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ABSTRACT
Three superposed local faunas are recognized from the Coal Valley Formation of Smith Valley: the Wilson Canyon Local
Fauna of early early Hemphillian age (Hh1), the Petrified Tree Canyon Local Fauna of late early Hemphillian age (Hh2), and
the Pine Grove Hills Local Fauna of early late Hemphillian age (Hh3). New rodents of the Petrified Tree Canyon Local Fauna
are described and include the following: Spermophilus sp.; Perognathus sp., cf. P. mclaughlini; Parapliosaccomys martini new
species; Paronychomys jacobsi new species; Postcopemys sp. A; and Postcopemys sp. B. With these new records, the
biostratigraphy of the Coal Valley Formation in Smith Valley is further refined.

INTRODUCTION

Older published K-Ar radioisotopic ages
presented herein were recalibrated using International
Union of Geological Sciences constants following the
method of Dalrymple (1979).
Older published
40
Ar/39Ar ages were recalibrated relative to the new
Fish Canyon Tuff sanidine interlaboratory standard at
28.201 Ma (Kuiper et al., 2008).
Subzones or
subbiozones of the Hemphillian North American Land
Mammal age (Hh1, Hh2, Hh3, Hh4) follow Tedford et
al. (2004).
Abbreviations are as follows: a, alveolar length;
ap, greatest anteroposterior length; 40Ar/39Ar, ArgonArgon; CV, coefficient of variation; K-Ar, PotassiumArgon; L, left; Ma, megannum (one million years in
the radioisotopic time scale); N, number of specimens;
OR, observed range; pch, protoconid height; prh,
protocone height; R, right; SD, standard deviation; tr,
greatest transverse width. Institutional acronyms are as
follows: LACM, Natural History Museum of Los
Angeles County; LACM (CIT), California Institute of
Technology localities and specimens now housed at the
LACM; MNA, Museum of Northern Arizona; UCMP,
University of California, Museum of Paleontology;
UCMP V-, UCMP vertebrate fossil locality; UWBM,
University of Washington, Burke Museum.

The Coal Valley Formation of Smith Valley,
Lyon County, Nevada has yielded numerous
Hemphillian fossil mammals (Wilson, 1936;
Macdonald, 1959; Black, 1963; Macdonald and
Macdonald, 1976; Kelly, 2007; Prothero et al., 2008;
Kelly and Secord, 2009). Most of the fossils from
Smith Valley are larger mammals. Rodents have only
been recovered from three localities (Wilson, 1936;
Macdonald, 1959; Kelly, 2007).
Kelly (2007)
previously described a new species of Bensonomys
from locality LACM 7685. In the collection of the
Natural History Museum of Los Angeles County, there
are additional rodent specimens from LACM 7685
representing six taxa previously unknown from the
Coal Valley Formation of Smith Valley. The purpose
of this report is to document these new records.
METHODS
Measurements of specimens were taken using an
optical micrometer to the nearest 0.01 mm and all teeth
were measured at their greatest dimensions. Dental
formulae follow standard usage and nomenclature for
cricetids follows Wood and Wilson (1936) with
modifications by Lindsay (1972), for sciurids follows
Black (1963), and for heteromyids and geomyids
follows Korth and Branciforte (2007). Upper teeth are
designated by capital letters and lower teeth by
lowercase letters. All specimens are curated in the
vertebrate paleontology collection of the Natural
History Museum of Los Angeles County and detailed
locality data are on file at this repository.

BIOSTRATIGRAPHY AND PROVENANCE
Macdonald (1959) included all the taxa from the
Coal Valley Formation of Smith Valley in the Smith
Valley Fauna because he regarded the entire fauna as
early Hemphillian in age. However, Kelly (2007) and
Kelly and Secord (2009) re-evaluated the "Smith
Valley Fauna" and recognized that the fauna can
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actually be divided into three superposed assemblages
(lower, middle, and upper) of different ages, but
refrained from assigning formal local fauna names to
the assemblages. Each assemblage is characterized by
a distinct suite of taxa (Kelly, 2007; Kelly and Secord,
2009; this paper) and are herein assigned to the
following local faunas (Figure 1, Table 1): the Wilson
Canyon Local Fauna (= lower assemblage); the
Petrified Tree Canyon Local Fauna (= middle
assemblage); and the Pine Grove Hills Local Fauna (=
upper assemblage). The Wilson Canyon Local Fauna
of early early Hemphillian age (Hh1) occurs from
about 100 m below the Wilson Canyon Tuff (WCT),
39
Ar/40Ar dated at 7.52 ± 0.08 Ma (Swisher, 1992), to
near the local base of the formation, where it
unconformably overlies the Aldrich Station Formation
in the Mickey Canyon area and Mesozoic Andesite at
west entrance to Wilson Canyon. The Petrified Tree
Canyon Local Fauna of late early Hemphillian age
(Hh2) occurs between the WCT and the marker shale
of Gilbert and Reynolds (1973). The Pine Grove Hills
Local Fauna of early late Hemphillian age (Hh3)
occurs from about 75 to 200 m above the marker shale.
It should be noted that in Smith Valley the lower
part of the Coal Valley Formation is missing, whereas
in Coal Valley the lower part of the type section of the
Coal Valley Formation has yielded the Clarendonian
Coal Valley Fauna, dated at about 11.5 - 10.9 Ma
(Axelrod, 1956; Evernden et al., 1964; Gilbert and
Reynolds, 1973; Robinson and Kistler, 1986; Kelly,
1998a; Perkins et al., 1998).
In addition, the
stratigraphic relationship of the Coal Valley and
Morgan Ranch formations needs clarification. Tedford
et al. (2004:fig. 6.2) show the Morgan Ranch
Formation overlying the upper part of the Coal Valley
Formation that yielded the "Smith Valley Fauna" and
unconformably underlying dated basalts, which are
listed as number 37 in their appendix. Their number 37
refers to the basalt samples KA 2365 and 2369 that the
Berkeley Geochronology Lab K-Ar dated at 6.8 ± 0.06
and 7.2 ± 0.07 Ma, respectively. The problem with
their stratigraphic presentation is that KA 2365 and
2369 do not occur in Smith Valley and there are no
exposures of Coal Valley Formation in the areas where
either sample was collected. KA 2365 occurs in the
vicinity of Halsey Canyon on the east flanks of the
Pine Groove Hills and KA 2369 occurs to the east in an
outlier of the Wassuk Range (Gilbert and Reynolds,
1973; Robinson and Kistler, 1982). In both these
areas, the dated basalts unconformably overlie small
outcrops of the Morgan Ranch Formation. In Coal
Valley, the type section of the Morgan Ranch
Formation unconformably overlies the type section of
the Coal Valley Formation (Gilbert and Reynolds,
1973). Small outcrops of Morgan Ranch Formation
occur northward along the flanks of the east Walker
River Valley to the northeast flanks of the Pine Groove
Hills (Gilbert and Reynolds, 1973; Stewart and
Reynolds, 1987). In Smith Valley, the Morgan Ranch
Formation is exposed unconformably above the
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Aldrich Station Formation in the northern flanks of the
Pine Groove Hills in the vicinity of Mickey Canyon
Spring. An unnamed sedimentary unit, K-Ar dated at
5.10 ± 0.35 and 5.15 ± 0.26 Ma, unconformably
overlies the Coal Valley Formation in Smith Valley
(Gilbert and Reynolds, 1973; Stewart and Reynolds,
1987). In the northeast flanks of the Pine Groove Hills,
another basalt (KA 2497) unconformably overlying the
Morgan Ranch Formation is dated at 7.3 ± 0.3 Ma
(Stewart and Reynolds, 1987). An outcrop of Coal
Valley Formation on the west side of Pine Groove Flat
is overlain unconformably by a rhyolite (KA 2494), KAr dated at 5.8 ± 0.7 Ma (Stewart and Reynolds, 1987).
Similarly, an outcrop of Morgan Ranch Formation
north of Hasley Canyon is overlain unconformably by
a rhyolite (KA 2427), K-Ar dated at 6.0 ± 0.1 Ma
(Stewart and Reynolds, 1987). In addition, Gilbert and
Reynolds (1973) reported that the contact between the
Morgan Ranch Formation and the underlying Coal
Valley Formation in Coal Valley is time transgressive,
wherein stratal units in the Coal Valley Formation are
progressively overlapped southward. All of these data
indicate that the Morgan Ranch Formation was
deposited coevally with at least a portion the upper part
of the Coal Valley (Figure 1).
Kelly (2007) provided the stratigraphic position
of locality LACM 7685 within the Coal Valley
Formation of Smith Valley, where it occurs 30 m
above two superposed tuffs 40Ar/39Ar dated at 7.08 ±
0.01 and 6.98 ± 0.01 Ma (Christopher Henry, personal
communication in Kelly, 2007), respectively, and
below the marker shale of Gilbert and Reynolds
(1973). Locality LACM 7685 is restricted to about
three square meters. The fossils are concentrated
within a 23 cm thick sandy mudstone bed infiltrated
with vertically orientated fossil rootlets. It has yielded
hundreds of fossil rodent specimens along with frog
appendicular elements and indeterminate fish vertebrae
and scales, indicating deposition within a near shore,
shallow lacustrine environment. Except for the single
specimen of a ground squirrel (Spermophilus), all of
the other rodents from LACM 7685 were presumably
nocturnal. The high concentration of rodent fossils
restricted to a small area within a lacustrine
environment is similar to that reported by Czaplewski
(2011) for owl-pellet accumulations at MNA locality
318 within the Pliocene Verde Formation of Arizona,
suggesting that LACM 7685 may also have a similar
taphonomic history. However, only future detailed
analysis of LACM 7685 can confirm this scenario.
Only two other localities within the Coal Valley
Formation of Smith Valley have yielded rodents.
Locality LACM (CIT) 174 occurs near the base of the
formation in Petrified Tree Canyon (the first canyon
southeast of the west entrance to Wilson Canyon) at
about 500 m below LACM 7685. Similarly, UCMP V4713 occurs near the base of the formation in the
Mickey Canyon area at about 600 m below LACM
7685. These two localities are stratigraphically the
lowest of all the Smith Valley localities. UCMP V-
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FIGURE 1. Generalized stratigraphic sections of the west entrance to Wilson Canyon and the Petrified Tree Canyon, Mickey Canyon and north
flanks of the Pine Grove Hills area showing the relative stratigraphic positions of rodent yielding localities and other selected localities. The "Smith
Valley Fauna" of Macdonald (1959) is divided into three local faunas: the Wilson Canyon Local Fauna of early early Hemphillian (Hh1) age; the
Petrified Tree Canyon Local Fauna of late early Hemphillian (Hh2) age; and the Pine Grove Hills Local Fauna of early late Hemphillian (Hh3) age.
Radioisotopic dates after Swisher (1992), Gilbert and Reynolds (1973), Robinson and Kistler (1986), and Christopher Henry (per. communication in
Kelly, 2007). Dated tuffs occur within the formations, whereas basalt and rhyolite flows unconformably overlie local outcrops in the northeastern
Pine Grove Hills area. Unconformities shown as vertically lined separations.
________________________________________________________________________________________________________________________

4713 yielded Dipoides stirtoni and LACM (CIT) 174
yielded the following five rodent taxa; Aplodontidae
indeterminate, Spermophilus argonautus, Pliosaccomys
dubius, Pliozapus solus, and ?Paronychomys antiquus
(Wilson, 1936; Macdonald, 1959; Black, 1963). Based
on radioisotopic dates and relative stratigraphic
positions, LACM (CIT) 174 and UCMP V-4713 are
probably between 8.5 – 9.0 Ma, whereas LACM 7685
is slightly younger than about 7.0 Ma. The majority of
other localities yielding the Wilson Canyon Local
Fauna occur with lacustrine beds from 100 to 150 m
below the WCT. The stratigraphic relationships of the
rodent bearing and other selected localities in the Coal
Valley Formation of Smith Valley are shown in Figure
1. The Coal Valley Formation thins considerably along
the north side of the west entrance to Wilson Canyon,
whereas in Petrified Tree Canyon and southward to the
Mickey Canyon area the section is much thicker
(Gilbert and Reynolds, 1973).

