all of that evi-
dence.

The authors’ adhesion to the stratophe-
netic philosophy has its roots in the unusually
dense and stratigraphically continuous fossil
record of anaptomorphine primates and oth-
er mammals in the Willwood Formation, but
it has also been enhanced by the clarification
of their evolution afforded by studying sev-
eral groups of these mammals in stratigraphic
context. It is extremely unlikely that this—
the best record of early Eocene mammals
anywhere in the world—is misleading; i.e.,
that the true relations of these mammals will
never be known, can only be documented by
as yet undiscovered specimens, or can be cor-
roborated only by collections from other
nearby basins or more outlying areas. Noth-
ing found in another geographic area or in
another temporal sequence can alter the rec-
ord of anaptomorphine evolution in the Big-
horn Basin, even though new records from
elsewhere could certainly clarify knowledge
of origins and broader interrelationships of
the Bighorn Basin anaptomorphines. Signif-
icantly, existing collections of early Eocene
anaptomorphines from other areas in no way
contradict any part of this interpretation of
the Bighorn Basin record and, in several note-
worthy instances, supplement and support it
admirably.

It cannot be emphasized too strongly that
a clear knowledge of the stratigraphic prove-
nance of samples is essential in sorting out
variable characters of taxonomic weight from
those that have directional (temporal) im-
portance in evolving lineages. Stratigraphic
data have therefore been of nonpareil im-
portance in identifying morphologic trends
and in elucidating phylogenetic relationships
of closely related taxa. Similarly, Lazarus and
Prothero (1984, p. 163) believed stratigraph-
ic information to be essential in the phylo-
genetic analysis of some deep-sea microfos-
sils that “... lack a sufficient number of
hierarchically nested sets of characters for
cladistic analysis.” Whatever the cladistic
merit of the dental characters of the Bighorn
Basin anaptomorphine primates, the results
of this study are owed chiefly to precise strati-
graphic controls. Solely cladistic analyses of

the specimens at hand are unlikely to achieve
a more internally consistent or comprehen-
sive picture of the dental evolution of this
group.

In a few instances, character trends in Big-
horn Basin anaptomorphine lineages are in-
terrupted, or a distinctive morphology makes
a first appearance with no apparent intraba-
sin progenitor. In these examples, cases are
made for local or paleoecological extinction,
organismic extinction, or immigration from
an extraneous area. There is no evidence of
“punctuation” in the evolution of the Big-
horn Basin anaptomorphines that cannot be
equally well or better explained by means
other than the punctuated equilibria model.

Certain taxa are known to have occupied
several intermontane basins simultaneously
during parts of the early Eocene: e.g., Teto-
nius in the Bighorn, Powder River, Sand Wash
(Four Mile Creek area), 7Washakie, and Lar-
amie Basins; Teilhardina in the Bighorn,
Williston, ?Sand Wash, and ?Powder River
Basins; Anemorhysis in the Bighorn, Wind
River, Green River, and Washakie Basins;
Absarokius in the Bighorn, Wind River, Pice-
ance, Huerfano, and greater Green River Ba-
sins. Therefore, opportunities for immigra-
tion resulting in apparently ‘“punctuated”
evolutionary records abound. Following the
establishment of a species in several basins
at about the same time, evolution appears to
have proceeded more or less independently
in each of these basins, with the record fur-
ther complicated by sporadic dispersals of
evolving populations to other basins. To the
extent that the mechanism of evolution out-
lined by the punctuated equilibria school is
correct, identifying the temporal and geo-
graphic points of origin of these taxa is tech-
nically impossible (and therefore untestable);
however, these points might be identified in
densely sampled sections if some or all of
these taxa originated gradually (by either ana-
genesis or cladogenesis). The point is that
stratigraphic relations of samples are neces-
sary to establish phyletic relationships with
confidence. Evidence is offered here sup-
porting the gradual origination of anapto-
morphine taxa by both anagenesis and cla-
dogenesis, as well as a clear example of
immigration of an anaptomorphine species
into the Bighorn Basin.

At some advanced stage of phylogenetic
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analysis, it is instructive to leave philosoph-
ical proclivities behind and simply speculate:
“if, indeed, these organisms evolved gradu-
ally or, on the other hand, in a manner more
consistent with punctuated equilibria, how
would the sum of the biometric and mor-
phologic information look when arranged
stratigraphically?”” The picture revealed by
anaptomorphine primate evolution in the
Bighorn Basin is, as far as the evidence reach-
es, wholly consonant with gradual evolution.
The authors do not, however, champion
“gradualism” as the only mechanism of tem-
po in evolution; it is simply the one that best
explains the evidence at hand.

It may be that some proponents of the
punctuated equilibria school of evolution will
be left unconvinced, and that they will coin
new terminologies to bring the picture of an-
aptomorphine evolution offered here into
their philosophy. As with Gould and El-
dredge’s (1977) evocation of “species selec-
tion” (Stanley, 1985) to explain evolution of
tooth size in Hyopsodus (Gingerich, 1974a,
1976), this vacillation is a revisionist merging
of the two schools of evolutionary thought;
to wit, the gradual evolution of the theory of
punctuated equilibria into that of gradualism.

PUNCTUATED EQUILIBRIA
AND GRADUALISM

Considerable debate traditionally attends
articles purporting to clarify understanding
of the mode and tempo of organic evolution.
In paleontology in recent years, this debate
has crystallized into two broad views of the
mechanisms of speciation as they appear to
be documented by data derived from field
studies. The traditional Darwinian viewpoint
that species can and commonly do originate
gradually (and continue to evolve gradually)
by means of phyletic evolution (anagenesis)
and/or division of lineages (cladogenesis) is
best expounded in the recent works of Gin-
gerich and his co-workers on fossil mammals,
largely from the Bighorn Basin (e.g., Ginger-
ich, 1974a, 1976, 1977a, 1980a, 1980b; Gin-
gerich and Schoeninger, 1977; Gingerich and
Simons, 1977; Bookstein et al., 1978; Gin-
gerich and Gunnell, 1979).

Origin of species by a strictly allopatric
model known as punctuated equilibria is a
second widely-held concept and, to judge from
prevailing publication trends (including the

newspapers), the one that currently enjoys the
upper hand. This model, championed by El-
dredge and Gould (1971, 1974), Gould (e.g.,
1977, 1982, 1983), and Gould and Eldredge
(1977), among many others, advocates that
most gaps in the fossil record are probably
real in paleontologic terms; they “punctuate”
periods of evolutionary stasis and probably
result from relatively rapid episodes of al-
lopatric speciation. New characteristics arise
in isolated populations, in some sense pe-
ripheral to a central population and, after suc-
cessful genetic invasion of the central popu-
lation, they become dominant in it. Thus the
much older concepts of genetic drift (Wright,
1948) and ““founder principle” (Mayr, 1942)
are salient components of punctuated equi-
libria. Yet, the theory of punctuated equilib-
ria differs appreciably from them in that: 1)
the proposed nature of the origination of new
characteristics is entirely different (and not
of importance to this discussion); 2) the al-
lopatric “drift” of genetic materials is given
preeminent stature in organization of new
taxa; and 3) dissemination and dominance of
the new characteristics are postulated to oc-
cur so rapidly (geologically speaking) in both
the peripheral isolate and in the central pop-
ulation that the chance of finding fossils doc-
umenting intermediate stages of develop-
ment is, except in extraordinary cases,
virtually nonexistent.

It is not the intent of this paper to offer
evidence favoring one or the other model as
the single or the most realistic mechanism of
speciation. Such speculation is well in ad-
vance of the paleontologic evidence. Indeed,
both schools of thought now admit the pos-
sibility, albeit small, that both processes could
be operative in the same or different groups,
at different times in their histories, or in dif-
ferent places (Bookstein et al., 1978; Gould
and Eldredge, 1977). However, the latter two
authors consistently aver that actual cases of
gradualism must be very rare and operate too
slowly to have had much significance in evo-
lution.

Eldredge and Gould correctly point out that
for studies of evolutionary processes to make
any headway we must divorce ourselves thor-
oughly from incunabula that prove to be un-
workable. Gingerich’s work demonstrates that
new empirical data and new interpretations
logically require the reevaluation of the old.
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It is not important in this study to recognize
whether gradualism or punctuated equilibria
might have had the major impact on evolu-
tion (a subject that cannot be resolved by any
single contribution); rather, explanations for
well documented transitions should be sought
as the best evidence for them becomes avail-
able. Once numerous transitions are well
documented from the fossil record, one may
expect to see continued vacillation in both
schools of thought.

The current “contest” between punctuated
equilibria and phyletic gradualism is largely
‘... one that reduces to an issue of scale. The
more one aggregates temporally stratified
data, the more difficult it is to read the con-
sequences of differential reproductive success
among individuals” (Bookstein et al., 1978,
p. 133; see also Penny, 1985). Though this
seems prosaic, it is an idea that cannot be
emphasized too strongly. In order to discuss
morphological differences between samples
of temporally disjunct fossils that are be-
lieved to be closely related members of a
higher order taxon (for example, Tetonius and
Pseudotetonius as members of the Anapto-
morphinae), the different samples are distin-
guished, at one level or another, as separate
taxa based on discrete character states. This
distinction is traditionally expressed as a di-
agnosis. However, if these character states in
fact evolved gradually, it would be impossi-
ble to refer intermediate morphologies (when
they become known) to one taxon or the other
(e.g., Simpson, 1943; Rose and Bown, 1986).
One reason that so many taxa described from
relatively poorly known areas (that are geo-
graphically and/or temporally disparate from
better sampled areas) remain valid is that,
because of this disparity, they are de facto
geographic and stratigraphic end members of
lineages. They do not possess the baggage of
temporally-stratified morphologic variability
that makes their taxonomy more difficult to
establish. In a conversation many years ago
with T.M.B., M. C. McKenna referred to these
taxonomically valid isolates as ‘‘sagebrush
species’’; i.e., one or at best a few specimens
surrounded by miles of sagebrush.

In a typical graphic portrayal of the bio-
stratigraphic ranges of a group of closely re-
lated taxa through time, the aggregation of
character states (determined from tempo-
rally-stratified morphologic data) used in

originally diagnosing these taxa necessarily
produces a picture of what appears to be the
somewhat abrupt replacement of one form
by another. In other words, classification tends
to obscure our ability to view process. This
must be kept in mind by all who overem-
phasize the perceived paucity of morpholog-
ical intermediates, between lower and higher
taxonomic categories alike.

Evolutionary mechanisms have, at times,
been improperly inferred from non-evolu-
tionary data. For example, Stanley (1982, p.
462-464; 1985) interpreted Schankler’s
(1980) simple depictions of the stratigraphic
ranges of early Eocene mammals from the
Willwood Formation as ‘“ranges for 69 lin-
eages” (the authors’ emphasis), and he as-
serted that “any one of the well documented
segments of lineages could exhibit significant
evolution over the span of time represented,
but none does.” He further concluded that
““at least two species of Hyracotherium lasted
for several million years without appreciable
change.” The latter rather sweeping interpre-
tation was offered despite the lack of any re-
view of Hyracotherium for three decades
(Kitts, 1956). Even Kitts’ study was accom-
plished with no stratigraphic base and less
than 10% of the specimens now available. It
is emphasized that Schankler’s (1980) study,
so widely quoted by Stanley (1982, 1985), is
wholly biostratigraphic in nature and pre-
sents no information, either explicit or im-
plicit, about species variability or evolution.
Schankler’s study, by itself, does not support
any theory of evolutionary mechanisms.

There is also a tendency to use dense, tem-
porally-stratified variability as evidence that
only one, highly variable species is present.
Once this variability is “lumped” by assign-
ing a single taxonomic name, it is lost, and
what remains appears to be a temporal
succession of rather clearly defined species
without any transitory links between them.
Because the names do not overlap, the mor-
phology is no longer seen to overlap, and the
record of these “species” appears to be punc-
tuated.

With some qualification, Gould and El-
dredge (1977, p. 121) observed that the tenets
of punctuated equilibria need not deny that
allopatric speciation occurs gradually in eco-
logic time. It certainly must (even though
“gradual” might be very rapid in the geologic
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sense), because time is required for genetic
replacement in a large population with a broad
range. Within this context of change through
time, it is important to recall that taxa are
normally established on end member char-
acter complexes—end members that owed (at
the time of their naming) their recognition as
something distinct from what came before or
after to data gaps in which an appreciable
number of structural intermediates were un-
known. It is only by attempting to fill in these
temporal data gaps that the nature of the evo-
lutionary change across them can best be
evaluated.

The “absence” of structurally intermediate
forms in the fossil record has been somewhat
overemphasized by Eldredge and Gould and,
as they would surely recognize, is far from
total. It is true that for many important evo-
lutionary transitions one cannot point to di-
rect ancestor-descendant pairs with any con-
fidence, and that several (if not all) of the
intermediate forms appear to be divergently
specialized away from the direct line of
succession. Nonetheless, it is important to
recognize that the density and continuity of
sampling for all of the more spectacular ver-
tebrate transitions (i.e., amphibians to rep-
tiles, reptiles to birds, and even reptiles to
mammals) are orders of magnitude less than
those for the fossil mammal transitions doc-
umented by Gingerich and his co-workers,
and those in the current study.

For many groups, the “absence” of inter-
mediate forms in the fossil record is at least
as much the result of taxonomic procedures
(the typologic concept of ‘“missing link”
species) and, perhaps more importantly, the
lack of a good, dense record of fossils, as it
may be due to rapid allopatric speciation.
Recognition of precisely which of these fac-
tors affects the interpretation of specific cases
must await equally dense data bases. In view
of the fact that the record of many Paleozoic
and Mesozoic sections (as well as some Ter-
tiary sections) has almost certainly been se-
verely compromised by time-averaging, a
suitably dense record for many important
evolutionary transitions may never be ob-
tained.

In sum, the lack of recognition of inter-
mediate forms can arise from: 1) the lumping
of a broad range of morphologies into one
taxon as a classificatory convenience; 2) the

recognition of what appear to be discrete taxa
due to data gaps (of whatever origin), which
tend not only to emphasize these discrete
morphologies recognized as taxa but also to
limit the ability to adduce what, if any,
changes might have taken place during a tem-
poral hiatus; and 3) instances in which in-
termediate forms cannot be found in a dense-
ly sampled and continuous stratigraphic
record because they never existed. Good ex-
amples of the third case are extremely rare,
if they occur at all, and the authors know of
no compelling evidence for them in the fossil
record of mammals from the Willwood For-
mation. In that sequence, it is clear that rec-
ords of many mammals for which good
ancestors are not known, e.g., Absarokius,
have not resulted from “punctuations’ in the
evolution of their lineage, but rather from
their immigration into the Bighorn Basin from
elsewhere.

Problems posed for evolutionary studies
by the lumping of intermediate forms for the
purposes of taxonomy can be eliminated pro-
cedurally by making no effort initially to link
character states with a taxon. That is, spec-
imens, including type materials, are not tied
to names until the analytical part of a study
is completed, thus preventing the tendency
to associate unidentified materials with es-
tablished taxa early on in the research. Names
only provide an easy way to refer to a group
of animals and to distinguish “landmarks”
in a graded sequence of morphology. If many
taxa actually did evolve gradually, as the au-
thors believe, this methodological approach
is essential because it becomes clear that the
names, and even those names applied to type
materials, constitute the artificial imposition
of a controlled, hierarchy on what may ac-
tually be a fluid, everchanging system. It is
therefore important to separate process (i.c.,
evolution) from the inherent obfuscation of
taxonomy.

One of the principal criticisms anticipated
in this study hinges on the significance of the
overlap of characters seen in specimens form-
ing parts of temporally stratified sequences.
Some colleagues feel that overlap is an in-
dication of sameness in the taxonomic sense;
i.e., if sample A at stratigraphic position 1 is
really distinct from sample B at stratigraphic
position 4, this distinction should be a mea-
sure of the degree to which they do not over-
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lap. The authors agree to the extent one’s aim
is to classify. If instead the object is to view
process, the nature and extent of overlap of
characters in time succcessive samples is crit-
ical to understanding in what sequence, and
how fast, distinctions of taxonomic import
have arisen. The taxonomic pigeonholing of
variable characters distributed in time inev-
itably leads the worker to conclude, in agree-
ment with Eldredge and Gould (1972, p. 96),
that two species ““. . . will display their great-
est difference when the descendant first ap-
pears.” Although this contention is one that
should be retained as a possibility, it is not
one that should be arrived at by ignoring
whatever directional temporal variability
does exist for the sake of a taxonomy set up
prior to evolutionary analyses.

As is defended at some length in the sec-
tions to follow, the temporally-stratified con-
tinuum of directional or diverging character
states in the lines leading from Teronius to
Pseudotetonius and from Absarokius metoe-
cus to A. abbotti is such that taxa of consis-
tently varying morphologies could be rec-
ognized at any of a number of stratigraphic
points in the biostratigraphic continuum of
the Willwood Formation (i.e., taxonomy is a
sliding-scale). However, wherever these taxa
are recognized, there are no great morpho-
logical differences separating them from spec-
imens of what came immediately below or
immediately above.

Another difficult problem posed for evo-
lutionary studies is what Eldredge and Gould
(1972) rightly identified as the long-standing
apology by students of phyletic evolution for
the “lack” of intermediate forms in the fossil
record; to wit, that this paucity is the result
of gaps. Gaps deserve special attention be-
cause they are central to the concept of punc-
tuated equilibria, which maintains that many,
if not most, appearances of new characters
are sudden (not the result of gaps in the geo-
logic record), and that they accurately reflect
rapid, step-wise evolutionary transitions.

No one will deny that real gaps in the sed-
imentary and fossil records exist and that in
many instances more advanced fossils of the
same level taxon or a higher taxon succeed
(above the gaps) less advanced forms distrib-
uted lower in the geologic column. The geo-
logic literature is riddled with instances of
this sort, in which no paleontological data

exist through a considerable time period and
over a considerable region; both probably
within the ranges of several evolving groups
of organisms. These gaps may be ecologic
and/or taphonomic as well as temporal in
origin, and may be represented by rock se-
quences barren of fossils as well as by a va-
riety of unconformable relations. By their na-
ture, such gaps neither support nor refute a
particular theory of evolutionary process be-
cause they owe their recognition to an ab-
sence of data, and thereby an absence of evi-
dence (see also Hecht, 1983; Gingerich, 1984).
The fallacy of incorporating large geographic
areas and temporal sequences devoid of fos-
sils into theories of mammalian evolution
and paleogeography was superbly under-
scored by Clemens et al. (1979) who ad-
dressed these problems as they apply to
mammalian evolution in the Mesozoic. This
reasoning must also be applied to evaluation
of the significance of gaps in the geologic re-
cord.

In the light of Sadler’s (1981) innovative
studies on time-averaged sedimentary se-
quences, it seems likely that a great many
Paleozoic and early Mesozoic sequences do
not represent enough time (or enough rea-
sonably continuous time) to adequately doc-
ument evolutionary patterns. If, for whatever
reason, there is no fossil record for any time
interval, no assessment of evolutionary pat-
terns or rates across this interval is more rea-
sonable than any other (see also Maglio,
1973).

On a smaller scale, that of the local section
rich in fossils, the problem of gaps (i.e., ex-
actly what constitutes a gap to different pa-
leontologists, and the significance of these
gaps) must be resolved before deciding
whether a measurable amount of change
through time occurred “‘gradually” or as the
result of rapid transition between essentially
static populations. A gap is simply that: a
sequence of rocks or an unconformity rep-
resenting some time interval for which no
data exist.

It can be argued that any gap in a dense
stratigraphic record of fossils, however seem-
ingly insignificant, introduces the possibility
(to some, even the likelihood) that evolu-
tionary change across some part of it was very
rapid and, therefore, consonant with the
model of punctuated equilibria. When ap-
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plied to the record of fossil mammals from
the Willwood Formation, however, accep-
tance of this argument is tantamount to rea-
soning that empirical data almost never por-
tray real relationships. This is not a realistic
or workable concept from which to entertain
scientific inquiry. Whether a data gap of 1
cm, 1 m, 10 m, or 20 m is significant to a
particular transition in a local section must
be evaluated from both the nature of the sec-
tion (by recourse to sedimentology) and the
nature of the paleontologic evidence parti-
tioned by the gap.

Evidence from the evolutionary transitions
documented in this study suggests that ifevo-
lutionary mechanisms consistent with punc-
tuated equilibria were operative, there must
have been very numerous introductions of
new genetic material from “‘peripheral” pop-
ulations, all of which were so trivial in nature
that they cannot be visualized, much less ana-
lyzed, for their morphological or biometric
evolutionary import. Moreover, these intro-
ductions would have had to have been, co-
incidentally, both chronologically and mor-
phologically conformable with a gradual
pattern of evolution. The hypothesis that such
coincidence is possible (e.g., Lillegraven et
al., 1981, fig. 55) is not evidence that it is
fact.

The problem of data gaps in the densely
fossiliferous Willwood section and some in-
terpretations that can be drawn from them
were illustrated recently by Bookstein et al.
(1978) in their analyses of stratigraphically
successive samples of teeth of early Eocene
mammals, particularly those of the condy-
larth Hyopsodus. Using their figure 8, it is
seen that gaps of a few to several meters sep-
arate stratigraphically successive samples of
the first lower molar in Hyopsodus. For any
one of these gaps (including those within very
closely spaced stratigraphic data) it is possi-
ble to interpolate hypothetical data in a tem-
poral framework that would alter the empir-
ical record so as to favor a more rapid,
“punctuated” transition between apparently
static populations or, alternatively, a rela-
tively slow, “gradual” rate of change. Neither
exercise solves any problems and it should
be assumed that the relatively dense and con-
tinuous parts of the empirical records accu-
rately document the nature of transitions.
Several very dense transitions are currently

represented by the Hyopsodus data and those
records provide evidence apparently sup-
porting both phyletic evolution and intervals
of stasis in first lower molar size. Key to the
identification of supposed intervals of stasis
in Hyopsodus tooth size, as outlined by Book-
stein et al. (1978), is that only biometric data
are presented. There is no evidence presented
for or against evolutionary trends or stasis in
any other morphologic characters of the den-
tition.

Unfortunately, presentation of such lim-
ited data can be misleading. For example,
Stanley (1985, p. 18) claimed: “In fact, within
the Hyopsodus clade there was apparently lit-
tle morphologic evolution other than size
change, which may have been punctuational
...”7 and, citing West (1979), ““ ‘As currently
defined (Gazin, 1968) species of Hyopsodus
are virtually indistinguishable from one
another except for size differences.” > This in-
formation is presented in spite of the fact that
no significant morphologic information, apart
from size, was presented by Gingerich (1974a,
1976), Bookstein et al. (1977), West (1979),
or Schankler (1980). Moreover, there has been
no published study of dental morphology and
dental variability in Hyopsodus since Gazin’s
(1968) work, and very little there. What
““stasis” exists in the evolution of Hyopsodus
has been demonstrated only in lower molar
size, not the more important evolutionary
stasis in the organism as a whole (that is pro-
posed by the tenets of punctuated equilibria),
nor even in the available morphology.

If punctuated equilibria represents the true
mode of species succession, then one should
be able to document long periods without
significant (i.e., observable) change in mor-
phology, aside from oscillation about a mean,
even if punctuations cannot be detected.
Where known, the empirical evidence does
not support this. Analyses of morphologic
variability and its evolution in Hyopsodus
will have to be assessed after detailed studies
of dental morphology in that taxon have been
made; for the time being it falls in the realm
of no data.

In examining the evolutionary record of
anaptomorphine primates from the Will-
wood Formation, it was found that one or
several aspects of the dental and gnathic anat-
omy were changing during any given time
interval, even though others (in analogy with
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tooth size in the case of the condylarth Hyop-
sodus) may not have changed at the same
time or during another time. Because much
of the anatomy of fossil organisms can never
be known due to preservation potentials, it
will always be impossible to test for total evo-
lutionary stasis in any fossil organism (see
also Schopf, 1982; Gingerich, 1984; Martin,
1984; Krishtalka and Stucky, 1985; Rose and
Bown, 1986). From the foregoing, it seems
that organismic stasis is rarely if ever testable
and cannot, therefore, be given much weight
in scientific arguments of evolutionary pro-
cesses.

In summary, more or less continuous
stratigraphic sequences rich in fossils are rel-
atively rare. This is unfortunate because
clearly they are the most important for eval-
uating evolutionary successions and process-
es. One such relatively continuous sequence
is the early Eocene Willwood Formation in
the central Bighorn Basin, which yields abun-
dant fossil mammals through about 770 m
of section. The evidence of the fossil record
combined with the foregoing discussion sug-
gests a somewhat startling fact. If one accepts
that empirical evidence is generally realistic
as a function of the quality of the available
data base, and even if one admits the pos-
sibility that populations of organisms might
have remained totally static in their evolu-
tion for long or short intervals of time, it
appears that actual documentation of a punc-
tuated record of evolution requires a some-
what denser data base than does documen-
tation of phyletic evolution. It is not inferred
that a greater density of data will “capture”
the picture of evolution in ““peripheral” groups
(one of the central concepts of punctuated
equilibria). It is simply necessary to have ex-
tremely dense sampling across an interval to
document that an actual ‘“‘punctuation”
(rather than relatively rapid gradual evolu-
tion) took place.

The concept of evolution by the mecha-
nism of punctuated equilibria implies that
rock sequences with many, commonly pro-
found fossil data gaps are important in eval-
uating evolutionary processes. These se-
quences are not only implied to be equally
significant as those with fewer and less pro-
found gaps, they are fundamental to the con-
cept of punctuated equilibria and are be-
lieved to serve as our guidon bearer to

evolutionary process. The conceptual and
methodological difference in pursuing studies
of evolution with the two different philoso-
phies is that the theory of punctuated equi-
libria relies on gaps (i.e., no paleontologic
data) and on typological concepts of species
to evaluate evolutionary processes. Darwin-
ian gradualism simply requires the best avail-
able fossil record.

GEOLOGIC SETTING OF BIGHORN BASIN
ANAPTOMORPHINE PRIMATES

The Bighorn Basin is a yoked intermontane
basin in northwest Wyoming (Figure 1) that
is structurally bounded by several distinct
uplifted areas. In clockwise succession, these
include the Pryor Mountains on the north,
the Bighorn Mountains on the east and south-
east, the Owl Creek Mountains on the south,
the Absaroka Range on the southwest and
west, and the Beartooth Mountains on the
northwest. The basin is open today, as it was
in Eocene times, in a narrow region to the
north between the Beartooth and Pryor
Mountains. The Pryor, Bighorn, Owl Creek,
and Beartooth Mountains are later Laramide
fold mountains, all of which are complicated
by thrust faulting on their margins (east, west,
south, and east margins, respectively).

The Beartooth and Pryor Mountains and
the northern part of the Bighorn Mountains
appear to have been elevated by late Paleo-
cene time. In contrast, the southern Bighorn
Mountains and the Owl Creek Mountains
arose somewhat later; the most appreciable
structural elevation of them having probably
been accomplished in late early Wasatchian
through early late Wasatchian time (Love,
1939; Bown, 1979a, 1980b; Bown and Kraus,
1981a; Wing and Bown, 1985). The Absa-
roka Range is a partly dissected pile of vol-
canic and volcaniclastic rocks, largely of mid-
dle and late Eocene age (Love, 1939; Bown,
1982), although volcanic activity in the Wy-
oming Absaroka region began in the latest
early Eocene (Smedes and Prostka, 1972).
Thus, during the earliest period of omomyid
evolution discussed herein, the Bighorn Ba-
sin was structurally and probably topograph-
ically open to the north, southeast, south, and
southwest.

The advent of the early Eocene in the Big-
horn Basin was typified by somewhat warmer
climate than the Paleocene. This is reflected
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in the compositions of the Paleocene Fort
Union and lower Eocene Willwood floras
(Hickey, 1980; Wing, 1980, 1984) and faunas
(Rose, 1981b), as well as in the morphologies
of Fort Union and Willwood paleosols (Bown
and Kraus, 1981a). In the later part of the
early Wasatchian, easy faunal access to the
Powder River and Wind River Basins was
lost due to rapid structural elevation of the
southern Bighorn and Owl Creek Mountains.
Evidence of the succession of later Wasatch-
ian Willwood paleosols (Bown, 1979a; Bown
and Kraus, 1981a, 1987) and later Wasatch-
ian floras (Wing, 1980) indicates that struc-
tural closure of the Bighorn Basin was ac-
companied by trends toward a general
climatic drying, perhaps due to the progres-
sive development of a basinward rain shadow
(Bown, 1979a, 1980b; Bown and Kraus,
1981a).

Each of the bounding uplifted areas con-
tributed sediment to the alluvial Willwood
Formation at different times and in different
areas throughout the early Eocene. These sed-
iments are dominated by sandstone and
mudstone, and nearly all were deposited by
alluvial mechanisms. Willwood sandstones
are of channel, levee, and crevasse-splay
origins, whereas the mudstones were depos-
ited both on levees (where they are generally
very sandy) and on more distal parts of stream
floodplains. All of these sediments under-
went varying degrees of pedogenesis during
the early Eocene (Bown and Kraus, 1981a),
and analyses of the pedofacies relations of
these soils (Bown and Kraus, 1987) allow as-
sessment of their relative stages of maturity.

Willwood paleosols are classified in the en-
tisols, alfisols, and spodosols (Bown, 1985;
Bown and Kraus, 1987) and, by analogy with
comparable stages of development in anal-
ogous modern soils, they appear to have
formed over periods of approximately 1,000-
24,000 years (Kraus and Bown, 1986). The
most important fossil vertebrate sites in the
Willwood Formation, as well as the vast ma-
jority of all of these sites, contain attritional
assemblages of fossils that accumulated in the
upper parts (commonly in A horizons) of
Willwood soils during their times of forma-
tion (Bown and Kraus, 1981b; Bown, 1987).
Therefore, approximate isochroneity can be
established for the paleosol assemblages of
fossils. The temporal resolution of the sam-

ples of anaptomorphine primates is the same
as that for the paleosols, i.e., on the order of
1,000-24,000 years—among the best for any
samples of fossil vertebrates anywhere in the
world (see also Bell et al., 1985; see Kraus
and Bown, 1986, for fuller treatment of time
resolution in the alluvial stratigraphy of the
Willwood Formation).

A combination of faunal and sedimento-
logic evidence indicates that no appreciable
temporal gaps exist anywhere in the central
Bighorn Basin Willwood section, with the ex-
ception of a widespread intraformational ero-
sional unconformity that locally separates
rocks and faunas of early Wasatchian age from
those of later Wasatchian age at Biohorizon
C of Schankler (1980). This unconformity
records an episode of lowered local baselevels
and gullying, followed by a return to aggra-
dational conditions (Bown, 1984).

Much if not all of the faunal distinctiveness
on either side of Biohorizon C is linked to
the erosion of more than 100 m of Willwood
sediment during early Eocene gullying. The
basal gully-fill deposits are largely levee, cre-
vasse channel, and proximal floodplain in or-
igin and contain a fauna that is significantly
younger than found in the enclosing truncat-
ed sediments. Nonetheless, faunal continuity
has, where possible, been maintained across
Biohorizon C by collection of fossils from
temporally more complete sections lateral to
the intraformational unconformity. In the
central Bighorn Basin, Biohorizon C appears
to be variously developed within the 425-
530 m interval above the base of the Will-
wood Formation; the lower figure reflects
areas of deepest gullying, and the higher fig-
ure records the approximate stratigraphic
level of the edge of the late early Wasatchian
gully system, where the temporal record of
fossils is again more or less continuous.

In summary, careful and detailed strati-
graphic, sedimentologic, paleopedologic, and
taphonomic studies of the Willwood For-
mation have been as essential to unravelling
the geologic overprint on the evolutionary
relations of the Bighorn Basin Anaptomor-
phinae as have the dense, temporally-strati-
fied records of Willwood anaptomorphines
themselves. Not only do the geologic studies
establish acceptable controls on contempor-
aneity of anaptomorphine samples over wide
geographic areas, they permit realistic ap-
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praisals of the tempo of evolution of mam-
mals in the Bighorn Basin. The geologic evi-
dence is sufficient to explain the origin of a
significant biostratigraphic boundary (Bio-
horizon C) in the best documented Wasatch-
ian sequence in the world and offers insights
on the possible nature of other sedimento-
logically-controlled faunal breaks elsewhere
in alluvial sequences. Even more important,
the causal relation of the structural closure
of the Bighorn Basin to climatic drying in
later Wasatchian time, afforded by a com-
bination of independent sedimentologic, pa-
leopedologic, and paleobotanical evidence,
provides a backdrop of gradually changing
climatic conditions against which Bighorn
Basin mammalian evolution can be evalu-
ated.

STRATIGRAPHIC AND LOCALITY
DATA FOR BIGHORN BASIN
ANAPTOMORPHINE PRIMATES

As outlined above, much of the confusion
attending earlier studies of anaptomorphines
from the Bighorn Basin and other areas has
resulted from inadequate samples, inade-
quate stratigraphic data, and/or inadequate
locality data. Of the 13 named species of Big-
horn Basin anaptomorphines here recognized
as valid, good locality and stratigraphic data
are available for the holotypes of only seven
of these, three of which are described here
for the first time; the others are Teilhardina
americana (Bown, 1976) and Anemorhysis
pattersoni, A. wortmani, and Chlororhysis in-
comptus (Bown and Rose, 1984).

Of all lower Eocene anaptomorphine ma-
terials collected outside the Bighorn Basin,
only materials of Arapahovius gazini (Savage
and Waters, 1978) and some associated pri-
mates are tied to a detailed measured (though
unpublished) stratigraphic section (Savage
and Hutchison, 1972). Published section-
controlled biostratigraphic data do not exist
for any other samples of North American an-
aptomorphines, though most of these are as-
sociated with large faunas of other mammals.
Lack of stratigraphic control makes it very
difficult to establish whether these occur-
rences are typical for the time in which they
are represented in local sections, or if they
are paleoecological anomalies. Likewise, lack
of stratigraphic control makes it impossible

to distinguish immigration from origination.
It is therefore to the superb record of anap-
tomorphine primates from the Bighorn Basin
that one must turn to analyze the evolution-
ary succession in these animals, acknowledg-
ing that somewhat different successions are
likely in other basins.

All Wasatchian lower Eocene rocks in the
Bighorn Basin belong to the about 770 m
thick Willwood Formation (Van Houten,
1944), excepting the lower 100-150 m of the
conformably overlying Tatman Formation
(Bown, 1982) and about 300 m of Wasatch-
ian rocks near Basin, Wyoming, which belong
to the Fort Union Formation (Wing and
Bown, 1985). The most recent estimate of
the duration of the Wasatchian (about 6 m.y.)
was by Berggren et al. (1985), and is used
here. Anaptomorphine primates have been
found from 25 m to about 700 m in the Will-
wood Formation.

The Willwood (then the ‘“Bighorn Wa-
satch”) was divided from bottom to top, on
the basis of its faunas, into the Sand Coulee
“local fauna,” the Gray Bull “member,” the
Lysite “equivalent,” and the Lost Cabin
“equivalent” by Wood et al. (1941). This was
a confused view of time- and rock-stratig-
raphy, and implemented (though in different
form) the earlier concepts of Loomis (1907),
Sinclair and Granger (1911, 1912), and Gran-
ger (1914). The term Sand Coulee (Granger,
1914; Jepsen, 1930) is no longer used in its
original sense (Bown, 1979a) and the “Gray
Bull,” “Lysite,” and “Lost Cabin” have al-
ways been utilized strictly as faunal horizons
in the Bighorn Basin—the latter two terms
having been borrowed from the Wind River
Formation of the Wind River Basin, where
they have rock-stratigraphic meaning as
members of the Wind River Formation. Tra-
ditionally, the “Gray Bull,” ‘“Lysite,” and
“Lost Cabin” faunas (as ‘“Graybullian,”
“Lysitean,” and ‘“Lostcabinian”) have been
used as informal subdivisions of the Wa-
satchian Land Mammal Age, even though as
such they have not been adequately docu-
mented anywhere by a section-controlled
biostratigraphy.

Section-controlled biostratigraphic studies
of the Willwood Formation and/or Willwood
mammals were accomplished by Neasham
(1970), Gingerich (1974a, 1976, 1977a,
1980a), Gingerich and Simons (1977), Gin-
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gerich and Gunnell (1979), Bown (1979a,
1980a), Schankler (1980), Rose (1981b),
Krause (1982), and Bown and Schankler
(1982), to name a few. The most useful of
these publications for central Bighorn Basin
mammalian faunas is the biostratigraphic zo-
nation of the Willwood Formation by
Schankler (1980), in which all of the then
known mammal fauna from stratigraphically
identifiable horizons was utilized.

Since Schankler’s study, 582 fossil verte-
brate localities that have produced about
28,000 new specimens (U.S. Geological Sur-
vey collection, Denver, Colorado) have been
established in the central Bighorn Basin by
the authors. Of these, 243 localities are now
tied to the authors’ measured sections and 78
have yielded specimens of anaptomorphine
primates (Table 2). The Willwood section
measured by Schankler (1980) contains 242
Yale Peabody Museum (YPM) localities and
has been tied to the authors’ own section.
With the addition of 21 Duke University Pri-
mate Center (DPC) localities and the 80 Uni-
versity of Wyoming (UW) localities pub-
lished by Bown (1979a), a total of 586
localities in the central and southeast Bighorn
Basin have good stratigraphic control; 239
localities yield anaptomorphine primates
(Table 2), and 199 of those have as precise
stratigraphic resolution as is obtainable for
surface-measured sections. These correlated
sections enable samples from the Bown
(1979a; see Figure 2) and Schankler (1980)
sections to be compared directly with those
from the authors’ new section in the south-
central Bighorn Basin.

The section from the Clark’s Fork Basin in
the northern Bighorn Basin (Rose, 1981b;
Gingerich, 1982; see Figure 1) has not been
related directly to the sections farther south.
Nonetheless, it contains a significant sample
of stratigraphically-documented anaptomor-
phines whose record of evolution in that part
of the basin can be compared indirectly by
means of the associated faunas. It is empha-
sized that the Clark’s Fork Basin sample was
studied independently from the bulk of the
Bighorn Basin anaptomorphines and there-
fore acts as an independent intrabasinal check
on the evolutionary interrelationships doc-
umented here. It is clear that the Willwood
section in the Clark’s Fork Basin is thicker
than that in the central Bighorn Basin; how-

ever, less Wasatchian time is represented by
the Clark’s Fork Basin section. Therefore,
sediment accumulation rates were somewhat
greater in the Clark’s Fork Basin, obviating
the direct correlation of that section with the
central Bighorn Basin sections on the basis
of corresponding meter levels.

At the outset of this study, the stratigraphic
distributions of the Bighorn Basin anapto-
morphine samples were examined for any
undesirably large gaps in the stratigraphic
density of localities. Collecting operations
were directed over three seasons with the mo-
tive of filling in these gaps to the extent al-
lowable by the vagaries of exposure and fossil
concentrations. Considerable effort was also
expended in increasing the sample sizes of
anaptomorphine specimens, from sites un-
usually rich in them as well as from sites
yielding only a few specimens. These efforts
were rewarded by the recovery of about 180
additional specimens, bringing the total sam-
ple of Bighorn Basin anaptomorphines stud-
ied to its current representation of about 850
specimens, largely upper and lower jaws with
two or more teeth. Specimens collected
through the 1986 field season were utilized
in this study.

Stratigraphic sections of Willwood rocks
were measured by the senior author and sev-
eral assistants in 1975 and 1980-1986 and
encompass about 740 km? (288 mi?) in the
southeast and south-central Bighorn Basin.
They comprise more than 1,500 m of detailed
spur sections tied to a detailed 560 m master
section that begins in the Sand Creek area
(Figure 2) and continues up section along the
superb exposures developed in the valley of
Fifteenmile Creek (Figure 3). Control for
crossing the extensive Quaternary alluvium
in the Bighorn River valley is provided by
the log of Gulf Oil Corporation #1 Teeters
well in sec. 28, T47N, R93W (Wyoming Geo-
logical Association, 1968).

MATERIALS AND METHODS

In addition to the approximately 850 spec-
imens of anaptomorphine primates from the
Willwood Formation, more than 200 speci-
mens from other areas were examined, in-
cluding representative and type materials of
all other named anaptomorphine taxa.
Though moderate to relatively large samples
of Bighorn Basin species identified as Teil-
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FIGURE 2-Map of a portion of the Sand Creek—No Water Creek area of the southeastern Bighorn
Basin (Bown, 1979a), showing major physiographic features, lines of measured sections, and fossil
vertebrate localities that have specimens of anaptomorphine primates. Open circles = YPM localities;
black circles = USGS localities; half-filled circles = UW localities.

hardina americana, T. crassidens n. sp., Te-
tonius matthewi n. sp., T. homunculus, Pseu-
dotetonius ambiguus, Absarokius abbotti, A.
metoecus n. sp., and numerous intermediates
not allocated to species are now known, small
sample sizes are still the rule for all of the
other species of early Eocene anaptomor-
phines. Several species of anaptomorphines
from outside the Bighorn Basin are known
only from the type specimens.

No complete serial upper or lower crown
dentition of any age is known, and only two

nearly complete (though damaged) serial low-
er dentitions of anaptomorphines have ever
been collected (one of these, CM 12190, Te-
tonius matthewi n. sp., is now lost). However,
the number and disposition of all lower
antemolar teeth can be reconstructed for
Teilhardina crassidens n. sp., Anemorhysis
wortmani, Tetonius matthewi n. sp., Pseu-
dotetonius ambiguus, Absarokius metoecus n.
sp., and Absarokius abbotti. Chlororhysis in-
comptus and Anemorhysis wortmani are
known with certainty only from lower jaws,
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TABLE 2—Stratigraphic distribution of anaptomorphine
primate-bearing localities in the Willwood Formation
of the southern Bighorn Basin, Wyoming (data from
Bown, 1979a, and unpublished sections; Schankler,
1980, and personal commun.). D = U.S. Geological
Survey (Denver) localities; Y = Yale Peabody Mu-
seum localities; V = University of Wyoming Geolog-
ical Museum localities; DPC = Duke University Pri-
mate Center (Durham, North Carolina) localities.
Localities yielding specimens of anaptomorphines that
have not been correlated to this section are as follows:
D-1214, D-1236, D-1345, D-1476, D-1504, D-1506,
D-1511, D-1528, D-1572, D-1596, D-1607, D-1608,
D-1647,D-1651,D-1696, D-1704; Y-38, Y-44,Y-49,
Y-80, Y-102, Y-123, Y-124, Y-129, Y-158, Y-159,
Y-182, Y-229, Y-255, Y-258, Y-290, Y-303, Y-313,
Y-331b, Y-333, Y-390; V-73040; Iowa State Univer-
sity localities ISU #1, ISU #4. Localities followed by
an asterisk (*) are at estimated positions but occur
within 10 m of the meter levels depicted. Meter levels
are above contact of Willwood Formation with Fort
Union Formation in the SW %, sec. 16, T47N, R91W,
Washakie County, Wyoming.

Meter
level Localities
690 Y-32
680 Y-3, Y-31, Y-195
670 Y-160, Y-162
660 Top of middle Heptodon Range Zone
(Schankler, 1980)
650 Y-1, Y-2, Y-161, D-1566
638 D-1622*
635 D-1473, D-1558
630 Y-187, D-1583
625 Y-192, Y-193, D-1256, D-1467, DPC-15
620 Y-16, Y-167, Y-181, Y-184
610 Y-174, Y-175, Y-176, Y-185, D-1567
600 Y-18b
595 D-1625
590 Y-314, D-1175, D-1573
585 D-1436
580 Y-21, Y-25, Y-39, Y-55, Y-77, Y-168,
D-1337, D-1346, D-1431, D-1435, D-
1468
575 D-1474
575 Top of lower Heptodon Range Zone
(Schankler, 1980)
570 Y-18a, Y-27, Y-28, Y-56, D-1163, D-1338,
D-1345, D-1346*
565 D-1469
560 Y-34, Y-40, Y-42, Y-61, Y-318, D-1162,
D-1229
550 Y-100
535 D-1507*, D-1508*
530 Y-126, Y-228, D-1157*, D-1230*, D-1510*
519 D-1304
516 D-1438
490 Y-49*

485 D-1552*
481 D-1177

480 D-1602*, D-1603*, D-1604*

480 Y-249*

470 Y-45, Y-45-S, Y-45-E, D-1198, D-1662

470 Local level of Biohorizon C (=top of Buno-
phorus Interval Zone; Schankler, 1980)

464 D-1495, D-1676

463 D-1699

457 Y-227

455 D-1698

450 Y-340-S*

449 D-1599
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TABLE 2—Continued.

Meter
level Localities
442 D-1204, D-1311, D-1588
440 D-1428
438 D-1398
430 D-1379, D-1381
425 D-1326
380 D-1259*
380 Level of Biohorizon B (=top of upper
Haplomylus-Ectocion Range Zone;
Schankler, 1980)
378 D-1453
370 Y-142, Y-277, Y-334*, D-1635
364 D-1340
362 D-1386
360 Y-132, Y-149, Y-278, Y-281, Y-284,
Y-356*, D-1387
359 Y-136
348 Y-131
346 D-1287, D-1335
344 D-1201, D-1493
343 Y-135
342 D-1294
340 Y-216
338 D-1373
336  Y-157 (upper), D-1288
334 D-1302*
324 Y-133
322 Y-157 (lower), D-1500*
310 Y-365
292 D-1328
290 Y-287, Y-296, Y-297, Y-350, V-73012
282 D-1418
280 Y-289
278 D-1298, D-1678
270 Y-286, D-1241
264 D-1389
262 D-1297
240 Y-351, Y-354
235 Y-302*
220 Y-108, Y-213
210 Y-112* Y-215
200 Level of Biohorizon A (=top of lower
Haplomylus-Ectocion Range Zone;
Schankler, 1980)
190 Y-214, Y-363
180 Y-87, Y-144, Y-215W, Y-377, D-1225,
V-73125 (=D-1224)
170 Y-389
160 Y-110*, Y-147* Y-327, Y-362
150 Y-109
140 Y-97, Y-97a, Y-104, Y-207, Y-341, Y-358,
Y-382
130 D-1190
119 V-73055, V-73084
110 Y-343
100 Y-119, Y-203, Y-205
97 V-73020a, V-73020b, V-73052
88 V-73051
81 V-73129
80 D-1228
75 V-73046
70 Y-370, V-73016a
64 V-73016b
61 V-73016c¢, V-73086
57 V-73044
46 V-73022
34 V-73034, V-73037
30 D-1296, V-73027
25 V-73041*
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as are Anemorhysis sublettensis, Chlororhysis
knightensis, and Absarokius nocerai (n.
comb.)—all species extraneous to the Big-
horn Basin. Teilhardina tenuicula, from the
Bighorn Basin, is positively known only from
the holotype upper jaw, and Tetonius ho-
munculus (for reasons discussed below) only
from the holotype skull. “Tetonius” muscu-
lus (Matthew, 1915 = Anemorhysis musculus
of Szalay, 1976) is based on an inadequate
type lower jaw preserving only the third lower
molar. The holotypes of Paratetonius steini
(Seton, 1940) and Uintalacus nettingi (=Ane-
morhysis sp.) are now lost, as are the best
published macxillary of European Teilhardina
belgica (Simons, 1972, fig. 58) and the best
lower jaw (the holotype) of Tetonius mat-
thewi n. sp.

The paucity of specimens preserving the
anterior dentition is probably the most vex-
ing obstacle to the interpretation of anapto-
morphine systematics. This is especially true
because the evidence of this study has been
that the most appreciable evolutionary change
in the dentitions of these animals has been
in the antemolar dentition. The molars are
conservative in their morphologic evolution,
even though in some cases they underwent
changes in dimensions through time. For ex-
ample, as will be demonstrated below, com-
parisons of dentitions of Tetonius, Tetonius—
Pseudotetonius intermediates, and Pseudo-
tetonius reveal that (aside from minor size
differences) the fourth premolar and the mo-
lars alone are inadequate to determine spe-
cializations and evolutionary patterns in these
animals and, ironically, even to determine
which specimens comprise a reasonable hy-
podigm for Tetonius homunculus.

It is fortunate that evidence of i1-2, ¢, and
pl-3, in cases where these teeth are not pre-
served, can commonly be obtained from al-
veoli or roots. However, the numbers, pro-
clivities, relative sizes, and number of roots
of these teeth cannot be ascertained for many
specimens. The results of this study, then, are
based on the best evidence and on all spec-
imens of any provenance for which the pa-
rameters under consideration can be deter-
mined.

As observed above, this study is based
principally on the large undescribed samples
of central Bighorn Basin anaptomorphines in
the U.S. Geological Survey (USGS) and Yale

Peabody Museum (YPM) collections, but the
authors attempted to collect information on
all anaptomorphine specimens from this ba-
sin in other collections, even though the
stratigraphic and locality documentation for
most of these is inadequate by itself to pursue
detailed evolutionary studies. For some of
them, probable stratigraphic occurrences can
be confidently reconstructed.

The large and important collection of
stratigraphically documented anaptomor-
phines from the Clark’s Fork Basin in the
northern Bighorn Basin (housed at the Uni-
versity of Michigan) has special significance
because, as observed above, it allows an in-
dependent check on the evolutionary pat-
terns of these primates from a geographically
disparate part of the same intermontane ba-
sin. Relatively small samples of approxi-
mately coeval anaptomorphines have been
recovered from the Wind River, Powder Riv-
er, greater Green River, and Laramie Basins
of Wyoming, the Piceance and Huerfano Ba-
sins of Colorado, the Green River and Uinta
Basins of Utah, and the San Juan Basin of
New Mexico. When possible, these speci-
mens were examined as well. Specimen data
for materials most important to this study
are given in the Appendices.

Nearly all of the anaptomorphine speci-
mens used in this study were surface-col-
lected, with the exception of small parts of
the sample obtained by excavation and/or
screen-washing from Banjo Quarry (UW lo-
cality V-73016a), Slick Creek Quarry (UW
V-73022), Supersite Quarry (UW V-73037),
and a few other sites.

Tooth dimensions and morphologic traits
were assessed independently in stratigraphic
context (and divorced from taxonomic names
as far as possible) to determine if trends, pat-
terns of change, stasis, or punctuational events
could be discerned. Only in this way has it
been possible to make sense of the broad range
of intergrading morphologies observed. The
limited stratigraphic (temporal) occurrence
of specific morphologies, together with the
temporal distribution of these morphologies,
has been indispensible to our interpretations
of relationships, evolving lineages, and char-
acter changes through time.

There is probably no reliable way to orient
teeth in a manner allowing for fully consistent
measurements. This is especially true for
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comparisons of measurements of isolated
teeth with tooth dimensions obtained from
serial dentitions. It is obvious that tooth shape
variability adversely affects consistent mea-
surements and that tilting of the teeth or jaw
even slightly forward or side-to-side exposes
more of one lingual, labial, anterior, or pos-
terior margin and less of another in a fashion
that affects consistency of the dimensions to
be measured. However, if care is taken to
orient teeth similarly for each measurement,
the resulting discrepancies of measurement
are negligible and do not affect appreciably
the observed range of measurements or the
temporally distributed evolutionary patterns
for a large sample of teeth.

Tooth dimensions used in this study were
taken with an ocular micrometer attachment
calibrated to 0.05 mm fitted to Bausch and
Lomb and Nikon stereozoom binocular mi-
croscopes with the object of obtaining the
maximum anteroposterior and transverse di-
mensions (including cingula) of the tooth
crowns oriented in occlusal view (Figure 4).
Isolated teeth were oriented so as to conform
as closely as possible to their orientations in
jaws. The whole anaptomorphine sample was
measured at least three times. The maximum
variability observed for any tooth was about
10%; more commonly measurements varied
by about 0.05-0.10 mm (<5%). Measure-
ments were rounded off to the nearest 0.05
mm.

Teeth and jaws were compared directly us-
ing a binocular microscope and these com-
parisons were supplemented for nearly all
specimens by enlarged camera lucida tracings
which, for purposes of morphologic compar-
isons, were standardized to eliminate size dif-
ferences. Digitized drawings of many features
of crown morphology were used to great ad-
vantage in assessing amounts of total mor-
phologic change in teeth through different
stratigraphic intervals of the Willwood For-
mation.

All stratigraphic section measurements
were accomplished directly with a tape and

with a Jacob’s staff and Brunton compass.
Structural dip generally varies from about 0-6
degrees in the research area and was calcu-
lated using the three point dip solution de-
scribed by Billings (1965). In areas of rapid
dip change, direct thicknesses were measured
with the Jacob’s staff and compass, whereas
in broader areas controlled by constant dips,
direct apparent thickness measurements were
adjusted trigonometrically by adding the
components of true dips obtained from three
point problems.

Abbreviations of institutions housing spec-
imens discussed in this paper are: AC, Am-
herst College Museum, Amherst, Massachu-
setts; AMNH, American Museum of Natural
History, New York, New York; CM, Car-
negie Museum of Natural History, Pitts-
burgh, Pennsylvania; DPC, Duke University
Primate Center, Durham, North Carolina;
JHU, Johns Hopkins University, Baltimore,
Maryland; MCZ, Museum of Comparative
Zoology, Harvard University, Cambridge,
Massachusetts; RAM, Raymond M. Alf
Museum, Claremont, California; UCMP,
University of California Museum of Paleon-
tology, Berkeley, California; UKMNH, Uni-
versity of Kansas Museum of Natural His-
tory, Lawrence, Kansas; UM, University of
Michigan Museum of Paleontology, Ann Ar-
bor, Michigan; USGS, United States Geo-
logical Survey, Denver, Colorado; USNM,
United States National Museum, Washing-
ton, D.C.; UW, The Geological Museum, The
University of Wyoming, Laramie, Wyoming;
YPM, Yale Peabody Museum of Natural
History, New Haven, Connecticut; YPM-PU,
Princeton University collection (at YPM),
New Haven, Connecticut.

Abbreviations for teeth follow standard
terminology; however, lower case letters are
used for lower teeth and upper case letters
refer to upper teeth, such thatil and P3 refer
to the lower first incisor and the upper third
premolar, respectively. Abbreviations used
for tooth measurements and statistics used
are: L, maximum anteroposterior measure-

—

FIGURE 3—Map of a portion of the south-central Bighorn Basin (largely the Fifteenmile Creek region),
showing major physiographic features, lines of measured sections, and fossil vertebrate localities that
have yielded specimens of anaptomorphine primates. Open circles = YPM localities; black circles =
USGS localities; half-filled circles = UW localities.
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FiGURE 4—Camera lucida drawings of teeth of the anaptomorphine primate Tetonius (Tetonius—Pseu-
dotetonius intermediate), showing axes of orientation of teeth utilized in obtaining tooth measure-
ments. Tooth at far right of illustration is a labial view of p4; all other views are occlusal.

ment (length); Ln, natural logarithm; n, num-
ber in sample; OR, observed range; S, stan-
dard deviation; W, maximum transverse
measurement (width); X, mean. Tooth mea-
surements are in millimeters (mm), the strati-
graphic section is in meters (m).

SYSTEMATIC PALEONTOLOGY

“What’s the use of their having names,” the

Gnat said, “if they won’t answer to them?”’

“No use to them,” said Alice; “but it’s useful

to the people that name them, I suppose. If
not, why do things have names at all?”

Lewis Carroll, 1872

— Through the Looking-Glass

Alice’s perceptive comment to the Gnat
underscores the views of the authors, and the
views of many others, on the one utility of
taxonomy; that is, to provide names and hier-
archies of names for landmarks in evolution-
ary lines in order that they can be discussed
with a minimum of supplementary identi-
fying characters. In other words, taxonomic

names are simply a part of the terminology
of biology just as other fields of endeavor
have accumulated their useful terminologies.
The binomial 4bsarokius abbotti for an early
Eocene anaptomorphine primate is analo-
gous to “muddy sandstone”; Absarokius and
“sandstone’ being generic terms and abbotti
and “muddy” are qualifiers, leading us to their
more specific attributes.

In the first application of binomina to or-
ganisms, Linnaeus dealt largely with extant
end members of evolutionary lineages and
had to contend less with the profound geo-
graphically and temporally-intergraded vari-
ability between taxa that is now known to
exist in both living and fossil organisms.
Sometime in the last two centuries, many bi-
ologists acquired the idea that taxa were
something other than just names, that taxa
(especially species) evolve. New definitions,
especially of the “species,” arose and incor-
porated more in the way of biological and
evolutionary restrictions and less purely de-
scriptive information. New viewpoints on
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species were popular with typologists because
they appeared to provide necessary links not
only between physiology/behavior and anat-
omy, but also between “fossil species” and
“‘extant species.”

Belief that taxonomic diagnoses distin-
guish between different kinds of organisms
is, with reservation, sound if we are diag-
nosing taxa that exist or existed at a single
point in time. The species is sometimes con-
sidered a more “‘real” biological category than
higher taxa, since living organisms recognize
their own ““‘species’ when it is time to repro-
duce. But behavioral and physiological re-
sponses during the mating period cannot be
quantified or qualified for their recognition
in the fossil record (nor can species be rec-
ognized genetically in the fossil record).
Nonetheless, firm ground is held if analyses
are restricted to living organisms or to fossil
ones for which an acceptable limit of contem-
poraneity can be established.

However, introduction of a series of tem-
porally-stratified, closely related fossil organ-
isms into taxonomic analyses immensely
complicates the picture. This is because the
species concept is no longer one of a static,
coeval system, but rather part of a contin-
uum. As Gingerich (1985, p. 29) observed,
‘““species are in many cases objective evolu-
tionary units on a time plane and at the same
time arbitrary units crossing time planes.”
The continuum itself is underscored pro-
foundly if gradual evolution (anagenetic,
cladogenetic, or both) actually played an im-
portant role in the origin of new species or
even, by compounding this evolutionary “in-
terest” through time, new superspecific taxa.

This study indicates that nearly all of the
evolutionary change documented for the or-
igin of taxa of anaptomorphine primates in
the Bighorn Basin (both at the species and
generic levels) was accomplished gradually,
i.e., that the characters studied evolved in
mosaic fashion at different times and differ-
ent rates. Three kinds of morphologic char-
acters were observed: 1) those present in part
of the sample but absent in the remainder
(here termed absolute characters, the evolu-
tion of which is identified by their presence,
followed in time by their absence); 2) char-
acters typified by multiple morphologies
(transient characters, the evolution of which
is identified by replacement of the earliest

character state by succeeding, younger, dif-
ferent character states); and 3) characters that
show no appreciable evolutionary change
through a particular stratigraphic interval
(static characters).

Absolute characters are recognized as those
invariably present in samples from lower in
the section, present in some specimens but
absent in others higher in the section, and
invariably absent in the highest samples. In
general, the density of the acquired character
state increases up section, whereas that for
the original character state decreases in im-
portance. For transient characters, evolution
is documented by: 1) older samples in which
only character state “A” is present; 2) later
samples in which, successively, character
states ““A” and “B”, “A”, “B”, and “C”, and
“B” and “C” are present; and 3) youngest
samples in which only character state “C”
survives. It is emphasized that the evolution
of the different absolute, transient, and static
characters was neither begun nor completed
at the same time, and that at no point in any
lineage do only static characters exist.

This picture of evolutionary change for only
a few of the characters in a single anapto-
morphine lineage in the Bighorn Basin is in-
structive by virtue of its implications for tax-
onomy (and thereby biostratigraphy). The
fossil record is now so dense and continuous
in the Bighorn Basin that several of the taxa
recognized here no longer have discrete mor-
phologic or stratigraphic boundaries. There
is no point at which the evolving complex of
temporally-stratified diagnostic characters is
clearly distinctive from those occurring im-
mediately above or below, although the end
points are decidedly different. Evolution
proceeded by increased, then decreased, vari-
ability in character states, with the more de-
rived character states eventually predomi-
nating in younger samples. As a result,
diagnoses at generic and specific levels have
become very difficult to construct.

Some workers prefer to consider that if a
diagnosis cannot be drawn, taxonomic dis-
tinction cannot be made and the entire sam-
ple belongs to the same species. This is an
easy way out when the sample belongs to
somebody else, but it solves no problems,
obscures the significance of temporally-strat-
ified morphologic changes, and thereby ob-
scures the record of actual evolutionary re-
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lationships. A species (or genus) that has been
considered valid by virtue of its distinctive
and diagnostic morphology is no less valid
simply because more temporally-stratified
morphologic information (i.e., a more com-
plete record) now makes its diagnosis diffi-
cult. The purpose of taxonomy being to iden-
tify morphologic difference, it is important
to recognize that morphologic difference is in
no way diminished simply because the di-
agnostic differences might have accumulated
gradually. The systematic arrangement should
reflect these factors; consequently, a substan-
tial number of specimens are designated as
“intermediates,”” without specific assign-
ment. Although this taxonomic scheme will
be unpopular with some paleontologists, it is
the most accurate reflection of the taxonomic
status of these fossil samples. No scheme
would meet with universal acceptance.

As mentioned earlier, the species discussed
in this report are, obviously, paleontological
(or morphological) species. How closely they
approximate biological species is not (and
cannot be) known and, as discussed above,
the temporal component and gradual mor-
phological evolution add new dimensions to
the problem. However, size variation in sam-
ples here assigned to a single fossil species
generally conforms closely to observations for
single species of living and other fossil mam-
mals (e.g., Gingerich, 1974b; Gingerich and
Winkler, 1979). Moreover, size differences
(or overlap) between these fossil taxa are sim-
ilar to those between closely allied taxa of
extant primates (e.g., Swindler, 1976; Musser
and Dagosto, 1987). Basic statistics are pre-
sented to demonstrate some of the significant
as well as nonsignificant metric differences
between closely allied taxa. The principal dis-
tinctions between closely related anaptomor-
phines, however, are in premolar and molar
crown morphology and configuration of an-
temolar teeth—aspects that are at present very
difficult to quantify and, therefore, to assess
statistically (significance levels indicated by
t-tests). Variation in such morphologic char-
acters, and the extent of such differences be-
tween extant closely allied species, is not well
understood. But the fossil taxa recognized in
this report appear to be comparable in these
respects with extant and other fossil taxa of
similar rank.

Linnaean systematics is an artificial system

T. M. BOWN AND K. D. ROSE

imposed on a natural one. In pursuing evo-
lutionary studies with an increasingly dense
record of temporally-stratified fossil data (and
its unique contribution of the time element),
one cannot expect the Linnaean system to
continue to be useful without considerable
modification. In dealing with the same prob-
lem, many earlier workers have found it of
utility to use appellations for groups of fossils
that do not conform to Linnaean systematics
(e.g., lineage segments, stage ‘“‘intermedi-
ates,” etc.; see Van Hinte, 1969; Krishtalka
and Stucky, 1985). These are arbitrary sub-
divisions of lineages that are perceived
through the context of excellent temporally-
stratified collections of fossils. Applying for-
mal Linnaean binomina to these subdivisions
(e.g., Krishtalka and Stucky, 1985) can lead
to considerable confusion by contributing
unnecessary new names to an already pon-
derous terminology. Moreover, terms intro-
duced to define lineages in one basin might
very well not be applicable to records of
somewhat different evolution of the same
group in other basins, and a separate termi-
nology for each basin would become neces-
sary. Here, the authors introduce informal
stages that are distinguished by a combina-
tion of stratigraphic occurrence and morpho-
logic criteria. They are essentially arbitrary
and are given numbers to facilitate discussion
of fossils in a lineage; however, they also re-
flect cumulative morphologic change. Exist-
ing valid taxa are discussed using Linnaean
binomina but their diagnoses, of necessity, are
strongly influenced by stratigraphic data. As
observed above, it is impossible to place them
neatly and consistently in binomia as typi-
cally utilized in less well understood groups.

