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Esthonyx is an early Eocene tillodont found in North America, Europe, and India.
The genus was named by E. D. Cope in 1874 based on specimens from the San Jose
Formation in New Mexico. Since then, several species of Esthonyx have been described
from North America alone. The best record of Esthonyx comes from the central Bighorn
Basin (BHB) in Wyoming, where it appears in 220 localities in a 640 m-thick
stratigraphic succession. Since the last summary of Esthonyx in the BHB (Gingerich and
Gunnell, 1979; Schankler, 1980; Gingerich, 1989), several hundred new specimens have
been collected and curated at the Denver Museum of Nature and Science and the
Smithsonian National Museum of Natural History. Herein, I revise the taxonomy and
stratigraphic distribution of Esthonyx in the central BHB. I also compare taxonomy and
body mass changes with the paleoclimate record, including two hyperthermals recently
identified in the study area. I identify three species of Esthonyx in the Wasatchian
sequence: E. spatularius Cope, 1880, E. bisulcatus Cope, 1874, and E. acutidens Cope,
1881, using previous diagnoses, novel character combinations, and character

quantifications. Additional undescribed species of Esthonyx may be present in the study



area. My results slightly extend the stratigraphic ranges of the three species described by
previous studies, but they also reveal a strong correlation between smaller body size in

Esthonyx bisulcatus and the ETM2 and H2 hyperthermals.
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INTRODUCTION

Tillodontia is an extinct order of eutherian mammals known from North America
and Eurasia. They likely originated in Asia (Beard, 1998), where their diversity is
highest. Twenty-four genera are recognized: seventeen from Asia, five from North
America, and two from Europe (Mckenna and Bell, 1997; Rose et al., 2013; Smith et al.,
2016). The oldest known tillodonts appear in the early Paleocene of Asia, and they
probably did not reach North America until the latest Paleocene (Clarkforkian North
American land-mammal age or NALMA), when Azygonyx appeared (Secord et al., 2006;
Secord, 2008), along with the first rodent immigrants on the continent (Beard, 1998). The
appearance of Megalesthonyx in the late Wasatchian NALMA (early Eocene) and
Trogosus and Tillodon in the middle Eocene (Bridgerian NALMA) may be subsequent
immigrants (Gingerich et al., 2009). North American tillodonts were extinct by the late

Bridgerian and they left no known descendants (Lucas and Schoch, 1998).

The fossil record of the Bighorn Basin of Wyoming, USA, preserves the richest
and most stratigraphically complete record of tillodont evolution in North America. The
basin has over 2,000 m of superposed fossil vertebrate localities, spanning nearly the
entirety of the Clarkforkian and Wasatchian land-mammal ages but lacking the youngest
portion of the Wasatchian (late Wa-7) and the Wasatchian-Bridgerian boundary. The most
extensive collections of Wasatchian tillodonts are from the Willwood Formation in the
central Bighorn Basin (Fig. 1), according to Schankler, 1980. The Bighorn Basin is ideal
for studying early Eocene tillodont taxonomy and biostratigraphy, due to the abundance
of fossils and the unusually complete stratigraphic record. Moreover, several transient

warming events, known as “hyperthermals,” have been identified in the Bighorn Basin



(Abels et al., 2012, 2016; Widlansky et al., 2022), providing an opportunity to compare

the tillodont fossil record with some of these climate events.

Gingerich and Gunnell (1979) and Schankler (1980) described the taxonomy and
stratigraphic ranges of tillodonts in the Bighorn Basin. Hundreds of new tillodont fossils
have been collected in the ensuing four decades of fieldwork by Drs. Kenneth Rose, Amy
Chew, Thomas Bown, Kimberly Nichols, and their students. Three genera are recognized
in the Wasatchian NALMA: Azygonyx, Esthonyx, and Megalesthonyx. Azygonyx is best
known from the Clarkforkian but ranges into the early Wasatchian NALMA and,
although uncommon at that time, overlaps with the range of Esthonyx. Megalesthonyx is
a rare taxon known only from the latest Wasatchian (Wa-7; Rose, 1972), and it is not
considered further here. Esthonyx is the best-represented Wasatchian genus, containing at
least three species. Schankler (1980) provided the most recent biostratigraphy for

Esthonyx in the central and southern basin.

I re-evaluate the alpha taxonomy and stratigraphic distribution of Esthonyx in the
central Bighorn Basin. I gathered data from specimens curated at the Denver Museum of
Nature and Science (DMNS) and the National Museum of Natural History (USNM).
Additional specimens on loan from DMNS or USNM at Johns Hopkins University (JHU)
and Colorado State University (CSU) were studied. I revised the stratigraphic ranges for
the species of Esthonyx studied here, placing them in a geochronologic context using pre-
existing stratigraphic levels established by Bown et al. (1994) and current paleomagnetic
interpretations (Clyde et al., 2007). I employed the natural log of the occlusal area of the
first lower molar in specimens of Esthonyx as a proxy for body mass (Gingerich, 1974). I

used my revision of biostratigraphy to compare taxonomic and body-mass changes across



two hyperthermals, the Eocene Thermal Maximum 2 (ETM2) and H2 (Abels et al., 2012,
2016; Barnet et al., 2019; Widlansky et al., 2022), and evaluated the possible effects of

these hyperthermals on species of Esthonyx.
Institutional Abbreviations

AMNH, American Museum of Natural History (New York, NY); BLM, United States
Bureau of Land Management (Washington, DC); CSU, Colorado State University (Fort
Collins, CO); DMNS, Denver Museum of Nature and Science (Denver, CO); JHU, Johns
Hopkins University (Baltimore, MD); UNL, University of Nebraska- Lincoln (Lincoln,
NE); UNSM, University of Nebraska State Museum (Lincoln, NE); USNM, National

Museum of Natural History (Washington, D.C.).

BACKGROUND
Distribution of Tillodonts in North America

Five tillodont genera are recognized in North America: Azygonyx, Esthonyx,
Megalesthonyx, Trogosus, and Tillodon. All of these genera are best known from the
Rocky Mountain region but can be found throughout Eocene age rocks of North America.
Azygonyx is the oldest North American tillodont, known only from Clarkforkian and early
Wasatchian deposits of the Bighorn Basin (Gingerich, 1989). Esthonyx appears in
Wasatchian deposits across North America, including Wyoming, New Mexico, Baja
California (Mexico), Colorado, and Virginia (Gingerich and Gunnell, 1979; Novacek et
al., 1991; Rose, 1999). Megalesthonyx is known from the late Wasatchian (Wa-7) of the

Bighorn Basin, the Bridgerian NALMA in the Huerfano Formation in Colorado, and the



Wind River Formation in Wyoming (Rose, 1972; Gingerich and Gunnell, 1979; Stucky,
1984; Williamson et al., 1996). Trogosus and Tillodon are the last of the North American
tillodonts and they are restricted to the Bridgerian NALMA (Robinson et al., 2004).
Trogosus is widespread, having been found in Wyoming, Colorado, and California
(Miyata and Deméré, 2016), whereas 7illodon is known only from the Bridger Formation
in Wyoming (Gazin, 1976). Of these five genera, only Azygonyx, Esthonyx, and

Megalesthonyx are known from the Bighorn Basin.

Geological Setting and Biostratigraphy

The Bown et al. Composite Stratigraphic Section (BCS) — Fossil specimens
examined in this thesis come from the Willwood Formation of the central Bighorn Basin,
Wyoming (Fig. 1). Bown et al. (1994) compiled a composite section spanning roughly
750 m of strata and over 1000 fossil localities in this area. 220 of these localities have
produced specimens of Esthonyx. Hereafter, this section is referred to as the BCS. The
BCS was constructed by tracing beds between local sections. Bown et al. (1994) start
their section east of Worland, Wyoming, then continue into the Fifteen Mile Creek area
section, beginning at 180 m (Fig. 1). Bown et al. (1994) end their section near Tatman
Mountain and the Crow Woman Buttes Divide (recently renamed from Squaw Buttes;
USGS Geographic Names Information System) at the highest stratigraphic levels (Fig. 1)
(Bown et al., 1994). Bown et al. (1994) re-evaluated meter levels for additional localities
in the Elk Creek and Elk Creek Rim areas (Fig. 1) that were originally measured by
Schankler and Wing as part of Schankler, 1980. Additional description of this section can

be found in Bown et al. (1994).



However, one problem with correlating between Schankler’s (1980) composite
section and the BCS is large discrepancies between Schankler’s meter levels in the Elk
Creek and Elk Creek Rim areas (Fig. 1), and the BCS. Below the 380-meter level, the
BCS and Schankler (1980) composite sections differ by only a few meters, but at higher
levels they can differ by 60—70 m (Bown et al., 1994; Clyde et al., 2007). Clyde et al.
(2007) noted a significant discrepancy in the stratigraphic level of the C24r-C24n polarity
chron reversal between the BCS and Schankler (1980) sections. They suggested that this
discrepancy is due to either: (1) the greater thickness of the Elk Creek section, or (2) a
possible miscorrelation by Bown et al. (1994) of this section to Elk Creek Rim. For these
reasons, Clyde et al. (2007) recommended keeping localities in the Elk Creek area
separate from the BCS. I follow that recommendation in this thesis. For this thesis, nearly
all Esthonyx specimens came from localities within the Fifteen Mile Creek area, with
only an insignificant number of specimens from the upper localities of Elk Creek or Elk

Creek Rim.

In 2012, Sand Creek Divide was tied into the BCS, extending the section down to
the Paleocene- Eocene boundary, providing a record for the Paleocene-Eocene Thermal

Maximum (PETM) in the central basin (Rose et al., 2012).