____________________________________________
TABLE 1. Revised taxa lists for local faunas of the Coal Valley
Formation of Smith Valley (Wilson, 1936; Macdonald, 1959;
Macdonald and Macdonald, 1976; Tedford et al., 1987; Harrison,
1985; Kelly, 1998b, 2007; Wang et al., 1999; Prothero, 2005; Kelly
and Secord, 2009; this paper).
Wilson Canyon Local Fauna, early early Hemphillian (Hh1)
Lagomorpha
Leporidae
Hypolagus vetus
Rodentia
Aplodontidae, genus indet.
Sciuridae
Spermophilus argonautus
Geomyidae
Pliosaccomys dubius
Zapodidae
Pliozapus solus
Castoridae
Dipoides stirtoni
Cricetidae
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?Paronychomys antiquus
Proboscidea
Gomphotheriidae
Gomphotherium sp.
cf. Rhyncotherium sp.
Carnivora
Canidae
Borophagus secundus
Eucyon davisi
Felidae
Machairodus sp.
Barbourofelis fricki
Mustelidae
Eomellivora sp.
Artiodactyla
Tayassuidae
Prosthenops oregonensis
Antilocapridae
Illingoceras alexandrae
Camelidae
Hemiauchenia sp.
Alforjas sp.
Megatylopus sp.
Perissodactyla
Rhinocerotidae
Aphelops malacorhinus
Equidae
Dinohippus sp., cf. D. spectans
Petrified Tree Canyon Local Fauna, late early Hemphillian
(Hh2)
Lagomorpha
Leporidae
cf. Hypolagus sp.
Rodentia
Sciuridae
Spermophilus sp.
Heteromyidae
Perognathus sp., cf. P. mclaughlini
Geomyidae
Parapliosaccomys martini
Cricetidae
Paronychomys jacobsi
Postcopemys sp. A
Postcopemys sp. B
Bensonomys lindsayi
Proboscidea
Mammutidae
Mammut (Pliomastodon) nevadensis (= Mammut
sp. vide Lambert and Shoshani, 1998)
Carnivora
Ursidae
Inarctos nevadensis
Canidae
Eucyon davisi
Mustelidae
Martes sp.
Artiodactyla
Tayassuidae
Prosthenops sp.
Camelidae
Hemiauchenia sp.
Alforjas sp.
Megatylopus sp.
Antilocapridae, genus indet.
Perissodactyla
Rhinocerotidae
Teleoceras fossiger
Equidae
Dinohippus sp., cf. D. spectans
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Pine Grove Hills Local Fauna, early late Hemphillian (Hh3)
Edentata
Megalonychidae
Megalonyx sp.
Proboscidea, family indet.
Carnivora
Ursidae
Inarctos nevadensis
Canidae
Carpocyon sp., cf. C. limosus
Felidae, genus undet.
Artiodactyla
Camelidae
Pleiolama vera
Megatylopus sp.
Dromomerycidae
cf. Pediomeryx sp.
Perissodactyla
Equidae
Dinohippus sp. (small)
Rhinocerotidae
Teleoceras sp., cf. T. hicksi
_______________________________________________________

SYSTEMATIC PALEONTOLOGY
Order Rodentia Bowdich, 1821
Family Sciuridae Gray, 1821
Spermophilus Cuvier, 1825
Spermophilus sp.
Figure 2A
Referred Specimen―Partial maxilla with LM23, LACM 156272.
Discussion―A partial left maxilla with M2-3
represents a moderately small species of Spermophilus.
The measurements (in mm) of LACM 156272 are M2
ap = 2.54, tr = 3.00 and M3 ap = 2.59, tr = 2.71.
Species of Spermophilus are differentiated
primarily by differences in the occlusal morphology of
the lower cheek teeth, so specific identification of the
specimen from locality LACM 7685 cannot be made.
Spermophilus argonautus (Stirton and Goeriz, 1942)
has been recorded from LACM (CIT) 174, which
occurs much lower in the Petrified Tree Canyon
section in Smith Valley. Spermophilus sp. from
LACM 7685 is significantly larger than P. argonautus
(Black, 1963). Spermophilus sp. is similar in occlusal
morphology to the late Hemphillian S. shotwelli
(Black, 1963) from McKay Reservoir, Oregon,
including a robust metaloph on M1 and lacking a
metaloph on M3, but it is smaller in size. Although
specifically
indeterminate,
Spermophilus
sp.
documents the presence of a second species of the
genus in the Coal Valley Formation of Smith Valley.
Family Heteromyidae Gray, 1868
Perognathus Maximilian, 1839
Perognathus sp., cf. P. mclaughlini Hibbard, 1949
Figure 2B
Referred Specimen―Partial maxilla with LP4M1, LACM 156273.
Discussion―The P4-M1 of the Perognathus
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LACM 156273 are P4 ap = 0.97, P4 tr = 1.10, M1 ap =
0.98, and M1 tr = 1.11.
In size and occlusal morphology, the Smith
Valley Perognathus teeth are most similar to those of
P. mclaughlini (Hibbard, 1949; Jacobs, 1977: fig. 1).
However without knowledge of the lower cheek teeth
of the Smith Valley Perognathus, specific
identification cannot be certain, so it is referred to P.
sp., cf. P. mclaughlini. Perognathus mclaughlini has
been previously reported from the late Hemphillian of
Arizona and Oklahoma, and the early Blancan of
Kansas (Hibbard, 1949, 1952, 1954; Jacobs, 1977;
Morgan and White, 2005).
Family Geomyidae Bonaparte, 1845
Parapliosaccomys Shotwell, 1967b
Parapliosaccomys martini new species
Figures 3-8, Tables 2-3

FIGURE 2. Sciuridae and Heteromyidae from Smith Valley. A,
Spermophilus sp., partial left maxilla with M2-3, LACM 156272. B,
Perognathus sp., cf. P. mclaughlini, partial left maxilla with P4-M1,
LACM 156273. All occlusal views. Scales = 1 mm.
_______________________________________________________

specimen (Figure 2B) from Smith Valley are in early
wear and are characterized by having the following: 1)
low crowns (brachydont); 2) the P4 protoloph consists
of a circular protocone; 3) the P4 metaloph consists of
three well-developed cusps (metacone, hypocone, and
hypostyle) with the metacone and hypostyle positioned
slightly more anteriorly than the hypocone; 4) the M1
anterior cingulum is a low loph that extends from the
anterolingual base of the paracone to the anterolabial
base of the protostyle; 5) the M1 protoloph consist of
three cusps (paracone, protocone, and protostyle) that
are aligned transversely with the protostyle separated
from the larger protocone by a shallow notch that
would disappear with further wear resulting in their
connection; 6) the M1 metaloph consists of three welldeveloped cusps (metacone, hypocone, and hypostyle)
aligned transversely; and 7) the M1 protoloph and
metaloph are separated by a transverse valley that is
shallower lingually than labially, so that with further
wear the lophs would be joined lingually forming a Ushaped occlusal pattern. The measurements (in mm) of

Holotype―Partial skull with LI-M3 and RI-M3,
and associated partial dentary with Ri-M3, LACM
156176.
Referred Specimens―partial skull with RI, dP4M2 and LI-dP4, LACM 156177; partial skull with
RP4-M3 and LP4-M3, LACM 156178; partial skull
with RI-M3, LACM 156179; partial skull with RI-M3
and LI-M1, LACM 156180; partial skull with LI and
associated M1 or M2, LACM 156181; partial skull
with RI and LI, LACM 156182; partial palate with
RP4-M2 and LP4-M2, LACM 156183; partial palate
with LI-M3 and associated RI, LACM 156184; partial
palate with LP4 and RP4, LACM 156185; partial
maxilla with LdP4, LACM 156186; associated LI,
LP4, and LM1, LACM 156187; LP4, LACM 156188,
156189, 156190, 156191; RP4, LACM 156192,
156269, 156193; LM1 or M2, LACM 156194, 156195;
RM1 or M2, LACM 156196, 156197, 156198; partial
dentary with Ri, Rdp4-m2 and associated Li, Ldp4-m2,
LACM 156199; partial dentaries with Ldp4-m2,
LACM 156200, 156201; partial dentary with Ldp4-m1,
LACM 156202; Ldp4, LACM 156203; Rdp4, LACM
156204, 156205; partial dentaries with Li-m3, LACM
156206, 156207; partial dentaries with Ri-m3, LACM
156208, 156209, 156210, 156211, 156212; partial
dentaries with Li-m2, LACM 156213, 156214, 156215,
156216, 156217; partial dentaries with Ri-m2, LACM
156218, 156219; partial dentaries with Li-m1, LACM
156220, 156221; partial dentary with Li-p4, and Lm3,
LACM 156222; partial dentary with Li and Lm1-2,
LACM 156223; partial dentary with Ri-p4, LACM
156224, 156225, 156226; partial dentary with Lp4-m3,
LACM 156227; partial dentaries with Lp4-m2, LACM
156228, 156229, 156230; partial dentaries with Rp4m3, LACM 156231, 156232; partial dentaries with
Rp4-m2, LACM 156233, 156234, 156235; partial
dentaries with Rp4-m1, LACM 156236, 156237;
partial dentary with Rm1-3, LACM 156238; dentary
fragments and associated Lp4-m2, LACM 156239;
partial dentaries with Lp4, LACM 156240, 156241,
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156242; partial dentaries with Rp4, LACM 156243,
156244, 156245, 156246; partial dentary with Rm3,
LACM 156247; partial dentary with Ri, LACM
156248; partial dentary with Li, LACM 156249; partial
edentulous dentary, LACM 156250; Lp4, LACM
156251, 156252, 156253; Rp4, LACM 156270,
156254, 156255, 156256, 156271, 156257, 156258;
Lm1 or m2, LACM 156259, 156260, 156261, 156262,
156263; Rm1 or m2, LACM 156264, 156265, 156266;
Rm3, LACM 156267, 156268.
Type Locality―LACM 7685, Coal Valley
Formation, Upper Petrified Tree Canyon, Smith
Valley, Lyon County, Nevada. Petrified Tree Canon
Local Fauna, late early Hemphillian (Hh2).
Diagnosis―Differs from Parapliosaccomys
witteorum Martin, 2008a, by having the following: 1)
cheek teeth less hypsodont with molar dentine tracts
slightly less developed; 2) P4 protoloph single cusped;
3) molars with deeper central transverse and medial
valleys; 4) M1 begins to occlude (wear) when dP4 is in
early wear; 5) m1 begins to occlude (wear) when dp4 is
in early wear; 5) dp4 anterior labial cusp more
prominent and lophid (anterior cingulid) extending
from it to anterior lingual cusp (?anteroconid) notably
inflected (concave) and dp4 central/transverse
connecting lophids lower in height. Differs from P.
oregonensis Shotwell, 1967b, in having the following:
1) cheek teeth much less hypsodont with dentine tracts
much less developed; 2) molars with much deeper
central transverse and medial valleys; 3) m1-2 anterior
cingulids more expanded; 4) anterior ventral curvature
of rostrum less acute; and 5) larger size. Differs from
species of Pliosaccomys by having the following; 1)
cheek teeth slightly more hypsodont with short dentine
tracts always present; 2) molars with slightly shallower
central transverse and medial valleys (except
Pliosaccomys prewitteorum, which lacks molar central
transverse and medial valleys); 3) P4 protoloph always
single-cusped; 4) dp4 posterior cingulid better
developed and extending to lingual margin of the tooth;
5) anterior ventral curvature of rostrum more acute; 6)
bone on lateral wall of dentary below cheek teeth
rugose; 7) posterior symphyseal ventral margin more
angled; and 8) symphyseal scar terminates
posteroventrally below p4 hypolophid. Differs from
species of Prothomomys by having the following: 1)
cheek teeth rooted and much less hypsodont with
dentine tracks much less developed; 2) dp4 posterior
cingulid connected centrally to posterior transverse
lophid by low, but distinct, lophid; 3) p4 with distinct
trefoil occlusal pattern during early to moderate wear;
4) m1-3 with central transverse valleys and medial
valleys (bilophodont); and 5) larger size.
Etymology―Named in honor of James E. Martin
of the South Dakota School of Mines and Technology,
South Dakota, for his detailed and insightful work that
clarified the phylogenetic relationships and taxonomy
of Parapliosaccomys and Pliosaccomys.
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TABLE 2. Measurements (in mm) of holotypes of Parapliosaccomys
martini n. sp. (LACM 156176) and Paronychomys jacobsi n. sp.
(LACM 156274) from Smith Valley. a = alveolar length.
P. martini