In the following systematic revision, the
synonymies listed are not exhaustive, but in-
clude the most important references to taxa—
particularly those differing from the taxo-
nomic scheme used here. Diagnoses have been
constructed to differentiate a given taxon from
its closest relatives or from other taxa with
which it is most likely to be (or in fact has
been) confused.

The hypodigms below include all Bighorn
Basin specimens with diagnostic morpholo-
gy, as well as many specimens from else-
where. They also include a large number of
specimens (e.g., fragmentary lower dentitions
and upper teeth not associated with diagnos-
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tic lowers) that are assigned solely by their
stratigraphic association with specimens that
do contain diagnostic teeth; these are indi-
cated where appropriate. Many specimens
that lack adequate data for assignment to
species or stage are not listed. Where possible,
the best material from outside the Bighorn
Basin is included, but hypodigms are not nec-
essarily complete with regard to specimens
from other basins, some of which were not
available for this study (e.g., the Golden Val-
ley, North Dakota, sample).

The systematic revision that follows is an
integral part of this work, and taxonomy of
pertinent anaptomorphines is discussed there
in some detail. However, the principal focus
of this study is the evolutionary patterns that
emerged —not the systematics of the Anap-
tomorphinae. The systematic revision is pre-
sented to enable discussion of evolution in
Bighorn Basin anaptomorphines, and this re-
vision resulted directly from (and was im-
possible before) analyses of these samples in
their stratigraphic contexts.

Dimensions for all measurable specimens
are listed in Appendices 1-21.

Order PRIMATES Linnaeus, 1758
Suborder HAPLORHINI Pocock, 1918
Infraorder TARSIIFORMES Gregory, 1915
Family OMOMYIDAE Trouessart, 1879
Subfamily ANAPTOMORPHINAE Cope, 1883

Type genus. — Anaptomorphus Cope, 1872.

Diagnosis.—(In contrast to Omomyinae):
1) first incisor generally much larger than sec-
ond and slightly procumbent; 2) tendency to
reduce antemolar teeth between first incisor
and fourth premolar in size and number; 3)
third premolar never taller than fourth and
fourth premolar generally with inflated ap-
pearance; 4) molar cusps more internal in
occlusal view due to inflation of bases of mo-
lars; 5) molar paraconids more lingual and
generally progressively appressed to meta-
conids from ml through m3; 6) m1-2 tal-
onids anteroposteriorly shorter and hypo-
conid and entoconid less peripheral; 7) trigons
generally more constricted and with better
developed Nannopithex-fold; 8) M3/m3 gen-
erally smaller with respect to M2/m2.

(In contrast to Microchoerinae): 1) lower
medial incisor relatively less enlarged in all
members, except in Pseudotetonius, Nanno-
pithex, and Trogolemur; 2) p2 sometimes re-

tained; 3) molar paraconids remaining lin-
gual on m1-3 (not increasingly buccal, except
in Uintanius and Nannopithex—which lies at
base of microchoerine radiation, see below);
4) upper molars less squared, M2 especially
transverse;, 6) upper molars lacking nearly
continuous cingulum, well-defined talon, and
prominent conules; 7) M3/m3 relatively re-
duced with respect to M2/m2.

Included genera. — Teilhardina, Anemo-
rhysis, Arapahovius, Trogolemur, Chlororhy-
sis, Steinius, Tetonius, Pseudotetonius, Nan-
nopithex, Absarokius, Anaptomorphus,
Uintanius, Aycrossia, Strigorhysis, Gazinius,
Kohatius, and, probably, the unnamed Oli-
gocene omomyid from Egypt described by
Simons et al. (1986).

Discussion.— Although it is beyond the
scope of this paper to revise the entire
subfamily Anaptomorphinae, it is impossible
to complete a study of this evolutionary and
systematic scope without forming opinions
about the broader composition of the group
under study. Although there is no room in
this work to document the above assign-
ments, it was thought best to provide per-
spective by outlining the current beliefs of
the authors regarding the composition of the
Anaptomorphinae. These assignments are
made on the basis of structural similarity of
presumed derived features of the dentition
and largely ignore broader phylogenetic con-
siderations, some of which are discussed be-
low and would affect principally the genera
Steinius and Nannopithex. Several genera be-
longing here, but not treated in this paper,
are: Arapahovius (one species), Anaptomor-
Dphus (two species), Trogolemur (one species),
Nannopithex (possibly four species), Uinta-
nius (three species), Gazinius (one species),
Aycrossia (one species), and Kohatius (one
species).

As observed above, this study was under-
taken to document evolutionary patterns in
the densest known record of the Anapto-
morphinae—that in the Bighorn Basin of
Wyoming. What systematic revision is con-
tained herein was dependent upon the den-
sity of the Bighorn Basin evolutionary record
for its completion. Certain forms from other
areas described or revised here represent im-
portant coeval early Eocene samples neces-
sarily included in order to place the Bighorn
Basin lineages in their geographic and phy-
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logenetic perspective. Most of the last eight
genera are represented by only a few speci-
mens; none have dense enough stratigraphic
records to assist in elucidating their phylo-
genetic histories beyond what has been in-
ferred by other workers.

Since the classification of Gazin (1958), who
gave family status to the Anaptomorphinae
and Omomyinae, there has been general
agreement on which genera belong in each
group, with a few exceptions. Gazin included
Uintasorex in the Anaptomorphidae, but
most authors now place it in the Microsyo-
pidae {e.g., Szalay, 1969; Bown and Ginger-
ich, 1972). Russell et al. (1967) transferred
Gazin’s Chlororhysis to the anaptomor-
phines, and Szalay (1976) subsequently rec-
ognized its close relationship to Euramerican
Teilhardina. Regardless of how authorities
regard the validity of several other genera
named after Gazin’s (1958) study (e.g., Pseu-
dotetonius, Mckennamorphus, Arapahovius,
Kohatius, Aycrossia, Strigorhysis, Gazinius),
there seems to be agreement that they are
anaptomorphines. The affinities of Uintanius
and Steinius are more controversial.

Uintanius was placed in the Anaptomor-
phidae by Gazin but in the Omomyinae by
Szalay. It is returned to the Anaptomorphi-
nae here because its premolar structure seems
to have been derived from that in early Ab-
sarokius, a genus that appears to have evolved
after the presumed stem genera of the tribes
Omomyini (Steinius) and Washakiini (Love-
ina) were established. Although the relatively
buccal molar paraconids in Uintanius vague-
ly resemble those in some omomyines, they
are constructed somewhat differently and
were probably derived convergently.

Steinius was earlier included in the Omo-
myidae, as ?0momys (Gazin, 1958), and in
the Omomyinae, as Uintanius (Szalay, 1976).
Here it is considered to be an anaptomor-
phine, as judged from its lingual paraconids
and the morphology of its molar basins.
Nonetheless, Steinius is phylogenetically near
the base of Szalay’s tribe Omomyini. Loveina
(Simpson, 1940) is, as Szalay (1976) stated,
an omomyine at the base of his tribe Wash-
akiini.

Similarly, European middle Eocene Nan-
nopithex is morphologically most similar to
North American Pseudotetonius and thereby
probably also belongs in the Anaptomor-

phinae; however, it also apparently gave rise
to the Microchoerinae. Teilhardina belgica
(early Sparnacian of western Europe), the only
other European anaptomorphine, appears to
lie at the base of the omomyid radiation. Teil-
hardinais the only known Euramerican omo-
myid, just as Cantius, the stem genus of the
Adapidae, is the only known member of that
family common to both continents.

Genus TEILHARDINA Simpson, 1940

Tetonius MATTHEW, 1915, p. 463 (part); JEPSEN,
1930, p. 126; DELsoN, 1971, p. 338 (part).

Omomys TEILHARD DE CHARDIN, 1927, p. 16 (part).

Protomomys TEILHARD DE CHARDIN, 1927, p. 25
(name suppressed by ICZN).

Teilhardina SIMPSON, 1940, p. 190; QUINET, 1966,
p. 2; SIMONS, 1972, p. 153; SzaLAY, 1976, p.
176; SAVAGE, RUSSELL, AND WATERS, 1977, p.
163 (part); Bown, 1979a, p. 11; SZALAY AND
DELSON, 1979, p. 210; GINGERICH, 1981, p. 358;
ROSE AND Bown, 1984, p. 250; 1986, p. 123.

Anemorhysis BOwN, 1974, p. 24 (A. cf. tenuiculus
from Bighorn Basin only); SzaLAY, 1976, p. 220
(part); 1982, p. 154; SzALAY AND DELSON, 1979,
p. 221 (part).

Tetonoides GAzIN, 1962, p. 35 (part); JEPSEN, 1963,
p. 679; Bown, 1979a, p. 75; GINGERICH, 1981,
p. 358 (part); ROSE AND BowN, 1984, p. 250.

Type species. —Omomys belgicus Teilhard
de Chardin, 1927, p. 16.

Included species.—T. belgica, T. ameri-
cana, T. crassidens n. sp., T. tenuicula n.
comb.

Distribution. —Early Wasatchian (early
Eocene) of Wyoming and North Dakota; ear-
ly Sparnacian (early Eocene) of western Eu-
rope.

Revised diagnosis. —Small, primitive omo-
myids with cheek teeth similar in size to Ane-
morhysis; smaller than in Chlororhysis, Te-
tonius homunculus, and T. matthewi. Lower
dental formula least reduced of all omo-
myids; 2.1.4.3 or 2.1.3.3. Lower third pre-
molar and p4 simple or with small paraconid
and metaconid; p3 not markedly reduced and
p4 not relatively enlarged. Talonid of p4 short
and not basined, and p4 cristid obliqua more
lingual than in Anemorhysis, resulting in
deeper hypoflexid.

Discussion.—Simpson (1940) proposed the
name Teilhardina for Teilhard’s (1927)
Omomys belgicus, now known from a large
sample from Dormaal, Belgium. The genus
was first recognized in North America by
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FIGURE 5— Teilhardina americana Bown, holotype UW 6896, left dentary with ¢, p2-m3 (46 m). /-
3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.

Bown (1976), but its prevalence in the earliest
Wasatchian of the Bighorn Basin was not re-
alized until this study. Teilhardina includes
the only anaptomorphines (and indeed the
only omomyids) known to retain pl. This
and other aspects of its morphology indicate
that the genus includes the most primitive
known members of the Omomyidae (see also
Szalay, 1976; Savage et al., 1977). It was
probably the basal omomyid, almost certain-
ly directly ancestral to Tetonius, Chlororhy-
sis, and Anemorhysis, and is plausibly the
common ancestor of all omomyids.

This study indicates that the most diag-
nostic teeth of Teilhardina are p3 and espe-
cially p4. Although lower and upper molars

are somewhat distinctive, they are usually in-
sufficient by themselves to allow specific
identification and, in the absence of strati-
graphic data, may be easily confused with
molars of Anemorhysis. Unfortunately, rel-
atively few specimens preserve antemolar
teeth, so many specimens can be assigned
only by stratigraphic association with indi-
viduals that are diagnostic. These assign-
ments can be made confidently, however,
since all well preserved specimens indicate
directional trends without reversal to earlier
morphologies; i.e., all specimens fitting the
description of T. americana come from a re-
stricted interval very low in the section, and
this morphology never occurs higher in the
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section. Similarly, T. crassidens n. sp. occurs
only in a limited stratigraphic interval some-
what higher in the section. The two are linked
by many specimens that are intermediate in
morphology, but do not clearly belong to one
species or the other, nor do they seem suffi-
ciently distinct to be given a new name.
European Teilhardina belgica (earliest
Sparnacian) is the most generalized species
and, based on its morphology and faunal as-
sociation, probably predates North Ameri-
can Teilhardina (Godinot, 1982). Teilhardi-
na americana shows slight advances over 7.
belgica and, in most characters, is morpho-
logically closer to the latter than it is to 7.
crassidens n. sp. or T. tenuicula n. comb. The
latter two species are the youngest and most
derived, displaying certain characters that
bridge the gap between primitive Teilhardina
and the still more derived Anemorhysis (see
discussion of Anemorhysis below).

TEILHARDINA AMERICANA Bown, 1976
Figures 5, 6.1, 6.3, 7.3

Teilhardina americana BowN, 1976, p. 63, figs.
Ic,d; 1979a, p. 77; SAVAGE, RUSSELL, AND WAT-
ERS, 1977, p. 163; GINGERICH, 1981, p. 358;
Rose AND Bown, 1984, p. 250; 1986, p. 123,
figs. 2, 3.

Tetonoides tenuiculus BowN, 1979a, p. 76 (part),
fig. 484, f.

Anemorhysis tenuiculus SZALAY AND DELSON, 1979,
p. 223; Szalay, 1982, p. 154.

Tetonius homunculus Bown, 1979a, p. 78 (part),
fig. 49a (UW 7165 only), 49d.

Holotype.—UW 6896, left dentary with c,
possible alveolus for pl, p2-m3; UW locality
V-73022 (Slick Creek Quarry), 46 m level of
Willwood Formation, Washakie County,
Wyoming.

Hypodigm. —The holotype and USGS
2428, 2509, 25237, 3849, 3863, 3864, 5991,
7195,7196, 8882, 8886, 9037, 10503, 12193,
12194, 15405, 15406, 15450; UW 6917,
6965, 7095-7098, 7140-7142, 7144, 7164,
7165, 7170, 7171, 7175, 7179, 7181, 7217,
7281, 7295, 7329, 7912, 7915, 8812, 8870,
8871, 8961, 10247, DPC 2973, 2979, all from
the southern Bighorn Basin; UM 76600 from
Foster Gulch, northeastern Bighorn Basin;
UM 65770, 67424?, 72105, 72251, 72268,
75610 from the Clark’s Fork Basin.

Distribution. —Lower part of Willwood
Formation, lower Eocene (early Wasatchian;
lower part of lower Haplomylus—Ectocion

Range Zone of Schankler, 1980), 25-46 m
interval in southern Bighorn Basin, and 50—
125 m interval (1,570-1,645 m of Ginger-
ich’s 1982 section) in Clark’s Fork Basin.

Revised diagnosis. — Larger than T. belgica;
p3 10-20% larger in mean length and breadth,;
p4, m1, and m2 slightly longer and 10-15%
broader (mean dimensions). Metaconid of p4
slightly higher than in T belgica. Cheek teeth
narrower than in 7. crassidens n. sp.; p3 lack-
ing paraconid and metaconid, and p4 with
more open trigonid, weaker paraconid, and
lower and smaller metaconid than in 7. cras-
sidens n. sp.

Discussion. — Teilhardina americana is very
similar to European 7. belgica, differing chief-
ly in having slightly larger (mainly broader)
cheek teeth (Table 3) and a relatively slightly
higher metaconid on p4. There appear to be
minor differences in the anterior dentition
but existing evidence is too weak to be con-
clusive.

The incisors are unknown, and what re-
mains of the front of the jaw in the holotype
gives no indication of significant hypertrophy
of il, as is characteristic of many anapto-
morphines. However, USGS 2523, a dentary
fragment questionably referred here, pre-
serves part of the incisor alveoli and indicates
a moderately enlarged il1. Even if the medial
incisor was larger than in 7. belgica (in which
both incisors evidently were small), it was
apparently smaller than in 7. crassidens n.
sp. The canine, preserved only in the holo-
type, is smaller than that of T. belgica (as
indicated by its alveolus), but larger than in
later Teilhardina.

Bown (1976) could not establish the pres-
ence of pl in 7. americana (otherwise only
known in T. belgica among omomyids), but
he observed that there is space between the
canine and p2 in the holotype. Subsequent
preparation of this region exposed a pit that
may be the p1 alveolus, but poor preservation
of this region renders this determination in-
conclusive. With one exception, the few other
specimens preserving any of the dentary an-
terior to p2 show definitive or suggestive evi-
dence of a vestigial pl (root of pl in USGS
3849, alveolus in UM 75610, possible alveo-
lus in UM 65770, 72105, 72268). In all of
these, pl was laterally displaced, as in 7. bel-
gica, and was consistently very small. USGS
2523, however, apparently lacked pl. In 7.
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FIGURE 6 — Teilhardina, SEM stereographs, occlusal views. 1, T. americana Bown, holotype, UW 6896,
left ¢, p2-m3 (46 m). 2, T. crassidens n. sp., holotype, UW 8959, left p3-m2 and roots or alveoli of
i1-2, ¢, p2 (180 m). 3, T. americana, UW 8961, left P4-M3 (46 m). 4, T. crassidens, YPM 24626,

right P3-M3 (180 m). Scale is 5 mm.
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FIGURE 7 —Upper teeth of Teilhardina. 1, T. crassidens n. sp., YPM 24626, right P3-M3 (180 m, P3
restored from USGS 7204). 2, Teilhardina intermediate, UM 69783, left P2-M3 (Clark’s Fork Basin,
240 m). 3, T. americana Bown, UW 8871, P4-M3 (34 m, M3 restored from UW 8961). Scale is 5
mm.

belgica, pl was variable in size and absentin is the consistent presence of a “Nannopithex-
at least one specimen (Gingerich, 1977b). fold”” on the molars of T'. americana (Figures

The most salient difference in the upper 6.3, 7.3); this crest is very weak or absent on
teeth (known from relatively few specimens) molars of T. belgica. Upper molars of T.
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TaBLE 3—Comparative statistics for lower teeth of Teilhardina. Significant differences between T. crassidens n. sp.
and T. americana Bown are indicated by * (P < 0.01) and ** (P < 0.001). All data from appendices except T.

belgica (Teilhard de Chardin).

Teilhardina
Dimension T. belgica' T. americana intermediates T. crassidens
p3L n 6 11 9 4
OR 1.20-1.40 1.20-1.55 1.15-1.40 1.30-1.40
X 1.30 1.42 1.29 1.34
s 0.071 0.110 0.074 0.048
p3IW n 6 11 9 4
OR 0.90-1.00 1.05-1.15 1.05-1.20 1.15-1.20
X 0.93 1.10 1.13 1.19**
s 0.052 0.027 0.071 0.025
p4L n 9 18 23 11
OR 1.40-1.70 1.45-1.75 1.30-1.70 1.30-1.65
X 1.54 1.60 1.47 1.54
s 0.105 0.070 0.108 0.104
p4 W n 9 18 25 11
OR 1.10-1.30 1.25-1.55 1.26-1.50 1.35-1.60
X 1.18 1.39 1.34 1.48 (P < 0.02)
s 0.061 0.085 0.088 0.087
p4 W/L n 9 18 23 11
OR 0.73-0.86 0.78-1.00 0.77-1.15 0.84-1.08
X 0.77 0.87 0.92 0.96**
s 0.041 0.057 0.080 0.063
ml L n 9 26 47 13
OR 1.80-2.00 1.80-2.10 1.65-2.00 1.70-2.00
X 1.90 1.96 1.85 1.84**
s 0.071 0.089 0.106 0.089
ml W n 9 26 47 13
OR 1.35-1.60 1.40-1.80 1.40-1.90 1.55-1.75
X 1.43 1.61 1.61 1.64
N 0.071 0.101 0.108 0.079
m2L n 8 27 48 10
OR 1.80-1.90 1.80-2.10 1.65-2.00 1.65-1.90
X 1.85 1.91 1.81 1.79*
s 0.046 0.092 0.097 0.078
m2 W n 8 27 49 10
OR 1.45-1.70 1.40-1.85 1.50-1.90 1.60-1.75
X 1.56 1.68 1.68 1.69
N 0.078 0.103 0.106 0.058

! Sample used includes CtM 64 (lectotype), CL 182, CL 188, CL 192, CL 246, CL 455, CL 457, WL 128, WL
259, WL 1052, WL 1060, WL 1180—all in the Institut Royal d’Histoire Naturelle de Belgique; casts supplied by

M. Godinot.

americana typically have stronger pre- and
postcingula and wider stylar shelves than in
T. belgica.

All of these characters of the dentition in
T. americana indicate that it is slightly de-
rived with respect to T. belgica and support
its direct descent from the latter species. Only
one feature is possibly in conflict with this
hypothesis. In T. americana, m3 is slightly
longer than m2, whereas in T. belgica m3 is
about the same length as m2 or very slightly
shorter. Although an unreduced m3 has been
considered to be a more primitive condition,
the difference between the two species in this
respect seems insufficient to preclude their
direct relationship.

See Appendices 1 and 2 for measurements.

TEILHARDINA CRASSIDENS n. Sp.
Figures 6.2, 6.4, 7.1,7.8,7.9, 8,9
?Tetonius musculus MATTHEW, 1915, p. 463 (part),

fig. 34. ]

Tetonoides tenuiculus GAzIN, 1962, p. 35 (part),
Pl 3, fig. 6; ROSE AND BowN, 1984, p. 250.
Tetonoides pearcei BowN, 1979a, p. 77, fig. 48e.
Teilhardina sp. nov. ROSE AND BowN, 1986, p.

123, fig. 3.

Holotype.—UW 8959, left dentary with p3—
m2, roots of il and c, and alveoli for i2 and
p2; UW locality V-73125 (=USGS locality
D-1224), 180 m level of Willwood Forma-
tion, secs. 27 and 28, T47N, R93W, Bighorn
Basin, Wyoming.

Hypodigm.—The holotype and USGS 482,
7203, 7204, 15409; UW 6583; DPC 1317,
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YPM 24626, 30721, 30723, 30725, 30731,
30733; 7AMNH 15066, from the Bighorn
Basin; UM 66276, 71071, 73908, 75005,
79498, 79824, 85516, 85525, from the Clark’s
Fork Basin.

Distribution. —Willwood Formation, low-
er Eocene (Wasatchian; upper part of lower
Haplomylus-Ectocion Range Zone of
Schankler, 1980), 180-190 m interval, Big-
horn Basin, and 240-330 m interval (1,760-
1,850 m of Gingerich’s 1982 section), Clark’s
Fork Basin, Wyoming.

Etymology. —Latin crassus, stout, and dens,
tooth; in allusion to the broader p4 in this
species compared to that in 7. americana.

Diagnosis. —Differs from T. belgica and T.
americana in having relatively broader man-
dibular cheek teeth (p3-m3), p3-4 lower
crowned, p3 with small metaconid and vari-
able paraconid, p4 trigonid broader and more
anteroposteriorly compressed and with higher
and larger paraconid and metaconid cusps.
Third lower premolar and p4 higher crowned,
p4 with broader trigonid, and m1 with more
closed trigonid than in 7. tenuicula n. comb.
Lower and upper molars about 10% smaller
(mean size) than in 7. americana. Lower den-
tal formula 2.1.3.3. Upper molars generally
with more inflated stylar shelf than in 7.
americana; small mesostyle present on M1,
variable on M2.

Discussion. —The specimens here included
in Teilhardina crassidens constitute part of
the sample previously called Tetonoides ten-
uiculus (e.g., Rose and Bown, 1984). Because
there is now a series of transitional specimens
linking this sample to the older and more
primitive T. americana, it is included in Teil-
hardina. But T. crassidens differs from T.
americana in having more molarized p3—-4
and relatively broader (or relatively shorter)
cheek teeth (Table 3). Although T crassidens
closely resembles T tenuicula n. comb. (here
placed in Teilhardina) and Anemorhysis
pearcei, subtle morphologic differences
(mainly pertaining to p3-4), together with dif-
ferent stratigraphic occurrences, indicate that
these are three distinct species. Teilhardina
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FIGURE 9—Teilhardina crassidens n. sp., YPM
30721, left dentary with p4-m2 (190 m). 1-3,
occlusal, lateral, and medial views, respectively.
Scale is 5 mm.

crassidens can be distinguished from A.
pearcei by its shorter and unbasined p4 tal-
onid, the deep constriction (hypoflexid) be-
tween trigonid and talonid of p4, and the
presence of a metaconid on p3 (see further
discussion under Anemorhysis and T. tenui-
cula).

—

FIGURE 8— Teilhardina crassidens n. sp., holotype, UW 8959, left dentary with p3—-m2 and roots or
alveoli of i11-2, ¢, p2 (180 m). I-3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.
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FIGURE 10— Teilhardina intermediate, USGS 512, left dentary with i1-2, ¢, p2-m1, m2 trigonid (140
m). I-3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.
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Szalay (1976) tentatively referred a few
specimens (AMNH 59600, 59601, 59641,
59682, and 80956) from East Alheit Pocket,
Four Mile fauna, to Anemorhysis tenuiculus.
AMNH 59600 may belong to the insectivore
Talpavus. Of the others, the authors have seen
only AMNH 59682 (maxilla with M1-3); it
has an incipient mesostylar fold on M1. This
feature and the co-occurrence of these spec-
imens with advanced Tetonius matthewi sug-
gest that they may instead represent Teilhar-
dina crassidens.

See Appendices 3 and 4 for measurements.

TEILHARDINA AMERICANA—
TEILHARDINA CRASSIDENS INTERMEDIATES
Figures 7.2, 10, 11, 12.1-12.3, 13

Discussion. —Several specimens exhibit
morphology intermediate between Teilhar-
dina americana and T. crassidens and come
from the stratigraphic interval between them.
As detailed later, these are interpreted as rep-
resenting transitional populations in a grad-
ually evolving lineage. Consequently, the
limits of 7. americana and T. crassidens are
necessarily arbitrary and are here drawn
stratigraphically. There is, however, no dis-
crete break between either species and the
intermediates from immediately above or be-
low; rather, there is a morphological contin-
uum from 7. americana through a series of
stratigraphically ascending transitional spec-
imens to 7. crassidens. Indeed, it was im-
possible to draw even a discrete lower strati-
graphic boundary for 7. crassidens in the
Clark’s Fork Basin, and it was necessary, on
morphological grounds, to assign part of the
sample from 240 m (=1,760 m of Gingerich,
1982) to T. crassidens and to designate the
remainder as intermediates. (Specimens of
Teilhardina from 240 m that lack diagnostic
teeth are arbitrarily included as intermedi-
ates, but some or all could represent 7. cras-
sidens.)

This transitional sample, which occurs
through about 100 m in the central and
southern Bighorn Basin, exhibits greater
variability in size and morphology than either
T. americana or T. crassidens and includes
many specimens that are smaller than either
of those species. This may be related to the
trend toward increasing relative breadth of
the cheek teeth, achieved in some specimens
by reducing tooth length. It may also reflect

the probability that this transitional sample
gave rise not only to 7. crassidens but also
to T. tenuicula n. comb., i.e., the sample may
record the initial phase of divergence of these
two species.

Workers who prefer a neater taxonomy
might advocate a new species name for the
intermediates or broader definitions of the
three Bighorn Basin species that would per-
mit all specimens to be assigned to one of
them. These alternatives are less satisfactory
than the procedure adopted here because
either one would still require arbitrary species
boundaries and would obscure the gradual,
temporally stratified morphological transi-
tion between them. ’

The specimens included here are inter-
mediate between 7. americana and T. cras-
sidens in relative breadth of cheek teeth (p3-
m3; Table 3), expression of the paraconid and
metaconid of p3 and p4 (especially size and
elevation of the p4 metaconid relative to the
protoconid), crown height of p3 and p4, and
apparently (where known) relative size of
lower incisors and canine. Presence of pl is
variable. Although upper teeth are assigned
here principally by their intermediate strati-
graphic positions (as are lower dentitions that
lack diagnostic teeth), they also appear tran-
sitional in the increasing breadth of the stylar
shelf and the variable presence of a small
mesostyle on M1.

The sample from Hackberry Hollow (UM
locality SC-192) in the Clark’s Fork Basin is
included here but these specimens differ
slightly from other intermediates in ways that
foreshadow Teilhardina tenuicula n. comb.
(Figures 12.3, 13). They are perhaps better
regarded as 7. americana-T. tenuicula inter-
mediates. The paraconid of p4 is slightly
stronger and more lingually placed, the p4
metaconid is closer to the protoconid, and
the trigonid of m1 is slightly more open than
in other intermediates. They are perhaps re-
lated to (or descended from) the smaller in-
termediates in the sample from the southern
and central Bighorn Basin.

YPMPU 17232 and 17357 from the early
Wasatchian Golden Valley Formation of
North Dakota appear to represent advanced
Teilhardina intermediates, or possibly 7.
crassidens.

See Appendices 5 and 6 for measurements.

Referred specimens. —Bighorn Basin—
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FIGURE 11— Teilhardina americana-T. crassidens intermediate, YPM 30720, left dentary with p3-m2
(140 m). I-3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.

-

FIGURE 12— Teilhardina, SEM stereophotographs, occlusal views. 1, T. americana-T. crassidens in-
termediate, UM 77391, right p2-3 and roots of c and p1 (Clark’s Fork Basin, 205 m); 2, T. americana—
T. crassidens intermediate, USGS 512, lefti1-m2 (140 m); 3, T. americana-T. tenuicula intermediate,
YPMPU 17418, left p2-m3 (Hackberry Hollow locality); 4, T. tenuicula (Jepsen) n. comb., YPM
33273, right p3-m1 (240 m). Scale is 5 mm except for 1.



EOCENE PRIMATES FROM WYOMING

37



38 T. M. BOWN AND K. D. ROSE
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FIGURE 13—Teilhardina americana-T. tenuicula intermediate, YPMPU 17418, left dentary with p2—
m3 and alveoli of i11-2 and ¢ (Hackberry Hollow locality, meter level unknown). I-3, occlusal, lateral,

and medial views, respectively. Scale is 5 mm.

USGS 477,478,488,512,2562,3650?,7192-
7194, 9142, 9152, 9156, 9203, 9211, 9212,
9215, 9216, 9223, 9610, 13926, 14730,
15893, 158947, YPM 23172, 24356, 24358,
27204, 30705, 30719, 30720, 30726-30730,
30732, 33231; UW 6618, 6907, 7139, 7199,
7201, 7212, 7214, 7224, 7225, 7227, 7246,
7694,7707, 8819, 8835, 8922, 10424. Clark’s
Fork Basin—UM 64760, 66222, 66483,
68538, 69493, 69754, 69783, 71091, 71095,
71126, 71147, 71386, 71398, 75246, 76492,

76501, 76519, 77361, 77391, 79549, 85823.
Hackberry Hollow—YPMPU 17418, 17683,
23064, 23083, 23301, 23302; UM 69147,
69198, 69646, 73876.

TEILHARDINA TENUICULA
(Jepsen, 1930) n. comb.
Figures 12.4, 14, 15.1
Tetonius tenuiculus JEPSEN, 1930, p. 126, Pl. 2,
fig. 9.
Paratetonius? tenuiculus GAzIN, 1952, p. 25.
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i

FIGURE 14— Teilhardina tenuicula (Jepsen) n. comb., YPM 33273, right dentary with p3-m1 (240 m).
1-3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.
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Tetonoides tenuiculus GAzIN, 1962, p. 35.

Tetonius musculus DELSON, 1971, p. 338 (part).

Anemorhysis tenuiculus SzALAY, 1976, p. 220 (ho-
lotype only), fig. 35; SzALAY AND DELSON, 1979,
p. 223 (part).

Holotype.—YPMPU 13027, right maxilla
with P4-M3, from Willwood Formation,
“about two miles east of the old Otto-Basin
road crossing on Dorsey Creek and well south
of the road” (Jepsen, 1930, p. 126), Bighorn
Basin. The precise locality clearly cannot be
determined, but the approximate region must
be within a mile or two of Yale localities 302
and 351 (which produced the referred spec-
imens), suggesting a level of about 230-300 m.

Hypodigm.—The holotype and tentatively
USGS 12192 (right m1 from Yale locality
302, about 235 m) and YPM 33273 (right
p3-ml, from Yale locality 351 at 240 m).

Distribution. —Lower part of Willwood
Formation, lower Eocene (Wasatchian), Big-
horn Basin, Wyoming.

Revised diagnosis. —Smaller than T. amer-
icana and T. crassidens; upper molars with
no trace of a mesostyle. Third and fourth
lower premolars relatively broad, lower-
crowned, and with smaller and shorter tal-
onid than in other species of Teilhardina; p4
trigonid relatively open with metaconid close
to relatively low protoconid. Trigonid of m1
more extended anteroposteriorly than in oth-
er species.

Discussion. —Previous authors have con-
sidered this species to belong to Tetonius,
Tetonoides, or Anemorhysis, and to include
specimens here placed in Anemorhysis
pearcei, Teilhardina americana, and T. cras-
sidens. Teilhardina tenuicula is restricted here
to the holotype and two tentatively allocated
lower jaw fragments; there is no convincing
evidence that any other known specimens be-
long to this species (see further discussion
under Anemorhysis). Teilhardina tenuicula
as here defined comes from at least 200 m
stratigraphically above the last occurrence of
T. americana and 50 m above T. crassidens.

The two referred specimens are lower teeth
(Figures 12.4, 14) and cannot be directly
compared with the type. Their assignment
here is justified because both are also rela-
tively small, they come from the same general
area and stratigraphic interval as the type and
occlude perfectly with it, and they do not
resemble any of the other very small Bighorn
Basin anaptomorphines whose assignments
are less problematical; i.e., they are clearly
distinct from other Teilhardina and from
Anemorhysis (which is characterized by en-
largement of the p4 talonid) and must belong
to 7. tenuicula or to a new, otherwise un-
known species.

The status of 7. tenuicula, as with certain
other omomyids, is in doubt because the ho-
lotype itself is problematical; it is an upper
dentition of uncertain provenance. Upper
teeth (particularly of Anemorhysis) are too
poorly known to establish diagnostic differ-
ences between Teilhardina and Anemorhysis.
We assign this species to 7eilhardina rather
than to Anemorhysis based on the referred
lower teeth (especially p4), which bear de-
tailed resemblances to those of Teilhardina
americana-T. crassidens intermediates (see
discussion in Evolution section) and differ
from those of Anemorhysis. The species is
considered to be valid because of the minor
structural differences noted in the diagnosis
and the probable temporal separation from
other North American Teilhardina and Ane-
morhysis.

See Appendices 7 and 8 for measurements.

Genus ANEMORHYSIS Gazin, 1958

Paratetonius? GAzIN, 1952, p. 24 (P.? sublettensis
only).

Anemorhysis GAzIN, 1958, p. 25; 1962, p. 34;
SzArAY, 1976, p. 211 (part); SZALAY AND DELSON,
1979, p. 221 (part); GINGERICH, 1981, p. 358;
BownN AND RoOSE, 1984, p. 106.

Uintalacus GaziN, 1958, p. 28, Pl. 14, fig. 5.

Tetonoides GAzIN, 1962, p. 34; GINGERICH, 1981,
p- 358 (T. pearcei only).

Tetonius DELSON, 1971, p. 338 (part).

—

FIGURE 15— Tetonius and Teilhardina, SEM stereophotographs, occlusal views. 1, Teilhardina tenuicula
(Jepsen) n. comb., holotype, YPMPU 13027, right P4-M3 (meter level unknown). 2, Tetonius
mckennai n. sp., holotype, UCMP 46192, left i1-2, ¢, p3-m2 (Alheit Pocket, Four Mile fauna). 3,
Tetonius matthewi n. sp. (stage 1), YPM 23031, left p2-m3 (meter level unknown). 4, Tetonius
species (stage 1), USGS 5936, left p3-m1 and alveoli of ¢ and p2 (180 m). Scale is 5 mm.
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Type species.— Paratetonius? sublettensis
Gazin, 1952, p. 24.

Included species. —A. sublettensis, A.
pearcei, A. pattersoni, and A. wortmani.

Distribution. —Late early through late
Wasatchian (early Eocene) of Wyoming.

Revised diagnosis. —Small anaptomor-
phines of similar size to Teilhardina and
smaller than Tetonius. Lower third premolar
and p4 lower crowned and relatively shorter
and broader than in most species of those
genera; and p4 more molariform, with
stronger paraconid and moderately high and
prominent metaconid (except in A. patter-
soni). Lower fourth premolar with short but
distinct cristid obliqua, more buccally ori-
ented than in Teilhardina (resulting in shal-
lower hypoflexid), and moderate to well de-
veloped talonid basin with distinct hypoconid
and weaker entoconid. First lower molar and
m2 with relatively broad talonids and talonid
basins, but molars less inflated basally than
in Tetonius, so cusps appear peripheral in
occlusal view. Postcristid of m1-2 almost
straight, not markedly convex posteriorly as
in Tetonius and Teilhardina.

Discussion. —Gazin’s (1958) original di-
agnosis of this genus, though based only on
Anemorhysis sublettensis, is basically accu-
rate and, with slight modifications (Bown and
Rose, 1984), is followed here. In addition to
A. sublettensis, the following are valid species
of Anemorhysis: A. pearcei, A. pattersoni, and
A. wortmani. “Tetonius” musculus (Mat-
thew, 1915), based on a dentary fragment
with m3 from the Lysite Member of the Wind
River Formation, may belong to this genus
(based on its foreshortened dentary and bi-
lobed p3 root), but it lacks more definitive
features, leaving its assignment in doubt.

There has been much confusion concern-
ing the composition and recognition of this
genus, largely stemming from the previous
tendency to identify most small Wasatchian
anaptomorphines (including those here al-
located to North American Teilhardina) as
either Tetonoides pearcei or Anemorhysis
tenuiculus. This was not an unreasonable
practice in view of the scarcity of specimens
and their fragmentary nature. However, the
considerable new material of small Wasatch-
ian anaptomorphines from the Bighorn Basin
permits substantial clarification of the taxa
involved.

When Gazin (1962) named Tetonoides (for
the new species T. pearcei), he transferred
Jepsen’s (1930) “Tetonius™ tenuiculus to Te-
tonoides. Szalay (1976) subsequently regard-
ed T. pearcei as a junior synonym of “Te-
tonius™ tenuiculus and reallocated it to
Anemorhysis, thereby placing most small ear-
ly Wasatchian anaptomorphines in Anemo-
rhysis tenuiculus. As discussed above, the lat-
ter species is here restricted to Jepsen’s
holotype (a maxilla) and two lower denti-
tions, and is assigned to Teilhardina. The au-
thors concur with Szalay that Tetonoides is a
junior synonym of Anemorhysis—A. pearcei
and A. pattersoni being the most generalized
species of the genus.

In view of the revision of North American
Teilhardina presented above, Anemorhysis is
a rare genus; none of its four species is rep-
resented with certainty by more than a few
fragmentary jaws. Therefore, relationships
between these species cannot yet be confi-
dently established. However, the genus seems
to be most closely allied to Teilhardina and
was almost certainly descended from it. This
conclusion is strengthened by new material
of both Anemorhysis and Teilhardina de-
scribed here and earlier (Bown and Rose,
1984). However, the potential for confusion
between the two genera has increased because
the new samples have begun to fill some of
the morphologic and temporal gaps that for-
merly existed. In particular, A. pearcei and
A. wortmani are similar to T. crassidens, and
A. pattersoni closely resembles T. americana.

The most consistent distinction between
Teilhardina and Anemorhysis is seen in p4,
all Anemorhysis having a relatively larger,
usually basined talonid, a more buccal cristid
obliqua, and a shallower hypoflexid. Except
in A. pattersoni, the paraconid of p4 is higher
and more prominent than in Teilhardina (T.
crassidens has a well developed p4 trigonid
resembling that of Anemorhysis, but its short
talonid heel and deep hypoflexid contrast with
Anemorhysis). There is no metaconid on p3
in A. pearcei or A. wortmani (the only two
species in which this tooth is known), in con-
trast to T. crassidens. The molar cusps in
Anemorhysis tend to be more peripherally
placed, the paraconids more lingual, and the
postcristid more squared than in Teilhardina.
Anemorhysis pattersoni and A. wortmani are
more derived than Teilhardina in having a
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more foreshortened jaw (i.e., show greater
- compression of anterior teeth), and the latter
has a larger il than in any Teilhardina (A.
pearcei appears somewhat comparable to 7.
crassidens in this regard). The anterior part
of the jaw is unknown in A. sublettensis.
Based on these characters, 4nemorhysis can
be defended as a clade whose species share
the derived character of p4 talonid structure.
If this is accepted, present evidence suggests
that A. pattersoni is a side branch in which
the p4 paraconid was reduced (thus resem-
bling Teilhardina americana in this feature).
Alternatively, A. pattersoni might be consid-
ered to be a late species of Teilhardina that
independently acquired Anemorhysis-like p4
talonid structure—a possibility that cannot
be eliminated until all these taxa are better
known. The differences between Anemorhy-
sis and Teilhardina are subtle but they are
illustrative of the problems posed for system-
atics once lineages become betier known.

ANEMORHYSIS PATTERSONI
Bown and Rose, 1984
(not figured)

?4nemorhysis musculus SzALAY, 1976, p. 226
(YPM 18695 only), fig. 39.

Anemorhysis pattersoni BOWN AND ROSE, 1984, p.
108, fig. 5.

Holotype.—USGS 476, left dentary frag-
ment with p4—-m2; YPM locality 45-S, 470
meter level of Willwood Formation.

Hypodigm.—The type and, tentatively,
USGS 15403 and YPM 18695.

Distribution—Willwood Formation, low-
er Eocene (late early—earliest middle Wa-
satchian-middle Bunophorus Interval Zone
through base of lower Heptodon Range Zone
of Schankler, 1980), 382-470 m interval,
southern Bighorn Basin, Wyoming.

Revised diagnosis. — About the size of Ane-
morhysis wortmani;, larger than A. subletten-
sis and slightly larger than A. pearcei. Teeth
and dentary anterior to p3 shorter (more
compressed) than in A. pearcei, longer than
in A. wortmani, p3 clearly two-rooted as in
A. pearcei, unlike A. wortmani. Lower fourth
premolar less basally inflated on the buccal
side than in A. wortmani, and differing from
all other species of Anemorhysis in having
much weaker and lower paraconid. Talonid
basin of p4 about the same size as in A. wort-

mani, larger than in A. pearcei, and shorter
than in A. sublettensis.

Discussion.—This species is known only
from the holotype dentary (USGS 476), a sec-
ond lower jaw fragment discovered during
the 1986 field season, and one tentatively re-
ferred upper dentition. Bown and Rose (1984)
included this species in Anemorhysis because
of its small size, squared molars, and p4 tal-
onid construction, but acknowledged that it
differs from other species of the genus in hav-
ing a much weaker paraconid and a some-
what lower metaconid on p4. In the latter
characters, it resembles Teilhardina ameri-
cana, the probable direct ancestor of Ane-
morhysis.

The probable absence of p2 in the holotype
of A. pattersoni (Bown and Rose, 1984), upon
restudy, seems equivocal. It is just as likely
that the two small compressed alveoli ante-
rior to the two roots of p3 contained ¢ and
p2, and that damage at the back of the il
alveolus has obliterated a diminutive i2 al-
veolus. Despite this ambiguity, the anterior
lower dentition of A. pattersoni is clearly more
compressed than in A. pearcei but less com-
pressed than in A. wortmani.

A specimen recovered early in the 1986
field season appears to be referable to this
species and, if so, underlines its close affinity
to Teilhardina. USGS 15403, a right dentary
with p4-m2 from USGS locality D-1652 (382
m level of Willwood Formation, Bighorn Ba-
sin, about 85 m below the level of the ho-
lotype), is significant because it is more sim-
ilar to Teilhardina americana than is the
holotype and may represent a transitional
form between them, although it is somewhat
larger than either. As in the holotype of A.
pattersoni (and other Anemorhysis), p4 has a
buccal cristid obliqua and a shallow hypo-
flexid; but its entoconid is less lingually sit-
uated and less distinct and its paraconid,
though very small, is more distinct, features
resembling Teilhardina americana. A few
other subtle characters support allocation of
USGS 15403 to Anemorhysis pattersoni. As
in the holotype, p4 lacks a buccal cingulid
(present in all known p4’s of T. americana)
and displays a distinct crest on the posterior
wall of the trigonid (postvallid), joining the
protoconid and the hypoconid. Such a crest
is conspicuously absent in 7. americana, al-
though some specimens have a short, faint
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crest directed toward the area between the
protoconid and metaconid and terminating
halfway up the postvallid. Although the sig-
nificance of such subtle differences is un-
known, the sum of features in USGS 15403
together with its stratigraphic occurrence
(>300 m higher and 2-3 m.y. younger than
the latest 7. americana) support its assign-
ment to A. pattersoni.

Two other specimens that include only
molars (USGS 3988, 384 m; YPM 24984,
370 m) may also belong here based on strati-
graphic occurrence, but they lack diagnostic
characters.

See measurements in Appendices 7 and 8.

ANEMORHYSIS WORTMANI
Bown and Rose, 1984
(not figured)

Anemorhysis wortmani BOWN AND ROSE, 1984, p.
107, fig. 4.

Holotype.—USGS 6554, fragment of right
ramus with p3-m2 and root of i1; USGS lo-
cality D-1473, 635 m level of Willwood For-
mation, Bighorn Basin, Wyoming.

Hypodigm.—The type specimen and USGS
12218.

Distribution. —Willwood Formation, low-
er Eocene (middle Wasatchian—-middle part
of Heptodon Range Zone of Schankler, 1980),
630-635 m interval, southern Bighorn Basin,
Wyoming.

Revised diagnosis. —Larger than A. sublet-
tensis, slightly larger than A. pearcei. Lower
second premolar absent, in contrast to A.
pearcei; p3 anteroposteriorly compressed,
with one root, in contrast to 4. pearcei and
A. pattersoni. Lower fourth premolar broader
than in 4. pearcei and A. sublettensis and rel-
atively more distended buccally than in other
Anemorhysis species, but with strong para-
conid as in 4. pearcei and A. sublettensis and
in contrast to A. pattersoni. Talonid of p4
with well developed hypoconid and entoco-
nid; talonid basin wider than in 4. pearcei,
about as wide as in A4. pattersoni and A. sub-
lettensis but shorter than in A. sublettensis.
Molar talonid basins slightly narrower than
in 4. pattersoni.

Discussion. —In addition to the holotype,
only USGS 12218 from USGS locality
D-1583 (about 630 m level) is referred to this
taxon. USGS 12218 is a left dentary fragment

with p4-m?2. It is slightly larger than the ho-
lotype, and the paraconid on m1l is not as
fully lingual in position as in the holotype. In
other respects, the two specimens are essen-
tially identical.

See Appendix 7 for measurements.

Genus STEINIUS Bown and Rose, 1984
20momys MATTHEW, 1915, p. 450 (part).
?Loveina SIMPSON, 1940, p. 188 (?L. vespertina

only).
Omomys GAzZIN, 1962, p. 32.
Uintanius SZALAY, 1976, p. 337 (part).
Steinius BowN AND ROSE, 1984, p. 98.

Type species. —?0momys vespertinus Mat-
thew, 1915, p. 450, only known species.

Diagnosis.—Lower molars differ from those
of most other anaptomorphines (e.g., Teto-
nius, Absarokius) in lacking marked basal in-
flation and in having cusps set near periphery
of crowns; m3 larger than in those genera.
Differs from Omomys in having smaller mo-
lar paraconids, m1 paraconid slightly less lin-
gual and m2-3 paraconids more lingual than
in Omomys carteri. Trigonids of m1-2 more
compressed anteroposteriorly than in Omo-
mys; paraconid and metaconid on m2-3
closely appressed and not separated by a
notch, in contrast to Omomys, Uintanius, and
Loveina. Differs from Uintanius in having
m1 with much more compressed trigonid (not
tilted backward), and broader talonid, and in
having more lingual paraconids on m2-3.
First two lower molars differ from those of
Loveina in having broader trigonids and tal-
onids; m2 trigonid more compressed antero-
posteriorly than in Loveina, with paraconid
more lingually situated and close to meta-
conid. Lower fourth premolar, judging from
alveoli, longer than in Loveina, about same
size as in Omomys.

STEINIUS VESPERTINUS
(Matthew, 1915)
(not figured)

20momys vespertinus MATTHEW, 1915, p. 450 (ho-
lotype only), fig. 22; GINGERICH, 1981, p. 358.

?Loveina vespertina SIMPSON, 1940, p. 188.

Omomys cf. vespertinus GAzIN, 1962, p. 32, PL. 5,
fig. 2.

Omomys vespertinus RUSSELL, Louls, AND SAv-
AGE, 1967, p. 3.

Uintanius vespertinus SZALAY, 1976, p. 337 (ho-
lotype only), figs. 117 (part), 118 (part).
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Steinius vespertinus BOWN AND RosEg, 1984, p. 99,
figs. 1, 2.

Holotype.— AMNH 16835, fragment of left
ramus with m1-3; Willwood Formation, Big-
horn Basin, Wyoming.

Hypodigm.—The type specimen and UW
1647, 15675; USGS 502, 3854, 5995, 6623,
16454; YPM 24982.

Distribution. — Willwood Formation, low-
er Eocene (late early Wasatchian-lower and
middle Bunophorus Interval Zone of Schank-
ler, 1980), at least 438—463 m interval, south-
ern Bighorn Basin, Wyoming; Indian Mead-
ows Formation (near base—see Winterfeld,
1986), lower Eocene (early Wasatchian),
Green River and western Wind River Basins,
Wyoming.

Diagnosis. —Only known species; as for ge-
nus.

Discussion. —To the hypodigm of Steinius
vespertinus recognized by Bown and Rose
(1984) two specimens are added: UW 15675,
a left dentary fragment with m2-3 from UW
locality V-80027 near the base of the Indian
Meadows Formation of the Wind River Ba-
sin, and USGS 16454, from locality D-1699
at the 463 m level of the Willwood Forma-
tion. These specimens conform in every way
with other teeth of Steinius from the Will-
wood Formation.

See Appendices 7 and 8 for measurements.

Genus CHLORORHYSIS Gazin, 1958

Chlororhysis GAzIN, 1958, p. 27; 1962, p. 32;
SzALAY, 1976, p. 177; BowN AND ROSE, 1984,
p. 105.

Type species. —Chlororhysis knightensis
Gazin, 1958, p. 27.

Included species.—C. knightensis and C.
incomptus.

Distribution. —Late early through late
Wasatchian (early Eocene) of Wyoming.

Diagnosis.—Canine relatively large as in
primitive Teilhardina, relatively larger than
in Anemorhysis or Tetonius. Second lower
premolar relatively large as in Absarokius and
Loveina, not small as in Tetonius. Last two
lower premolars relatively narrow and un-
inflated, in contrast to Tetonius and Absa-
rokius, and proportionately narrower than in
Teilhardina and Loveina. Metaconid on p4
lacking or very small and lower in position

than in either Teilhardina or Anemorhysis.
Heel of p4 not basined as in Anemorhysis.

CHLORORHYSIS INCOMPTUS
Bown and Rose, 1984
(not figured)

Chlororhysis incomptus BOWN AND ROSE, 1984, p.
105, fig. 3.

Holotype. —YPM 24997, fragment of right
dentary with p3—4 and root of p2 (Bown and
Rose, 1984, fig. 3).

Hypodigm. —The type specimen only.

Distribution. —Type locality only; Will-
wood Formation, lower Eocene (late early
Wasatchian—probably from upper part of
Bunophorus Interval Zone of Schankler,
1980), near 450 m level, southern Bighorn
Basin, Wyoming.

Diagnosis. —Differs from Chlororhysis
knightensis in having narrower p3—4 with less
pronounced buccal distension of crown; p3—
4 with shorter, weaker paracristids and with
no paraconid or metaconid (from Bown and
Rose, 1984).

Discussion.—No additional specimens of
this rare species have come to light since its
description by Bown and Rose (1984). Given
its unique occurrence and the absence of any
known Teilhardina—-Chlororhysis intermedi-
ates in the Bighorn Basin, it is likely that C.
incomptus was another in a wave of immi-
grant mammals into the Bighorn Basin dur-
ing the time represented by the 425-490 m
interval.

See measurements in Appendix 7.

Genus TETONIUS Matthew, 1915

Anaptomorphus Copg, 1882a, p. 152 (A. homun-
culus only); 1882b, p. 73; 1884, p. 249; OSBORN,
1902, p. 200 (part).

Tetonius MATTHEW, 1915, p. 457 (T. homunculus
only); SZALAY, 1976, p. 196 (part); BowN, 1979a,
p. 78 (part).

cf. Anemorhysis MCKENNA, 1960, p. 65 (cf. A.
minutus only).

?Tetonoides ROBINSON, 1967, p. 187.

Type species. — Anaptomorphus homuncu-
lus Cope, 1882, p. 152.

Included species. — The type species and T.
matthewi n. sp., T. mckennai n. sp., and Te-
tonius sp.

Distribution. —Early Wasatchian (early
Eocene) of Wyoming and Colorado.

Revised diagnosis. —Primitive omomyid
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with lower dental formula 2.1.2.3. or 2.1.3.3.
Lower third premolar relatively unreduced
and with two roots; anterior teeth evenly
spaced and anterior of dentary not foreshor-
tened as in Pseudotetonius. Larger than Teil-
hardina and with relatively broader (basally
more inflated) cheek teeth, taller p4, and rel-
atively more reduced c and p2. Lower fourth
premolar generally not as tall or as ventro-
buccally distended as in Absarokius, and p2
smaller than in Absarokius; il always much
larger than i2 and i11-2 larger and more pro-
cumbent than in Absarokius.
Discussion.—The revised concept of Te-
tonius employed here allows discrimination
of this genus from its close relatives Teilhar-
dina, Pseudotetonius, and Absarokius. Teto-
nius is one of the most familiar generic names
in the literature on fossil primates, yet the
precise taxonomic position of the type species
is uncertain (see discussion on T. homun-
culus). Despite this technical problem, the
concept of Tetonius used here coincides for
the most part with that of previous authors.

TeTONIUS HOMUNCULUS (Cope, 1882)
(not figured)

Anaptomorphus homunculus Copg, 1882a, p. 152;
1882b, p. 73; 1884, p. 249, P1. 24e, fig. 1; OSBORN,
1902, p. 200 (holotype only), fig. 24.

Tetonius homunculus MATTHEW, 1915, p. 459 (ho-
lotype only), fig. 30; GREGORY, 1920, PL 51;
SzALAY, 1976, p. 197 (holotype only), fig. 15.

Holotype.— AMNH 4194, nearly complete
skull with right P3-M3 and left C, P3-M3
(Szalay, 1976, fig. 15).

Hypodigm.—The type specimen only.

Distribution. — Type locality only. Un-
known level of Willwood Formation (lower
Eocene), Bighorn Basin, Wyoming.

Diagnosis. —See discussion.

Discussion. —Only the type specimen is re-
ferred to Tetonius homunculus. By virtue of
the antiquity of the species name homuncu-
lus, the type skull of Tetonius homunculus
clearly has priority, not only as a valid species
but also as the earliest generic name for this
long recognized but poorly understood taxon.
Nonetheless, in view of a most peculiar and
even amusing taxonomic dilemma that sur-
faced in the course of this study, only Cope’s
type specimen (AMNH 4194) can be assigned
with certainty to this unquestionably valid
species.

T. M. BOWN AND K. D. ROSE

As will be shown below, P4-M3 in the Te-
tonius—Pseudotetonius lineage remained con-
servative in both size and morphology. That
lineage is instead characterized by gradual
but obvious evolution of the lower antemolar
dentition, i1-p3. It is most likely that similar
transformations occurred in corresponding
parts of the upper dentition; however, the
preserved crown dentition in the type skull
is restricted to the left canine and left and
right P3-M3; and no other known maxillary
specimens in the lineage preserve crowns an-
terior to P3.

The priorities of taxonomic names aside,
it would be absurd to contend that a well
preserved skull with most of the dentition is
an inadequate type specimen; it almost cer-
tainly is adequate to diagnose Tetonius ho-
munculus on skull morphology, but it is the
only known North American anaptomor-
phine skull and has proven to be inadequate
to assist in assigning the majority of speci-
mens potentially referable to it (largely lower
jaws) to its hypodigm (there is no lower den-
tition associated with the type skull). Because
P4 and the upper molars are virtually iden-
tical in Tetonius and Pseudotetonius, it has
proven impossible to assign any upper den-
titions to either genus using tooth size or mor-
phology alone. The stratigraphic position of
the type of Tetonius homunculus is unknown
(see discussion below). Stratigraphic data are
known for good, diagnostic lower dentitions
of Pseudotetonius, however, and upper den-
titions have been assigned to it on the basis
of stratigraphic position. In view of the large
sample available, it is extremely unlikely that
either taxon is represented by only upper or
lower dentitions.

To complicate matters even further, the
taxonomy of Tetonius and different authors’
constructs of the genus have had a long and
checkered history. Matthew (1915) originally
distinguished Tetonius from Anaptomorphus
on differences in their lower dentitions. He
based the lower dentition of 7. homunculus
on referred specimens that he believed to be
conspecific with the type, and that of Anap-
tomorphus on the (then) only known speci-
men, a lower jaw with p4—m2. In the same
paper, Matthew also distinguished his new
genus Absarokius from Tetonius principally
on characters of the lower dentition, even
though he figured a good maxillary of A4b-
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sarokius. Thus, even as early as 1915 (when
Tetonius was proposed) the type skull was
not used in diagnosing the genus.

Matthew used characters of the lower an-
temolar dentition to distinguish not only 7e-
tonius homunculus from Absarokius, but also
T. homunculus from what he perceived to be
a second new Tetonius species, T. ambiguus.
Because in Matthew’s day the dentition of 7.
homunculus anterior to p3 was unknown, the
lower dental formula of Tetonius was derived
from Matthew’s interpretation of the better
preserved type lower jaw of T. ambiguus
(=Pseudotetonius of Bown, 1974). This, Mat-
thew believed, was 0.1.2.3 and that formula,
or one similarly reduced, was believed to
characterize the lower dentition of Tetonius
for more than half a century.

In 1967, Robinson described a nearly com-
plete anaptomorphine lower jaw (CM 12190)
from the lower Willwood Formation that he
ascribed to ?Tetonoides. Simons (1972, p. 144,
fig. 52) assigned this specimen to Tetonius,
an assessment also reached by Bown and
Gingerich (1972). In 1974, Bown named
Pseudotetonius, basing his new genus on Mat-
thew’s (1915) type of Tetonius ambiguus.
Szalay (1976) described materials that he re-
ferred to Tetonius homunculus from north-
western Colorado, observing that some spec-
imens retained a tiny p2 (like that in CM
12190), whereas others did not. Since that
time, the lower dental formula of Tetonius
homunculus has generally been regarded to
be 2.1.2.3 or 2.1.3.3. The type of Pseudote-
tonius ambiguus, on the other hand, has been
variably placed in ?Tetonius ambiguus (Sza-
lay, 1976), Tetonius homunculus (Gingerich,
1980a, 1981), or accepted as valid (Schwartz,
1978; Krishtalka and Schwartz, 1978; Rose
and Bown, 1984). Gingerich (1980a) placed
Tetonius-like lower jaws retaining p2 in Te-
tonius steini (Seton, 1940) and those lacking
p2 in T. homunculus. Unfortunately, al-
though Seton provided an available name,
the type of his “Paratetonius™ steini is now
lost and it is impossible to ascertain from his
figures and description whether or not p2 was
present in the lower jaw. Hence, Paratetonius
steini is a nomen dubium.

What is significant from the foregoing is
that nearly all treatments of Tetonius and its
close relatives have been based principally or
exclusively on lower dentitions. Superb as it

is, the type skull has played little or no role
in the taxonomic assessment of the genus ex-
cept to serve as the type specimen of its type
species. A logical and defensible explanation
for the varying lower dental morphology and
lower dental formulae of Tetonius-like an-
aptomorphines has emerged from examina-
tion of relevant specimens in their strati-
graphic and evolutionary contexts (Rose and
Bown, 1984, and herein). But the dilemma
of what names to apply to different parts of
this sample (though parenthetical to the evo-
lution discussed here) has proven to be con-
siderably more difficult.

Accepting Tetonius homunculus as a valid
taxon, the problem becomes: which of the
numerous specimens of lower jaws with dif-
fering dental features belong to that species?
The possibilities are: 1) specimens typified
by CM 12190 (i.e., with a moderately large
11-2, large c, p2 present, and a large double-
rooted p3, here designated as stage 1); 2) spec-
imens exemplified by Matthew’s species am-
biguus (with a very large i1, very smalli2 and
¢, no p2, and a small crowned and single- or
bilobed-rooted p3, here designated stages 4
and 5, respectively); or 3) jaws with one of
several temporally intergrading morpholo-
gies intermediate between those of CM 12190
and Pseudotetonius ambiguus (here included
in stages 2, 3, or 4; see further discussion of
stages under the systematic headings Teto-
nius matthewi, Pseudotetonius ambiguus, and
Tetonius—Pseudotetonius intermediates, and
in the Evolution section).

In an attempt to discover where in the 7Te-
tonius—Pseudotetonius lineage the type of T.
homunculus belongs, the authors examined
the available data pertaining to lower canine
size, presence of p2 and P2, size of p3 and
P3, occlusal relations of upper and lower den-
titions, and what provenance data of the type
skull might suggest about its possible strati-
graphic position.

To the extent that the decrease in the lower
canine size seen in the Tetonius—Pseudote-
tonius lineage occurred concomitantly in the
upper canines (represented in the type skull
by the crown on the left side and the root on
the right), the evidence suggests that the roots
in the skull supported crowns somewhat
smaller than appropriate for occlusion with
cin CM 12190 (stage 1), and certainly much
too large to occlude properly with the tiny
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lower canines in Pseudotetonius ambiguus
(stage 5 and some stage 4). A single small P2
alveolus appears to be present in the right
maxillary of the type skull but the authors
cannot agree on whether an alveolus (lacking
the root) is present in the P2 position on the
left side. Presence of P2, however, does not
demonstrate that p2 existed in lower jaws,
because P2/p2 are too small to have occlud-
ed; hence p2 might have been lost but its
counterpart retained in either or both max-
illaries.

The crown of p3 became rapidly smaller
with respect to p4 crown size from early stage
3 through stage 5, as the roots first conjoin
and then finally fuse into a single small root.
Thus one might expect that P3 which, at least
early in the lineage, occluded with p3 also
became progressively smaller. Plots of rela-
tive length of P3, or relative area of P3 (Figure
16) show only a slight trend toward a smaller
P3, and suggest that the holotype of 7. ho-
munculus represents an intermediate (stage
2, 3, or 4) between T. matthewi and Pseu-
dotetonius ambiguus. But the data are too
limited for assignment of the skull on this
criterion to be very compelling. The type skull
clearly has longer tooth rows than do upper
dentitions of Pseudotetonius (stage 5 and some
stage 4), consequently lower dentitions of
Pseudotetonius do not occlude well with either
of the type maxillary dentitions. Even so, the
type left P3-M3 appears to be a bit too short
to occlude properly with CM 12190 (stage 1).
Therefore, a stage 2—4 position for the type
of Tetonius homunculus is supported by this
evidence.

Szalay (1976, p. 201) indicated that AMNH
41, a lower jaw and associated maxillae, was
collected from the same horizon and locality
as the type skull of Tetonius homunculus.
Could this be established, it would provide
an important clue to the evolutionary posi-
tion of the type with respect to the Tetonius—
Pseudotetonius lineage, if its morphology is
adequate to determine the species or stage it
represents, and if convincing evidence exists
that it indeed comes from the same horizon
as the type skull. Unfortunately, however,
both of these factors are questionable.