The BCS begins at the base of the Willwood Formation (0 m), recognized by the
lowest stratigraphically continuous reddish paleosol. The colorful Willwood Formation
rests conformably on the drab-colored Fort Union Formation of late Paleocene age. The
Willwood Formation is overlain by the Tatman Formation of late early Eocene age (latest
Wasatchian, Wa-7) (Bown et al., 1994). The boundary between the Fort Union and

Willwood formations corresponds with the onset of Paleocene-Eocene Thermal



Maximum (PETM), which is recognized by a large, negative carbon isotope excursion
(CIE) (Zachos et al., 2001; Rose et al., 2012). The base of this CIE corresponds with the
Paleocene-Eocene boundary and approximately with the Clarkforkian-Wasatchian
boundary (Bowen et al., 2001; Rose et al., 2012). The onset of the PETM, and the base of

the Willwood Formation, begin at ca. 55.8 Ma (Li et al., 2022).

Magnetic polarity chrons in the Bighorn Basin were most recently re-evaluated by
Clyde et al. (2007) and correlated here to the most recent Geomagnetic Polarity Time
Scale (Ogg, 2020). The BCS includes magnetochrons C24r and C24n (Fig. 2). According
to the Geomagnetic Polarity Time Scale (GPTS, Ogg, 2020), these chrons were deposited
between 57.101 Ma (base of C24r) and 52.540 Ma (base of C23r). Clyde et al. (2007)
revised the earlier correlations of Tauxe et al. (1994), interpreting their N2 zone as a
normal polarity overprint in the upper part of C24r. I follow their interpretation. Five
polarity subchrons were recognized in C24n by Ogg (2020): C24n.3n, C24n.2r, C24n.2n,
C24n.1r, C24n.1n. However, Clyde et al. (2007) carried over seven subchrons recognized
by Tuaxe et al. (1994) in C24n, complicating correlations to the GPTS. They assigned the
lowest normal subchron, beginning at about 400 m, to C24.3n but did not discuss
correlation of the other subchrons. However, an “°Ar/*’Ar age of 52.8 + 0.3 Ma, derived
from sanidine crystals (Wing et al., 1991), occurs in a normal subchron at 634 m near the
top of the Willwood formations (Fig. 2). Ogg’s age constraints place the bentonite in
C24.1n. Thus, I interpret this subchron and normal subchron above it (separated by a
brief reversal), as C24.1n. Notably, both C24.1n and C24n.3n are long normal intervals,
compared with the shorter C24n.2n. This is consistent with the interpretation of Clyde et

al. (2007) of the basal subchron representing C24n.3n and the joining of the two



uppermost subchrons into C24.1n. Taking durations into consideration, the two short

middle subchrons in the BCS probably correlate to C24.2n in the GPTS (Ogg, 2020).

Recognition of Wasatchian Biozones in the BCS — All localities in the BCS

correlate to the Wasatchian land-mammal age (Bown et al., 1994).

Schankler (1980) recognized six faunal zones in the Schankler and Wing (S-W,
cite his dissertation if you are doing to refer the S-W section) central Bighorn Basin
section: the Lower and Upper Haplomylus-Ectocion Range-Zones (50-200 m, 200—380
m), the Bunophorus Interval-Zone (380-530 m), and the Lower, Middle, and Upper
Heptodon Range-Zones (530-580 m, 580—670 m, 670—773 m) (Fig. 2). Schankler based
the lower boundaries of the Bunophorus Interval-Zone, the Heptodon Range-Zone, and
the Middle and Upper subzones of the Heptodon Range-Zone on the first occurrences of
single taxa, whereas the boundaries of his other zones were defined during intervals of

high faunal turnover, which he called “biohorizons” (Fig. 2).

Schankler described three Biohorizons: A, B, and C (Fig. 2). These biohorizons
corresponded with the boundaries of several of his faunal zones. The Haplomylus-
Ectocion Range-Zone was divided into Upper and Lower units at Biohorizon A (200 m in
the S-W). The boundary between the Haplomylus-Ectocion Range-Zone and Bunophorus
Interval-Zone was placed at Biohorizon B (380 m in the S-W). The base of the
Bunophorus Interval-Zone was defined by the first appearance of Bunophorus, which
Schankler (1980) described as the “sole new genus” at Biohorizon B. Schankler (1980)
placed the boundary between the Bunophorus Interval-Zone and overlying Heptodon
Range-Zone at Biohorizon C (Fig. 2, 530 m in the S-W). The boundary between the

Lower and Middle subzones of the Heptodon Range-Zone was defined by the first



appearance of Hyopsodus powellianus, which Schankler (1980) placed at 580 m in the S-
W. Lastly, the boundary between the Middle and Upper Heptodon Range-Zones was
characterized by the first appearance of Lambdotherium popoagicum at 670 m in the S-W

(Schankler, 1980).

Shortly after Schankler (1980) established his Wasatchian biozonation in the
central Bighorn Basin, Gingerich (1983) divided the early and middle Wasatchian into
five separate biozones (Wa-1 through Wa-5) using the fossil record of superposed
localities in the northern Bighorn Basin. Gingerich (1983) also recognized the Heptodon
(Wa-6) and Lambdotherium (Wa-7) zones based on Schankler’s biozones, the Lower
Heptodon Range-Zone and the Upper Heptodon Range-Zone, respectfully. Gingerich
(2001) subsequently modified some of his lower five zones and added the Wa-M
(Meniscotherium priscum) and Wa-0 (Sifrhippus sandrae) zones, both of which occur in
the PETM, resulting in the current zones listed above. Currently, there are nine biozones
recognized in the Wasatchian in the northern Bighorn Basin: in stratigraphic sequence
from oldest to youngest, they are Wa-M, Wa-0, Wa-1, Wa-2, Wa-3, Wa-4, Wa-5, Wa-6,
and Wa-7 (Fig. 4) (Gingerich, 1983; Archibald et al., 1987; Gingerich, 1991; Gingerich,
2001; Gingerich and Clyde, 2001). Only the lower part of Wa-7 is present in the Bighorn

Basin (Bown and Schankler, 1980; Schankler, 1980).

Some authors continued to use Schankler’s (1980) zonation in the central Bighorn
Basin (e.g., Secord et al., 2008), while most use a modified version of the northern

Bighorn Basin biozones (Rose et al., 2012; Chew, 2009).

I used Gingerich’s (2001) zonation and was able to recognize all of the biozones

except Wa-1 (Fig. 2). Biozone boundaries were placed based on published first



occurrences of defining taxa (Chew, 2015, supplemental data) and an unpublished dataset
of mammalian occurrences for the upper part of the BCS, generously provided by Dr.
Chew. There are several instances of boundary-defining index taxa possibly appearing
below the traditional positions of boundaries (e.g., Smith, 2001). Because rare occurrence
of index tax below their well-documented range could be the result of contamination in
the collections or in the field, I placed biozone boundaries at the lowest level where there
is more than one occurrence of the defining taxon. The defining taxa for Wa-1 and Wa-2,
Cardiolophus radinskyi (Wa-1) and Arfia shoshoniensis (Wa-2), both first occur at ~45 m
in the BCS. Cardiolophus radinskyi ranges into Wa-2, implying that Wa-1 is missing in
this section, possibly due to a depositional hiatus or very slow accumulation rates.
Additionally, Wa-M has not been recognized in the BCS (Rose et al., 2012). Meter levels
for each faunal zone in the BCS are as follows: Wa-0 (<45 m), Wa-2 (~45-140 m), Wa-3
(~140-240 m), Wa-4 (~240-390 m), Wa-5 (~390-430 m), Wa-6 (~430-591 m), Wa-7

(601 m). The index taxon for each biozone is shown in Figure 2.

Biohorizons and Faunal Events — Schankler (1980) described Biohorizon A
(200 m in the S-W), Biohorizon B (380 m in the S-W), and Biohorizon C (530 m in the
S-W) in his stratigraphic section (Fig. 2). He described these biohorizons as “turnover
intervals”, or intervals of local mammal “extinction” followed by origination. Bown et al.
(1994) identified Biohorizon A and B in the BCS, recognizing them over thicker
stratigraphic intervals (180-213 and 380 m, respectively) (Fig. 2). Subsequent authors
have challenged the validity of Biohorizon A, arguing that it may be an artifact of
sampling intensity, noting that it seems to be absent in the northern Bighorn Basin or

Clarks Fork Basin (Badgley and Gingerich, 1988; Badgley, 1990; Bown et al., 1994;
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Wing et al., 2000). However, Chew (2009) argued that Schankler’s Biohorizon A and B
were legitimate intervals of faunal change. Using a quantitative analysis that corrected for
significant differences in sampling intensity, Chew (2009) found that disappearance rates
increased in Biohorizon A and appearance rates increased in Biohorizon B. Chew (2009)
did not evaluate the validity of Biohorizon C, which had been discounted by earlier
studies (Bown et al., 1991; 1994; Bown and Kraus, 1993). Schankler (1980) suggested
that Biohorizon C represented a large influx of immigrants into the basin, followed by a
smaller “extinction” event ~25 m higher. However, Bown et al. (1991, 1994) and Bown
and Kraus (1993) combined Biohorizon C with Biohorizon B, believing that Schankler
(1980) had almost certainly documented the same episode of faunal turnover in different
areas due to measurement and/or correlation errors in the upper part of Schankler’s

section.