P. jacobsi

Right Left

Right Left

P4

ap
tr
M1 ap
tr
M2 ap
tr
M3
ap
tr
P4-M3ap
M1-3 ap

2.32
2.18
1.28
1.82
1.26
1.70
1.03
1.41
6.69
3.57

―
―
1.82
1.16
1.35
1.13
1.08
0.95
―
4.18

p4

2.33
1.77
1.31
2.03
1.30
1.82
1.31
1.77
6.52

Tooth/
Dimension

ap
tr
m1 ap
tr
m2 ap
tr
m3 ap
tr
p4-m3 a

2.33
2.17
1.27
1.82
1.26
1.69
1.05
1.46
6.70
3.58

―
―
1.84
1.16
1.35
1.05
1.08
0.95
―
4.18

____________________________________________
Description―Seven partial skulls are known
including the holotype with its associated partial right
dentary.
The skull exhibits a typical geomyine
morphology (Figures 3, 5) with wide spreading
zygomatic arches, large orbits, and small lacrimal
processes. The interorbital region is narrow with
moderately developed temporal ridges.
The
premaxillae extend further posteriorly than the nasals.
The rostrum is robust, laterally compressed, moderate
in length, and extends ventrally in a slight arch from
the premolars to just anterior to the incisors, wherein it
exhibits a moderate downward curvature. The root of
the zygomatic arch originates above the posterior half
of the P4. Anterior to the zygomatic arch, a distinct,
but shallow, preorbital fossa is present that is rimmed
dorsally by a distinct ridge on the premaxilla. The
infraorbital foramen is positioned low on the rostrum,
below the level of the anterior portion of the zygomatic
arch. The incisive foramina are relative short slits with
raised ridges along their lateral edges and positioned
along the ventral margin of the rostrum below level of
the infraorbital foramen. A distinct median ridge
occurs on the palate between the upper cheek teeth.
The anterior surfaces of the upper incisors are smooth
and relatively flat.
The cheek teeth are strongly rooted. In the
premolars, there are usually two large roots that
commonly fuse when the teeth are in moderate to late
wear. Although in some lower premolars there is a
smaller third root present during early wear between
the larger anterior and posterior roots (Figure 7F). The
molars typically have only a single root.
Dentine tracks are present on all the cheek teeth,

76

KELLY—NEW RODENTS FROM SMITH VALLEY, NEVADA

FIGURE 3. Holotype partial skull (LACM 156176) of Parapliosaccomys martini n. sp. from Smith Valley. A, left lateral view. B, right lateral view.
C-D, RP4-M3, occlusal and labial views. E-F, LP4-M3, occlusal and labial views. White arrows point to bases of medial valleys. Scale = 1 mm.
________________________________________________________________________________________________________________________

but ontogenetic differences in their relative lengths can
be seen. In unerupted teeth that are in the very early
stages of development, the dentine tracks are barely
discernible or much reduced. Then as the crowns of
the teeth continue to grow and begin to erupt, the
lengths of the dentine tracks increase relative to the
crown height. The dentine tracts of premolars that
have just begun to erupt are quite short (Figure 7A) and
the roots bases are still open. From eruption to the
point where the premolars reach the occlusal plane,
they continue to grow at their bases and the dentine
tracks increase in length. Shortly after the premolars
are in early wear, the roots close and they stop growing
in crown height, which also establishes the final
lengths of the dentine tracks. Then as occlusion
proceeds to wear down the premolar crowns, the length

of the dentine tracks relative to the crown heights
increases (Figures 7E, L). However, the dentine tracks
do not reach the occlusal surface even in very worn
premolars (Figure 7L). From unworn premolars that
have reached the occlusal plane to those in moderate
wear, the dentine tracts are usually 1/8 to 1/4 of the
crown height and never exceed 1/2 of the crown height
(Figures 7B-D, 7F-K). The ontogenetic development
of the dentine tracks in the molars is similar to that of
the premolars except the molar roots remain open
longer and the crowns continue to grow as they are
being worn down. This results in an increase in the
length of molar dentine tracks relative to their crown
heights as occlusion proceeds (Figures 6T, V), so that
in very late wear the tracks reach the occlusal surface
(Figure 5A).
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FIGURE 4. Holotype partial right dentary (LACM 156176) of Parapliosaccomys martini n. sp. from Smith Valley. A, lateral view. B-D, p4-m3,
occlusal (B), labial (C), and lingual (D) views. White arrows point to bases of medial valleys. Scales = 1 mm.
________________________________________________________________________________________________________________________

The dP4 is elongated anteroposteriorly and
composed of two labial cusps, three transverse lophs,
and a posterior cingulum (Figures 6A-E). The middle
and posterior transverse lophs are connected by a
lingual loph forming a continuous curved loph that
extends from about the middle of the tooth to the
posterior cingulum. The short posterior cingulum
extends lingually from the posterior transverse loph,
which together form a Y-shaped occlusal pattern,
somewhat similar to that of the M1-2. The anterior
transverse loph is separated from the middle transverse
loph by a valley that is open lingually and labially.
The two labial cusps are aligned with the anterior and
middle transverse lophs and are separated from these
lophs by distinct, but shallow valleys.
The P4 is bilophodont with a single-cusped
protoloph that is weakly curved anteriorly. When
unworn, the occlusal surface of the P4 metaloph has a
low, very small metacone, but the hypocone and
hypostyle are indistinct. A distinct posterior cingulum

is present that extends from the posterior lingual corner
of the metacone to the posterior lingual corner of the
metaloph. A shallow valley separates the posterior
cingulum from the metaloph, but it rapidly disappears
with wear wherein the metaloph forms a crescentric
occlusal surface. The protoloph and metaloph are
connected by an oblique loph that extends from about
the middle of the protoloph to anterior lingual corner of
the metaloph.
However in very late wear, the
orientation of this connecting loph becomes transverse,
connecting the center of the protoloph to the center of
the metaloph. Also, some variation occurs on this
connecting loph wherein on some specimens there are
one or two small lingual projections present.
The upper molars are bilophodont with a lingual
loph connection during early to moderate wear and
relatively deep transverse valleys, but assume a
monolophid, tear-drop shaped occlusal pattern during
late wear. They decrease in size posteriorly.
In unworn upper molars, a narrow paracone,
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TABLE 3. Dental statistics (in mm) for Parapliosaccomys martini n.
sp. from Smith Valley. Isolated teeth designated as M1 or M2/ m1 or
m2 cannot be differentiated, whereas all other first and second molar
positions are known because they occur within partial maxillae or
dentaries. Abbreviations are a = alveolar length, N = number of
specimens, OR = observed range, SD = standard deviation, CV =
coefficient of variation.
Tooth/
Dimension N
dP4

Mean

OR

SD

CV

ap
tr
ap
tr
ap

4
3
27
25
10

2.20
1.49
2.31
2.05
1.26

2.12-2.26
1.49-1.50
2.00-2.66
1.62-2.27
1.15-1.31

0.071
0.006
0.182
0.162
0.051

―
―
7.8
7.9
4.0

tr
ap
tr

10
9
8

1.97
1.17
1.82

1.67-2.16
1.01-1.26
1.62-2.16

0.156
0.081
0.166

7.9
6.9
9.1

M1 or
M2 ap
tr
M3 ap

5
5
6

1.16
1.94
1.16

1.09-1.22
1.77-2.05
1.03-1.27

0.052
0.109
0.098

4.4
5.6
8.4

tr
P4-M3ap

6
5

1.49
6.60

1.41-1.56
6.22-6.93

0.052
0.355

3.4
5.3

dp4

4
7
43
43
33
33
30
29

2.36
1.39
2.25
1.84
1.19
1.94
1.17
1.96

2.28-2.41
1.34-1.48
1.92-2.43
1.65-1.84
1.05-1.38
1.69-2.17
1.02-1.29
1.74-2.24

0.060
0.057
0.122
0.089
0.082
0.127
0.067
0.120

―
4.1
5.4
4.8
6.8
6.5
5.7
6.1

P4
M1

M2

p4
m1
m2

ap
tr
ap
tr
ap
tr
ap
tr

teeth.
The symphysis is large and extends
posteroventrally forming a moderate projection along
the anteroventral margin of the dentary.
The
symphyseal scar terminates posteroventrally at a point
below the p4 hypolophid. The coronoid process is long
and inclined posteriorly with its tip just short of the
____________________________________________

m1 or
m2 ap
7
1.22
1.12-1.35
0.071
5.8
tr
7
1.87
1.76-2.04
0.100
5.3
m3 ap
19
1.31
1.19-1.53
0.103
7.8
tr
19
1.65
1.50-1.78
0.091
5.5
p4-m3 ap 21
6.45
6.00-6.87
0.258
4.0
_______________________________________________________

protocone, and parastyle can be distinguished as small
bumps on the occlusal surface, which rapidly wear
resulting in a relatively thin, straight protoloph. The
lingual corner of the protoloph commonly forms a
small, anteriorly pointed projection on the occlusal
surface. In unworn teeth, a small metacone, hypocone,
hypostyle and posterior cingulum can be distinguished,
but they rapidly combine with wear resulting in a
relatively straight metaloph that is wider and slightly
longer than the protoloph. The M3 metaloph is
narrower relative to the protoloph than that of the M12. The medial valleys are deep and usually persist until
the P4 is in late moderate wear (Figure 3C, E). The
M1 begins to wear when the dP4 is in very early wear.
The dentary is robust with a wide masseteric scar
that terminates anteriorly to a level just anterior to the
p4 (Figures 4A, 5D). The small mental foramen is
positioned ventrally below or just anterior to the
anterior termination of the masseteric scar. Minor
rugosities are present on the lateral surface of the
dentary where the bone overlies the roots of the cheek