The anterior part of the lower jaw of AMNH
41 is relatively complete and includes the root
of a small tooth anterior to p3, interpreted
by Szalay as p2. If this were demonstrable,

the specimen would represent 7. matthewi
(stage 1) in the terminology presented here.
However, the root in question is larger than
that for p2 in stage 1 specimens and similar
in size to that of the canine in specimens that
lack p2. Although the jaw is complete ante-
riorly, it is poorly preserved and appears to
have room only for i11-2 anterior to the small
root, supporting interpretation of the small
root as that of the canine and not p2. The p3
is damaged but appears to have two coalesced
roots most typical of stage 3 intermediates in
the Tetonius—Pseudotetonius lineage. Be-
cause the other evidence suggests a post-stage
1 and pre-stage 5 position for the type of 7.
homunculus, and because all existing names
could be accommodated by demonstrating
that the type of T. homunculus represents
stage 3, AMNH 41, if actually from the same
locality, is a critical specimen. Unfortunately,
as will be shown now, even a respectable de-
gree of synchroneity cannot be verified on the
existing evidence.

Matthew (1915, p. 460, caption to his fig.
30) noted that the type skull is from *““?Gray
Bull beds, Bighorn Basin, Wyoming,” and
that the lower jaw (AMNH 41, figured with
the skull) is from ““. . . the same horizon and
locality.” However, a passage by Wortman
(1904, p. 212), who actually collected both
specimens, illustrates the imprecision of the
provenance data:

“A second species, A. homunculus, was de-
scribed by Cope from the now famous cra-
nium found by me in the Basin of the Big
Horn, in 1881. This cranium, together with
a second specimen (No. 41 of the American
Museum collection) which I also discovered
in 1891, in the same region [our emphasis]

The literal reading of the statements by
Matthew and by Wortman is critically im-
portant. In view of the nature of locality in-
formation accompanying fossils from the
Bighorn Basin from 1880-1913, it is most
probable that by ‘. . . the same horizon and
locality” Matthew meant only “?Gray Bull
beds, Bighorn Basin, Wyoming.”” The label
with AMNH 41 does not add any new in-
formation and, unless Matthew had precise
information from Wortman regarding the lo-
cality of the skull (and this information does
not survive), AMNH 41 does not assist at all
in elucidating the geographic (and thereby the
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TABLE 4—Statistics for lower teeth of Tetonius mckennai
n. sp. Significant differences from Tetonius sp. are in-
dicated by * (P < 0.01) and ** (P < 0.001). All means
are significantly smaller than in Tetonius matthewi n.
sp. (P < 0.001). Data from Appendix 7.

Dimen-
sion n OR X s

p3L 3 1.35-1.50 1.43* 0.076
p3I W 3 1.10-1.30 1.17* 0.115
p4 L 5 1.60-1.80 1.70 0.079
p4W 5 1.40-1.60 1.51* 0.074
ml L 5 2.00-2.10 2.06 0.055
ml W 5 1.60-1.75 1.64** 0.065
m2L 2 1.90-2.00 1.95%* 0.070
m2 W 2 1.65-1.70 1.68* 0.035

approximate stratigraphic) position of the
type of Tetonius homunculus. Nonetheless,
there is some circumstantial evidence of the
probable general locality of the type skull that
could bear on its identity.

In a detailed recapitulation of Wortman’s
probable progress across the Bighorn Basin
in 1881, Gingerich (1980b, p. 10) cogently
reasoned that the majority of his collection
(including the type skull) was obtained “. ..
in the extensive badlands just south of where
the main road through the basin crossed the
Greybull River, i.e., in the vicinity of Dorsey
Creek south of Otto.” The skull was found
ina “limestone” nodule (Cope, 1882a), struc-
tures (calcrete glaebules) that do not occur in
the extensive Willwood badlands south and
east of the town of Worland (Bown, 1979a).
If, as Gingerich opines, Wortman moved
generally northward following the Bridger
Trail and stayed near sources of water, the
next major area of Willwood badlands is in-
deed the Dorsey Creek area. There, fossils
are found commonly in calcrete nodules and
the best exposed and most accessible Will-
wood section is that in the 260-360 meter
interval, yielding fossils of stages 2-5 in the
Tetonius—Pseudotetonius lineage.

Admittedly, all of the evidence outlined
above is circumstantial. It is concluded that
the type of Tetonius homunculus is almost
certainly more advanced than stage 1 (T.
matthewi). It is probably more advanced than
stage 2 and less advanced than stage 5 (Pseu-
dotetonius ambiguus), and most probably
represents stage 3 or 4. However, because of
the great uncertainties remaining, and be-
cause putting the name Tetonius homunculus
on many specimens does not add to the evo-
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FIGURE 16 —Relative size of P3 in the Tetonius—
Pseudotetonius lineage from the Bighorn Basin,
showing equivocal position of the holotype of
Tetonius homunculus (Cope) (indicated by open
diamond arbitrarily placed at 300 m; strati-
graphic level unknown). Left graph depicts the
ratio of the natural logarithms of P3 area
(length x breadth) to P4 area; right graph de-
picts ratio of P3 length to P4 length.

lutionary picture, the hypodigm of T. ho-
munculus is restricted to the type specimen.
Even if one prefers to place stage 3 and/or
stage 4 anaptomorphines in 7. homunculus,
that species could still only be distinguished
from the older T. matthewi or the younger
Pseudotetonius ambiguus on a purely arbi-
trary stratigraphic basis (see discussion of this
lineage in Evolution section).
See Appendix 8 for measurements.

TETONIUS MCKENNAI n. Sp.
Figure 16.2
Anemorhysis minutus MCKENNA, 1960, p. 65, figs.

32, 33.
Tetonius sp. SZALAY, 1976, p. 207 (part), fig. 29.

Holotype.—UCMP 46192, left dentary with
i1-2, ¢, p3—m2, and alveolus for p2; Alheit
Pocket, Sand Wash Basin, northwest Colo-
rado.
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FIGURE 17— Tetonius matthewi n. sp. (stage 1), holotype, CM 12190, left dentary with il (crown
missing)-i2, ¢, p2—4, m1-3 (about 180 m). /, 2, occlusal and lateral views. From Robinson (1968),
published with permission of P. Robinson and the Carnegie Museum. Scale is 5 mm.

Hypodigm. —The holotype and UCMP
44158,46194, 47159 (all from Alheit Pocket),
and questionably AMNH 80078 (from East
Alheit Pocket).

Distribution. — Alheit Pocket and East Al-
heit Pocket, Hiawatha Member of Wasatch
Formation (lower Eocene), Sand Wash Basin,
northwest Colorado.

Etymology. —For Malcolm C. McKenna,
who collected and first described these spec-
imens, and in acknowledgment of his many
important contributions to the paleontology
of Eocene mammals.

Diagnosis. —Smallest species of Tetonius,
intermediate in size between Teilhardina
americana and Tetonius sp. (see below); ca-
nine relatively smaller, p4 taller, and p4 and
m1 slightly longer and broader than in Teil-
hardina americana, but smaller, especially
narrower, than in all other Tetonius species.
Lower dental formula 2.1.3.3,, as in 7. mat-
thewi, with p2 present in contrast to other
species of Tetonius.

Discussion. —Szalay (1976) correctly allo-
cated these specimens to Tetonius and con-
sidered them either a distinct species or a
smaller, gracile variant of T. homunculus
(samples here referred to T. matthewi n. sp.).
All five specimens appear to be severely
abraded or chemically eroded, but this can-
not fully account for their small size. Mor-
phologically, they are perfectly intermediate
between Teilhardina americana (from which
they probably descended) and the small spec-
imens designated below as Tetonius sp., from
the Bighorn Basin (the resemblance of these
specimens to 7eilhardina was first noted by
Russell et al., 1967). They are significantly
smaller than Tetonius matthewi in all dimen-
sions (Table 4), thus 7. mckennai strengthens
the probability that Tetonius descended di-
rectly from Teilhardina americana.

The known sample of T. mckennai cannot
represent the ancestral population that gave
rise to T. matthewi and Tetonius sp. (since
all three occur at East or West Alheit Pocket
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FIGURE 18— Tetonius matthewi n. sp. (stage 1), YPM 35016, right dentary with p3-m3 and alveoli of
c and p2 (140 m). /, 2, occlusal and lateral views, respectively. Scale is 5 mm.

quarries), but an older sample of T. mckennai
may have been the ancestor.
See Appendix 7 for measurements.

TETONIUS MATTHEWI n. Sp.
Figures 15.3, 17-20, 25.3

?Tetonoides sp. ROBINSON, 1967, p. 187, fig. 1.

Tetonius homunculus? McKENNA, 1960, p. 72
(UCMP 44159, 44290, 44769 only).

Tetonius homunculus BowN, 1974, figs. 4, 5a;
1979a, p. 78 (part), fig. 49c; SzaLAY, 1976, p.
197 (part), figs. 22, 24, 26 (part); ROSE AND BOwWN,
1984, p. 250, fig. 2; 1986, p. 125, fig. 5.

Tetonius steini GINGERICH, 1980a, fig. 4 (part).

Holotype.—CM 12190 (Figure 17), left
dentary with nearly complete dentition—il
(crown broken)-m3 (hypoconulid of m3
missing)—representing stage 1; from Section

10 or 11, T50N, R94W, Big Horn County,
Wyoming. A more precise location is un-
known; however, this area is surrounded by
sites tied into the stratigraphic section. Hence,
its stratigraphic position can be confidently
estimated asabout 180 m + 10 m. CM 12190
now appears to be lost, but its use as the
holotype is justified because it is unequivo-
cally the best specimen whose locality and
stratigraphic level are reasonably precise, it
has been well illustrated in the previous lit-
erature (e.g., Robinson, 1967; Szalay, 1976),
and many high-resolution epoxy casts of it
are available at several museums.
Hypodigm.—The holotype, and the fol-
lowing specimens; the latter are assigned by
morphology (M) and/or stratigraphic occur-
rence (S); for specimens followed by a query
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FIGURE 19— Tetonius matthewi n. sp. (stage 1),
RAM 575, right dentary with i2, ¢, p2-3, and
roots of i1, p4~m1 (meter level unknown). 1-3,
occlusal, medial, and lateral views, respectively.
Scale is 5 mm.

(7), stage assignment (to either stage 1 or stage
2) is uncertain, but these specimens can be
confidently assigned to 7. matthewi (see di-
agnosis and following discussion for expla-
nation of stages). It is emphasized that all
assigned specimens conform well with the
holotype and other positively referred spec-
imens, but some are not well enough pre-
served to have many diagnostic characters.
1) Central and southern Bighorn Basin,
stage 1: USGS 483, 7198; YPM 23167,

306767, 33223?, 33246, 35016; DPC 12637,
UKMNH 8662 (all M, S). YPMPU 17687,
17693; DPC 2976, RAM 575; UM 85970;
YPM 23031 (all M). USGS 481, 490, 3649,
7191, 7265, 9151, 9154, 9221, 9225; UW
7110, 7188, 7204, 7223, 7228, 7271, 7325,
8830, 9412, 10246; YPM 23169, 23568,
23618, 30709, 30722 (all S).

2) Central and southern Bighorn Basin,
stage 2: USGS 499?, 1643?, 3857, YPM
30524; UW 65327 (all M, S).

3) Central and southern Bighorn Basin,
stage 1 or 2: USGS 497, 501, 508, 509, 3856,
5937, 5938, 5941, 6634, 7197, 7205, 8992,
15408; UW 8901, 8910, 10356, 10357, YPM
23182, 24366, 26621, 30486, 30542, 30674,
30677, 30682-30685, 30688, 30690, 30693~
30695, 30702, 30704, 30707, 30710-30712,
30714, 30718, 31379, 33261 (all S). USNM
19146 (M).

4) Clark’s Fork Basin, stage 1: USGS 2326;
UM 69787, 69817, 71393, 79540 (all M, S).
UM 79232 (M).

5) Clark’s Fork Basin, stage 2: UM 76767
M, S). USGS 479; UM 79332 (both M).

6) Clark’s Fork Basin, stage 1 or 2: USGS
2333; YPMPU 18139; UM 66219, 69611,
73913, 76771, 78969, 79335, 83122, 85777
(all M, S). UM 793717, USGS 5985 (M).
USGS 480, 2252, 2334, 2335; MCZ 20853;
YPMPU 23088; UM 71135, 71229, 71383,
71537, 71546, 73911, 75006, 76675 (all S).

7) Laramie Basin, stage 1: UW 11382 (M).

8) Laramie Basin, stage 2: UW 10053? (M).

9) Sand Wash Basin, stage 1: AMNH
59619, 80077?, 80086, 80951? (all M, East
Alheit Pocket).

10) Sand Wash Basin, stage 2: AMNH
80075, 88888; UCMP 44159 (all M, East Al-
heit Pocket). UCMP 1185427, 1185437 (both
M, Sand Quarry).

11) Sand Wash Basin, stage 1 or 2: AMNH
59634 (M, East Alheit Pocket); UCMP 44290
(M, West Alheit Pocket); UCMP 44769? (M,
Sand Quarry); UCMP 59422? (M, Timber-
lake Quarry).

Distribution. —Willwood Formation, 64—
190 m interval in the central and southern
Bighorn Basin (lower Haplomylus-Ectocion
Range Zone of Schankler, 1980); approxi-
mately 230-330 m interval in the Clark’s Fork
Basin (1,750-1,850 m interval of Gingerich’s
1982 section). “Wind River” Formation,
Laramie Basin, Wyoming; Wasatch Forma-
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FIGURE 20— Tetonius matthewi n. sp. (stage 1), YPM 23031, left dentary with p2-m3 (meter level
unknown). I, 2, occlusal and lateral views, respectively. Scale is 5 mm.

tion, Sand Wash Basin (Four Mile area of
McKenna, 1960), northwest Colorado.

Etymology. —For W. D. Matthew, in rec-
ognition of his pioneering contributions to
Eocene mammals of the Bighorn Basin in
general, and to the omomyid primates in par-
ticular.

Diagnosis. —Larger than T. mckennai; p2
either present but very reduced (stage 1) or
absent in some latest-occurring individuals
(stage 2). Third lower premolar relatively un-
reduced and always with two roots, in con-
trast to stage 3 and 4 Tetonius and Pseudo-
tetonius. Antemolar teeth evenly spaced, not
compressed together as in latter two stages of
Tetonius and Pseudotetonius.

Discussion. —Specimens referred here to

Tetonius matthewi constitute much of the
sample considered to be T. homunculus by
previous workers—specifically, larger stage 1
and contemporaneous primitive stage 2 spec-
imens of Tetonius. Stage 2 specimens as-
signed here occur only in the latest part of
the range of T. matthewi (180-190 m in the
Bighorn Basin, 330 m in the Clark’s Fork
Basin) and are identical to stage 1 except that
they lack p2 (see further discussion of stages
in Evolution section). Smaller stage 1 and
stage 2 specimens are considered under the
next heading, whereas stage 2 specimens from
stratigraphically above the last occurrence of
stage 1 (> 190 m in the central Bighorn Basin)
are designated as Tetonius—Pseudotetonius
intermediates (see below). Although it is pos-
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TaABLE 5—Comparative statistics for lower teeth of Te-
tonius matthewi n. sp. and Pseudotetonius ambiguus
(Matthew). Significant differences are indicated by *
(P < 0.01) and ** (P < 0.001).

Dimension n OR X K
Tetonius matthewi
p3L 55 1.50-1.90 1.72 0.091
p3 W 54 1.40-1.80 1.58 0.109
p4 L 72 1.85-2.35 2.05 0.122
p4 W 70 1.70-2.25 1.93 0.127
p4 L/m 51 0.79-1.04 0.91 0.047
ml L 72 2.00-2.50 2.27 0.096
ml W 70 1.75-2.50 2.10 0.119
m2L 49 2.00-2.35 2.19 0.086
m2 W 48 1.85-2.30 2.07 0.103
Pseudotetonius ambiguus
p3L 11  1.20-1.70 1.43**  0.154
p3 W 11 1.20-1.65 1.49 0.161
p4L 23 1.90-2.30 2.09 0.116
p4 W 23 1.70-2.30 2.03* 0.164
ml L 29 2.00-2.40 2.18%*  0.100
ml W 28 1.80-2.30 2.04 0.122
m2L 27  1.95-2.30 2.09**  0.094
m2 W 26 1.80-2.30 2.06 0.118

sible that 7. matthewi is synonymous with 7.
homunculus, this is unlikely and cannot be
demonstrated; consequently, a new name is
required (see previous remarks concerning
Tetonius homunculus).

Gingerich (1980b, 1981) used the name
Tetonius steini (without explanation) for ear-
lier specimens of Tetonius that retained p2,
while maintaining 7. homunculus for later
specimens lacking p2 (including those here
placed in Pseudotetonius ambiguus). The ho-
lotype and only known material of “Teto-
nius” steini (originally described as Parateto-
nius steini by Seton, 1940) apparently lacked
diagnostic parts of the dentition and is now
lost. Its recorded locality, “‘south Elk Creek,
Bighorn Basin,” is too vague to indicate
stratigraphic level (exposures there span about
the 130-370 m interval). Although it clearly
belongs to the Tetonius—Pseudotetonius lin-
eage, it is impossible to determine with cer-
tainty either the species represented or its
stratigraphic occurrence. Therefore, Parate-
tonius steini is here considered to be a nomen
dubium.

See Appendices 9 and 10 for measure-
ments, and Table 5 for basic statistics.

TETONIUS sp.
Figure 15.4

Tetonius homunculus? McKENNA, 1960, p. 72
(UCMP 44934 only).

TABLE 6—Statistics for lower teeth of Tetonius sp. Sig-
nificant differences from T. matthewi n. sp. are indi-
cated by * (P < 0.01) and ** (P < 0.001). See Table
4 for statistical differences from T. mckennai n. sp.
Data from Appendix 11.

Dimension n OR X s

p3L 9 1.50-1.70 1.58** 0.062
p3 W 9 1.20-1.50 1.37**  0.087
p4 L 17  1.70-1.95 1.81**  0.088
p4 W 17 1.50-1.80 1.66**  0.097
p4 L/ml L 13 0.74-0.93 0.84**  0.058
mlL 18 2.00-2.30 2.15%*  0.087
ml W 18 1.70-2.10 1.89%*  0.137
m2L 10 2.10-2.20 2.13 0.035
m2 W 10 1.80-2.10 1.97* 0.097

Tetonius homunculus SZALAY, 1976, p. 197 (UCMP
44934 and AMNH 59671 only); BowN, 1979a,
p. 78 (part), fig. 49a (UW 8960), 49b.

Referred specimens.—USGS 495, 1644,
5936, 5940, 9208, 15884; UW 6584, 7210,
7216,7910, 7919, 8960, 10355; YPM 30691,
30697, 33226 (all from the central Bighorn
Basin); UM 71379, 76674, 79537, 83394,
86219 (all from the Clark’s Fork Basin),
UCMP 44934; AMNH 59671 (all from East
Alheit Pocket, Sand Wash Basin).

Discussion. —Specimens clearly referable
to the genus Tetonius first occur at 64 m in
the Bighorn Basin Willwood Formation, but
whether or not they all belong to Tetonius
matthewi is uncertain. Although many teeth
of Tetonius in the 64-190 m interval fall
within the size range of subsequent samples
in this lineage, the specimens listed above
have significantly smaller teeth than in 7.
matthewi (Table 6) and in later samples in
the Tetonius matthewi—Pseudotetonius am-
biguus lineage. Moreover, the size range of
m1 in the 100-190 m interval (0.35-0.40 log
units) and of p4 in the 1806-190 m interval
(nearly 0.60 log units) exceeds that typical of
a single lineage at any other stratigraphic level
by about 50%. For these reasons, it is likely
that two species of Tetonius (perhaps sibling
species) coexisted at least in the upper part
of the 64-190 m interval in the Willwood
Formation, and at comparable levels in the
Clark’s Fork and Sand Wash Basins.

In the specimens referred to Tetonius sp.,
p3 and p4 are smaller than m1 and are rel-
atively much smaller than p3 and p4 in 7.
matthewi (Tables 5, 6) and stage 2-3 Teton-
ius—Pseudotetonius intermediates. The first
molar is at the extreme small end of the size



EOCENE PRIMATES FROM WYOMING 55

FIGURE 21—Tetonius matthewi—Pseudotetonius
ambiguus intermediate (stage 2), YPM 25026,
right dentary with ¢, p3—m2, and edges of alveoli
of i1-2 (290 m). 1, 2, occlusal and lateral views,
respectively. Scale is 5 mm.

range for T. matthewi and stage 2-3 Teto-
nius—-Pseudotetonius intermediates, or falls
beneath this range. Hence, these specimens
bridge the gap in size between the smaller 7.
mckennai and T. matthewi and might rep-
resent a transitional stage between them. All
those for which the anterior portion of the
dentition is suitably preserved possess p2 (as
in stage 1 = T. matthewi, as defined here),
except UCMP 44934, which appears to lack
p2.

Despite suggestive evidence that two
species of Tetonius coexisted in the lower
Willwood Formation, clear differentiation of
Tetonius sp. from T. matthewiis no easy task,
for size and morphology intergrade imper-
ceptibly. It is not impossible that some spec-
imens listed here are small individuals of 7.
matthewi, while some listed under that species
might instead be large representatives of 7e-
tonius sp. Indeed, upper teeth at hand do not
reveal as broad a range of size as lowers, and
no attempt was made to separate them; hence,
some of the smaller specimens of upper teeth
here assigned to 7. matthewi may belong to
this sample. Critics may claim that if the two

FIGURE 22—Tetonius matthewi—-Pseudotetonius
ambiguus intermediate, USGS 6555, right den-
tary with ¢, p3-m1, and roots of i1-2 (344 m).
1-3, occlusal, lateral, and medial views, respec-
tively. This specimen is stage 2 in p3 roots but
about stage 4 in size of p3 and compaction of
anterior teeth. Scale is 5 mm.

samples cannot be consistently distinguished,
then all specimens should be allocated to the
same species. However, if two very similar
species were present (as inferred here) the im-
portance of recognizing this probability out-
weighs the drawback that some specimens
may be improperly allocated. Because the
combined Tetonius matthewi—Tetonius sp.
sample exemplifies greater biometric breadth
than that seen in any other anaptomorphine



56

T. M. BOWN AND K. D. ROSE

s P st S
oA Tl T S




EOCENE PRIMATES FROM WYOMING 57

FIGURE 24— Tetonius matthewi—Pseudotetonius ambiguus intermediates, SEM stereophotographs, oc-
clusal views. 1, USGS 3841 (stage 2), left i2, ¢, p3-m3, and root of i1 (264 m); 2, UW 10212 (stage
3), right p3—-m3, alveolus for c, and roots of i1-2 (322 m). Scale is 5 mm.

species studied here, the requirements of ar-
tificial diagnoses regarding how to discern dif-
ferent species may be inadequate to express
potential species differences between closely
related species.

The position that Tetonius sp. holds with
respect to 7. matthewi is tantalizingly similar
to that which obtains between coeval samples
of Absarokius abbotti and A. metoecus n. sp.
at a much higher interval in the Willwood
section (see discussion of evolution in genus
Absarokius below). The signal difference is

that in the case of Absarokius much more of
the lineage is preserved. A case is made below
for the gradual cladogenetic splitting of the
Absarokius lineage, coupled with an initial
profound increase in the biometric variabil-
ity of the ancestral species, A. metoecus n. sp.
It seems likely, in view of this evidence, that
coeval Tetonius matthewi and Tetonius sp.
also document an increase in biometric vari-
ability around the time of gradual cladogen-
esis in the Tetonius lineage. However, in the
case of the Tetonius lineage, Tetonius sp. ap-

—

FIGURE 23— Tetonius matthewi—Pseudotetonius ambiguus intermediate (stage 3), UW 10212, right
dentary with p3-m3, alveolus for ¢, and roots of i1-2 (322 m). /-3, occlusal, lateral, and medial

views, respectively. Scale is 5 mm.
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pears to have gone extinct in the Bighorn
Basin before consolidation of the variability
was effected in the two lines.

See Appendices 10 and 11 for measure-
ments.

TETONIUS-PSEUDOTETONIUS
INTERMEDIATES
Figures 21-24, 25.2

Discussion. — A large number of specimens
are both stratigraphically and morphologi-
cally intermediate between Tetonius mat-
thewi and Pseudotetonius ambiguus, making
their taxonomic assignment problematical.
Were they allocated arbitrarily to one or the
other species, their critical attributes as evo-
lutionary intermediates might well be over-
looked. All of them belong to stage 2, stage
3, or stage 4 (but not all stage 2 and stage 4
individuals are classified as intermediates).
Morphologically, these stages intergrade im-
perceptibly from one to the next, with 7. mat-
thewi and P. ambiguus simply constituting,
respectively, the stratigraphically lowest and
highest end members. As observed above,
even the distinction of these two species from
their bounding intermediates is wholly ar-
bitrary in the morphological sense because of
this temporally intergraded morphology.
Thus stage 2 specimens from within the
stratigraphic range of stage 1 are assigned to
T. matthewi, while stage 4 specimens coin-
cident with stage 5 are allocated to P. am-
biguus.

The intermediate nature of these samples
is underscored not only by the gradual ac-
quisition of various morphologic traits (see
Evolution section), but also by biometric
analysis. Tetonius maitthewi and Pseudote-
tonius ambiguus are demonstrably different
in antemolar morphology and configuration,
and in length of p3, m1, and m2 (P < 0.001,
Table 5). However, in no case does any of
these tooth lengths show a significant differ-
ence (of P < 0.01) between successive sam-
ples in the sequence of Tetonius matthewi

TABLE 7—Comparative statistics for lengths of p3, ml,
and m2 in Tetonius matthewi—-Pseudotetonius ambig-
uus intermediates of stages 2, 3, and 4. These dimen-
sions display the most significant differences between
T. matthewi n. sp. and P. ambiguus (Matthew) (see
Table 5). None of the means for successive stages—
including 7. matthewi vs. stage 2 intermediates, and
stage 4 intermediates vs. P. ambiguus—is significantly
different at P < 0.01. The greatest difference is in p3
L in stage 2 vs. stage 3 (P < 0.02).

Dimension n OR X K
Stage 2
p3L 24 1.45-1.80 1.69 0.096
ml L 19 2.10-2.40 2.24 0.098
m2 L 15 2.00-2.30 2.16 0.096
Stage 3
p3L 11 1.45-1.70 1.60 0.096
ml L 11 2.10-2.35 2.20 0.096
2L 9 1.90-2.40 2.14 0.145
Stage 4
p3L 2 1.30-1.60 1.45 0.212
mlL 1 — 2.20 -
2L 2 2.15-2.20 2.18 0.035

intermediates of stages 2, 3, 4, and Pseudo-
tetonius ambiguus (Table 7).

A convenient stratigraphic gap in the tem-
poral distribution of specimens in the Teto-
nius—Pseudotetonius lineage (above 190 m in
the central Bighorn Basin and above Gin-
gerich’s (1982) 1,850 m level in the Clark’s
Fork Basin) was used to demarcate 7. mat-
thewi from subsequent intermediates. Simi-
larly, stage 4 and stage 5 specimens from
above 345 m (2,050 m in the Clark’s Fork
Basin)—again an arbitrary datum—are as-
signed to Pseudotetonius ambiguus.

Because the proposed stages themselves are,
like the species 7. matthewi and P. ambiguus,
selected from a temporally and morpholog-
ically graded continuum, many of the inter-
mediates do not fit neatly into one or another
of these stages (e.g., p3 in USGS 6555 (Figure
22) is nearly as reduced as in stage 4 but
retains two distinct roots, as in stage 2), and
there is substantial overlap in their strati-
graphic occurrences. Nonetheless, the mor-

—

FIGURE 25—Upper teeth of Tetonius and Pseudotetonius. 1, composite right P3-M3 based on P.
ambiguus (Matthew), USGS 3860, P3—4 (364 m), and advanced 7. matthewi—P. ambiguus inter-
mediate, USGS 9202, M1-3 (344 m); 2, T. matthewi—P. ambiguus intermediate, USGS 5992, right
M1-3 (262 m): note incipient mesostyles on M1-2; 3, T. matthewi n. sp., UM 76675, right P3-M3
and alveoli for C and P2 (Clark’s Fork Basin, 240 m). Scale is 5 mm.
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phologic trend is clearly directional in the
stratigraphic sense from the earlier 7. mat-
thewi to the younger P. ambiguus. In the fol-
lowing list, specimens that are more pro-
gressive than typical for one stage but less so
for the next stage are indicated by a slash (e.g.,
stage 2/3). An asterisk (*) denotes specimens
assigned by morphology but lacking strati-
graphic data, and a query (?) marks specimens
whose stage assignment is probable but not
certain due to ambiguous or obscured mor-
phology. No consistent, reliable differences
have been discerned in upper cheek teeth from
one stage to another. Consequently, upper
dentitions are assigned to species or stage
based on association with diagnostic lower
dentitions and/or stratigraphic occurrence
(where only one species or stage is present at
a given level).

See Appendices 12 and 13 for measure-
ments.

Referred specimens. —Stage 2 (Figures 21,
22,24.1)—p2 absent, p3 relatively unreduced
and with two roots, or somewhat reduced
with two roots progressively more com-
pressed in younger samples (advanced stage
2, indicated by a); anterior teeth otherwise
showing little compression: 1) Central Big-
horn Basin—USGS 3841?, 3853 (a), 3879,
6555 (a), 9148 (a), 15415 (a); CM 11471,
12345, 12391; MCZ 19986* (a), 20826* (2/
3), 20863* (2/3); YPM 249807, 25015B,
250177, 25026, 25034 (2/3), 25044 (a), 25585
(a), 28203*, 30686?, 30708. USGS 504, 3843,
and 5934 represent stage 2 or stage 3, more
likely stage 2 judging from their low strati-
graphic levels; 2) Clark’s Fork Basin—USGS
2457 (a); UM 66695, 66807, 66821 (2/3),
66832, 72937, 72966, 73151 (2/3), 73206 (2/
3), 73231 (a), 80152.

Stage 3 (Figures 23, 24.2)—p3 somewhat
reduced with roots fused but bilobed or
U-shaped in occlusal view (one buccal root,
two apparent lingual roots); moderate
compression of spacing of antemolar teeth
and consequent shortening of anterior part of
dentary: 1) Central Bighorn Basin—USGS
3865 (3/4), 3873, 3874, 388272, 5994 (3/4),
9140, 9147, 15407, 15412; YPMPU 13218%*,
17686*, 17692*?, USNM 19151, 19152; UW
6192, 10212; YPM 25028, 25592?, 26022
2) Clark’s Fork Basin—UM 67306 (3/4),
67318, 69700 (3/4), 73264.

Stage 4—p3 noticeably reduced relative to
p4, with root weakly bilobed lingually and
very faintly bilobed or single-rooted buccally;
anterior teeth closely spaced and anterior part
of dentary distinctively short: Central Big-
horn Basin—USGS 3868, 5997; YPM
27219*.

The following specimens are in stages 2—4
of the Tetonius—Pseudotetonius transition,
based on stratigraphic occurrence, but they
lack stage-diagnostic lower antemolar mor-
phology: 1) Central Bighorn Basin—USGS
505, 507, 510, 511, 3840, 3842, 3844, 3845,
3861, 3862, 3866, 3875-3878, 3967, 5953,
5960, 5992, 5993, 6754, 6975, 7201, 7202,
9143, 9201, 9202, 13760, 15413, 15414,
15416; YPM 23184, 23185, 23189, 23614,
24349, 24976, 24985, 24999, 25006, 25019,
25021-25025, 25027, 25029-25033, 25035~
25038, 25041, 25043, 25497, 25550, 27167,
30503, 30504, 30519, 30525, 30675, 30678,
30679, 30681, 30687, 30696, 30699, 30700,
30715, 30716, 33272; AMNH 41; DPC 1407,
2) Clark’s Fork Basin—UM 65735, 66655,
66805, 72815, 72816, 72927, 72936, 72951,
72964, 72966, 72983, 73007, 73071, 73072,
73195, 73243, 74065, 76780.

The following specimens belong to the Te-
tonius—Pseudotetonius lineage but non-diag-
nostic morphology and lack of good strati-
graphic data preclude stage identification:
USGS 1738, 2467, 7200; AMNH 15064B,
15065; CM 12189, 12225; MCZ 17947,
19003, 19004, 20395, 20827, 20837; YPM
23095, 24371, 24374, 25016, 25020, 25705,
26043, 30465, 30713; UM 67329, 73125,
73150, 75687, 75697.

Genus PSEUDOTETONIUS Bown, 1974

Tetonius MATTHEW, 1915, p. 457 (part); Mc-
KENNA, 1960, p. 72 (part); SZALAY AND DELSON,
1979, p. 215 (part); GINGERICH, 1980a, p. 415
(part); 1981, p. 358 (part).

Trogolemur MCKENNA, 1960, p. 69.

Pseudotetonius BowN, 1974, p. 20; ROSE AND
Bown, 1984, p. 250; 1986, p. 125.

Tetonius? SzALAY, 1976, p. 207.

Mckennamorphus SzALAY, 1976, p. 249.

Type species.— Tetonius? ambiguus Mat-
thew, 1915, p. 462; only known species.
Diagnosis.— As for species.
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FIGURE 26— Pseudotetonius ambiguus (Matthew) (stage 4/5), holotype, AMNH 15072, left dentary
with p3-m2 and roots or alveoli of i1-2 and ¢ (?about 350 m). /-3, occlusal, lateral, and medial
views, respectively. Scale is 5 mm.
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FIGURE 28— Pseudotetonius ambiguus (Matthew) (stage 4/5), USGS 5973, right dentary with p3-m3,
root of ¢, and edges of incisor alveoli (346 m). /-3, occlusal, lateral, and medial views, respectively.
Scale is 5 mm.

—

FIGURE 27 — Pseudotetonius ambiguus (Matthew) (stage 4), MCZ 19010, left dentary with il, p3-m2,
and alveoli of i2 and ¢ (about 350 m). I-3, occlusal, lateral, and medial views, respectively. Scale
is 5 mm.
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FIGURE 29— Pseudotetonius ambiguus (Matthew)
(stage 5), YPM 30698, right dentary with p3—~
m2 and roots or alveoli of i1-2 and ¢ (370 m).
1-3, occlusal, lateral, and medial views, respec-
tively. Scale is 5 mm.

PSEUDOTETONIUS AMBIGUUS
(Matthew, 1915)
Figures 25.1, 26-29, 30.1

Tetonius ambiguus MATTHEW, 1915, p. 462, fig.
32; SzALAY AND DELsON, 1979, p. 215.

Trogolemur sp. MCKENNA, 1960, p. 69, fig. 34.

Tetonius homunculus? McKENNA, 1960, p. 72
(UCMP 44029, 44052, 44054 only), fig. 38.

Pseudotetonius ambiguus Bown, 1974, p. 20, figs.
1-3; RoSE AND BownN, 1984, p. 250, fig. 2; 1986,
p. 125, fig. 5.

Tetonius? ambiguus SzALAY, 1976, p. 207, figs.
26-28.

Mckennamorphus despairensis SzaLAY, 1976, p.
251, figs. 26, 28, 57; SZALAY AND DELSON, 1979,
p. 226, fig. 113.

Tetonius homunculus GINGERICH, 1980a, fig. 4
(part); 1981, p. 358 (part).

T. M. BOWN AND K. D. ROSE

Holotype.—AMNH 15072, left dentary
with p3-m2, roots of il and c, and alveolus
for 12 (Figure 26); Willwood Formation (low-
er Eocene), ““5 miles south of Otto, Bighorn
Basin, Wyoming.”

Hypodigm. —The holotype (stage 4/5) and
the following specimens assigned by mor-
phology (M) and/or stratigraphic position (S);
specimens in which the configuration of p3
is ambiguous are followed by a query (?) and
are assigned to their most probable stage.

1) Central Bighorn Basin, stage 4: USGS
3881, 3883?,6752; MCZ 19010; YPM 24981,
25042, 30689? (all M, S). AMNH 15064A,
YPM 23183 (both M).

2) Central Bighorn Basin, stage 5 (p3 very
reduced and with a single root, not bilobed):
USGS 3867, 5973 (4/5), 71997, 9144; JHU
66, 699; YPM 30698 (all M, S).

3) Central Bighorn Basin, stage 4 or 5:
USGS 3858-3860, 3884, 8842, 9087, 9141,
9155; JHU 156, 695; YPM 23181, 23187,
24992, 24994, 25040, 27933, 30673, 30703
(all S).

4) Clark’s Fork Basin, stage 4: UM 73453
M, S).

5) Clark’s Fork Basin, stage 5: UM 67329?,
7322472, 75037 (M, S).

6) Clark’s Fork Basin, stage 4 or 5: UM
75036? (M, S). UM 73462, 73484, 73452,
and probably (not seen) UM 73485, 75728,
76427, 80740, 83674, 83692, 83699, 83704,
83707, 83726, 83738 (all S).

7) Sand Wash Basin, Colorado, Despair
Quarry: UCMP 44055 (M) and probably (not
seen) UCMP 44029, 44052, 44054, AMNH
80060.

Distribution. — Willwood Formation (low-
er Eocene, Wasatchian), upper part of upper
Haplomylus-Ectocion Range Zone of
Schankler (1980), about 346-375 m interval
in the central Bighorn Basin and about 530-
590 m interval (2,050-2,110 m interval in
Gingerich’s 1982 section) in the Clark’s Fork
Basin. Despair Quarry, Hiawatha Member of
Wasatch Formation (lower Eocene), Sand
Wash Basin, northwest Colorado.

Revised diagnosis. — Anaptomorphine gen-
erally similar in size and morphology to Te-
tonius, but differing from that genus in the
combination of the following characters: low-
er dental formula 2.1.2.3, p3 reduced rela-
tive to p4, p3 with single anteroposteriorly
compressed root sometimes weakly bilobed
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FIGURE 30— Pseudotetonius and Absarokius, SEM stereophotographs. I, Pseudotetonius ambiguus
(Matthew) (stage 4), MCZ 19010, left i1, p3—m2, and alveoli of i2 and ¢ (about 350 m). 2, Absarokius
gazini n. sp., holotype, UW 1644, right p3-m3 and alveoli of i1-2, ¢, and p2 (late Wasatchian,

Sweetwater County, Wyoming). Scale is 5 mm.

lingually, ¢ and i2 much smaller and more
compressed, il more robust, and antemolar
portion of dentary shorter.

Discussion. —Matthew (1915) recognized
the distinctiveness of this taxon (which he
assigned to Tetonius) long before its strati-
graphic separation from more primitive Te-
tonius was known. In fact, he used the type
of P. ambiguus in first evaluating the lower
dental formula of genus Tetonius. Although
maintaining ambiguus as a valid species, Sza-
lay (1976) questioned its allocation to Teton-
ius (overlooking Bown’s (1974) proposal of
the genus Pseudotetonius). Gingerich (1980a,
1981), however, subsumed P. ambiguus
within Tetonius homunculus. Allocation of
the species to a separate genus, Pseudoteto-
nius, is defended by the conspicuous contrast
in the lower antemolar dentition. This re-
flects a significant adaptive shift in the den-
tition from that characterizing Tetonius.

Although specimens here assigned to Pseu-
dotetonius ambiguus are readily distin-
guished from the stratigraphically disparate
Tetonius matthewi (see also Table 5), the
transition between these forms is so gradual
and continuous that no discrete stratigraphic
boundaries or morphologic diagnoses can be
drawn (at either the generic or specific levels)
between either species and the series of in-
termediates that link them. Nor are such
boundaries evident between the intermedi-
ates themselves. An arbitrary boundary is
therefore proposed, one drawn stratigraph-
ically to include all stage 5 specimens in the
Tetonius—-Pseudotetonius transition, as well
as contemporaneous stage 4 specimens.

See Appendices 14 and 15 for measure-
ments.

Genus ABSAROKIUS Matthew, 1915
Anaptomorphus Loomis, 1906, p. 278.



66 T. M. BOWN AND K. D. ROSE

Absarokius MATTHEW, 1915, p. 463; MORRIS, 1954,
p- 199; GUTHRIE, 1967, p. 17; 1971, p. 64; GAZIN,
1952, p. 24; 1962, p. 37; SIMONS, 1972, p. 144;
SzALAY, 1976, p. 229; SZALAY AND DELSON,
1979, p. 219.

Type species. — Anaptomorphus abbotti
Loomis, 1906, p. 278.

Included species. —The type species and A.
metoecus n. sp., A. gazini n. sp., A. australis
n. sp., A. nocerai n. comb., A. witteri.

Distribution. —Latest early through late
Wasatchian (middle and late early Eocene)
and early Bridgerian (early middle Eocene)
of Wyoming; late Wasatchian of Colorado.

Revised diagnosis. —Teeth larger in mean
size than in Tetonius and Pseudotetonius;
mean p3/p4 and m3/m2 ratios smaller than
in Tetonius. Lower medial incisor much
smaller and canine much larger than in Pseu-
dotetonius; 11-2 much smaller and p2 much
larger than in Tetonius.

Discussion. —Matthew (1915) named Ab-
sarokius for Loomis’s (1906) Wind River Ba-
sin Anaptomorphus abbotti and erected A.
noctivagus for a more derived specimen from
the Bighorn Basin. Morris (1954) based the
last previously described species, A. witteri,
on a single lower jaw that clearly belongs to
a distinct and advanced species of Absaro-
kius. Robinson (1966) proposed the subspe-
cies A. noctivagus nocerai for additional dis-
tinctive Absarokius materials from the
Huerfano Formation of southern Colorado.

The large Absarokius sample from the Big-
horn Basin (more than 250 upper and lower
jaws with two or more teeth) is marked both
by considerable variability and intergrada-
tion of characters. Although the size ranges
of teeth in this sample are beyond those ex-
pected for a single species (see, e.g., Ginger-
ich, 1974b), there is no clear bimodal or poly-
modal distribution, nor any other clear size
separation at any level throughout the lower
half of the stratigraphic range. Nonetheless,
these Willwood specimens are unified taxo-
nomically in Absarokius by virtue of the
number, size, and configuration of the lower
antemolar teeth.

Only Absarokius abbotti and the new species
- A. metoecus represent Absarokius in the Big-
horn Basin. Although the type specimen of
A. noctivagus is from the Willwood Forma-
tion as well, in the pooled Willwood Absa-
rokius sample there is clear stratigraphically-

controlled overlap of all characters formerly
used to distinguish A. noctivagus from A. ab-
botti. Until larger samples of Absarokius are
known from the upper part of the Willwood
Formation, the holotype of A. noctivagus
(from the highest part of the range of Absa-
rokius) and several other similar specimens
from lower levels are best regarded as rela-
tively large, advanced end members of the
Absarokius abbotti lineage (see discussion un-
der A. abbotti below).

Robinson’s (1966) hypodigm of Absaro-
kius noctivagus nocerai from southern Col-
orado contains several species; the type of A4.
noctivagus nocerai is specifically distinct from
A. abbotti (including those specimens earlier
referred to A. noctivagus), and is here ele-
vated to specific rank.

Absarokius metoecus is in some ways mor-
phologically generalized and in other ways
morphologically advanced. It includes spec-
imens in the smallest part of the size range
for the pooled sample of Willwood Absaro-
kius, as well as many of those from the strati-
graphically lowest part of the range for the
genus in the Willwood Formation (at least 30
m beneath the occurrence of the lowest spec-
imens typical of A. abbotti). Nonetheless, in
spite of considerable and pervasive morpho-
logic overlap throughout most of the shared
stratigraphic ranges of the new species and A4.
abbotti, the A. metoecus line gradually di-
verged morphologically from that of 4. ab-
botti, apparently in the direction of early
Bridgerian Strigorhysis. Absarokius gazini n.
sp. is another divergently specialized species
from southwestern Wyoming, and A. aus-
tralis n. sp. is a new and distinct species from
southern Colorado.

Morphologic trends in Bighorn Basin 4b-
sarokius abbotti include tendencies toward
larger mean cheek tooth size (excluding m3),
increased hypertrophy of p4, and progressive
ventral distension of the posterobuccal part
of p4 to a point markedly ventral to the level
of the anterobasal margin of the crown of m1.
In some Absarokius species from outside the
Bighorn Basin, p2 is lost (4. nocerai, A. aus-
tralis n. sp., and A. witteri), and p3 becomes
very small (4. gazini n. sp., A. witteri, and A.
australis n. sp.) or is single-rooted (4. nocerai
and A. australis n. sp.—double rooted in all
other species). There is a tendency toward
even greater hypertrophy and buccal disten-
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sion of p4 (4. nocerai and A. witteri), in two
cases coupled with minor crenulation of the
enamel of the lower molar talonids (A4. witteri
and A. australis n. sp.). Absarokius metoecus
n. sp., on the other hand, shows trends toward
enlargement of the upper molar trigon basins,
transverse narrowing of M1-2, and crenula-
tion of the enamel of the upper molars, as
well as buccolingual compression of the tri-
gonid of m1 (effected by the extreme anterior
placement of the m1 paraconid). This m1l
morphology is also developed in 4. gazini n.
sp., a species that has also divergently de-
veloped markedly narrow lower molars and
somewhat enlarged incisors.

ABSAROKIUS ABBOTTI (Loomis, 1906)
Figures 31, 32, 33.1, 34.4, 44.3

Anaptomorphus abbotti Loomis, 1906, p. 278,
fig. 2.

Absarokius abbotti MATTHEW, 1915, p. 463, fig.
35; KeLLEY AND WoOD, 1954, p. 343, fig. 4;
GUTHRIE, 1967, p. 17, fig. 9; BowN AND
GINGERICH, 1972, p. 5, figs. 3, 4.

Absarokius abotti (sic) SzALAY, 1976, p. 231, figs.
42-45; SzaLAY AND DELSON, 1979, p. 219, fig.
109.

Absarokius, near A. abbotti GAzIN, 1962, p. 37, PL.
5, fig. 3.

Absarokius noctivagus MATTHEW, 1915, p. 465,
figs. 36, 37, GaziN, 1952, p. 24; GAzIN, 1962,
p. 38, Pl. 4, fig. 1; GUTHRIE, 1971, p. 64; SZALAY,
1976, p. 238, figs. 48-51 (part); SZALAY AND
DeLson, 1979, p. 219.

Holotype.— ACM 3479, right p3-m3 (Fig-
ure 44.3) and right M2-3; Cottonwood Creek,
Lysite Member of Wind River Formation,
Wind River Basin, Wyoming.

Hypodigm. —The holotype and the follow-
ing specimens:

1) Willwood Formation, Bighorn Basin,
Wyoming—USGS 322, 475, 485, 489, 493,
494, 503, 990, 991, 992, 1598, 1798, 1826,
1827, 2302, 3847, 3850-3852, 3869-3872,
3885-3890, 5944, 5945, 5947, 5949, 5954,
5956-5958, 5961, 5964, 5968, 5969, 5981,
5984, 6005, 6006, 6117, 6556, 6566, 6568,
6569, 6629, 6632, 6753, 7696-7699, 7701,
7702, 7786, 8030, 8133, 8305, 8322, 8634,
8682, 8933, 9138, 9139, 9145, 9149, 9150,
9161, 9162, 9163, 9165-9167, 9169, 9172,
9173, 9174, 9176, 9177, 9180, 9181, 9183,
9184, 9189-9192, 9200, 9885, 9898, 9907,
9911, 9971, 9994, 10038, 10055, 10111,
10153-10155, 12204, 12205, ?12206,

FIGURE 31— Absarokius abbotti (Loomis), USGS
1598, right dentary with p3-m3, root of ¢, and
alveoli of i1-2 and p2 (570 m). 1, 2, occlusal
and lateral views, respectively. Scale is 5 mm.

712207, 12209-12214, ?12215, ?12216,
12217, 12219, 212220, ?12221, 12224,
12225, 12227, 12228, ?12229, 12230,
164312, 16442, 16443, 16444, 16446, 16449,
16450, 16452, 16457; YPM 17465, 17471,
17473, 17476, 17478, 17482, 717485 (now
lost), 17486, 18577,?18639 (now lost), 18684,
18686, 18687-18691, 718693 (now lost),
18698, 18699, 723176 (now lost), 23177,
23195-23198, 23203, 23204, 726352 (now
lost), 26651, 26969, 27790, 27791, 27795,
27797, 27798, 27817, 27818, 27833, 27867,
27873, 27874,27878, 27887, 27890, 27892,
27896, 27901, 27906, 27909, 27910, 27915,
27925, 27930, 27932, 27944, 27945, 27946,
28202, 28204, 28205, 28206, 28229, 28230,
28276, 728278 (now lost), 35082 35083,
35084,35091, 35097, 35238, AMNH 15601,
15628; MCZ 18950; DPC 1215, 1225, 1318,
1468, 1581, 1583, 2956, 2974, 2975, 2978.

2) Wind River Formation, Wind River
Basin, Wyoming—CM 19861, 19862, 20907,
22126, 22127; UW 14749-14751, 15679.

3) Wasatch Formation, greater Green
River Basin, Wyoming—USNM 19198 is
Absarokius cf. abbotti.

4) Many of the other specimens referred
by Szalay (1976, p. 231, 238) to A. abbotti
and A. noctivagus probably belong in 4. ab-
botti but were not examined. This excludes
Absarokius from the Huerfano Formation,
which belong in 4. nocerai n. comb. (Rob-
inson, 1966), A. metoecus n. sp., A. australis
n. sp., and Strigorhysis huerfanensis n. sp. All
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FIGURE 32— Absarokius abbotti (Loomis), YPM 27791, left dentary with ¢, p2-m3, and alveoli of i1-
2 (610 m). I-3, occlusal, lateral, and medial views, respectively. Scale is 5 mm.

YPM specimens referred by Szalay (1976) to
A. abbotti or A. noctivagus are from the Will-
wood Formation of the Bighorn Basin, not
from the Wind River Basin. Of those speci-
mens, YPM 18639 (unknown species), 18685

(A. metoecus n. sp.), and 18693 (unknown
species) are now apparently lost.
Distribution. —Middle and late Wasatchi-
an (middle and late early Eocene) of Wyo-
ming and Colorado; 455 to 690+ meter levels
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FIGURE 33— Absarokius, SEM stereophotographs. 1, A. abbotti (Loomis), YPM 27791, left c-m3 and
alveoli of i1-2 (610 m). 2, A. metoecus n. sp., holotype, USGS 492, right dentary with p4-m3 and

part of p3 (470 m). Scale is 5 mm.

of Willwood Formation (lower Eocene; upper
Bunophorus Interval Zone through lower part
of upper Heptodon Range Zone of Schankler,
1980); Bighorn Basin, Wyoming.

Revised diagnosis.—Differs from A. me-
toecus n. sp. and A. gazini n. sp. in larger
mean tooth size, from A. metoecus n. sp. in
larger and more hypertrophied p4 and in
greater ventrobuccal distension of p4 crown.
M1-2 more transverse than in later 4. me-
toecus n. sp., M2 with relatively smaller tri-
gon basin, and molars without crenulation or
Jjoining of postprotocrista to postcingulum as
seen in A. metoecus n. sp. Lower second pre-
molar present and p3 with two roots, both in
contrast to A. nocerai n. comb. and A. aus-

tralis n. sp. Differs from A. witteri and A.
australis n. sp. in retention of p2, and from
A. gazini n. sp. and A. witteri in greater p3/
p4 size ratio, smaller and more trenchant but
less hypertrophied p4, absence of enamel
crenulation of molar talonids, and smaller
m3. Differs from A. gazini n. sp. in having
larger incisors and p3 and from A. gazini n.
sp. and later 4. metoecus n. sp. in having
paraconid of m1 relatively close to metaco-
nid, not greatly removed anteriorly as in those
species.

Discussion. —The Absarokius abbotti-A.
“noctivagus” group is complex. Successively
younger samples of Bighorn Basin Absaro-
kius abbotti show a clear trend only toward
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greater posterobuccal and ventral distension
of the crown of p4, culminating in the ad-
vanced condition seen in the type specimen
of Absarokius noctivagus (AMNH 15601;
Matthew, 1915; Szalay, 1976, fig. 48). Length
and crown height of p4 as well as the size of
the upper and lower molars, are established
early in this lineage and remain more or less
stable throughout its duration in the Bighorn
Basin.

Absarokius noctivagus is considered a ju-
nior synonym of A. abbotti. Matthew (1915,
p. 465) originally distinguished the type of A.
noctivagus from that of A. abbotti on the <. . .
somewhat more progressive . ..” dentition.
Guthrie (1967) recorded that 4. noctivagus
possesses a larger p4 than 4. abbotti, an ob-
servation also endorsed by Szalay (1976).
Szalay (1976, p. 239) also mentioned the buc-
cal distension of the p4 crown, noting that
this feature is developed ““... to a greater
degree than this is seen in A. abotti [sic].”
Specimens referred by other workers to A.
noctivagus have been recorded from later
Wasatchian rocks of the Bighorn Basin (Mat-
thew, 1915; Szalay, 1976), the Wind River
Basin (Matthew, 1915; Kelley and Wood,
1954; Guthrie, 1971; Szalay, 1976; Stucky,
1982), and the greater Green River Basin
(Gazin, 1952, 1958, 1962; Szalay, 1976).

Among the difficulties in assigning samples
of Absarokius to A. abbotti or A. noctivagus
have been the lack of large samples clearly
referable to either species, with which spec-
imens might be compared, and the absence
of detailed stratigraphic information. Strati-
graphic control would establish relative con-
temporaneity of samples as well as the mor-
phologic and size variability expected for
species of Absarokius at successive strati-
graphic levels. In the absence of stratigraphic
information, Szalay assigned some of the Big-
horn Basin materials to 4. abbotti and others
to A. noctivagus. However, when the very
large samples of Bighorn Basin Absarokius
are placed in stratigraphic context, 4. abbotti

and A. noctivagus are not nearly as distinct
as previously believed.

The holotype of Absarokius noctivagus
(AMNH 15601) is from the Willwood For-
mation of the Bighorn Basin (not the Wind
River Basin as reported by Szalay, 1976, p.
238) and it can therefore be compared in con-
text with other Willwood Absarokius. In this
context, it is clear that the type specimen of
A. noctivagus differs from the remainder of
the 4. abbotti sample only in the relative de-
velopment of p3 and p4, especially p3—4
width. Although this tooth in AMNH 15601
is overall larger than in most other Willwood
specimens, there is no bimodal or polymodal
distribution of In(L X W) in p4 in the sample,
even though the observed range in this pa-
rameter is relatively great at and above the
560 m level of the Willwood Formation. The
type specimen of 4. noctivagus is matched in
p4 crown length by 34 other specimens of
Bighorn Basin Absarokius (Figure 35) and is
greatly exceeded in this dimension by both
DPC 1225 and YPM 28230. In crown height,
p4in AMNH 15601 is matched only by USGS
5956, 12219, and YPM 27795 (Figures 36,
37). Considering stratigraphically controlled
trends in these characters, the value for p4
height is unusual only in USGS 5956 at the
585 m level of the Willwood Formation. The
values for p4 length are distinct only in DPC
1225 and YPM 28230. The type specimen
of A. noctivagus, on the other hand, conforms
well with trends in the remainder of the sam-
ple of A. abbotti. In AMNH 15601, p4 W is
indeed great but its potential significance in
the light of the diminished differences be-
tween the A. noctivagus type and the remain-
der of the A. abbotti sample cannot be eval-
uated without additional specimens from near
the top of the Willwood Formation.

Although there are several specimens of
Absarokius from the Willwood Formation in
which p4 is comparable in size to that in
Matthew’s type of Absarokius noctivagus, p3
and m1-2 in those specimens have wide size

—

FIGURE 34—Upper teeth of Absarokius. 1, A. metoecus n. sp., YPM 28317, left P4-M2 (625 m); 2,
USGS 1437, right P3-M2 (530 m); 3, DPC 1257, left P3-M2 and part of M3 (470 m). 4, A. abbotti
(Loomis), YPM 18686, left P3-M3 and roots of C and P2 (560 m). Scale is 5 mm.
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distributions that do not correlate well with
p4 size and morphology. To the extent that
large and advanced lower fourth premolars
might be considered useful in substantiating
Matthew’s A. noctivagus, at least DPC 1225,
USGS 5956, and YPM 27795 and 28230
would qualify for assignment there, even
though the first and last of these specimens
have molars much larger than those in the
type specimen of 4. noctivagus. In the type
of Absarokius noctivagus, p3 falls at the large
end of the size range of the pooled Willwood
Absarokius sample, but it is exceeded in size
by that tooth in both YPM 17476 and YPM
27817, both of which (especially YPM 17476)
possess small p4. The molars of AMNH
15601 fall evenly into the middle of the size
range for the pooled Absarokius sample and
cannot be distinguished from it morpholog-
ically. Of the seven specimens with p4 ap-
proximating the large size of that in the type
of A. noctivagus (DPC 1225; USGS 5956,
6005; YPM 27795, 27798, 27817, and
28230), p3 is not preserved in USGS 6005
and YPM 27798 and 28230. In DPC 1225,
p3 size falls into the middle of the combined
range for this tooth and in YPM 27817 it is
slightly larger than in the 4. noctivagus type
specimen. The first lower molar is missing in
USGS 6005 and in YPM 27798. In YPM
27817 m1 falls in the middle of the size range
for the combined sample, and in DPC 1225
and YPM 28230 the m1’s are by far the larg-
est in the entire sample. The second lower
molar is missing in USGS 6005, YPM 27798
and 28230, and it falls in the middle of the
range for the whole sample in DPC 1225 and
YPM 27817.In USGS 5981 and YPM 18691
at the 560 m level of the Willwood Forma-
tion, m2 is unusually large (both of these
specimens also have relatively large ml);
however, their p4’s, though large, are clearly
smaller than in any of the seven above spec-
imens in which p4 approximates the size of
that in AMNH 15601.

Szalay (1976, p. 238), perhaps influenced
by the condition in Absarokius nocerai (see
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below), diagnosed 4. noctivagus from A. ab-
botti by the presumed lack of p2 in the for-
mer. However, all of the lower jaw anterior
to the front root of p3 is missing in the ho-
lotype of A. noctivagus and, therefore, using
Szalay’s criteria, this specimen is nondi-
agnostic. Of the seven Willwood specimens
of Absarokius in which p4 is close to the size
of that in AMNH 15601, only DPC 1225
retains the region of the lower jaw anterior
to p3. In that specimen, as well as in every
other specimen of Bighorn Basin Absarokius
in which this character is determinable, the
crown, root, or alveolus of the single-rooted
p2 is present.

Though very large, p4 in the type of 4b-
sarokius noctivagus is not abnormal in size
(except in width) when compared with others
in the Bighorn Basin Absarokius sample at
and above the 620 m level of the Willwood
Formation (Figures 35-37). As observed
above, when viewed in stratigraphic per-
spective, AMNH 15601 is considerably less
distinctive and puzzling than are DPC 1225,
USGS 5956, and YPM 28230. Aside from
these last three specimens, p4 size generally
increased upward through the Willwood sec-
tion. The large p4 in the type specimen of 4.
noctivagus would fit well with this general
trend were it known that the specimen came
from a locality at or above the meter level of
the highest of the remainder of the Willwood
Absarokius sample.

Locality data on the label accompanying
the type specimen of Absarokius noctivagus
states that it was collected ““S m. N. of Parker
Spr.” Parker Springs are situated in the NEY4
sec. 26, T49N, R99W, Park County, Wyo-
ming. Five miles due north of the springs is
alarge tract of badlands in the upper drainage
of Blackstone Gulch, in the only Willwood
exposures in the region that could accurately
fit the locality description. These rocks are
developed between the 680 and 720 m levels
of the Willwood Formation and yield Lamb-
dotherium, a palaeothere confined to the Up-
per Heptodon Range Zone in the Bighorn Ba-

-

FIGURE 35—Stratigraphic plots of lower fourth premolar lengths in Absarokius metoecus n. sp., A.
abbotti (Loomis), and for the type specimens of other species of Absarokius whose approximate
relative stratigraphic positions are interpolated on faunal evidence. Note that p4 L in 4. metoecus
and A. abbotti are quite similar at their earliest co-occurrence and do not change appreciably up

section.
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FIGURE 36 —Stratigraphic plots of crown heights of lower fourth premolars of Absarokius metoecus n.
sp., A. abbotti (Loomis), and for the type specimens of other species of Absarokius whose approximate
relative stratigraphic positions are interpolated on faunal evidence. Note that p4 H in 4. metoecus
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FIGURE 37 —Scatter diagram showing correlation between crown height of p4 and natural log of area
of p4 in Absarokius metoecus n. sp., A. abbotti (Loomis), and type specimens of other species of
Absarokius. Although these two variables correlate reasonably well, they do not depict the crown
shape differences that also exist between these Absarokius species.

sin (Schankler, 1980). If the locality data are
accurate, the type specimen of A. noctivagus
was collected at or above the highest occur-
rence of the Bighorn Basin Absarokius sam-
ple. Because AMNH 15601 cannot be con-
sistently distinguished from the Absarokius
abbotti sample on any known character, 4.
noctivagus is regarded as a junior synonym
of A. abbotti, within which it is one of several
relatively large variants. This interpretation
can only be tested by recovery of additional
Absarokius material from the upper 100 m
of the Willwood Formation.

Synonymy of Absarokius noctivagus with
A. abbotti embraces several specimens from
the Lost Cabin Member of the Wind River
Formation that were earlier assigned to the
former species (Guthrie, 1971; Szalay, 1976;
Stucky, 1982). Although it was not possible
to examine all of these specimens (several are

now apparently lost), there appears to be no
evidence of p2 loss in any of these lower jaws.

See Table 8 for basic statistics and Appen-
dices 16 and 17 for measurements.

ABSAROKIUS METOECUS n. Sp.
Figures 34.1-34.3, 38-42, 43.3-43.4, 44.2
Absarokius noctivagus nocerai ROBINSON, 1966, p.

33 (part).
Absarokius abotti (sic) SZALAY, 1976, p. 231 (part).
Absarokius noctivagus SzALAY, 1976, p. 238, fig.
49 (part).

Holotype.—USGS 492 (Figures 38, 44.2),
right mandibular fragment with part of p3,
p4—m3, partially resorbed alveolus for p2, and
posterior part of alveolus for canine; USGS
locality D-1198-B, 470 m level of Willwood
Formation (lower Eocene), sec. 33, T49N,
R95W, Big Horn County, Wyoming.

—

is invariably less than that in coeval A. abbotti. This difference in crown height correlates with lesser
development of posterobuccal distention of the p4 crown as well as with actual height of the p4
protoconid with respect to the trigonid height of m1.
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TaBLE 8—Comparative statistics for cheek teeth of Absarokius abbotti (Loomis) and A. metoecus n. sp. Significant
differences between them are indicated by * (P < 0.01) and ** (P < 0.001).