In addition to Schankler’s (1980) biohorizons, Chew (2015) described two
additional faunal turnover “events” she named B1 and B2 that occurred stratigraphically
immediately above Biohorizon B. She argued that these events corresponded to the
ETM2 and H2 hyperthermals based on their stratigraphic positions relative to Biohorizon
B. These faunal events were later shown to approximately correspond with ETM2 and H2
based on carbon isotope excursions in paleosol carbonates from directly relevant fossil
localities and nearby sections (Widlansky et al., 2022). The stratigraphic positions of
ETM2 (~408-426 m) and H2 (~430—460 m), based on Widlansky et al. (2022), are shown

in Figure 2 along with Schankler’s biohorizons A, B, and C, and Chew’s faunal events.
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Paleoclimate and Hyperthermals

The chronostratigraphic framework of the BCS allows for correlation to several
hyperthermals, recognized in both marine and terrestrial records by negative CIEs (e.g.,
Abels et al., 2016; Barnet et al., 2019). In the northern part of the Bighorn Basin
(McCullough Peaks), four small hyperthermals following the PETM have been
recognized: ETM2, H2, 11, and 12 (Abels et al., 2012, 2016). Both ETM2 and H2, and 11
and 12, are “paired” hyperthermals, paced orbitally by 100,000 kyr eccentricity maxima
(Barnet et al., 2019). Of these, only ETM2 and H2 have been identified in the central
Bighorn Basin. Faunal turnover during Chew’s B1 and B2 events was modest compared
with the PETM and Schankler’s Biohorizon B, the latter of which is not associated with a
CIE (Abels et al., 2012; Widlansky et al., 2022). In contrast to faunal changes at the
PETM, where approximately 40% of species become smaller (Secord et al., 2012), Chew
(2015) did not find a coordinated shift to smaller body sizes associated with these lesser
hyperthermals. However, D’ Ambrosia et al. (2017) reported decreases in the body size of
two taxa (4renahippus and Diacodexis) during ETM2, based on a much smaller sample
size from McCullough Peaks area of the Bighorn Basin. The I1 and 12 hyperthermals
have not been confidently recognized in the BCS study area (Widlansky et al., 2022), but
they have been located at McCullough Peaks in poorly fossiliferous strata (Abels et al.,

2016).

An increase in global temperature of ca. 5°C in the late Wasatchian is inferred
from leaf-margin analyses in the region (Wing and Greenwood, 1993; Wilf, 2000; Wing
et al., 2000). This increase presumably marks the onset of the Early Eocene Climatic

Optimum (EECO), which saw the warmest temperatures of the Cenozoic, including
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pronounced warming in the mid-latitudes (e.g., Zachos et al., 2001). Unlike the
hyperthermals discussed above, the EECO is not marked by changes in the carbon
isotopes record. The onset of the EECO occurs near the Wa-6/Wa-7 boundary based on
the correlation of floras and mammal zones between the Green River and Bighorn basins
(Wing and Greenwood, 1993; Wilf, 2000; Wing et al., 2000). Mammalian faunas attained
peak species diversity during the EECO in Wind River and Bridger basins, and probably
elsewhere (Woodburne et al., 2009a, 2009b). Samples of vertebrate specimens from Wa-7

in the Bighorn Basin, however, are limited.

MATERIALS AND METHODS

| examined more than 600 fossil specimens of Esthonyx in the USNM and DMNS
collections, as well as material on loan from DMNS to Dr. Kenneth Rose at JHU. |
measured length and width for 558 of these, and 97 specimens with more complete

dentitions were borrowed for further study at UNSM.

Information about fossil localities and meter levels was taken from specimen tags
and cross-referenced with Chew's (2015) supplemental data and unpublished database
containing specimen information and catalog numbers. Many of these localities had
stratigraphic meter levels reported by Bown et al. (1994), allowing for further
confirmation using their data. Other localities not reported by Bown et al. (1994) were
reported in the field notes and unpublished data of Chew, Nichols, and Bown (e.g.,

Colorado State University localities and Rose and Chew’s unpublished localities). These
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localities were not tied into the BCS in 1994, but their stratigraphic levels have since

been estimated.

| measured the specimens to the nearest 0.01 mm using digital calipers. Each
dimension was measured at least three times and averages recorded. Length and width of
all teeth were measured using the methods and dental landmarks described by Gingerich
(1976, fig. 6). The averages of length and width were calculated when both left and right
dentitions from the same individual were available. This provided a single measurement
for each individual. The length and width of all teeth were measured onsite at the various

collections.

| made additional measurements on the borrowed specimens using a binocular
microscope and digital calipers. | conducted additional measurements on dP4/4 and P4/4-
M3/3 for the borrowed specimens. Incisors, canines, dP2/2-3/3, and P2/2-3/3 were rare,
but length and width were measured when available. For dp4 and p4-m3, additional
measurements included the anterior-posterior length of the trigonid and talonid basins,
the maximum height from the cervical margin to the occlusal surface of the trigonid and
talonid along the buccal side, and the distances between the paraconid-metaconid,
metaconid-protoconid, and protoconid-paraconid (See Fig. 3 for landmarks and Table 1
for measurements). For dP4 and P4-M3, additional measurements included maximum
tooth height from the cervical margin to the occlusal surface along the buccal side,
distances between the paracone-metacone, metacone-protocone, protocone-paracone,
paracone-parastyle, and metacone-metastyle. The last two metrics provide a measure of

the development of the parastylar and metastylar lobes (See Fig. 3, Table 2 for
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measurements). In addition to measurements, molds, casts, photographs, and hand-drawn

illustrations were made for key specimens.

Body-Size Proxy- In of m1 Area — The natural log of the area (length x width) of
m1 was used as a body size proxy to investigate changes through time in Esthonyx
species. This method is commonly used for tracking body size changes in eutherian
mammals (e.g., Gingerich and Gunnell, 1979; Gingerich, 1989; Secord et al., 2012).
Gingerich (1974) demonstrated that m1 was typically the least variable tooth in various
eutherian mammals and, therefore, was most appropriate for comparing size differences
among species. Other studies have found strong correlations between body mass and the
natural log of m1 area in mammals (e.g., Gingerich, 1976; Gingerich et al., 1982).
Although measurements of limb bones may sometimes yield more accurate estimates of
body mass than tooth dimensions (Damuth and MacFadden, 1990), first lower molars are

far more abundant and practical for tracking body size changes through time.

Cusp Position of p4 Trigonid — Previous authors used the positions of the p4
paraconid, protoconid, and metaconid to distinguish species of Esthonyx (Gazin, 1953;
Gingerich and Gunnell, 1979). Descriptions range from these cusps forming a closed
equilateral triangle to being more open. To quantify different the shapes of triangles
subtended by the three cusps, I measured the distances between the three cusps and
calculated the cosine at each vertex. According to Gazin (1953) and Gingerich and
Gunnell (1979), the angle with the vertex on the protoconid is the most useful in
differentiating species. The equation I used to determine the angle at the protoconid is as

follows:
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a?+b?%—c?

Protoconid Angle = cos™ (—,—

Where a, b, and c represent the distance from paraconid to protoconid (a), protoconid to

metaconid (b), and metaconid to paraconid (¢).

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order TILLODONTIA Marsh, 1875

Family ESTHONYCHIDAE Cope, 1883

Anchippodontidae Gill, 1872, p. 11
Tillotheriidae Marsh, 1875, p. 221

Esthonychidae Cope, 1883, p. 80

ESTHONYX Cope, 1874

Esthonyx Cope, 1874, p. 6. Type: Esthonyx bisulcatus Cope.

Plesiesthonyx Lemoine, 1891, p. 276.

Type of genus — USNM 1103, left mandible with p3, m1-m3, from Arroyo

Blanco, San Juan Basin, New Mexico. Collected by E. D. Cope in 1874.

Referred taxa — North American species: Esthonyx bisulcatus Cope, 1874; E.
spatularius Cope, 1880; E. acutidens Cope, 1881. European species: E. munieri Lemoine,

1891.
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Age and Distribution — Common from the late Paleocene (Clarkforkian)
through the early Eocene (Wasatchian) of Wyoming, New Mexico, and Colorado. Last
North American occurrence in the early Bridgerian (Br-1a) of the Wind River Basin,
Wyoming. In the Paris Basin of Europe, present during the early Eocene (Sparnacian or
Cuisian). In addition, Morris (1966) and Novack et al. (1991) reported cf. Esthonyx sp.
from Baja California, Mexico (n=1); Rose (1999) reported Esthonyx sp. from Virginia,
USA (n=1); and Rose et al. (2009) and Smith et al. (2016) reported Esthonyx sp. from

India (n=1).

Esthonyx spatularius Cope, 1880

Figures 67, Tables 5—6

Esthonyx spatularius Cope, 1880, p. 908. Cope, 1881, p. 186. Cope, 1885, p. 211, PI. 24a,
fig. 22-25. Gingerich and Gunnell, 1979, p. 142, P1. 3, fig. 5. Gingerich, 1989, p. 24.
Rose et al., 2012, p. 34, fig. 19A-E, 20A-1. Rose et al., 2013, p. 846, fig. 3.1.

Esthonyx burmeisteri (in part), Cope, 1885, p. 204.

Esthonyx sp. indent., Dorr, 1952, p. 91, P1. 7, fig. 7. Dorr, 1978, p. 83.

Esthonyx spatularius (in part), Gazin, 1953, p. 21, fig. 4.

Esthonyx bisulcatus (in part), Denison, 1973, p. 14. Mckenna, 1960, p. 85, fig. 43.
Delson, 1971, p. 353.

Esthonyx cf. bisulcatus, Gazin, 1962, p. 42.

Holotype— AMNH FM 4809, eight associated teeth with left p3 and left m3.

Posterior portion of right m1 or m2 present as well. Collected by J. L. Wortman in 1880
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from the Gray Bull beds of the Bighorn Basin (Gazin, 1953; discussion on p. 21-23).
AMNH FM 4809 was one of three of the first vertebrate fossils ever collected from the

Bighorn Basin.

