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ARTICLE

EARLY EOCENE OMOMYID FROM THE NANJEMOY FORMATION OF VIRGINIA: FIRST
FOSSIL PRIMATE FROM THE ATLANTIC COASTAL PLAIN

KENNETH D. ROSE, *,1 JONATHAN M. G. PERRY, 1 KRISTEN A. PRUFROCK, 2 and ROBERT E. WEEMS 3

1Center for Functional Anatomy, The Johns Hopkins University School of Medicine, Baltimore, MD 21093, U.S.A.,
kdrose@jhmi.edu; jperry31@jhmi.edu;

2Department of Pathology and Anatomical Sciences, University of Missouri School of Medicine, Columbia, MO 65213, U.S.A.,
kristen.prufrock@health.missouri.edu;

3Department of Paleontology, Calvert Marine Museum, Solomons, Maryland 20688, U.S.A., rweems4@gmail.com

ABSTRACT—The first known primate fossil from the Atlantic Coastal Plain, a mandibular fragment representing the family
Omomyidae, is described from the early Eocene Fisher/Sullivan Site in northeastern Virginia. The jaw, containing m1–m2,
was found near the base of the Potapaco Member, Bed B, of the Nanjemoy Formation, indicating an early Ypresian age,
ca. 54.5 Ma. As the specimen lacks diagnostic antemolar dentition, its precise identity cannot be confidently determined.
However, its diminutive size and plesiomorphic molar morphology suggest that it represents a primitive omomyid.
Comparison with a diversity of omomyids finds that nearly all omomyid genera are larger and/or derived in various
features compared to the Nanjemoy specimen. Closest resemblances are to the primitive omomyids Steinius, Anemorhysis,
Loveina, Melaneremia, and especially Teilhardina.
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INTRODUCTION

Fossil primates are well known from western North America,
where they were especially common and diverse in the Paleocene
and Eocene (Rose, 2006). Plesiadapiformes (‘archaic primates’),
which are sometimes included in Primates, were a significant
component of Paleocene faunas and persisted into the Eocene.
Euprimates (crown primates) first appeared in North America
at the beginning of the Eocene during the Paleocene–Eocene
Thermal Maximum, essentially coincident with the oldest
known primates in Asia and Europe (e.g., Gingerich, 1989;
Smith et al., 2006; Rose et al., 2012). Euprimates diversified
and flourished during the subtropical conditions of the Eocene,
and today their fossils abound particularly in the intermontane
basins of theWestern Interior of the U.S.A. In contrast, fossil pri-
mates are extremely rare east of the Mississippi River. Presum-
ably they were present, but the scarcity of Paleogene
continental deposits has resulted in virtually no primate fossil
record in this part of the country. The few previously reported
Paleogene primate fossils from this part of North America are
from estuarine channels or lowstand coastal sediments of the
Gulf Coastal Plain (Ingram, 1991). Beard and Tabrum (1991)
reported the first fossil primate—a jaw fragment with m3 of an
omomyid from the early Eocene Bashi Formation in easternMis-
sissippi. Subsequently, Beard (2008; see also Beard and Dawson,
2009) established the new species Teilhardina magnoliana for a
sample of isolated teeth of a small omomyid from the basal

Eocene Tuscahoma Formation (Red Hot Local Fauna) of Missis-
sippi, which underlies the Bashi Formation. The only other fossil
primates from the Gulf Coastal Plain known to us are several iso-
lated teeth of the omomyidsOmomys andMacrotarsius from the
Uintan (middle Eocene) Laredo Formation of Webb County,
south Texas (Westgate, 1990). A single tooth formerly assigned
to the probable adapiform Ekgmowechashala sp. from the Ari-
kareean Toledo Bend Local Fauna of Texas (Albright, 2005) is
no longer referred to that genus (Samuels et al., 2015) and prob-
ably does not represent a primate.
Here we report the first specimen of a primate from the

early Eocene Fisher/Sullivan Site in northeastern Virginia.
To the best of our knowledge this is also the first fossil
primate known from the Atlantic Coastal Plain and, indeed,
only the third occurrence of fossil primates east of the Missis-
sippi River. The new specimen (USNM PAL 720364), a left
dentary fragment with two molars, was discovered and
donated by Marco Gulotta Sr. It was found in concentrate
from screen-washed sediment. A digital surface model of
the specimen (Fig. 1) was created from ultra-high resolution
µCT scans of the fossils (compiled from slices at 0.009 mm)
performed at the Duke University Shared Materials Instru-
mentation Facility (SMIF) using a Nikon XT H 225 ST µCT
scanner. In order to identify the specimen as precisely as
possible, it was compared with original specimens and casts
of a wide diversity of early Eocene primates, especially omo-
myids, including most genera of North American omomyids
and European microchoerine omomyids. Links to µCT scan
data are provided in Table 1.
Institutional Abbreviations—CM, Carnegie Museum of