FIGURE 5. Parapliosaccomys martini n. sp. from Smith Valley. AC, partial skull, LACM 156178, right lateral view (A), dorsal view
(B), and ventral view (C). D, partial left dentary with P4-m3, LACM
156226, lateral view. Scale = 1 mm.

____________________________________________
condyle. A very shallow pit is present between the m3
and the coronoid process for the insertion of the
pterygoidens internus muscle. The angular process is
well developed with a robust, rounded secondary
process extending laterally. The anterior surfaces of
the lower incisors are flat and smooth.
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FIGURE 6. Parapliosaccomys martini n. sp. from Smith Valley. A-C, LdP4, LACM 156186; D, LdP4, LACM 156177; E, RdP4-M2, LACM
156177; F, LP4, LACM 156187; G, LP4, LACM 156190; H, RP4, LACM 156191; I, RP4, LACM 156193; J, LP4, LACM 156178; K, LM1 or M2,
LACM 156195; L, Ldp4, LACM 156203; M, Rdp4, LACM 156204; N, Rp4, LACM 156224; O, Rp4, LACM 156257; P, Lp4, LACM 156253; Q,
Rp4, LACM 156270; R, Rp4, LACM 156212; S, Rm1 or m2, LACM 156266; T, Rp4-m3, LACM 156208; U-V, Rp4-m2, LACM 156235. A, D-U
occlusal views; B, T and V, lingual views; C, labial view. White arrows point to bases of medial valleys. Scale = 1 mm.
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The dp4 is anteroposteriorly elongated with four
lingual and four labial cuspids that are connected
centrally and transversely by low lophids (Figures 6LM). In unworn dp4s, the lingual and labial cuspids are
much higher than the central and transverse lophids.
The most anterior transverse lophid (anterior cingulid)
connecting the anterior labial cusp to the anterior
lingual cusp is notably inflected posterolingually. The
posterior cingulid is tall and extends from the posterior
labial cuspid to the lingual margin of the tooth, where it
is separated from the posterior lingual cuspid by a
shallow valley. With wear, this valley disappears and
the posterior lingual cuspid and lingual portion of the
posterior cingulid merge. The posterior cingulid is also
connected centrally to the labial base of the posterior
lingual cuspid by a relatively low, but distinct,
anteriorly directed lophid. The reentrant valleys are
relatively wide and open labially and lingually.
The p4 is bilophodont with a medial connection
between the metalophid and hypolophid and is larger
than the molars. In unworn to moderately worn teeth,
the p4 metalophid is composed of a paracone and
protocone, and along with the anteroconid forms a
tricuspid pattern (Figures 6N-O). With wear, the
anteroconid is connected to the metaloph by a narrow
lophid and the protocone forms an anterior projection
resulting in a three-lophed (trefoil) occlusal pattern
(Figure 6P). Late in wear, the p4 anterior cusps and
lophids combine forming a single, elongated, ovoid
occlusal pattern (Figures 6Q-R). The hypolophid is
composed of an entoconid and hypoconid that are
aligned transversely. When unworn, minute bumps
and irregularities are common on occlusal surfaces of
both the metalophid and hypolophid.
The lower molars are bilophodont with labial
connections and decrease in size posteriorly. In
unworn molars, distinct cusps are lacking on the
metalophid and hypolophid, instead numerous minute
cuspids are commonly present along the lophids. The
anterior cingulid is distinct during early wear with a
shallow valley separating it from the metalophid that
often forms a fossette during wear. With further wear,
the anterior cingulid and metalophid combine forming
a transverse lophid that is wider labially than lingually.
The hypolophid is a narrow, sharp-crested transverse
lophid. The transverse valleys are moderately deep and
persist until the p4 is in moderate wear. The medial
valleys are deep and persist until the p4 is in moderate
wear. The m3 median valley is usually slightly deeper
than those of the m1-2. The m1 begins to wear when
the dp4 is in very early wear.
Discussion―Martin (2008a, 2008b) recently
provided a detailed analysis of the systematics of
Parapliosaccomys and Pliosaccomys, wherein he
amended the diagnosis of Parapliosaccomys. He also
described a new species, Parapliosaccomys witteorum
from northern Oregon, which is intermediate in dental
morphology between Parapliosaccomys oregonensis
and species of Pliosaccomys. He further provided

convincing evidence supporting a phylogenetic lineage
from Pliosaccomys dubius of the early early
Hemphillian (Hh1) to P. witteorum of the early late
Hemphillian (Hh3) to P. oregonensis of the late
Hemphillian (Hh3-Hh4). Martin (2008a) recorded an
additional sample of Parapliosaccomys (referred to P.
sp. indet.) that is more derived than P. witteorum and
occurs stratigraphically higher in the Oregon section.
Because of the small sample size, he refrained from
formally naming this species, which he regarded as
being morphologically intermediate between P.
witteorum and P. oregonensis. Subsequently, Martin
and Mallory (2011) described a new species of
Pliosaccomys, P. prowitteorum, from the Hemphillian
Wilbur Locality of central Washington. Because P.
prowitteorum exhibits certain dental characters that are
intermediate between those of Pliosaccomys dubius
and Parapliosaccomys witteorum, they postulated that
it may represent a morphological link in the succession
between these taxa. May et al. (2011) described a new
genus and species of geomyine, Prothomomys
warrenensis, from the latest Hemphillian Horn Toad
Formation of California. They noted that in P.
warrenensis the anterior enamel plates are continuous
to the base of the lower molar teeth, like those of
Thomomys, whereas those of Parapliosaccomys
oregonensis are reduced. Based on these differences,
May et al. (2011) considered P. warrenensis as more
likely ancestral to Thomomys than Parapliosaccomys
oregonensis and suggested that Prothomomys and
Parapliosaccomys
were
both
derived
from
Pliosaccomys during the Hemphillian. However, May
et al. (2011) noted also that the dp4, degree of
hypsodonty, and development of dentine tracks of
Prothomomys are similar to those P. oregonensis,
suggesting a possible close relationship. All of the
above data along with the discovery of another distinct
Hemphillian geomyine from Smith Valley indicates
that the phylogenetic lineage leading to Thomomys may
be more complicated than first thought. Martin
(2008a) has already provided a thorough review of
Pliosaccomys and Parapliosaccomys, so I will not
reiterate his data, but concentrate instead on the
differences that distinguish the Smith Valley geomyine
from the other species of Pliosaccomys and
Parapliosaccomys.
Although, it should be noted that Martin (2008a)
suggested that Pliosaccomys magnus and P. dubius
might be conspecific because they exhibit only minor
differences in their dental morphologies. Kellogg
(1910) originally described Diprionomys magnus based
on two partial dentaries (the holotype with Lp4-m1,
UCMP 12567 and the “cotype” with Lp4, UCMP
12568) from the Thousand Creek Beds of northern
Nevada. Wood (1935) reassigned the Thousand Creek
specimens of D. magnus to Cupidinimus magnus.
Subsequently, Wilson (1936) erected the genus
Pliosaccomys with P. dubius as the genotype and noted
that the teeth of P. dubius exhibit similarity to those C.
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magnus. Shotwell (1967b) recognized that C. magnus
actually belongs to Pliosaccomys and also referred a
sample of isolated teeth from the Bartlett Mountain
Local Fauna of Oregon to the species. The teeth of the
Thousand Creek specimens are well worn, so details of
their occlusal morphology are obscured. However,
some distinct differences can be seen between the
Thousand Creek specimens and the Bartlett Mountain
specimens. In the Thousand Creek specimens, the well
worn p4 metalophids have more anteroposteriorly
elongated oval-shaped occlusal outlines, like those of
P. dubius and species of Parapliosaccomys at equal
wear stages, whereas that of the well-worn p4 from
Bartlett Mountain (Shotwell, 1967b:fig. 17C) is more
rounded anteriorly giving it a relatively wider
transverse occlusal appearance.
This metalophid
occlusal wear pattern is due to the fact that, in the
Bartlett Mountain p4s that are in early wear, the
metalophid is anteroposteriorly compressed and
consists of two major cusps separated by a central
anterior groove or valley that extends down the face of
the tooth a short distance (Shotwell, 1967b:figs. 17AB). This pattern is quite different from the p4
metalophids of P. dubius and species of
Parapliosaccomys in early wear, wherein the p4
metalophid typically consists of three cusps arranged in
a trefoil pattern forming a more anteroposteriorly
elongated occlusal outline. Although only one wellworn P4 has been reported from Bartlett Mountain
(Shotwell, 1967b:figs. 18A-B), its protoloph appears to
be slightly more expanded transversely than those of P.
dubius and species of Parapliosaccomys at equal wear
stages. The isolated dp4 and molars in the sample from
Bartlett Mountain are more similar to those of
Pliosaccomys than are the premolars, suggesting that
the premolars might represent a different taxon from
the molars. Based on tephrochronology, Perkins et al.
(1998) dated the Thousand Creek Beds to about 8.0-7.5
Ma, indicating the fauna is early early Hemphillian
(Hh1). The Bartlett Mountain Local Fauna occurs
within the upper part of the Drewsey Formation, which
conformably overlies the Devine Canyon Tuff and
unconformably underlies the Drinkwater Basalt
(Shotwell, 1963; Stimac, 1988). A number of older KAr dates with large standard deviations were previously
reported for the Devine Canyon Tuff and the
Drinkwater Basalt (e.g., Greene et al., 1972; Greene,
1973; Fiebelkorn et al., 1983; Stimac, 1988; Tedford et
al., 2004), but more recent single crystal fusion
40
Ar/39Ar dates (corrected) for these units are 9.80 ±
0.02 Ma and 7.25 ± 0.09 Ma, respectively (Jordon et
al., 2004; Milliard, 2010). Thus, the Bartlett Mountain
Local Fauna is also early early Hemphillian (Hh1).
Even though both faunas are similar in age, the
differences noted above appear to exclude the Bartlett
Mountain premolars from referral to P. magnus or P.
dubius and are herein only questionably referred to
?Pliosaccomys sp. The isolated dp4 and molars from
Bartlett Mountain cannot be differentiated from those
of Pliosaccomys and should be assigned to an
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indeterminate species of the genus. Therefore, only the
holotype and “cotype” from Thousand Creek can be
confidently assigned to P. magnus, both of which have
teeth that are very similar to those of P. dubius at equal
wear stages including deep medial molar valleys and
elongated, ovoid p4 metalophid occlusal outlines.
Although Martin (2008a) may be correct in his
suggestion that P. magnus and P. dubius are
conspecific, confirmation of synonymy must await the
discovery of a much larger topotypic sample of P.
magnus from Thousand Creek, including teeth that are
unworn or in early wear.
The geomyine sample from the late early
Hemphillian (Hh2) of Smith Valley is temporally and
morphologically intermediate between Pliosaccomys
dubius and P. witteorum.
The type and typotypic
material of P. dubius came from LACM (CIT) 174,
which occurs about 500 m below locality LACM 7685
and is estimated to be about 9.0-8.5 Ma (Kelly, 2007).
LACM 7685 occurs just above two superposed tuffs
dated at 7.08 and 6.98 Ma, so the Smith Valley samples
are separated by about 2.0-1.5 Ma (Kelly, 2007).
Based on Martin’s (2008a) amended diagnosis of
Parapliosaccomys, the Smith Valley geomyine is
assigned to the genus. The Smith Valley sample from
LACM 7685 is one of the most complete known for the
genus, including seven partial skulls and numerous
partial maxillae, partial dentaries and isolated teeth.
Similar to P. oregonensis, the bone over the
lateral wall of the dentary below the cheek teeth of P.
martini exhibits rugosities, which are presumably
associated with increased hypsodonty (Martin, 2008a;
Martin and Mallory, 2011). In P. dubius, P. magnus
and P. prowitteorum, these rugosities are absent. In P.
martini, the posterior symphyseal ventral margin is
angled, similar to that of Parapliosaccomys and
Thomomys, whereas in P. dubius and P. prowitteorum
the
margins are smoother (less angled).
The
symphyseal scar terminates posteriorly below the p4
hypolophid in P. martini, whereas in P. oregonensis
and Thomomys it terminates posterior to the p4 and in
P. prowitteorum it terminates anterior to the p4 (Martin
and Mallory, 2011).
Parapliosaccomys martini is slightly more
derived as compared to species of Pliosaccomys, as
evidenced by it consistently having short dentine tracks
on P4-M3/p4-m3, slightly shallower upper and lower
molar medial and transverse valleys, and slightly more
hypsodont cheek teeth (Figures 7-8). Conversely, P.
martini is slightly less derived than P. witteorum by
having molar dentine tracks that are slightly less
developed, molar medial and transverse valleys that are
deeper (both persist until the premolars are at later
wear stages than those of P. witteorum), and slightly
less hypsodont cheek teeth (Figures 7-8).
In Parapliosaccomys, more hypsodont species
exhibit greater distances between the bases of the
molar medial valleys and enamel bases of the teeth,
indicating that increases in crown lengths occur below
the medial valleys (Martin, 2008a). The distance from
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molar dentine tracts are absent (Martin and Mallory,
2011).
____________________________________________