Referred specimens — DMNS specimens: EPV.91202, Lm2-m3 and Rm1-m3;
and 92923, Lp4—partial m2. USNM specimens: USNM PAL 490643, Lp3—m3 and RmI1-
m3 with associated post cranial material; 495160, Lm1, LP3-M3, and RP2-M1; 495497,
Lp4; 523655, Ldp4—m1; 523656, RM1; 523657, Lm1 and associated material; 523663,
Lp4 and Rm2; 523665, Ldp3—dp4, Rdp4 with erupting p2; 523666, Lm2—-m3; 523669,
Rp4; 523672, RP3 and RM2-M3; 523674, Unassociated Rm1, Ldp4, Lm3, Lp4; 523676,
Rm3; 523677, Unassociated Rm2-m3, Rm2, and LM1; 545176, Ldp3-m1 (including
dp4); 768814, Rp4 and m3, LP3, LM1-M3, RP3-M3; 768815, Rp3—p4, LP4-M1, RP4—
M2; 768818, Lm2 and Rm1-m3; 768819, RC-M2, L12-M3; 768822, Lp3—m2, Ri2—-m2,
and LP3-P4; 768823, Rm3; 768824, Lp4-m3 and Rc—m3; 768831, Rp2-m1. See

Appendix for additional specimens.

Biostratigraphic Range and Localities in the study area — Esthonyx
spatularius ranges from Wa-0 at Sand Creek Divide (Rose et al., 2012) through the first
~10 meters of Wa-5 in the BCS. Central Bighorn Basin localities are as follows: DMNS
localities V-73027, V-73034, V-73037, V-73044; USGS localities D-389, D-1202, D-
1242, D-1243, D-1251, D-1289, D-1301, D-1303, D-1335, D-1340, D-1342, D-1373, D-
1389. D-1391, D-1414, D-1415, D-1441, D-1454, D-1460, D-1527, D-1560, D-1577, D-
1633, D-1716, D-1866, D-1880, D-1924, D-1952, D-1967; University of Wyoming

locality UW-25; Willwood localities (DMNS and USNM) WW-55; Yale localities Y-80,
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Y-104, Y-119, Y-132, Y-149, Y-156, Y-157, Y-206, Y-290, Y-294, Y-296L, Y-350, Y-351,

and Y-421.

Description —Lower Dentition: Esthonyx spatularius has a fused mandibular
symphysis (Fig. 6) with a lower dental formula of 2.1.3.3. Esthonyx spatularius appears
to lack an 13 while retaining the characteristic large front two incisors and incisor-like
canine known in all species of the genus (e.g., USNM PAL 490643, 768822). Incisors
and canines are large and the crown of 12 is spatulate-shaped. The concave side of the 12
is divided down the center by a longitudinal rib of thinner enamel. The p2 is double-
rooted (Fig. 6). All molars have a greatly reduced metastylid (Fig. 6). The trigonid of p4
tends to have its paraconid and metaconid closer together, resembling an equilateral
triangle with the protoconid (Fig. 6). The angles of these triangles are somewhat variable

but average about 58.2° at the protoconid (Fig. 5; Table 4).

Upper Dentition: Several specimens (e.g., USNM PAL 768814) of Esthonyx
spatularius preserve associated upper and lower dentitions, allowing for confident
identifications of isolated upper teeth. Upper dental formula for E. spatularius is 2.1.3.3.
The upper cheek teeth of E. spatularius are relatively small compared to other Bighorn
Basin Esthonyx, with a double-rooted P2. The upper molars are square in shape, with
laterally compressed metastyles and parastyles (Fig. 7). P4 is small and triangular, with a
distinctly separate paracone and metacone. M1 and M2 have a large parastylar and
metastylar lobe present, but parastylar and metastylar cusps are not well defined. These
lobes appear flat across the buccal margin in occlusal view (Fig. 7). M3 has an elongated

parastyle but has only a hint of a metastyle (Fig. 7).
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Amended Diagnosis —Gazin (1953) and Gingerich and Gunnell (1979) provide
adequate diagnoses for Esthonyx spatularius in comparison to E. bisulcatus, and E.
acutidens. They also distinguish these species from Esthonyx munieri and other North
American tillodonts. E. spatularius is smaller than E. bisulcatus and E. acutidens,
overlapping only slightly in the m1 area of E. bisulcatus (Gazin, 1953; Gingerich and
Gunnell, 1979). They described the P2/2 of E. spatularius and E. bisulcatus as double-
rooted, while E. acutidens is single-rooted. Additionally, Esthonyx spatularius has been
described as differing from E. bisulcatus in having a more closed p4 trigonid basin, with
the paraconid, protoconid, and metaconid forming the points of an equilateral triangle
(Gingerich and Gunnell, 1979). This agrees with my measurements. The protoconid angle
of E. spatularius averages 58.15°, while E. bisulcatus averages 74.36° (Fig. 5; Table 4).

E. acutidens does not differ from E. spatularius and has a closed trigonid.

I found additional differences between the species. When observed in the occlusal
view, the mesial end of p2 of Esthonyx spatularius and E. acutidens is directed buccally
(Fig. 6). This differs from Esthonyx bisulcatus where the p2 is parallel with the other
premolars, molars, and ramus of the jaw (Fig. 10). Esthonyx spatularius and E. acutidens
tend to have much smaller metastylids than E. bisulcatus. When viewing upper dentition
in occlusal view, E. spatularius differs from E. bisulcatus and E. acutidens by having a
flattened metastyle and parastyle on the M1 and M2 (Fig. 7). Esthonyx spatularius is like
E. acutidens in having upper teeth that are all close in size and it differs from E. acutidens

in having the M2 closer in size to its P4 and M1.

Discussion —Simpson (1937) showed that the upper size range of Esthonyx

spatularius overlapped with the smaller species of E. bisulcatus, suggesting that E.
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spatularius should be synonymized with E. bisulcatus. Gingerich and Gunnell (1979) and
Gingerich (1989) also found some size overlap between the two species but kept them
separate, as did Schankler (1980). Results from this study show a considerable overlap in
ml size (Fig. 4: Table 3) between these species, but morphologic criteria, such as the
protoconid angle of p4 and presence of 13, strongly indicate the presence of two distinct

species (e.g., Fig. 5; Table 4).

In their revision of Wind River Basin tillodonts, Stucky and Krishtalka (1983)
stated that P2/2 was single-rooted in both Esthonyx spatularius and E. bisulcatus, in
contrast to previous descriptions of it being double-rooted in both species (Gazin, 1953;
Gingerich and Gunnell, 1979). I found no evidence for a single-rooted P2/2 in either

species and I consider this interpretation erroneous.

Esthonyx bisulcatus Cope, 1874

Figures 8—11, Tables 7—12

Esthonyx bisulcatus Cope, 1874, p. 6. Cope, 1875, p. 24. Cope, 1877, p. 154, P1. 40, figs.
27-33. Gazin, 1953, p. 17, figs. 1-3. Kelley and Wood, 1954, p. 340, figs. 3a, b. Guthrie,
1967, p. 33. Gingerich and Gunnell, 1979, p. 144, PL. 3, figs. 6, 7. Rose et al., 2013, p.
846, figs. 3.2, 3.4, 3.5.

Esthonyx burmeisterii Cope, 1874, p. 7. Cope, 1875, p. 24. Cope, 1877, p. 156, Pl. 40,
fig. 26.

Esthonyx acer Cope, 1874, p.7.
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Esthonyx burmeisterii (in part), Cope, 1884, p. 479, figs. 23, 24. Cope, 1885, p. 204, PI.

24c, figs. 1-10.

Synonyms — Esthonyx burmeisterii Cope, 1874; Ethonyx acer Cope, 1874.

Holotype — USNM 1103, left mandible with p3, m1-m3, from Arroyo Blanco,

San Juan Basin, New Mexico. Collected by E. D. Cope in 1874.

Referred specimens — DMNS specimens: EPV. 91675, Palate with RI1-C and
P3-M3 and associated incisors; 91716, Lp4, R molar, upper molar portion; 91985,
Associated teeth, L molar, Rp2 and m3, and LM2; 92160, Lp4-—m1, LI2; 92203, Ri2,
Rp4-m3, and RI12; 92208, Lp2, Ldp4—m1, and Lm2; 92791, R lower molar, RM2;
124357, Ldp4-m3, Rdp4-m1, and LC. USNM specimens: USNM PAL 487886, Li2—c,
Ri2, Rp4, Rm1-m2, LP3-M1, and RP4-M1; 487889, Lp4—m3, Rp3, Rm2, and Rm3;
487903, Rp4-m2; 490635, Lp2—m2; 495050, Rm1, Rm3, LP3-M3, RM1-M3; 495160,
Lml, LP3-M3, RP2-M1; 495175, Rp4, Rm3, and RM1; 495176, Lm1, 495445, RdP4;
509596, Ldp4—m1 with symphysis in jaw; 510865, Lp4—m3, Rm2—m3, LP3-P4, LM2—-
M3, and RP3-M3; 511071, Skull with L and R P2-M1(with dP3 and dP4), and L and R
11-m1 (with dp3 and dp4); 521531, RP3-M1; 523664, Lm3 and Rm1-m3; 523671, Rp4—
m3; 523673, Rm1 and m2; 523675, Rp4 and Rm2-m3; 523678, Lm3 and Rm2; 523679,
Rm2; 523681, Lm3; 523685, Lm2 and Rp3—m1; 523690, Rm2 and Rm3; 523692, Lp4—
m3 (with additional Lm3, probably unassociated), LP3—M1, and RP3-M2; 523696, RP4;
523699, Lm1-m3, LM3, and RM1; 527541, Lp3—m3, Rp4—m1, and Rm3; 527706, Lp3—
ml, Rml-m3, upper C; 540180, Lp3—m2; 540207, Rdp4—m1; 541885, Rdp4-ml;