Natural History, Pittsburgh, Pennsylvania, U.S.A.; IRSNB, Insti-
tut Royal des Sciences Naturelles de Belgique, Brussels,
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Belgium; IVPP, Institute of Vertebrate Paleontology and
Paleoanthropology, Beijing, China; UCM, University of Color-
adoMuseum, Boulder, Colorado, U.S.A.;UF, Vertebrate Paleon-
tology Collection, Florida Museum of Natural History,
University of Florida, Gainesville, Florida, U.S.A.; USGS,
United States Geological Survey, Denver, Colorado, U.S.A.,
now at USNM; USNM and USNM PAL, Department of Paleo-
biology, National Museum of Natural History, Smithsonian Insti-
tution, Washington, D.C., U.S.A.; UW, Department of Geology,
University of Wyoming, Laramie, Wyoming, U.S.A.

OCCURRENCE ANDAGE

The Fisher/Sullivan Site is an early Eocene fossil locality devel-
oped along a tributary of Muddy Creek east of Fredericksburg in
Stafford County, northeastern Virginia. The fossils derive from
the Paleocene–Eocene Pamunkey Group, which consists of
shallow marine sands and clays. Specifically, they come from a
thin zone of the lower Eocene Nanjemoy Formation identified
as the lower part of Potapaco Member Bed B (Fig. 2), which is
less than 1 m thick at this site (Ward, 1985; Weems and Grimsley,

FIGURE 1. USNM PAL 720364, left dentary frag-
ment of an omomyid with m1–2, from the Potapaco
Member Bed B (Nanjemoy Formation) of Virginia,
in A, bucco-occlusal; B, occlusal; C, buccal; D,
linguo-occlusal; and E, lingual views.

TABLE 1. Links to µCT scan data for USNM PAL 720364 and comparative omomyid specimens shown in Figures 4 and 5. Scan data for IVPP
V12357 are not available on a public repository.

Taxon Specimen Figure Links (DOI/ARK)

Nanjemoy specimen USNM PAL 720364 1, 4, 5 https://doi.org/10.17602/M2/M167568
Anemorhysis savagei UCM 62682 4 https://n2t.net/ark:/87602/m4/M67879
Loveina minuta UCM 60904 4 https://n2t.net/ark:/87602/m4/M75827
Loveina sp. UCM 46430 4 https://n2t.net/ark:/87602/m4/M71325
Steinius vespertinus USNM 491951 (formerly USGS 25027) 4 https://doi.org/10.17602/M2/M72665
Teilhardina americana UW 6896 5 https://doi.org/10.17602/M2/M51992
Teilhardina asiatica IVPP V12357 5 N/A
Teilhardina belgica IRSNB M64 5 https://doi.org/10.17602/M2/M51935
Teilhardina brandti UF 254929 5 https://doi.org/10.17602/M2/M51960
Teilhardina magnoliana CM 67856 5 https://n2t.net/ark:/87602/m4/M170708
Teilhardina magnoliana CM 70435 5 https://n2t.net/ark:/87602/m4/M167719
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1999). The bed is a basal lag deposit of glauconitic sand (green-
sand) rich in bones and teeth. The largest proportion of ver-
tebrate remains in both abundance and diversity represents
sharks (32 species; Kent, 1999a), rays (18 species; Kent, 1999b),
and bony fishes (40 species; Weems, 1999a, 2020), reflecting the
marine depositional setting. Also represented are several
turtles and snakes, a lizard, and three crocodilians, most of
which were marine to at least some degree (Weems, 1999b). At
least 11 species of birds (n = 33) have been identified; all are
land or shore birds except for a single pelagic species (Olson,
1999). The rarest vertebrate group is Mammalia, known from
16 specimens representing nine taxa (Rose, 1999, 2010). The
mammal specimens are very fragmentary, most consisting of iso-
lated teeth; only four, including the fossil recorded here, are jaw
fragments with two or more teeth. The site has also produced
nine genera of plants known from fruits and seeds (Tiffney,
1999).
It is estimated that, since the site was discovered in 1990, at

least 50–100 tons of sediment have been excavated from
several points along the creek bed and screen-washed by
members of the Maryland Geological Society as well as dozens
of collectors from other states and Europe, yielding thousands
of vertebrate fossils (Weems and Grimsley, 1999; M. Gulotta,
pers. comm.). Although the primate jaw comes from a different
excavation than most of the previously known vertebrate
remains, it can be confidently assigned to Potapaco Member
Bed B based on (1) its proximity to other exposures of Potapaco
Bed B along the same tributary of Muddy Creek, (2) the similar
lithology of its surrounding sediment, and (3) its occurrence
together with abundant shark, ray, and bony fish remains at the
locality, which is typical of Potapaco Bed B.
The age of Potapaco Bed B is problematic for several reasons.