FIGURE 7. Parapliosaccomys martini n. sp. from Smith Valley. A,
RP4, LACM 156187, reversed; B, LP4, LACM 156189; C, LP4,
LACM 156191; D, LP4, LACM 156188; E, LP4, LACM 156178; F,
Lp4, LACM 156270; G, Rp4, LACM 156257, reversed; H, Rp4,
LACM 156253, reversed; I, Rp4, LACM 156254, reversed; J, Rp4,
LACM 156256, reversed; K, Lp4, LACM 156252; L, Lp4, LACM
156251, reversed. All labial views. Scale = 1 mm.
_______________________________________________________

the base of the enamel to the base of the m1-2 medial
valley in P. witteorum is usually less than 2.0 mm with
a range of 0.9-2.1 mm, whereas that of P. oregonensis
is 1.3-4.3 mm, and that of species of Pliosaccomys is 00.9 mm (Martin, 2008a). The range of this distance in
P. martini is 0.4-1.2 mm, indicating that its molars are
only slightly more hypsodont than those of P. dubius
and less hypsodont than those of P. witteorum.
Dentine tracts are absent on the cheek teeth of P.
magnus and P. higginsensis and usually absent on
those of P. dubius (Wilson, 1936; Shotwell, 1967b;
Dalquest and Patrick, 1989; Martin, 2008a). Although,
on some teeth of P. dubius there are slight dentine
inflections, but they never exceed 0.2 mm (Martin,
2008a). Only one p4 is known for P. prowitteorum,
which has a single, very short dentine tract present at
the lingual base of the hypolophid (Martin and
Mallory, 2011). In unworn to moderate wear, the
P4/p4 dentine tracts of P. martini are usually 1/8 to 1/4
of the crown height and never exceed 1/2 of the crown
height, similar to those of P. witteorum (Figure 7). The
P4/p4 dentine tracts of P. martini usually do not reach
the occlusal surface even when the teeth are well worn
(Figures 5, 7E, 7L). The lower molar dentine tracts of
P. martini are usually less than 0.7 mm and never
exceed 1.4 mm on any of the cheek teeth, indicating
that its molar dentine tracts are slightly less developed
than those of P. witteorum and much less developed
than those of P. oregonensis. In P. prowitteorum,

FIGURE 8. Comparison of lower cheek teeth of Parapliosaccomys
martini n. sp. to those of other species of Parapliosaccomys and
Pliosaccomys. Modified after Martin (2008a) with permission of
Rochester Institute of Vertebrate Paleontology.
_______________________________________________________

In P. martini, when the P4 is in early wear the
upper molar transverse valleys on the occlusal surfaces
remain moderately fissured (Figures 3, 4, 6), similar to,
but slightly less so than those of P. dubius when P4 is
at an equal stage of wear. This wear pattern occurs
because the molar transverse valleys of P. martini are
slightly less deep than those of P. dubius. The
associated wear patterns of the p4 and lower molar
transverse valleys are similar to those of the upper
cheek teeth, but even more pronounced (Figures 4, 6).
In P. witteorum, the lower molar transverse valleys are
usually worn away when p4 is in early wear (Martin,
2008a). This is illustrated in the holotype of P.
witteorum (Figure 8), wherein the p4 is slightly worn,
but the m1 transverse valley is completely worn away
and its occlusal pattern is monolophid (Martin, 2008a).
This difference in occlusal wear pattern reflects the
deeper molar transverse valleys of P. martini. In P.
prowitteorum, the lower molars show no evidence of
transverse or medial valleys when the p4 is in moderate
wear, but still retaining a trefoil occlusal pattern, and
exhibit a monolophid occlusal pattern that is more
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similar to those of Prothomomys and Thomomys than
those of P. dubius, P. higginsensis or P. martini
(Martin and Mallory, 2011).
Differences also occur between P. martini and P.
witteorum in the ontogeny of the wear patterns in the
deciduous premolars and molars. In P. martini, M1/m1
occlude and begin to wear when dP4/dp4 are in very
early wear. In P. witteorum, m1 does not begin to wear
(occlude) until dp4 is well worn (Martin, 2008a).
Other distinguishing characters of the deciduous teeth
of P. martini can be seen. The dp4 anterior labial
cuspid of P. martini is very prominent and the lophid
(anterior cingulid) that extends from it to the anterior
lingual cuspid is notably inflected posterolingually
(concave), whereas in P. witteorum, P. oregonensis,
and P. dubius, the dp4 anterior labial cusp is less
prominent and the lophid is usually straighter and taller
(Shotwell, 1967b; Martin, 2008a). Also in P. martini,
the dp4 central and transverse connecting lophids
appear slightly lower in height than those of P.
witteorum and significantly lower in height than those
of P. oregonensis, more similar to, but slightly taller,
than those of P. dubius and P. sp. from Bartlett
Mountain. The dp4 posterior cingulids of P. martini
are better developed (taller and usually extend further
lingually) than those of P. dubius, P. oregonensis and
P. sp. from Bartlett Mountain. In P. dubius, P.
oregonensis, P. sp. from Bartlett Mountain, and
Prothomomys, the dp4 posterior cingulid is isolated,
whereas in P. martini it is connected centrally to the
labial base of the posterior lingual cuspid by a low, but
distinct lophid, somewhat similar to that of Thomomys.
The P4 protoloph of P. martini is always singlecusped (e.g., Figures 3C, 3E, 6F-J), whereas those of P.
witteorum and P. higginsensis are usually bilophodont
(bicuspid) resulting in a relatively wider occlusal
surface of the protoloph during early to moderate wear
stages (Dalquest and Patrick, 1989; Martin, 2008a). In
some specimens of P. dubius, the P4 protoloph also
appears bilophodont (Wilson, 1936; Russell, 1968;
Martin, 2008a). In the large sample of P4s of P.
martini, represented by all stages of wear, not one
specimen exhibits a bilophodont protoloph, indicating
that the consistently single-cusped P4 protoloph is
diagnostic for the species. The anterior wall of the P4
protoloph of P. martini is gently curved like those of P.
dubius and P. witteorum, but differs from that of P.
higginsensis, which is straighter (Wilson, 1936;
Dalquest and Patrick, 1989; Martin, 2008a). The upper
teeth of P. prowitteorum are unknown (Martin and
Mallory, 2011).
The anterior ventral curvature (arching) of the
rostrum of P. martini is moderate, similar to that of P.
witteorum. It differs from that of P. dubius by being
more acute and from that of P. oregonensis and
Thomomys by being less acute (compare Figure 5 with
Wilson, 1936:fig. 2 and Shotwell, 1967b:fig. 22).
Parapliosaccomys martini is larger than P.
dubius (mean p4-m3 alveolar length of 6.45 mm versus
5.81 mm for P. dubius). It is also larger than P.
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magnus, P. prowitteorum, P. higginsensis, P.
oregonensis, and P. warrenensis (see Kellogg, 1910;
Wilson, 1936; Shotwell, 1967b:table 4; Dalquest and
Patrick, 1989:table 2; Kelly and Lugaski, 1999; Kelly,
2000:table 4; Martin, 2008a:table 7; Martin and
Mallory, 2011:table 5). The sample of P. witteorum
consists of numerous isolated teeth, partial maxillae,
and partial dentaries from eight localities at Arlington
(Arlington 3, 4, 5, 7, 8, 11, 13, 14) and one locality at
Ordnance, Oregon (Martin, 2008a). None of the
specimens referred to P. witteorum by Martin
(2008a:165, 167) have a complete set of cheek teeth
(P4-M3/p4-m3).
The individual cheek teeth
measurements and dental statistics of samples of P.
witteorum exhibit a fairly wide range of variation, but
average smaller than those of P. martini (Martin,
2008a:table 6).
The dental morphology of P. martini is strikingly
intermediate between that of P. dubius and P.
witteorum, indicating that it represents another stage in
the phylogeny of the Pliosaccomys-Parapliosaccomys
lineage (Figure 8). This hypothesis is also supported
by the relative ages of each taxon; species of
Pliosaccomys are early early Hemphillian (Hh1) in age,
P. martini is late early Hemphillian (Hh2) in age, and
P. witteorum and P. oregonensis are temporally
successive within the late Hemphillian (Hh3 – Hh4).
The temporal succession of these taxa is one of the best
documented for any rodent lineage and the discovery
of P. martini fills in one more morphological stage
between the transformation of Pliosaccomys to
Parapliosaccomys. The position of Pliosaccomys
prowitteorum from the Wilbur Locality within this
lineage is more difficult to determine. Martin and
Mallory (2011) proposed the following evolutionary
succession:
Pliosaccomys
dubius-Pliosaccomys
prowitteorum-Parapliosaccomys witteorum-Parapliosaccomys oregonensis-Thomomys. Based on faunal
correlation, Martin and Mallory (2011) regarded the
Wilbur Locality to have been deposited after 7 Ma,
indicating a similar age to that of LACM 7685, which
yielded P. martini. However, Smith et al. (1989)
provided a radiometric date of 7.41 ± 0.36 Ma for the
Wilbur Locality. Because P. prowitteorum exhibits
some characters that are more derived than P. martini
and P. witteorum (monolophid lower molars lacking
transverse and medial valleys) and some characters less
derived than P. martini (lacking lower molar dentine
tracts, lacking rugosities on the dentary below the
cheek teeth, less angled posterior symphyseal ventral
margin, and posterior symphyseal scar anterior to p4),
it appears more likely that P. martini was ancestral to
P. witteorum with P. prowitteorum as a possible side
branch of Pliosaccomys. Regardless of which scenario
may be more likely, the fact that several species of
Pliosaccomys and Parapliosaccomys are now known
from the Hemphillian indicates that the diversity within
these genera was more complex than first thought.
Family Cricetidae Rochebrune, 1883
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Paronychomys Jacobs, 1977
Paronychomys jacobsi new species
Figures 9-11; Tables 2 and 4