544740, Lm1-m3, Rdp3, dp4-ml, Rm2-m3, L and R M1-M2; 712650, Lp3—m3, Rp4—
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m2; 712651, i1-i3; 712652, Lp3—m3; 712654, Lm1-m3; 712655, Ldp4—m3 and Rdp4-
m3; 712656, Rm1-m3; 712657, Lm1-m2; 712658, Ldp4-m2 and Rdp3-m2; 712708,
Lml1-m3; 712709, Lm1-m3; 712710, Rp4—m2; 712711, Rdp4-m2; 712712, Rdp4-m2;
768812, Lp3—m1, Rm2-m3, LP3-M3, R P4-M2; 768813, Lm1-m3, LP3-M3, RM2—
M3; 768817, Lm1-m2 and LM2; 768821, Ldp4—m1 and Rdp4-m1; 768825, Li3—m3,
Rp2-m3, LP3-M3, RM1-M3; 768827, Rp2, Rp4, Rm3, LP4-M1, RM2; 768828, Ldp4—
ml, RdP3—-dP4; 768829, LP4-M3, RM1-M3; 768833, Lm1-m2, LC1-M3; 768835,
Lp2—dp3, Rp2—dp4, RdP3—-M1; 768836, Lc, Ldp3—m1; 768837, Ldp4—m3; 768838, Lm3,
Rp3-m3, RM1-M3; 768839, Ldp3—m1 and Rdp4-m1; 768840, LP2—M2 and RP4-M3;
768842, LM2-M3; 768847, Rm1-m3; 768849, Rdp3—dp4; 768852, Ldp3—dp4; 768853,
Ldp3-ml, Rml, and Rm3; 768854, Rm2-m3; 768856, Lp4-m3, Ri2-m3; 768859, Lp4—
m3 and Rm1-m3; 768861, Lp4-m3; 768863, Rdp4-m2; 768866, Lp3—m3, Ri2, and
Rm2-m3; 768868, Lp2, Lp4—m2, Rp3—m3, and associated anterior teeth. See Appendix

for additional specimens.

Biostratigraphic Range and Localities in the study area — Esthonyx bisulcatus
ranges from mid Wa-3 to Wa-7. Central Bighorn Basin localities are as follows: DMNS
Locality V-73016; USGS Localities D-1162, D-1169, D-1174, D-1175, D-1177, D-1192
high, D-1201, D-1204, D-1206, D-1222, D-1229, D-1258, D-1293, D-1297, D-1303, D-
1306, D-1310, D-1311, D-1312, D-1316, D-1320, D-1322, D-1324, D-1325, D-1326, D-
1335, D-1338N, D-1341, D-1342, D-1346, D-1349, D-1350, D-1373, D-1382, D-1387,
D-1388, D-1389, D-1392, D-1400, D-1441, D-1414, D-1415, D-1418, D-1419, D-1421,
D-1425, D-1426, D-1429, D-1431, D-1436, D-1438, D-1451, D-1452, D-1454, D-1459,

D-1459, D-1460, D-1464, D-1467, D-1473, D-1474, D-1491, D-1495, D-1504, D-1507,
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D-1510, D-1511, D-1527, D-1530, D-1531, D-1532, D-1537, D-1538, D-1541, D-1554,
D-1563, D-1565, D-1567, D-1573, D-1583, D-1588, D-1592, D-1597, D-1602, D-1603,
D-1604, D-1633, D-1635, D-1645, D-1660, D-1660 B, D-1665, D-1668, D-1699, D-
1712, D-1727, D-1737, D-1767, D-1775, D-1792, D-1800, D-1823, D-1833, D-1843, D-
1847, D-1863, D-1876, D-1881, D-1882, D-1917, D-1923, D-1924, D-1935, D-1951, D-
1967, D-1994; University of Michigan UM-RB 8; Willwood localities (DMNS and
USNM) WW-8, WW-32, WW-34, WW-54, WW-55, WW-137, WW-315; Yale Localities
Y-34, Y-39, Y-45B, Y-55, Y-67, Y-69, Y-84, Y-100, Y-104, Y-131, Y-132, Y-156, Y-157, Y-

175, Y-283, Y-289, Y-290, Y-296L, Y-324, Y-344, Y-351, Y-363, and Y-459.

Description —Lower Dentition: Esthonyx bisulcatus has a fused mandibular
symphysis (e.g., USNM PAL 511071). The lower dental formula is 3.1.3.3. The 13 is
small and peg-like (Fig. 10). The p2 is double-rooted and is positioned in the jaw so that
it is parallel with p3 and the ramus (Fig. 10). The p4 is characterized by a more open
trigonid (Fig. 8) with an average protoconid-angle of 74.4°, but a wide range of 68.1° to
84.5° (Fig. 5; Table 4). A pronounced, well-developed metastylid is present on all lower
molars (Figs. 8, 10-11). It forms a forked or leaf-shaped pattern with the paraconid and
metaconid in lingual view. The metastylid, although always present, varies in expression
between individuals, according wear stage. The metastylid varies from half the height of

the metaconid to nearly its entire height.

Upper Dentition: Esthonyx bisulcatus has an upper dental formula of 2.1.3.3.
The cusps of the upper teeth are acute, with a parastyle, metastyle, and external cingulum
present on P4-M3 (Fig. 9). The parastyle and metastyle create a J or L-shaped buccal

edge. The parastyle is longer and more vertical than the metastyle. The degree of
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development varies among individuals but the pattern is still present (Fig. 9). Esthonyx
bisulcatus has a well-developed hypocone on the molars (Fig. 9). The upper P2 is double-
rooted. P3 and P4 are small relative to M1 (Fig. 9; Table 8). P4 is square-shaped when
viewed occlusally and is lingually flattened (Fig. 9). The metacone and paracone of P4
are distinct and nearly separate (Fig. 9). This is unlike other species, where the metacone
and paracone are closer together. M1 and dP4 are nearly identical. M1 is the squarest of
the three molars. M2 and M3 are usually wider than M1 and have more pronounced
parastyles and metastyles (Fig. 9). M2 and M3 are the most variable, suggesting the

preferred teeth for identification are P4 and M1.

Amended Diagnosis — Gingerich and Gunnell (1979) illustrated the natural log
of ml area for Esthonyx bisulcatus from the northern Bighorn Basin (see Gingerich and
Gunnell, 1979, Table 2). They showed a wide size distribution ranging from ~3.70 to just
below 4.0 in the natural log of the m1 area. This range overlaps with their measurements
of the upper limits of E. spatularius and the lower limits of E. acutidens. However, I find
that the range is much broader in the BCS E. bisulcatus, ranging from 3.48—4.18 (Table
3). This almost entirely overlaps with E. spatularius and E. acutidens, making E.
bisulcatus much harder to distinguish based on size alone. The P2/2 of E. bisulcatus was
described as double-rooted, while E. acutidens was described as single-rooted.
Additionally, they noted that E. bisulcatus has a more open p4 trigonid basin, as
compared to the closed trigonid seen in E. spatularius and E. acutidens (Gingerich and
Gunnell, 1979). Similarly, I found that the protoconid angle of E. spatularius and E.
acutidens averages 58.15° and 61.50°, respectively, while E. bisulcatus averages 74.36°

(Fig. 5; Table 4).
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I found that Esthonyx bisulcatus differs further by retaining the i3, while the other
species have lost it (Fig. 10). When observed in occlusal view, the p2 of Esthonyx
bisulcatus is parallel with the other premolars, molars, and ramus of the jaw (Fig. 10).
This differs from the p2 of E. spatularius and E. acutidens, which are directed buccally
(Fig. 6). Esthonyx bisulcatus tends to have much larger metastylids on the lower teeth
than E. spatularius and E. acutidens. Esthonyx bisulcatus has a parastyle that creates a J
or L shape with the metastyle (Fig. 9). On the P4, the paracone and metacone are more
separated in E. bisulcatus than in E. acutidens, and E. bisulcatus has a significantly
reduced ridge between the cusps (Fig. 9). The P4 of E. bisulcatus is smaller than M1 and
M2 (Table 7), while E. acutidens has the P4 and M1 close to the same size, with the M2

being the largest upper tooth (Table 13).

Discussion — Esthonyx bisulcatus varies in size more than the other described
species in this study due primarily to shifts in body size through the stratigraphic
sequence (Fig. 4). A shift to smaller m1 size occurs at 360 m, with the peaks of this shift
occurring at 410—412 m and again at 430-440 m. This interval corresponds to the ETM2
(409—420 m) and H2 (434444 m) hyperthermals and the B1 and B2 faunal events (Fig.
2). The smallest individuals of E. bisulcatus in the entire record occur during this
interval. Below 360 m, specimens identified as E. bisulcatus are morphologically
consistent with the hypodigm of E. bisulcatus and have an average In of m1 area of 3.93,
which is virtually identical to that holotype from New Mexico (3.92, USNM 1103)

(Gingerich and Gunnel, 1979).
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Esthonyx acutidens Cope, 1881

Figures 12—13, Tables 13—-14

Esthonyx acutidens Cope, 1881, p. 185. Cope, 1885, p. 210, Pl. 24a, figs. 17, 18, 20, 21.
White, 1952, p. 192. Gazin, 1953, p. 24, figs. 6-8. Robinson, 1966, p. 43, P1. 5, fig. 8.
Guthrie, 1971, p. 79. West, 1973, p. 125, P1. 11, figs. a, b. McKenna, 1976, p. 354, fig. 1.
Gingerich and Gunnell, 1979, p. 145.

Esthonyx cf. acutidens, Gazin, 1952, p. 21. Gazin 1962, p. 42, PL. 1, fig. 3.

Holotype — AMNH 4807, left m2 and m3, from the Wind River Formation,

Wind River Basin, Wyoming. Collected by E. D. Cope (1881).