Bed B is bounded by unconformities of unknown duration at
both its lower and upper limits. A radiometric date has not
been attempted, nor has chemostratigraphy been applied to

this section. Furthermore, a precise biostratigraphic correlation
has been elusive. The thin fossil vertebrate-bearing zone of Pota-
paco Bed B is situated near the base of this bed and appears to
correlate with the upper part of calcareous nannofossil zone
NP10 (Fig. 3; Weems, 2020). Zone NP10 dates from the early
Ypresian, ca. 54.1–56 Ma (Speijer et al. 2020). This suggests an
age of ca. 54.5 Ma for the vertebrate-bearing zone near the
base of Potapaco Bed B. Dinoflagellate cysts further corroborate
an early Ypresian age. Preliminary dinoflagellate cyst data indi-
cate that Potapaco Bed B is younger than the T4 sand of the Tus-
cahoma Formation in Mississippi, which produced Teilhardina
magnoliana (Beard and Dawson, 2009). The presence of
Apectodinium augustum and A. parvum (restricted to NP9 in
the Virginia-Maryland Coastal Plain; Edwards and Guex, 1996:
text-fig. 12) in the T4 sand indicates that it correlates with
some part of the Marlboro Clay (L. E. Edwards, written com-
munication, February 2021), which underlies the Potapaco
Member (Fig. 2). If the correlation of the base of Potapaco
Bed B with upper NP10 is reliable, then the vertebrate-bearing
zone would correspond approximately with the middle of early
Wasatchian biozone Wa-4 of the Western Interior, between bio-
horizons A and B in the Willwood Formation of the Bighorn
Basin, Wyoming (Chew and Oheim, 2013).

DESCRIPTION

USNM PAL 720364 is a small fragment of the left dentary con-
taining the first two molars. Based on its diminutive size and dis-
tinctive low-crowned molars with broad talonid basins, it can be
unequivocally referred to the euprimate family Omomyidae,
which was especially diverse in the western U.S.A. during the
Eocene. Like some other mammal specimens from the Fisher/
Sullivan Site, it shows slight surface abrasion including erosion
of the ectocingulid of m1, which suggests that the specimen
was transported some distance from the source area. As a

FIGURE 2. Stratigraphic position of Potapaco
Member Bed B of the Nanjemoy Formation, prove-
nance of USNM PAL 720364.

Rose et al.—Early Eocene omomyid primate from Virginia (e1923340-3)



FIGURE 3. Historical interpretations and current synthesis (present study) of the stratigraphy of the Nanjemoy Formation. USNM PAL 720364
comes from the base of Potapaco Member Bed B, which corresponds to zone 11 of Clark and Martin (1901) and the upper part of nannofossil
zone NP10.
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consequence of the abrasion, evidence of microwear has been
largely obliterated, and m1 is slightly narrower than would
have been the case if the ectocingulid were intact. The measure-
ments given below are the existing maximum widths. We esti-
mate these values to differ from the original widths by less
than 10% and probably no more than 5%. This has been taken
into account in our comparisons.
The molars are moderately low crowned and quadrate, 20–

30% longer than wide, and rectangular but somewhat wedge-
shaped, with narrower trigonids than talonids. The trigonids
are somewhat taller than the talonids and are canted moder-
ately mesiad. The talonid basins are large and deep, both
longer and wider than the trigonids. The enamel is smooth,
with no evidence of crenulation or secondary cusps such as
metastylids, entoconulids, or mesoconids. An ectocingulid
extends from the buccal half of the anterior margin of the
m2 trigonid along the entire buccal border and is thickest at
the hypoflexid. Because the talonid extends more inferiorly
than the trigonid, the cingulid descends posteriorly to the dis-
tobuccal angle of each molar, from where it ascends steeply on
the posterior margin to the hypoconulid. Although the ectocin-
gulid is largely missing from m1, a scar indicates that the mor-
phology was similar to that on m2. The crowns show only
modest basal inflation buccally and at the base of the metaco-
nid, the latter swelling more pronounced on m2. They are
weakly exodaenodont (i.e., with enamel extending buccally
beyond the lateral margin of the dentary and somewhat infer-
iorly), but to a lesser extent than in most other omomyids.
The trigonid cusps of m1 are arranged in almost an equilateral