Holotype―Partial skull with RI-M3 and LI-M3,
LACM 156274.
Referred Specimens―Partial skull with RI-M3
and LI-M3, LACM 156275; partial maxillae with
LM1-3, LACM 156276, 156277; partial maxilla with
LM1-2, LACM 156278; partial maxilla with LM1,
LACM 156279; partial dentary with Li-m3, LACM
156280; partial dentaries with Ri-m3, LACM 156281,
156282, 156283, 156284, 156285; partial dentaries
with Lm1-3, LACM 156286, 156287, 156288; partial
dentary with Ri-m1, LACM 156289; partial dentary
with Ri and Rm2, LACM 156290; partial dentaries
with Rm1-2, LACM 156291, 156292; partial dentary
with Rm2, LACM 156293; partial dentary with Lm2-3,
LACM 156294.
Type Locality―LACM 7685, Coal Valley
Formation, Upper Petrified Tree Canyon, Smith
Valley, Lyon County, Nevada. Petrified Tree Canyon
Local Fauna, late early Hemphillian (Hh2).
Diagnosis―A species of Paronychomys slightly
larger than P. lemredfieldi Jacobs, 1977, much larger
than P. alticuspis Baskin, 1979, smaller than P.
woodburnei Martin, 2008a and much smaller than P.
shotwelli Korth, 2011, and P. tuttlei Jacobs, 1977.
Further differs from P. lemredfieldi by having the
following: 1) M1-2 with prominent posterior cingula
present resulting in more angular posterior labial
corners on the teeth (= pointed condition of Martin,
2008a); 2) M1 anterocone slanted posteriorly; 3) M2
lacking posterior lobe of paracone (present on 41% of
those of P. lemredfieldi) and mesoloph (present on
27% of those of P. lemredfieldi); and 4) m1 with
deeper valley between entoconid and posterior cingulid
resulting in their better separation until later wear
stages. Further differs from P. alticuspis by having the
following: 1) molars less hypsodont; 2) M1 anterocone
slanted posteriorly; and 3) M1/m1 walls less steep.
Further differs from P. woodburnei by having the
following: 1) upper and lower molar primary cusps
more distinct; 2) molars less inflated near their bases;
3) M2 with prominent posterior cingulum present
resulting in a more angular posterior labial corner on
the tooth; 4) M3 anterior cingulum less developed and
hypocone usually lacking (only one specimen with
very weakly developed hypocone) resulting in a more
rounded occlusal outline; 5) M3 slightly more reduced
relative to M2 (mean M3 ap = 68% of mean M2 ap,
whereas that of P. woodburnei = 72%); 6) m1
anteroconid slightly better separated from metaconid;
and 7) m3 slightly less reduced relative to m2 (mean
m3 ap = 80% of mean m2 ap, whereas that of P.
woodburnei = 77%). Further differs from P. shotwelli
by having m3 much more reduced relative to m2 (mean

m3 ap = 97% of mean m2 ap in P. shotwelli). Further
differs from P. tuttlei by having the following: 1) M1
anterocone slanted posteriorly, slightly bilobed in early
wear and slightly less separated from metacone; 2) M3
much more reduced relative to M2 (mean M3 ap =
81% of mean M2 ap in P. tuttlei); and 3) m3 slightly
less reduced relative to m2 (mean m3 ap = 77% of
mean m1 ap in P. tuttlei).
Etymology―Named in honor of Louis L. Jacobs
of the Southern Methodist University, Texas, for his
recognition of Paronychomys as a distinct genus of
cricetid rodent.
Description―The Smith Valley specimens of
Paronychomys are the most complete material known
for the genus including two partial skulls and a number
of partial maxillae and dentaries with intact dentitions.
Most of the posterior portions of the two partial skulls
are missing and in one the incisors are displaced from
their alveoli (Figures 9A-E). The skull is characterized
by a long rostrum, large orbits, and myomorphous
zygoma with slit-like infraorbital foramina. The nasals
are long, taper posteriorly and extend slightly farther
posteriorly than do the premaxillae. The interorbital
region is relatively wide. The malar process of the
maxilla rapidly tapers posteriorly indicating that the
zygomatic arch was slender. The long, slender incisive
foramina extend across most of the ventral aspect of
the rostrum. The palate is relatively wide with narrow
choanae extending anteriorly on the palatines to a level
parallel of the posterior edges of the M3s. The
pterygoid processes are relatively thin and long. The
upper incisors are narrow with smooth anterior enamel
faces and extend almost vertically from the
premaxillae.
Although there are no unworn M1s in the Smith
Valley sample, LACM 156279 (Figure 10B-D) is in
early wear with a prh/M1ap ratio of 0.67, indicating
that the molars are moderately hypsodont. M1s that
are moderately worn exhibit prh/M1ap ratios that range
from 0.49 to 0.59. Similarly, there are no unworn m1s
in the Smith Valley sample, but those that are in
moderate wear exhibit pch/m1ap ratios of 0.53 to 0.58
indicating a higher ratio for unworn teeth.
The molars are rooted and decrease in size
posteriorly. The M3 is moderately reduced relative to
the M2 (mean M3 ap equals 68% of the mean M2 ap),
whereas the m3 is less reduced relative to the m2
(mean m3ap equals 80% of the mean m2ap). In early
wear to early moderate wear, the M1-2/m1-2 primary
cusps slant inward towards the centerlines of the teeth,
but with continued wear the cusps appear more
marginally positioned (Figures 10-11). The primary
cusps of M1-2/m1-2 are in complete alternation.
Accessory molar styles/stylids are completely lacking
and the reentrant valleys are relatively wide and open
labially and lingually. The first and second molar
cingula/cingulids are shelf-like, especially labially.
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TABLE 4. Dental statistics (in mm) for Paronychomys jacobsi n. sp. from Smith Valley. Abbreviations are N = number of specimens, OR = observed
range, SD = standard deviation, CV = coefficient of variation.

Tooth/
Dimension

N

Mean

OR

SD

CV

M1

ap 8
1.78
1.72-1.82
0.047
2.6
tr
8
1.17
1.13-1.25
0.043
3.6
M2
ap 7
1.39
1.35-1.46
0.048
3.4
tr
7
1.10
1.05-1.18
0.042
3.8
M3
ap 6
0.95
0.95-0.97
0.010
1.0
tr
6
0.94
0.87-0.94
0.055
5.8
m1
ap 12 1.60
1.51-1.67
0.057
3.5
tr
11 1.04
0.98-1.08
0.034
3.2
m2
ap 14 1.35
1.28-1.41
0.039
2.8
tr
13 1.07
1.03-1.16
0.041
3.8
m3
ap 8
1.08
1.04-1.10
0.024
2.2
tr
7
0.90
0.82-0.95
0.052
5.7
M1-3
ap 6
4.22
4.15-4.49
0.131
3.1
m1-3
ap 11 4.15
4.02-4.27
0.084
2.0
________________________________________________________________________________________________
Additional characters of the M1 include: 1) an
elongated occlusal outline; 3) the anterocone is
relatively wide, positioned lingually with its axis
obliquely slanted, and, in some less worn specimens, a
shallow, weakly-developed median groove is present
that would rapidly disappear with wear; and 3) a short,
but distinct posterior cingulum that gives the posterior
labial corner of the tooth an angular or pointed
appearance. Additional characters of the M2 include:
1) a well-developed anterior cingulum that extends
from the protocone to the labial margin of the tooth;
and 2) a small, but distinct posterior cingulum, similar
to that of the M1. Although the sample contains no
unworn m3s, the following characters can still be
discerned: 1) a subcircular occlusal outline; 2) the
paracone and protocone are large and distinct, but the
hypocone and metacone are only weakly developed; 3)
a moderately-developed anterior cingulum that is
separated from the paracone by a shallow reentrant
valley; and 4) the protolophules I and II are well
developed, which results in the formation a subcircular
fossette on the occlusal surface between the paracone
and protocone.
The dentary is moderately robust with a long
diastema (Figures 9F-G).
The masseteric scar
terminates anteriorly below the posterior root of m1.
The mental foramen is positioned dorsally below the
diastema, well anterior to the m1. The depth of the
dentary below m1 varies from 3.2 to 3.6 mm.
Additional characters of the m1 include: 1) an
elongated occlusal outline; 2) the anteroconid is
subcircular, centrally positioned, and closely appressed
to the metaconid; 3) a short anterior cingulid; and 4) a
well-developed
posterior
cingulid.
Additional
characters of the m2 include well-developed anterior
and posterior cingulids. The m3 is characterized by
having the following: 1) an elongated occlusal outline