A. abbotti A. metoecus
Dimension n OR X K n OR X K}
p3L 57 1.50-2.10 1.74 0.137 11 1.60-2.00 1.76 0.109
p3 W 57 1.40-2.20 1.73 0.146 11 1.50-1.90 1.69 0.132
p4 L 113 2.00-2.75 2.32 0.146 31 2.00-2.50 2.23* 0.129
p4 W 111 1.90-2.80 2.22 0.169 31 1.90-2.40 2.12* 0.146
p4 H 104 2.90-3.75 3.24 0.197 29 2.50-3.00 2.79** 0.135
ml L 132 2.10-2.70 2.39 0.107 50 2.10-2.50 2.33* 0.118
ml W 132 1.85-2.50 2.16 0.117 49 1.70-2.45 2.12 0.134
m2L 136 2.10-2.65 2.33 0.117 56 2.10-2.60 2.32 0.121
m2 W 133 1.90-2.45 2.16 0.106 56 1.80-2.40 2.14 0.127
P3 L 14 1.80-2.40 2.05 0.160 9 1.95-2.50 2.19 0.204
P3 W 15 2.20-2.90 2.45 0.235 9 2.30-2.90 2.58 0.245
P4 L 27 2.10-2.60 2.37 0.160 20 2.10-2.70 2.33 0.162
P4 W 27 3.00-3.80 3.36 0.216 19 2.85-3.60 3.28 0.186
MIL 34 2.00-2.40 2.23 0.099 26 2.00-2.45 2.22 0.120
M1 W 34 3.10-3.80 3.39 0.190 25 3.00-3.70 3.33 0.196
M2L 40 1.90-2.20 2.07 0.079 23 1.85-2.40 2.06 0.126
M2 W 39 3.50-4.30 3.83 0.231 23 3.30-4.20 3.77 0.215

Hypodigm. —The holotype and the follow-
ing specimens:

1) Willwood Formation, Bighorn Basin,
Wyoming—USGS 484, 486, 491, 496, 498,
506, 1195, 1437, 3846, 3848, 3855, 3880,
5951, 5952, 5963, 5980, 5987, 8256, 9146,
9164,9171, 9175, 9176, 9182, 9197, 9199,
9213, 9214, 9910, 10054, 10061, 12195-
12198, 12199, 12200, 12201, ?12202,
212203, 12208, 712222, 712223, 12226,
12231, 15410, 15416, 16432-16435, 16436,
16437, 16441, 16445, 16447, 16448, 16451,
16453, 16455, 16456, 16458-16461; YPM
17483, 17484, 17485, 17488, 18685, 18692,
18693, 18710, 19861, 23178, 24415, 26218,
27796, 27868, 28232, 28248, 28317, 35098;
DPC 1257, 1342, 1413, 2985.

2) Wind River Formation, Wind River
Basin, Wyoming—USNM 22267.

3) Huerfano Formation, Huerfano Basin,
Colorado—AMNH 55154, 55155.

Distribution. —425-680 m levels of Will-
wood Formation (middle and upper lower
Eocene; middle Bunophorus Interval Zone
through lower part of Upper Heptodon Range
Zone of Schankler, 1980); Bighorn Basin,
Wyoming. Wind River Formation (middle
or upper lower Eocene), Wind River Basin,
Wyoming. Huerfano Formation locality III
(upper lower Eocene), Huerfano Basin, Col-
orado.

Etymology.—Latin metoecus, stranger,
resident alien; in allusion to the probably im-

migrant status of this species in the Bighorn
Basin.

Diagnosis. —P3-M2 and p4-m2 smaller in
mean size than in A. abbotti and all other
species of Absarokius except for smaller mo-
lars of A. gazini n. sp. Second lower premolar
present in contrast to advanced Tetonius,
Pseudotetonius, A. nocerai n. comb., A. aus-
tralis n. sp., and A. witteri, and p2 relatively
large in contrast to Tetonius matthewi. Ratio
of p3/p4 size relatively large in contrast to 4.
witteri, A. gazini n. sp., A. australis n. sp.,
and Pseudotetonius, and p3 with two distinct
roots in contrast to advanced Tetonius, Pseu-
dotetonius, A. australis n. sp., and Absarokius
nocerain. comb. Lower fourth premolar low-
er crowned than in all other Absarokius species
and with less pronounced posterobuccal ven-
tral distension of crown. First lower molar
with paraconid relatively close to metaconid
in early samples; paraconid becoming ante-
riorly removed in later samples, as occurs in
A. nocerai n. comb. and A. gazini n. sp. M1-
2 of geologically younger specimens less
transverse than in 4. abbotti and with some-
what enlarged trigon basins, and tendency to-
ward crenulated enamel and confluence of
postprotocrista with postcingulum.

Discussion. —Absarokius metoecus in-
cludes parts of samples referred by earlier
workers to 4. abbotti and by Szalay (1976) to
both A. abotti (sic) and A. noctivagus. Rec-
ognition of a new species is justified by the
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wide size distribution in p4 and m1 and, es-
pecially in p4 height. The latter character is
significantly less in Absarokius metoecus than
in A. abbotti (Table 8). Recognition of two
species of Bighorn Basin Absarokius is also
warranted by evolutionary trends indicating
that the sample here called 4. metoecus di-
verged morphologically through time from
that of the more conservative 4. abbotti; the
A. metoecus line eventually producing a new
form, Strigorhysis.

See additional discussion in section on
Evolution in genus Absarokius. See Appen-
dices 18 and 19 for measurements.

ABSAROKIUS GAZINI n. Sp.
Figures 30.2, 44.1

Absarokius, near A. abbotti GAZIN, 1962, p. 37, PL.
5, fig. 3.

Absarokius abotti (sic) SzaLAy, 1976, p. 231, fig.
48 (part).

Holotype.—UW 1644, right mandibular
fragment with p3-m3 and alveoli anterior to
p3; Wasatch Formation (late Wasatchian);
University of Wyoming locality V-58003,
SWls, NEY, sec. 10, T24N, R100W, Sweet-
water County, Wyoming.

Hypodigm.—The holotype and UW 11372,
11373,21521,21522,21523,21524; AMNH
14672.

Distribution. —Wasatch Formation (late
Wasatchian), type locality and UW locality
V-58004, Sweetwater County, Wyoming;
Wind River Formation (late Wasatchian),
Cottonwood Draw.

Etymology.—For C. L. Gazin, who first
recognized the unusual attributes of UW
1644, and in acknowledgment of his many
contributions to our understanding of early
primates in general and the Omomyidae in
particular.

Diagnosis. —Size of p3 and m1 similar to
that of very small 4. metoecus or smaller;
much smaller than in 4. abbotti. Lower fourth
premolar tall and large as in 4. abbotti and
with posterobuccal ventral enamel distension
as seen in that species; all in contrast to A4.
metoecus. Lower fourth premolar smaller than
in A. nocerai n. comb. and A. witteri. Lower
second premolar present in contrast to 4. no-
cerai n. comb., A. witteri, and A. australis n.
sp., and p3 with two roots in contrast to A4.
nocerai n. comb. and A. australis n. sp. Sec-

ond lower molar much smaller than in A.
metoecus and all other species, and m1 tri-
gonid buccolingually compressed, with me-
dian paraconid far in advance of other tri-
gonid cusps, as in A. nocerai n. comb. and
advanced A. metoecus, but in contrast to all
other Absarokius species.

Discussion. —Seven of these specimens are
from two nearby localities and, together with
AMNH 14672 from the Wind River Basin,
certainly represent a single new species of 4b-
sarokius. Szalay (1976, p. 238, fig. 48) hesi-
tantly assigned UW 1644 to Absarokius ab-
botti. Gazin (1962, p. 37) earlier described
his specimen, commenting (as did Szalay) on
its abnormally small molars. In UW 1644,
ml-2 are indeed exceedingly small (espe-
cially narrow), and fall far outside the small
end of the size range for molars in the smallest
Bighorn Basin species, 4. metoecus. The mo-
lars are slightly larger in the UW referred
material.

In length of p3 and p4, UW 1644 and
AMNH 14672 could be assigned to 4. me-
toecus; however, the diagnostic p4 crown
height in UW 1644 and the morphology of
the labial margin of that tooth in both spec-
imens are more typical of that observed for
A. abbotti. In AMNH 14672, p4 is relatively
short as in A. metoecus but the remainder of
its morphology conforms to that in UW 1644.
The p3 is small in Absarokius gazini, and in
UW 11373 it is unusually so, the smallest
seen in any Absarokius. This tooth is also
quite small in Aycrossia and Strigorhysis (e.g.,
USGS 2021 and 2027, and in UCM 42809,
Stucky, 1982). In addition, the m1 trigonid
in both UW 1644 and 11372 appears to be
divergently specialized away from the con-
ditions in all other Absarokius, except A. no-
cerai n. comb. and the most advanced (and
youngest) specimens of A. metoecus, in the
extreme anterior placement of the paraconid.
This causes the trigonid to be buccolingually
compressed: and to have an unusual prow-
like anterior apex. The first lower molar in
UW 11372 has a tiny parastylid, a cusp oth-
erwise known only in Bridgerian Aycrossia
and Strigorhysis.

Incisor alveoli are preserved in the type
specimen of Absarokius gazini and in UW
11372 and 11373. These are somewhat larger
than in any other known species of Absaro-
kius and are about intermediate in size be-
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FIGURE 38— Absarokius metoecus n. sp., holotype, USGS 492, right dentary with p4-m3 and part of
p3 (470 m). 1, 2, occlusal and lateral views, respectively. Scale is 5 mm.

tween those of 4. abbotti and Strigorhysis. It
is therefore possible that 4. gazini is an in-
termediate form or a collateral relative in the
A. metoecus—Aycrossia/Strigorhysis lineage.
Because the combination of the above char-
acters is unusual and is clearly adequate to

FIGURE 39—Absarokius metoecus n. sp., USGS
8256, left dentary with m1-2, part of p3—4, and
alveoli of i1-2, ¢, and p2 (obscured) (470 m). 1,
2, occlusal and lateral views, respectively. Scale
is 5 mm.

diagnose these specimens from all other ma-
terials of Absarokius, they are placed in the
new species A. gazini.

Gazin (1962, p. 37, citing P. O. McGrew
for stratigraphic information) reluctantly be-
lieved the type specimen of A. gazini to have
been derived “. . . from the Gray Bull level.”
If this information is correct, 4. gazini would
be the first Absarokius reported from rocks
of early Wasatchian age. The morphology of
the known teeth of 4. gazini suggests a some-
what higher stratigraphic provenance, prob-
ably late Wasatchian. Examination of other
mammals from UW locality V-58003 indi-
cates a middle or late Wasatchian age for the
type of A. gazini, based on the mutual oc-
currence of Microsyops latidens and Cantius
cf. frugivorus. UW 1652, a left p4 referred on
the museum label to the condylarth Ectocion
sp., actually belongs to a perissodactyl, Xe-
nicohippus or Hyracotherium. This is the only
specimen from that locality by which an early
Wasatchian age for UW V-58003 might have
been surmised. Xenicohippus has a middle
and late Wasatchian distribution (Bown and
Kihm, 1981). The systematics of Hyraco-
therium are too poorly understood to be of
value in age determinations within the early
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FIGURE 40— Absarokius metoecus n. sp., USGS 5963, right dentary with p3-m3 (519 m). I-3, occlusal,
lateral, and medial views, respectively. Scale is 5 mm.

Eocene. AMNH 14672 is clearly of later Wa-
satchian (“Lysite’’) age.
See Appendix 20 for measurements.

ABSAROKIUS NOCERAI
(Robinson, 1966) n. comb.
(not figured)
Absarokius noctivagus nocerai ROBINSON, 1966, p.
33, PL. 2, fig. 1 (part).
Absarokius noctivagus SzaLAy, 1976, p. 238, fig.
51 (part).

Holotype.—AMNH 55215, fragment of left
lower jaw with c-m3; locality II, Huerfano
Formation, Huerfano Basin, Colorado.

Hypodigm. —The type, AMNH 55270 and
55292.

Distribution. —Locality II, Huerfano For-
mation, latest Wasatchian (latest early
Eocene), Huerfano Basin, Colorado.

Diagnosis. —Lower fourth premolar great-
ly hypertrophied as in advanced A. abbotti
and in contrast to 4. metoecus; molars rela-
tively large in contrast to A. gazini and A.
metoecus. Second lower premolar absent as
in A. witteri and A. australis n. sp., and p3
single-rooted in contrast to all other Absa-
rokius species, except A. australis n. sp. Para-
conids of m2-3 distinct, appressed to meta-
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FIGURE 41— Absarokius metoecus n. sp., YPM 35098, right dentary with p2-m2, root of c, and alveoli
of i1-2 (570 m). 1, 2, occlusal and lateral views, respectively. Scale is 5 mm.

conids, and m3 lacking posteriorly enlarged
talonid basin—all in contrast to 4. australis
n. sp.

Discussion. —Robinson’s (1966) subspe-
cies Absarokius noctivagus nocerai is elevated
to specific rank, reflecting the clear loss of p2
and the presence of but a single p3 root in
that species (contra Robinson, 1966, p. 34).
Robinson included AMNH 55217, 55218,
55152-55155, 55270, and 55292 as well as
the type specimen in his hypodigm of 4. noc-
tivagus nocerai. AMNH 55270 and 55292
certainly represent 4. nocerai; however,
AMNH 55154 and 55155 belong in Absa-
rokius metoecus, 55218 is a new species of
Strigorhysis (see below), and 55217 and 55152
belong in the new Absarokius species de-
scribed below. AMNH 55153 was not seen.

Absarokius nocerai appears to be an ad-

vanced derivative of the Absarokius abbotti
lineage in which reduction in antemolar size
and number has begun, in parallel with earlier
developments in the Tetonius—Pseudoteto-
nius line.

See Appendix 20 for measurements.

ABSAROKIUS AUSTRALIS n. Sp.
Figures 44.4, 45, 46.1
Absarokius noctivagus nocerai ROBINSON, 1966, p.
33 (part).
Absarokius noctivagus SZALAY, 1976, p. 238 (part).

Holotype.—AMNH 55152, right mandib-
ular fragment with p3-m3 and root for canine
(Figures 44.4, 45); Huerfano Formation lo-
cality III (late Wasatchian), Huerfano Basin,
Colorado.
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FIGURE 42— Absarokius metoecus n. sp., USGS 10054, right dentary with p3—-m3 (590 m). 1, 2, occlusal

and lateral views, respectively. Scale is 5 mm.

Hypodigm.—The type and AMNH 55217,
right mandibular fragment with m1-3.

Distribution. —Huerfano Formation local-
ity III (late Wasatchian), Huerfano Basin,
Colorado.

Etymology. —Latin australis = southern;
the Huerfano Basin is the southernmost area
yielding specimens of Absarokius.

Diagnosis.—Second lower premolar ab-
sent, p3 very small with respect to p4, and
m2-3 talonid basins faintly crenulate—all as
in A. nocerai and A. witteri and in contrast
to A. abbotti, A. metoecus, and A. gazini. Third
lower premolar single-rooted as in A. nocerai
and in contrast to all other Absarokius species.
Molars large and with m1 paraconid not sit-
uated far anteriorly in contrast to 4. gazini
and A. nocerai, p4 not greatly hypertrophied
as in A. nocerai and A. witteri. Paraconid of
m1-2 much smaller than metaconid and not
appressed to that cusp on m2, paraconid on
m3 absent and m3 with greatly expanded
posterior (third) lobe; all in contrast to other
Absarokius species.

Discussion. —Robinson (1966) included
AMNH 55152 and 55217 in his hypodigm
of Absarokius noctivagus nocerai and (with
A. nocerai) they were placed in A. noctivagus
by Szalay (1976). However, Absarokius aus-
tralis clearly differs from A. nocerai in having
a much less hypertrophied p4, in the trigonid
constructions of m1-2, in lacking the para-
conid on m3, and in the great posterior ex-
pansion of the talonid basin on m3. With the
exception of Steinius and Strigorhysis, the m3
talonid construction is unique among North
American anaptomorphines and mirrors its
development in the early Eocene adapid Can-
tius. Nonetheless, 4. australis is probably
closely related to A. nocerai by virtue of the
loss of p2, the very small p3 with respect to
p4, loss of one p3 root, and development of
faint crenulation on the molar talonids.

See Appendix 20 for measurements.

Genus STRIGORHYSIS Bown, 1979

Absarokius ROBINSON, 1966, p. 33; SzAaLAY, 1976,
p. 229 (part); SzaLAY, 1982, p. 155.
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FIGURE 44—Type specimens of Absarokius in lateral (left) and occlusal (right) views. I, 4. gazini n.
sp., UW 1644, right p3-m3. 2, A. metoecus, USGS 492, right p3 (part), p4~m3. 3, A. abbotti (Loomis),
ACM 3479, right p3—-m3. 4, A. australis n. sp., AMNH 55152, right p3-m3 (m1 restored from

AMNH 55217). Scale is 5 mm.

Strigorhysis BowN, 1979b, p. 60, figs. 2-4.
Anaptomorphus GINGERICH, 1981, p. 358 (part).

Type species. —Strigorhysis bridgerensis
Bown, 19790, p. 60.

Included species.—S. bridgerensis, S. ru-
gosus, and S. huerfanensis n. sp.

Distribution. —Late Wasatchian (early
Eocene), Bighorn and Wind River Basins of
Wyoming and Huerfano Basin of Colorado;
early Bridgerian (middle Eocene), Absaroka
Range, Wyoming.

Revised diagnosis. — Differs from its closest
relative, Absarokius, in the following fea-

tures: relatively large lower incisors (nearly
as large as in Tetonius), P3/p3 generally
smaller with respect to P4/p4, Nannopithex-
fold fully connected to postcingulum, upper
molars relatively less transverse and with
more lingually expanded bases, parastylid
present on m1, and moderately to strongly
crenulated enamel on the molars (especially
the uppers).

Discussion. —Recovery of additional spec-
imens of Strigorhysis from the Aycross For-
mation and the first specimens of this rare
genus from the upper part of the Willwood
Formation both clarify its relationship to 4b-

—

FIGURE 43 —Upper teeth of Absarokius and Strigorhysis. 1, S. rugosus Bown, holotype, USNM 250553,
right M1-3 (Bridgerian, Aycross Formation). 2, S. bridgerensis Bown, holotype, USNM 250556,
palate, right P3-M3 shown (Bridgerian, Aycross Formation). 3, 4. metoecus n. sp., YPM 17488,
right M1-3 (680 m). 4, A. metoecus, USNM 22267, left P3-M2 (Wind River Basin). Upper scale
applies to 1 and 2, lower scale to 3 and 4. Scale is 5 mm.
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FIGURE 45— Absarokius australis n. sp., holotype, AMNH 55152, right dentary with p3-m3 and root
of c¢; m1 restored from AMNH 55217 (Huerfano III). I-3, occlusal, lateral, and medial views,

respectively. Scale is 5 mm.

sarokius and underscore its distinctiveness
from that genus and from Anaptomorphus.
Strigorhysis was probably derived from a
species of Absarokius close to A. metoecus,
and enough is now known of both 4. metoe-
cus and S. bridgerensis to make advanced
specimens of the former and generalized
specimens of the latter extremely difficult to
distinguish.

Bown (1979b) described Strigorhysis
bridgerensis and S. rugosus along with two

other genera, Aycrossia and Gazinius, from
the middle Eocene Aycross Formation of the
Absaroka Range, Wyoming. Additional ma-
terials of Aycrossia were described by Stucky
(1982) from rocks of the Wind River For-
mation that he assigned to Robinson’s (1966)
“Gardnerbuttean” Land Mammal subage
(proposed as a Land Mammal Age by Rob-
inson).

Gingerich (1981, p. 359) suggested that all
of the Aycross omomyids are better placed

-

FIGURE 46— Absarokius and Strigorhysis, SEM stereophotographs. I, A. australis n. sp., holotype,
AMNH 55152, right p3-m3 and root of ¢ (Huerfano IIl). 2, S. huerfanensis n. sp., holotype, AMNH
55218, left p4~m3 (Huerfano I). 3, 4, Strigorhysis cf. bridgerensis Bown, USGS 16438, left m1-2
(about 710 m); USGS 16439, left M1-3 (about 710 m). Scale is 5 mm.
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in Anaptomorphus aemulus Cope, whereas
Szalay (1982, p. 155-157) transferred both
Aycrossia and Strigorhysis to Absarokius. Both
authors in part argued their viewpoints from
historically understandable bases. At the time
of their studies, 4. metoecus was undescribed
and unrecognized in the large Yale collection
of Bighorn Basin Absarokius. As detailed
above, the younger members of that species
were developing many characters in parallel
with Aycrossia and Strigorhysis—enough so
to strongly indicate a close evolutionary re-
lationship. With Szalay’s recognition of only
Absarokius abbotti and A. noctivagus as valid
species of Absarokius in the Bighorn Basin,
and ignoring the stratigraphic disposition of
the Absarokius samples, it is easy to see how
comparison of advanced A. metoecus (in the
guise of A. abbotti or A. “noctivagus’) with
Aycrossia and/or Strigorhysis would lead him
to the view that the latter two genera are syn-
onyms of Absarokius. Moreover, Szalay
(1976, p. 238) believed YPM 17488 (a very
young and advanced specimen of A. metoe-
cus) to be from the Wind River Basin and
(1976, fig. 49) recorded the same specimen
as having been found in the Huerfano For-
mation of Colorado. This critical specimen
is actually from the Bighorn Basin.

Both Absarokius and Arnaptomorphus ae-
mulus are typified by retention of primitively
small lower incisors (see Szalay, 1976, figs.
10, 12, 13). The lower incisors in both Ay-
crossia and Strigorhysis are not only much
larger than in either Anaptomorphus or Ab-
sarokius, but are nearly as large as in Tetonius
(Figures 48 and 49 show incisor alveoli of
Strigorhysis and Aycrossia, respectively). Be-
cause the size of the lower incisors is one of
the diagnostic features separating different
genera of anaptomorphines (also acknowl-
edged by Szalay, 1976), it is difficult, in con-
junction with the other diagnostic criteria
outlined by Bown (1979b), to reconcile Ay-
crossia and Strigorhysis with either Anapto-
morphus or Absarokius.

Regarding the upper molar structure in
Strigorhysis (Figures 43.1,43.2, 46.4,47) and
Aycrossia, the posterior extension of the post-
protocrista to confluence with the postcin-
gulum, the raising of the talon basin to the
level of the trigon basin, and crenulation of
enamel on the floors of the molar basins are
all diagnostic derived features first heralded

T. M. BOWN AND K. D. ROSE

in the later part of the Absarokius metoecus
line. Both Aycrossia and Strigorhysis are
probably derivatives of Absarokius, very pos-
sibly A. metoecus. Nonetheless, the rather
large p4 in both Aycrossia and Strigorhysis is
more similar to that in early Absarokius ab-
botti. This morphology might be evidence of
relationship to that species, or instead that
p4 enlarged convergently with (and later than)
the similar development in the A. abbottiline.

The Aycrossia lovei-Strigorhysis bridger-
ensis sample from Vass Quarry in the Aycross
Formation (Bown, 1979b, 1982) is now quite
large. Study of the entire sample reveals the
interrelationship between these species to be
complicated. Variability in the sample ap-
pears to be similar to that in coeval samples
of Tetonius matthewi and Tetonius sp. and
of Absarokius metoecus and A. abbotti, in
which the broad variability in a rather con-
fined stratigraphic interval seems to reflect
an early stage of cladogenetic diversification.
Clarification of any taxonomic implications
for the genera Aycrossia and Strigorhysis re-
quires further study and larger samples, both
from Vass Quarry and from higher levels of
the Aycross Formation.

The most advanced members of the 4b-
sarokius metoecus—Strigorhysis lineage are
Strigorhysis rugosus (from the Aycross For-
mation—see Figure 43.1) and Strigorhysis
huerfanensis n. sp. (from the Huerfano For-
mation—see below).

STRIGORHYSIS cf. S. BRIDGERENSIS
Bown, 1979
Figures 46.3, 46.4

Strigorhysis bridgerensis BowN, 1979b, p. 61, figs.

2-4.

Anaptomorphus aemulus GINGERICH, 1981, p. 358

(part).

Absarokius lovei SzaLAY, 1982, p. 155 (part).

Referred specimens. —USGS 16438, 16439,
16440, 16462.

Discussion. —Four specimens, comprising
two lower jaws with m1-2, a lower jaw with
ml, and a maxillary fragment with M1-3,
represent the first specimens of Strigorhysis
from the Willwood Formation, and are very
close in morphology to Strigorhysis bridger-
ensis (Figures 43.2, 48, 49) from the middle
Eocene Aycross Formation of the Absaroka
Range. The Willwood Strigorhysis comes
from locality D-1651, about 100 m beneath
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3 4

FIGURE 47 — Strigorhysis huerfanensis n. sp., holotype, AMNH 55218. 1, right maxilla with P3—4 (part),
M2-3; 2, 3, left dentary with p4-m3 in occlusal and lateral views, respectively (Huerfano I). Scale
is S mm.

the base of the Tatman Formation, a level of nyx (Rose, 1972) associated with the omo-
clear late early Eocene age and containing the myid primates.

palaecothere Lambdotherium and the ad- These specimens differ only slightly from
vanced esthonychine tillodont Megalestho- middle Eocene Strigorhysis and in ways in
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FIGURE 48— Strigorhysis bridgerensis Bown, USNM 250559, left dentary with p4, m2, and roots or
alveoli of i1-2, ¢, and m1 (Bridgerian, Aycross Formation). 1, 2, occlusal and lateral views, respec-

tively. Scale is 5 mm.

which they closely resemble the most ad-
vanced specimens of Absarokius metoecus.
There is only incomplete confluence of the
postprotocrista with the postcingulum on M1,
less completely developed than in the type
sample of S. bridgerensis. Moreover, the ex-
tent of lingual distension of the crowns of
M1-2 is less than in S. bridgerensis, resem-
bling most closely its development in USNM
22267 (Figure 43.4), Absarokius metoecus
from the Wind River Basin. In contrast, the
lower molars are almost identical to those in
S. bridgerensis, except that the m1 parastylid
is much smaller. Willwood Strigorhysis cf.
bridgerensis occurs stratigraphically above the

youngest known Willwood sample of Absa-
rokius metoecus, but locality D-1651 has not
yet been related directly to the measured
Willwood section.

See Appendix 21 for measurements.

STRIGORHYSIS HUERFANENSIS n. Sp.
Figures 46.2, 47
Absarokius noctivagus nocerai ROBINSON, 1966, p.
33 (part).
Absarokius noctivagus SZALAY, 1976, p. 238 (part).

Holotype. —AMNH 55218, fragmentary
left mandible with p4—m3 and right maxillary
fragment preserving P3-4 (damaged), M2-3
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FIGURE 49— Aycrossia lovei Bown, USGS 2021, left dentary with ¢, p3-m2, and alveoli of i1-2 and
p2 (Bridgerian, Aycross Formation). 1, 2, occlusal and lateral views, respectively. Scale is 5 mm.

(Figure 47), Huerfano Formation locality I
(latest Wasatchian or early Bridgerian),
Huerfano Basin, Colorado.

Hypodigm.—The type only.

Distribution. — As for the holotype.

Etymology. —Huerfano, and Latin suffix
-ensis, of the Huerfano.

Diagnosis.—Upper and lower teeth 10-25%
larger than in S. bridgerensis and S. rugosus,
M2 trigon basin relatively much broader buc-
colingually and M3 overall much larger with
respect to M2 than in latter two species. Mo-

lar basin enamel crenulation less pervasive
than in S. rugosus, developed about as in S.
bridgerensis. Lower fourth premolar much
taller and m2 talonid broader than in S.
bridgerensis, and m3 with much more ex-
panded third (posterior) lobe, approaching the
condition in Absarokius australis.
Discussion.—The new species Strigorhysis
huerfanensis is the second non-Absaroka
Range record of Strigorhysis. In its larger
teeth, taller p4, proportionately larger M3,
and expanded third lobe of m3, S. huerfa-
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FiGURE 50—Plot of m1 area (natural logarithm of length x width) in omomyid specimens from the
central and southern Bighorn Basin; ordinate is stratigraphic level (meters) in the Willwood For-
mation. Some points represent more than one specimen. See Figure 53 for taxonomic designations.

nensis is advanced over Aycross Strigorhysis.
However, the more transverse M2 and less
crenulated enamel in the molar basins are
more generalized than in both S. bridgerensis
and S. rugosus. On this evidence, it seems
most likely that the line leading to S. Auer-
fanensis diverged from the Absarokius me-
toecus—S. bridgerensis line near the time of
Strigorhysis cf. bridgerensis in the upper part
of the Willwood Formation.
See Appendix 21 for measurements.

EVOLUTION OF ANAPTOMORPHINE
PRIMATES IN THE BIGHORN BASIN

The systematics section precedes this sec-
tion simply to provide names for the fossils
considered. To a large extent, however, al-
location of specimens to taxa came (indeed,
was possible) only after detailed study of the
stratigraphic occurrences of different tem-
porally-stratified morphologies, without prior
consideration of the taxonomic names. The
critical importance of stratigraphic data in all
parts of this study cannot be overempha-
sized.

This section seeks to interpret modes and

patterns of evolution in Bighorn Basin an-
aptomorphines and some allied forms from
elsewhere. This interpretation has emerged
from detailed analyses of morphology in a
stratigraphic framework. Aspects considered
include dental formulae, crown morphology,
root configuration, and tooth size and pro-
portions. As an initial exercise, basic trends
and temporal patterns in tooth size can be
portrayed in scatter diagrams plotting tooth
size against stratigraphic level (e.g., Ginger-
ich, 1974a, 1976, 1980a). Figure 50 shows
such a plot prior to identification of the taxa
involved. In successive plots (Figures 51-56)
the taxonomic assignments of each specimen
are indicated (data for these plots are listed
in the appendices). Although these plots re-
veal that some taxa are readily distinguished
by tooth size alone (and that certain teeth
allow better discrimination of taxa than oth-
ers), it is also evident that consideration of
tooth size alone is insufficient to separate some
taxa; it may underestimate actual diversity
and, more significantly, fails to reveal some
of the more interesting evolutionary trends.

In the following pages, trends and patterns
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of dental evolution are summarized for the
three principal clades of anaptomorphine pri-
mates from the Bighorn Basin: Teilhardina-
Anemorhysis, Tetonius—-Pseudotetonius, and
Absarokius.

Evolution in the Teilhardina—Anemorhysis
clade. —Until very recently, knowledge of the
small anaptomorphines here assigned to Teil-
hardina and Anemorhysis was restricted to a
handful of specimens allocated to European
Teilhardina belgica or to various species of
the North American genera Anemorhysis and
Tetonoides (e.g., Szalay, 1976). Perusal of the
relevant literature reveals that, apart from 7.
belgica, there has been little agreement on
how to assign these specimens or how the
various taxa were interrelated. Several fac-
tors contributed to this instability: the pau-
city of specimens, their fragmentary nature,
their widely scattered geographic occur-
rences, and the uncertainty of their relative
stratigraphic positions. As a result of col-
lecting efforts in the Bighorn and Clark’s Fork
Basins during the past decade there are now
more than 150 new specimens of these small
primates, nearly all with good stratigraphic
control. These fossils provide much new an-

atomical information and constitute a sub-
stantial new data base on which to reappraise
their taxonomy, interrelationships, and evo-
lution. Based on the fossils now available,
two valid genera are recognized, Teilhardina
and Anemorhysis, each with four species.
Three species of Teilhardina and two of Ane-
morhysis are known from the Wasatchian of
the Bighorn Basin.

Both Teilhardina and Anemorhysis show
trends toward progressive molarization of p4,
as well as foreshortening of the dentary (more
extreme in Anemorhysis) and concomitant
reduction of anterior teeth, but enlargement
of il. In Teilhardina, elevation and enlarge-
ment of the paraconid and especially the
metaconid of p4 resulted in a more molari-
form trigonid (also seen to a lesser degree in
p3), but the talonid remained simple. In Ane-
morhysis, molarization of p4 involved the
talonid, which became broader and basined
as the cristid obliqua shifted buccally. Cheek
teeth (especially p3-4) became relatively
broader and shorter in Teilhardina, partly re-
sulting from basal inflation. Lower molars of
Anemorhysis show less basal inflation, have
more peripheral cusps, and are squared pos-
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FIGURE 52 —Plot of p4 area in omomyid specimens from the central and southern Bighorn Basin (see

Figure 51).

teriorly, but so few specimens are known that
it is premature to speculate about trends in
these qualities.

The fossil record of Teilhardina in the Big-
horn Basin, though much better than that of
Anemorhysis, is less densely documented than
those of either Tetonius—Pseudotetonius or
Absarokius. Consequently, evolutionary
pathways are less clear, less well established,
and unresolved problems remain. Nonethe-
less, it is possible to outline, with reasonable
confidence, the general pattern of morpho-
logical evolution and relationships. It is no-
table that this pattern has been strengthened
with each new discovery.

Teilhardina appears to comprise at least
two closely allied lineages in the Bighorn Ba-
sin, T. americana giving rise to both 7. cras-
sidens and T. tenuicula through a series of
transitional stages. The following interpre-
tation is based principally on the record pre-
served in the southern and central Bighorn
Basin, supplemented by that from the Clark’s
Fork Basin.

Teilhardina americana is the oldest and
most primitive known North American
omomyid (see also Savage et al., 1977). Com-
parisons of the large samples now available

of both T. americana and T. belgica indicate,
as detailed earlier, that these are very closely
allied species that differ only in relatively mi-
nor features (Rose and Bown, 1986). Teil-
hardina belgica is apparently slightly older
and probably was in or very near the direct
ancestry of 7. americana. The latter is slightly
larger and characterized by the following more
derived traits: 1) cheek teeth relatively broad-
er (more basally inflated); 2) upper molars
with ““Nannopithex-fold,” broad stylar
shelves, stronger and more extensive cingula;
3) p4 with slightly higher metaconid (Figure
57), pl consistently very small or absent; low-
er canine smaller; and 4) il possibly larger.
All omomyid specimens found in the lowest
50 m (more precisely, the 25-46 m interval)
of the Willwood Formation in the southern
Bighorn Basin (50-125 m in the Clark’s Fork
Basin) display uniform morphology charac-
teristic of 7. americana (Figure 5). Variabil-
ity in size and morphology within this sample
is entirely consistent with that typical of a
single species (fossil or extant). This is the
only interval in the Willwood Formation in
which only one omomyid species is known
and it is the only one yielding specimens with
the morphology of T. americana.
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Teilhardina persists in the central and
southern Bighorn Basin up to the level of 190
m (probably about 1-2 Ma), with a sparse
record but no gap between specimens ex-
ceeding 20 m (Figures 51-56). At the top of
this sequence (180-190 m interval) the small
sample available, here named Teilhardina

crassidens, is again of relatively uniform size
and morphology but consistently different
than that of 7. americana. The lower cheek
teeth of T. crassidens are relatively shorter
and broader (more inflated basally). In par-
ticular, p3-4 are lower crowned, short, and
squat, and their molarization is evident in
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FIGURE 58 —Upper cheek teeth in Teilhardina. 1,
T. tenuicula (Jepsen) n. comb., holotype,
YPMPU 13027, right P4-M3 (stratigraphic level
unknown, probably about 250-300 m). 2, T.
crassidens n. sp., YPM 24626, right P3-M3, P3
restored from USGS 7204 (180 m); note me-
sostylar crest on M1. 3, T. americana, UW 8871,
right P4-M3, M3 restored from UW 8961 (34
m). Scale is 5 mm.

the consistent presence of larger and more
elevated metaconid and paraconid cusps on
p4 (Figure 57) and a distinct metaconid and
stronger paracristid (or small paraconid) on
p3. In addition, the dentary is foreshortened,
the canine is smaller, and pl is absent, but
il is decidedly enlarged (Figures 8, 9).
Specimens found in the 100 m interval suc-
ceeding T. americana display considerably
more variability in form and size than in either
T. americana or T. crassidens. Morphologi-
cal variability (apart from size) is essentially
directional and includes several successive
minor character changes that, through this
sequence, appear to document the gradual
transition from 7. americana to T. crassi-
dens. As previously discussed, the most ob-
vious changes involve p4, in which the meta-

conid became progressively larger and more
elevated, the paraconid somewhat more
prominent, and the whole tooth relatively
broader, shorter, and lower crowned (Table
3). These modifications, which occurred in
small increments, are more easily observed
by viewing the medial aspect of p4 and the
back of its trigonid than by comparing spec-
imens in occlusal view (Figure 57).

Concomitant, apparently gradual, changes
include relative broadening of p3, m1, and
m2, appearance of a metaconid on p3, loss
of pl, progressive foreshortening of the den-
tary, and enlargement of i1. In the upper mo-
lars, they include slight broadening of the sty-
lar shelf and appearance of a mesostyle-like
crest on the ectocingulum (Figure 58). How-
ever, most of these modifications involve
parts of the dentition that are rarely pre-
served, so it can only be stated that the mea-
ger data are consistent with the gradual pat-
terns seen in p4 morphology. For example,
faint indications of a metaconid on p3 are
seen in YPM 30728 (110 m), USGS 7192
(115 m), USGS 7194 (140 m), and YPM
30720 (140 m; Figure 11), and a more distinct
metaconid is present in USGS 512 (140 m;
Figures 10, 12.2). This cusp is never present
on p3 of T. americana but is always present
in T. crassidens.

Evidence regarding the jaw and dentition
anterior to p3 is especially weak, but the few
specimens preserving this region unequivo-
cally have more compressed anterior teeth
than in 7. americana. In two of them (USGS
512, YPM 24358) this part of the jaw is clear-
ly longer than in T. crassidens, whereas three
specimens from the Clark’s Fork Basin (UM
69147, 71126, YPMPU 17418 (Figures 12.3,
13)) are more compressed, approximating the
condition in T. crassidens. The Clark’s Fork
specimens are apparently closer in time to 7.
crassidens. All five lack pl orits alveolus and,
where known (i.e., in all but UM 71126), each
possessed a moderately enlarged il slightly
smaller than that of 7. crassidens. Only one
intermediate (UM 77391 (Figure 12.1), den-
tary fragment with p2-3 and roots of c—pl,
Clark’s Fork Basin, 205 m level) is known to
have retained a tiny pl, as in 7. americana.
This specimen, however, is structurally in-
termediate in having a weakly expressed
metaconid on p3.

Although a gradual morphological transi-
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tion is inferred, neither p4 structure nor any
other aspect changed perfectly smoothly. For
example, YPM 24356 (100 m) has a lower
p4 metaconid than might be expected, but it
is relatively broad, whereas USGS 7192 (115
m) has a high metaconid but is comparatively
narrow (Figure 57). USGS 7194 (p3-4, 140
m) is unusually broad and mesiodistally com-
pressed. Similarly, some specimens with the
weakest mesostyles or none at all (USGS
9211, 119 m; YPM 30729, 140 m) were found
in rocks above the level of the first appear-
ance of a mesostyle (97 m). Such mosaic ac-
quisition and expression of features is to be
expected in a gradual transition of morphol-
ogy and presumably reflects directional shifts
in proportion of variability.

In any transition, gradual or otherwise, only
some characters will exhibit change during a

particular temporal interval; many will re-
main relatively constant (Martin, 1984; Rose
and Bown, 1986). Throughout their evolu-
tion, the lower molars of Teilhardina show
few changes, apart from the aforementioned
weak trend toward relatively broader, more
basally inflated crowns. Consideration of
crown area (log or In of length x breadth),
which obscures this trend, reveals a pattern
of stasis or weak oscillation in molar size
(Figure 59). Thus Teilhardina retained con-
servative molars that changed little, whereas
the antemolar dentition underwent progres-
sive, apparently gradual change.

The number of intermediates that preserve
the most important traits for interpreting their
evolution remains small despite persistent ef-
forts during the past several years to improve
this record. It should be emphasized that



98 T. M. BOWN AND K. D. ROSE
600
_1 > >
4 ® Pseudotetonius ambiguus o
@ Tetonius matthewi
Q T matthewi - P ambiguus 0 0 8 -0 -
500 . retonius  sp intermediates o o
@ Teilhardina crassidens o
4 © Teilhardina americana
Q@ T.americana - T.crassidens o o o o
intermediates
400 ¢
5] a LN 1}
- 300 a
b3
8 O P® o009 [ ’e aw [ ] -
200
S} (=) =]
100—
B [S]
[o) v T - T T T T T T T =T T T
0.4 0.6 0.8 1.0 1.2 1.4 1.6 1.8
Ln(LxW) p4

FIGURE 60—Plot of p4 area in omomyid specimens from the Clark’s Fork Basin (see Figure 51);
ordinate is stratigraphic level in the Willwood Formation above the Clarkforkian-Wasatchian bound-
ary sandstone. Note similar pattern to lower half of Figure 52 (up to 370 m).

omomyids usually constitute only about 1.5%
of the fauna in the lower part of the Willwood
Formation, and that only a fraction of those
found preserve the most critical teeth.

The Teilhardina americana-T. crassidens
lineage evidently became extinct above 190
m in the central and southern Bighorn Basin
(330 m in the Clark’s Fork Basin section),
and Teilhardina occurs only sporadically
thereafter (Figures 51-56, 60-62). Teilhar-
dina tenuicula appears about 50 m (or more)
above the last appearance of 7. crassidens,
and was probably derived from the Teilhar-
dina intermediates discussed above, but no
other transitional specimens are known in the
principal study area.

A sample from Hackberry Hollow (UM
locality SC-192) in the Clark’s Fork Basin,
however, may represent such a transitional
stage. These specimens differ slightly but con-
sistently from other intermediates in having
relatively lower crowned p3-4 with meta-
conids set closer to the protoconid, and a
longer, more open p4 trigonid with a lingually
situated, distinct paraconid. Where known

(best seen in YPMPU 17418 (Figures 12.3,
13) and UM 69147), the dentition anterior
to p3 is more compacted than in other in-
termediates; 12 is labially displaced and the
jaw is as short as in 7. crassidens although il
is not quite as large as in the latter. These
differences suggest that the Hackberry Hol-
low sample is more advanced morphologi-
cally than most intermediates, but in the di-
rection of Teilhardina tenuicula rather than
T. crassidens. The stratigraphic level of
Hackberry Hollow is unknown but, based on
the stage of evolution of Teilhardina, may be
about 250-350 m—that is, approximately
contemporaneous with the temporal range of
T. crassidens.

The Clark’s Fork Basin sample, though
smaller and more incomplete stratigraph-
ically, documents the same series of changes
in the same sequence that is observed in the
central and southern Bighorn Basin record of
Teilhardina, providing an independent test
of, and supporting, the interpretation given
above. Teilhardina americana and T. cras-
sidens each have restricted, non-overlapping
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FIGURE 6/ —Plot of m1 area in omomyid specimens from the Clark’s Fork Basin (see Figures 51 and

60).

stratigraphic ranges, and the latter (as in the
central and southern Bighorn Basin) coexist-
ed with Teronius matthewi (Figures 60-62).
Intermediates are known from only part of
the intervening strata (180-240 m) and over-

lap at 240 m with 7. crassidens. This is not
to imply that two species of Teilhardina were
present at this level; rather, this level yields
specimens that are morphologically full-
fledged T. crassidens together with specimens
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FIGURE 62 —Plot of m1 area as in Figure 61, but vertical scale compressed to approximate more closc;ly
that of the comparable part of the section in the central and southern Bighorn Basin. Compare with

Figure 53 (up to 370 m).
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that, by comparison to the Bighorn Basin
sample, are morphologically advanced inter-
mediates. The problem devolves to one of
taxonomy; there is simply no place in a grad-
ual transition to draw a line separating
“species” of mutually exclusive and diag-
nostic morphologies.

Gingerich (1980a, p. 416) concluded that
the Clark’s Fork Basin sample of Teilhardina
(then called Tetonoides) “exhibits no change
through time.” This inference was based on
m1l size in the smaller sample then known
and is not inconsistent with the pattern of m1
area through time in the central and southern
Bighorn Basin sample. The larger Clark’s Fork
Basin sample now available, however, sug-
gests a weak trend toward smaller m1 size
through time, and traits in antemolar teeth
provide stronger evidence for sustained,
gradual evolution. Nonetheless, it remains
doubtful that the record from the Clark’s Fork
Basin is dense enough to permit this conclu-
sion without reference to the better record
from the central and southern Bighorn Basin.

Although Anemorhysis remains one of the
rarest omomyids and has a very incomplete
fossil record, it is possible to offer a few spec-
ulations concerning its evolution. The genus,
united by its derived p4 talonid structure,
must have descended from Teilhardina, but
the limited available evidence does not point
clearly to any one species or sample as the
most likely ancestor and, indeed, suggests
several alternatives.

In all Anemorhysis p4 has a buccally-sit-
uated cristid obliqua, a shallow hypoflexid,
and a variably developed talonid basin, char-
acters that presumably were present in the
stem species of the genus. The talonid basin
is best developed in A. sublettensis and is only
slightly less so in 4. wortmani (the two young-
est species) from the Bighorn Basin, showing
that these are the two most derived species.
Anemorhysis wortmani has an enlarged i1 and
compressed anterior dentition (small i2, ¢, p2
absent, p3 single-rooted), strengthening this
interpretation; the anterior dentition of A.
sublettensis is unknown. Anemorhysis pearcei
and A. pattersoni are older than the other two
species (although their relative ages are un-
certain) and are more primitive in having a
less developed talonid basin on p4 and a two-
rooted p3. Anemorhysis pearcei retains p2 and
shows little compaction of the anterior den-
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tition, while A. pattersoni probably retained
p2 but clearly has more compressed anterior
teeth. Anemorhysis wortmani, A. sublettensis,
and A. pearcei have prominent paraconid and
metaconid cusps on p4, whereas A. pattersoni
has a more open p4 trigonid with small, low
paraconid and metaconid. Because the po-
larity of p4 trigonid structure is equivocal,
the phylogenetic position of A. pattersoni is
uncertain.

Considering all of these characters, A.
pearcei appears to be the most primitive
species, only slightly derived with respect to
Teilhardina crassidens or transitional stages
of Teilhardina leading to it. The other species
are successively more derived (having pro-
gressively better developed talonid basins on
p4, more compressed and reduced anterior
dentitions) in the sequence A. pattersoni, A.
wortmani, A. sublettensis. But it is unlikely
for both morphologic (p4 trigonid structure)
and geographic reasons (4. sublettensis is from
the greater Green River Basin and A4. pearcei
is known only from the Washakie Basin) that
all belong to a single lineage. To accom-
modate all four species in a single lineage
would require a reversal—reduction and sub-
sequent enlargement of the p4 paraconid and
metaconid (Figure 63.1). Rejecting this, A.
pattersoni more likely represents a side
branch, descended from a form like A. pearcei,
that reduced the paraconid and metaconid of
p4 (i.e., its p4 trigonid structure would be
derived; Figure 63.2).

However, if p4 trigonid structure in 4. pat-
tersoni is primitive with respect to that in
other Anemorhysis (as suggested by its resem-
blance to that of Teilhardina americana), the
situation is more complex. In this case, A4.
pattersoni may have descended from a prim-
itive stem species of Anemorhysis (derived
from 7. americana and retaining its p4 tri-
gonid structure), undergoing compression of
anterior teeth and slight enlargement of the
p4 talonid in parallel with other species of
the genus (Figure 63.3). The other species
would then belong to a separate lineage, also
derived from the stem species, that enlarged
the trigonid cusps and talonid basin of p4
and foreshortened the dentary independent-
ly. Alternatively, 4. pattersoni may actually
be directly descended from Teilhardina
americana and convergent to Anemorhysis in
p4 talonid structure, molar form, and fore-
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FIGURE 63 —Possible relationships of Anemorhysis to Teilhardina and among species of Anemorhysis

(see text for explanation).

shortening of the dentary (Figure 63.4). This
would require that the characteristic p4 tal-
onid structure of Anemorhysis (as well as oth-
er characters) evolved at least twice, and
would make the genus as here conceived di-
phyletic, both of which are regarded as im-
probable.

Without more evidence, the issue cannot
be clearly resolved; but the conclusion that
A. pattersoni belongs to a lineage separate
from other species of Anemorhysis seems
inescapable. It is most parsimonious at pres-
ent to consider Anemorhysis monophyletic
and the reduction of the p4 paraconid and
metaconid in A. pattersoni derived with re-
spect to A. pearcei or a similar species (Figure
63.2).

Evolution in the Tetonius—Pseudotetonius
clade.— Tetonius and its successor Pseudo-
tetonius account for the majority of omo-
myids found in the lower half of the Will-
wood Formation in the southern and central
Bighorn Basin (64-374 m interval; Figures
51-56). In the Clark’s Fork Basin, where
Willwood deposition began earlier (during the
Clarkforkian Land Mammal Age) and Wa-
satchian time is represented by a greater
thickness of rocks, these taxa occur in the

230-595 m interval of Wasatchian strata
(Figures 60-62). Most specimens represent a
single lineage from Tetonius matthewi to
Pseudotetonius ambiguus, characterized by a
trend toward progressive compaction of the
anterjor_teeth (loss of p2, size reduction of
i2, ¢, p3) and hypertrophy of il. The lower
molars and upper cheek teeth (P3-M3), how-
ever, remained conservative. There are no
obvious trends in these teeth except for their
slightly smaller mean size in P. ambiguus,
hence individuals preserving only these teeth
(which constitute a significant proportion of
known specimens) are, in practice, morpho-
logically indistinguishable. Such specimens
can be assigned to taxon or stage only by
association with diagnostic lower antemolar
dentitions or by stratigraphic occurrence. For
these reasons, the remaining discussion fo-
cuses on the lower antemolar dentition. A
second, short-lived, primitive lineage, char-
acterized by smaller overall size and rela-
tively smaller p3—4, appears to be indicated
by the sample here designated Teronius
species.

In general, Tetonius segregates from Teil-
hardina by its larger size, relatively broader
(basally more inflated) cheek teeth, relatively
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FIGURE 64 —Lower dentitions of Teilhardina and Tetonius, showing probable morphological stages of
evolution (see text for details). 1, Teilhardina americana Bown (UW 6896, holotype). 2, Tetonius
mckennai (UCMP 46192, holotype). 3, Tetonius sp. (USGS 5936). 4, Tetonius matthewi n. sp. (CM

12190, holotype). Scale is 5 mm.

smaller canine, smaller or absent p2, and con-
sistent lack of pl —all derived traits relative
to Teilhardina americana. With the excep-
tion of larger size and reduction of p2, these
characters also evolved (in parallel) in later
stages of the Teilhardina americana-T. cras-
sidens lineage, which coexisted with Teto-
nius; but Teilhardina crassidens is readily
separated from Tetonius by its short, squat
cheek teeth and more molarized p3—4. As
discussed below, some small individuals of
Tetonius approach or overlap with Teilhar-
dina americana and early Teilhardina inter-

mediates in cheek tooth size and morphol-
ogy. Although it is usually easy to distinguish
between the two genera using the criteria list-
ed above, this is not true for some isolated
molars.

Tetonius first appears in the southern Big-
horn Basin at the 64 m level, just above the
last occurrence of Teilhardina americana,
presumably as an immigrant (see also Gin-
gerich, 1980a). Through about the next 100
m its record is sporadic and most specimens
consist of very fragmentary jaws or isolated
teeth. Many of these are within the size range
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FIGURE 65—Histograms of p4 and m1 size (natural logarithm of length x width) in Teilhardina
americana Bown and Tetonius (data from appendices).

of T. matthewi (best known from the 180-
190 m interval) and are morphologically in-
distinguishable from it. It is evident from
Figures 51-56 that these specimens can be
distinguished from Teilhardina simply by
their larger size. Also present in this interval
are smaller specimens here designated Te-
tonius species. All early representatives of Te-
tonius, as far as known, are characterized by
an enlarged, procumbent il, small i2 and ca-
nine, a vestigial p2, and a two-rooted p3 only
slightly smaller than p4 (traits defining stage
1; see below).

Although Tetonius matthewi is more de-
rived than Teilhardina americana in several

aspects of the anterior dentition, its antiquity
and close resemblance to the latter in struc-
ture of the cheek teeth (p3—m3) suggest close
relationship. In fact, two more primitive
samples of the genus, Tetonius mckennai and
Tetonius species, probably represent the mor-
phological stages (if not the actual pedigree)
by which Tetonius matthewi evolved from
Teilhardina (Figure 64).

Tetonius mckennai (early Wasatchian Four
Mile Fauna) is the most primitive known
species of the genus, overlapping in size with
the largest individuals of Teilhardina amer-
icana (Figure 65). Its cheek teeth (except p4)
display little of the basal inflation character-
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FIGURE 66 —Camera lucida tracings of lateral (above) and medial views of p4 in omomyids from the
180-190 m interval in the central and southern Bighorn Basin, showing variation in size and mor-
phology. Tetonius sp. (indicated by stars) and 7. matthewi n. sp. coexisted with Teilhardina crassidens
n. sp. in this interval. Small individuals of Tetonius sp. closely approach Teilhardina in size of p4,
but in Tetonius p4 is relatively longer and has lower and less prominent metaconid and paraconid
cusps. Occlusal views of p4-m1 in the three taxa are compared below.

istic of other Tetonius. Only relatively trivial
modifications are necessary to derive Teto-
nius mckennai from Teilhardina americana:
loss of pl (rarely achieved in T. americana
but typical in later Teilhardina), slight re-
duction of the canine and probably p2, and
(probably) enlargement of i1.Thus Tetonius
mckennai exemplifies a structural stage in-
termediate between Teilhardina americana
and more advanced Tetonius. The known
sample cannot represent the actual transi-
tional population, however, since it coexisted
with Tetonius matthewi and Tetonius sp. at
East Alheit Pocket; but older samples of the
species may have been close to the direct line
of descent.

As previously discussed, the sample of Te-
tonius from the 97-190 m interval exhibits
a size range exceeding that of other Bighorn
Basin anaptomorphine samples (Figure 66).
This is particularly apparent in the plots of
p4 and m1 size (Figures 52, 53), in which
several specimens plot below the range for
later samples in the Tetonius—Pseudotetonius
lineage, closely approaching Teilhardina.
These smaller specimens, which retain p2,
also typically have relatively smaller p3—4
(compared to molars) than in T. matthewi,

suggesting that they are slightly more prim-
itive than 7. matthewi and strengthening the
probability that the broad size range reflects
the existence of two species (see also Gin-
gerich, 1974b). For these reasons, these
smaller specimens are designated Tetonius
species, although they intergrade impercep-
tibly with sympatric specimens of 7. mat-
thewi. The two may be sibling species. Te-
tonius sp., whether distinct or a small variant
of T. matthewi, is an ideal morphological in-
termediate between T. mckennai and typical
T. matthewi.

It seems probable that Tetonius sp. rep-
resents a lineage of short duration whose ear-
ly members were directly ancestral to 7. mat-
thewi. Like T. mckennai, known samples of
Tetonius sp. cannot have been ancestral to 7.
matthewi, because they coexisted with it in
the Bighorn Basin as well as in the Clark’s
Fork Basin and probably at East Alheit Pock-
et. Thus Tetonius sp. and T. matthewi may
bear the same relationship to each other as
Absarokius metoecus and A. abbotti (see fol-
lowing section on Evolution in Absarokius);,
i.e., T. matthewi may have descended from
Tetonius sp. by gradual cladogenesis—but in
this case only part of the divergence (subse-
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quent to the initial split) is recorded in the
Bighorn Basin. A dense record of the early
history of Tetonius sp. and T. matthewi is not
yet known.

The close approximation in size and struc-
ture between Tetonius sp. and Teilhardina is
underscored by a few problematical speci-
mens that are tentatively assigned to the Teil-
hardina intermediate group (see systematics
above) because they are slightly smaller and
relatively shorter (e.g., USGS 2562, UW
7224, UW 8922 —all isolated molars). It is
notable, however, that the size separation be-
tween these specimens and Tetonius sp. is less
than that between many specimens of the lat-
ter and T. matthewi.

To summarize, these primitive samples of
Tetonius provide strong evidence that the ge-
nus was a direct descendant of Teilhardina,
probably T. americana. They further suggest
that the Tetonius—Pseudotetonius lineage
emerged gradually through the sequence Teil-
hardina americana-Tetonius mckennai-Te-
tonius species—Tetonius matthewi. As noted
earlier, the last three taxa as currently known
were at least in part contemporaneous.
Whether Tetonius sp. and T. mckennai arose
earlier but persisted for a period unchanged
or were derived from more primitive stages
of the same (or different) species is unknown.

Tetonius matthewi, as mentioned earlier,
is recorded from 64 m to 190 m in the south-
ern and central Bighorn Basin (230-330 m
in the Clark’s Fork Basin). Many of'the earlier
specimens are very fragmentary and are here
assigned by default; it is simply not known
if they differ in aspects of the anterior den-
tition (for instance, by having a relatively
larger p2 or a relatively smaller il). More
nearly complete lower dentitions are known
from the 140-190 m interval (particularly
180-190 m). From this interval to about 370
m, the record is relatively dense and contin-
uous and documents a gradual, anagenetic
transition from 7. matthewi to Pseudoteto-
nius ambiguus.

For convenience in discussing this transi-
tion, the sample was subdivided into five se-
quential structural stages (stages 1-5; Figure
67), each defined by a morphological thresh-
old. Each threshold is recognized by a rela-
tively minor change (e.g., loss of p2, coales-
cence of p3 roots), and none was sudden in
the sense of involving the entire population;
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FIGURE 67 —Morphologic stages in the Tetonius—
Pseudotetonius lineage (i1-m1), showing loss of
p2, progressive reduction in size of i2—p3, and
hypertrophy of il. Figures are camera lucida
tracings of individual specimens or composites
and represent an “average” morphology for each
stage; stippled areas are restored based on root
size and crown morphology in the closest spec-
imens that preserve these teeth. Stratigraphic
intervals indicate the range of typical specimens
of each stage.

rather, variability in the pertinent characters
increased during transitional periods so that
the dominant morphology gradually shifted
through time. Thus although the stages em-
ployed are essentially time-successive, they
also overlap. Two or more stages occur to-
gether in several phases of the transition, but
the more progressive stage eventually dom-
inates. The ultimate result (the sum of apo-
morphic characters) was Pseudotetonius am-
biguus, a type distinctly different from
Tetonius maithewi, in which all of these
changes were expressed. The number of stages
and the stages themselves are, in fact, arbi-
trary, because there are no abrupt breaks in
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FIGURE 68 —Stratigraphic distribution of lower premolar traits in the Tetonius—Pseudotetonius lineage
from the central and southern Bighorn Basin. Points without numbers represent single specimens.
Presence or absence of p2 was determined from the crown, root, or alveolus. Specimens of p3 with
fused roots were subdivided into two classes, 4 (stage 3) and B (stage 4). See text for further
explanation.

Data for p2 (m level in parentheses): Present—YPM 35016 (140), UW 6584 (160), YPM 33246
(170), CM 12190, UK 8662, USGS 5936, 5940, 7198, UW 10355, YPM 23167 (180), DPC 12632,
USGS 483, YPM 30676?, 33223 (190). Absent—USGS 16437 (180), USGS 499?, 3857, UW 6532,
YPM 30524 (190), YPM 25017? (235), USGS 3841, 3853 (264), USGS 504 (270), YPM 26022
(280), YPM 25026, 25034, 25592, 30686, 30708 (290), UW 10212 (322), USGS 3868 (334), USGS
3873,5997,9147,9148 (336), USGS 9140 (338), USGS 5994 (342), USGS 6555 (344), USGS 3867,
5973 (346), USGS 3881 (348), AMNH 15072, MCZ 19010 (about 350), YPM 25042 (360), JHU
66, YPM 30698 (370), JHU 699 (374).

Data for p3; Two roots—USGS 481, YPM 35016 (140), USGS 7191, UW 6584 (160), YPM 33246
(170), CM 12190, UK 8662, USGS 495, 1643, 5936, 5940, 5941, 7198, UW 6532, 10355, YPM
23167 (180), DPC 1263, USGS 483, 499, 501, 3857, 9208, YPM 30524, 30676, 30693, 30718,
33223 (190), YPM 25015, 25017? (235), USGS 3879 (262), USGS 3841?, 3853 (264), USGS 504,
YPM 24980?, 25044 (270), YPM 25026, 25585, 30686?, 30708 (290), USGS 9148 (336), USGS
6555 (344). Fused roots (4)—YPM 26022 (280), USNM 19151, 19152 (about 290), UW 6192, YPM
255927 (290), UW 10212 (322), USGS 3873, 38747, 9147 (336), USGS 9140 (338), USGS 3882
(348). Fused roots (B)—USGS 3865 (278), USGS 3868 (334), USGS 5997 (336), USGS 5994 (342),
USGS 5973 (346), USGS 3881 (348), AMNH 15072, MCZ 19010 (about 350), USGS 6752, YPM
25042 (360), YPM 24981 (370). One root—USGS 3867 (346), USGS 9144 (360), JHU 66, USGS
71997, YPM 306897, 30698 (370), JHU 699 (374).

Data for p3/p4 ratios from appendix.

the sequence. It is also important to point out
that some specimens do not fit neatly into
one stage or another but instead show char-
acteristics of two stages. This mosaic pattern
of change reflects increasing expression of de-
rived traits in the sample rather than recur-
rence of primitive states.

Of the several traits characterizing stage 1,

most important are the presence of a tiny,
vestigial p2 and a relatively unreduced, two-
rooted p3 (Figures 16-19). All specimens of
Tetonius from below 180 m in the Bighorn
Basin (below 300 m in the Clark’s Fork Basin)
represent stage 1. The first individuals that
lack p2 —the defining feature of stage 2—ap-
pear at 190 m (questionably at 180 m; 330
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m in the Clark’s Fork Basin) where they occur
together with stage 1 specimens and are oth-
erwise indistinguishable from them (Figure
68). Hence stage 2 specimens overlap tem-
porally with the youngest stage 1 specimens.
Not unexpectedly, in this transitional inter-
val (180-190 m) the presence or absence of
an alveolus for p2 is sometimes ambiguous.
Thereafter (above 190 m), p2 is invariably
absent; i.e., stage 1 no longer exists. The name
Tetonius matthewi is employed for stage 1
and coeval stage 2 specimens that fall within
the size range of subsequent samples of the
lineage; stage 2 individuals from above 190
m (the last occurrence of stage 1) are arbi-
trarily excluded and constitute the earliest
and most primitive Tetonius matthewi—Pseu-
dotetonius ambiguus intermediates. The co-
existence of both stage 1 and stage 2 speci-
mens at East Alheit Pocket and at Hackberry
Hollow in the Clark’s Fork Basin (Figure 69)
suggests that these two sites correlate roughly
with the 180-190 m interval in the southern
and central Bighorn Basin.

Specimens assigned to stage 2 because of
their two-rooted p3 are most common in the
190-290 m interval in the central Bighorn
Basin, with just a few higher records up to
344 m (Figure 68). Significantly, however, all
are not of uniform morphology. With higher
stratigraphic level there is an increasing ten-
dency toward anteroposterior compression of
the two roots, as well as reduction in p3 size
(especially length) compared to p4 (e.g., USGS
3853, YPM 25044, YPM 25585 from the
250-290 m interval). The latest occurring
specimens with a two-rooted p3 are decidedly
advanced in other characters: in both USGS
9148 (336 m) and USGS 6555 (344 m; Figure
22), the p3 crown is smaller than in other
stage 2 specimens and the dentary is mark-
edly foreshortened. Moreover, both pos-
sessed a large central incisor and very reduced
canine and (preserved in USGS 6555 only)
i2. Although they are assigned to “advanced™
stage 2 because of the two-rooted p3, they
are more consistent with stage 3 or stage 4 in
other aspects. These records underscore the
arbitrariness of the stages used here and ex-
emplify the mosaic acquisition of characters
during anagenesis.

Overlapping stratigraphically with later
stage 2 individuals are some specimens which
exhibit such compaction of p3 roots that two

107

discrete roots can no longer be discerned. Such
specimens displaying fused p3 roots (stages
3 and 4) appear for the first time at 280 m
and exist as high as 370 m, thus grading into
Pseudotetonius ambiguus (Figure 68). Not
surprisingly, in the more primitive individ-
uals of this type, it is sometimes difficult to
ascertain whether there are two very closely
appressed roots or a single C-shaped or bi-
lobed root (coalescence occurs first on the
buccal side); but in more advanced speci-
mens coalescence is unequivocal.