Referred specimens — USNM specimens: USNM PAL 490634, Lm2-m3;
495158, Ri2, Rp3—-m3, and Lp3-m3; 495164, Lm2-m3; 509669, RM1-M2; 523688,
Rml and LM2; 523700, Rdp3—m1, additional Rp4, LM1-M2, and additional LM1;
533621, Rp2-m3; 712713, Lp3—m3; 768811, LP4-M3, RC-M3; 768816, Rm1 (with
unassociated material); 768830, Lp3—p4, Lm3, and Rm1-m2; 768831, Rp2-m1; 768832,
Lp3-m3, Rp3-ml, and associated anterior teeth; 768844, Lp3—m3, Rp2-m3, LP3-M3,
and RP3-M3; 768845, Lp4-m2; 768846, Lp3—m3, Rp2-m3, LP2-M3, and RM1-M3;
768850, LP3—M2 and RP3-M2; 768851, Lm2—m3 and Rp3; 768855, Lp4—m3 and Rp4—
m3; 768860, Lm1-m3 and associated i2; 768862, Rp4-—m3; 768864, Lp3—m3; 768865,
Lp3-m3; 768867, LdP4, RP3—M2 (associated?); 768874, Lp4-m3, Rp4-m2, RP3-M3;
768875, Lp2—p3, Rp4-m1; 768876, Lp4—m2 and Rp4-ml. See Appendix for additional

specimens.
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Biostratigraphic Range and Localities in the study area — Esthonyx acutidens
ranges from faunal event B1 of Chew (2015) in Wa-5 into Wa-7 (Fig. 2). Central Bighorn
Basin localities are as follows: USGS Localities D-1162, D-1166, D-1174, D-1177, D-
1198 B, D-1198 H, D-1229, D-1310, D-1325, D-1326, D-1339, D-1345, D-1381, D-
1402, D-1403, D-1410, D-1431, D-1436, D-1454, D-1464, D-1467, D-1468, D-1469, D-
1473, D-1491, D-1510, D-1532, D-1541, D-1583, D-1598, D-1603, D-1647, D-1657, D-
1688, D-1699, D-1735, D-1737, D-1743, D-1757, D-1781, D-1828, D-1829, D-1843, D-
1881, D-1947, D-2056; Willwood localities (DMNS and USNM) WW-63, WW-317; Yale

Localities Y-39, Y-45s, Y-168, Y-176, Y-181, D-192s, Y-193, Y-320, and Y-461.

Description — Lower Dentition: Esthonyx acutidens has a fused mandibular
symphysis with the lower dental formula 2.1.3.3. Esthonyx acutidens lacks an 13 while
retaining the characteristic large front two incisors and incisor-like canine (e.g., USNM
PAL 768811). Esthonyx acutidens is large compared to other Esthonyx. The p2 roots are
variable, ranging from single-rooted (Fig. 12) to partially fused double-rooted,
resembling a figure-eight in the occlusal view. The p4 trigonid resembles that of .
spatularius forming a nearly equilateral triangle (Fig. 5; Table 4). Esthonyx acutidens
lacks a metastylid on the m3 and has a very small to absent metastylid on m1 and m2.
The m3 has an elongated talonid with a well-developed hypoconulid (Fig. 12). The cheek
teeth are wide at the cervical margin, gradually narrowing toward the occlusal surface.
The cheek teeth are tall and hypsodont. Molar talonids are large and open anterior-

posteriorly (Fig. 12).

Upper Dentition: Esthonyx acutidens has an upper dental formula of 2.1.3.3. The

skull of E. acutidens has an elongated rostrum that houses two large upper incisors and an
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incisor-like canine. Specimens such as USNM PAL V.18202 (Gazin, 1953; from the Wind
River Basin), USNM PAL 768846, and USNM PAL 768850 have incisors that are
displaced distally, creating a midline diastema between the left and right I1. P2 is single-
rooted (Fig. 13). P3 resembles other Esthonyx but is more robust. P4 is proportionally
large and close to the molars in size. The P4 tends to have its paracone and metacone
close together, forming more of a descending ridge (metacone to paracone) than two
distinct cusps. In P4-M3, the parastyle and metastyle are pronounced and well-developed

(Fig. 13). The parastyle and metastyle resemble two large circles and are similar in size

(Fig. 13).

Amended Diagnosis —Gazin (1953) and Gingerich and Gunnell (1979) noted
that Esthonyx acutidens is the largest of the three species in this Wasatchian lineage and
that the P2/2 of E. acutidens is single-rooted. Additionally, E. acutidens has been
described as differing from E. bisulcatus by having a more closed p4 trigonid basin, with
the paraconid, protoconid, and metaconid forming the points of an equilateral triangle
(Gingerich and Gunnell, 1979). I found that the protoconid angle of E. acutidens averages

61.5 (Fig. 5; Table 4), agreeing with the previous description of the trigonid of p4.

Esthonyx acutidens tends to have much smaller metastylids than E. bisulcatus,
and in some cases, E. acutidens completely lacks a metastylid. When viewing the upper
dentition in occlusal view, E. acutidens has large parastyles and metastyles that are equal
in size and are much more circular (Fig. 13), differing from the flatter metastyles and

parastyles of E. spatularius and E. bisulcatus.
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Esthonyx sp. cf. E. bisulcatus

Figure 14, Table 15

Referred specimen — USNM PAL 495174, Rc and Rp4-m1.

Biostratigraphic Range and Localities in the study area — USNM PAL

495174 comes from USGS Locality D-1388 at 360 m near the top of Wa-4.

Description. —Lower Dentition: The specimen is a right dentary fragment with
p4—ml and an associated lower canine. The p4 and m1 are complete but both show
significant wear (Fig. 14). The p4 trigonid basin is open with a protoconid angle of 79.3°.

The natural log of the m1 area is 3.77. Linear measurements can be found in Table 15.

USNM PAL 495174 has a distinctive metastylid that is large and oddly placed at
the center of the talonid basin of the p4. The p4 metastylid is much more robust than that
of the m1, is closer to the center of the talonid basin, and comprises nearly the entirety of

the basin. The p4 metastylid is worn but still apparent.

Discussion — Because of its size, and the structure of the m1, and the protoconid
angle of the p4, I refer USNM PAL 495174 to Esthonyx sp. cf. E. bisulcatus. 3 (Fig. 4,
Table 3). The protoconid angle of the p4 (79.3°) is within the range of E. bisulcatus but

outside the ranges of E. spatularius and E. acutidens (Fig. 5, Table 4).

Although USNM PAL 495174 is identified as Esthonyx sp. cf. E. bisulcatus, it
differs from all other specimens examined for this study in having a uniquely positioned
p4 metastylid. It is common for Esthonyx species to have a metastylid on their molars and

to have the metastylid stretching towards the talonid basins of the molars. However, on

USNM PAL 495174, a large metastylid is present on the p4 in addition to the m1. The p4
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metastylid is also uniquely situated in the center of the talonid basin. Because USNM
PAL 495174 is the only specimen exhibiting this trait among a large sample, it likely
represents an aberrant individual of E. bisulcatus. However, the possibility that it
represents a rare, undescribed species of Esthonyx cannot be ruled out. Additional
specimens exhibiting these characteristics would ideally be needed before naming a new

species.

DISCUSSION

At least three species of Esthonyx can be distinguished in the collections I studied:
E. bisulcatus, E. acutidens, and E. spatularius. Some large specimens in the early
Wasatchian may represent another species of Esthonyx or they may be late-occurring
individuals of Azygonyx. However, these specimens morphologically agree with E.
bisulcatus and were placed in that species. USNM PAL 495174 — identified by this

study as Esthonyx sp. cf. E. bisulcatus — could also represent an undescribed species.

This study's results help refine the stratigraphic ranges of Esthonyx spatularius, E.
bisulcatus, and E. acutidens (Fig. 4). Gingerich and Gunnell (1979) recognized both E.
spatularius and E. bisulcatus in the Bighorn Basin but suggested they were two parts of a
single, continuous anagenetic lineage with E. spatularius transitioning to E. bisulcatus
from the early to late Wasatchian. However, Schankler (1980) subsequently found that E.
bisulcatus ranged further downward into his Haplomylus-Ectocion Range-Zone (upper
Wa-3 and Wa-4, Fig. 2), significantly overlapping with E. spatularius. Chew (2015) later

extended the range of E. spatularius upward into Wa-5 to faunal turnover event B2. A re-
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evaluation of specimen identifications indicates that the last occurrence of E. spatularius
occurs slightly lower at faunal event B1. In the upper part of his section, Schankler
(1980) found that E. bisulcatus and E. acutidens overlapped in his Heptodon Range-Zone
(= Wa-6, lower Wa-7 in this study, Fig. 2). Results from this study extend the range of E.
acutidens downward to the middle part of Wa-5 (base of ETM2) and corroborate the

overlap of these taxa in Wa-6.

Of the species considered, Esthonyx bisulcatus is the most common. Esthonyx
bisulcatus has the longest biostratigraphic range, first occurring low in Wa-3 (166—170
m) and ranging through Wa-6 (last occurrence at 591 m, Fig. 4). Accounts of Esthonyx
bisulcatus from other sections and basins indicate it ranges into Wa-7 (Gazin, 1953;
Gingerich and Gunnell, 1979; Clyde, 2001). Schankler (1980) showed E. bisulcatus
ranging into his upper Heptodon range zone, which should be equivalent to Wa-7 in the
study area (Fig. 2). I found no specimens of E. bisulcatus that were unequivocally
documented from Wa-7. Wa-7 is poorly sampled in the Bighorn Basin, however, and
most localities are not tightly correlated into the BCS. Esthonyx acutidens also ranges
into Wa-7 and Br-1a (early Bridgerian) in other basins (Gazin, 1953; Gingerich and

Gunnell, 1979; Stucky and Krishtalka, 1983).