with the trigonid considerably wider than the talonid;
2) a moderately-developed anterior cingulid; 3) a large
protoconid and metaconid; 4) a relatively broad
hypoconid that is separated from the protoconid by a
deep reentrant valley; and 5) a distinct entoconid that is
positioned close to the metaconid with a narrow
reentrant valley separating them.
Discussion―The specimens from Smith Valley
can be confidently assigned to Paronychomys because
they possess the diagnostics characters of the genus
including the following (Jacobs, 1977; Lindsay, 2008;
Martin, 2008a; Korth, 2011): 1) medium to small size;
2) the cheek teeth are relatively high crowned; 3) the
cheek teeth have well developed roots; 4) the molar
cusps alternate in position with steep walls that slope
towards the center-lines of the teeth during early wear;
4) the M1 anterocone is buccally positioned and wide
transversely; 5) the m1 anteroconid is subcircular and
positioned close to the metaconid; 6) the valleys
between the molar cusps are deep, wide, and open; 7)
the molar cingula are shelf-like, especially labially; and
8) the M3/m3 are slightly reduced. The sample of
Paronychomys from Smith Valley is referred to the
new species, P. jacobsi, because it can be easily
distinguished from the other species of the genus by the
differences listed above in the diagnosis.
Paronychomys jacobsi exhibits some similarity to
species of Basirepomys Korth and DeBlieux, 2010, but
differs by having the following: 1) smaller size; 2)
relatively higher crowned cheek teeth; 3) the molar
cusps are slanted towards the center-lines of the teeth
during early wear rather than being positioned
marginally; 4) the M1 anterocone is less broad and not
distinctly bilobed; 5) the alternation of the M1 cusps is
complete; and 6) the m1 anteroconid is relatively
smaller, positioned very close to the metaconid, and
never bilobed.
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FIGURE 9. Paronychomys jacobsi n. sp. from Smith Valley. A-B,
partial skull with RI-M3 and LI-M3, lateral and dorsal views; C-E,
partial skull with RI-M3 and LI-M3, holotype, LACM 156274,
lateral, dorsal, and ventral views; F, partial left dentary with i-m3,
LACM 156285, lateral view; G, partial right dentary with i-m3,
LACM 156281, lateral view, reversed.
_______________________________________________________

Peromyscus antiquus Kellogg, 1910, is known
from two partial dentaries with m1-3, one from the
early Hemphillian Thousand Creek Beds of northern
Nevada and one from locality LACM (CIT) 174 in
Smith Valley (Wilson, 1936; Hoffmeister, 1945). The
teeth of the holotype specimen (UCMP 12571) from
Thousand Creek are in early moderate wear, whereas
those of the Smith Valley specimen (LACM [CIT]
1812) are in early wear. Wilson (1936) suggested that
P. antiquus may represent a genus distinct from
Peromyscus and Hoffmeister (1945) noted that P.
antiquus is more hypsodont than any recent species of
Peromyscus. Both specimens exhibit the following
characters: 1) the m1 anteroconid is subcircular and
positioned centrally, moderately close the metaconid;
2) accessory molar stylids and lophids are absent; 3)
the molars are relatively hypsodont (pch/m1 ap = 0.47
in the holotype and 0.51 in the Smith Valley
specimen); 4) the primary cusps alternate and, in the
less worn specimen, slant inward towards the
centerlines of the teeth; 5) the cingulids are somewhat
shelf-like; and 6) the dentary has a long diastema with

the masseteric scar terminating anteriorly below the m1
protoconid. Although some of the above characters are
similar to those of the late Hemphillian Miotomodon
mayi Korth, 2011, P. antiquus can easily be
distinguished from it by having the following: 1) much
smaller size; 2) much lower crowned cheek teeth; 3)
the m1-2 lack mesolophids; 4) the ascending ramus of
the dentary rises more anteriorly, between the m2-3;
and 5) the masseteric scar lacks a distinct dorsal ridge
and terminates anteriorly below the m1 protoconid. In
size, occlusal morphology and crown height, the
specimens of P. antiquus appear more similar to
Paronychomys than to any other Hemphillian cricetid
genus. However, until a much larger sample size is
available, including upper teeth, they are referred to
?Paronychomys antiquus. The dental morphology of
P. jacobsi differs from that of ?P. antiquus by having
the following: 1) smaller size (mean m1-3 ap of P.
jacobsi = 4.15 mm, whereas that of ?P. antiquus = 5.5
mm); 2) the cheek teeth are more hypsodont; 3) the m1
anteroconid and metaconid are more closely appressed;
4) the m1-3 anterior cingulids are less prominent and
slightly shorter; 5) the m3 is more reduced relative to
m2 (mean m3 ap = 80% of mean m2 ap in P. jacobsi,
whereas that of ?P. antiquus = 89%); 6) the m3
entoconid is better developed (relatively larger and
positioned closer to the metaconid); and 7) the mental
foramen is positioned slightly lower on the dentary.
Although most of the above differences indicate that P.
jacobsi is slightly more derived than ?P. antiquus, none
of them eliminate ?P. antiquus as possibly ancestral to
P. jacobsi. Paronychomys jacobsi was recovered from
locality LACM 7685, which is at least one and a half
million years younger or more than locality
LACM(CIT) 174 that yielded ?P. antiquus.
Postcopemys Lindsay and Czaplewski, 2011
Postcopemys sp. A
Figures 12-14; Table 5
Referred Specimens―LM1s, LACM 156295,
156296, 156297; partial maxilla with LM2-3, LACM
156298; partial dentaries with Lm1-3, LACM 156299;
156300, 156301; partial dentary with Rm1-3, LACM
156302; partial dentary with Rm1 and Rm3, LACM
156303; partial dentary with Rm1, LACM 156304,
156305; partial dentary with Lm1, LACM 156306;
Lm1, LACM 156307; partial dentary with Lm3,
LACM 156308.
Discussion―Recently, Lindsay and Czaplewski
(2011) clarified the systematics of certain Hemphillian
cricetid species that previous investigators had noted
are intermediate in occlusal morphology between
Copemys and Peromyscus (e.g., Jacobs, 1977; Korth,
1994). In Copemys, the M1-2 protolophule II is not
aligned with the anterior arm of the hypocone and the

PALUDICOLA, VOL. 9, NO. 2, 2013

87

FIGURE 10. Upper molars of Paronychomys jacobsi n. sp. from Smith Valley. A-B, LM1-3 and RM1-3, holotype, LACM 156274; C-D, LM1-3,
LACM 156277; E-G, LM1-3 and RM1-3, LACM 156275; H-J, RM1, LACM 156279; K, RM1-3, LACM 156276; L-N, LM1-2, LACM 156278. AC, E-F, H, K- L occlusal views; D, I, M lingual views; G, J, N labial views. Scale = 1 mm.
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FIGURE 11. Lower molars of Paronychomys jacobsi n. sp. from Smith Valley. A-C, Lm1, LACM 156289; D-F, Rm2, LACM 156293; G-I, Lm1-3,
LACM 156287; J-L, Rm1-2, LACM 156285; M, Rm1-3, LACM 156284. A, D, G, J, M occlusal views; B, E, H, K labial views; C, F, I, L lingual
views. Scale = 1 mm.
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m1-2 entolophulid is not aligned with the posterior arm
of the protoconid, whereas in Peromyscus these lophs
are aligned or nearly so (Lindsay, 1972; Lindsay and
Czaplewski, 2011). In taxa that are intermediate
between Copemys and Peromyscus, the M1-2
cusps/lophules are not aligned (like Copemys), but the
m1-2 cusps/lophulids are aligned (like Peromyscus).
Korth (1998) described a new genus and species of
cricetid rodent, Antecalomys phthanus, from the late
Clarendonian of Nebraska. He regarded the genotype,
A. phthanus, as being intermediate in morphology
between Abelmoschomys Baskin, 1986, and
Bensonomys Gazin, 1942.
He noted also that
?Copemys valensis and ?C. vasquezi are similar to A.
phthanus, all of which exhibit the intermediate
arrangement of the alignments of the cusps and
lophules/lophulids between Copemys and Peromyscus,
and assigned these species to Antecalomys. Lindsay
and Czaplewski (2011) described a new genus,
Postcopemys, with two new species (the genotype P.
repenningi and P. maxumensis). They reassigned A.
valensis and A. vasquezi to Postcopemys because these
taxa lack M1 accessory rootlets, which are present in
the genotype A. phthanus. Like Korth (1998), they
suggested also that A. phthanus may possibly be related
to Abelmoschomys and other “sigmodontines,” which
share the development of upper molar accessory
rootlets.
Species of Postcopemys are similar in size and the
observed size ranges of their cheek teeth often
progressively overlap from one species to the next
(Lindsay and Czaplewski, 2011). Because size alone
cannot be used to distinguish most species of
Postcopemys, they are differentiated primarily based on
minor differences in their occlusal molar morphology
and the presence or absence of accessory lophs/lophids
and styles/stylids. However, the means of each species
dental measurements (e.g., Shotwell, 1967a; Jacobs,
1977; Lindsay and Czaplewski, 2011; May et al., 2011)
do show that some generalizations can be made
regarding their relative sizes. Postcopemys valensis is
at the lower size range for the genus along with P.
vasquezi, whereas P. repenningi is slightly larger and
P. maxumensis is the largest species with no overlap
with the other species within one standard deviation of
its observed ranges.
The peromyscine-like cricetids from locality
LACM 7685 exhibit two distinct size groups with no
intermediate specimens (Figure 12), both of which
display the diagnostic characters of Postcopemys
including the following (Lindsay and Czaplewski,
2011); 1) the cheek teeth are relatively brachydont; 2)
the M1 protolophule II is not aligned with the anterior
arm of hypocone; 3) the M3 protolophule I is strongly
developed; and 4) the m1-2 entolophulids are aligned
with the posterior arms of the protoconids. The
combination of dental characters exhibited by each
Postcopemys group from Smith Valley indicates that
they cannot be assigned to the same species or any of
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the other recognized species of Postcopemys.
However, assigning formal names to them is withheld
until larger samples are available. The larger sized
group is informally referred to Postcopemys sp. A,
whereas the smaller group (discussed below) is referred
to Postcopemys sp. B.
____________________________________________
TABLE 5. Dental statistics (in mm) for Postcopemys sp. A from
Smith Valley. Abbreviations are a = alveolar length, N = number of
specimens, OR = observed range, SD = standard deviation, CV =
coefficient of variation.
Tooth/
Dimension N

Mean

OR

SD

CV

M1

ap
3
1.60
1.54-1.67
0.066
―
tr
3
0.95
0.93-0.98
0.025
―
M2 ap
1
1.26
―
―
―
Tr
1
1.10
―
―
―
M3 ap
1
0.72
―
―
―
tr
1
0.85
―
―
―
m1 ap
9
1.51
1.44-1.59
0.040
2.6
tr
9
0.97
0.90-1.03
0.040
4.1
m2 ap
4
1.28
1.25-1.31
0.025
―
tr
3
1.00
0.98-1.02
0.028
―
m3 ap
6
1.01
0.98-1.05
0.035
3.4
tr
5
0.79
0.75-0.87
0.057
7.2
m1-3 a
6
3.70
3.51-3.87
0.170
4.5
_______________________________________________________