Two classes of fusion of p3 roots are des-
ignated, and these are termed stage 3 and
stage 4. In both stages, p3 typically is smaller
and the anterior teeth are more compacted
(with concomitant foreshortening of the den-
tary) than in stage 1 and most stage 2 spec-
imens. Advanced stage 2 specimens, how-
ever, may differ from stage 3 only in having
a p3 with two separate roots. The fused p3
rootin stage 3 is either bilobed on both buccal
and lingual aspects or C-shaped (appearing
single buccally but two-rooted lingually; Fig-
ure 23). In stage 4 coalescence is more com-
plete; the root is only weakly bilobed lin-
gually and usually single or very faintly
bilobed buccally (Figures 26, 27). The two
stages obviously intergrade and assignment
of some specimens to one or the other is
equivocal; hence, this division further illus-
trates the gradual nature of the transition to
Pseudotetonius ambiguus.

Stages 3 and 4 coexisted with each other
and with advanced stage 2 individuals from
about 280 m to about 350 m, and the more
advanced stages had clearly supplanted stage
2 by the end of this interval (Figure 68). In-
dividuals of stage 3 morphology are some-
what more common than the others through
most of this interval, but above 340 m stage
4 predominated briefly until the appearance
of stage 5 at about 350 m. The highest stage
3 specimen (USGS 3882, 348 m) occurs at
the lowest part of the range of Pseudotetonius
ambiguus, but it is less advanced than spec-
imens of the latter.

In the 350-370 m interval, all specimens
represent either stage 4 or stage 5 (about
equally common in this interval) and all are
assigned to P. ambiguus. Stage 5—the cul-
mination of about 1.5 million years (200 m)
of evolution in this lineage—is characterized
by a very foreshortened dentary, a much en-
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FIGURE 69—Stratigraphic distribution of premolar traits in the Tetonius—Pseudotetonius lineage from

the Clark’s Fork Basin, depicted as in Figure 68. Meter levels are measured from the Clarkforkian—
Wasatchian boundary sandstone; Gingerich’s (1982) levels from the base of the Paleocene are in-
dicated at left. Stratigraphic level of Hackberry Hollow (UM locality SC-192) is unknown but probably
about 250-350 m; data from there are indicated by H and are arbitrarily entered at 300 m.

Data for p2: Present— UM 831227, 83394, 86219 (230), UM 69787, 69817, 71379, 71393, 795372,
79540 (240), USGS 2326 (295), UM 767717 (330), UM 79232 (H). Absent—YPMPU 181397, UM
79332, USGS 479, 2333? (H), UM 76767 (330), UM 66832 (395), UM 66695, 72937, USGS 2457
(450), UM 66807 (500), UM 66821, 73151, 73206, 73231, 73243, 73264, 80152 (530), UM 67306,
67318, 67329, 69700 (545), UM 73453, 75037 (575).

Data for p3: Two roots—UM 83122, 83394, 86219 (230), UM 66219, 69787, 69817, 71379,
71393, 76674, 79537, 79540, USGS 5985 (240), USGS 2326 (295), UM 78969 (320), UM 73913,
76767,76771 (330), UM 66832 (395), UM 66695, 72937, USGS 2457 (450), UM 72966 (485), UM
66807 (500), UM 73151, 73206, 73231, 73243?, 73264, 80152 (530). Fused roots—UM 66821 (530),
UM 67306, 67318, 69700 (545), UM 73453 (575). One root—UM 673292, 732247 (530), 75037

(575).
Data for p3/p4 ratios from appendix.

larged i1, and a further reduced p3 as small
as the canine and i2; the single root of p3
lacks any indication of the previous two-root-
ed condition (Figures 29, 67). Although data
are sparse, it is evident that i2 and c also
underwent reduction and compaction,
whereas il became more robust, from stage
1 to stage 5. The molars (m1, m2, M1) display
a slight but significant shift toward smaller
mean size in P. ambiguus, but aside from this
they are remarkably constant throughout the
lineage (Figure 59).

Although P. ambiguus is readily distin-
guished from Tetonius matthewi, it must be
defined arbitrarily using a combination of
morphologic and stratigraphic criteria. This
definition, all stage 5 and contemporaneous

stage 4 specimens, limits the species to the
most progressive members of the lineage. As
currently known, this includes all stage 4 and
stage 5 specimens from 346 m and above.
Other definitions might be valid but would
be equally arbitrary. Any strictly stratigraph-
ic or strictly morphologic definition would
necessitate either inclusion of some speci-
mens with less progressive morphology (that
cannot be distinguished from certain older
specimens) or exclusion of some individuals
indistinguishable from P. ambiguus.

In the Clark’s Fork Basin, where a dense,
unequivocal record is not yet known, the low-
er boundary of P. ambiguus is even more
nebulous. There, stages 4 and 5 coexisted at
575 m and possibly as low as 530 m (Figure
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FIGURE 70— Lower fourth premolars of Absarokius (lateral views), showing six sizes and morphologies
of crown height and posterobuccal distension of the crowns. I, 2, Absarokius metoecus n. sp. 3, 4,
Absarokius abbotti (Loomis). 5, Absarokius abbotti (type specimen of A. “noctivagus Matthew). 6,

type specimen of Absarokius witteri Morris.

69). The distribution of characters in the
Tetonius—Pseudotetonius lineage in the Clark’s
Fork Basin sequence closely parallels that in
the Bighorn Basin, strengthening the pattern
defined above. In the Four Mile area, P. am-
biguus (=“Mckennamorphus despairensis™)
occurs at Despair Quarry, suggesting that this
site is much younger than the Alheit quarries.

Whether the impetus for the morphologic
shift from Tetonius matthewi to Pseudoteto-
nius ambiguus was a change in diet, mode of
ingestion, or some other factor is only spec-
ulative. The highest known specimen of P.
ambiguus occurs at 374 m, after which the
Tetonius—Pseudotetonius lineage evidently
became extinct in the central Bighorn Basin
(just prior to Biohorizon B of Schankler,
1980).

Evolution in the Absarokius clade. —When
viewed in stratigraphic context, the large Big-
horn Basin sample of Absarokius exhibits
more or less continuous intergradation in
cheek tooth size (Figures 51-54) and mor-
phology. It has been generally assumed be-
fore this study that the sample represented a
single species, A. abbotti, or a small species
(A. abbotti) and a handful of specimens of a
larger species (4. noctivagus). Although it is
tempting to interpret this sample as a single
yet highly variable species (it is impossible
to do otherwise without stratigraphic con-
trols), the degree of difference in both size
and morphology is too great to be contained
in one paleontologic species. For example,
stratigraphic plots of cheek tooth size in 4b-
sarokius (Figures 51-56) depict much wider
size distributions than have been shown to
be normal for many species of mammals (e.g.,
Gingerich, 1974b; Gingerich and Winkler,
1979). Similarly, the variability in p4 mor-

phology (Figure 70) encompasses that for-
merly used to identify both Tetonius and Ab-
sarokius and to distinguish between them at
the generic level.

Variability in both size and morphology
can be correlated temporally and different in-
tergrading morphologies succeed one another
in dominance through the Willwood record
of Absarokius. These relationships appear to
indicate gradual intraspecific and interspe-
cific evolution in two closely related species
of Absarokius (that, initially, may have been
sibling species). The molars of Absarokius are
conservative morphologically and, as in the
Tetonius—Pseudotetonius lineage, the ante-
molar teeth are most useful in establishing
interrelationships within the genus. Empha-
sis is placed on the morphology of p4, which
is clearly the most diagnostic tooth for species
of Absarokius.

To document the complicated picture of
evolution seen in Bighorn Basin Absarokius,
the correlatable variation seen in samples at
various successive levels of the Willwood
Formation is discussed. Variation in cheek
tooth size is especially broad in Willwood
Absarokius but does not, by itself, separate
species. The earliest record of Absarokius in
the Bighorn Basin is the first occurrence of
A. metoecus at the 425 m level of the Will-
wood Formation. The next sample occurs at
442 m, and the first large samples at 463 and
470 m, the last level equivalent to the base
of the Lower Heptodon Range Zone of
Schankler (1980). Both lower and upper cheek
teeth are smaller in mean size in the 425-520
m interval than at 560 m and above (Figures
51-56) yet most specimens are within one
standard deviation of the mean. The ob-
served ranges of successive samples overlap
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FIGURE 71—Temporally-stratified dental variation in some lower fourth premolars and lower first
molars of Absarokius abbotti (Loomis). All specimens from Willwood Formation, Bighorn Basin,
except type of A. abbotti, and specimens occur higher in the Willwood section (m = meters) following
the open arrows (the relative position of the type of A. abbotti is hypothetical). Note that there is
pronounced posterobuccal distension of the p4 crown (solid arrows) throughout the range of this
species when compared with the condition in A. metoecus n. sp. (Figure 72). R indicates reversed

image.

with those at higher stratigraphic levels. There
is no marked bimodality when measure-
ments for lower teeth in the 463-520 m in-
terval are combined with those for the sample
as a whole. Bimodality of tooth size does be-
gin to occur in the Absarokius sample at and
above the 560 m level. The sample from the
463-520 m interval, however, bridges this
bimodal distribution and causes the entire
sample, when examined independent of stra-
tigraphy, to appear unimodal though highly
variable. Moreover, certain specimens plot
at the small end of the observed size range
in the premolars and/or m1 or M1, yet occur
in the middle or large end of the ranges for
ml, M1, and/or m2, M2. Therefore, if it is
desirable to divide the Willwood Absarokius
sample into two or more paleontologic
species, size alone is inadequate and, espe-
cially, at the 463-520 m levels of the Will-
wood Formation.

The Willwood Absarokius sample from the
463-520 m interval is united by the common

presence of a relatively unreduced p2, a rel-
atively large p3 possessing two clearly defined
roots, and unenlarged i1-2. These features
also characterize the pooled sample of Ab-
sarokius at all higher levels of the Willwood
Formation and serve to distinguish it from
samples of the older related taxa Tetonius and
Pseudotetonius. However, an obvious vari-
able feature in the pooled Absarokius sample
is the relative height of p4 (Figures 36, 37),
associated with the relative degree of postero-
buccal ventral distension of its crown (Fig-
ures 71, 72). Because p4 morphology has been
used to separate not only different species of
Absarokius from one another (e.g., Morris,
1954; Robinson, 1966; Szalay, 1976) but also
to distinguish between Absarokius and Te-
tonius (e.g., Szalay, 1976), the stratigraphic
distribution of variability in p4 morphology
is of considerable interest.

To investigate variability in p4 morphol-
ogy, four parameters were examined: p4
length (p4 L), p4 crown height (p4 H; broken
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FIGURE 72—Temporally-stratified dental variation in some lower fourth premolars and lower first
molars of Absarokius metoecus n. sp. All specimens from Willwood Formation, Bighorn Basin, and
specimens occur higher in the Willwood section (m = meters) following the open arrows. Note that
p4 remains relatively low-crowned with respect to that in 4. abbotti (Loomis) (Figure 71), and that
there is little posterobuccal distension of the crown (solid arrows). All are buccal views; R indicates

reversed image.

and heavily worn specimens were ignored),
degree of posterobuccal ventral crown dis-
tension, and stratigraphic position. The first
two and the last of these parameters are con-
tinuous variables that were measured direct-
ly; the third is a ranked variable for which
six categories of p4 morphology were estab-
lished, from relatively little to relatively great
posterobuccal ventral crown distension (Fig-
ure 70). Specimens were assigned to one of
these categories by comparing standardized
camera lucida tracings. Variability in p4 in a
small part of the Absarokius sample is de-
picted in Figures 71 and 72.

Aslowas 463 m, p4 already has a size range
comparable with that in samples in the 560—
610 m interval of the Willwood Formation
(Figure 52). There is only a slight tendency
to further increase the mean length of p4 (Fig-
ure 35), and this only in the 560—680 m in-
terval. The slight increase in p4 L in the mid-
dle and upper parts of the Willwood section
correlates in a general way with increase in
p4 H (Figures 36, 37); however, the Absaro-
kius sample between 463 and 520 m is clearly
dominated by specimens with a moderately
long but low-crowned p4 (Figures 35, 36).

Because a p4 length approaching the mean
for the pooled Absarokius sample is clearly
achieved by some specimens in the sample
at its earliest appearance at 442 m, it is im-
portant to evaluate separately the stratigraph-
ic distribution of p4 H and to compare this
with the categories established for the relative
posterobuccal ventral crown distension (Fig-
ures 70-72). From these comparisons, it be-
comes clear that the earliest part of the 4b-
sarokius sample (442-490 m) is characterized
by low-crowned p4 with virtually no postero-
buccal crown distension. As stratigraphically
successive samples are examined, it is seen
that two groups became established as early
as the 455-520 m interval and that these
typify the pooled Absarokius sample as high
as the 590 m level. The first group possesses
a p4 with a low crown and little or no crown
distension and, in p3 and m1 size, invariably
falls in the lower end of the observed size
range for Absarokius. The second group
evinces a tendency toward progressively
higher p4 crowns and greater crown disten-
sion, coupled with p3 and m1 that are larger
in mean size. The type specimen of Absaro-
kius abbotti fits best in the second group,
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which is therefore assigned to that species.
The holotype of A. abbotti is from the Wind
River Basin and cannot be directly compared
stratigraphically with the sample from the
Willwood Formation. Assuming it had a
common origin with the Willwood sample
referred to 4. abbotti, the type specimen is
an early representative of that species in which
p4 height is less than in much of the remain-
der of the 4. abbotti sample (Figures 36, 37),
but in which the degree of posterobuccal
crown distension is typical of that in the re-
mainder of the sample (Figure 71). Unfor-
tunately, specimens of Absarokius possessing
the lower crowned, more generalized p4 (here
referred to A. metoecus) are rare at and above
the 560 m level of the Willwood Formation.
Moreover, there do not appear to be any fea-
tures other than size by which lower molars
of these two groups can be consistently dis-
tinguished (except at the highest levels of the
Willwood Formation).

Although A. metoecus is distinctive and is
the only species of Absarokius in the 425-
454 m interval, two interpretations present
themselves for identification of Absarokius
materials higher in the Willwood section. The
first is that A. metoecus gave rise to A. abbotti
through anagenesis; i.e., via the gradual
transformation of the first species into the
second. Under this hypothesis, specimens re-
taining the morphology of 4. metoecus and
continuing to cluster at the small end of the
size range of the pooled Absarokius sample
atlevels above 490 m are simply end member
variants of 4. abbotti. This interpretation is
tempting because of the relative rarity of Ab-
sarokius with A. metoecus p4 morphology in
successively younger samples.

A second interpretation is that 4. metoecus
gave rise to 4. abbotti in the time represented
by the 455-520 m interval and that both
species then coexisted during the time con-
tained within the 455-680 m interval (sym-
patric cladogenesis). A third alternative, that
A. abbotti was introduced into the Bighorn
Basin at the time of the 455 m level and
gradually replaced or absorbed populations
of the primate termed A. metoecus, is belied
by the almost continuous intergradation in
size and morphology that already exists in
the pooled sample at the advent of the first
large sample with mean A. abbotti size and
morphology (560 m level).

T. M. BOWN AND K. D. ROSE

The morphology of the upper teeth of 4b-
sarokius (Figures 73, 74) supports both the
gradual continuous separation and the co-
existence of both species through that time
represented by 225 m of section (455-680 m
levels of the Willwood Formation). Exami-
nation of the size of P4 and M1 (Figures 55,
56) shows that these teeth, like p4 and m1,
are smaller in mean size in the 449-490 m
interval than in younger samples, but that the
largest of these teeth are near the mean size
for samples derived from higher in the sec-
tion. The 13 maxillary specimens from the
449-490 m interval (USGS 484, 506, 1195,
12226, 16433, 16435, 16445, 16447, 16453,
16458, 16459; DPC 1215, and DPC 1413)
possess teeth that resemble those in the ma-
jority of larger upper dentitions from 560 m
and above in having transversely broad up-
per molars and relatively small M2 trigon
basins. However, all of them are referred to
A. metoecus on the basis of their relatively
small mean size which, coupled with their
lower stratigraphic range, almost certainly as-
sociates them with lower teeth of A. metoecus
at these levels.

In the 500-560 m interval, the sample of
Absarokius upper teeth is larger and two dif-
ferent molar morphologies appear. The first,
exemplified by USGS 1437 (Figure 74), USGS
3848, and YPM 17483, consists of M1-2 that
are less transverse and M2 with a relatively
larger trigon basin than occurs in the re-
mainder of the pooled sample. USGS 3848
(500 m) has a relatively large M1 that could
easily fit within the large sample of Absaro-
kius M1 with a greater mean size found at
much higher levels. However, USGS 1437
and YPM 17483 (Figure 74), from 560 m,
possess very small P4 and M1. A bimodal
size distribution for these teeth is apparent
atand above the 560 m level. Thus, increased
distinction in both size and morphology took
place in the 500-560 m interval.

Above the 560 m level, only YPM 17488
at 680 m and YPM 28317 at 625 m have
distinctively smaller teeth than the remain-
der of the Absarokius sample. YPM 28317
(Figures 34.1, 74) has the transversely nar-
rowest upper molars of any specimen of Big-
horn Basin Absarokius and possesses a greatly
enlarged M2 trigon basin. YPM 17488, from
680 m (Figures 43.3, 74), is the youngest
specimen of small Absarokius and has the
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FIGURE 73 —Temporally-stratified dental variation in some upper first and second molars of Absarokius
abbotti (Loomis). All specimens from Willwood Formation, Bighorn Basin, and specimens occur
higher in the Willwood section (m = meters) following the open arrows. In comparison with the
upper molars of 4. metoecus n. sp. (Figure 74), note that there is no crenulation of molar enamel,
no enlargement of molar trigons, and no confluence of postprotocrista (solid arrows) with postcin-

gulum. All are occlusal views; R indicates reversed image.

most advanced upper teeth in the Bighorn
Basin Absarokius sample. It has transversely
very narrow P4-M2, an M2 that is not ap-
preciably broader transversely than M1 (in
contrast to all other Absarokius), and greatly
enlarged M1-2 trigon basins. YPM 17488
and 28317 are highly distinctive when com-
pared with any examples of 4bsarokius drawn
from the sample that is exemplified by larger
molars (Figure 73). In addition, YPM 17488
has more expanded M1-2 trigon basins than
in other specimens. This has resulted in in-
creased surface area of the trigon and was
accomplished not only by reduction in size
of the internal bases of the paracone and
metacone, as seen in earlier specimens of
small Absarokius (e.g., USGS 1437, YPM
28317, Figure 74), but also by extreme pos-
teroventral extension of the postprotocrista,

causing it to become confluent with the post-
cingulum (as also occurs in Bridgerian Ay-
crossia and Strigorhysis; Bown, 1979b). In-
cipient posteroventral extension of the
postprotocrista occurs also in YPM 28317
but is unknown in all specimens beneath the
625 m level. YPM 17488 also possesses
somewhat crenulated enamel in the M1-2 tri-
gon basins, a feature also present but less well
developed in USGS 1437 at the 560 m level.
In the development of crenulated enamel,
YPM 17488 also resembles upper molars of
Aycrossia and Strigorhysis (Figures 43.1, 43.2,
46.4). USNM 22267 (Figure 43.4) from the
Wind River Formation of the Wind River
Basin and AMNH 55154 and 55155 from
locality III of the Huerfano Formation, Huer-
fano Basin, Colorado, also resemble YPM
17488 in most of these characters and are
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FIGURE 74 —Temporally-stratified dental variation in some upper first and second molars of Absarokius
metoecus n. sp. (upper two rows), Strigorhysis bridgerensis Bown, and S. rugosus Bown. All Absarokius
are from the Willwood Formation, Bighorn Basin, and all Strigorhysis are from the Aycross For-
mation, Absaroka Range. Specimens occur higher in the Willwood (m = meters) or Aycross sections
following open arrows. Note enlargement of trigon basin and confluence of postprotocrista (solid
arrows) with postcingulum up section. Enamel crenulation, first seen as a minor variable character
at 530 m, also becomes pronounced later in the lineage (compare with 4. abbotti (Loomis), Figure
73). All are occlusal views; R indicates reversed image.

here referred to Absarokius metoecus. AMNH
55218, from the stratigraphically higher
Huerfano locality I (Robinson, 1966), is a
large new species of Strigorhysis.
Absarokius metoecus and A. abbotti are
closely related, partly coeval species that ap-
pear to have diverged from each other by
gradual cladogenesis in the Bighorn Basin
during approximately the time represented
by the 455-560 m interval. These species dif-
fer by the characters listed in the diagnoses
presented above but, as is clear from the fore-
going discussion, the extensive overlap of
certain characters and the divergence of oth-
ers in successively younger samples cause their
diagnoses to be highly simplified portrayals

of their complex morphological positions with
respect to each other. Difficulties in diagnos-
ing continuously evolving closely related or-
ganisms is thereby also underlined by anal-
ysis of the Absarokius clade in the Bighorn
Basin.

Because absolute p4 size and p4 H can no
longer be used as diagnostic in the separation
of Absarokius from Tetonius, as was thought
by several earlier authors (e.g., Matthew,
1915; Gazin, 1962; Szalay, 1976), a case could
be made for including the early members of
the species metoecus in Tetonius rather than
in Absarokius, and transferring the later
members of species metoecus to Strigorhysis.
This is indeed a moot point, and evidence
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against the latter solution is in part circum-
stantial. First, the interrelationships detailed
above indicate that 4. abbotti is a derivative
of A. metoecus. Second, both 4. metoecus and
A. abbotti possess p2 and this tooth is pro-
portionately much larger than that in the
much older Tetonius matthewi. Third, p2 is
Jost altogether in successively younger sam-
ples of the Tetonius—Pseudotetonius lineage,
T. matthewi being the last to possess it.
Fourth, p3 is relatively large and possesses
two clearly distinct and separated roots in
both A. metoecus and A. abbotti, whereas in
the middle and upper parts of the Tetonius—
Pseudotetonius lineage, p3 becomes progres-
sively smaller and develops first coalesced
roots, then a single root. This constitutes clear
evidence that 4. metoecus almost certainly
was not derived from any known species of
Bighorn Basin Tetonius, but the possibility
still exists that 4. metoecus is instead a more
conservative species of Tetonius that immi-
grated into the Bighorn Basin. This species
would have to have been one that had not
reduced p2 to the vestigial condition already
seen in Tetonius matthewi from the Lower
Haplomylus—Ectocion Zone.

Szalay (1976), following Matthew (1915)
and Gazin (1962), believed that Absarokius
is separable from Teronius in the possession
of smaller lower incisors, especially i1, which
is greatly enlarged in the latter genus. Un-
fortunately, only two of the lower jaws be-
longing to A. metoecus preserve the front of
the jaw (USGS 8256 and YPM 35098, Figure
41). Nonetheless, comparison of incisor size
in those specimens to that in Tetonius indi-
cates that A. metoecus shares relatively small
incisors with other Absarokius. The species
metoecus is therefore assigned to Absarokius
on the basis of small lower incisors held in
conjunction with a less reduced p2.

Teilhardina belgica, the earliest known
omomyid, possessed small incisors and an
unreduced p2, hence these characters are as-
sumed to be primitive for the Omomyidae.
Later members of the Teilhardinalineage and
the entire Tetonius—-Pseudotetonius lineage are
derived relative to Teilhardina belgica in en-
largement of the central lower incisor and in
reduction of p2 (eventually lost in the Teto-
nius—-Pseudotetonius lineage). The retention
of two small lower incisors is, therefore, an
important symplesiomorphy that indicates a
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retained “primitive” state in incisor mor-
phology linking Absarokius with Bridgerian
Anaptomorphus and, possibly, Uintanius (the
incisor region of the lower jaw is unknown
for Steinius and Chlororhysis).

Retention of plesiomorphous small inci-
sors (especially i1) is accompanied in Absa-
rokius by the primitive retention of a rela-
tively large p2, without the more specialized
reduction in canine and p3 size and loss of
one p3 root that typifies the more derived
Tetonius—Pseudotetonius lineage. Retention
of a p2 that is relatively large with respect to
that in Tetonius matthewi indicates that the
Absarokius-Tetonius complex in the Bighorn
Basin shared their last common ancestor prior
to the advent of T. matthewi.

Absarokius metoecus was clearly an im-
migrant into the Bighorn Basin at about the
time represented by the 425 m level of the
Willwood Formation, although only two
specimens (USGS 3846, 3848) are known
from that level. Several more specimens are
known at the 442, 463, and 470 m levels. In
the southern Bighorn Basin, the 470 m level
is locally coincident with Schankler’s (1980)
Biohorizon C, a faunal boundary typified by
the first appearance (immigration) of many
mammals into the basin, including the pe-
rissodactyls Heptodon and Xenicohippus
(Bown and Kihm, 1981), and the arctocyonid
Anacodon. The first appearance of Absaro-
kius, therefore, predates Biohorizon C (and
the middle Wasatchian, or “Lysite” provin-
cial sub-age) in the Bighorn Basin.

The ancestor of A. metoecus was probably
a species of Tetonius that lived outside the
Bighorn Basin and possessed a conservative
antemolar dentition most like that of Bighorn
Basin 7. matthewi, but in which there was no
incisor enlargement and no incipient ante-
molar reduction as exemplified by the ves-
tigial p2 in that species. Trends in the mor-
phology of the upper molars of A. metoecus
suggest that this species is related to the an-
cestry of latest Wasatchian and early Brid-
gerian Strigorhysis and, less certainly, Ay-
crossia from the Aycross and Wind River
Formations. The following modifications are
necessary to transform middle-late Wasatch-
ian Absarokius metoecus into Bridgerian Stri-
gorhysis: increase in p4 H, increase in p4 pos-
terobuccal crown distension, appearance of a
parastylid on m1, increase in size of i1-2 and
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FiGURE 75 —Interpretation of evolutionary interrelationships of Bighorn Basin anaptomorphine pri-

mates and some pertinent forms from elsewhere

. Lineages in block form indicate, approximately,

the stratigraphic record of specimens; taxa known only from outside the Bighorn Basin are underlined.
Thin lines that are both dotted and dashed indicate hypothetical lineages that probably evolved
within the Bighorn Basin; thin lines that are dashed only indicate hypothetical lineages that probably
evolved extraneous to the Bighorn Basin. Meter levels (100-700) refer to stratigraphic positions
within the Willwood Formation; the relative positions of species occurring only outside the Bighorn
Basin are inferred from non-primate faunal evidence. The positions of the Haplomylus—Ectocion
Concurrent Range Zone, the Bunophorus Interval Zone, and the Heptodon Range Zone and their
subdivisions are from Schankler (1980), as modified by faunal evidence from the Fifteenmile Creek
section of the Willwood Formation in the south-central Bighorn Basin (see Figure 3).

of all the cheek teeth, and development of
more rugose molars. In addition, in Aycrossia
and Strigorhysis, there is an increase in the
massiveness of the posterolingual base of the

protocone, and a tendency for the pre- and
postparacone cristae and the pre- and post-
metacone cristae to be straighter than in A.
abbotti or early A. metoecus. Clarification of
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the actual relationships of A. metoecus to the
Aycross anaptomorphines must await recov-
ery of specimens of anaptomorphines from
equivalents of the Tatman Formation which,
in the Absaroka Range, lie above the Will-
wood Formation and beneath the Aycross
Formation (Bown, 1982).

The position of Absarokius metoecus with
respect to A. abbotti is tantalizingly similar
to that between Tetonius matthewi and Te-
tonius sp. discussed above. Both 4. metoecus
and Tetonius sp. have teeth that are relatively
small in comparison to A. abbotti and T. mat-
thewi, respectively, with which they inter-
grade in both size and morphology. Because
of this similar yet unusual relationship be-
tween forms in both the Tetonius and Ab-
sarokius lines, it is conceivable that A. me-
toecus is a descendant of Tetonius sp.
Although Tetonius sp. appears to be extinct
(in the Bighorn Basin) above the 190 m level
of the Willwood Formation, it is possible that
the Tetonius sp. line survived somewhere
outside that basin and again reappeared there
during the time represented by the 425 m
level in the guise of Absarokius metoecus. Such
local extinction and ecological re-entry in the
Willwood fauna was documented by Schank-
ler (1981) for the condylarth Phenacodus. The
validity of this hypothesis unfortunately can-
not be tested without additional knowledge
of the ancestry of A. metoecus or later de-
velopments (if any) in the Tetonius sp. line.

A summary of the suggested origins and
interrelationships of the Absarokius lineage
is depicted in Figure 75.

SUMMARY AND CONCLUSIONS

At about the beginning of the Wasatchian,
the anaptomorphine primate Teilhardina was
introduced into the Bighorn Basin. The source
of the Bighorn Basin species, 7. americana,
is unknown but its close morphologic simi-
larity to European Sparnacian 7. belgica
strongly indicates that that species was in its
ancestry or was very closely related to it. Teil-
hardina americana is the oldest North Amer-
ican omomyid and is unknown from any oth-
er early Tertiary basin on that continent. If
it originated in Europe or from a transported
European (or even Asian) population of Teil-
hardina, its distribution would at one time
have included intervening areas (e.g., north-
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eastern and northwestern United States and
Canada); however, for the most part, rocks
of suitable age do not occur, have not been
sampled, or fossils from them have not been
found. Similarly, in the early Tertiary Wil-
liston, Powder River, Wind River, Green
River, Uinta, Sand Wash, Washakie, Huer-
fano, and San Juan Basins of the western
United States—all critically important to lat-
er North American omomyid evolution— 7.
americana is absent for the same reasons. It
is nonetheless extremely unlikely that Teil-
hardina found a suitable North American
home only in the Bighorn Basin; rather, it is
more probable that it is an artifact of the fossil
record that the earliest part of the history of
the Omomyidae can be reconstructed only
from the Bighorn Basin.

It is therefore to the early Eocene mammal
fauna of the Bighorn Basin that one turns to
examine the earliest part (and indeed the den-
sest record) of North American anaptomor-
phine history. This fact derives also from the
exceptionally complete, well and continu-
ously exposed sequence of lower Eocene rocks
there (Willwood Formation), and from the
unusual abundance of fossil vertebrate re-
mains at closely spaced stratigraphic inter-
vals through the sequence. Nonetheless, sig-
nificant parts of the evolutionary story of the
early Eocene anaptomorphine primates are
lacking even from the Bighorn Basin. This is
due to the inadequate representation of sev-
eral forms (e.g., Anemorhysis, Chlororhysis,
Steinius) or to poor representation of them
through continuous sections or at several im-
portant points in the section (e.g., Teilhar-
dina-Anemorhysis transition). Anaptomor-
phine primates were surely not only present
but abundant, diverse, and evolving along
similar or quite different lines in other early
Tertiary basins.

This paper has documented patterns of
evolution in the anaptomorphine primates of
the Bighorn Basin, treating as well some forms
that are closely related to the Bighorn Basin
anaptomorphines but which are known only
from other basins, or subsequent to the early
Eocene. It is acknowledged that this study
contains by no means the whole story of the
early Eocene Anaptomorphinae; critical evi-
dence from many other areas is needed and,
even within the Bighorn Basin lineages, col-
lection of additional material will require re-
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evaluation of the interrelationships of the
Anaptomorphinae as a group.

Most authors agree that all omomyid pri-
mates could have descended from a form
similar to Teilhardina belgica and all North
American omomyids could have had an
ancestor similar or equivalent to Teilhardina
americana. The Bighorn Basin omomyid lin-
eages are composed solely of members of the
Anaptomorphinae, the older and more gen-
eralized of the two North American omo-
myid subfamilies, and include 14 species in
eight genera: Teilhardina (three species), Ane-
morhysis (two species), Steinius (one species),
Chlororhysis (one species), Tetonius (two or
three species), Pseudotetonius (one species),
Absarokius (two species), and Strigorhysis
(one species). Ignoring Steinius (a possible
ancestor of the Omomyini whose record is
confined to the Bighorn and Wind River Ba-
sins but whose evolutionary history is un-
known) and Chlororhysis (whose origin is both
geographically and evolutionarily unclear),
three clades of anaptomorphines are well
documented in the early Eocene of the Big-
horn Basin: the Teilhardina~Anemorhysis
clade; the Tetonius-Pseudotetonius clade; and
the clade comprising Absarokius, its many
species, and the probably allied genus Stri-
gorhysis (Figure 75).

The Teilhardina clade (25-635 m interval,
central and southern Bighorn Basin) was
characterized by gradual, sympatric, anage-
netic and probably cladogenetic dental evo-
lution, which resulted in primates (7. cras-
sidens, T. tenuicula) with very small teeth,
short and squat semimolariform lower pre-
molars widely separated in the jaw, and, ex-
cept for loss of pl, no appreciable reduction
in the number of teeth. The medial incisor
apparently enlarged in this lineage. These
trends continued in Anemorhysis, in which
the most advanced species lost p2. Anemo-
rhysis probably evolved gradually from Teil-
hardina, but the record is too poor to docu-
ment the origin and evolution of Anemorhysis.

Tetonius was almost certainly descended
from Teilhardina americana, but the fossil
record is not dense enough or continuous
enough in any basin to record the transition.
The emergence of Tetonius from Teilhardina
appears to have followed a pattern of mor-
phologic change not now recorded from any
one geographic area but in the sequence: Teil-
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hardina americana-Tetonius mckennai-Te-
tonius species—Tetonius matthewi. Tetonius
matthewi, the oldest and most generalized
named species of Tetonius in the Bighorn Ba-
sin, first appears there at the 64 m level where
it co-occurs with the group designated Teil-
hardina americana~T. crassidens interme-
diates. The Tetonius—Pseudotetonius lineage
(64-about 375 m interval) also exemplifies
gradual, in situ anagenetic evolution of the
dentition, but in this case producing primates
with larger teeth, a tall premolariform p4,
lower antemolar teeth that became situated
ever more close together in the dentary, and
the appreciable decrease in size of i2 and ¢
and of size, number, and number of roots of
the lower premolars. The medial lower in-
cisor also became much larger and the p4
remained large, causing the antemolar den-
tition of the younger end member of the lin-
eage, Pseudotetonius ambiguus, to appear
shrew-like. Similar modifications appear to
have developed in parallel in the younger an-
aptomorphines Trogolemur (middle Eocene;
possibly an offshoot of the Anemorhysis lin-
eage) and Nannopithex (a Pseudotetonius-like
anaptomorphine from the middle Eocene of
Europe), and convergently to developments
in the microsyopid uintasoricine Navajovius—
Niptomomys lineage. A second, short-lived
lineage of Tetonius, here designated Tetonius
sp., coexisted with Tetonius matthewi.

The earliest known species of Absarokius,
A. metoecus, first appears in the Bighorn Ba-
sin at 425 m, but younger, more advanced
specimens of this species are also known from
the Wind River and Huerfano Basins. Judg-
ing from the excellent representation of an-
aptomorphines in the Bighorn Basin and the
total lack of overlap there with its nearest
known relative, Tetonius matthewi, Absaro-
kius metoecus was rather clearly an immi-
grant into that basin; however, its geographic
origins cannot now be determined.

Evolution in the Absarokius clade took
place principally through lineage-splitting
(cladogenesis), even though this too was a
gradual process. Although Absarokius me-
toecus clearly antedates the earliest record of
A. abbotti, the latter species can be identified
morphologically as low as the 455 m level,
and both species coexisted throughout nearly
all of the rest of their stratigraphic distribu-
tion. Absarokius is typified by retention of p2
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(larger than in even Tetonius matthewi), in-
crease in size of p4 with respect to p3, and
presence (retention?) of a primitively small
medial lower incisor. The A. metoecus lineage
is characterized by the presence of a low-
crowned p4 with little or none of the postero-
buccal crown distension characteristic of the
closely related A. abbotti. In successively
younger members of the A. metoecus lineage,
a parastylid developed on ml, the m1 tri-
gonid cusps formed a prow-like isosceles tri-
angle with the paraconid at its apex, the upper
molars became less transverse and broader-
basined with the Nannopithex-fold increas-
ingly approaching confluence with the post-
cingulum, and there is a marked tendency
toward crenulation of enamel in the molar
basins. Because all of these trends are in the
direction of latest early Eocene and middle
Eocene Strigorhysis, it is probable that the
latter genus is the most advanced known
member of the Absarokius metoecus lineage.

The A. abbotti lineage, on the other hand,
remained relatively conservative in molar
evolution, but had a tendency to increase the
height of p4 as well as the depth of postero-
buccal p4 crown distension. The youngest
positive member of this lineage has both traits
developed to an extreme (the type specimen
of Absarokius noctivagus, here included in A.
abbotti), however, it is quite likely that most
other Absarokius species from other early
Tertiary basins were derived from some part
of the A. abbotti lineage.

Both anagenesis and sympatric cladogen-
esis were important mechanisms in the evo-
lution of the Bighorn Basin Anaptomorphi-
nae. Both mechanisms appear to have
operated gradually; i.e., with no marked leaps
from one character state or taxon to another
in a relatively brief interval of time. If the
record of primate evolution documented here
was achieved by the mechanism known as
punctuated equilibria, any profound distinc-
tion between that mechanism and the more
traditional phyletic gradualism can no longer
be defended. All of the transitions (character
to character, species to species, even genus
to genus) involve a succession of very minor
morphological differences, any one of which
has little or no taxonomic significance by it-
self. Many aspects of the dental morphology
are involved and evolution occurred in mo-
saic fashion; i.e., initial change in any one
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character is not necessarily (or even com-
monly) synchronous with changes in other
characters. At the same time, certain traits
were in stasis for observable intervals, but
there is no evidence that the dentition as a
whole (or the organisms) ever displayed sta-
sis. If these character and species and genus
transitions were produced by numerous, more
or less continuous recolonizations of central
populations by “preadapted” peripheral pop-
ulations possessing (at any one time) only
infinitesimally small, yet adaptive geno- and
phenotypic differences from the central pop-
ulation, then punctuated equilibria and Dar-
winian gradualism are the same thing.

The evidence from the record of Bighorn
Basin Anaptomorphinae indicates that, in this
group, no species, genus, or even character is
clearly distinct (or even well defined) at or
near the time of its inception. Rather, they
emerged through the cumulative effect of
continual change, not by an abrupt morpho-
logic shift followed by stasis. This evidence
is sharply contrary to predictions of the
punctuated equilibria model and requires a
re-evaluation of: 1) the nature of the evolu-
tionary process; 2) problems of taxonomic
procedure in the light of gradual evolution
(see also Rose and Bown, 1986); 3) problems
posed for biostratigraphy in the light of grad-
ual evolution; and 4) “rates” of evolution.
Also relevant here are some insights on non-
paleontologic factors controlling not only the
evolution of these primates but its very rec-
ord.

The nature of evolution in the Bighorn Ba-
sin anaptomorphine record. —1It is sometimes
assumed that, in cladogenetic speciation, there
is an increase in character variability just be-
fore or during the initiation of divergence. In
the Bighorn Basin anaptomorphine record,
an increase in character variability occurs in
the course of anagenetic speciation (e.g., Teil-
hardina americana-T. crassidens and Teto-
nius matthewi-Pseudotetonius ambiguus
transitions). This variability is more explicit
in the evolution of character states than be-
tween taxa simply because a taxon-level tran-
sition generally involves the change of a suite
of character states through time; each of these
are differentially represented by the fossil ma-
terials and, as was discovered for the lineages
studied, each of the character states begins to
change and stops changing at different times.
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FIGURE 76 —Temporally-stratified morphology and morphologic breadth (a measure of variability

expressed in arbitrary dimensionless units) in lower premolars of members of the Tetonius—Pseu-
dotetonius lineage (left diagram, 1-3), and some possible species groupings that can be drawn from
them (right diagram, 1-3), with respect to time. Time is expressed in successive meter level intervals
(ML) above base of Willwood Formation. LEFT DIAGRAM— Temporally-stratified morphology. 1 =
p2; a = present; b = absent; Ae = event horizon at which first specimens lacking p2 appear. 2 = p3
roots; a = p3 with two distinct roots; b = p3 with bilobed or C-shaped root; c = p3 with single root
labially and bilobed root lingually; d = p3 with one small root; Bel = event horizon at which first
specimens with a bilobed or C-shaped p3 root appear; Be2 = event horizon at which first specimens
with a single small p3 root appear. 3 = envelope enclosing range of variation for p3 L/p4 L, expressed
as a ratio (note that this ratio decreases up section); Ce = event horizon at which p3 L/p4 L ratio
begins to decrease sharply (a less discrete event horizon than the others). The presence or absence
of p2 (1, above) is an absolute character, whereas the number and morphology of the p3 roots (2,
above) and the ratio p3 L/p4 L (3, above) are transient characters. Note that in characters 1-3 (above)
evolution occurred by at first increased, then decreased, morphologic breadth (character variability)
and that these transformations were both temporally controlled and morphologically intergrading.
RIGHT DIAGRAM—Three of several possible species groupings in the Tetonius matthewi—-Pseudote-
tonius ambiguus lineage. Column 1: Species are discriminated arbitrarily at stratigraphic boundaries
with the aid of some morphological landmarks (in this case, first appearance of a new morphology,
which is not coincident with last appearance of the antecedent condition). Note that under this
scheme, no species co-exist and only species 1 has no morphological overlap with species 3 and 4
because it is the only species (except species 2) in which p2 is retained. There is also no way to
distinguish consistently between species 1 and 2, and species 3 shows the most variability. Column
2: Species are discriminated strictly by morphology (so that consistent diagnoses can be constructed
for taxa), ignoring stratigraphic considerations. Though the first appearance event horizons are
utilized, this scheme causes the ranges of certain species to overlap in the same manner that their
diagnostic morphologies overlap, resulting in two contemporaneous, sympatric species through much
of the record—almost certainly overestimating true species richness at any one time. Column 3:
Species are discriminated using a combination of morphological and stratigraphic criteria, but di-
agnoses are (necessarily) constructed using the morphologic information arbitrarily (in the strati-
graphic sense), an artifact of the temporal stratification of morphology. This scheme is the one
adopted in this paper, in which species 1 = Tetonius matthewi, “species” 2 = T. matthewi—Pseu-
dotetonius ambiguus intermediates, and species 3 = Pseudotetonius ambiguus. Of these three alter-
natives, only interpretation 2 allows species diagnosis on some combination of mutually exclusive
characters. Yet this interpretation almost surely overestimates species richness at any one time and
obscures the nature of the actual character evolution. Alternatives 1 and 3 are examples of anagenetic
gradual evolution, whereas alternative 2 might appear to represent cladogenetic ‘“punctuated” evo-
lution. However, the character evolution is the same in all three examples; it is gradual and anagenetic,
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In the parlance of the punctuated equilibria
school of thought, stasis (i.e., organismic sta-
sis) does not appear to have occurred at any
point in the dental evolution of the Bighorn
Basin anaptomorphine primates. Although
not all characters were changing at once (or
even at the same time or “rate’’), in any tem-
poral interval where the record is relatively
dense, it is clear that some trait was changing.
There is no indication of stasis, even in the
limited evidence of the dentition.
Characters used to study the evolution of
the anaptomorphines were earlier termed: 1)
absolute, typified by a simple change from
presence to absence; 2) transient, continued
presence but also continual modification; and
3) static, no change in the character for a
known interval. Figure 76 depicts examples
of each of these three kinds of temporally
stratified characters in evolutionary context,
as they pertain to the Tetonius—Pseudoteto-
nius lineage. The presence or absence of p2
(Figure 76, left side, 1) is clearly an absolute
character because a specimen either pos-
sessed it or did not. The configuration (and
ultimately the number) of the p3 roots, and
the change in the ratio of p3 L/p4 L, are
transient characters because nothing that was
present became lost. Static characters are rep-
resented by: 1) specimens that have p2 but
do not overlap with samples lacking it; 2)
specimens that lack p2 but do not overlap
with samples retaining it; and 3) all speci-
mens with two distinct p3 roots (or those with
a single p3 root) which do not overlap with
intermediate forms. In Figure 76 (left side),
the evolution of these characters is inferred
from their distribution in time (meters above
the base of the Willwood Formation) plotted
against morphologic breadth, shown in whol-
ly arbitrary dimensionless units. The differ-
ent styles of transitions from the character
states present in Tetonius matthewi (shown
at the bottom of the figure) to those present
in Pseudotetonius ambiguus (shown at the top
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of the figure) were, for the reasons discussed
above, developed gradually and anageneti-
cally. Yet in each as well as in other character
transitions in this lineage and the Teilhar-
dina-Anemorhysis and Absarokius lineages,
character change was accomplished by first
an increase then a decrease in morphologic
breadth. Brief intervals of stasis then oc-
curred in individual characters, but never in
the dentition as a whole. For species (or in
this case, genus) transitions, the same applies,
except that increase and decrease in mor-
phologic breadth would be that for the sum
ofthe absolute and transient character changes
in the lineage.

It would be enlightening to have specimens
of this lineage through an additional 250-odd
meters to examine whether Pseudotetonius
ambiguus, once established, ever became
static in all dental characters. However, the
genus is unknown above about 370 m in the
Bighorn Basin (or comparable time intervals
elsewhere) and its descendants (if any) are
unknown. Specimens at the top of the known
range of this lineage are ascribed to P. am-
biguus because they are at the top of the lin-
eage. If more evolution in this lineage could
be documented in higher stratigraphic inter-
vals, it might be preferable to extend the range
of the Tetonius-Pseudotetonius intermedi-
ates upward rather than to establish an ar-
bitrary generic threshold.

Similar trends in absolute, transient, and
static characters are seen in the Teilhardina
americana~T. crassidens lineage (e.g., loss of
pl, size changes, foreshortening of dentary,
p4 height, p4 paraconid and metaconid po-
sitions) and in the Absarokius clade. In the
A. metoecus—Strigorhysis line, the lower mo-
lars are conservative until high in the section
when they develop prow-like trigonids; the
upper molars become more broadly basined
and progressively less transverse and, con-
comitant with some of these trends, develop
crenulation. The height of p4 stagnates

—

and was accomplished by an increase followed by a decrease in morphologic breadth. Morphological
event horizons are staggered temporally and do not coincide at any point. Coincidences of these first
appearances would be expected if the species actually arose rapidly by the mechanism of punctuated
equilibria. In spite of the difficulties posed for systematics by these interpretations, the detailed
intrabasinal biostratigraphic utility of the first appearance event horizons and the resulting recognition
of T. matthewi—P. ambiguus lineage stages 1-5 (in text) is obvious.
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through most of the A. metoecus line, but
increased early in its collateral relative 4. ab-
botti (and may have done so later, in parallel,
in the 4. metoecus line to produce Strigo-
rhysis).

Therefore, although it is possible to doc-
ument stasis in individual characters or teeth,
there is no evidence for stasis in species or
genera in the anaptomorphine lineages stud-
ied. Because of the enormous number of
character complexes in specific and higher
level taxa, it is extremely unlikely that true
organismic stasis ever existed at a taxonom-
ically recognizable level in these primates.

Another observation that emerges from this
study is the sympatric presence of two species
of the same genus at the same time (even at
the same locality). This is best seen in the co-
occurrence of Absarokius metoecus and A. ab-
botti, but is also clear with Tetonius matthewi
and Tetonius sp. It is stressed that sympatry
of species is far from unusual in the Willwood
fauna; temporal and spatial sympatry of two
species of Cantius (Bown, 1987), two species
of Phenacodus (Schankler, 1981), and three
or even more species of Hyopsodus (Ginger-
ich, 1974a), as well as other genera, are well
known. As will be discussed in the next sec-
tion, visualization of the co-occurrence of two
or more contemporaneous species (or stages
of evolution) of the same genus (or species)
is also determined by how taxonomy is per-
ceived from the evolutionary perspective. It
would be easy to assume through conceptual
proclivities that two very closely related, co-
existing taxa should belong to different gen-
era; however, this must be counterbalanced
by what a classification at the generic level
should mean in terms of different adapta-
tions.

In the Anaptomorphinae, evolutionary
trend reversals are also fairly clearly estab-
lished by the increase in relative p3—4 size in
going from Tetonius sp. (or even Teilhardina)
to Tetonius matthewi, and the decrease in
relative p3 size (very dramatic) and p4 size
(Iess so) in Pseudotetonius ambiguus.

Eldredge (1974) suggested three minimal
requirements for a test of phyletic gradualism
in samples of fossil organisms: 1) the sample
must span a considerable segment of geologic
time; 2) the sample must be derived from all
available geographic areas and must approx-
imate, as much as possible, the original con-
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figuration of the depositional basin; and 3)
the phylogenetic relationships among these
samples must be ... adequately and real-
istically grasped ....” These are also mini-
mal requirements for a test of punctuated
equilibria. The record of anaptomorphine
primates analyzed here satisfies these criteria.

Although the age span of the Willwood
Formation cannot be established directly by
radiometric means, together with the lower
100-150 m of the conformably overlying
Tatman Formation, it is believed to represent
most of the early Eocene (about 57.6-51.0
Ma; see Berggren et al., 1985) without any
appreciable gaps in time. Eliminating that part
of the sequence that thus far yields no omo-
myids (the lower 25 m and upper 80 m of
the Willwood Formation and all of the Tat-
man Formation), the remaining rocks rep-
resent about 4.4 Ma and contain a relatively
continuous record of omomyid evolution.
The longest-lived lineages of omomyids in
the Bighorn Basin for which there are excel-
lent, fairly continuous documentation are the
Tetonius—Pseudotetonius and Absarokius
clades, apparently occupying about 2.14 Ma
and 1.98 Ma, respectively. This is an ade-
quate period of time with which to document
the nature of the evolution that took place,
especially in view of the controls on times of
accumulation of fossils and the spacing of
these accumulations that is afforded by pa-
leosol studies.

It is stressed that sequences of rocks rep-
resenting appreciably longer cumulative time
(e.g., those containing Eldredge’s trilobites)
have the inherent constraints of being se-
verely compromised by time-averaging (Sad-
ler, 1981). Perhaps more than for any other
group of fossil vertebrates and exceeding that
for many invertebrates, the Willwood record
of omomyid primates is drawn from every
available part of the Bighorn Basin, an early
Tertiary depositional basin that can be dem-
onstrated by nearly every avenue of available
geologic evidence to have been structurally
and topographically a basin during the period
of omomyid evolution under consideration.
Specimens are also known from the adjacent
Wind River Basin, with which the Bighorn
Basin was confluent during part of the early
Eocene. The sample of anaptomorphines from
the Clark’s Fork area of the Bighorn Basin is
especially valuable because, although it has
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beenrecovered from more than 100 km north
of the central and southern Bighorn Basin
sample, the record of anaptomorphine evo-
lution there is practically identical.

Finally, although this study differs with El-
dredge (1974) on the proper sequence to pur-
sue the establishment of phylogenetic rela-
tionships relative to evolutionary studies, the
interrelationships of the early Eocene An-
aptomorphinae are now as clear and well es-
tablished as for any mammalian group.

Thus the early Eocene anaptomorphine
primates span a considerable period of time,
are well represented throughout the Bighorn
Basin (as well as elsewhere), and their phy-
logenetic relationships have been document-
ed in detail. If they evolved by punctuated
equilibria, they should show abrupt (geolog-
ically instantaneous) morphologic shifts fol-
lowed by long periods without change. Such
punctuations should occur in “1% or less of
later existence in stasis” (Gould, 1982, p. 84).
Nowhere in the anaptomorphine record ana-
lyzed here is this the case. Instead, these pri-
mates strongly support the gradual model of
evolution as clearly as can be expected by
examples from the record of fossil verte-
brates.

Implications of gradual evolution for taxo-
nomic and biostratigraphic practice.—The
way systematic studies are undertaken is nec-
essarily influenced by the way evolution is
viewed, and vice-versa (see, e.g., Rose and
Bown, 1986). The concept of punctuated
equilibria has as its basis the idea that species
arise rapidly by means of a relatively thor-
ough genetic restructuring of the organisms;
i.e., a new species is constructed more or less
out of whole cloth. Species, then, are pre-
sumed to be as distinct from closely related
and progenitor species as they are ever to be,
from the moment they appear. If one sub-
scribes to this view, the major systematic
problems remaining are the origin of higher
taxa and where to limit stratified morpho-
logic variation in assigning specimens to
species. Aside from its genetic aspects, char-
acter evolution, especially the evolution of
individual characters, takes a back seat in
importance to evolution at the specific level
and above, because several characters are as-
sumed to change almost at once in producing
the new organism. This very rapid reorgan-
ization is viewed to be the reason why evo-
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lutionary gaps (in the biostratigraphic record)
and “missing links” (in the morphologic rec-
ord) occur. The origin of higher taxa is per-
ceived to proceed in much the same way,
except that the level of genetic reorganization
is correspondingly greater.

For specimens drawn from discontinuous
stratigraphic sections, gaps in the evolution-
ary record are viewed as times of rapid evo-
lution by the punctuated model, an idea ap-
parently borne out by morphologic advances
seemingly achieved suddenly by closely re-
lated organisms succeeding the gap. In more
continuous sections, temporally stratified
morphologic variation is lumped into an ear-
lier species or a later one, because the species
is viewed as real and discrete (even tempo-
rally); it is the fulcrum upon which not only
systematics but also evolutionary biology
hinges, and thereby must be capable of def-
inition by diagnosis. Because evolution is
perceived to proceed by jumps and is gen-
erally viewed as a process of diversification,
the cladogram constitutes an adequate de-
piction not only of relationships, but of evo-
lution itself, because the characters are situ-
ated at nodes where the rapid evolution
occurs, and not on the branches, which rep-
resent intervals of stasis.

The anaptomorphine primates of the Big-
horn Basin, as well as other groups of early
Eocene mammals, are impressive for the con-
tinuous, temporally-graded succession of
morphologies that appear when character
state variability is arranged stratigraphically.
It has been found that with ever increasing
stratigraphic resolution of larger and larger
samples it is no longer possible to find con-
venient points at which to draw limits to
lumpable variability. Type specimens estab-
lished many years ago which remain valid
were distinctive at the time they were erected
because they were morphologic end members
for which little if any of the temporally graded
morphologic variability connecting them was
known. With increased amounts of data from
intervening stratigraphic intervals, they are
no longer so distinct.

An excellent example of what becomes of
temporally and morphologically intermedi-
ate forms can be visualized in the systematic
treatment of forms placed here in the Teil-
hardina~Anemorhysis clade. The multitude
of names applied to various specimens of
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these animals resulted from ignorance of
where any of them fit relative to one another
in a temporal sequence, and because there
was no way, therefore, to deal with tempo-
rally stratified variability. Once a stratigraph-
ic sequence can be established, the relations
between vertical-temporal and lateral vari-
ability become more clear and can be sepa-
rated. The distribution of temporally-strati-
fied variability (e.g., the whole stratigraphic
range in Figure 75) provides direction for
character polarities, whereas the distribution
of variability within a single controlled range
of time (e.g., 300-325 m interval in Figure
76) shows the range of species variability in
individual characters within that interval.

A cladogram is neither an accurate depic-
tion of relationships nor of evolution in Big-
horn Basin anaptomorphines because the
evolution was not concentrated at the nodes
but, rather, occurred continuously (on the
branches). In Absarokius, for example, which
shows both anagenetic and cladogenetic grad-
ual evolution, it is clear that A. metoecus and
A. abbotti are less separable morphologically
from each other at their initial divergence
than they became later, and that both species
continued to evolve gradually and anagenet-
ically following their initial cladogenesis. The
fact that the names 4. metoecus and A. abbotti
were given to specimens drawn from the nod-
al sample in no way underscores their dis-
tinctiveness in this meter interval. The ear-
liest samples are assigned to A. metoecus
because they resemble A. metoecus recovered
from higher levels more than they do 4. ab-
botti from higher levels. The nodal samples
display an increase in variability encom-
passing specimens with many crossing char-
acters shared by both 4. metoecus and A.
abbotti. The variability becomes more seg-
regated (bimodal) within each taxon higher
in the section. In this example of a gradual
splitting of taxa, the species are least distinc-
tive when they are first recognizable.

It is still desirable to give names to taxa
and to attempt to set limits to the names by
morphologic and biostratigraphic criteria. As
shown above, it is impossible to set morpho-
logic limits to a taxon without confining its
biostratigraphic limits. Coupled with knowl-
edge that evolution cannot take place without
time, this fact emphasizes the importance of
stratigraphy in both taxonomic and evolu-
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tionary studies. In large measure, the ambi-
guity that remains regarding the most appro-
priate names to affix to specimens devolves
from the lack of precise locality and strati-
graphic data for type materials and a poor
knowledge of temporally-stratified variabil-
ity in intermediate morphologies. If a real-
istic and workable taxonomy for samples
drawn from gradually evolving lineages is de-
sirable, then the stratigraphic dispersion of
character variability is critically important
and must be examined fully before pigeon-
holing the specimens in taxa. Because the
dental characters of the Bighorn Basin An-
aptomorphinae arose at different times, al-
most any number of taxonomies of these an-
imals can be constructed, all of which will
necessarily be arbitrary (e.g., Figure 76, right
side, 4-6), but all of which will be equally
“correct.”

The arbitrary nature of taxonomy under
the constraints of gradual evolution renders
any biostratigraphy derived from it and based
on specific names equally arbitrary. How-
ever, a much higher resolution biostratigra-
phy of Bighorn Basin anaptomorphines has
emerged from examination of the character
evolution in these lineages. There are many
points at which might be drawn a morpho-
logic, stratigraphic, or combined morpholog-
ic-stratigraphic boundary between 7etonius
matthewi and Pseudotetonius ambiguus, or
between either genus and the temporally-
stratified intermediates separating them (Fig-
ure 76). But there is only a single point at
which the boundaries between different
character states (or forms of these states in
transient characters) can be established, and
always with considerably greater biostrati-
graphic resolution than is afforded by the
named taxa. Thus, it has been useful in this
study to establish informal stages of evolu-
tion for samples both stratigraphically and
morphologically intermediate between sam-
ples referred to named taxa. However, even
these stages are equivalent to taxa from a
biostratigraphic viewpoint. At the level of
relative temporal control now possible by pa-
leosol maturation sequences (Bown, 1985;
Bown and Kraus, 1987) it should be possible
in future years to establish relative contem-
poraneity of character evolution in Willwood
mammals within about 2,000-30,000 years.

One of the uses of North American fossil
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mammal biostratigraphy is to correlate be-
tween intermontane basins, and even more
disparate areas (e.g., Wood et al., 1941).
Mammals, even arboreal primates like the
anaptomorphines, are capable of relatively
rapid dispersal and there is no reason to as-
sume that the Anaptomorphinae were not
present over a much larger geographic area
in the early Eocene than their fossil record
demonstrates. However, the early Eocene was
a time of rather pronounced basin margin
evolution in the Rocky Mountain interior,
and it is probable that, with increased to-
pographic isolation between basins, evolu-
tion of these primates and other mammals
proceeded independently in each basin. For
example, it seems that a form of Tetonius,
but more generalized than Tetonius mat-
thewi, gave rise to Absarokius in one area.
However, in the Bighorn Basin, the only
known descendant of Teronius was Pseudo-
tetonius ambiguus. The origins of other
species of Tetonius, e.g., T. mckennai and
Tetonius sp., are even more obscure, al-
though both might be intermediates in the
Teilhardina americana-Tetonius matthewi
line. The tendency to assign specimens to the
morphologically closest (even though poorly-
known) named taxa occurring in other basins
is symptomatic of the need to correlate rocks
and faunas. This practice, however, will
probably prove to be somewhat ill-founded
unless it is recognized that the most impor-
tant parts of the anatomy in terms of char-
acter evolution may often be those that are
only rarely preserved (e.g., the anterior den-
tition in the Anaptomorphinae).
Evolutionary rates in the Bighorn Basin an-
aptomorphines.—What can be said about
rates of speciation when, by the constraints
of gradual evolution, there is no one point
(except an arbitrary one) at which it can be
stated clearly: “here begins a new species?”
Even if species boundaries are determined
arbitrarily, how are rates of character and
species evolution in hyopsodontid condy-
larths to be compared with those in anap-
tomorphine primates? How does one adjust
the sliding scale for species to accommodate
comparison of rates of evolution in species
in different genera, families, or orders?
Meaningful comparisons can probably only
be made between the same kinds of change
in the same character (e.g., tooth loss, loss of
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the same tooth, loss of the tooth in the same
manner). Even if species could somehow be
established by use of the same procedural
method, the evolving character complexes
making up species (and higher level taxa)
would be vastly different in total composi-
tion. Evaluation of the reliability and even
the meaning (if any) of comparative evolu-
tionary rates between taxa with such differing
character complexes is well beyond the scope
of this work, but it clearly needs to be ad-
dressed further in view of the significant role
of gradual evolution in mammalian specia-
tion and diversity. For rates of appearance
(including divergence) of higher taxa, mor-
phologic isolation (and thereby taxonomic
distance) is a function of stratigraphic isola-
tion. Given the degree and rates of morpho-
logic change evinced from this study, and ex-
amining the stratigraphic records of Willwood
mammals in general, it seems likely that many
higher mammalian taxa originated by grad-
ual evolution.

For the Bighorn Basin anaptomorphine
primates, meaningful rates of evolution are
transferred from the evolution of paleonto-
logic species to the evolution of the specific
characters that characterize paleontologic
species. These rates can be established for
both absolute and transient characters using
the approximate amounts of time represent-
ed by the stratigraphic sections containing the
morphologic transitions. The rate of evolu-
tion from one species (or genus) to another
is obtained by calculating the time repre-
sented by the section that encompasses all of
the relevant morphologic transitions. A few
evolutionary rates calculated in this manner
for Willwood anaptomorphines are pre-
sented in Table 9.

Rates such as these, which are based on
relative section thicknesses for relative time
elapsed, can be misleading. For example, in
the lower part of the Willwood Formation,
yielding fossils forming part of the Tetonius—
Pseudotetonius transition, paleosols are in
general more mature than in that part of the
section yielding the Absarokius metoecus and
A. abbotti lineages. Because mature soils re-
quired more time to form than did immature
soils, there is positively more time repre-
sented in the lower part of the Willwood sec-
tion than is represented in an equivalent
thickness of rock in the upper part of that
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TABLE 9—Estimates of evolutionary rates for characters and species and genera in early Eocene anaptomorphine
primates from the Willwood Formation, central Bighorn Basin.

Character or taxon transformation Meters Duration (Ma) Rate
1) Teilhardina americana-T. crassidens 134 0.960 1.04 sp./Ma
2) Teilhardina americana—Anemorhysis pattersoni <339 <2.433 0.41 gen./Ma
3) Tetonius matthewi—Pseudotetonius ambiguus 156 1.120 0.89 gen./Ma
3a) p2 always present—p2 always absent <64 <0.459 -
3b) p3 always 2 roots—p3 always 1 root <105 <0.754 —
4) Absarokius metoecus-Absarokius abbotti 105 0.754 1.33 sp./Ma
5) Absarokius metoecus—Strigorhysis cf. bridgerensis <255 <1.830 0.55 gen./Ma
section. Almost certainly, then, cladogenesis atchian, the hitherto most abundant

in this part of the Absarokius clade required
relatively much less time than did anagenetic
speciation in the Tetonius—Pseudotetonius
lineage. The true proportion of time repre-
sented in each transition is unknown and can
only be documented by exhaustive exami-
nation of all of the paleosols involved
throughout more than 2,000 m of the master
and spur sections of the Willwood Forma-
tion.

Although all of the evolution in lineages of
Bighorn Basin anaptomorphines seems to
have occurred gradually, speciation was ac-
complished by both aragenesis and clado-
genesis, and anagenetic evolution succeeded
the cladogenetic event diversifying the Ab-
sarokius line. Gradual anagenetic evolution,
especially that producing such differently
adapted animals as Tetonius matthewi and
Pseudotetonius ambiguus or Absarokius ab-
botti and Strigorhysis bridgerensis, can only
be termed directional and sustained. The
cladogenetic speciation of the early Absaro-
kius lineage appears to have produced two
sympatric species in about 750,000 years,
doubling the diversity in the Absarokius lin-
eage in the Bighorn Basin. Yet this rate would
not appear to be significantly more rapid than
the anagenetic transformation producing dif-
ferent genera in the Tetonius—Pseudotetonius
lineage, ignoring the paleosol considerations
outlined above.