Esthonyx Species Range Revision

The last occurrence of Esthonyx spatularius and the first occurrence of E.
acutidens coincide with the hyperthermal ETM?2 (Fig. 4) and are coincident with faunal
turnover event B1. Chew (2015) placed the last appearance of E. spatularius slightly
higher at faunal event B2, but reidentification of specimens indicate it occurred lower.

This study also lowered the first occurrence of E. acutidens to near the base of ETM2. As
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described above, Esthonyx spatularius and E. acutidens can be differentiated by
morphological differences, such as the number of roots on second premolars. Esthonyx
acutidens is also considerably larger (Fig. 4, Tables 3, 13-14). Thus, these species do not

appear to represent segments of an anagenetic lineage.

Paleobiogeography

Numerous first appearances of mammalian taxa occur during the PETM as their
geographic ranges shifted in response to warming. Some immigrants entered North
America from other continents, such as Asia, across high-latitude land bridges (Koch et
al., 1992; Secord et al., 2012), while others probably originated in North America (Rose
et al., 2012). ETM2 does not appear to be associated with intercontinental immigration
(Chew, 2015), and thus, the sudden appearance of E. acutidens probably represents a
range shift in North America. The disappearance of E. spatularius could also be
associated with a range shift or extinction due to climate and environmental stresses
associated with the hyperthermal, ETM2. Fossils from other basins with strong

chronostratigraphic control are needed to test these possibilities.

Body Size Changes

The shifts in the body size of Esthonyx bisulcatus (Fig. 4) are noteworthy as well.
The first of these shifts to smaller body size (using the In of m1 area as a body size
proxy) begins at about 355 m, directly below Schankler’s Biohorizon B. Biohorizon B
does appear to be associated with climate change (Abels et al., 2012; Widlansky et al.,
2022) but a second shift to smaller body size occurs at ~409 m, corresponding with the

onset of ETM2. ETM2 is followed immediately by H2 at approximately 409—444 m. The
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smallest individuals of E. bisulcatus appear in or on the margins of the stratigraphic
interval bounded by these hyperthermals. It should be noted that because the BCS is a
composite of stratigraphic sections tied together through long bed traces, sometimes over
difficult terrain (Bown et al., 1994), stratigraphic uncertainly through the ETM2 and H2
interval is at least = 5 m and probably greater. Thus, it may be difficult to distinguish
differences in body size in the short interval of cooling between these hyperthermals,
although, the 3-point moving average exhibits two negative peaks that approximate

ETM2 and H2 (Fig. 4).

A shift to smaller body size is a hallmark of the PETM in which about 40% of
mammalian species became smaller, sometimes by more than 50%, while no species
appears to get larger (Gingerich, 1989; Clyde and Gingerich, 1998; Secord et al., 2012).
Notably, this includes the tillodont Azygonyx, which underwent a body size reduction of
about 40% based on a small sample of first molars (Gingerich, 1989; Secord et al., 2012,
table S7). ETM2 and H2 are far less studied than the PETM, and mammal fossils from
these later hyperthermals are known only from the Bighorn Basin. In the McCullough
Peaks area of the Bighorn Basin, D’ Ambrosia et al. (2017) noted decreases in body size
in the equid Arenahippus and the artiodactyl Diacodexis in ETM2, based on fairly small
sample sizes. They suggested this may indicate an ecological “dwarfing” response similar
to that at the PETM. However, using a much larger data set from the southern basin,
Chew (2015) found a proliferation of body size changes during faunal events B1 and B2
(corresponding with ETM2 and H2 hyperthermals) rather than a coordinated “dwarfing”
as interpreted in the PETM. She found that about 20% of genera became smaller and

about 20% larger (specific genera not provided). Thus, it may be that the decrease in
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body size of Esthonyx bisulcatus was more of an exception than the norm among
Wasatchian taxa during ETM2 and H2. Nevertheless, climate change appears to have
played an important role in shaping the biogeographic and evolutionary history of

Esthonyx.

CONCLUSIONS

This study encompasses a reevaluation of the taxonomy and biostratigraphy of the
largest collection of Esthonyx known from anywhere in the world. The general
stratigraphic sequence of species found here is consistent with earlier studies, but the
stratigraphic ranges of species are refined. The first occurrences of E. spatularius, E.
acutidens, and E. bisulcatus are extended downward and occur lower than previously
reported. Also, the last occurrence of E. spatularius occurs slightly lower than previously
reported. These range extensions resulted in the stratigraphic overlap of E. bisulcatus and
E. spatularius over a longer interval in the early Wasatchian than previously recognized
(now from Wa-3 to Wa-5). Similarly, the downward extension of E. acutidens to the
middle part of Wa-5 (base of ETM2) corroborates previous reports of overlap with E.

bisulcatus, extending the overlap range into Wa-5.

With these new range extensions, the last occurrence of Esthonyx spatularius and
the first occurrence of E. acutidens now correspond with the base of ETM2 (Fig. 4).
These taxa do not appear to be segments of an anagenetic lineage. Warming and
concurrent ecological changes during ETM2 may have changed the geographic range of

taxa bringing E. acutidens into the Bighorn Basin, and a range shift pushing E.
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spatularius out of the basin or driving it to extinction. A marked shift in E. bisulcatus to
the smallest body sizes occurs in the stratigraphic interval encompassing the ETM2 and
H2 hyperthermal pair (Fig. 4). Although this shift resembles shifts to smaller body sizes
that appear in some other lineages during the PETM, previous work suggests that body
size changes during ETM2 may not have the same ecological basis. Nevertheless, climate
change during the ETM2 and H2 hyperthermals appears to have played a key role in the

biogeography and evolution of Esthonyx species.
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FIGURE 1: Map of central and southern Bighorn Basin showing main collecting areas.
Modified from Chew (2009). Small lines represent the sections used to establish meter
levels for the composite section (BCS, see text for explanation) of Bown et al. (1994).
The base of the BCS is shown by the solid black lines that are southeast of Worland,
Wy. Abbreviations: FMC, Fifteen Mile Creek region; EC, EIk Creek; and ECR, Elk
Creek Rim.
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FIGURE 2: Comparison biozonations, biohorizons, and bioevents used by various
authors and for this study in the central Bighorn Basin. Schankler’s work is based on a
composite section of different thickness from the BCS (Bown et al., 1994). For this
study “biohorizons” and “bioevents” follow Schankler (1980) and Chew (2015). First
appearances of the taxa defining the Wa biozones used in this paper follow Gingerich
(see discussion in text). Magnetic polarity chrons from Clyde et al. 2007 and dates from
0Ogg, 2020. Shaded area at top of This Paper’s column represents poorly sampled and
described section of the BCS.
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FIGURE 3: Lines of measurements for borrowed specimens. Specimens borrowed from
USNM and measured at UNSM. A. height measurements of lower dentition; B. length,
width, and basin length of lower dentition; C. length, width, and basin length of m3; D.
distance between cusps on lower dentition; E. length and width of upper dentition; F.
distance between cusps (A, B, C) and length of parastyle (D) and metastyle (E); G.
height of upper dentition. Abbreviations and descriptions in Tables 1 and 2. Specimens
not to scale.
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FIGURE 4: Stratigraphic chart showing from left to right: meter level, natural log (In) of
m1 area for Esthonyx species, magnetic polarity chrons from Clyde et al. (2007),
stratigraphic ranges of Esthonyx species as determined in this study, and biozones
used in this study. Green bars indicate positions of ETM2 and H2 hyperthermals. Gray
bars indicate positions of PETM hyperthermal and Biohorizon B. 52.8 in Wa-7 is
radiometric date from volcanic ash. Dashed vertical lines indicate where species are
expected to continue, but no specimens were identified. Dotted horizontal line at 634 m
represents bentonite layer used for dating the upper portion of the BCS.
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FIGURE 5: Scatterplot showing distribution of protoconid angle of p4 trigonid relative to
stratigraphic level. A smaller angle indicates a more closed trigonid with cusps forming
an equilateral triangle.
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FIGURE 6: Left mandible of Esthonyx spatularius (USNM PAL 490643) with partial
canine and p3-m3. A, occlusal view; B, buccal view. From Y-119, 100 m. Note the roots
of a double rooted p2.




FIGURE 7: Right maxilla of Esthonyx spatularius (USNM PAL 768814) with P3
(protocone)-partial M3 in occlusal view. From D-1373, 337 m.
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FIGURE 8: Right mandible of Esthonyx bisulcatus (USNM PAL 768838) with p3-partial
m3. A, buccal view; B, occlusal view. From D-1206, 438 m.

FIGURE 9: Left maxilla of Esthonyx bisulcatus (USNM PAL 768813) with partial P3-
partial M3 in occlusal view. From D-1382, 430 m.

10 mm
| ]
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FIGURE 10: Left mandible of Esthonyx bisulcatus (USNM PAL 768825) with i2- m3. A.
occlusial view: B. buccal view. From D-1554, 416 m. Note peg-like i3 and double-rooted
p2 with roots that are parallel to jaw.
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FIGURE 11: Left mandible of Esthonyx bisulcatus (USNM PAL 490635) with partial c1,
dp2-4, m1-2. A, buccal view; B, occlusal view. From D-1325, 438 m
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FIGURE 12: Right mandible of an Esthonyx acutidens (USNM PAL 533621) with p2-
m3. A, buccal view; B, occlusal view; C, occlusal view of m3. From D-1436, 492 m.