Postcopemys sp. A differs from P. valensis
Shotwell, 1967a, by having the following; 1) slightly
larger size; 2) the cheek teeth are slightly more
hypsodont; 3) M1 parastyle always present; 4) M1-2
mesolophs absent; 5) the M3 is more reduced relative
to the M2 (M3 ap = 59.5% of M2 ap, whereas those of
P. valensis = 69%); 6) m1-2 mesolophids and
metastylids absent; 7) the masseteric scar terminates
slightly more anteriorly, just posterior to anterior root
of m1; and 8) the dentary is more robust with its
relative depth below m1 20% greater. It differs from
P. vasquezi (Jacobs, 1977) by having the following; 1)
slightly smaller size; 2) the M1 anterocone with a
weaker anteromedian groove; 3) M1 mesoloph absent;
and 4) the m1 metalophulid and entolophulid are better
developed (taller and more complete). It differs from
P. repenningi Lindsay and Czaplewski, 2011, by
having the following: 1) slightly smaller size; 2) the
M1 anterocone with a weaker anteromedian groove; 3)
M1 protolophule I absent; 4) M1-2 mesolophs absent;
and 5) m1-3 mesolophids and mesostylids absent. It
differs from P. maxumensis Lindsay and Czaplewski,
2011, by having the following: 1) much smaller size; 2)
the M1 anterocone with a weaker anteromedian
groove; 3) M1-2 mesolophs absent; and 4) M2
protolophule I absent. It differs from P. sp. B from
Smith Valley (discussed below) by having the
following (Figures 12-14): 1) larger size; 2) slightly
higher crowned cheek teeth; 3) M1-2 mesolophs
absent; 4) the M3/m3 are more reduced relative to
M2/m2; 5) the coronoid process of the dentary is more
strongly developed and inclined posteriorly; and 6) the
mental foramen is positioned slightly more ventrally
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below the rim of the diastema.. Postcopemys sp. A
from Smith Valley appears to represent a new species,
but formally naming it is withheld until a larger sample
is available.
_______________________________________________________

FIGURE 12. Graphs plotting widths versus lengths of M1s and m1s
of Postcopemys sp A and Postcopemys sp. B from Smith Valley.
_______________________________________________________

Postcopemys sp. B
Figures 12-13, 15; Table 6
Referred Specimens―RM1, LACM 156309;
partial maxilla with RM2-3, LACM 156310; partial
dentary with Li-m3, LACM 156311; partial dentary
with Lm1-2, LACM 156312; partial dentary with Lim1, LACM 156313, 156314; partial dentary with Rm12, LACM 156315.
Discussion―As listed above in the discussion of
Postcopemys sp. A, the smaller sized group of
peromyscine-like cricetid rodents from Smith Valley
exhibit the diagnostic characters of the genus and are
herein referred to Postcopemys sp B. Postcopemys sp.
B is characterized by having very short mesolophs on
M1-2 (similar to those of P. repenningi), a parastyle on
M1 (absent on M2), and mesolophids/mesostylids
absent on m1-2. It differs from P. sp A from Smith

Valley by having the following (Figures 12-13, 15): 1)
smaller size; 2) slightly lower crowned cheek teeth; 3)
short M1-2 mesolophs present; 4) the M3/m3 are less
reduced relative to the M2/m2 (M3 ap = 50% of M2 ap
and m3 ap = 89% of m2 ap, whereas those of P. sp. A
= 62% and 79%, respectively); 5) the coronoid process
of the dentary is weaker and more horizontally
orientated; and 6) the mental foramen is slightly more
dorsally positioned, nearer to the rim of the diastema.
____________________________________________

FIGURE 13. Comparison of dentaries of Postcopemys sp. A and
Postcopemys sp. B from Smith Valley. A, Postcopemys sp. A, partial
right dentary with m1 and m3, LACM 156303, reversed; B,
Postcopemys sp. B, partial left dentary with m1-3, LACM 156311.
Lateral views. Scale = 1 mm.
_______________________________________________________

Postcopemys sp. B is similar in size to P.
valensis, but differs by having the following: 1) short
M1-2 mesolophs present; 2) M1 parastyle present; and
3) m1-2 mesolophids always absent. The presence of
m1-2 mesolophids in P. valensis is variable. Although
some of Shotwell’s (1967a: fig. 5) figures of P.
valensis show one M1 with a long mesoloph and one
m1 with a long mesolophid, Lindsay and Czaplewski
(2011) noted that in the all the samples of P. valensis
from Oregon that they have examined, only these two
specimens have a mesoloph/mesolophid present. Thus
in P. valensis, mesolophs and mesolophids are almost
always absent. In addition, accessory styles/stylids are
usually absent in P. valensis (Lindsay and Czaplewski,
2011; May et al., 2011). Postcopemys sp. B differs
from P. vasquezi by having the following: 1) the M1
anteroconid is more transversely orientated with a
weaker anteromedian groove (only incipiently bilobed
in early wear); 2) M1 mesostyle absent; 3) M2
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FIGURE 14. Postcopemys sp. A from Smith Valley. A-C, LM1, LACM 156297; D, LM1, LACM 156296; E, LM2-3, LACM 156298; F, Lm1,
LACM 156306; G-H, Lm1-3, LACM 156300; I-J, Rm1 and Rm3, LACM 156303; K, Lm1-3, LACM 156299; L, Lm1-3, LACM 156301. A, D-G
and I-L, occlusal views; B, labial view; C and H, lingual views. Scale = 1 mm.
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FIG
URE 15. Postcopemys sp. B from Smith Valley. A-B, RM1, LACM 156309; C, RM2-3, LACM 156310; D, Lm1, LACM 156314; E, Lm1-2, LACM
141637; F, Lm1, LACM 156313; G, Rm1-2, LACM 156315; H, LM1-3, LACM 156311. A, C-H occlusal views; B, lingual view. Scale = 1 mm.
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protolophule I absent; and 4) the m1-2 with a better
developed metalophulid and entolophulid. It differs
from P. repenningi by having the following: 1) smaller
size; 2) a slightly more transversely orientated M1
protolophule I and mesostyle absent; 4) the m1
anteroconid and metaconid are well separated; and 5)
m3 mesolophid absent. It differs from P. maxumensis
by having the following: 1) much smaller size; 2) the
M1 anterocone with a weaker anteromedian groove; 3)
the M1 with a parastyle present but lacking a
mesostyle; 4) M2 protolophule I absent; and 5) m1
mesolophid and mesostylid always absent.
_______________________________________________________
TABLE 6. Dental statistics (in mm) for Postcopemys sp. B from
Smith Valley. Abbreviations are a = alveolar length, N = number of
specimens, OR = observed range, SD = standard deviation, CV =
coefficient of variation.
Tooth/
Dimension N
M1

ap
tr
M2 ap
tr
M3 ap
tr
m1 ap
tr
m2 ap
tr
m3 ap
tr
m1-3 a

1
1
1
1
1
1
5
5
3
3
1
1
5

Mean

OR

SD

CV

1.38
0.93
1.05
0.82
0.53
0.70
1.27
0.86
1.06
0.89
0.96
0.75
3.21

―
―
―
―
―
―
1.23-1.31
0.84-0.85
1.03-1.08
0.85-0.96
―
―
3.08-3.30

―
―
―
―
―
―
0.030
0.024
0.027
0.064
―
―
0.092

―
―
―
―
―
―
2.3
2.7
―
―
―
―
2.8

____________________________________________
Postcopemys sp. B is similar in size to
Bensonomys lindsayi Kelly, 2007, also known from
locality LACM 7685, but can easily be distinguished
from it by having the following: 1) higher crowned
cheek teeth; 2) the M1 anterocone and M1-2 primary
cusps are vertically orientated, whereas in B. lindsayi
they are strongly inclined posteriorly; 3) the M1-2 with
short mesolophs; 4) the m1 anteroconid is single and
anteriorly positioned, whereas in B. lindsayi it is
strongly bilobed; and 5) the anterior termination of
masseteric scar is not prominent, whereas in B. lindsayi
it forms a distinct, knob-like protuberance.
Postcopemys sp. B from Smith Valley appears to
represent a new species, but formally naming it is
withheld until a larger sample is available.
CONCLUSIONS
Macdonald (1959) combined all of the taxa from
the Coal Valley Formation of Smith Valley into a
single fauna , the Smith Valley Fauna, which he
regarded as early Hemphillian in age. However, three
superposed local faunas of different ages and faunal
compositions (Figure 1, Table 1) are now recognized in
Macdonald's (1959) concept of the Smith Valley Fauna
(Kelly, 2007; Kelly and Secord, 2009; this paper): the
Wilson Canyon Local Fauna of early early Hemphillian
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age (Hh1); the Petrified Tree Canyon Local Fauna of
late early Hemphillian age (Hh2); and the Pine Grove
Hills Local Fauna of early late Hemphillian age (Hh3).
Previously, six rodent taxa were known from the Coal
Valley Formation of Smith Valley (Wilson, 1936;
Black, 1963; Kelly, 2007). Five of them (Aplodontidae
indeterminate, Dipoides stirtoni, Spermophilus
argonautus, Pliosaccomys dubius, Pliozapus solus, and
?Paronychomys antiquus) were recovered from low in
the section and belong to the Wilson Canyon Local
Fauna, while the other one (Bensonomys lindsayi)
came from locality LACM 7685 and belongs to the
Petrified Tree Canyon Local Fauna. Six additional
rodent taxa are now recognized from locality LACM
7685: Spermophilus sp.; Perognathus sp., cf. P.
mclaughlini; Parapliosaccomys martini n. sp.;
Paronychomys jacobsi n. sp.; Postcopemys sp. A; and
Postcopemys sp. B. Based on 40Ar/Ar39 dating, locality
LACM 7685 is slightly younger than 7.0 Ma (Kelly,
2007; Kelly and Secord, 2009). Based on the relative
stratigraphic positions of the localities and
radioisotopic data, the Wilson Canyon Local Fauna
spans about 9.0-8.0 Ma, the Petrified Tree Canyon
Local Fauna spans about 7.5-6.8 Ma; and the Pine
Grove Hills Local Fauna is younger than about 6.7 Ma.
The difference in age between the Wilson Canyon and
Petrified Tree Canyon local faunas is further supported,
because, in dental morphology and degree of
hypsodonty, Parapliosaccomys martini of the Petrified
Tree Canyon Local Fauna is slightly more derived than
its presumed ancestor Pliosaccomys dubius of the
Wilson Canyon Local Fauna.
Similarly,
Paronychomys jacobsi appears slightly more derived
than ?P. antiquus of the Wilson Canyon Local Fauna.
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