Given the influence of gradual climatic
drying on early Eocene mammal evolution
in the Bighorn Basin, why did a major clado-
genetic speciation event take place in Absa-
rokius in the 425-530 m interval, whereas
the principal lineages of earlier Wasatchian
anaptomorphines (Teilhardina americana-T.
crassidens and Tetonius matthewi-Pseudo-
tetonius ambiguus) evolved in a single lin-
eage? By the beginning of the middle Was-

anaptomorphines (Teilhardina, Tetonius,
Pseudotetonius) were gone and, with the ex-
ception of a few very rare forms (Anemo-
rhysis, Steinius, Chlororhysis), the highly suc-
cessful Absarokius metoecus had little
intrafamilial competition upon arriving in the
Bighorn Basin. The niche that Absarokius
came to occupy may have been vacant so that
lateral diversification (cladogenesis) in the ge-
nus was possible through the availability of
suitable habitats; i.e., there was room for two
Absarokius-like animals, but apparently not
for more than one each of Anemorhysis,
Steinius, and Chlororhysis. The circumstan-
tial evidence suggests, but certainly does not
prove, that Pseudotetonius found the gradu-
ally drying climate unsatisfactory, whereas
the immigrant Absarokius metoecus and its
descendants accommodated to it.

The fossil evidence for the splitting of 4b-
sarokius into A. metoecus and A. abbotti is
drawn from a single, rather confined geo-
graphic area in the south-central Bighorn Ba-
sin. It is conceivable that diversification in
Absarokius was allopatric on a small scale
and that the geographic ranges of the two
species came to overlap once they were well
differentiated. Indeed, some colleagues would
admit to no other possibility. This interpre-
tation is not supported by the fossil evidence.
The nature of the alluvial lithotope and some
peculiarities of the small-scale geographic
dispersion of elements of the Willwood fauna
realized in recent years offers some specula-
tive insight into how two species of the same
genus might evolve in the same general area.
Recognition of the pedofacies (Bown and
Kraus, 1987) is a reminder that not only pa-
leosol morphologies and maturities but also
floral and other microhabitat differences can
be quite significant in the lateral dimension.

The pedofacies (Bown and Kraus, 1987)
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offers a means by which lateral control for
these vertebrate microhabitats can be main-
tained. The relative abundances of the sym-
patric adapid primate genera Cantius and
Copelemur vary systematically across levee
deposits (proximal to distal from the alluvial
ridge) in localities developed at the 625 m
level of the Willwood Formation (Beard et
al., 1986). Similarly, Bown (1987) observed
consistent systematic lateral distribution dif-
ferences in sympatric species of Cantius, the
small condylarth Hyopsodus, and other
mammals in the same (as well as other) lat-
erally distributed paleosol complexes of the
Willwood Formation. Also instructive is the
fact that samples of Teilhardina intermedi-
ates collected from Hackberry Hollow in the
northern Bighorn Basin differ from all other
samples of these intermediates in ways that
foreshadow Teilhardina tenuicula. The as-
sociated mammal fauna from Hackberry
Hollow shows rather clearly that this locality
represents a local paleoenvironmental setting
only sparsely represented elsewhere in the
Willwood Formation, if at all. Finally, the
earliest occurrences of Absarokius (as now
understood) are invariably from immature
soils developed on natural levee deposits—
not in any of the more mature soils of the
proximal and distal floodbasin occurring in
the same meter interval.

From the foregoing, it seems evident that
some sympatric species of the same genus, as
well as more distantly related species and
genera, might well have preferred environ-
ments more typically developed on or con-
fined to certain kinds (and maturities) of pa-
leosols. Most Willwood fossil mammals occur
in the upper parts of paleosols (Bown and
Kraus, 1981b; Bown, 1987), and soil type and
maturity is a direct function of the proximity
of the soil to the ancient alluvial ridge (Bown,
1985, 1987; Bown and Kraus, 1987). Knowl-
edge of these relations will allow controlled
examination of distributional controls on
other Willwood mammals in the future, en-
abling further assessment of the influence of
these controls on mammal evolution.

ACKNOWLEDGMENTS

For loan of specimens and casts in their
care, we thank D. Baird (Princeton Univer-
sity), R. T. Bakker (University of Colorado,
Boulder), M. C. Coombs (ACM), M. R. Daw-

127

son (CM), R. J. Emry (USNM), P. Gigase, P.
D. Gingerich (UM), M. Godinot (Montpel-
lier), F. A. Jenkins (MCZ), L. Krishtalka (CM),
J. A. Lillegraven (UW), L. G. Martin
(UKMNH), M. C. McKenna (AMNH), G. E.
Meyer (RAM), J. H. Ostrom (YPM), P. Rob-
inson (UCM), D. E. Russell (Institut de Pa-
léontologie, Paris), P. Sartenaer (Brussels,
Belgium), D. E. Savage (UCMP), C. R. Schaff
(MC2Z), and E. L. Simons (DPC). B. H. Breit-
haupt (UW), R. W. Wilson (UKMNH), G.
Wouters, and G. S. Winterfeld (Denver, CO)
provided detailed information on the prove-
nance of several specimens, and P. D. Gin-
gerich, G. F. Gunnell (UM), and D. Schankler
(Princeton, NJ) gave access to much detailed
and unpublished information about their sec-
tions of the Willwood Formation.

A significant number of specimens used in
this study were collected during the authors’
Bighorn Basin field project of the past several
years, and we thank the members of our field
parties for their help. In gathering strati-
graphic and other field data we were ably
assisted by K. C. Beard (The Johns Hopkins
University), S. Johnson (University of
Northern Arizona), B. McKenna (New York,
NY), and V. L. Yingling (UW). Other crew
members who participated in collecting fos-
sils reported here include M. Brown, M. Dia-
mond, A. Fraser, D. Gebo, J. Kurtz, L. La-
docsi, A. Latief, R. Madden, A. McKenna,
K. C. McKinney, R. W. O’Donnell, D. T.
Rasmussen, and J. Rose. Nearly all of the
specimens of Willwood omomyids in the Yale
Peabody Museum collection were acquired
on expeditions led by E. L. Simons (DPC)
from 1961-1974, and it was Simons’ gen-
erosity in allowing us to examine these spec-
imens and participate in his expeditions that
fostered our interest in them. Simons’s ex-
peditions were supported by grants from the
Boise Fund (Oxford University), the J. T.
Doneghy Fund (Yale University), the Wen-
ner-Gren Foundation, and, in later years, the
Duke University Research Council.

We are especially grateful to the artists who
prepared most of the illustrations. Their con-
tributions to this work have been particularly
important. E. Kasmer, M. Leggitt, and L. Uli-
barri drafted many of the charts and graphs,
and L. Kibiuk made the drawings in the fron-
tispiece and Figures 8, 10, 18-20, and 28. All
other half-tone drawings are the work of E.



128

Kasmer, who devoted considerable time and
effort to ensure the accuracy of these repre-
sentations. T. Urquhart prepared photo-
graphs of all illustrations, K. C. Beard as-
sisted with SEM photography, and V. J.
Cleeves, D.D.S. (Boulder, CO) donated his
time to X-ray several specimens.

We have benefited much from discussions
with J. D. Archibald (San Diego State Uni-
versity), J. G. Fleagle (State University of
New York at Stony Brook), P. D. Gingerich,
M. Godinot, J. G. Honey (U.S. Geological
Survey), M. J. Kraus (University of Colo-
rado), J. A. Lillegraven, M. C. McKenna, G.
G. Simpson, M. F. Teaford (The Johns Hop-
kins University), A. C. Walker (The Johns
Hopkins University), D. B. Weishampel (The
Johns Hopkins University), and S. L. Wing
(USNM). We thank K. C. Beard, M. Dagosto,
P. D. Gingerich, D. W. Krause, J. A. Lille-
graven, C. A. Repenning, and F. S. Szalay for
insightful reviews of the manuscript.

This research was supported by the U.S.
Geological Survey and by National Science
Foundation grants BSR-8215099 and BSR-
8500732, National Geographic Society grant
2366-81, and American Philosophical Soci-
ety Penrose grant 9269 to K. D. Rose. Re-
search pertaining to paleosols and the strati-
graphic section was supported in part by a G.
K. Gilbert Professional Fellowship to T. M.
Bown.

REFERENCES

BearD, K. C., K. D. RoSE, AND T. M. BownN. 1986.
Dental variation in the early Eocene Adapidae
Cantius and Copelemur, and some paleoeco-
logical implications. American Journal of Phys-
ical Anthropology, 69:174.

BELL, M. A.,J. V.BAUMGARTNER, AND E. C. OLSON.
1985. Patterns of temporal change in single
morphological characters of a Miocene stickle-
back fish. Paleobiology, 11:258-271.

BERGGREN, W. A., D. V. KEeNT, J. J. FLYNN, AND
J. A. VAN COUVERING. 1985. Cenozoic geo-
chronology. Geological Society of America Bul-
letin, 96:1407-1418.

BILLINGS, M. P. 1965. Structural Geology (2nd
ed.). Prentice-Hall, Englewood Cliffs, 514 p.
BoOOKSTEIN, F. L., P. D. GINGERICH, AND A. G.
KLUGE. 1977. Hierarchical linear modeling of
the tempo and mode of evolution. Paleobiology,

4:120-134.

Bown, T. M. 1974. Notes on some early Eocene
anaptomorphine primates. Contributions to
Geology, 13:19-26.

T. M. BOWN AND K. D. ROSE

1976. Afhinities of Teilhardina (Primates,

Omomyidae), with description of a new species

from North America. Folia Primatologica, 25:

62-72.

1979a. Geology and mammalian paleon-

tology of the Sand Creek facies, lower Willwood

Formation (lower Eocene), Washakie County,

Wyoming. Geological Survey of Wyoming

Memoir 2, 151 p.

1979b. New omomyid primates (Haplo-

rhini, Tarsiiformes) from middle Eocene rocks

of west-central Hot Springs County, Wyoming.

Folia Primatologica, 31:48-73.

1980a. The Willwood Formation (lower
Eocene) of the southern Bighorn Basin, Wyo-
ming, and its mammalian fauna, p. 127-138. In
P. D. Gingerich (ed.), Early Cenozoic Paleon-
tology and Stratigraphy of the Bighorn Basin,
Wyoming. University of Michigan Papers on
Paleontology, 24.

——. 1980b. Summary of latest Cretaceous and
Cenozoic sedimentary, tectonic, and erosional
events, Bighorn Basin, Wyoming, p. 25-32. In
P. D. Gingerich (ed.), Early Cenozoic Paleon-
tology and Stratigraphy of the Bighorn Basin,
Wyoming. University of Michigan Papers on
Paleontology, 24.

1981. “Evolutionary History of the Pri-

mates,” by Frederick S. Szalay and Eric Delson,

1979, Academic Press, New York, 580 p. (Re-

view.) Journal of Vertebrate Paleontology, 1:

117-119.

1982. Geology, paleontology, and corre-
lation of Eocene volcaniclastic rocks, southeast
Absaroka Range, Hot Springs County, Wyo-
ming. U.S. Geological Survey Professional Pa-
per 1201-A, 75 p.

——. 1984. Biostratigraphic significance of base-
level changes during deposition of the Willwood
Formation (lower Eocene), Bighorn Basin,
northwest Wyoming. Geological Society of
America Annual Meeting, Abstracts with Pro-
grams, 16:216.

1985. Maturation sequences in lower

Eocene alluvial paleosols, Willwood Formation,

p. 20-26. In R. M. Flores and M. Harvey (eds.),

Field Guidebook to Modern and Ancient Flu-

vial Systems in the United States. Third Inter-

national Fluvial Sedimentology Conference, Fort

Collins, Colorado.

1987. Vertebrate taphonomy and the
mammalian pedofacies; Willwood Formation
(lower Eocene), Bighorn Basin, Wyoming. Geo-
logical Society of America, 1987 Annual Meet-
ing of Rocky Mountain Section, Symposium
“Dawn of the Age of Mammals in the Northern
Part of the Western Interior,” Abstracts with
Programs, 19:262.

——, AND P. D. GINGERICH. 1972. Dentition of
the early Eocene primates Niptomomys and Ab-
sarokius. Postilla, 158:1-10.

——, AND A. KiuMm. 1981. Xenicohippus, an un-



EOCENE PRIMATES FROM WYOMING

usual new hyracotheriine (Mammalia, Perisso-
dactyla) from lower Eocene rocks of Wyoming,
Colorado, and new Mexico. Journal of Paleon-
tology, 55:257-270.

——, AND M. J. KrAus. 1981a. Lower Eocene
alluvial paleosols (Willwood Formation, north-
west Wyoming, U.S.A.), and their significance
for paleoecology, paleoclimatology, and basin
analysis. Palaeogeography, Palaeoclimatology,
Palaeoecology, 34:1-30.

——,AND——. 1981b. Vertebrate fossil-bearing
paleosol units (Willwood Formation, lower
Eocene, northwest Wyoming, U.S.A.): impli-
cations for taphonomy, biostratigraphy, and as-
semblage analysis. Palacogeography, Palaeocli-
matology, Palaeoecology, 34:31-56.

——, AND——. 1987. Integration of channel and
floodplain suites in aggrading alluvial systems:
1. Developmental sequence and lateral relations
of lower Eocene alluvial paleosols. Journal of
Sedimentary Petrology, 57:587-601.

——, AND K. D. Rose. 1984. Reassessment of
some early Eocene Omomyidae, with descrip-
tion of a new genus and three new species. Folia
Primatologica, 43:97-112.

——, AND D. M. SCHANKLER. 1982. A review of
the Proteutheria and Insectivora of the Will-
wood Formation (lower Eocene), Bighorn Basin,
Wyoming. U.S. Geological Survey Bulletin,
1523, 79 p.

BraNscoMB, L. M. 1985. Integrity in science.
American Scientist, 73:421-423.

CARTMILL, M. 1980. The order Primates. Sci-
ence, 208:720-721.

CLEMENS, W. A.,J. A. LILLEGRAVEN, E. H. LINDSAY,
AND G. G. SIMPSON. 1979. Where, when, and
what—a survey of known Mesozoic mammal
distribution, p. 7-58. In J. A. Lillegraven, Z.
Kielan-Jaworowska, and W. A. Clemens (eds.),
Mesozoic Mammals: The First Two-thirds of
Mammalian History. University of California
Press, Berkeley.

Corpg, E. D. 1872. On a new vertebrate genus
from the northern part of the Tertiary basin of
Green River. Proceedings of the American Phil-
osophical Society, 12:554.

1882a. Contributions to the history of the

Vertebrata of the lower Eocene of Wyoming and

New Mexico, made during 1881. I. The fauna

of the Wasatch beds of the basin of the Bighorn

River. II. The fauna of the Catathlaeus beds, or

lowest Eocene, New Mexico. Proceedings of the

American Philosophical Society, 20:139-197.

1882b. An anthropomorphous lemur.

American Naturalist, 16:73-74.

1883. On the mutual relations of the bu-
notherian Mammalia. Proceedings of the Phila-
delphia Academy of Natural Sciences, 35:77-
83.

——. 1884. The Vertebrata of the Tertiary for-
mations of the west. Book I. Report of U.S.
Geological Survey of the Territories, F. V. Hay-

129

den, U.S. Geologist-in-charge, Washington,
1009 p.

DASHZEVEG, D., AND M. C. McKENNA. 1977.
Tarsioid primate from the early Tertiary of the
Mongolian People’s Republic. Acta Paleonto-
logica Polonica, 22:119-137.

DeLsoN, E. 1971. Fossil mammals of the early
Wasatchian Powder River Local Fauna, Eocene
of northeast Wyoming. American Museum of
Natural History Bulletin, 146:305-364.

ELDREDGE, N. 1974. Testing evolutionary hy-
potheses in paleontology: a comment on Ma-
kurath and Anderson (1973). Evolution, 28:479—-
481.

——, AND S. J. GouLD. 1972. Punctuated equi-
libria: an alternative to phyletic gradualism, p.
82-115. In T. J. M. Schopf (ed.), Models in
Paleobiology. Freeman, Cooper, San Francisco.

——, AND ——. 1974. Morphological trans-
formation, the fossil record, and the mecha-
nisms of evolution: a debate, Part II, The reply.
Evolutionary Biology, 7:303-308.

Gazin, C. L. 1952. The lower Eocene Knight
Formation of western Wyoming and its mam-
malian faunas. Smithsonian Miscellaneous Col-
lections, 117, 82 p.

1958. A review of the middle and upper

Eocene primates of North America. Smithso-

nian Miscellaneous Collections, 136, 112 p.

1962. A further study of the lower Eocene
mammalian faunas of southwestern Wyoming.
Smithsonian Miscellaneous Collections, 144,
98 p.

——. 1968. A study of the Eocene condylarthran
mammal Hyopsodus. Smithsonian Miscella-
neous Collections, 153, 90 p.

GINGERICH, P. D. 1974a. Stratigraphic record of
early Eocene Hyopsodus and the geometry of
mammalian phylogeny. Nature, 248:107-109.

1974b. Size variability of the teeth in living

mammals and the diagnosis of closely related
sympatric fossil species. Journal of Paleontol-

ogy, 48:895-903.

1976. Paleontology and phylogeny: pat-

terns of evolution at the species level in early

Tertiary mammals. American Journal of Sci-

ence, 276:1-28.

1977a. Patterns of evolution in the mam-

malian fossil record, p. 469-500. In A. Hallam

Eled.), Patterns of Evolution. Elsevier, Amster-

am.

1977b. Dental variation in early Eocene
Teilhardina belgica, with notes on the anterior
dentition of some early Tarsiiformes. Folia Pri-
matologica, 26:144-153.

——. 1979. The stratophenetic approach to phy-
logeny reconstruction in vertebrate paleontol-
ogy, p. 41-77. In J. Cracraft and N. Eldredge
(eds.), Phylogenetic Analysis and Paleontology.
Columbia University Press, New York.

——. 1980a. Evolutionary patterns in Early Ce-



130

nozoic mammals. Annals of the Review of Earth

and Planetary Sciences, 8:407-424.

1980b. History of Early Cenozoic verte-

brate paleontology in the Bighorn Basin, p. 7-

24. In P. D. Gingerich (ed.), Early Cenozoic

Paleontology and Stratigraphy of the Bighorn

Basin, Wyoming. University of Michigan Pa-

pers on Paleontology, 24.

1981. Early Cenozoic Omomyidae and the
evolutionary history of tarsiiform primates.
Journal of Human Evolution, 10:345-374.

——. 1982. Time resolution in mammalian evo-
lution: sampling, lineages, and faunal turnover.
Proceedings of the Third North American Pa-
leontological Convention, 1:205-210.

1984. Punctuated equilibria—where is the

evidence? Systematic Zoology, 33:335-338.

1985. Species in the fossil record: concepts,
trends, and transitions. Paleobiology, 11:27-41.

——, AND G. F. GUNNELL. 1979. Systematics
and evolution of the genus Esthonyx (Mam-
malia, Tillodontia) in the early Eocene of North
America. Contributions from the Museum of
Paleontology, University of Michigan, 25:125-
153.

——, AND M. SCHOENINGER. 1977. The fossil
record and primate phylogeny. Journal of Hu-
man Evolution, 6:483-505.

——,AND E. L. SiMons. 1977, Systematics, phy-
logeny, and evolution of early Eocene Adapidae
(Mammalia, Primates) in North America. Con-
tributions from the Museum of Paleontology,
University of Michigan, 24:245-279.

——, AND D. A. WINKLER. 1979. Patterns of
variation and correlation in the dentition of the
red fox, Vulpes vulpes. Journal of Mammalogy,
60:691-704.

GobpINOT, M. 1982. Aspects nouveaux des
échanges entre les faunes mammaliénnes d’Eu-
rope et d’Amérique du Nord a la base de I’Eo-
céne. Géobios, Mémoire Spécial, 6:403—-412.

GouLp, S. J. 1977. Ontogeny and Phylogeny.
Harvard University Press, Cambridge, 501 p.

——. 1982. The meaning of punctuated equilib-
rium and its role in validating a hierarchical
approach to macroevolution, p. 83-104. In R.
Milkman (ed.), Perspectives on Evolution. Sin-
auer Associates, Sunderland, Massachusetts.

1983. Dix-huit points au sujet des équi-
libres ponctués, p. 39-41. In J. Chaline (ed.),
Modalités, rythmes, mécanismes de I’évolution
biologique. Colloques Internationaux du Centre
National de la Recherche Scientifique, no. 330,
Paris.

——, AND N. ELDREDGE. 1977. Punctuated equi-
libria: the tempo and mode of evolution recon-
sidered. Paleobiology, 3:115-151.

GRANGER, W. 1914. On the names of lower
Eocene faunal horizons of Wyoming and New
Mexico. American Museum of Natural History
Bulletin, 33:201-207.

T. M. BOWN AND K. D. ROSE

GREGORY, W. K. 1915. On the classification and
phylogeny of the Lemuroidea. Geological So-
ciety of America Bulletin, 26:426-446.

1920. On the structure and relations of
Notharctus, an American Eocene primate.
Memoirs of the American Museum of Natural
History, 3:53-243.

GUTHRIE, D. A. 1967. The mammalian fauna of
the Lysite Member, Wind River Formation
(early Eocene), of Wyoming. Southern Califor-
nia Academy of Sciences Memoirs, 5, 53 p.

1971. The mammalian fauna of the Lost
Cabin Member, Wind River Formation (lower
Eocene), of Wyoming. Annals of the Carnegie
Museum, 43:47-113.

HecHT, M. K. 1983. Microevolution, develop-
mental processes, paleontology, and the origin
of vertebrate higher categories. Colloques In-
ternationaux du C.N.R.S., 330:289-294.

HenniG, W. 1966. Phylogenetic Systematics.
University of Illinois Press, Urbana, 263 p.

Hickey, L. J. 1980. Paleocene stratigraphy and
flora of the Clark’s Fork Basin, p. 33-50. In P.
D. Gingerich (ed.), Early Cenozoic Paleontology
and Stratigraphy of the Bighorn Basin, Wyo-
ming. University of Michigan Papers on Pa-
leontology, 24.

JEPSEN, G. L. 1930. New vertebrate fossils from
the lower Eocene of the Bighorn Basin, Wyo-
ming. Proceedings of the American Philosoph-
ical Society, 69:117-131.

1963. Eocene vertebrates, coprolites, and
plants in the Golden Valley Formation of west-
ern North Dakota. Geological Society of Amer-
ica Bulletin, 74:673-684.

KAy, R. F. 1980. Paleoprimatology —docu-
menting our antecedents. Paleobiology, 6:517—
520.

KELLEY, D. R.,, AND A. E. Woop. 1954. The
Eocene mammals from the Lysite Member,
Wind River Formation of Wyoming. Journal of
Paleontology, 28:337-366.

Kitts, D. B. 1956. American Hyracotherium
(Perissodactyla, Equidae). American Museum
of Natural History Bulletin, 110, 60 p.

KrAus, M. J,, AND T. M. BowN. 1986. Paleosols
and time resolution in alluvial stratigraphy, p.
180-207. In P. V. Wright (ed.), Paleosols: Their
Classification, Recognition, and Significance.
Blackwell, London.

KRrRAUSE, D. W. 1982. Multituberculates from
the Wasatchian Land-Mammal Age, early
Eocene, of Western North America. Journal of
Paleontology, 56:271-294.

KRISHTALKA, L. 1978. Szalay, Frederick Sig-
mond, “Systematics of the Omomyidae (Tar-
siiformes, Primates); Taxonomy, Phylogeny, and
Adaptations,” Bulletin of the American Mu-
seum of Natural History, 156:157-450. (Re-
view.) Journal of Mammalogy, 59:901-903.

——, AND J. H. ScuawARrTz. 1978. Phylogenetic



EOCENE PRIMATES FROM WYOMING

relationships of plesiadapiform-tarsiiform pri-
mates. Annals of the Carnegie Museum, 47:515-
540.

——, AND R. K. STUCKY. 1985. Revision of the
Wind River faunas, early Eocene of central Wy-
oming. Part 7. Revision of Diacodexis (Mam-
malia, Artiodactyla). Annals of the Carnegie
Museum, 54:413-486.

LAzARUS, D. B., AND D. R. PROTHERO. 1984. The
role of stratigraphic and morphologic data in
phylogeny. Journal of Paleontology, 58:163—172.

LILLEGRAVEN, J. A., M. C. McKENNA, AND L.
KRISHTALKA. 1981. Evolutionary relation-
ships of middle Eocene and younger species of
Centetodon (Mammalia, Insectivora, Geolabi-
didae) with a description of the dentition of 4n-
kylodon (Adapisoricidae). University of Wyo-
ming Publications, 45, 115 p.

Loowmis, F. B. 1906. Wasatch and Wind River
primates. American Journal of Science, ser. 4,
21:277-285.

1907. Origin of the Wasatch deposits.
American Journal of Science, ser. 4, 23:356—
364.

Lovg, J. D. 1939. Geology along the southern
margin of the Absaroka Range, Wyoming. Geo-
logical Society of America Special Paper 20,
133 p.

LuUckerT, W. P., AND M. MAIER. 1982. Devel-
opment of deciduous and permanent dentition
in Tarsius and its phylogenetic significance. Fo-
lia Primatologica, 37:1-36.

MAcDoNALD, J. R. 1963. The Miocene faunas
from the Wounded Knee area of western South
Dakota. American Museum of Natural History
Bulletin, 125:139-238.

MAGLIo, V.J. 1973. Origin and evolution of the
Elephantidae. Transactions of the American
Philosophical Society, n. ser., 63, 149 p.

MARTIN, L. D. 1984. Phyletic trends and evo-
lutionary rates. Special Publications of the Car-
negie Museum of Natural History, 8:526-538.

MATTHEW, W. D. 1915. A revision of the lower
Eocene Wasatch and Wind River faunas. Part
1V. Entelonychia, Primates, Insectivora (part).
American Museum of Natural History Bulletin,
34:429-483.

MAYR, E. 1942. Systematics and the Origin of
Species. Columbia University Press, New York.
433 p.

MCcKENNA, M. C. 1960. Fossil Mammalia from
the early Wasatchian Four Mile Fauna, Eocene
of northwest Colorado. University of California
Publications in Geological Sciences, 37:1-130.

——. 1975. Toward a phylogenetic classification

131

Musser, G. G., AND M. DaGgosto. 1987. The
identity of Tarsius pumilus, a pygmy species
endemic to the montane mossy forests of central
Suelawesi. American Museum of Natural His-
tory Novitates, 2867, 53 p.

NEAsHAM, J. W. 1970. Sedimentology of the
Willwood Formation (lower Eocene): an alluvial
molasse facies in northwestern Wyoming. Un-
publ. Ph.D. dissertation, Iowa State University,
Ames, 98 p.

NovAcek, M. J. 1986. The primitive eutherian
dental formula. Journal of Vertebrate Paleon-
tology, 6:191-196.

OsBorN, H. F. 1902. American Eocene primates,
and the supposed rodent family Mixodectidae.
American Museum of Natural History Bulletin,
16:169-214.

PATTERSON, C. 1981. The significance of fossils
in determining evolutionary relationships. An-
nual Review of Ecology and Systematics, 12:
195-223.

PeNNY, D. 1985. Two hypotheses on Darwin’s
gradualism. Systematic Zoology, 34:201-205.
QuUINET, G. E. 1966. Teilhardina belgica, ancétre
des Anthropoidea de I’ancien monde. Institut
Royal des Sciences Naturelles de Belgique Bul-

letin, 42:1-14.

RoBINsON, P. 1966. Fossil Mammalia of the
Huerfano Formation, Eocene, of Colorado. Pea-
body Museum of Natural History (Yale) Bul-
letin, 21:1-95.

1967. The mandibular dentition of ?7e-
tonoides (Primates, Anaptomorphidae). Annals
of the Carnegie Museum, 39:187-191.

Rosg, K. D. 1972. A new tillodont from the
Eocene upper Willwood Formation of Wyo-
ming. Postilla, 155:1-13.

1981a. “Evolutionary History of the Pri-

mates,” by Frederick S. Szalay and Eric Delson,

1979: Academic Press, New York, 580 p. (Re-

view.) Journal of Paleontology, 55:910-913.

1981b. The Clarkforkian Land Mammal
Age and mammalian faunal composition across
the Paleocene-Eocene boundary. University of
Michigan Papers on Paleontology, 26, 197 p.

——, AND T. M. BowN. 1984. Gradual phyletic
evolution at the generic level in early Eocene
omomyid primates. Nature, 309:250-252.

——, AND ——. 1986. Gradual evolution and
species discrimination in the fossil record, p.
119-130. In K. Flanagan and J. A. Lillegraven
(eds.), Vertebrates, Phylogeny, and Philosophy.
University of Wyoming Contributions to Ge-
ology Special Paper, 3.

of the Mammalia, p. 21-46. In W. P. Lucket = —— AND D. W. KRAUSE. 1984. Affinities of the

and F. S. Szalay (eds.), Phylogeny of the Pri-
mates. Plenum, New York.

primate Altanius from the early Tertiary of
Mongolia. Journal of Mammalogy, 65:721-726.

Morris, W.J. 1954. An Eocene fauna from the = ROseN, D. E., P. L. FOReY, B. G. GARDINER, AND

Cathedral Bluffs Tongue of the Washakie Basin,
Wyoming. Journal of Paleontology, 28:195-203.

C. PATTERSON. 1981. Lungfishes, tetrapods,
paleontology, and plesiomorphy. Bulletin of the



132

American Museum of Natural History, 167:159—
276.

RusseLL, D. E., AND P. D. GINGERICH. 1980. Un
nouveau Primate omomyide dans I’Eocene du
Pakistan. Comptes Rendus de I’Académie des
Sciences, Paris, 291:621-624.

——, P. Louis, AND D. E. SAVAGE. 1967. Pri-
mates of the French early Eocene. University of
California Publications in the Geological Sci-
ences, 93, 46 p.

SADLER, P. M. 1981. Sediment accumulation
rates and the completeness of stratigraphic sec-
tions. Journal of Geology, 89:569-584.

SAvaGg, D. E., AnD J. H. HuTtcHisON. 1972.
Wasatchian succession at Bitter Creek Station,
northwestern border of the Washakie Basin,
Wyoming, p. 32-39. In R. M. West (ed.), Society
of Vertebate Paleontology Field Conference on
Tertiary Biostratigraphy of Southern and West-
ern Wyoming. (Privately distributed to field
conference members in mimeographed form.)

——, AND B. T. WATERs. 1978. A new omomyid
primate from the Wasatch Formation of south-
ern Wyoming. Folia Primatologica, 30:1-29.

——, D. E. RUSSELL, AND B. T. WATERS. 1977.
Critique of certain early Eocene primate taxa.
Géobios, Mémoire Spécial, 1:159-164.

SCHAFFER, B., M. K. HECHT, AND N. ELDREDGE.
1972. Paleontology and phylogeny. Evolution-
ary Biology, 6:31-46.

SCHANKLER, D. M. 1980. Faunal zonation of the
Willwood Formation in the central Bighorn Ba-
sin, Wyoming, p. 99-114. Ir P. D. Gingerich
(ed.), Early Cenozoic Paleontology and Stratig-
raphy of the Bighorn Basin, Wyoming. Univer-
sity of Michigan Papers on Paleontology, 24.

1981. Local extinction and ecological re-
entry of early Eocene mammals. Nature, 293:
135-138.

ScHoPF, T. J. M. 1982. A critical assessment of
punctuated equilibria, I. Duration of taxa. Evo-
lution, 36:1144-1157.

ScHwARTZ, J. H. 1978. Dental development, ho-
mologies, and primate phylogeny. Evolutionary
Theory, 4:1-32.

SETON, H. 1940. Two new primates from the
lower Eocene of Wyoming. Proceedings of the
New England Zoological Club, 18:39-42.

SmMons, E. L. 1972. Primate Evolution: An In-
troduction to Man’s Place in Nature. Macmil-
lan, New York, 322 p.

——, AND T. M. BownN. 1985. Afrotarsius chat-
rathi, first tarsiiform primate (?Tarsiidae) from
Africa. Nature, 313:475-477.

——, T. M. Bown, AND D. T. RASMUSSEN. 1986.
Discovery of two additional prosimian primate
families (Omomyidae, Lorisidae) in the African
Oligocene. Journal of Human Evolution, 15:
431-437.

SiMpPsON, G. G. 1940. Studies on the earliest pri-
mates. American Museum of Natural History
Bulletin, 77:185-212.

T. M. BOWN AND K. D. ROSE

——. 1943. Criteria for genera, species and sub-
species in zoology and paleozoology. Annals of
the New York Academy of Science, 44:145-178.

SINCLAIR, W.J., AND W. GRANGER. 1911. Eocene
and Oligocene of the Wind River and Bighorn
Basins. American Museum of Natural History
Bulletin, 30:83-117.

——. 1912. Notes on the Tertiary deposits of the
Bighorn Basin. American Museum of Natural
History Bulletin, 31:57—-67.

SMEDES, H. W., AND H. J. PROSTKA. 1972. Strati-
graphic framework of the Absaroka Volcanic
Supergroup in the Yellowstone National Park
Region. U.S. Geological Survey Professional
Paper, 729-C:1-33.

STANLEY, S. M. 1982. Macroevolution and the
fossil record. Evolution, 36:460-473.

——. 1985. Rates of evolution. Paleobiology, 11:
13-26.

Stucky, R.K. 1982. Mammalian fauna and bio-
stratigraphy of the upper part of the Wind River
Formation (early to middle Eocene), Natrona
County, Wyoming, and the Wasatchian-Brid-
gerian boundary. Unpubl. Ph.D. dissertation,
University of Colorado, Department of An-
thropology, Boulder, 285 p.

SWINDLER, D. R. 1976. Dentition of Living Pri-
mates. Academic Press, New York, 308 p.

SzarLay, F. S. 1969. Uintasoricinae, a new
subfamily of early Tertiary mammals. Ameri-
can Museum Novitates, 2363, 36 p.

——. 1976. Systematics ofthe Omomyidae (Tar-
siiformes, Primates), taxonomy, phylogeny, and
adaptations. American Museum of Natural His-
tory Bulletin, 156:157-450.

——. 1982. A critique of some recently proposed
Paleogene primate taxa and suggested relation-
ships. Folia Primatologica, 37:153-162.

——, AND E. DELSON. 1979. Evolutionary His-
tory of the Primates. Academic Press, New York,
580 p.

——,AND C. K. L1. 1986. Middle Paleocene eu-
primate from southern China and the distri-
bution of primates in the Paleogene. Journal of
Human Evolution, 15:387-397.

TEILHARD DE CHARDIN, P. 1927. Les mammi-
feéres de I’Eocéne inférieur de la Belgique. Mé-
moires du Musée Royal d’Histoire Naturelle de
Belgique, 36:1-33.

TROUESSART, E. L. 1879. Catalogue des Mam-
miféres vivants et fossiles. Revue Magazine de
Zoologie, 7:219-285.

VAN HINTE, J. E. 1969. The nature of biostrati-
graphic zones, p. 391-424. In Proceedings of
the International Conference on Planktonic Mi-
crofossils, 1st, Geneva, 1967, 2. E. J. Brill, Lei-
den.

VAN HouTten, F. B. 1944, Stratigraphy of the
Willwood and Tatman Formations in north-
western Wyoming. Geological Society of Amer-
ica Bulletin, 55:165-210.

WEsST, R. M. 1979. Apparent prolonged evolu-



EOCENE PRIMATES FROM WYOMING

tionary stasis in the middle Eocene hoofed
mammal Hyopsodus. Paleobiology, 5:252-260.

WiLsoN, J. A. 1966. A new primate from the
earliest Oligocene, West Texas, preliminary re-
port. Folia Primatologica, 4:227-248.

WING, S. L. 1980. Fossil floras and plant-bearing
beds of the central Bighorn Basin, p. 119-126.
In P. D. Gingerich (ed.), Early Cenozoic Pa-
leontology and Stratigraphy of the Bighorn Ba-
sin. University of Michigan Papers on Paleon-
tology, 24.

1984. Relation of paleovegetation to ge-
ometry and cyclicity of some fluvial carbona-
ceous deposits. Journal of Sedimentary Petrol-
ogy, 54:52-66.

——, AND T. M. BownN. 1985. Fine scale recon-
struction of late Paleocene-early Eocene paleo-
geography in the Bighorn Basin of northern Wy-
oming, p. 93-106. In R. M. Flores and S. S.
Kaplan (eds.), Cenozoic Paleogeography of the
West-central United States. Society of Econom-
ic Paleontologists and Mineralogists Rocky
Mountain Paleogeography Symposium 3, Silers,
Denver.

WINTERFELD, G. V. 1986. Laramide tectonism,

133

deposition, and early Cenozoic stratigraphy of
the northwestern Wind River Basin and Wash-
akie Range, Wyoming. Unpubl. Ph.D. disser-
tation, University of Wyoming, Laramie, 248 p.

Woop, H. E,, II, R. W. CHANEY, J. CLARK, E. H.
CoLBERT, G. L. JEPSEN, J. B. REESIDE, JR., AND
C. Stock. 1941. Nomenclature and correla-
tion of the North American continental Ter-
tiary. Geological Society of America Bulletin,
52:1-48.

WORTMAN, J. L. 1904. Studies of Eocene Mam-
malia in the Marsh collection, Peabody Mu-
seum. Part II. Primates. American Journal of
Science, 17:239-250.

WRIGHT, S. 1948. On the roles of directed and
random changes in gene frequency in the ge-
netics of populations. Evolution, 2:279-294.

WYOMING GEOLOGICAL ASSOCIATION. 1968. Ter-
tiary well logs in all Wyoming basins (Log #4,
Washakie County, Gulf Qil Corporation, #1
Teeters).

Xu, Q. 1977. Two new genera of old Ungulata
from the Paleocene of Qianshan Basin, Anhui.
Vertebrata PalAsiatica, 15:119-125.



61I'1  §9T 00T @ — - = = - = - - - € LEOEL-A Tw y3u L¥Z01 MN

I'r 091 061 20T 0ST  §8T €0 01 091  — - - ¥t LEOEL-A  Tw—pd 1ysu 0,88 MN

60T §9T 081  — - - - - - - - - 0t LTOEL-A £-7W 13U S16L MN

0TI 081 81— - - - - - - - - 9 TTOEL-A Tw 13U TI6L M0

w60 Oor'1 081  — - - - - - - - - e LEOEL-A Tw Yo 6ZEL M)

LrT sLT S8 — - - - - - - - - € PEOEL-A Tw y3u S6TL MN

€T S81 81— - - - - - - - - 9% TTOEL-A Tw y3u L1TL M0

ar oot 081 — = = = = - = - -~ 9 TT0EL-A £ 13 6L1L M0

- - = - x X QL0 O€T  §ST 050 OI'l  0ST  vE LEOEL-A Tw—¢d 131 OLIL M0

= = - TTl 0oL 00T €0 O£l 09T — - - 9% TT0EL-A Tw—d 3o S9IL MN

LrT oL1 06T €T SST 00T = = = - = -9 TT0EL-A ¢ y3u pYIL MO

= = = - = —  L80 OVl OLT 0SO OI'l  0ST  ¥E LEOEL-A y=€d ya1 iL M0

LUT 0LT 06T LI'T OLT 061 — - - - - - St 1Y0€L-A ¢-Tw ysu I71L MO

60T S9T 081 = = = = - = = = S LEOEL-A Tw 1y3u ovIL MO

= X X pI'l S9T 06T 180 0ST  0ST  L¥O  OI'l  SY'T ¥E LEOEL-A  gw—gd jy3u 860L MN

601 091 8T — - - = - - - = - ¥ LEOEL-A €W Yo L60L M1

X 60 O¥'1 081 = = = - - - - = - ¥t LEOEL-A Tw gl 960L MN
Q@ - = - SI'T 0sT 0I'T — - - - - - ¥t LEOEL-A T Y3y S60L MN
S - = - €Tl ST S6T — = = = = 4 TT0eL-A T jy3u $969 MM
A SI'T  OLT  s81  II'T  SST 661 €0 0T 091 6¥0 SOT ST 9% TT0EL-A  gw—d 2 Y] 9689 MM
) 0T SLT  0I'T LTI OLT  OI'T  $80  SHT 091 €S0 SI'T 0ST  vE LEOEL-A  Tw—duBL  90pST SOSN
. 1T 09T 061 801 ST 061 180 Syl ST — = - ¥ LEOEL-A  TW—pdIyBU  GOpST SOSN
(% LT oLT 06T €T §§T 00T LLO OVT  SST 050 Ol 0S'T  vE LEOEL-A  gw—gdIyBu  p6IT] SOSN
Q sTr oLt s0T — - = - - - - - - ¥ LEOEL A cwydu 6171 SOSN
= = X X = = - - - - - - - ¥ LEOEL-A £-qwdy 0601 SOSN
< LT oLt ore  yTr S99l 0l't = = - - - - ¥ LEOEL-A 1w 7888 SOSN
> - - - 9I'T 091 00T 180 O¥I 091  — - - ¥ LEOEL-A  Tw—pd 13U 961L SOSN
N - - - orr os1 00T = = = - - - € LEOEL"A T y3u S61L SOSN
= = = €01 Oo¥I 00T 690 STI 091 @ — - - 0 LTOEL-A Tw—pd 3| 1665 SOSN

i~ 91'T ST S0T  SOT  0ST 061  — = - - = - ¥ LEOEL-A 1wyl 98¢ SOSN
Q SI'T OLT  $8T  SOT  0ST 061 080 SET €91 I€0 SO  OET O 9621-A gw—zd yai 6v8¢ SOSN
= = = = - = = = = = 80 OI'l 0Tl 9 TT0EL-A £d yop £25T SOSN
ST OLT oS8T TI'T ST S81 €90  O€T  Sv1 — - - ¥t LEOEL-A  Tw—pd Jysu 60ST SOSN

T. = = —~ 660 0ST 081  — = = - - = e PEOEL-A T jy3u 8T SOSN
8T 081 00C CTI OL1 00T 060 S¥I  OL1 €70 OI'l 0¥l  — 81-Dd WA gw—¢d 13U 0099L W
LUT0LT 06T  ST'T SLT 081 880 0ST 091 9€0 Ol 0€T  STIO 8€-0S WA gw—gd 1o 019SL WN

- = = = X X - X X - - = STID  0ITOSWA  Tw—pdiy3u 892TL WN

- - - I’ 091 061 LLO  SET 091 — - —  STID  0ITOSKN cw—pd 13 1672 NN

= - — €€ 081 0I'T 00T ST ST — = —  STID  0ITOSWKN Tw—d 3o SO1TL NN

0T1 ST 06T II'L 091 061  — = = = - =  STID  ISI-OS WA £ Yol vTyL9 NN

= = = STI OL1T sOT 180 Ov'T 091 L¥O OI'l Syl 0SD v-0S WN Tw—gd 3o 0LLS9 NN

STI o sLT 00T 6I'T  §9T 00T — - - - - - 9% TTOEL-A ¢-Tw y3u 6,67 Odd

LT oL1 061 — - - - - - - - - ¥ LEOEL-A Tw Yo €467 Ddd

Sojzw mrw qrw Sorjw mqw Jiw Sojpd myd Tyd Borgd med Ted TN Aireoo uswoads ‘O WNAsny

134

*SI9IQWI[TW UT SJUSWAINSBIW ‘UISeg Y104 S IB[D UI [9AJ] 1910W = ) {(SIdjow
01 UIylim) A[Uo [9A9] 1939w dewxordde = (,) {[OA9] J9jow = TN A11[e20] SUTWOAM JO AIISIOATUN) = A ‘A11[BOO] UBSIYDIN JO AJISIDATU(] = JA[] ‘A11[d0] AdAIng

SADIANAddV

1801301090 "S'N = [ Y100} ud0Iq = (X) INfeA ou = (—) Y1001 Jo (M x ) W1 = 807 "Umog PUDILIIUD DUIP4DY]13 ] JO Y133] JOMO[ IOJ Blep UdwIdadS —/ XIANAddY



135

EOCENE PRIMATES FROM WYOMING

001 091 oLl - - - - - - - - 081 LLE-A £—CW Y[ €€L0E€ NdA
- - - LTl oLl 06°1 88°0 0S'1 09°1 - - 061 €9¢-A Tw—{d 1y8u 1€L0¢€ WdA
€0°1 A oL'1 - - - - - - - - 061 MSIT-A w 1ysu §TLOE WdA
- - - LTl Ll S8'l - - - - - 061 £€9¢-A 1w 1y3u €7L0€ WdA
LT'1 SL'1 681 ST'1 SL'1 08'Il v6'0 091 091 - - 061 £9¢-A w—d 1y3u 12L0€ NdA
0Tl SL'T 061 40! oLl 08'Il yL0o OVl 0s°'1 80 SI'I o'l 081 STIEL-A cu—¢d 1o 6568 M
[4A0! oLt 081 ST'1 oLl S8l 160 SS°I 09°1 — - 061 £€9¢-A  gw—pd 1ysu €07L SOSN
- - - - - - - - - w0 0Tl 0g’l 061 £9¢-A £d 1y3u 8y SOSN
- - - (44 oLl 00T 60 091 09°1 0 0T og’l (1) 440] L8-OS NN Tw—¢d Yo $786L NN
LTl SL'1 S8l or't 0s’I 00C 880 SS°I SS°1 - - (1) 240] €17-0S NN gw—pd 1y8u 86v6L NN
- - - €0°'1 SS°1 08’1 - - - - - 0€€D y€-0S NN T 1ysu S00SL NN
90°1 09°1 081 90°1 091 08°l - - - - - 0€€d y€-0S NN €T Y9 806€L NN
[0 oLl 08'l 901 09'1 08I LLO  SEI 09°1 - - 0€€D y€-0S NN qu—pd 1ysu 806£L NN
[0 oLl 08l €0°'1 09°1 SL'1 180 S¥'I 61 8%'0 0TI SE'l ovcO €17-0S NN gw—gd 1ydu 1L01L NN
- - - - — - 1660 0S'T 91 - - (11.040) L8-OS NN d 1ysu 9L799 NN
- - - Il 09°1 06°1 L9°0 0¥ ov'l - - 061 €9¢-A [w—pd 1y3u L1€1 Ddd
00°1 91 9’1 001 09°'1 0oLl 090 Ov'1 (! - - — - gw—d 1ysu 990ST HNINV
Sojgw mpgw Jgw Sorqw o quw Jrw Sorpd mpd Tpd Sorgd med Ted TN Aeso] uswoadg *OU WINISnA

*SISIOWIIITW UT SIUSWIINSBIW UISeg Y10 S JIB[D UI [9AJ] I9JoWl = ) {(SIdjouwx
01 uIyimm) AJUo [9A9] 1910w djewixoidde = () {[PAI] 1919w = TN A1[BOO] URSIYOIIA JO ANSIOATU() = JA(] ‘A1TTBOO] SUTWIOAM JO AJISIOATU() = A ‘AJI[eD0] WNASNN
Apoqead 91eX = X ‘41001 Ud¥0I1q = (X) :an[eA ou = (—) Y1001 Jo (M X ) W] = 807 "ds ‘U suapissV.1O> PUIP4DY)I3 ] JO Y199) JOMO[ I0J Blep uawodad§—¢ XIANIIdY

- = - 91T 08T 061 = - - - - —  pE  LEOELA TN Yol LYTO1 M0
1T SUE ST LT 00 061 8TI 0bT  0ST = - - 9%  TTOELA TN—d YOI 1968 MM
v8'1  0€€ 061 LLT OI'E 06T S€T  OyT 091  — - =  ¥E  LE0ELA TNbd WBU 1288 M0

- - - - - - - - — O8Il 0I'T SST  bE  YEOEL-A £d 148 188 MN

- - - - - - = - = $I'T 061  S9T  bE  LEOEL-A £d oI 6T€L MN

- - - = = - S€1  oyT 091 SU'T  0I'T 0ST 9%  TTOELA p—€d 1B 181L MN
LLT OUE 061 €T 06T  S6T  — - - - - = pE  LEOEL°A €-TIN 1B ILTL M0

- - - - - - = - - 801 061 SST 9%  TTOEL-A €d 1ysu L169 MN
91T 06T SLT = - = - - - = = — 0 LTOEL-A TN MBE 0spST SOSN
181 0€€ S8 TLT  S6T 061  — - - - - - 9%  TTOELA TIN B9 L£06 SOSN
81 §8T OLT = = = = = = - - —  ¥E  LEOELA TN B9l 9888 SOS/
99T 00€ SLT T9T 08T 081 9TT  0TT 091  — - —  ¥E  LEOELA EN—bd 131 £98€ SOSN

30 ZN MIN TTN FIIN MIN TIWN 301yd M¥bd Ttvd B%o1ed Med Ted TN Amedo uowoads Ou wnasny

*SIQIQUWI[[TW UT SJUSWIAINSBIW {[9AJ] IOW = TN ‘A1[BO0] SUTWOAM
JO AIISIOATU] = A ‘(1001 UdY0Iq = (X) ‘On[eA ou = (—) ‘Y1001 JO (M x ) U] = 307 ‘umog puvdLwD PUIpvyj13 [ JO Y1931 1oddn 10J elep UswdddS—7 XIANIddY



v6'0 0S'I oLt - - - - - - - - - L6 BOTOLL-A (A ! 059¢ SOSN
ST1 SLI 00C STI SL'T 00'C - — - - - - 19 9910€L-A  TW ‘juriysu 7967 SOSN
- X X L6'0  SS°I oLt 960 STI ov'l 60 SO'1 (U (04! v0I-A w11 Yo[ IS SOSN
- - - LT'1 oLt 06°1 L90 OF'I ov'i - - - 08 8¢cI-a [w—d 1y8u 8Ly SOSN
€01 SS°1 081 €01 09'1 SL1 - - - - - - o€l o611-d Z-1w Yo[ LLY SOSN
v6'0 0S'I (U 001 09°1 oL’ - - - - - - (0141 o611-Ad €-Tw 1y3u LLY SOSN
9T'1 S8l 06°1 STl SL'T 00C vL0 Op'l 0s’t - - - 0€20 €e1-OS NN gw—pd 1y3u €788 NN
- - - - - - 180 S¥'I Sl w0 0TI (I [0 48] €17-0S NN p—€d Yol 6vS6L NN
- - - - - - - - - or'o OrI'tl Se'l s0CO 81¢€-0S NN €-¢d wy3du 16€LL NN
811 08I 08°I 14N §9°1 06°1 - - - - - - 0€20 96-OS NN €-Tw ysu 19€LL NN
0’1 SL'T 06°1 0Tl oL’ S6°'1 L9°0 OFI o't - - - 0€20 96-0S NN Tw—pd o[ 19¢LL NN
- - - Tl oLt 00'¢ - - - - - - (1] 740] 1€-DS NN Tw y3u 10S9L NN
- - - €01 S$9°1 oLt - - - - - - (1) 48] 1€-DS NN T yof 76¥9L NN
- - - LTl (U 06°1 - - - - - - 081D ¥$-OS NN Jw 1y3u 9IrISL NN
£0'1 §9°1 oLl 00't 09'1 oLt - - - - - - - ¢61-0S NN ¢—[uw 1y3u 9L8€L NN
L6'0 091 91 ¥6'0 0S'1 oLl - 0Tl X - - - - ¢61-O0S NN gu—d 9] 9L8¢L NN
rQrw 90°1 0oLt (' 49 oLt 081 - - - - - - ovZO €17-0S NN €T Yol 86¢€1L NN
) 60°1 oLt SL'1 €01 S6°1 081 L9°0 0’1 oSt - - - ovZO €1C-0S NN gw—pd 1y3u 98¢IL NN
17 60°1 (' SL'1 v6'0  0S'I oLt L0 OoF'l St'l - - - ovZO €1C-0S NN Tw—pd 1o 9CIIL NN
. 81°1 08’1 08l 49! oL’ 081 8L°0 S¥'I 0s'1 - - - () 440] €12-0S NN gw—pd yor S601L NN
Q 8T'1 06°1 06°1 8T'1 06°1 061 - - - - - - () g40] €1¢-0S NN €W Yol 1601L NN
. - - - 0Tl 91 00C LLO SET1 09°'1 - - - 0€2O CIT-OS NN [w—pd 1ysu ¥SL69 NN
X 001 09°1 oL’ 901 09°1 08’1 - - - - - - - ¢61-0S NN €W Yo 9969 NN
Q (AN oLt 08’1 260 Ov'1 08’1 - - - - - - 0€CO LOT-OS NN - ysu £6¥69 NN
2, - X X 601 091 68’1 - - - - - - - ¢61-OS NN ¢-Tw Yor 86169 NN
< ¥6'0 0S'I oLl 260 Oov'l 08’1l S0 0Tl (U - - - - 261-OS NN qu—d 1o LY169 NN
Z [AN! oL’ 08°I - - - - - - - - - ovcO L8-DS NN €-guw 13U 8€689 NN
W 49! oLt 08°Il LT oL’ 06°1 - - - - - - §0CO L6-0S NN T Yyor £8Y99 NN
S €T1 06°1 08'Il 0Tt SL'1 061 - - - - - - ovZO L8-DS NN -1 wysu 77799 NN
R €Tl 08I 061 STl SL'1 00'C - - - - - - 002D ¢I-0S NN €-1w Y[ 099 NN
M. Sojgw mpgw Jow Sorjw pquw Tjw Sorpd mpd Tpd Forgd med T¢ed TN Kipeso] uswadg ‘OU WINISNA
A~ *SIOJOWI[[IW UI SYUSWAINSEIW ‘UISeq 10 S JIB[D UI [9A] I910W = D *(SISIOW (] UIYIM) A[UO [3AI] 1910w dewrixordde = (4) {[9AI] ool = T ‘SINI[O0]
UBSIYOI JO ANSIOATU[) = JA[] ‘SONI[BIO] SUTWOAA JO ANSIOATU() = A ‘SINI[BOO] WNISNA APOqe3d S[eX = A ‘SANI[EO0] £3AIng [e0130[03D) "S' = ( ‘Y1001 UdxoIq
= (%) ‘onfeA ou = (—) ‘Y1001 JO (M X T) U = SO "SOIBIPIULIANUI SUIPISSDLD DUIPIDY]I3 [~DUDILISUD DUIPIDY]II [ JO U)AJ) IIMO[ 10j Blep UdWIodd§—¢ XIANIddY
99°1 ore 0oLt 6S°1 08°¢C SL'1 0ot’l oe'c 091 ST'1 o1’z  0S°1 081 L8-A EIN—€d s 979vC NdA
- - - 6v°1 09°C 0Lt - - - - - - 061 £9¢€-A TN Y3l €869 MN
- - - 0s°1 §6°C SL1 0’1 0e'c 091 - 00'C X 061 €9¢-A TIN—€d 143U 60vST SOSN
0s’t 08'C 091 14 0s°'Cc 0L (! S¥'c 0S°I (! 00C 0S'1 061 £9¢-A EN—td sy v0TL SOSN
€51 06'C 091 42! 0L'c 0L 42! 0s'C 0S'I - - - ovzO q-€12-0S CIN—d Td Yal 91668 NN
0 ZIN M TN TCIN S0l TN MTIW TIW 80Il4d Mbd Tvd F0oled Med TE€d TN Apeso uswroads ‘Ou WNIsn
% *SIQJOWI|[TW U SIUSWAINSBIW ‘UIseq JI0J S JIB[D UI [9AJ] JOIOW = D) [OAI] I910W = TIA ‘SANI[I0] UBSIYOIIA JO ANSIOATU() = DS ‘SSNI[BIO] WNISNIA
™ Apoqeod d[X = X ‘(1001 UdjoIq = (X) ‘anjea ou = (—) ‘Y1001 JO (M x ) UT = 307 "ds U suapissp4o vuipvy[1a [ Jo Y12 1oddn I0j erep udWIAAS—p XIANIADY



137

EOCENE PRIMATES FROM WYOMING

€0'1 S9°1 oL’ 90°1 09't 081 ¥L'0 SEI [ - - - - ¢61-OS NN Tu—d 1ysu c0eeT NdINdA
A9 (' 08’1 - - - - - - - - - - 261-OS NN €-CW Y| 10€€C NdINd X
- - - - - - 180 Ov'1 09°1 - - - - 261-0S NN ¥d ol £€80¢C NdINdAX
60°1 §9°1 081 SOl 0s°t 061 - (I X - - - - 261-0S NN qu—d Yo ¥90¢T NdNdA
- oLt X It 09°1 061 090 o0¢1T  Oo¥'r  v¥0 0TI (! - 261-OS NN tw-¢d 1ysu €89L1 NdINd X
90°I 09°1 081 Or'1 0s°'t 00T ¥9°0 SE€T  OP'I €0 SO0'1T  0f'l - 261-OS NN gw—gd o[ 81vLI NdINdA
90°1 09°1 08l - - - - - - - - - ovl 78¢-A (4! 1€7€¢€ WdA
ST'T (A 681 90'T  09'T 081 - - - - - - ovl 86¢-A 1w Ya| CELOE WAA
€Tl 08’1 06°1 - - - - - - - - - ovi Ive-A Tw ysu 0€L0€ WA
- - - - - - vL0 Ol 0s't  v¥0  0TT  Of'1 (! €ve-A y—¢d Yoy 87L0E WAA
- - - - - - 290 071 SS°1 - - - 0L BOLE-A ¥d o1 LTL0E WNdA
(40! S9°L 81 601 09°1 s8I 8Y'0 0TI SET €0 SO0t of'l o1 86¢€-A qu-¢d 1o 07,0t NdA
4N oL’ 08°I - - - - - - - - - orr eve-A ur ysu 61L0€ WdA
STl 08’1l SL'1 811 081 08I - - - - - - 091 LTE-A €-1u 1ysu €0L0E WAA
STl SL'1 00'C - - - - - - - - - 001 S0C-X £-CW Y[ Y0CLT NdA
L6'0 091 §9°1 90°1 091 081 760  0oe'1T 0l - - - ol LOT-A tw—pd 1y3u 8S¢ePT INdA
- - - 9Tl 09°1 00°¢ 180 Oov't 091 - - - 001 €0C-A Tw—pd 1y3u 96evT NdA
LT oLt 06'T 00T 09T OL'1 - - - - - - ovi L6-A T yo| CLIET NdA
- - - ¢t oLt 00T - - - - - - 0L BOI0EL-A T yor 7768 MN
- - - 40! SOt 06'1 - - - - - - 611 SSOEL-A fur oy SE88 MN
(/! 8’1 081 - - - - - - - - - SL 9Y0eL-A qur 1y3u 6188 MN
0T’ SL'1 06°1 - - - - - - - - - 9 q910€L-A cu Y91 Y69L MN
90°1 09°'t 08’1 - - - - - - - - - v9 q910€L-A 4k ! Y69L MN
- - - €60 SP'I SL1 - - - - - - v9 q910¢€L-A Tur yaf ¥69L MN
(XA 681 681 - - - - - - - - - 9 q910€L-A T ysu STIL MN
8T'1 081 00'¢ - - - - - - - - - V9 9910€L-A cuw yo[ YL MN
14N §9°I 061 - - - - - - - - - L6 BOCOEL-A cu Ya| vITL MN
00°1 09°'1 oLl - - - - - - - - - L6 BOCOEL-A Tw y3u cIcL MmN
- - - L80 OFI (! - - - - - - L6 BOTOEL-A [ur 1ysu 661L MN
660 0S'I 08I 160  0S°I S9°I1 790 STl oSt - - - 091 c9¢-A cw—pd Yo 8199 MN
001 09°1 oLl - - - - - - - - - (U4 vOi-A Tw y3u 0€LY1 SDSN
00°1 §9°1 A - - - - - - - - - (41 vOI-A w y3u 976¢1 SOSN
660 0S'T 08’1 - - - - - - - - - L6 BOTOEL-A cu Y9| €276 SOSN
- - - LT'T  OL'T 061 - - - - - - L6 BOZOEL-A [ ysu €776 SOSN
LT'1 S9°1 S6°1 - - - - - - - - - 19 980¢L-A cu Y9[ 9176 SOSN
- - - L 09t 061 - - - - - - 19 980¢L-A T y3u 9176 SOSN
- - - - - - L8°0  OV'T  OL'I - - - 19 980¢L-A ¥d Y[ §126 SOSN
- - - A9 SS°1 S6°1 - - - - - - (U8} eve-A T yor 9616 SOSN
- - - 660 0S'I 081 - - - - - - L6 BOTOEL-A T Yyo[ ¢S16 SOSN
[ 09°1 06'1 660 0S'IT 081 - - - - - - 001 611-A T-Tw sy cr16 SOSN
- - - - - - L9°0 0S'1 o't T€0 0TI STl ovi v0I-A p—¢d 1y3u v61L SOSN
Tl oLt 00T  6I'I $9't 00T - - - - - - LS vrOEL-A Z-Tw ysu £€61L SOSN
- - - - - - 6v'0 STI oe't 820 oIt 0TI #STI ITI-A p—¢d Yol C¢6IL SOSN
oz mmzu Jzw Sorjuw mjw Trw Sorpd mpd Tpd Sorgd med Ted TN Aeso uowadg ‘OUu WNISNA

‘paNuUNUO) — ¢ XIANAAdY



T.M. BOWN AND K. D. ROSE

138

91 §Te 091 430 S OV A AR (VA yTr 0€CT  0S'I - - - ovl 86¢-A €IN—+d WSU 6CL0€ WdA
§S°1 S6T 091 v¥'1 §9°C 091 .t - - - - - ovl 86¢-A TN Y3l 97L0t WdA
¥8'1 0S¢ 08I IL'T 06T 061 el SP'C  oLT PI'T 0671 S9°l 00T €0C-A EIN-td Yol 9SEYT NdA
- - - §9°'L SL'C  06'1 - - - - - - 18 6CIEL-A T ySuU PTy0l MN
- - - - - - AN SRV A | - - - 611 SSOEL-A bd Yol LOLL M)
Lyl 06T 0S'T  ve'l §S°CT  0S'I - - - - - - L6 BOZ0EL-A €-TIN Y3l 102L MN
- X X - X X 6I'l  0CC 05’1 - - - 88 1SOEL-A TN—bd 13U 6£1L MN
[4: 9! se'e 68T vL'T  00€ 061 6’1 08T SP'I - - - LS prOEL-A €IN—bd WSU L069 M1
8¢°1 S6'C 991 - X X - - - - - - ovl ¥0I-A C-TIN Yol £68S1 SOSN
891 SI'e  0oL'1 IL'T  06C 06'1 se'r ot 091 - - - 19 980€L-A TN ‘TN ‘vd Y3l 9126 SOSN
- - - vl §S°T  0OL'1 - - - - - - 611 SSOEL-A TN ysu 176 SOSN
LS'T  00€ 091 16°1 §9°C 0L’ - - - - - = 611 SSOEL-A €-TIN Wsu 1126 SOSN
- - - 8¢'T  ov't 991 - - - - - - SII 1Z1-A TIN Yol C¢61L SOSN
sl 00'¢  SS°I - - - - - - - - - ovl P0I-A €T 1ysu 88% SOSN
Lyl 08'Cc  §S°I 1448 §6°C S99l vO'l  oI'T  SEI - X SEl o€l 0611-d CN-td Y3l LLY SOSN
05’1 08C 091 124! §§'C 91 - - - - = - o€l 0611-d €-TIN 143U LLY SOSN
09'T  00¢  S9'I = 0L'C X - - - - - - 0¥2O €12-08 €-TIN Yol LPTIL NN
Lyl 08C SS'T  Ob'l Sv'c S9'l crr ore o'l 80 061 OFI 0¥2O €12-08 EIN-Td Y3l £€8L69 NN
£€9°'1  00€ 0L 86’1 0LCT 081 o0t SP'C  0S'1 - - - 002D C1-08 EN—td 143U 09L$9 NN
301ZIN MTZIW TTW SOl TN MIN TIW 801vd Mbd Tbd 301ed med Ted TN Apeooy usuroads “Ou wnasnjy