triangle, the maximum length and width of the trigonid at the
cusp apices (and the distances between the three cusps) being
almost equal. The protoconid is subequal in size to the metaco-
nid, or perhaps slightly larger, and is about the same height as
the metaconid on m1 but slightly lower on m2, owing at least
partly to heavier apical wear on the protoconid of both teeth.
The paraconid is lower and substantially reduced compared to
the protoconid and metaconid; it is situated slightly less lingually
than the metaconid and tilts slightly mesially (best seen in lingual
view). A low, weak paracristid joins the paraconid and protoco-
nid. The protocristid is very weakly developed and is most
evident extending buccally from the back of the metaconid to
the trigonid notch (between protoconid and metaconid). Both
the trigonid notch and the notch between paraconid and metaco-
nid are relatively shallow. The talonid cusps of m1 are peripher-
ally situated on the crown (as a result of little basal inflation),
although the hypoconid is set in slightly from the buccal
margin. The hypoconid is the largest and tallest talonid cusp.
The hypoconulid is the smallest and lowest cusp, poorly
defined and situated at the most posterior point on the shallowly
arcuate postcristid, slightly closer to the hypoconid than to the
entoconid. The entoconid is slightly more distal than is the hypo-
conid. The cristid obliqua of m1 is buccally oriented, but angles
slightly lingually where it joins the postvallid (i.e., the posterior
wall of the trigonid; Van Valen, 1966) near the base of the proto-
conid rather than more medially; any continuation of the crest
toward the metaconid is faint, and there is no indication of a
‘stepped’ postvallid (in which the buccal and lingual parts of
the posterior trigonid wall are offset from each other rather
than in the same plane), as occurs in many Eocene primates
(e.g., Teilhardina demissa, Absarokius, Arapahovius, Shoshonius,
Washakius, Sphacorhysis, Trogolemur, and several species of
Anemorhysis). However, given the surface erosion of the teeth,
it is possible that a weakly developed crest was present and has
been worn off. The hypoflexid on both molars is quite shallow,
as a result of the buccal cristid obliqua. The talonid notch
forms a relatively shallow right angle composed of the gently
sloping postmetacristid (descending from the metaconid) and
the entocristid.

The m2 is similar to m1; it differs in being slightly wider and
having a mesiodistally more compressed trigonid, wider than
long, and consequently a slightly longer talonid basin. The para-
conid is shifted slightly more buccally than on m1. The cristid
obliqua angles slightly less lingually as it meets the wider trigo-
nid, and consequently is more nearly parallel to the entocristid.
The postentocristid is almost in line with the back of the
talonid (i.e., perpendicular to the long axis of the tooth),
angling mesially only slightly to join the entoconid. The angle
of the postentocristid is slightly greater on m1.
Measurements (mm)—m1 length = 1.85, m1 trigonid width >

1.23, m1 talonid width > 1.40; m2 length = 1.80, m2 trigonid
width = 1.35, m2 talonid width = 1.50. Width measurements for
m1 of USNMPAL 720364 are slightly less than if the ectocingulid
were still present, hence we indicate that widths were slightly
greater than the measurements. Relative widths: m1 maximum
width/length > 0.76, m2 maximum width/length = 0.83. These
measurements and ratios are comparable to those for Teilhardina
belgica and T. brandti (Bown and Rose, 1987; Rose et al., 2011;
Morse et al., 2019) and slightly smaller, especially narrower,
than those for T. americana (Bown and Rose, 1987: n = 26 and
27 respectively; see also Fig. S1) but close to the length of m1
in a smaller sample of T. americana measured by Morse et al.
(2019, who allocated this species to a new genus Bownomomys).
Relative width of m2 in the Nanjemoy fossil is almost identical
with that in T. belgica and T. brandti and slightly less than that
in T. americana (Fig. S1).

COMPARISONS

In most of the following comparisons, observed differences
have not been tested for statistical significance. However, they
are criteria that have been used in the past to identify and dis-
tinguish omomyid taxa when the more diagnostic p4 is not pre-
served, and they are used here to determine the taxa most
similar to the Nanjemoy specimen. As noted below, those taxa
include Teilhardina and Steinius, and we did perform statistical
analyses on specific lower molar measurements that have been
used to distinguish species of Teilhardina from each other and
Teilhardina from Steinius (see Supplemental Data). Descriptions
and illustrations of most taxa mentioned in the following com-
parisons can be found in Szalay (1976); additional references
are provided for taxa described or revised since Szalay’s treatise.
The Nanjemoy specimen represents a very small omomyid, its

teeth being comparable in size to those of Anemorhysis pearcei,
A. pattersoni and A. wortmani, Arapahovius advena, Loveina,
Melaneremia, Shoshonius, Sphacorhysis, Tatmanius, Teilhardina
sensu lato (including species placed in Bownomomys by
Morse et al., 2019), and some species of the European genera
Nannopithex and Pseudoloris. All of these date from the early
Eocene, except for Sphacorhysis (middle Eocene), Nannopithex
(early to middle Eocene), and Pseudoloris (middle Eocene to
early Oligocene) (Gunnell and Rose, 2002). Teilhardina is
the oldest and one of the most primitive known omomyids
(Smith et al., 2006; Rose et al., 2011; Morse et al., 2019),
whereasMelaneremia is one of the most primitive microchoerines
(Hooker, 2007, 2012). Several of these taxa, including Teilhardina
and Melaneremia, show close resemblances to the Nanjemoy
specimen, and comparisons to them are considered below.
Only Uintanius, Trogolemur, certain species of Anemorhysis

(A. sublettensis, and A. savagei), and some species of Pseudoloris
are slightly smaller. However, a close relationship with any of
these smaller omomyids, except Anemorhysis, is unlikely
because of the following conflicting characters. Uintanius
differs in having a more mesiodistally extended trigonid on m1,
and a buccally shifted paraconid and inferiorly (i.e., ventrally)
projecting talonid on m2 (in buccal view). Trogolemur differs
in having relatively shorter and wider molar talonids (Emry,

Rose et al.—Early Eocene omomyid primate from Virginia (e1923340-5)



1990; Gunnell, 1995). Trogolemur also has a more lingually
directed cristid obliqua on m1 that extends to the metaconid,
forming a shelf that creates a stepped postvallid with offset
wear surfaces. This condition also occurs in many other omo-
myids, including Anemorhysis sublettensis and A. pearcei. Com-
pared to USNM PAL 720364, all Anemorhysis species tend to
have relatively wider second molars, especially the trigonids, in
which the protoconid is situated farther buccally from the para-
conid and metaconid, the latter two cusps are more closely
appressed, and the paraconid is fully lingual (Fig. 4; Bown and
Rose, 1984; Beard et al., 1992; Williams and Covert, 1994).
Although most species of Pseudoloris are smaller than USNM
PAL 720364, some by 10% or more, a few species are very
close in size to the Nanjemoy jaw (P. cuestai, P. godinoti,
P. reguanti). However, these and other Pseudoloris species are
derived compared to USNM PAL 720364 in having more
extended trigonids with reduced and buccally shifted
paraconids (Köhler and Moyà-Solà, 1999; Minwer-Barakat
et al., 2010, 2012, 2013, 2015), unlike the more mesiodistally com-
pressed trigonids with distinct, lingual paraconids seen in the
Nanjemoy specimen—thus eliminating any close relationship
between them.

Notably, nearly all omomyids are larger than USNM PAL
720364, most of them substantially so—generally at least 20% to
more than 100% longer, and often relatively wider usually
owing to greater basal inflation (e.g., see illustrations andmeasure-
ments in Szalay, 1976; Bown and Rose, 1987). For this reason
alone, the Nanjemoy specimen is not referable to any known
species of Absarokius (including Artimonius), Ageitodendron,
Anaptomorphus, Arapahovius (A. gazini only), Aycrossia,
Chipetaia, Chumashius, Dyseolemur, Gazinius, Hemiacodon,
Jemezius, Macrotarsius, Omomys, Ourayia, Pseudotetonius,
Steinius (despite similarity in molar shape), Stockia, Strigorhysis,
Tetonius, Utahia, Washakius, Yaquius, or the European micro-
choerines Microchoerus, Necrolemur, Paraloris, or Vectipithex.
But its smaller size does not preclude the possibility that
USNM PAL 720364 represents a previously unknown species
of one of these genera. Besides being larger and, in particular,

having relatively broader molars, however, nearly all of the
genera listed are characterized by one or more derived traits
that are not present in USNM PAL 720364. For example,
Arapahovius, Aycrossia, Chipetaia, Hemiacodon, Macrotarsius,
Microchoerus, Necrolemur, Ourayia, Stockia, Strigorhysis,
Utahia, Vectipithex, and Washakius have rugose or crenulated
enamel. Ageitodendron, Chipetaia, Chumashius, Dyseolemur,
Stockia, Utahia have reduced and buccally shifted paraconids
on m2. In the microchoerines Microchoerus, Necrolemur, and
Vectipithex, the paraconids are weak or absent. Despite its late
Eocene age, Paraloris warrants mention because it has been con-
sidered the most primitive microchoerine (Hooker, 2012). It is
similar to USNM PAL 720364 in having smooth enamel and dis-
tinct paraconids, with the paraconid of m1 being relatively lingual
(Fahlbusch, 1995). However, the paraconids are more transver-
sely crestiform than cuspidate, and the paraconid of m2 is buc-
cally shifted (not closely appressed to the metaconid). Paraloris
further differs from the Nanjemoy specimen in being almost
twice the linear dimensions and having nearly vertical postvallids.
Consequently, Paraloris does not appear to be closely related to
the Nanjemoy specimen. Metastylids characterize the washakiins
Dyseolemur, Shoshonius, and Washakius, and Yaquius has either
a metastylid or a twinned metaconid. Dyseolemur, Utahia, and
Washakius display a very deep talonid notch resulting in a lin-
gually open talonid basin. Omomys has relatively wide talonid
basins with peripherally situated cusps. Two other features of m1
that contrast with the Nanjemoy specimen, but for which the
polarity is unclear, include a more mesiodistally extended trigonid
(found in Anaptomorphus, Aycrossia, Dyseolemur, Jemezius,
Strigorhysis, and Washakius), and a cristid obliqua extending
toward the metaconid and resulting in a stepped postvallid and
deeper hypoflexid (characteristic ofAnaptomorphus,Arapahovius,
Aycrossia, Strigorhysis, and Washakius). Some of the larger taxa
(Absarokius, Omomys, and Steinius) show modest elongation of
the trigonid compared to the Nanjemoy specimen, but the differ-
ence is slight and may not be significant.