*SISJQWI[IW Ul SJUSUIDINSBIW ‘UISBE YIO] S JB[D Ul [9AJ] JI1OUWI = ) [9AJ] JOJOW = TIA ‘SANI[EO0]
wnasny Apoqedd d[eX = X ‘SINI[eo0] UBSIYOIA JO ANSISATU[) = DS SANI[BI0] SUTWOAA, JO AIISIOATU() = A ‘AJI[eOO] A9AING [BO130[03D) ‘S () = (I Y100} UayoIq
= (¥) ‘onfeA ou = (—) ‘Y1001 JOo (M x 7T) UT = 307 "SOIRIPIULIANUL SUIPISSDID DUIPIDYJII [~DUDILIUWID DUIPIDY[I2 [ JO Y199) Jaddn 1o} ejep uswadS—9 XIANAddy



139

EOCENE PRIMATES FROM WYOMING

LTl oLl 01°e - 091 X - - - - - - *0Ste 8CC-A ¢-Turysu 86¥C WdA

€v'l 06°1 0T'T - - - - - - - - - €9 6691-d €-gw 1y3u PSPl SOSN

€71 68’1 01°C - - - - - - - - - (444 y0Z1-a €-cW YI[ €799 SOSN

LS'1 00°C ov'e Sl 06°1 3 4 - - - - - - - - €T yo[ €891 HNINV
(edfr010Y 91 ST $€891 HNINY) Snu1ziadsaa sniuaig

- - - - - - 80°L S¢Sl 06°1 650 0Tl (U *0SPé 8CT-A y—¢d y3u L66YC NdA

(adKr010Y) sniduiodui sisdy.io4o0py>

vl 91 06°1 vl 09°L S6°1 €8°0 el oLl - - - 0€9 €861-d Tw—d 19y 81TT1 SOSN

90°1 SS'1 081 It 09°'1 06’1 L9°0 (A o'l [43Y) 0z'1 o'l S€9 eLY1-d w-¢d 1y3u $6S9 SOSN
(adK1010Y 3y} ST 669 SOS) WDUILIOM SISAYLOWIUY

8C'1 81 S6°1 (YA SL'1 00T 18°0 o'l 09°'1 - - - *$8¢€ ¢s91-d cu—pd 1y3u €0vST SOSN

90°1 09°1 08l I 09°'1 061 L9°0 0’1l 0s°'1 - - - oLy J8611-Ad cu—d o 9Ly SOSN
(sdfr010Y o1 ST 9L SOSN) wosvd sisdyiowauy

(44! oLt 00'¢ 91°1 09°1 00'C 06°0 o'l SL'1 0t°0 (¢ el 1300 1YY gu—¢d yop 6S1Ly JNON

- - - STl SL'1 00°C v6°0 09°'1 09°'1 - - - 19004 1Yy [w—d ysu Y619 AINON

[ 40! S9°1 06°1 1771 09°1 01e 160 0s’l §9°l 0s°0 o1t 0s°1L 13300 1™y CW—TT Y9[ 619 dJNON

- - - vT'l €91 or'e 60 0s’l oLl - - - 19004 1YY Ju—d 19y 8S1Hy dJINON

- - - 171 09°'1 01°c €01 S¢Sl 08°l £€9°0 0oe’l Syl MYV 1seq Tw-¢d 1597 8,008 HNINV

(edfr010Y 9Y1 ST T619% JINDN) "dS U 1uuUIYIUL SNIU0II T
- - - 06°0 vl oLl 09°0 0e'1 o'l 970 001 0e’l ove 16€-A Tw-¢d Jysu €L7EE WA
- - - (40N 0s'1 68l - - - - - - *S€T c0¢-A Twr ysu ¢61C1 SOSN
‘qUIOD ‘U DJNIINUI} DUIPIDY]IS ]
Jojgw mow Tew Sojjw mJw Fruw Sorpd mpd Tpd SBojed med Ted TN Aeoso| uowadg *OU WINISNA

*SI9IOWIT[TW UT SJUSWAINSBIW (SI91aWI )] UIYIIM) A[UO [9AJ] 1919wl djewrxoidde = (,) {[9AJ] J910W = A ‘OPBIO[OD) ISIMYLIOU ‘UIseg

USEA\ PUBS ‘UOTIBULIO UYOIBSBA\ JO JOQUISJA BYIBMEBIL] UI 9B SA1I[BOO] POUWIBU {SINI[BOO] WNISNA APoqedd d[eX = X :$o11[ed0] A9AINg [83130[09D) 'S’ = ‘Y1001
uayoIq = (X) ‘anfea ou = (—) Y1001 Jo (M x ) UT = 307 (MaYNeW) snu1radsan Sniu1aiS pue ‘9soy pue umog sniduiooul sisAyi0.401y) ‘9SOY Pue UMOY 1UDULIIOM
S1SAY10WaUY 9SOY PUC UMOY 110S.42110d S1SAY101duUY “dS "U IDUUINIUL SNIU0I3 [ " qUIOD "U (U9sdS() DjnIInua} pulpvyj1d J JO Y193} I9MO[ I0J BIEP USWI0adS — / XIANAddY



T. M. BOWN AND K. D. ROSE

140

§6'1 0S¢t 00T 881 0T¢ €0T - - - - - - [444 v0Z1-d TN Y3l 1611 SDSN
¢6'l  Oob'e 00C 8T 00€ OI'T 691 O0OLT 00T 091 O0€T SIT 134 86¢1-d EIN—td Yol §66S SOSN
- - - 86'l 0t 0TT L81 OI't OIT - - - (444 1er-a TIN—bd 13U $S$8¢ SOSN
80C 00v 00T 90T 0S¢ STT - 0T'e X - - - 144 S-0ve-A €N—bd 13U 6£8¢ SOSN
681 0t't 00T 96’1 OI't O0€C 91 OLT 061 €51 0€CT 00°C (424 y0cI-da EN-td Y3l 206 SOSN
snuplaadsaa sniuls
19T S6'C OLT €51 08T €91 ST1 Oove ¢Sv'l - ore X oLy SSv-A EIN-td Yl $6981 WdA
1uos4aivd sisdyowauy
€0C 08¢ 00C LOCT 09¢ O0OTCT T8I OI't 007 - X X é %3} 998 EN-€d D Yal v61v HNIV
- X 00C 90C SS¢ 0CTCT T8T OI't 00T 9ST 0ST 061 6 X3} 998 €IN-€d 13U Y61 HNAV
(uswads 9dK) snpnounuioy snuoja |
SS'T $8°T S9T  IvI OP'T OL1T €01 00T Ov'l - - - x00€-0ST 1%9) 998 £N—d 13U LT0tT NdINdA
(uawoads 9d43) "qUIOD *U DINOINUI] DUIPIDY]JIA T
801 ZN M TN TTI I TN M TN TIW S0lvd Mvd Tvd B01ed med T¢€d TN Aneooy usuroadg ‘Ou wmnasny

*SISJOUI[IUX UT SJUSWIAINSEIUI {(SI9J0W ()] UIYIM) ATUO [9A9] 1939w dewrxoidde = () [9AS[ 110Ul = T ‘SANITEO0] WNASN APOqesd dex = X ‘SAnI[es0]
Koaing 1801301090 "S'(] = ‘Y1001 UN0Iq = (X) ‘anfeA ou = (—) ‘Y1001 Jo (M x T) W] = 307 “(MoYNe) Snu11adsaa sniuiaj§ pue 9SOy PUB umogq 1u0sianvd
sisdy4ouauy Jo Y122 1addn 10§ pue ‘(3doD) snjnounuioy sniuoa ] pue ‘quiod u (uasdaf) vynomua) vulpivy)ia L Jo suswroads adA) 3y} Joj erep uawoadg—g XIANIddy



141

EOCENE PRIMATES FROM WYOMING

- - - - x 0S'C €ST 00T O0€T SI'T SL'T 081 - £2€-0S NN [w—-¢d 1ysu 1LE6L NN
- X x LS'T 00T O¥'T 091 STT 0TT TI'T  SL'T  SLI - 761-0S NN gw-¢d yor SEE6L NN
- - - - - - ST S0T 0€T SI'T  OLT1T 81 - 761-0S WN p-¢d 0 1y3u TEE6L NN
- - - 09T SI'T 0€CT I€T 081 $0¢T - X X - T61-0S NN Tw-¢d 1ysu TET6L NN
- - - 791 o' obT - - - 90'T  OL'T 0L 17450} £€-0S NN Tw ‘gd yor 6968L NN
- - - - - - 9’1  S6T 0TCT €01 SST 081 0€€D $€-0S NN p—¢d s 1LL9L NN
- - - 0T SL'T 0OI'T LI'T OLT 061 - - - 0€€D $€-0S WN Tw—d Yoy L9L9L NN
86’1 0TCT 0TT L9 STT SE€ET vl S61 01T - - - 0€€D $€-0S WN gu—pd 1y3u 900SL NN
- - - ¥P1 00T OI'T +¥'1 00T OI'CT <TI'T OLT 081 0€€D $€-0S NN Tw—gd Yoy €16€L WN
- - - 791 07T 0£T - - - - - - 0€€0 $€-0OS NN T Yo 116€L NN
- - - L9T  0€T O0£T - - - - - - 07€D  9€T-OS NN T Jy3u 9rS1L NN
- X X 79T 07T 0£T - - - - - - 07€D  9€T-OS NN -1 Yo| LESTL NN
791 0TT 0€T LST 01T O0€C - - - - - - 0¥70  €IT-OS NN -1 Yoy €6€1L NN
- - - 8'l 00T 0T¢C - - - - - - 0P?O  €IT-OS NN 1w | €8€IL NN
- - - 791 01T Ove - X X - - - 07€D  STT-OS NN Tw—pd yoi 6TTIL NN
- - - €'l 00T 0€T 9I'l 091 00¢ - - - 0vZD  €I1T-0S NN Tw—pd 1y3u SETTL WN
- - - - - - 8T 061 06T 00T 09T OLT 0¥ZD  €1T-0S NN p—7d Yo L1869 NN
- - - 8’ OI'C OI'T 8TI 06T 06T 001 091 OL1 obzO  €IT-OS NN Tw-¢d o[ L8L69 NN
- - - $9'1 SI'T OVT 1T 061 SI'T - - - - 761-0S NN [w—pd Jysu L£969 NN
86T 0TC 0TT 091 STT 0TT #+vvl 0OI'T 00T 901 081 091 - 761-0S NN cw—¢d Yoy 11969 NN
- - - 79T 0TCT 0£T - - - - - - - 761-0S NN -1w 1y3u 01969 NN
- - - 09T SI'T 0€T 81 0I'T 0I'C - - - - T61-0S NN cw—d yor 169 NN
- - - 8¢’  0TCT 0TCT w1 00T 01T - - - - T61-0S N cw—pd 1y3u 80169 NN
8’1 00C 0TT IST 60T 0TT 0TI SLT 06T 960 S¥1 081 ()] 740] L8-2S NN gw—¢d 19y 61799 NN
- - - - - - - - - L60  S9T 091 08I EDN ¢d y3u 7998 3N
€P'1 S6'1T  SI'T €1 06T 0TT 9T1 081 S61 - - - A1irend) pueg cw—d Yo £vS8IT dJNON
- - - - - - 9’1 0I'T SO0OT 60 0OST 0L AirenQ pues p-¢d Yol TrS8IT dINON
- - - - - - 9€'I S6T 00T 880 OST 091 aye[Iaquur], p—¢d 1y3u TTr6S dINDN
- - - - = - 61 00T 00T 60 OST OLI Airend) pues p-¢d 1q3u 69L¥Y JNON
- - - IST  SOCT 0TCT 8TI 061 06T 8.0 SPT 0S1 19Y[V 1S9M Tw-¢d 1y3u 06THy dJNDN
- - - - - - 9€'T  S6'T 00T L60 SST OL1 1YY 1seq $—¢d 1ysu 6ST¥y dJINON
- - - - - - - - - T 081 OL'1 - L90€ WV €-Td 0 ‘71 1y8u SLS WVY
09T STT 0TT 091 STT 07T ¢€ST 0OI'c 0T¢T - - - - 761-0S NN gw—pd 1y3u £580C ZOW
9¢’'1 68T OI'CT 8TT 081 00T OTI OLT S6'T L8O OF1 OL1 - 9€T1-a cw—¢d Yo 9,67 DA
€T 00T O0€£T €F1 061 0TT SE€ET 081 SIT - SH'l X 061 £9¢-X cw-¢d o €921 Ddd
LS'T  OI'T 0€T T9T OI'T ObT +E€T1 00T 06T 00T OLT 091 #0810 1X9) 938 gu—11 o[ 06121 WO
- - - €6l 01T 0TCT vl OI'T 00T 601 SLT OLT aYy 1seq Tw—¢d 1y3u 88888 HNINV
8%’ 00T 0TT €ST 00C O0€CT 8TI 081 00T +60 O0OST OL1 NAY[Y Iseq gw—-¢d Yoy 15608 HNIV
8’ 00C 0CTCT 81 00C 0TCT €1 061 00T +60 O0ST OL1 1YV 1seq gw—-¢d oy 9L008 HNIV
- - - 8’ 00T 0TCT 9T1 061 681 - - - Ay Iseq Tw—pd 1y3u LLO08 HNINV
IS'T S1'T 01T - - - €T S8T1T 00°¢ - - - 1YY 1seg €-uw ‘pd 1y3u $L008 HNIV
79T 0TCT 0€T 8ST 0TC 0TC 9¢1 S6T 00T 160 0ST S91 1YY 1seq cw—¢d 1ysu €965 HNIV
€61 0TCT OI'T LST OI'T 0€CT 6£1 00T 00T €01 SS'T 081 Y[V Iseq gw-¢d 1y3u 61965 HNINV
Sojgw mzw Jgw Sofquw o\ quw piw Soipd mpd Tpd Sorgd med Ted TN eli:alvg | udwadg ‘OU WNJ3SNA

*SIOJOWI[TW UT SJUSWIAINSBOW UIseq IO S YIB[D Ul [9AJ] JOJOW = ) (SISNdW ()] UTYIIM) AJUO [IAJ] J9jowl
rewrrxoidde = (,) {[9A9] I91oW = TN ‘SINII[BO0] WNISNIA J[V "N PUOWARY = NV Y ‘SINI[EI0] UBSIYIIA JO ANISIATU() = N[ ‘A11[ed0] SUTWOAA JO AJISIOATU) = A
{S91111800] WNASN\ APOQedd S X = X ‘SANI[EI0] A3AIng [ed130[09D) 'S'[] = (I ‘OPEIO[0)) JSIMYLIOU JO UISBY YSEA\ PUBS ‘UOTIBULIO OJBSEA\ JO JOQUIDJA BYIemeryy
ur [[e 9Ie S3NI[eS0] PAWEU (Y100} UdN0Iq = (X) dNeA OU = (—) Y1001 JO (M x T) U] = 3077 "ds U oy ww snwo3a ] Jo 133} Jomo[ 10J Blep Uswodad§—4 XIANAddY



- X 0cTe - X oy’ LTI OLT OI'T 960 S¥'I 081 - 6109L-A gw—¢gd 9] Z8¢Tl MN
= - = €' 0I't 0TT - - - - - - 081 STIEL-A [ 3y3u LSE0T MN
Iy’ 66’1  0I'C  8¥'I 00T 0CTT - - - - - = 081 STIEL-A -1 ysu 96€01 MmN
I°1 60T 0TT 9’1 6§61 0TC ¥$e'1 06l 00T +60 SST 6910 = 8109L-A gw-¢d 1ysu £€5001 M
09’1 SI't 08T T91 0TCT 0£T - - - - - - 611 V80EL-A -l Yol CIv6 M0
91 0TT  0£7T - - - - - - - - - 081 STIEL-A Tur ysu 1068 M
- - - - - - 9¢'T  SO0'C 061 - - - L6 0CT0EL-A $d 1ysu 0€88 MN
€'t 01I'c 02T - - - - - - - - - v9 qQ910¢€L-A W Y9 STEL M
Pl 00T 0IT - - - - - - - - - V9 qQ910¢L-A [4aR' ! STEL MN
'l 00T SI'T - - - - - - - - - 9 qQ910¢L-A qur 1y3u STEL MN
8l 00T 0TCT LST OI'T 0¢£T - - - - - - 9 q910€L-A w ‘T ysu STEL M
- - - - - - 9¢'l 661 00T 601 091 681 v9 qQ910¢L-A pd ‘€d yoy STEL M
- - - - - - 87’1 081 00T - - - 611 SS0EL-A ¥d yo| ILTL M
- - - €'l 00T 0£'CT - - - - - - L6 BOTOEL-A W Y[ P0TL M1
- - - 791 0€C 0TCT 61 00T 00T 00T 091 OL1 061 £9¢-A Tw—gd 1ysu TES9 MN
X 9’1l S6'1T 0TT O0S'T S6'1 0£T - X 0¢'C - X 08°l = - gw—¢d Yo 9161 WNSN
%] - - - 99't 0T'C OvT I¥1T 061 SI'T 60T 091 S81 061 £€9¢-A Tw—¢d Yoy 80pST SOSN
Q €6’ 00T 0€T - - - - - - - - - L6 BOTOEL-A T ysu §TT6 SOSN
4 0s'T  00C STT - - - - - - - - - L6 BOZOEL-A cur y9[ §TT6 SOSN
. 8%l 00T 0TT - - - - - - - - - L6 BOZOEL-A o[ $TT6 SOSN
R - - - - - - £e'r 681 S0T - - - L6 BOTOEL-A pd Yo 1726 SOSN
N 8¢'l 06’1 0IT - - - - - - - - - L6 BOTOEL A [4u ! S$16 SOSN
- - - 8%l 00T 0TT - - - - - - L6 BOTOEL-A W ysu vS16 SOSN
Q - - - - - - €Tl 081 061 - - - L6 BOTOEL A $d ysu 1§16 SOSN
2 8¥'l 01I'C O0I'C - - - - - - - - - 061 £9¢-A Ak ! S0TL SOSN
A €'l o't 0TT - X X 8C'I 081 00T +60 O0S'1 OL'1 081 STIEL-A gw—gd Jysu 861L SOSN
2 - - - = - - 9’1 SI'C 00T 60T OLT SL'T 4091 Ly1-A p—¢d 1ysu 161L SOSN
N - = - 8¥'I  0I'c O0I'C - - - - - - 061 €9¢-A -1 Yo[ €99 SOSN
Q €S’ 0I'T 0TCT LS'T OI'T 0T 8TT 081 00T - - - (1) 048] L8-OS NN gw—pd 1y3L $86S SOSN
53] - - - §¢'l 00T SE'T - X 061 - X SL'1 081 sTTi-a Tw-¢gd Yoy 1v6S SOSN
. - - = 91 07T 0£T - - - - - - 061 €9¢-A [wr yar LS8¢ SOSN
M 'l 00C OI't 8¥'I 00T 0TT - - - - - = 061 €9¢-A £-Tw Y[ 968¢ SOSN
. 8¢'l  0TT 0TCT 91 SI'CT ObT  I¥T  S6'1  OI'C €01 S9T  OL'I - ¢61-OS M gw—gd yo| ££€T SOSN
&~ - - - €'l 0I't 0TCT 6£1 00T 00C 880 SST  SSI $6CO sLor-a Tw—¢d Yo 9T¢T SOSN
- X X €S’ 0I'c 0TT ¢T1 081 061 180 O¥'I 091 081 yeei-a gw—¢d 1y3u £P91 SOSN
¢¢'t oI'T  sTT - - - - - - - - - 081 yeei-a €W Yo[ 60S SOSN
- - - 091 SI'c 0T 81 00C O0TT €01 SS'T 08’1 061 £9¢-A Tw—¢d 1y3u 10§ SOSN
- - - - - - LS'T 0I'CT 08T LI'T OL'T 061 061 £9¢-A p—gd Y3l 66V SOSN
- X X - X X €T 08T 061 - - - 061 £9¢-A gw—d 143 L6Y SOSN
- - - - - - - - - 60 Oov'1 081 061 £9¢-A €d Yo £8% SOSN
- - - 1’1 SI'c 0I'c  €C1 S81 681 L60 091 S9'1 ovl POI-A Tw—¢d 1y3u 18y SOSN
- - - 09’1t 0TT STT 091 o't seT SI'T 081 SL'I - 261-0S NN [w—¢d 1y3u 6Ly SOSN
- - - - - - b1 00C  OI'T  L60 0S'T  SL'I - ¥8-Dd NN p—€d Yol 0L6S8 NN
- - - 91T SI'T ST vE'l 00T 061 160 091 SSI = ¢61-0S I Tw—gd Yo LLLS8 NN
LSl OI't 0T T9T oOI'T OvCT 8YI 00T 0CTT - - - 0€7O 60£-0S NN Tw—pd Yol CCIE8 NN
- - - - X X 871 081 00T L60 0ST SL'I (L g40) €12-0S NN Tw—gd Yaj obS6L NN

Sojzw mgw Jgw Sojqw M Jw Jrw Soypd mpd Tpd Sored med Ted TN A1eooT uswadg ‘Ou WINJSNA

142

‘PANUNUO) —§ XIANAddY



143

EOCENE PRIMATES FROM WYOMING

- - - 99°'I 0CTC O¥'CT 08T 00T STT - - - - ¢61-DS NN [w—d 359y 880¢7 NdINdA
8’ 00T 0TCT O0ST 66T 0¢£T +vpP1 00T OI'CT 880 OST 091 - 261-DS NN qw-gd yor 6£181 NdINdA
86’1 SI'T STT ¥91 SI'T OPT I¥T 00T SOCT €01 S91 OL'1 - - cw—¢d Yoy £€69L1 NdINdA

- - - 09l SI'C 0¢€C ¢€€1 081 01T 601 S9T1T 081 - - Tu-¢d 1y9] L89LT NdINAA
'l 0I'C 60T HPT 00T OI'T 9TT1T S81 061 €01 S9T 0L (114 vOI-A gw—gd 1y3u 9105¢ NdA
I°T S1'C 0I'T €51 0OI'T  0TT - - - - - - 081 vi-A €-Tw ysu 192¢¢ WdA

- - - LSTT 01T 0€C 9¥'1T S6'1T 0TC 660 0ST 081 0L1 68¢-A [w—gd oy ovTee WdA

- - - - - - - X X 90°'T  09°T 081 061 £9¢-A p—€d yor €TCee WdA
8¢'T 06T 0IT - - - - - - - - - (8} eveE-A SRS CTL0E NdA

- - - LS’ 0I'T 0€CT ¢€€1 081 O0ITC - - - 061 £9¢-X Tw—d 1y3ur 81L0¢ WdA
o'l SI'CT 0T T9T 0TT 0€T - - - - - - 061 €9¢-A C-Tu Yor 11.0¢€ WdA
09°'T  SI'T  0€7T - - - - - - - - - (4! eve-A W g9y 60L0¢ NdA
8¢l 061 0IT - - - - - - - - - 061 €9¢-A £-cw Yo §690¢ WdA

- - - ¥9’1 0T OvC e¥'1 06T 0TCT - - - 061 £€9¢-A Tw—d oy ¥690¢€ WdA

- - - LS'T  OT'CT 0T I¥1 661 OI'T €01 SST 081 061 £9¢-A [w—¢d 1y3u €690t WdA
v’ 01'C 00T - - - - - - - - - 081 £9¢-X T ysu 0690¢ WdA
§S'T 00T SE€T - - - - - - - - - 081 L8-A Aok ! 8890¢ WdA
09T 0€C SI'T L9T 0€CT 0¢€T 8T 0TT 0TC - - - 061 €9¢-A Tw—pd ysu 7890t INdX

- - - - - - - - - 00'T 09T OL'1 061 £9¢-A £d Y| 9.90t NdX
6¢'1T 00T 00T - - - - - - - - - 081 L8-A T y3u rs0t NdA

- - - - - - €e'l S81T 60T 60 O0ST  OL'1 061 viT-A p—€d Yo PTS0€ WdA

- - - ¢S’ S0C 0¢€T - - - - - - 0S1 601-A T Y9y 819¢T WdA
vyl 00C  0IT - X X - - - - - - 081 vri-A Z-Tw ysu C8I1¢C NdA

- - - §¢’'1T  0I'T  §TT €€ 081 OI'T 601 091 681 081 L8-A Tw-¢d 9] L91€T WdA
€S'T 01T 0TCT SS'1 SO0CT 0€T  9¢1  S81 OI'T +vL'0 Ob'1  0S'1 - 6S1-A gw-gd yor 1€0€C NdA

Sojgw mpgw Jgw Forjw mJw Jrw Zorpd mpd Tpd Sorgd med Ted TN Apeoo| uswroadg ‘OU WINJSNA

PANUNUO) —§4 XIANIdY



00T OL€ 00T 10T Ove 0TT  — - - o1 0ST  0TT  — T61-0S €I ‘td ¥l 880€7 NdNdA
61 09 061 681 0€E 00T @ — - - - - - = T61-08 TN B3I 880£C NANAA
ST 06t 00T = = = - = - - - - 06l £9€-X TN I 6LETE WA
00T OL€ 00C 8’1 0€E 0TT  — x oI — - - 06l £9¢-A  €W—bd WUBU p1L0€ WA
0T OI'v 0TC 60T 09¢ STT = = = - - - 06l £9¢-A €T UL TIL0E WdA
- - - - - - 10T o¥e o0TT @ — - - 06l £9€-X vd Y3 LOLOE Wd XA
= = - - - ~_ 6LT 00 00T — - - 06l £9€-X vd Yol vOLOE WdA
0I'c 06€ 0I'T 80T S9¢€ 0TCT — = = - - - 06l MSITX -1 W3u T0L0€ WdA
- - - - - - 161 o0Te oIt  — = — 081 L8-X vd YOI $890¢ WdA
= = = = = —_ w1 ore 00T — X 00T 06l £9¢-A p=¢d WyBU ¥890¢ WdA
6T 09C 061 81 0¢€E 0TT @ — - - = = = 06l £9¢-A -1 yBu £890¢ WdX
= = = - = = - = = LT 08T 0I'T 06l MSIT-A £d 1ysu LL90E WAA
€0C 08¢ 00T @ — X X - X X = = = 061 £9¢-A TA—Yd Y31 ¥L90E WA
= = = - - - - - - 891 ¢ST 0T 08I L8-A £d 1ysu 98v0¢ WdA
€0 syt 0TT  — - - - - - - - - 06l vIT-A TN I 12997 WdA
N 81 08¢ 061 L61 Ove 01T — - - - - - 06l vIT-A £-TIN 3L 99€¥T WdA
Q L61 09€ 00T 881 0TE €OCT — = = - - - opl aL6-A C-1IN 130 89S€T WdA
> 61T 06€ 0£T 90T O¥E O0£CT  — X x - - - ovl BL6"A  €W—bd WUBU 691€7 WdX
& 91T <S6€ 0TT 00T 0€E STT - X s0T @ — - A ©L6-A TN—d oI 691€C WdA
S 961 s9¢  S61 661 Oy'e ST 6LT  00€E 00T @ — - = L6 0T0EL"A  TIN—bd 13U 9vT0l MN
X s61 09t  s61T  — X X 1T 06T 061 6¥1  OvT  S8T L6 0TOEL"A £N-€d YOI 9vT01 MN
N = = = - - - - - = Tl 09T <s6T 08I vTIEL-A £d 1ysu 0168 MN
Q L61  0S€  SOT  — - - - - - - - - 081 STIEL-A TN B3I 1068 M0
= 00T o0L€ 00T = - = - - - - - - ¥ Q910€L-A TN W3 STEL MN
< - - - 681 o0g£e 00T — - - - - - P9 9910€L-A TIN 143U STEL MN
> = = = = X 0Te — - - - - - L6 BOTOEL-A TN 148U 881L MN
N 00C OL€ 00T L6T O¥E OIT  — = - - - - L6 TSOEL™A T-1IA 8L 011L MmN
€0C 08¢ 00T 661 oOvE SIT  — X 061 - - - 06l £9¢-A EN—bd YOI 7668 SOSN
) = = - 91 o0gg SIc  — = = - - = 06l £9€-A TIN 91 S0TL SOSN
Q 00T OL€ 00T 661 0S€ OI'T 991 8T S81 ¥l  S€T 081 08I veel-d  TNCEd Wsu L61L SOSN
5 $61 05 00T  — - - = = = - - = 08I szzi-a £-CIN 3L 8£6S SOSN
= = = = - = pLT  00€ 061 81 0ST S61 081 szel-a v—€d YOI LE6S SOSN
S $0CT OI't 06T +0T SL'E SOT €81 0TE S61 S9l  SLT 061 L6 BOTOEL"A  €N-€d 8L 6v9¢ SOSN
- = = = x X 661 oOve SIT — - - - 261-08 TA-vd Y3l SEET SOSN
= X 00T @ — X 0T - - - - - - = T61-08 -1 ysu 75TT SOSN
107 SL¢ 00T  S61  s€€ 0I'T  — = = = = = ol vO1-X €=TN Y3 06¥ SOSN
vOT  €9¢  0I'T 8’1 0¢€€ 0TCT LT 00€ 061 €91 SST 00T  OvZD TIEDS  gN—gd WBU SL99L NN
= = = - = = - = = SST  S€T 00T  0£€D v€-0S £€d oI 900SL NN
L61  O¥'e 0I'T 10T Ov'E 0TT @ — X X - - = 0¥2D €1T0S  TNPd 1uSU £6£1L NN
S61 09¢ S61 S6T 0SE 00T = - = = = = 0v2D £12-08 €T Y31 SETTL NN
80C 08¢ 0I'T 0T 09¢ OI'T 16T Sy'e S61T 99T OLT S6T  0vTD €1T0S  €N—€d 1usU L8L69 WN
0I'c 08¢ SI'T 90T 0S¢ STT  — = = - - = 06l £9€-X €-TIN Yol €971 0dd
661 0S€ 0I'T 0T 0S¢ 0TC T61 §T€ 01T  — - — 06l €9€°A  TN—bd WsU €921 0dd

B0IZTN M TN TTI BOITIN MIW TIW 301yd Mbvd Tvd 801€d Med Te€d TN AieooT usunoadg “ou wnasny

<

—

*SIDJOWII[TWL UT SJUSWIAINSBIW ‘UISeq Y104 S IB[D UT [AJ] I910W = D) {[AAJ] Idjow = TN

$aN1100] UBSIYDIIA JO ANSISATU) = DS ‘SANI[BIO0] SUTWOAA JO ANISISATU) = A ‘SINI[BIO] WNISNA APOqesd 9[B X = A ‘SANI[BO0] A9AIng [BO1S0[03D) *S'M] = (T ‘Y1001
<+ uayoIq = (X) ‘anjea ou = (—) ‘Y1001 Jo (M x ) U = 307 "ds smwo1a pue “ds "u mayvu sn1uoia ] Jo y1ad) 1addn pajenuaIsyIpun Joj Blep udwioad§—(; XiaNaddy



145

EOCENE PRIMATES FROM WYOMING

IS'T S0CT  0TC #¥1 00T OI'CT <CI'l OL1T 081 - - - ovl 8¢-X  cw—dydu 9Z7€€ WdA
I’ S61T  0I'T  6€1 00C 00C 90T OLT 0L - - - 061 €9¢-A  ¢w—pd 1ysu L690€ WdA
- - - - - - 80'T SS'T 061 - - - 011 €VE-X #d ya| 1690€ IWd A
- - - - - - I'T 09T 061 180 Ov'1T 091 081 STIEL-A y—¢d Yo SSE01 MN
- - - LS'T  01I'T 0€T 90T OLT OL1 - - - 081 STIEL-A  Tw—pd 1y3u 0968 MN
- - - €T 081 0IT - - - - - - L6 020€L-A Tur oy 616L MN
SE'T 081 SI'T Ob1  S8T  0TT - - - - - - L6 0C0€L-A €-Tur o[ 016L MN
8€'1 06T O0I'C €€1 81T S0¢C - - - - - - L6 BOZOEL-A 7-1urysu 912L MmN
- - - LT oL'T 01T - — - - - - L6 BOZOEL-A Tw ysu 012L MmN
- - - 8€'T 081 0CTC 801 SST 061 - - - 091 79¢€-X Tw—pd Yoy #8569 MN
- - - W1 61 0I'C 0Tl OLT  S6'1 - - - ovl $01-X Tw—d Yoy #8851 SOSN
¥’ 00T OI'C  H¥T 00T OI'C SI'T  SLT 081 880 0S'T 091 061 €9¢-A  gw—¢d 1ysu 8076 SOSN
- - - ST S8T  0€CT 60T 091 S8T LLO SET 09T 081 sTel-a Tw—¢d 39 0¥6S SOSN
- - - LTT  OLT O0I'T 660 0ST 08T S90 0TI 091 08I seel-a Jw—¢d op 9€6S SOSN
8€'T 061 0I'T €€1T 081 OI'C 60T S9T 081 - - - 081 vTzl-a  w—d 1ysu ¥¥91 SOSN
IST oIt SI'T  LST  OI'T  0€T 90T OLT OLT #L0 OF1 0S1 081 y7cl-d  cw—gd1ysu S6v SOSN
- - - - - - 60T  SLT  OLT L0 Ov'T  0ST 0€2O  OIE€-DS NN p—¢d Yo 61798 WN
IS'T  0I't  SI'c €T OI'T 0TCT <TI'l 081 OLT 180 S¥'1  SS'T  0€20 S-OSIN  gw—¢d ysu $6£€8 NN
- - - - - - - - - €8°0 SET  OLT 0bCO  €1T-OS NN y—¢d 1ysu LES6L NN
- - - o€l OL'T SI'T 90T 09T 081 0L0 OfTl SS'T  0v2D  TIEDSIWN  Tw-gdiysu $L99L WN
- - - - - - SOT  0S'T 061 - - - 0¥?Dd  1TT-0S NN $d Yo 6LETL NN
8€'T 061 0I'CT SE€ET 081 SI'T - - - - - - Yy 1seq €-Tur Yo vE6vY dINON
IP'T S61T  0I'C 9€1T  S81T 0I'C €T 081 061 - — — 19YJy 1seq Tw—d oy 1,L96S HNINV
Sojgw mow Jow Jojjuwr mqu Jrw Soypd mpd THd Bojed med Ted TN A1peso] uawradg "OU Wnasny

"SISJAWI[IUWI UT SJUSUWIAINSEIUI (SISI0W ()] UIYHM) ATUO [9A9] J9jow djewirxoidde = (4) [OAJ] 1010W = TN ‘A1I[e00] SUIWOAA JO AJISIDATU() = A ‘A1ITeO0]
ueBIYOIN JO AUSISATU) = JA() ‘AI[BOO] WNISNA Apoqedd d[eX = X -A11[8d0] A9AInG 801801090 'S'() = ( ‘OPRIOJOD) 1SOMYLIOU ‘UONBULIO,] UDIBSBAN JO JOQUUSJA
BYJEMBIH UI [[e I8 SONI[EO0] PAWIRU (Y100} U3j0Iq = (X) ‘aneA ou = (—) Y1001 Jo (M x ) W] = 307 "ds sn1uoia [ Jo y133) 19MO[ 10J e1ep uowrnadS— /7 XIANIddY



- - - L9T  STT S€T 691 ovT STCT TI'T oLl 081 ¥9¢ 68¢1-a [w—¢d Yoy €v8¢€ SOSI
€6’ 0CC Ol't 791 O0I'c O0rc - - - - - - 9T 68¢1-d €1 ur ysu r8¢ SOSMN
v¥’1 00C OI'T 8T 00C 0OCTCT +v¥'1 00T OI'C <CI'l OLT 081 9T 68¢1-d gW—71 Y[ 1¥8¢€ SOSMN

- - - SP'l ¢8I  0¢€C I¥'1  OL'T O¥C - - = 79¢C Leci-d [u—d 1oy 0v8¢ SOSN

- - - 9’1 SI'e ov'ec T91 0TT 0€T Tl SLI SL1 *0S¥O LLOT-d Tw—¢d 1y8u LSYT SOSN
€S'T 00T  0€T - - - - - - - - - 144% 1oci-a €—cur Yoy 116 SOSN
€'l 06’1 0TC 8¢T1T 081 0CTC - - - - - - e 1oc1-a T Y9y 016 SOSMN

- - - - - - %'l S0CT 01T - - - 1447 1071-d $d 13U L0S SOSN
6€'1 00C 00C 1 00T OI'C 9¢T1T SOC 061 90T 08T 091 0LT Ivci-a gw—gd ‘0 1y3u $0S SOSN
ye1r 06’1 00T 91T S61 0TCT w1 00T OI'CT ¥$60 0OST OL'T 0€SD §ST-OS NN qw-¢d 19y ¢S108 (1

- - - 91T oI'c  0ore - - - - - - §6€D Y11-OS NN 71w ysu 08L9L NN

- - - €S'T 00T 0¢C - - - - - - 00SO ZI1-0S NN T 3y3u S90¥L NN

- - - - - - €S’ 0TC 01T - X X 0€sO §6T-OS NN $—¢d 1ysu Y97€L NN

- - - - X X 9¢'lT 66’1 00T - - - 0€sO §6T-OS NN Tw—d 9y €vTeL W

- - - 69’1 STT oOovT €51 01T 0TC - - - 0€sO SST-OS NN g ‘Jw—d 1ysu 1€2€L NN

) - - - - - - €1 STT  SOT 00T OLT 091 0€SO §ST-OS NN y—¢d Yoy 902¢L NN
%) 791 0¢€T 0CTCT ILT 06T O¥T  L9T 0€T 0T SI'T SLT O 081 0€SO §ST-OS NN w—¢d 1ysu 1S1€L NN
Q 9¢€'1T 061 s0C v¥'I 00T OI'CT 8T1 061 061 - - - 0€SO §ST-OS NN gw—d 1oy TLOEL NN
34 86’1 07T 0CTCT T91 0¢€C 07T - - - - - - 0€sO SST-OS NN -1 Jaj 1L0€L NN
: 9’1 00T SI'C 81 €0CT SI'C 8T O0I'T 01T - - - 00O CLI-0OS NN gu—,d oy €86CL WN
_Q vyl 00C 0I'CT IST OI't SI'c €ST 0TCT 0I'c 001 091 0L S8¥O IT1-0S NN cw—¢d Jysu 996CL W
N - - - 7291 0I'c  Oov'e - - - - - - 13128 1T1-0S NN 7-Tur ysu ¥967L NN
- - - €S'T 00T 0¢TC - - - - - - 0syD ¥9-0OS NN Tur ysu 1S67L WN

D - - - - - - 861 sI'c sTc Trr oLt 08’1 0S¥O $9-0S NN y—€d 8L LE6TL NN
2 - - - 6’1  SOT O¥'C - - - - - - 0S¥O ¥9-0S NN ¢-Tw sy 9¢6CL NN
= - - - ¥9't SI'T 0¥’ - - - - - - 0s¥O +¥9-OS NN -1 yor LT6TL NN
2 - - - 16°1 S0C 0CC - - - - - - 0s¥O ¥9-0S NN ¢-Twr Yoy 9187L NN
W - - - 9’1 01 0Ove - - - - - - 0s¥O ¥9-OS NN Tw 1y3u SI18CL NN
Q 691 0ObT STCT SLT 0¢€C 0ST ¥91 0€T STT - - - SYSO LY1-OS NN gw—pd 1y3u 81€L9 NN
Q €'l 0I'c  0TC  SSTI §0C 0¢€C ¥l 0I'C 00T - - - SYSO LY1-OS NN gw—d | 90€L9 NN
. - - - - - - vy’ 00T OI'C 901 091 081 §6£D YI1-OS NN y—€£d Yoy 7€899 NN
M 8’1 0CC 00T 9¥'1 SOT OIT - X 01'e - - - 0€SO €11-0S NN tw—pd 18U 12899 NN
. - - - T SI'c 0TC ¥¥'1  00C OI'T 00T 091 OL1 00O CIT-OS NN Ju—gd Yoy L0899 WM
&~ - - - 86’1 0CTT 0T¢C - - - - - - 00O CII-OS NN T y9[ §0899 N
09°1 sTc  0T¢C - - - 9’1 SI'CT 00T 90T OL'T 0Ll 0s¥O +9-OS NN 7w ‘p—gd 1ysu §6999 NN

- - - LT 0I'c 0eC SS'T SI'T  0TC - - - 0s+O ¥9-0S NN cu—d 1oy 65999 NN

- - - [4°2) SR 1) YA \) o4 - - - - - - 0s+O ¥9-0S NN ¢-Tw ysu SELSI NN
€S'T 0T 01T LS'T OI'tT 0¢£T 81 00T 0CTC - - - - - cu—pd 19y €980C ZOW
8’1 0I'C 01T ¢SS1T 0I'CT 6STT 6€1 00T 00C 160 SS'T 091 - - gw-¢d 19y 9780 ZOW
LS'T 0I'T 0T 91 0TC ¢s€CT 81  OI'c oOIc 901 §9'1  SL'I - - w—¢d 1y8u 98661 ZOW
729l 0€CT 0CT 691 STT  Ov'C - - - - - - *0S¢ - €-1uw ysu 16€21 WO

- - - 09l SI'c 0¢€CT T91T 0€T 0TT - oL'1 X *0S¢ - Tw—-¢d 1ysu SYeTl WO
1T 0I'T SI'CT #¥'1 00T OI'CT 6€1 00T O00C #60 OS1 OL'I *0ST - gw—¢d 9] ILyP1T ND

Sorgw mzw 7w Sopqw mJw Jiw Sorpd mpd Tpd Sored med Ted TN K100 uawadg ‘OU WNISNA
*SIdWIIW Ut
SJUSWIAINSEIW ‘UISRY Y0 SJIBD) UT [9AI] JAJOW = D) {(SI910W (] UTYIIm) AJUO [dAI] Jajowl dewrrxordde = () [OAI[ I90W = TN ‘A1[e00] AJISIDATU() 1S BMO] = ()S]
O Sa11[e00] SUTWOAAN JO ANSIDATU[) = A ‘SONI[BOO] UBSIYDIIA JO ANISIOATU() = JAI(] ‘SONI[BOO] WNISNIA APOqedd d[eX = X SaNed0] LdAIng [ed180[03D "' = ( ‘Y1003
M uay01q = (x) ‘onjea ou = (—) ‘Y1001 Jo (M x T) U = S0 'SAIBIPIULIAUI SMNSIQUID SNIUOIIOPNISI—IMIYIIDUL SNIU0I3 | JO 1) JOMO[ JOJ BIBP USWIIAAS —7 [ XIANAddY



147

EOCENE PRIMATES FROM WYOMING

- - - v9'1 STT  0€T - - - - - - (44 801-A Tw y3u Y19¢T WdA
9’1 0T OI'C €S'1T 00T O0£7T - - - - - - €ve SEI-A €T yof 681€C WdA
LS'T  0I'T 0€T ¢€S1T 00C O0€T 81 081 0TT - - - [44% LSI-A Tw—d yor y81¢C NdA
9¢€'1  SO0T 061 81 00T O0OCTT LST 0€T OI'T 60T 081 691 [44% LSI-A gw-¢d 1ysu 1201 MN

- - - ¢S'1  S0'T 0€T HET 00T 061 - - - 06¢ CI0EL-A Jw—d ysu 2619 MN
$9'1  0€T STT 691 0€T S€T  SST STT  0IT - - - *06T - Tw—pd 1ysu ¢S161 NNSN
861 0TT 0TT T91 0TT 0€T 91 SOCT OI'c +60 S9T  SSI *067 - Tw—gd 191 1S161 ANSN
€S’ 0I'T  0TCT SST SOT 0£T - - - - - - 08¢ 68C-A €W Y[ 91¥S1T SOSN
ev'r s61 SI't  Iv1T 061 SI'T 8T 06’1 OI'T - - - 08¢ 68C-A Tw—d 1ysu SIPST SDSN

- - - 1S’ €0CT 0TCT €ST O0I'T 0TT 90T OLT 0Ll 1443 10Z1-d Jw-¢d 1ysu CIPST SDSN

- - - 86’1 0TCT 0TTC - - - - - - 8LT 8L91-d Tw 1ysu LOPST SOSN
8’1  0I'CT O0IC - - - - - - - - - 8¢¢ NeELET-A 4k ! 09LET SOSN

- - - 't 00T SO°C - - - - - - 1443 covi-d Jw y3u 2026 SODSN

- - - - X X - X X - X X (443 00s1-d [w-¢d 1ysu 1026 SOSN

- - - ¢¢'1T  SI'T  0TT - - - - - - (443 00s1-d € ‘Tw Yo 1026 SOSN
791 0T 0TT 091 0€T  SIT - - - - - - 9¢¢ LST-A ¢ ‘11y3u 816 SOSN

- - - - - - 791 0Tt 0T TI'T oL1 081 9¢¢ LST-A y—¢d Yor 8Y16 SOSN
8y'1  0I'C OI'T +v¥1 00T OI'T I¥T 6S0T 00C €01 OLT S9°1 9¢¢€ LSTI-X gwi-gd 1ysu Ly16 SODSN
8¢l 061 O0I'T - - - - - - - - - 9¢¢ LST-A Tw ysu €v16 SOSN
se€rT 081 SI'T - - - - - - - - - 9¢¢ LSI-A (4 R S| €v16 SOSN
€51 0I'T  0TT LS'TT OI'T O€CT 8pI 00T 0TT L6O0 SST OL1 8¢€¢ NeLET-a gw—¢d oy ov16 SDSN
8’1 0TC 00C SS1  0TCT SI'c Is1T SI't O0I'C - - - *S€T 20¢€-A Tw—pd Wysu 2¢07L SOSN

- - - €S'T 0I'T  0TT - - - - - - *S€T 20€-A ur o1 102L SOSN
'l 00C OI'T - - - - - - - - - 1443 cov1-d 4RS! §L69 SOSN
9’1 0TCT  0£T - - - - - - - - - 9¢¢ LSI-A W ysu $SL9 SOSN

- - - 9v'1 00T SI'T #HET 00T 061 L90 OST O0f1 144% 10c1-a [w—¢gd 0 1ysu 6669 SOSN
€S'1 0I't  0TC - - - vp't 00T  OI'C  L90 0S'1T 01 9¢¢€ 88¢1-d guw—¢d yor L66S SOSN
791 0I'T O¥Z 091 OI't ¢S€T +€1 061 00T 180 0ST OS'I e v6ci-d cu—¢d yop ¥66S SDSN
€6’ 0I't  0TT - X X - - - - - - 9T Lé6z1-d €-TW Yoy €665 SOSN
Is’T s’ orec 1St s0C  0TT - - - - - - 8T 81vi-d €T 1y3u 0966 SOSN
8Y'1  §0CT SI'T - X 0zT'T - - - ¥80 091 SP'I v9C 68¢1-d Z-1w ‘gd 1y3u P£6S SOSN
9%'1  S€0CT OI'T O0ST S61T 0¢€T 91 6§61 0TT - - - 143 I1€1-X Tw—pd Yoy 88¢ SDSN
ISST 1’ OI'c 81T 0TT 0OCTCT 991 OI't SO0CT L60 OL'T SS'1 79¢ Le6z1-d gwi-gd 1ysu 6L8¢ SOSN

- - - 8v'1 00T 0CTC - - - - - - 9T L6z1-d Tw Yor 8.8¢ SOSN
Il 0T 00T - - - - - - - - - 6T 8zeI-d cu y3u LL8E SDSN
79’1 0TT  0g£7T - - - - - - - - - 9¢¢ LST-A cw Y[ 9L8¢ SDSN

- — - ¥9'1  STT 0T - - - - - - 9¢¢ LST-A Tu ysu 9L8¢ SOSN
€1 SI'T  SI'T 091 SI'T  0€T 091 STT 0TT - - - 9¢¢ LSTI-X gw—pd 1y3u SL8¢ SDSN
py’1 00T OI'CT €T 00T O0€CT ¢€€1 081 OI'T 901 OLT 0Ll 9¢¢ LST-X gw—¢d oy L8¢ SDSN
6€'1 00T 00C 81 06T OI'T TCI OLT 00T €90 0l Sl 9¢¢ LSI-A W1 Y[ €L8¢ SOSN

— - - - - - €' 00T 0¢T - X X pee coel-d y—€d Yo 898¢ SDSN
6’1 00T 00T - - - - - - - - - 8LT 86¢1-d €-gW 1ysu 998¢ SOSN
8¥'I O0I'T OI'T T91 0€T 0TCT Iv1 SI'C 061 601 SL'T OL'1 8LT 8671-d w-¢d 1ysu 98¢ SOSN

- - - - - - L1 oL1T  ore - - - 9T 68¢1-d $d 1o £€68¢ SDSN

- - - - - - y9't  ObT  SI'C - - - v9¢ 68¢1-d ¥d Wy3u S¥8¢ SOSN

gojqw mcw Tew Sorjuw o\ Juw Jrw Jorpd mpd Tpd Sojed med Ted TN Apeso| uswradg ‘OU WNASNA

‘pPaNUNUO)— 7] XIANAIdY



¢§'1  OTT SI'T 091 0TT SsTT €S SI'T  SIT - X X - - Tw—¢d ysu T69L1 NdNdA
§¢'T  01'T STT LST OI't oOgT €T OI't 0T¢C - - - - - Tu—d 597 989L1 NdINdA
8yl OI'C 01T — X X 8¢l 061 OI'C - - - - - gu—pd Yoy 81Z€1 NdNdA
8y'1  0I'C OI't ¢€ST O0I't 0TT - - - - - - ove yee-A €—[w ysu 91L0¢ WdA
¢S’ 0TT SI'T 81 0TT 0TCT 6S1  ov'Tt SoOT SI'T S81  OL'] 06C 0s€-A gw-¢d 1ysu 80L0€ WAA
791 STT  STT  ¥9'1  STT  0£T - - - - - - *01CT ClI-A €—Tw ysu 00L0t WdA
- X X - - - - - - - - - 06C 0S€-A €-CW Y[ 6690€ WdA
- - - 91T o1t 0ore - - - - - - 01¢ §9¢-A Jur yof L890¢€ WdA
- - - - - - €S’ 0I'CT  0TT 901 091 081 06T 0S€-X y—¢£d ol 9890¢ NdA
8y’  O0I'C O0IT - - - - - - - - - 06T 0S€-A Tw y3u 1890¢€ WdA
86’1 0TT 0TT 691 s€T 0€T 991 0TT OPT - - - 06C 0S€-A gw—pd 1y3u 8L90¢ WdA
791 0TT 0£7T - - - - - - - - - 08¢ 68C-A Yol §7S0E WdA
- - - - - - 8v'1 00T 0TC - - - 06¢ L8T-A $d 1ol 6150€ WdA
) ¥9'1  STT 0€T  €LT  s€T  Oov’T  SSTT 0TT  SI'T 00T OLT 091 - 06C-A gw-¢d 1ysu €078C WdA
%) ¢S’ 0TT SI'T 81 00T O0TT 8Kl OI'T OI'T 00T OLT 091 - 8¢ 1SI qw-¢d 1ysu 61TLT WA
Q - - - - - - 1€’ 00C 681 - - - ove 91C-A $d 1y3u L9TLT WAA
R - - - - - - 8%l 0CTC 00T - - - ove 91C-A $d 1ysu L9TLT WdA
. IS'T  SO'C 0TT - - - - - - - - - 08¢ 68C-A w y3u 72097 WdA
Q $9'1  0€CT STT €S1T  0TT OI'T 8¥'I  0TC 00T +v60 OL'T 0S'I 06¢ 96C-A qw-gd 1ydu 76SST WNdA
N - - - L9l  0£'CT 0£7T - - - - - - 06T L6T-A Ju y3u 6866C NdA
vy’ 00C OI'C - - - - - - - - - *S€T c0¢-A €-gw 1ysu 0SSST WdA
Q 8¥'I 00C 0TCT O0ST 00C ¢STCT 9¢1 S81T O0IT - - - 0LT 98C-A Tw—pd yoi y¥0ST WdA
2 9’1 S0'C OI'T ¥$9'1 STT 0£T - - - - - - 06T L8T-A €W Yyor 1¥0SC WdA
A 09’1 SI'C 0¢C LST OI't 0£T - - - - - - *S€T ¢0€-A T Y91 8€0ST WdA
Z 8y’ 0I'C OI't €51 01T 0TC - - - - - - *S€T 20€-A T Yyor 9¢0ST WdA
W 8¥'I OI'C OI'T T91 0TT O0£T - - - - - - 0LT 98C-A €1 Y[ S€0ST IWdA
Q - X SI°e - X oy'c  6€1 00T 00T - - - 06¢ 96C-A gw—pd o y€0ST WdA
xQ €1 0I't 0TT T91 0OTCT o0€T 1Pl SOT 00T - - - 06¢ 96C-A qu—d ysu 0€0ST WdA
. - - - 9’1 S0CT OI'T 91 SI'T 00C 160 091 ST - 08-A Jw-¢d 1y3u 820ST WdA
M IST  S0'C 0TT L91T 0O€CT 0€T 9¥'I SI'c 00T +60 091 091 06¢ 96C-A w—gd 0 1ysu 920ST WdA
. - - - 8T 00C 0TCT 8¥1 00T O0TT - - - 08¢ 68C-A Ju—d 139 §20ST WdA
&~ vl 00T OI'T 9¥'1  S6'1 0TT 9T1T 081 S6'1 - - - - 062-A gw—d 1oy T20ST WdA
8Y'I  0I'C OIC - - - - - - - - - *xS€T c0¢-A €-gw 1y3u 610ST WdA
- - - - - - 'l 0TC 661 $6'0 SST  S9'1 *S€T 20¢-A Jw—¢d 0 ysu L10ST WdA
- - - €S'T 00T 0€CT ¥l 00T OI'C - - - *S€T 0¢-A [w—d Yo ds10ST WdA
791 0I'T OovT 091 SI'T 0€T €¥1 061 0TT - - - 0LT 98C-A Tu—d 9] 900§ WdA
86T 0T'C 0TT - - - - - - - - - 0LT 98¢C-A €-CW Y9I 666¥C WdA
€S’ 0T 0I'c  €S'TT 00T O€T - - - - - - 0LT 98C-A 7-Tuw ysu §86¥C WdA
€T 00T 0€T 8¥I 00C O0TT 9¥'1I 00T SI'T $60 0OST OL'I 0LT 98C-A qw—€d Yo 086¥C WdA
791 0TCT 0€T T91 0TT o0€T  SST 00T SET - - - 0Lt 98C-A gw—pd Yo 9L6YT WA

Sozw mcw Jow Sofqw g Jw Jrw Soipd mpd Tpd Sorgd med Ted TN Areoo] uswradsg ‘OU WN3SnA

148

*PONUNUO) — 7 XIANAddY



149

EOCENE PRIMATES FROM WYOMING

86’1 0OLE S6'1 - - - - - - - - - (1144 1S€-A €-TIN 18U TLTEE WA
661  09¢€ S61 L6T ObE 01T - X 0zt - - - 062 0S€-A TN—Pd W8 S1L0€ WdA
661  09¢€ S61  T6I STE  0I'T  ¥81  00€  OIT - - - obe 91Z-A €IN-vd WU 9690¢ Id A
00T OL€ 00T - X X - - - - = - 062 0S€-A €-TIN B3I 6L90€ IWdA
- - - - - - ILT 06T 061 0ST 08T 081 ObT 1S€-A p~€d ¥l $L90€ WdA
L8'1 or'e 061 L8] STE 00T 6L1 00€ 00T - - - 9€€ LST-X TN—d YAl $0S0€ Wd A
- - - - - - Wwr 08T 00T - - - 9€€ LST-A vd YoI €0S0€ WdA
10T §9¢  S0T  v61  0€€ 01T - - - - - - (174 987-A €-TIN Y3l £40ST IWdA
681 0S€ 061 661 0S€ 01T - - - - - - S€T 70€-A -1 143U LEOST WA
- - - 10 ove 0T¢T - - - - - - 067 L6T-A TN W3u €£€0ST WdA
66°1 SL'E  S61 T61T  ObE 00T €61 s€'e S0T - - - 067 L6T-A €N—bd WU 7€0ST WdA
- - - - - - - - - PLT 09T  0TT 06T L6T-A €d 1y3u 1€£0ST WdA
S0CT 06€ 00T 60T 09€ STT 161 0OTE OI'T L9 $9°CT 00T 06T 967-A TIN-€d W3u 620ST WdA
00C 08¢ S61 TOT 09¢ 0OI'T 6L1 00€ 00T - - - 08¢ 687-A EN—d ¥4I LTOST WdA
€0C 08¢ 00T = - - - - - - - - 062 967-A €-TIN YOI $70ST WdA
- - - - - - 98'T  0T¢€ 00T L9T 09T SOT  06C 967-A p—-€d WySu €20ST WdA
80C 06t 0T - - - - - - - - - 062 967-A €T Y3l 120ST WdA
Y0z SL'E  SO0T  S6°1 SEC  0I'T  vLT  00€ 061 - - - 02¢ €1T-A EN—bd Yol 6vEYT WdA
€61 SY'€ 00T 681 SI'e 01T - - - - - - 9¢¢ LST-X €—1 143U 681€T WdA
€0C 08¢ 00T SOCT OLE OI'T 661 0S€ 01T - - - 087 687-X TN YOI $IYST SOSN
00C 08¢ S6°1 - - - - - - - - - e 1021-d TN BT €1pST SOSN
86'1 oL'€ S61 TOT 0SE SIT - - - - - - 443 g6v1-da -1 Yol 7026 SOSN
66'1 SL'E  S6T 66T 0S€ 0OI'T 981 O0TE€ 00¢C - - - 12243 c6v1-d EN—bd WSU 7076 SOSN
061 09t S8 - - - - - - - - - S€T 20€-A TN YA 102 SOSN
681 0S¢ 061 #61 0£€ 01T - - - - - - 79T Le6z1-a €-TIN W3 7665 SOSN
00C OL€ 00T S6'1 se'e 01T - - - - - - 782 81v1-d €1 1y3u €565 SOSN
S6'l  0S€ 00T = X X - - - - - - 79T L671-A €-1IN Wy3u 798¢ SOSN
- - - 10C OvE€ 0TCT T81 OI't 00C - - - $92 68€1-A IIN—d 1y8u $¥8¢ SOSN
681 ObE S61 061 STE  SOT  OLT 08T  S6'1 - - - 1243 0z1-a €IN—¥d WU S0S SOSN
681 Ob€ S61 OI'T OLE 02T - X X LL'T 08T 0I'T  0£SD $ST-OS €IN—€d WSu S61€EL NN
G661  09¢€ S61 #0T 0SE€ 0TT ¥61  0€E 01T - - - 00D TI1-08 TN—td WU LOOEL NN
- - - - - - L8T  SI'E  SOCT 81T 0ST S61  TEE 9-N P—€d YAl LOVYI Odd
S0C  00v S61  L6T  OvE 01'T €81 OTE S6°1 - - - 1 %3} 908 EN—d YAl I HNIWV
S0T 00 S61 661 0S€ OI'T T81 OI'E 00T LLT 08T OICT i 1%9} 908 €N-€d WU I HNIAV
BOIZIN M TN TTN SolITIN MIW TIW S0ivd M¥bd Tvd Bored mMed Ted TN Aresoy uswioads "OU WINASN

"SIOWI[IW UT SIUSWISINSBIW (UISeg IO S{IB[D U [9AJ] JOIOW = D) ‘[OAJ] J9joWl = TN {(A9AIng [BO1301090) *§'()) UONOIs
PINSEOU JO SUI[ JOJ JAQUINU ITUN = () SANI[BIO] ULSIYOI JO ANSIFATU() = DS SINI[BOO] WNISNA APOqeI] JBX = X ‘SINI[BIO] A9AING 21301090 "S'N) = ( Y100}
©Y01q = (X) ‘an[ea ou = (—) Y1003 JO (M x ) U] = 307 'SIIBIPIULIANUI SNNSIGUID SNIUOIDIOPNISJ—IMIYNIDUL SNIU0II T JO 1391 Joddn 10J elep uowradS — £ XIANdddy



T.M. BOWN AND K. D. ROSE

150

91 €0'C O0OI'c €51 OoI't 0OTCT 9l SI'T 00T T90 SST 0TI 0LE peEE-A Tw—gd 143u 8690¢ WdA
8€T 061 O0OI'T ¢€v1 061 07T ¢+eE1  06'1 00C 650 0TI O0S'1 0LE wi-A cw—¢d oy 6890¢ WdA
9’1 SI'c  00C - - - - - - - - - 09¢ 8LT-A €—qw Jy3u €€6LT WdA

- - - - - - LS'T  0I'T 0f£T - - - 09¢ 18T-A pd Yor P0ST WdA
vP'1 00T OI'C - - - - - - - - - 09¢ v8T-A €—qw y3u v66vC WdA
ve'r 061 00T H¥I 00T OIT - - - - - - 09¢ ¥8T-A ¢-Tut 1y3u T66vT WdA

- - - €Sl 0TT oI'c 8yl 0TC 00T 880 091 O0S'1 0LE LLT-A Jw-¢d 1y3u 186YC WdA
€T 0TCT oI't €51 SI't  SIT - - - - - - 343 1€1-A 71w y3u L8IE€T WA

- - - 8'l oI'c O0O1c 8¢€1  0I't 061 180 SS°1 S A - 6CI-A Jw—¢d y3u €81¢€T INdA
9¢°1 S6'l 00T vb'l 00C 01T ¥'1 00T OIT - - - 6S¢€ 9¢1-A Tw—pd 1y3u 181€C WdA
'l 0I'T 00T €S°1 0CCT O0I'C - - - - - - 79¢ 98¢1-d €-Tw Jy3u SS16 SOSN
S9! ¢TT 01T 1671 SI'C 0OI'T 81 0TCT 00T - - - 09¢ [43 9N gu—yd 1y3u P16 SOSN
81 sO'C  SI'T Ly 06’1 0¢C - - - - - - 79¢ 98¢1-Ad g-Tur yor I¥16 SOSN
848! s0'C 00T 8¥'1 ore o0rce 1671 S0'C 0TT - - - 0LE Se91-d Tw—pd 1ysu 661L SOSN
9’1 SO'C 0I'T 8¥'1 00C 0TT - - - - - - 09¢ L8€T1-A g-Tux Yyor TSL9 SOSN
Iv'1T 00T SO0C 8¢l 06'T O0OI'T $¢'1 06'T 00T €90 oOf'1 [SA! 5143 cee1-d gcw—¢d y3u £L6S SOSN

- X S6°'1 - X 00C 871 061 06°1 - - - 349 1€1-A gw—pd 1y3u £88¢ SOSN
LAl 00C O0IT 16°1 €0'C 0TT 1T 0T°CT 6S0°¢ - - - 349 1€1-X gw—pd ysu 188¢€ SOSN
€S’ 0I'T 0TT €51 oI’z 0TCT €1 0I'c 0TT - - - 143 L8T1-A cw—Hd Yo L98¢ SDSN

- - - €S 00T 0€T TTT 0oL 00T - - - 14 SEE1-d g ‘Tw—pd Yoy 668¢ SOSN
€61 00C o0gT LS'T 00C OvT 8¥1 00T 0TT - - - 9be seel-ad gw—pd Yoy 8¢8¢ SOSN