Among the larger omomyids, our comparisons indicate that
the most similar to USNM PAL 720364 are Tetonius, Steinius,

FIGURE 4. Comparison of occlusal views of USNM PAL 720364 and left m1–2 ofAnemorhysis, Loveina, and Steinius.A,Anemorhysis savagei, UCM
62682 (reversed); B, Loveina minuta, UCM 60904 (reversed); C, Loveina sp., UCM 46430; D, USNM PAL 720364; E, Steinius vespertinus, USNM
491951 (reversed; formerly USGS 25027).
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and Jemezius, three of the most primitive omomyids. Tetonius
differs in having relatively wider molars (mean m1 width/
length = 0.88–0.93 in Tetonius sp. and T. matthewi, respectively,
m2 width/length = 0.92–0.95; Bown and Rose, 1987:tables 5, 6),
resulting from greater basal inflation of the crowns, a presumably
derived trait. The m1 and m2 of the poorly known and possibly
more primitive Tetonius mckennai are only about 10% longer
than those of USNM PAL 720364 and relatively very slightly
wider (m1 width/length = 0.80, m2 width/length = 0.86; Bown
and Rose, 1987:table 4), especially the trigonids, but these pro-
portional differences are difficult to assess because the few
known specimens are heavily abraded or chemically eroded
(Bown and Rose, 1987). Steinius, however, is more similar to
USNM PAL 720364. The m1 and m2 of S. vespertinus (Bown
and Rose, 1984; Rose and Bown, 1991) have similar proportions
to those of USNM PAL 720364, the trigonids are only slightly
extended, the paraconids are reduced compared to the metaco-
nids and lingually positioned, and the m1 paraconid tilts slightly
mesially. However, S. vespertinus molars are about 25–30%
larger in both length and width (Fig. 4; Fig. S1 and Tables S1,
S2). Consequently, molar area in Steinius is significantly larger
than in Teilhardina, and the Nanjemoy specimen groups in size
with Teilhardina (Fig. S2). As in the Nanjemoy specimen, Steinius
shows little basal inflation of the molar crowns, but it differs in
having its talonid cusps more widely spaced (i.e., peripheral),
as in Omomys, resulting in relatively wider talonid basins.
These observations generally also apply to Jemezius (which was
formerly conflated with S. vespertinus); but Jemezius further
differs from USNM PAL 720364 in being relatively wider and
having a relatively more extended m1 trigonid with a deeper
paraconid–metaconid notch, resulting in a lingually open trigo-
nid (Beard, 1987). Thus, despite close morphological resem-
blances, USNM PAL 720364 is probably not referable to
Tetonius, Steinius, or Jemezius.
We are left with the small number of genera, listed at the start

of this section, whose molars are essentially the same size (or
at least the same length) as those of USNM PAL 720364. Of
these taxa, a special relationship of the Nanjemoy specimen to
Arapahovius advena, Shoshonius, Sphacorhysis, Tatmanius, or
Nannopithex, can be rejected based on various contrasting fea-
tures, most of which are clearly derived. For example, although

molars of Arapahovius advena are the same length as those in
the Nanjemoy specimen, the crowns in A. advena are more
basally inflated and consequently relatively broader and some-
what more exodaenodont (Bown and Rose, 1991; Rose, 1995).
Arapahovius advena also differs in proportions and crown mor-
phology: compared to the Nanjemoy jaw, the trigonid of m1 is
more extended, the talonid relatively shorter, and the cristid
obliqua extends to the metaconid creating a stepped postvallid.
Shoshonius differs from USNM PAL 720364 in having metasty-
lids, a stepped postvallid, and shorter and broader molar talonids.
The lower molars of Sphacorhysis are the same length as those of
USNM PAL 720364, but the talonids of Sphacorhysis are rela-
tively wider, the enamel is crenulated, and the m1 postvallid is
conspicuously stepped, the cristid obliqua extending to the meta-
conid (Gunnell, 1995). The m1 of Tatmanius is more basally
inflated, with a shorter and broader talonid, and a weak or
absent ectocingulid (Bown and Rose, 1991). It further differs in
being higher crowned and having a talonid that projects infer-
iorly much more than the trigonid (in buccal view), and much
more distinctly than in USNM PAL 720364. The molars of
Nannopithex (e.g., early Eocene N. zuccolae) are only about
10% larger than those of the Nanjemoy jaw and are similar in
having distinct but reduced paraconids, that of m1 being mesially
inclined. But Nannopithex differs from the USNM PAL 720364 in
having more extended trigonids, relatively shorter and wider talo-
nids, and a stepped postvallid onm1 (Godinot et al., 1992; Hooker,
2007:fig. 1).
The closest similarities in size and crown morphology of m1–2

are to certain species of Anemorhysis, Loveina, Melaneremia,
and Teilhardina. Although their resemblances are clear from
the comparative figures (Figs. 4, 5), minor differences separate
them from USNM PAL 720364, indicating that its allocation to
any named species of these genera is unlikely. We emphasize,
however, that only a single abraded omomyid specimen is
known from the Nanjemoy Formation, and many of the species
compared to it are themselves based on unique specimens or
very small samples. Consequently, we have little or no under-
standing of intraspecific variation in these omomyids, so it is dif-
ficult to judge the significance of these minor differences. With
this in mind, we offer the following observations. The m1s of
Anemorhysis pattersoni and A. savagei are quite similar to

FIGURE 5. Comparison of occlusal views of left m1–2 of USNM PAL 720364 and Teilhardina. A, T. asiatica, IVPP V12357, holotype; B, T. belgica,
IRSNBM64, lectotype;C, T. magnoliana, left m1, CM 67856;D, T. magnoliana, left m2, CM 70435 (holotype);E, USNMPAL 720364; F, T. brandti, UF
254929 (reversed); and G, T. americana, UW 6896, holotype.
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those of USNM PAL 720364 (except for a variably developed
stepped postvallid on m1 of A. savagei); but the second molars
of these and other Anemorhysis species, as noted above, differ
in being relatively wider with closely appressed paraconid and
metaconid, the paraconid nearly as tall as the metaconid and
fully lingual. Some specimens of A. pearcei and A. savagei have
a distally shifted hypoconulid. Anemorhysis species also differ
in having a shelf-like paracristid on m2 (Fig. 4).

Loveina minuta is very close in size to the Nanjemoy specimen:
it is the same length and only slightly (< 10%) wider. It differs
from USNM PAL 720364 in having a slightly extended m1 trigo-
nid and a higher cristid obliqua on m1, especially at the mesial
end, a deeper hypoflexid, and hypoconulids that are centrally
positioned rather than closer to the hypoconid as in USNM
PAL 720364. Loveina zephyri is somewhat larger (a little more
than 10% longer and wider than USNM PAL 720364), with
more peripheral cusps, slightly extended trigonids on both m1
and m2, a higher cristid obliqua, and weakly crenulated enamel
(Fig. 4). Loveina wapitiensis (placed in a new genus Bazius by
Tornow, 2008) is less similar to USNM PAL 720364. Based on
measurements in Gunnell et al. (1992), it is about 25% larger
in linear dimensions than USNM PAL 720364 and further
differs in having a small metastylid on m2.

Melaneremia from the early Eocene of England is the oldest
microchoerine and, except for Paraloris, the most primitive
(Hooker, 2007, 2012). The two known species of Melaneremia
are essentially the same size as USNM PAL 720364 or slightly
smaller, although m2 of M. bryanti is relatively (∼10%) nar-
rower. As in the Nanjemoy specimen the enamel is smooth,
and the paraconids are distinct and a little lower than the meta-
conids. Furthermore, the m1 paraconid inclines mesially (less so
in M. schrevei). The principal differences from the Nanjemoy
specimen are the more extended trigonids in Melaneremia,
especially on m1, and the deeper paraconid–metaconid notch,
leaving the trigonid open lingually (Hooker, 2007). In addition,
a stepped postvallid on m1 is variably developed inMelaneremia
(Hooker, 2012).