- - - 91 S6'1 07T - - - - - - SLSD €6T-OS NN Jwr 3y3u LTYIL NN

- - - €€l 08'1 01'c  0f'1 SL'1 SI'T - - - SLSO 66C-OS NN Jw—d 1y3u LEOSL NN
1€°1 061 S6°1 1274 00T O0I7T - X X - - - SLSD 66C-0OS NN gw—pd o[ 9€0SL NN
€671 SI'c  SI'C - - - - - - - - - SLSO §97-0S NN €—qu Jy3u 9PeEL NN
1671 o1'c SI'c syl 061 STT 8¢'1 0T'CT 0TT 160 S9'1 OS'1 0€£SO SST-OS NN cw—¢d 1y3u €SveL NN
79’1 0e'Cc 0TT L1 0eEC Ov'CT L9'] 0€'T  0€C - - - 0£SD €6T-0S NN Tw—pd 1y3u YTTeEL NN
8¢°1 0TCT 07T 091 SI'CT  0£C 8¥'1 00C 0TC - - - 0€SO 8v1-O0S NN Tw—pd 1y3u 67€L9 NN

- - - - - - - X X €L0 091 0ot'1 KurenQ 1redsoq pd—g1 193U SSovy AIWDN
1671 SO'C 07T O0S'1 00C €STT 91 €0C 0I'T €01 91 oLl *0S¢ - cu—¢d [T Y[ 01061 ZOW
1 ore  s6’l - - - - - - - - - =VLE - €-7w 1y3u 669 NHI

- - - LS'1 orec o0¢c 891 §TT SI'T €90 0S'1 STl «0LE - Tw—¢d o] 99 NHI
€61 or'e 0Tt €971 ore 0Tt 91 S0'C 0IT - - - Auren( nedsaq gw—pd 1y3u 09008 HNINV
8T'1 08’1l 00T 1€°1 08’1l S0CT €Tl SL'T S6'1 6’0 STT 0f'1 *0S€L - cw-¢d Yoy CLOST HNINV
¢S'T 0T SIT  SS1 SI'C 0TT 1 S6°1 or'e 8% os'T 091 - - cw-¢d Yo V+90S1T HNIV

gojgw mow Tgw Sorjur pquw prw Soipd mpd Tpd Sored med 1ed TN A111ed00] uswadg ‘OU WIN3snA

*SIIWI[IW Ul SIUSWSINSEIW ‘UISBY Y10, S,)IB[D Ul [9A] I9JoW = ) (SI910W (] UTYIIM) ATUO [IA9] Jojow djewixoidde = (4) ([PA9] 1919W = T ‘A[eI0] uesiyo1A Jo
ANISIoATUN) = () ‘AN[BOO] WNISNA Apoqedd 9[eX = X ‘A11[e20] AoAIng [8d130[090) *S°(] = ( ‘OPBIO[0D) 1SOMYLIOU JO UOTIBULIO YO1BSBA JO JOQUISIN BYIBMEIY Ul S1
A11[8D0] PaWeU ‘Y1001 UN0Iq = (X) anfeA ou = (—) ‘Y1003 JO (M x T) UT = 307 ‘(maynew) snndiquiv sn1uoiaiopnasd Jo yiad) 1amoj 10§ elep uswiddS— ¢ XIANaddy



151

EOCENE PRIMATES FROM WYOMING

- - - - - - 81T 0oI't 00T - - - 09¢ 96¢-A ¥d 13U €0L0€ WdA
L8T Ov'E 061 - X X - X X - X X 0LE PEE-A TIN—€d B3I €L90€ WA
681 0S€ 061 681 0S¢ 00T - - - - - - 09¢ 6v1-A T-TIN Y9I 0p0ST WdA
761  obe 00T 161 OTE OI'T LLT OI'E 061 - X X 09¢ 96€-A TIN-€d YdI L806 SOSN

- - - - - - LLT  00E  S6'1 - - - 09¢ TE1-A vd WS T¥88 SOSN

- - - - - - 69T S8CT 061 I¥1  SE€ET  SLT 8YeE 1€1-X y—€d WU $88€ SOSN

- - - - - - 8T ol't OI'T 9¥1 ovz 081 $9¢ orei-a y—€d wsu 098¢ SOSN
681 0S€ 061 S61 0TE 0TT - - - - - - SLSD  S9T-OS €-TIN W8u P8PEL INN

- - - 10C  ove 0T 6L'1T 00€ 00T €ST 0ST  S81 +0LE - TIN-€£d 148U $69 NHI
T6T  09¢€ 061 161 OTE OI't T8I OI't 00T €51 0T 00T  «0LE - EIN—€d ¥l 961 NHI

SOIZTIN MTIN TTW SOIITIN MITIN TIWN 30Ivd Mbvd Tvd So1ed med Ted TN Aesoy udwadg ‘ou wnasny

*SISOWIT[IW UT SJUSWAINSBIW UISBg Y10 SI[D Ul [9AJ] IdW = ) (SId0W (] UTYIIM)
A[uo [9A9] 191w dewixordde = (,) {[9A3] 1910W = TN SINI[BIO] UBBIYDI JO ANSIDATU() = DS ‘SONI[BOO] WNISNJN APOqedd S[BX = A ‘SINI[BO0] A9AING [BI130[090)
‘SN = d Y100} uajoiq = (X) 9nfea ou = (—) Y1001 Jo (M x T) UT = 07 ‘(MIYNeN) Snndiquiv sniuoiajopnasq Jo 131 1addn 10j ejep uowroddg—¢7 XIANIdY



- X X - - - v9'1  0I't STCT 0ET TCI'T  OL1T 081 §8¢S 9Ev1-A4  Tw ‘p—¢d Y| 965 SOSN
€¢'T  SO'C 0€T LST 0I'T 0¢f¢C - - - - - - - 06S SLIT-d C-Tu Yo[ 8665 SOSN
99°'T 0I'CT 0ST 991 0TCT OvCT 991 sy'e  01'C  0S'C - - - §86 9er1-d cu—d 3oy LS6S SOSN
29T oI’ ove T91  orT o¥Cc  ¥9'1 SL'e SI'T OvC €Tl 06’1 081 S8¢ 9ev1-d cu—¢d o[ 956S SOSN
09'T SI'CT 0¢€C LST 00T OFC - - - - - - - 616 voe1-d €1 Y| ¥S6S SOSN
¢’ SOC 0€T SPI 061 STCT 9¢1 00t S6'T 00T LLO OFT SSI 08¢ ST-X gw—¢d 1y3u 6165 SOSN
LT o¥'c 0€C L91T 0T 0€T 8ST 66C 0TCT O0CTTC - - - 08¢ ST-A gw—pd 1ydu LY6S SOSN
¥9'1  0TCT S€T LST OoI't 0€T 1Pl OI't S61 O0IT - - - 08¢ 1evi-d gw—d 1ydu SY6S SOSN
€6'T  00C 0¢C 091 OI't ¢S¢€C 091 06C €STT 0TC - - - 08¢ 6¢-A gw—d 1ysu vr6S SOSN
29’1 0I't Ov'eT - - - - - - - - - - 0LS N-8¢€1-d cu | 068¢€ SOSN
8v'I  00C 0TC LS'T OI'T 0¢€CT SS°1 §6'C 0I't STT - - - 0LS N-8¢€1-d gw—pd 10| 888¢ SOSN
6’1 SO'C OvC SS1T  SI'T 0TC 8¥1 §0't 0TCT 00T €01 S9T OL'1 0LS N-8¢€1-d gw—¢d 1ysu L88¢€ SOSN

- - - 69’1 STC OPT T9T OI't 0TC O0fT - - - 0LS N-8¢€1-d Tw—d 1339 988¢ SOSN
¢9'l  0TCT 0T TYT OoI'T Oo¥CT 791 sI'e  0I'C  O¥C - - - 09¢ oQ11-d gw—pd yor ¢L8¢ SOSN
79T 0TC 0¢CT LL'T SE€T 0SC 691 0§t €STT Ove - - - 09¢ aQ911-a gw—pd yoi 1.8¢€ SOSN

I - - - - - - 9’1 sI'e ST SO0T - - - 09§ aQ911-a #d 1y3u 0L8¢ SOSN
7% 89°'T SI'C 0ST 891 0TC S¥'c €S1T ob'e ¢€0CT 0EC 660 O0ST 081 09S a911-a gw—¢d Yo 698¢ SOSN
Q €L STT  0ST  LL'T SET 0ST - - - - - - - 08¢ Lee1-d Z-Tui ysu 768¢ SOSN
54 v9'1  0I't  SPT - - - - - - - - - - - svel-a cu Yor 168¢ SOSN
: 791 o1'c ove 091 0TC STT ¥l 0sE  SI'T  ovT HI'T S9T 061 *0€S LST1-d cw—¢d yyor C0ET SOSN
_Q 89°'T SI'C 0SCT 6S1 SOCT O¥C - - - - 60T S9'1T 081 0LS €911-d  z-Tw ‘gd Yo LT81 SOSN
N 8l 00C 0CTCT ¢€S1T OCTcC 0€T 1Pyl 0I't 00T SOC - - - 0LS £911-d gw—d 1y9; 9281 SOSN
L9°T  0€CT 0€T LST OI'CT 0€T V1 00t 00CT OI'C ¥#60 OST OL'T 0LS 8C-A gw—gd 1y8u 8651 SOSN

Q SL'T 08T 0ST - - - - - - - - - - 09¢ 2911-d w y3u 066 SOSN
2 - - - oL'T 0oI'c 09C T91 SI'e OI'c OvT 601 OL'T SL1T 09¢ 6¢ci-d Jw—-gd 9] €0S SOSN
A 09T 0TC S€CT v91 SI'T OovT T9T S6T 0OCTCT 0€CT 60T S9T 081 §T9 €61-A gu-¢d 191 y6v SOSN
Z 8’1 00C 0CTCT T91 OQI'C OvT OST 0T¢ 00T STCT #60 0OST OL'1 §T9 €61-A gw—gd o[ £6v SOSN
W LS'T 0T oIt 8S1 SI'T STC - - - - - - - *0¢€S oecI-a €= W ysu ¢Te SOSN
Q - X 0€C 991 O0I'T 0ST 6L1T 0T¢ 0ST ObcC - - - - - cw—pd 1y8u 05681 ZOW
xQ ¢¢’'1  SI'CT 0CCT SS1  O0l't €TCT 8’1 X SI'c  SO0CT 901 SL'1 S9°1 SLS vLvi-d cw-¢d 1ysu 8L6C Ddd
. 99’1  SI'T  S¥'C - X X 0S'1 X s6'1 0T vI'T  S9T  06'1 §86 9ev1-d cu-¢d 159 §L6T Odd
M 09T 0CCT STT 991 0TCT O¥Cc  ¥9°1 X 0e'C STT - - - 09¢ 69v1-d gw—d o[ ¥L6C Ddd
. 6S'T 00T Sy 6v1  S81 0ObC - - - - - - - 0LS 8C-A 1w Y9| 966C ODdd
&~ 8v'1 60T SI'CT LS'T OI't O0fC IL'1 €Tt 08T 0OPC - - - 089 S61-A cw—pd 18U 89v1 Ddd
o1 oI’ 09¢ oL1  ore 09c¢c 81 Sv'e STCT SL'T 90T OLT  OLd §T9 €61-A gu—gd 159 §2C1 Ddd

- X X ¥9'1T  0I'c S¥'T 0S'1T O0I't 00T STC - - - 08¢ €6-X gw—d 1yof SITI ODdd
8¥'l 00T 0CTC - - - - - - - - - - - SAT dAM €-gw 1y8u LTITC WO
8¥'1T  0I'CT 01T - - - - - - - - - - - 0T 9dM €-gw 1y3u 9CITC WO
09’1 €SI 0¢€C 99T 0TC ObCT ILT 0Lt OvC O0f7T - - - - SAT IM Tw—pd 1y8u L060C WO
29T 0TCT 0¢C ILT 08T Ob'C SLT 00t 0eCT 0SCT L60 OL'1 SS°I - 2T9M cw-gd yor 79861 WO
19T 00T 0SC 9§1T 061 0ST SLT O0Obe 0T 0S7T - - - - - cw—d 19| 879S1T HNINV
791 STT  STT €L s€T  OvT 161 0Lt 08T ObC €T 0TT  SS'I +089 T gw—¢d 1y8u 109ST HNIWV
861 0CC 0TCT 091 SI't 0¢C T91 §6C S€C SI'T 0T1 081 S8'1 - SAT IM gw—¢d 1yBu 6LYE WOV

gojgw mow Tow Sofjuw aquw TJw Sorpd Hpd mpd Tpd Sojgd med T¢d TN A11[ed0] udwiadg ‘Ou WN3sNA
*SI9)WI[[IU
Ul SJUSTIRINSBOW $(SI919WE O] UTYIIM) A[UO [9AJ] J9low drewrxoldde = (,) OA9] J91oWl = TIA ‘A1I[BOO] ANISISATU[) 31B1S BMO] = NS] ‘A1I[BOO] WN3snA Apoqead d[ex
.ﬂ = X ‘A111e00] A9AIng [B9130]090) 'S’ () = (J ‘UOHIBULIO] IOATY PUIM JO JOQUIDJA AAISAT = SXAT ‘UOTIBULIO JOATY PUIp JO JOQUISIA UIqQe)) 1SOT = )] ‘UOTBuLIO]
— IOATY PUIM = YM ‘1001 UayoIq = (X) anJeA ou = (—) Y1001 JO (A x ) W] = 307 "(SIWOOT) 17209qD SNIYODSqY JO (1931 JoMO] JOJ BIRp UdWIAdS—9 ] XIANIddY



153

EOCENE PRIMATES FROM WYOMING

LS’ S0T SET 0ST 00T STT eI OI'E 061 0TT SOT SST 681 019 L9S1-d gw—¢d o[ 1166 SOSN
$9°1  SI'T  OPT 991 02T O €S'T  ObE  SI'T  SIT - - - 09 99s1-d  gw—d 1y3u 6886 SOSN
€L'1  0£T SPT E€LT  STT  0ST - - - - - - - - L6v1-d Z-Tw ysu 7616 SOSN

- - - - - - - - - - - - - - L6v1-d gw ysu 1616 SOSN

- - - oL'T 0TC 08T T91 0S¢ 0TCT O0fT - X X - ¥0s1-a Ju—gd Yo 6816 SOSN

- - - - - - 99'l 0S'€ 07T OvT - - - S€9 €Lvi-a $d ysu #816 SOSN
$9°T  SI'T  OvT 991 O0I'T 08T - - - - - - - S€9 eLvi-a T-Tw Yol €816 SOSN
o'l  S61 0TCT 191 00T 0ST - - - - - - - $€9 €Lv1-d 1w Yol 1816 SOSN

- - - 791 SI'T  SE€T  ¥91  STE  STT 0€T  SI'T 081 SLI 095 911-a  Tw-gd 1y3u LL16 SOSN
99'l 0TCT OvT OL1T 0TT 0ST - - - - - - - +0€S orsi-a g1 w 1ysu €L16 SOSN
LS'T  0I'T 0€T 8S1 0TCT 0TCT #91 Sv'e O0€T STT - b 06°1 *0€S 01S1-a  gw—¢d 1ysu TL16 SOSN

- - - - - - - - - - L60 SLT  0S'I S€9 €Lvi-a €—cd yor 6916 SOSN
L9T  0£T 0€CT €LT S€T 0ObT 6L1T 0SE€ 0ST 0bT - - - S€9 €LrP1-a  gw—d 1ys3u 6916 SOSN

- - - PST S6'T  OPT  EPT  SI'E 061 0TT - - - 9¥ sevi-a [w—pd yor L916 SOSN
651 S0C ObT €ST OI'T 0TT €51 OI't 07T OIC - - - 1214 s6vi-d  w—pd 1ysu 9916 SOSN
691 0£C S€T - - - - - - - - - - 9v sev1-a £-7w 1y3u 7916 SOSN
€51 0I'T 0T - - - - - - - - - - +0€S oIsi-a €—cw 1y3u 1916 SOSN
8’1 01'C 01T - - - - - - - - - - - 90S1-d g—cuwt 1y3u 0S16 SOSN
LS'T  0TCT ObCT T9T 0TCT O0€T L91T OI'E O0£T O0£T - - - *S€S L0ST-d  gw—pd 1ysu 6¥16 SOSN
$9°'1  0TCT S€T T9T 01T ObT - - - - - - - *SE€S 80S1-Ad T-Tw Y9 Sv16 SOSN
LS'T  0I'T 0€T LST 0I'T 0f£C - - - - - - - $79 9szI-d g—Tw Yo 6£16 SOSN
§S’1  S1'T 0TCT €ST 01T 0TT 091 0TE OI'T S€T - - - $79 9571-d cu—pd Yo 8€16 SOSN
€51 01T 0TCT 8¥1 O0I'T 01T - - - - - - - oLS svel-a €[ u Jy3u £€68 SOSN
651  S0CT OvT SST  SOT 0€T 9Pl 0OI't SIT 00T L6O OLT SS1T $9¢ 69v1-a  tw-gd 1ysu 7898 SOSN

- - - PS'T S6'T  OPT  8YT 00 00T 0TT - - - 08$ 6€-A [w—pd Yo $£98 SOSN
99°'T 0I'CT 0ST T9T O0I'T Ove - - - - - - - $79 €61-A €W Yo T7€8 SOSN
€51 0I'C 0TCT IST 60T 0TT ST SI'E 07T SI'T - - - 08S 89v1-d  gw—pd 1y3u S0£8 SOSN
79°'1 0TCT 0€T T9L 0TCT O0e£T 6L1 OvE SPT SPT 660 081 SS'T - 9Lv1-d  gw-gd ysu 98LL SOSN
€L STT 08T - - - - - - - - - - SLS pLY1-a ¢-zw 1y3u T0LL SOSN
891 0CTC SPT 891 OI'T SST LST Sve 0OI'T 0f£T - - - SLS yLY1-a Tu—pd 3o 669L SOSN
€61 0I'C 0TCT 091 0TCT $TT - - - - - - - SLS pLY1-A g1 w y3u 869L SOSN
LST  01'T 0£T - x X - - - - - - - SLS vLYI-a g-1w 1ysu L69L SOSN
oL'1T 0TC 0§T 9.1 SI'T 0OLT 091 0TE SI'T 0€T 901 091 081 SLS pLYI-A Tw—¢d yor 969L SOSN
181 S¥T 0SCT 6L1 08T ObT 691 O0I'tE ObT STT TI'T OL1 081 9¥ s6vi-a  gw—gd y3u €69 SOSN
791 01T ObZ OLT 0TT 0ST SV S6T 061 STT - - - 09§ 7911-d gw—pd yor 7£99 SOSN

- X 0TC LST 00T ObT 991 X 0TT 0ObT L60 09T S91 S€9 eLv1-d gw—¢d o[ 6959 SOSN

- x X SS’I 01T  STT - X X STT LS80 SYT SS9 S€9 €Lp1-a  Tw-gd ysu 8969 SOSN
66l 60T 0€T 0ST 00T STCT L9 SI'E STT SE€T  SI'T  SL'T 081 S€9 eLv1-a Tw—gd yop 9969 SOSN
€61 0TCT 01T - 01'¢c X - - - - - - - S€9 eLyi-d €—1w 1y3u 9659 SOSN

- X X - X b - - - - - - - 096 6ze1-d T-Tw Y9 L119 SOSN

- - - $9'1  0TT SE€T €51 0T€ OI'T 07T - - - 0L9 91-A Tw—pd Yo 9009 SOSN

- - - - - - €81 07¢€ 08T 0ST - - - 0L9 91-A pd a1 $009 SOSN

- - - oL’ SI'T  SST  LST OI'E OI'T 0€T TI'T SLT  SL1 019 S81-A Tw—gd yor $86S SOSN
SL'T  0€T 0ST 6L1T 0OPT 0ST LLT 0€€ S€T 0ST +vI'T  SLT 081 09¢ 6cc1-d gw—¢gd Yo 1865 SOSN
091 SI1T 0£7T - - - - - - - - - - +0€S ogci-d €-guw Yo 6965 SOSN
791 0TCT 0€T #91 STT 0€£T - - - - - - - *0€S ogz1-a g1 ut 1y3u 8965 SOSN

Sojzw mow Jow Sofjw M [w T[w Soipd Hyd mpd Tpd Bored med Ted TN Aeooy uawoads "ou WINAsnA

‘paNuUNUO) — 9/ XIANAddY



79l 0TCT 0£7 - - - - - - - - - - 009 8I-A €—CW Yo 98vL1 NdA
- - - 6L'1 0O¥'T 0SC - X X - X X 09¢$ ve-A [u—¢d 1y3u 8vLT NdA
791 0TT 0€T LST O1'T 0€T 8S1T 0€e 0OTT 0TCT <CI'l 081 OL' 08¢ 1¢-A cw—¢d 1y3u 3LPLT NdA
v9'1  STT 08T  ¥9'l STT 0€T T9I 00€ 0€T 0TT 8TI 061 061 0LS 8CT-A cuw—gd 1y3u 9LYLT WA
09’1 0TC STt €51 O1'c O0re 1s1  S0Oe 0TCT SsOCT 9I't <81 S9°1 059 I-A gw-¢d 1ysu €LYLT NdA
79T 07T 0£T LST 0OI'T 0¢€7 - - - - - - - 079 91-A -1 1y3u ILyLT NdA
- - - oL'T 0TCT 0ST 991 ¢6€T¢ 0TC OPC - X X 09 1-A ur—¢d oy SOvLT WAA
86’1 SI'CT STT - - - - - - - - - - - am £—qur Yyop I1SLP1 MN
€T 0I'C 0TCT 651 S0C ObT 81 X o1r'c 0I7¢ - X X - am gw—¢d Yo 0SLYT MN
791 0TC 0€T LST 0OI'T 0¢7C - - - - - - - - Im ¢—[ur 1y3u 6vLY1 M
LT 0€T obz ILT 0€CT ObCT  €L1T 0T¢ 0ST STCT 90T  OL'T OL'1 €9 6691-d Tw-¢d 1y3u LSYI1 SDSN
oL'T 0TCT 0ST 991 0TCT OFC SS1T  00€ 00T SET - - - €99 6691-d gw—d Y9 ZSP91 SOSN
- X X LST  0I'T 0€T ¢€S1 SI'te 0I'c 0T¢C - - - 1394 8691-d Tw—pd 1y3u 0S¥91 SOSN
- - - 99°'T 0I'C 0T 8S1T SI't 0€T S¥T - - - 019 SLI-A [w—d 1y3u 6v¥91 SOSN
791 0TT 0€T 091 O0TC STT 81 o't 0CTC 0OCTC 8I'T 081 08! 1314 6691-d cw-¢d 1ysu 9r¥91 SOSN
& 6L'T 0€C 09T OLT 0TCT 0ST 6Ll X o'z 0ST SI'T 681 OL1 1214 6691-d cu—¢d 9 vP¥91 SOSN
A - X X - X X - - - - - - - 079 181-A g1 Yol €vP91 SODSN
S - X X - X X - X X X - - - — $OL1-d  gw—pd 1ysu 1€491 SOSN
(7 - - - - - - LT ore 0TT  SST - - - *08% ¥091-a $d ya 0€TT1 SOSN
. IL'T 08T 0¥T - X X - X X X - - - *08% v091-d cu—d 1y3u 6CCC1 SOSN
Q LL'T  SE€T 08T SLT 06T 0ST LST 00€ OI'T 0€CT +»I'T €91 061 *08% v091-d cw-¢d yor 8TCTI SOSN
. 99' 0TCT Ob'T €LT STT 0ST €LT SL'E SE€T 0T - - - - €1e-A cu—d 1ysu LTTTI SOSN
N 66’1 SI'T  0CT - X X - - - - - - - *8¢€9 c91-ad ¢-Turysu §TTTI SOSN
Q SL'T  0€C 0ST 991 0TCT Ove L9l ge'e  STT  SET - - - - 8091-a cu—d yo| $TTC1 SODSN
2 §S'T 00T SET - - - - - - - - - - S6S §291-d T y3u 12¢T1 SOSN
~ - X X - X X - - - — - - — - 8€-X €-1ur 1ysu 02T SOSN
2z - - - - - - 6L'T 0OL'€ OvT 0SCT €01 SL'T 091 - 8¢-A y—¢d Yal 61CC1 SOSN
W 09'T SI'C 0€T L91 0€T 0€T ¢€L'1T 0S¢e Ssyc 0eC 80T 061 SSI 0€£9 £861-d cw-¢d 1y3u L1TTT SOSN
Q 86’1 0T°C 0TCT LST 0OI't 0¢7¢ - - - - - - - 0€£9 £861-d ¢-Tw ysu 91¢T1 SOSN
_ LT 0ec OobT  T91  SI'T  SET - - - - - - - 0¢9 €861-d €-Tw Y| SITTI SOSN
) SL'T  0€T 0SCT €L1T STT 0ST OL'1T S€¢€ 0TCT 0ST 601 S91T 081 - L091-d gw-¢d Yoy 1T SOSN
M - - - 791 SI'T  se€T €Ll 0S'E Ov'T SET - - - - 96S1-d [w—d 1y3u €1TT1 SOSN
X 8’ 00T O0TT L9'1T 0€T 0€C ¢€L'T O0ov'e O0obT 6¢¢ - - - - Ly91-d gw—pd 1y3u CITC1 SOSN
&~ €S’ 0I't 0TT - X S€CT 991 0S'€ 01T 0SCT 001 09T OL'1 - LY91-d gw-gd 19| CITCI SOSN
$9'1  SI'C Ov'T OL1T 0TCT 0ST 991 0S€ O0I'c 0ST OI' 00T O0S'I - LY91-d gw—-¢d 1J9] 0121 SOSN
- X X €LT  SE€T OVT  6L1  STE  SST  s€T  LI'T 06T 0L - Ly91-d gw-¢d 13U 60CC1 SOSN
89'T 0TC SvT 1971 SOCT SvT LST 00€ 00C OvT HI'T 091 S6'1 =087 €091-d gu—¢d o 90ZC1 SOSN
- X 09C 991 O0OI'CT 0ST 891 0T¢€ SI'CT 0ST - - - *08% €091-d cw—pd yor §0TTI SOSN
oL'T 0TCT 0ST 9971 01T 0ST 891 S¥e 0TCT S¥e - - - *08% €091-a Tu—pd Yo $0TT1 SOSN
¢S’ 0I'c  STT - - - - - - - - - - 0¢9 €861-d £-Tu Yo SS101 SOSN
- - - €Ll §TC 0SCT IL1 X 0og'c Ooyc 0Tl  ¢81 081 0¢€9 €8s1-d Jw-¢d 9| ¥S101 SOSN
29’1 SI'T  SE€T €91 00T SST  vvl s¥'¢ 00T OI'c 880 SST SS'I 0€9 €861-d gw-gd 19| €6101 SOSN
09'l 0OI't ¢S¢€¢ - - - - - - - - - - *0¢€S o1s1-a [AsR! IT101 SOSN
- - - oL'T 0TCT 0ST 991 orI'e 0TC O0OvT 6l S9'T 00T 06§ e€Ls1-d Jw-¢d 1ysu §S001 SOSN
- - - = X X — X X X 0T $8T1T 0§l - zLs1-a  Jw-gdydu 8€001 SOSN
79T 0TC 0€T 991 0TCT OvC 991 §Te OovT 0TC - - - Se9 8661-d Tw—d 1y3u 1,66 SOSN
Sorzwr Mpgw Tow Sofqwr A\ quw Jlw Soipd Hyd mpd Tpd Sored med 1¢ed TN Aedo] udwrroadg ‘OU WNIsNA
<
wv

"PANUNUOD) —9] XIANFAdY



155

EOCENE PRIMATES FROM WYOMING

- - - pL'T 0T 09T IL1T  s€E 06T ObCT  0T1 081 681 0LS 8T-A Tw-¢d 19 L60S€ WA A
- - - LT 0TCT 0ST ILT SI'e 0€CT OovT 601 SL'T  OL'1 019 S8I1-A Jw-gd 1y9] £80S¢€ WdX
99°'T Ov'Cc 0TCT ILT SE€T ST - - - - - - - 019 S8I-A €-1ur 1y8u 780S¢ WdA
- - - L9'T 0€T 0€T ¢S] X 01’'c  0T¢T - - - §29 €61-A Jw—d 1ydu 8LT78C NdA
- - - vL'l 0T 0T ILTT 0Tt ObT  0eT - - - 79 €61-A [w—pd 1ysu 9LT8T NdA
- X X L8T 0ST 09C 681 ¢Sve 0SC 69T - - - 029 L9T-A Tw—pd 1ysu 0€78C NdA
- X X 09T SI'T o0¢C 091 €60¢ 00T STT SI'T  OL'1T S81 0L9 91-A Tw-¢d 9] 67787 WdA
- - - - - - 79’1 0T¢ 0I't  OFC - - - 089 €A #d 19| 90787 NdA
¥9°'1T  STT 0€T €L1T  s€T ovT 85T Oov'e 07T 0TCT €01 S9T  OL] 019 S8I-A Tw-zd 1ysu §0C8C NdA
99’1 0TC O¥CT OLT 0TT 0ST LST 0S¢ OI't 0¢7 - - - 019 S8I-A gw—pd 19| 0T8T NdA
86’1 0TCT 0TT - - - - - - - - - - 019 S8I-A ur ysu 0T8T WdA
L9  0€T 0£7T - - - - - - - - - - 09 191-A €-gw 1y8u 20787 NdA
¢S’ SI'c  0TCT LST OI'T 0f£7T - - - - - - - 086 891-A T-Tun ysu SP6LT WdA
8v'I 00T 0TT - - - - — - - - - - 08¢$ 891-A £-gw 1ysu Pr6LT NdA
- - - L9°T 0€CT 0€T 991 ST¢ ObT 0TCT O0T1 S81T 081 0L9 91-A Jw—¢d 1ysu Ce6LT INdA
LS'T 01T 0€7T - - - - - - - - - - 089 €A €= Y9 0€6LC WdA
€1 00T 0¢£T T9T 01T ObCT LSTT  Ol't OI'T 0£7T - - - 029 v8I1-A qw—d yop S16L7T WdA
vr’'1 00T 01T - - - - - - - - - - 079 181-A €-gw 1y3u 0164 WdA
¢v'lr 06’1 0TCT 791 OI'T Oov'T 891 O0I't 0TT SPT - - - 0?9 181-A gw—d yo| 016, WdA
791 0TT 0€T 99T 0I't 0ST - - - - - - - 09 A €T Yol 606LC WdA
$9°'1  OI'T SPT 99T O0OI'T 0ST - - - - - - - 08¢ 891-A €T Y[ 906LC WNdA
L1 0TT 0ST T9T 01t Oo¥c TST  Oobe 061 OvT - - - - ¢8I-A gw—d 1y9] 106LT NdA
8’1 00C 0CTCT ¢€S°T 00T 0¢7T - - - - - - - 06S vig-A Z-Tw ysu 968LT NdA
LT 0ec ovc €Ll STT  0ST - - - - - - - 019 9LI-A T-Tw ysu C68LT WdA
- X X €9°'T 00T ST - - - - - - - 089 €A -1 Y91 068LC WdA
- - - - - - SL'T  0T¢ 0€T 0ST TI't  S81 0L 029 181-A p—¢d Yo L88LT WA
99°'T Q0TT O¥T 9LT 0T 0ST - - - - - - - 079 181-A C-1u Y91 8L8LT WdA
0S'T 00T STT - - - - - - - - - - 089 €A €W Yo PL8LT WdA
91T 01T 0T - - - - - - - - - - 019 S8I-A ur ysu €L8LT WAA
€S’ 00T 0¢€T €51 00T 07T — - - - - - - 019 SLI-A €T Yor €€8LT IWdA
99°T 0I'T 0SCT 99T 0TCT OvCc €81 SI't 0SCT 0ST 9TT 061 S81 059 191-A w-¢d 19| L18LT NdA
— - - - - - 6L'1 0t 0ST 0¥ - - - 059 191-A #d 191 86LLT WAA
791 0TT 0€T 091 SI'T 0T LSTT  SI'E OI'T 0€T 0T1T 081 S8 019 PLI-A w—¢d yor L6LLT WA
- X X - X X - S9'¢ X oLT - - - 0€9 L8I-A Tw—d 139 S6LLT WAA
09T SI'T 0€CT 6T SOT O¥ZT SL'T S€€ 0¢€T 0ST I11°'T 091 06'1 019 S8I-A g0 9| 16LLT NdA
LT 0vT 06T L9'T 0€T 0¢€T ¢€L'T Oobe ST 0€7T - - - 09¢$ 81¢-A gw—d 1ydu 06LLT WA
LS'T  0I'T  0fC - - - - - - - - - - 0€s 8TC-A €-7w y3u 1699 WdA
- - - - - - LS'T  S6CT 0I'T 0£7C - - - *08% vv-A vd Yo $02¢T IWdA
- - - IL'T ogc  ove - - - - - - - *08t% vr-A T Yoy €07€T WdA
$9°'1  S1'T  0PT - - - - - - - - - - 09§ ov-A w 1y3u 861€7 WdA
79T 0TT 0€T 891 0TCT SPT T9T  SsTE  OI'T  ObT - - - 09¢ ov-A gw—pd o1 961¢€C NdA
99'1T 0TT OPT 991 0TT OvT €91 0ge €S0T 0STC - - - 08¢ LL-A gw—pd 19| 9L1E€T WA
8%’ 00T 0TC - - - - - - - - - - 09¢ ov-A W Yor 86981 IWdA
681 Ob'T S9T 6L1 OFCT 0ST ILT STe 08T Ove - - - *08% pv-A gw—d o] 16981 WNdA
§S'T 0T 0£T - - - - - - - - - - 09§ ov-A €-qu Y91 68981 WdA
LS'T 00T OPbT 991 OI'T 0ST T91 ST¢ 0TT 0T - - - 09¢ ot-A gw—pd Y9 88981 IWdA
goyzw mzw Tzw Sojquw A\ [w FJlw Soipd Hpd mpd Tpd Sorgd med Ted TN Aredo| uowadg *OU WINJSNN

‘panuUNuUO) —9J XIANAddY



T. M. BOWN AND K. D. ROSE

156

- - - - - - - - - - - - S79 s1-0dd 11 1Wy3u 8686 SOSN
- - - - - - PI'T  Oov'e  0ST - x X *S€S LOST-A p-£d 143U 0026 SOSN
00T OL'€ 00T T6T OI't 0T¢T - - - - - - - v0S1-a €-1IN 1ysu 0616 SOSN
- X X 761 0veE 00T - - - - - - S€9 €Ly1-d =TI 491 0816 SOSN
L6'T  09€ 00T 861 0€€ 0T #¥61 SI'E 0TT €51  0TCT OI'T  +0¢€S oisi-a TIN—£d YAl vL16 SOSN
STT 0¢v 0TT 91T 09€ OvT 91T SSE SHT - p X 9t s6vi-a €IN—€d ysu €916 SOSN
80C 06€ S0CT €0T S¥E 0CTT - - - - - - *S€S L0ST-d -1TIN Y31 6¥16 SOSN
70C 09t  0I'T +vI'T OLE 0€T - X X - - - +SE€S LOST-d €IN—bd WBU 616 SOSN
661 €9¢ 00T 16T 0T€¢ 01T - - - - - - s79 9sz1-d €-1N 1y3u €€18 SOSN
- X X - X X - X X - X X 686 9ev1-d €IN-£d Wsu 0£08 SOSN
- X SI'T  T61  0OI'E  0T¢T - X X - - - SLS vLY1-d €IN—bd WSu 10LL SOSN
0T 09¢ SIT PI'T 09€C SET - X X - X X *0LS 9pe1-ad €IN-£d ySu 6299 SOSN
LOT OLE SI'T  €0CT Ssv'E  0TT - - - - - - 916 8ev1-a -1 YaI 1965 SOSN
€I'T 00v 01T 10T OvE 0T LOT 0€E ObT - - - 0LS N-8€€1-Ad SIN—bd WBU 688¢ SOSN
€07 08¢ 00T T0CT 0S€ SI'T S61T  0TE O0TT €91 SST 00T 0LS N-8€€1-Ad SIN—€d Y3l 688¢€ SOSN
0T 06€ 00T - X x 681 00€ 0TCT LST OvZT 00C 0LS sve1-a EIN—€d 13U 08¢ SOSN
80C 00v 00T - - - - - - - - - Y24 9ze1-d €—TIN Yol LY8E SOSN
00T 09¢ S0 - x x - - - - - - 065 sL11-a €-1IN W3u 86L1 SOSN
0TC 0Ty SIT - x X - - - - - - 09$ 7911-d -1 YdI 766 SOSN
L6T  09€ 00T 10T oOve 0CTT - - - - - - 09$ 7911-d -1 W3u 166 SOSN
- X X - X X - - - - - - 09§ 6221-d Z-1N W8u 68 SOSN
80C 00F 00C 1TCT 08¢ OVT 6TT 08€E 09T - X X 09$ 6721-d TIN-€d Y9I 68 SOSN
61'C STY 0I'T 11'T 09€ 0€CT 67T 08¢ 09T 081 SL'T 07T  #0€S ogz1-d EIN-Td YAl S8 SOSN
SI'T  OoI't 01T 1I'T 09¢€ 0€T +¥TCT 09¢€ 09C - - - +0€S oczi-d €IN—bd Su SLY SOSN
01z oLe 0Tt - - - - - - - - - 06S sLii-a TN s €851 Odd
L6T 09¢ 00T 161 0T€ 01T - - - - - - 065 SLI1-d €-TIN W3u 1861 Odd
€0C 08¢ 00C 00T 0O€€ STT S6T 60€ 0€T €51  0€T 00¢C 0LS N-8€€1-d €IN-€d WSu 81€1 DdA
661 S€9¢ 00T (81 STE 00T L8T OI'E OI'T 291 ObT 01T - SAT dM EIN—€d Y3l 19861 WD
761  0S'E  S6'1 - - - - - - - — - — SAT UM £€-TIN 143U 6LYE WOV
S0IZIN MTZIN TTN 30TTIN MIN TIW 801pd Mbvd Tvd 3o1ed Med Ted TN Anpeooy uswoadg "Ou WIS

*SIQIQUIT[TWI UT STUSUIdINSBIW {(SI99W O] UIYIM) AJUO [9AJ] 1910w Aewrxoidde = () A9 I010W = TN ‘AI[BIO] I91UD AewLd
Ais1pAIu) AN = DA A1[eo0] wnasnjy Apoqesd d[eA = X ‘A1Jed0] ASAING [B2180]09D) ‘S (] = (J ‘UOTIBULIO] JOATY PUIM JO JOQUIIA ISAT = SA'T ‘UOBULIO]
JOATY PUIM = UM ‘Y1001 UdjoIq = (X) ‘anjea ou = (—) ‘Y1001 Jo (M x ) U = 307 “(STWOOT) 17209qp sn1yo4vsqy JO (1931 Jaddn 10J elep UswidddS— /] XIANIddY



157

EOCENE PRIMATES FROM WYOMING

I S6€  0I'T 60T 0S'E 0€T 8TT  SL'E 09T - - - $29 T61-A TIN—bd WU 8€TSE WA
€I'C 00 OI'T  ¥0T 0S€ 0T¢T - - - - - - 0LS 8T-X T-TIN W3u 160S€ INdA
00C  0L€ 00T €0CT O0¢g€ 0O€ET 10T Obe 0TT - - - LSY LTT-A EIN—bd ¥l $80S€ INdA
S6'1 09¢ S61 8’1 0¢€e 0CCT +vI'c ObeE 08T TP1  0€C 081 019 S81-A €IN-€d 1YSU ST6LT WAA
- - - - - - 6’1 0T¢€ 07T - X X 0L9 91-A p—€d Wsu L98LT WdA
- - - - - - 00C S€€ 0TT €S1  STT  SO0T 019 S81-X y—¢d Yl 818.C WdA
- X X - X X LOT 0€€ OvT 18T 06T OIT 09¢ ov-A EIN—€d ¥4I L61€T WA
T 0Ty 07T - X X 0TC 09¢ 0ST LLT 08T 01T 0SS 001-X €IN-D ¥l LL1ET WA
76’1 ObE 00T 161 0OTE OI't €0C 0¢€€ 0€T - - - 089 1€-X €N—-¥d YOI 66981 WdA
SI'T OI't OI't 91T 09¢ ObT €1'T 0S€ OvZ €81 09C ObeT - A €IN-€d WSU 06981 IdXA
SI'CT OI'vt O0I'tT O0I'T O0LE 0TT 61T 0S€ SS¢T - X X 09¢ ov-& TIN-¢d Wsu L8981 INdA
SI'T  06€ 0TT €0CT 0€€e 0€T 861 0€€ 07T #»L'1 09T 0TT 09$ ov-X EIN-D Y9I 98981 WdA
SI'T OI'vt 0OI'T 60T 0S€ 0f£C - - - - - - - 8¢-A T-TIN B9l $8981 WdA
€0  OL'E S0T - - - - - - - - - - AM €~TIN Yol 6L9ST MN
oI’z 06€ O0I'CT 00T O0TE 0fC - X X - - - 079 181-X EN—bd YOI  THP91 SOSN
- X X - X X - X X - X X $6S $791-d €IN-€d WSU 12221 SOSN
- X X L6'1  STE 0TT 11'T  0€E 0ST - 0TT X - LY91-d TN-Td W8I 71221 SOSN
61 09¢€ 061 v61  SI't  0TT 80T SE€E  OvT €1 0TT 061 - Ly91-d EN-€d WOl Z1TTI SOSN
$0C S9¢€ OI'C T6T OI't 0TT S61 0T€ 0TT Tl 0€T 081 - LY91-a EIN—€d YOI 11221 SOSN
0I'C OL€ 0TCT ¢€0CT 0¢€ 0€CT +v0OT 0T¢ OvT - - - $79 L9v1-d €IN—Pd WSU ¥666 SOSN
60C S8¢ OI'C TOT 0St SI'T S61T 0TE 0T¢T - - - $29 S1-0dd TIN—bd BRI L066 SOSN
SOIZIN M TN TTN SOITIN MIIN TIWN 3o[vd Mpvd Tvd B01ed Med Ted TN Ayeoo] uawoadg "ou wnasny

"paNUNUO) — /] XIANAIdY



T. M. BOWN AND K. D. ROSE

158

891 0TT SYT vl 0TT SET ILT  SLT  OVT  0ET  OTT 061  SLT  408% 2091-d gw-gdysu 102Z1 SOSN
SLT 0€T 05T ¥91  0TT  S€T 9l s¢T  OI'T S0T TI'T OLT 081  v9¥ s6v1-d gw-gdydy  00TZ1 SOSN
9T 0TT 0gT  — = - = = - - - - - 1634 s6v1-d wysy  861Z1 SOSN
€81 OyZ 09C 181 S¥T 0ST L9 §9T 0€T O€ET  — - - 1434 s6vi-d gw-pd s LEITI SOSN
1’1 0l'c st T9l OI'T Oo¥T 1 X  0I'T §TT — - - (444 88s1-d gw-pd Y31 661CI SOSN
09T SI'T 0€T 91 SI'T O¥e ST OLT OI'T §TT  — = = 314 zssi-a gw-pd Yo 19001 SOSN
€61 0I'T 0TT €LT STT 0ST ILT 06T 0€T O¥T 660 OST 081 065 £L51-d gw-gd g3 $6001 SOSN
vl SI'T  ObT  T9T  0TT 0ET  — - - - - - - oLy a-sell-d g-1wse 0166 SOSN
8’1 00T 0TCT — = - = = - = - - = «0gS 01s1-d €-CW Y $IT6 SOSN
vl 0TT S€T  §ST OI'T  STT LST 08T 0€T 01T — - = aSES L0s1-d tw—pd g8l 6616 SOSN
8’1 00T 0TT — = = - - - - - - = SES L0S1-d g-cunysu £616 SOSN
o'l S0T 0I'T 91 00T SIT — = = = - - - €9 £Lv1-d clwgdu 7816 SOSN
ILT 08T Oy 891 0TT S¥T 81 68T 0TT 0TT  — - = x0€S o1s1-a gw-pd WBU - 6/16 SOSN
€1 60T STT LS OI'T 0T €yl 06T 061 0TT @ — - = #0gS o1s1-d gw—pd yor 116 SOSN
vl SI'T  OvT 65T SOT O¥T 0ST 08T 00T STT @ — - = aSES 80S1-d cw—pd Yol 9p16 SOSN
LT 0TT O¥T TSl Sl s€T  — - - - - - - oLy e8611-d T1Wwyer 9678 SOSN
- = - - = = - - - - - - - 18y LL11-a EWYl  L86S SOSN
LST 0I'T 0£T 8Y1 00T 0TCT — = - - - = = 009 q-81-A E-TW Y 0865 SOSN
8’1 00T 0TCT 9%l S61 0TT 8’1 08T 01T 0I'T L60 S9T 091 61 8evi-d gw-gd 8L €966 SOSN
99T  0TT O¥T LST 00T OVT 9ST 6T 061 05T — - - ovy 8cvi-d gw—pd Y31 7665 SOSN
ST 60T 0£T 0ST S61 0€T 0S1 S6CT S61 0€CT  — - - 4 8Tv1-d gu—pd ya| 1565 SOSN
vl 0€T  STT T9l  0TT 0€T  — - = = - - - 06 6LE1-d £-1WIUEL  038¢ SOS()
LT 0I'T 0£T Tl 0TT 0€T 6€1  §§T 00T 00T  — - = «06¥ 18¢1-d cw—pdagdu - g68¢ SOSN
€61 0I'T 0TT €91 0T 0ST  — = = = - - - 0Ly a-Sp-A €1 13U 86v SOSN
LST 01T 0£T €91 SOT 0ST 95’1 06T 061 05T  — - - oLy q-Sp-X gu—d Yoy 867 SOSN
vl STT 0£T 81  0TT 0TT 091 §9T SI'T 0ET  — - - oLy S-Sv-A gu-d 1ydu 96v SOSN
8’1 00T 0TTZ €Y1 061 0TT ¢€S1 §§T OI'T 0TT  — - - oLy aq-8611-d gw—pd 1ydu T6v SOSN
8’1 0TT 0TT (ST OI'T 0£C  — - - - - - - oLy SSt-A £-Tu Jysu 16v SOSN
091 SI'T 0€T €51 0I'T 0TCT  — - - = - - - 187 LL11-a Z-luysu 98% SOSN
09T 0TT STT ¥91 0£CT STT ILT  S6T O¥T 0€ECT  — = = 09¢ 69v1-d gw-pd y3u £867 0dd
v9T 61T OvTz 791 0TT 0€T ¥91  0ST STT 0€T  — X X 0LS LTA cw-¢d 1y3u Tyl Odd
Bozw mzw Jrw Forjw mqw qiw Soipd Hyd mpd Tyd Bo1gd med Ted T Aiesoy uswioxdg “ou Wnasn

*SIQIQWII[IW Ul SJUSWIAINSBIW {(SISOW (] UIYIIM) A[UO [9A3] J9jow eunxoidde = (,)
19AQ[ J9joW = TN ‘A1[BO0] AJISIOATU) IBIS BMO] = ST ‘AN[EJ0] I91Ud)) dewld ANSIOAIUN aYnd = Ddd ‘A1[BO0] WNISNJA Apoqedd X = X ‘A1[eJ0] A3AIng
[eor30j09n 'S'N = [ Y100} Ud0Iq = (X) an[eA ou = (—) Y1001 JO (M x ) W] = 07T ‘ds "U $122019u SNIHOIDSGE JO 193] IOMO[ I0J Blep USWINAdS—g/ XIANTddY



159

EOCENE PRIMATES FROM WYOMING

LST  O1'T 0€T 81T 0TCT 0TCT 8¥1 08T 0TCT 00T 90T 081 091 0LS 8T-A Twi—zd 1y3u 860S€ WdA
8¢'1 081 0TC <T€1 OL'1 07T - - - - - - - 0L9 091-X -1 oy 8Y787 INdA
LST  01I'CT 0€T ¥P1 00T 01T - - - - - - - 059 1-X -Tw y3u T€T8C WA
- - - ST §0T 0¢€CT ¥l SLT 00T 01T - - - 065 PIE-A Jw—pd 1y3u 898.7 INdA
091 STT 0TCT IST SI'T OI'T +v¥1  0OL'T SOT $OT - - - 08¢ 891-X cw—pd 1ysu 96LLT WA
¥P'1 00T 01T - - - - - - - - - - - P#NSI £—guw Yo 81797 INdA
$9°'1  0TCT SE€T ILT 0E€T OvT 0ST S6T 07T STT 9I'T 091 00T «08% 6vT-A gw—-¢d 19| STvYT WdA
$9'T  0TT SE€ET 991 0TT ObT T9T 08T SI'T SE€T - - - - 01-A Tw—pd 1q3u 8L1€T WdA
¥9'1 0€C STT T91 0TCT 0€T - - - - €01 091 SL'1 oLy Sy-X ¢l ‘gd y3u £6981 WdA
€€°T 081 017 - - - - - - - - - - +06¥ 6v-A T yop 76981 WdA
65’1 SO0T ObT LST 00T OVZT LY X 06’1 0€T - - - oLy St-A Tw—pd 1y3u 68981 INdA
P11 061 0€T TST 061 O0bT - - - - - - - oLS 96-X 7-1w Wsu S8YLT INdA
791 0TT 0€T T91 0TT O0€T 8S1 08T 0TT 0TT - - - oLY St-A Tw—pd 1y3u P8YLT WA
LST  01'T 0¢£T 8¥1 00T 0TT - - - - - - - £9% 6691-d ¢-Twydu 1991 SOSN
8y’ 00T 0TT - - - - - - - - - - £9% 6691-d €-qwydu  09$91 SOSN
99’1 0TC O¥T - S1°T X - - - - - - - £9% 6691-d ¢-Twysu 9691 SOSN
99'l 0TC OvZ OL1 0TT 08T - - - - - - - £9% 6691-d T-TW YL GGH9T SOSN
6’1 0I'CT STT €S1 0TC OI'CT 81T §8T 0TT O0OTT <TI'T 081 OLI - 9691-Ad gw-zd 18U [6p91 SOSN
6L°1 0€CT 09T - - - - - - - - - - £9¥ 6691-d WY  8p91 SOSN
181 SE€T 09T SLT 0€CT 0ST LST 68T OI'T 0€T €01 091 SLI oLy W-S-A cw-edys[  1yp91 SOSN
791 07T 0£T - X 0s°C - X X X - X X (442 8851-Ad cw—gd g3 L€p9] SOSN
- X X LS'T 0I'T 0€CT ¥1 08T 00T 01T - - - (344 LEST-A fw—4d y8u  9¢p91 SOSN
- X X 19T 00C 0ST LST 00€ 00T Ove - - - Y99 9.91-d cw—dysy  pep91 SOSN
$9°T  S1'T OPT 891 0TCT SPT - - - - - - - £9% 6691-d €-TWYd  ZeY91 SOSN
$9'1 0T STT - - - - - - - - - - €9% 6691-d g-gw s Q1pS1 SOSN
- - - - X [S94 - X X X €01 SST 081 - 1isi-a Tw-gdysu  €7z7ZI SOSN
LS'T 00T O¥T 991 0I'T 08T - - - - - - - - 11s1-a CT-IWw Yoy  7TITI SOSN
99’1 0TCT OVT 691 SE€T 0€CT Tl 08T 0€T 0TT 0TI S8T 081 «08b €091-d gw-zdigdu  g0zZI1 SOSN
891 SI'T 0S¢T - - - - - - - - - - +08P 7091-d qwysu  €0zTI SOSIi
181 OvC SST T91 0TT O0fT - - - - - - - +08Y 7091-a ¢-ruwgsu  zozzl SOsSN
Sojzw mow Jow Sojjw pJuw Tiw Soipd Hpyd mpd Tyd Borgd med Ted TN Anpeooy uswrdadg "Ou WN3SNN

‘paNUNUO) — Q] XIANAAdY



T. M. BOWN AND K. D. ROSE

160

v 0£€ 061 6L1 00€ 00T S61 SOE  OET  — - - 579 T61-X TN—¥d YL L1€8T WdA
80C 08¢ O0I'T 861 0¢c€ 0CTCT OI'T O¥E OvT  — - - 069 (431 TN—¥d YOI 0181 WA
¢61 0S¢ 00C 161 0Te 01T = - = - - - 089 €A €1 1y3U 88vL1 WA
00C O0L€ 00T .81 OI't OI'T 10T Ove OTT  — = = 09$ 19-X TN—¥d WL £8vL1 WA
v0T €9¢  OI'T 161 0T¢ OI'T +0CT ¢§€€ O0EC 0S1  0¢€T <61 — AM TN—€d Wl L97TT WNSN

= - = - - - = X X - = - £9v 6691-d vd Yol 65¥91 SOSN
vO'T  S8'€ 00T 60T 0S€ OET 81T Ov'E 09T 681 OLT SYT €9 6691-d  TIN—£d Ju8U 8591 SOSMN
0T 09¢ 0I't w61 Ol't sTT 00T OCE 0¢€C  — - - €9 6691-d  TN—d U3u £5¥91 SOSN
SIc 06¢ 0TT 90T O¥e 0€ECT  — - - - - - £9v 6691-A T B3I L¥¥91 SOSN

= X X oIz ove ovc  — - - - - - £9v 6691-d T-TN Yol S¥¥91 SOSN
s0CT oLe  0I'T = X X = - - - - - oLy 7991-a -1 WBU SEYII SOSN
LIT 00% 0TT 90T ObE OET 00T OCTE OECT  — - - 1434 9L91-d EWN-bd Yol ££491 SOSN
SI'T  00% SI'T 90T 0S€ STT 91T 09¢€ OvT  — = - 444 88S1-A  EN-¥d IY3U 1£2¢1 SOSN
761 oL S8T  vel  0£'E  OI'T  ¥81 00  OI'T  — x X 6v¥ 66S1-d  €N—£d 18U 92Tzl SOSN
0Tz OI'v 0TT +vI'T §§€ OyC vOT OCE ObT  — x X 1434 sevi-a EN-€d Yol 66121 SOSN

= X X = X 0£€T  €0T  0€E  0€T 99T ST 01T ¥9Y s6vI-d  E€N—€d 1y3u 96121 SOSN
661 §9¢ 00T L81 OI't OI'T = = - - - = #SES Los1-a £-TIN 1U3U €176 SOSN
80C 08¢ OI'C II'T 09¢ 0€C 00T OTE OEC  — - = #0€S 0ISI-d  TW—bd 148U 9L16 SOSN
§0T OL€ O0I'T S61  0Te 0TT = x orc - - - vor sev1-d TN—d Yol ¥916 SOSN
L0T St 00T 0T 0sE ST — - - - - - STy 9zel-d £-1 38U 8v8¢ SOSN

= X X = X X - - - = = - 44 9ze1-d -1 du 9v8¢ SOSN
681 0s€ 061 81 00€ OI'T 6L1 §8T OI'T €51 0€T 00T  x0€ES 0€C1-d  TN-Ed W3u LEYI SOSN
81'C 0Ty OI'T 861 0€€ 0TT 861 0€€ 0TC SLT  0ST  0€T  OLy o-8611-d  TIW-td Wy3u S611 SOSN
80C 00% 00C OI'CT OL€ 0TT €'t 0s€ Oy 061 06T 0€T  OLb Q-8611-4  TI-td yysu 90S SOSN

= = — TI'T  SSE S€T  LI'T  0SE  §§T  S61 08T 0ST I8 LLIT-d  TIN—gd wu8u 8% SOSN
161 ss'€ 061 L81 SI'e SOC  — = = = = = 0Ly S-Sp-X €-TIA 148U €171 0dd
86’1 0oL€ S61 861 sp'e  OI'T w6l  SI'E  0TT 6L 8T 0I'T Ol S-Sv-A EN-£d Y3l LSTI Odd

= = - §I'T 0S€ S¥T TTT OyE OLT €T 0ET 00T — 11 ¥d0H TIN-£d Yol §S16S HNINV
TTT_S8E  OvT 10T §TE  0€T  S0T  STE  O¥T  — - - - 11 ¥4NH TN—d Yol pS1SS HNIV

301 ZN MTN TTW 301N MTN TIW 30I1vd Mbd Tpd 301ed Med Te€d TW freoo usunoadg “Ou Wnasny

*SIQJQWIT[TUI UT SIUSWIdINSBIW {(SId)oUWI O] UTYIIM) ATUO [9AI]
1910ur syewrrxordde = () JOAS[ J9JoUI = TN ‘AN[e00] WNISNJA APOqedd d[BX = X ‘A1[BIO] A9AING [eO130[09D) “S'(] = ( ‘UONRULIO] OUBLIdNH = YANH ‘UOHBULIO]
IOATY PUIM = UM ‘Y1001 uayoiq = (X) ‘an[ea ou = (—) 100} Jo (M x T) W = 807 "ds "u snd20us sn1yoivsqy Jo Y123} 1oddn 10§ ejep USWINAAS—4] XIANAADY



161

EOCENE PRIMATES FROM WYOMING

L8] oy'c 0L'T 6L 0e'c 097 - - - - - - - IIT YJ4N0H €-Tw Jysu L1TSS HNINV
ol 0T'c  SssT 091 SI'T 0T SLT §T€  0ST 08T L90 SPI se'l IIT J4NH gw-¢d Jysu CSISS HNIV
(ZS1SS HNINV St 2dAy) “ds U Syp.jsnp sniyoiosqy
9¢°1 0Ll 0¢'C - - - - - - - - - - $008S-A u o PTSIT MN
9¢’1 oLl 0€'C - - - - - - - - - - ¥008S-A u Y| €TS1T MN
8¢°1 08’1 0Tt - - - - - - - - - - $008S-A u Y91 cTSIT MN
- - - - - - 69°1 §6'C OvT STT - - - ¥008S-A pd 1ysu 1TS1T MN
- - - - - - €61 06C 0I'CT 0T°C 1IL0  Sv'I oyl v008S-A p—¢d yor €LETT MN
- - - 6v°'1 681 or'c  OL'1 0Te 0TC 0S¢ - - - $008S-A Jw—d 1597 CLETT MN
LTl oLl 061 9¢°1 061 U | sI'e  0TCT OI'T  +80 091 vl SvVM gw—¢d 159 Pro1 MN
6v'1 S8l or'c  8vl 08’1 ST 8¢l S8°C 06’1 01'¢ - - - Im gw—pd Y9y CL9Y1 HNINV
Fv91 MN st 2dAy) “ds “u 11zps snpjoivsqy
S8l SET  0LT - - - 661 0s'c 09T 08T ¢€T1 08’1l 061 SVM  €-Tw ‘p-¢d Yo 6Lyl Nd-NdA
(2dKy) L2171m SNIYOUDSQY
IS 00T S€T  ¥SI S6°'1 ov'e 18°1 oL'e  S€T 09T (B! 061 091 III J4NH g0 Y[ S17SS HNINV
(3d£1) "qQUIOD U 1D4200U SNINOIDSqY
Sojzw mgw Jrw Sojjuw o qw prw Sojpd HHd mpd Tpd Sorgd med Ted Aeso1 uwrddg ‘OU WINISNA

“SISISWI[TW UT SIUSUISINSEBIW (A)1[€D0] SUTWIOAM JO ANSIOATU() = A ‘UONEBULIO] UOIBSEA\ = SV ‘UONBULIO] OUBHSNY = JYANH ‘uoneuLIo]
19ATY PUIA = WM Y100} Udjoiq = (X) ‘dnjeA ou = (—) Y100} JO (M x ) W = 307 '(Y139) 19mO[ 3IE [[e) "dS "U SD4ISND sniyo4vsqp pue “ds "u m1zos SNIo4DSqy
Jo suowoads paLgjal pue 3dA) I0J PUB ‘SLUOJA 19111t SNIYOIDSqY PUB "qUIOD ‘U (WOSUIQOY) 1D4200U SNIK0DSqY JO Sudwoads odA) 10§ viep uswioadS—(7 XIANTddY



T. M. BOWN AND K. D. ROSE

162

€S’T 0o1I'c 0TT ISTT S0T  0TT - - - - - - - o1s91-a -1 ysu 79491 SDSN
- - - €'l 06’1  0TT - - - - - - - 1691-d T g9 ovy91 SOSN
€S'T 00T 0€T L¥DI 06’1 0¢C - - - - - - - 1s91-d -1 Ys| 8€¥91 SOSN
(uoneurio,J Poom[[ip Jo 1ed 1oddn) s1suauadpiiq ‘3o sisdyi0811S
SLT 08T 08T ¥9'1  SI'T OvT €v1 S8CT 061 0TT 880 0ST 091 $€01-d DAV guw-0 Yo[ 120T SOSN
1240] D1SSOLIAY
6L'1T S€T SST - - - LT SS'T STT  0TC - - - $€01-d DAV Tw ‘pdyal  6$S0ST WNSN
SISU423P1q SISAY108141S
€6'1  SPT 08T L1 0TT S8T 6l 06€ SYT S8T - - - 1 d4NH cw—pd yor 817SS HNINV
(odAy) “ds ‘u sisuaupfiony sisAyiosris
Sojqw mgw 7w Sofjw o qu JJuw Sorpd Hpd mpd Tpd Sored med Ted Aeso] uownads *OUu WINJISNA
0Tt 00’y §TT 90°C ov'e 0e'C - - - - - - 7S01-d DAV €T W3u £€660ST NNSN
(9dKy) snsodnu s1sAy1031415
°0'C 09°¢ 01'e 161 0T’ 01°¢ - - - - - - 1s91-d €-TIN Yol 6€¥91 SOSN
(uoneur10§ poomIia Jo wred 1oddn) sisuatadpriq “Jo sisAy10314S
€1'e 00t 01'e 90'C ov'e 0¢'C L61 00'¢ (14r4 8T'1 00'C 08’1 $€01-d DAV E£IN—€d WBU 9660ST ANSN
(2dK) s1sua.423p1uq s1sAy103141S
9¢'C STy 06T - - - SI°C 0e'e 09°C - X X 1 ¥49NH €T ‘p—£d WBU 817SS HNIV
(2dfy) “ds u sisuauvfiany sisAyio811S
0] ZN M TN TTN SOIITIN MIW TIW 80[pd Mbd Tvd %0led MEd T€d Apeoo uawidadg ‘ou wnasniy

*SI2)OWI[TW UT SJUSUIAINSBIW :A)T[BO0] ASAING [BI130[09D 'S'N = A

‘UOTIBULIO] OUBHIONH = JYHNH ‘UOTIBUWLIO] SSOIAY = DAV ‘100] UayoIq = (X) ‘onfea

ou = (—) ‘Y1003 Jo (M x ) U = S0 ‘umog S1suaa3priq 'S Jo ,,,.QAMSMS% PUEB UmMOg 1340} DisSO40A} JO suswrdads I0] pue ‘UMog S1su2.4a8pLiq S1sAy403141S JO

UONTIUIP JIMO] PALIJJaI pue udwdads odA) 10J ‘umog snsosna S1SAy.4o.

11S pue “ds ‘u sisusuvfiony sisAy408141S Jo suawrads ad£) 10§ B1ep UWIORdG— 7 XIANEddY



	Patterns of Dental Evolution in Early Eocene Anaptomorphine Primates (Omomyidae) From the Bighorn Basin, Wyoming
	


	Text6:     This article is a U.S. government work, and is not subject to copyright in the United States.
	Cit r108_c111:1: 
	Cit r109_c112:1: 