Among species of Teilhardina, the earliest and most primitive
species bear closest resemblance to USNM PAL 720364. They
include Teilhardina asiatica, T. belgica, T. brandti,
T. magnoliana, and T. americana. Although all of these differ in
minor ways from the Nanjemoy specimen, no other omomyid
genus comes closer to USNM PAL 720364. Nonetheless, all
these species differ from the Nanjemoy specimen in having
somewhat extended trigonids (especially on m1), making the
trigonids slightly longer mesiodistally than wide (Fig. 5).
Teilhardina asiatica, the oldest known species (based on a
single specimen), has the least extended trigonids among them,
more closely approaching USNM PAL 720364 in this respect;
however, T. asiatica has noticeably narrower molars (5–10% nar-
rower) with almost no basal inflation (Tables S1–S3). It further
differs in having a less lingual m1 paraconid and more centrally
positioned hypoconulids (not shifted toward the hypoconid;
Table S3). These differences, together with the great geographic
separation between them, indicate that the Nanjemoy specimen
clearly does not represent T. asiatica. Referral to T. magnoliana
would be more likely based on geographic proximity to Missis-
sippi, but T. magnoliana also has relatively narrower molars
(about 9% narrower, based on measurements in Beard and
Dawson [2009]), with peripheral cusps and little or no basal
inflation. For T. magnoliana, width/length of m1 (n = 2) = 0.70,
and of m2 (n = 1) = 0.76. Our values for these indices, based on
measurements of casts, are slightly lower. The hypoconulid of
T. magnoliana is central on m2 (n = 1), central on one m1 (CM
67860), and shifted toward the hypoconid on another (CM
67856) (Table S3). Thus, while T. magnoliana is very similar to
USNM PAL 720364, these differences suggest they are probably
not conspecific.

Teilhardina belgica is known from much larger samples, suf-
ficient to show that on average it is essentially identical in size
to USNM PAL 720364 (which is within the range of the
T. belgica sample measured by Bown and Rose [1987] and of
additional specimens now available to us). Besides having
mesiodistally longer trigonids, the postentocristid angles
more strongly mesially in the Belgian species. Hypoconulid
position is variable in T. belgica: it is central in some, but
closer to the hypoconid in others. The ectocingulid is typically
weak to absent in T. belgica but is distinct in some specimens.
Teilhardina brandti, the oldest North American species, is
about 5–10% larger in linear dimensions than USNM PAL
720364 (based on 9 m1s and 19 m2s: Rose et al., 2011).
Perhaps more significant, its trigonids are relatively wider,
especially that of m2 (∼17% wider [Rose et al., 2011], resulting
in trigonids as wide as or wider than the talonids). As in
T. belgica, the postentocristids are usually more angled than
in USNM PAL 720364. Teilhardina americana has slightly
larger and relatively wider molars than in USNM PAL
720364 (m1 and m2 about 6% longer and 10% wider), which
are more basally inflated. The ectocingulids generally increase
in strength from T. belgica to T. brandti to T. americana.
The m2 of the Nanjemoy specimen has a stronger (wider) cin-
gulid than in many T. belgica but a weaker cingulid than is
typical of T. americana; it is comparable to some T. brandti
in this feature (Fig. S3 and Tables S1, S2). The relative width
of m1 and m2 in these Teilhardina species increases in the
sequence T. asiatica, T. magnoliana, T. belgica, T. brandti,
and T. americana (Rose et al., 2011: fig. 6).

DISCUSSION AND CONCLUSIONS

The Nanjemoy omomyid had molars very close in size to
those of Teilhardina, which is estimated to have had a body
mass of approximately 50 g (Dagosto et al., 2018), within
the range of present-day mouse lemurs (Microcebus). The
features of the molars in the Nanjemoy specimen are very
conservative: small size, smooth enamel, relatively simple
crown morphology with no accessory cusps, relatively
lingual paraconids, and very little basal inflation. Although
molars tend to be more conservative than premolars in omo-
myids, these characteristics of USNM PAL 720364, together
with its early Wasatchian age, are consistent with its repre-
senting a primitive, relatively basal omomyid. Referral to
most known genera of omomyids can be dismissed because
almost all of them are typically characterized by one or
more derived attributes not present in USNM PAL 720364.
Considering its geographic separation from other known
North American, as well as European, omomyids, it almost
certainly represents a previously unknown species.
However, in the absence of premolars (often the most diag-
nostic teeth in omomyids) or any other anterior teeth, or
obvious derived molar traits, it would be premature to
create a new taxon for this fragmentary specimen. USNM
PAL 720364 appears to be most closely related to the basal
genus Teilhardina, the species T. belgica, T. brandti,
T. magnoliana, and T. americana being especially similar,
although this is based largely on plesiomorphic resemblance.
We therefore tentatively refer the Nanjemoy specimen to
Teilhardina species, with the caveat that based on close mor-
phologic similarities to Steinius vespertinus, Anemorhysis,
Loveina, and Melaneremia as well, we cannot exclude the
possibility that the Nanjemoy omomyid was more closely
related to one of these primitive omomyid taxa. Whether
or not additional evidence confirms relationship to
Teilhardina, the Nanjemoy specimen demonstrates the
unequivocal presence of Omomyidae on the east coast of
North America during the early Eocene.
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