FIGURE 13: Right maxilla of Esthonyx acutidens (USNM PAL 768811) with 12- M3 in
occlusal view. From D-1467, 546 m. Specimen includes left and right 11, and left C, P4-
M3, which are not pictured.
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FIGURE 14: Right mandible of Esthonyx sp., cf. bisulcatus (USNM PAL 495174) with
p4- m1. A, occlusal view; B, buccal view. Specimen includes right c1, not pictured
below. From D-1388, 360 m.

10 mm
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TABLE 1: List of lower dental measurements conducted on borrowed specimens of
Esthonyx from study area. Specimens borrowed from USNM and measured at UNSM.

Measurement Symbol Description
Lov.v§r Length L From the most antgrlor ppmt to the most
Dentition posterior point.
. Across the widest portion of the tooth. Buccal
Widh W to the lingual side of trigonid.
From the anterior side of the paraconid to the
Trigonid Length B-tri posterior side of the metaconid. Longest point
of trigonid.
Talonid Length B-tal From the posterior side of the metaconid to the
hypoconulid.
The max height from the cervical margin to the
Trigonid Height H-tri occlusal surface along the buccal side of the
trigonid basin.
The max height from the cervical margin to the
Talonid Height H-tal occlusal surface along the buccal side of the
talonid basin.
Paraconid to Protoconid p From the center of the paracopld cusp to the
center of the protoconid cusp.
Protoconid to Metaconid b From the center of the protocgnld cusp to the
center of the metaconid cusp.
Metaconid to Paraconid c From the center of the metaconid cusp to the

center of the paraconid cusp.




TABLE 2: List of lower dental measurements conducted on borrowed specimens of
Esthonyx from study area. Specimens borrowed from USNM and measured at UNSM.

Measurement Symbol Description
Uppq Length L From the most antgrlor ppmt to the most
Dentition posterior point.
Across the widest portion of the tooth. From the
Width w ectoflexus to the lingual edge of the tooth. Does
not include metastyle and parastyle.
Height o Ma).(lmum h(?lght from cervical margin to
highest point on the occlusal surface.
Paracone to Profocone 4 From the center of the paracone cusp to the
center of the protocone cusp.
Protocone to Metacone B From the center of the protocone cusp to the
center of the metacone cusp.
Metacone to Paracone C From the center of the metacone cusp to the
center of the paracone cusp.
From the center of the paracone to the furthest
Paracone to Parastyle D point on the parastyle. Measures the total length
of parastyle.
From the center of the metacone to the furthest
Metacone to Metastyle E point on the metastyle. Measures the total

length of metastyle.




TABLE 3: Dental measurements for lower m1 of the three species of Esthonyx from
study area. Populations of Esthonyx bisulcatus have been divided at the 400 m level
due to differences in body size. Abbreviations: n, sample size of specimens with m1
present on at least one side; SD, standard deviation.

Species Ln ml area Ln ml area SD
n
Mean Range
ml E. spatularius 18 3.69 3.48-3.8 0.08
*Total
E. bisulcatus 0.12
*Below 400 m 58 3.90 3.66-4.18
E. bisulcatus
*Above 400 m 95 3.80 3.44-4.01 0.11
E. acutidens 36 3.95 3.77-4.11 0.10

TABLE 4: Dental measurements for lower p4 of Esthonyx species from study area.
Abbreviations and symbols: n, sample size of specimens with p4 present on at least
one side; proto., protoconid; £, angle.

Species n Mean proto. £ of p4 Range proto. £ of p4
p4 E. spatularius 8 58.2° 52.9°-64.7°
E. bisulcatus 20 74.4° 68.1° —84.5°
E. acutidens 12 61.5° 53.1°—-65.6°
Esthonyx cf. 1 79.3°% —

bisulcatus




TABLE 5: Statistics for lower teeth of Esthonyx spatularius from the study area.
Abbreviations: n, sample size; Min., minimum; Max., maximum; SE, standard error of

mean; SD, standard deviation; CV%, coefficient of variation given as a percentage.

Measurements in mm.

N Min. Max. Mean SE SD CV%
p2 L 4 4.08 4.79 4.45 0.15 0.30 6.8
W 4 2.71 3.15 2.92 0.10 0.21 7.1
p3 L 8 5.07 6.53 5.89 0.15 0.42 7.1
W 8 3.55 423 3.91 0.09 0.25 6.3
p4 L 16 6.38 7.84 7.25 0.11 0.45 6.2
W 16 4.29 5.62 4.82 0.09 0.34 7.1
ml L 24 6.44 7.98 7.32 0.08 0.41 5.6
\\Y% 24 4.62 6.03 5.48 0.07 0.33 6.0
m2 L 25 7.10 8.68 7.91 0.09 0.46 5.8
\\Y% 26 5.56 7.39 6.24 0.08 0.42 6.7
m3 L 24 7.38 10.44 9.44 0.15 0.71 7.5
W 24 4.72 6.38 5.39 0.08 0.39 7.2

TABLE 6. Statistics for upper teeth of Esthonyx spatularius from the study area.

Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
P2 L 1 — — 491 - — -
W 1 - - 3.07 - - -
P3 L 2 7.27 7.33 7.30 0.03 0.04 2.1
w 2 6.86 7.05 6.96 0.10 0.13 6.7
P4 L 7 6.23 7.88 6.85 0.21 0.56 8.0
w 7 7.67 9.54 8.58 0.24 0.64 9.2
M1 L 10 6.80 8.28 7.69 0.16 0.51 5.1
W 11 9.64 12.91 10.48 0.29 0.96 8.7
M2 L 12 7.00 8.66 7.98 0.15 0.51 4.2
w 12 9.72 12.07 10.79 0.20 0.69 5.7
M3 L 10 5.88 7.17 6.62 0.14 0.45 4.5
w 8 8.40 10.22 9.64 0.22 0.61 7.6
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TABLE 7: Statistics for lower teeth of Esthonyx bisulcatus from study area.
Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
p2 L 16 3.38 5.94 4.92 0.25 0.82 17.4
W 16 2.77 3.98 3.28 0.10 0.34 10.5
p3 L 28 4.69 7.03 6.05 0.11 0.59 9.8
W 28 2.65 5.17 3.87 0.11 0.56 14.5
p4 L 57 6.02 8.65 7.59 0.07 0.54 7.1
W 57 3.63 6.22 4.92 0.07 0.55 11.1
ml L 158 6.69 9.54 7.98 0.04 0.53 6.7
W 158 4.55 7.08 5.81 0.04 0.48 8.2
m2 L 107 6.72 9.77 8.15 0.05 0.54 6.7
\\Y% 112 4.69 7.28 6.04 0.05 0.50 8.3
m3 L 65 5.36 11.46 9.66 0.12 0.94 9.7
\\Y% 71 3.82 8.03 5.34 0.07 0.60 11.3

TABLE 8: Statistics for upper teeth of Esthonyx bisulcatus from study area.
Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
P2 L 1 — — 5.15 - — -
W 1 - - 3.35 - - -
P3 L 16 6.26 8.14 7.36 0.14 0.54 7.3
w 16 5.70 8.64 7.15 0.16 0.63 8.8
P4 L 31 6.65 8.50 7.48 0.09 0.48 6.4
W 31 7.67 10.11 8.75 0.12 0.64 7.4
M1 L 54 6.85 8.82 7.86 0.06 0.45 5.7
w 52 8.63 11.29 9.85 0.10 0.69 7.0
M2 L 40 6.66 9.63 8.00 0.10 0.66 8.2
W 41 8.57 12.85 10.58 0.13 0.85 8.0
M3 L 26 5.49 8.17 6.83 0.11 0.55 8.1
w 26 8.01 11.52 9.71 0.16 0.79 8.2
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TABLE 9: Statistics for lower teeth of Esthonyx bisulcatus from below 400 m in study
area. Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%

p2 L 1 — — 5.28 - - —

W 1 — — 3.43 — — —

p3 L 7 5.91 7.03 6.40 0.16 0.42 6.6
W 7 3.27 4.96 4.08 0.23 0.60 14.7

p4 L 21 7.08 8.53 7.75 0.09 0.41 5.2
W 20 3.63 6.22 5.11 0.13 0.57 11.2

ml L 59 6.92 9.54 8.17 0.07 0.57 7.0

W 59 4.75 7.08 5.98 0.07 0.52 8.6

m2 L 37 5.10 7.25 6.12 0.8 0.49 8.1

W 39 7.14 9.62 8.22 0.07 0.45 54

m3 L 22 8.15 11.46 9.77 0.18 0.86 8.8
\\Y% 24 4.24 6.31 5.32 0.11 0.56 10.5

TABLE 10: Statistics for upper teeth of Esthonyx bisulcatus from below 400 m in study
area. Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
P2 L 0 — — — — — —
W 0 — - - — - —
P3 L 0 — — — - — —
W 0 — — — - — —
P4 L 4 7.00 8.11 7.69 0.25 0.50 6.5
W 4 7.97 9.32 8.59 0.33 0.66 7.7
M1 L 6 7.24 8.23 7.75 0.17 0.41 5.3
W 6 9.75 11.29 10.26 0.23 0.55 5.4
M2 L 9 6.66 8.51 7.85 0.21 0.64 8.2
W 9 9.03 11.95 10.40 0.33 0.98 94
M3 L 3 7.03 7.73 7.31 0.21 0.37 5.1
W 3 9.04 11.14 10.14 0.61 1.05 10.4
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TABLE 11: Statistics for lower teeth of Esthonyx bisulcatus from above 400 m in study
area. Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
p2 L 8 4.1 5.94 4.90 0.25 0.70 14.4
W 8 2.77 3.98 3.28 0.13 0.37 11.2
p3 L 20 4.69 6.94 5.92 0.14 0.61 10.3
W 20 2.65 5.17 3.809 0.12 0.55 14.6
p4 L 34 6.02 8.65 7.50 0.10 0.61 8.1
W 35 3.76 6.09 4.85 0.08 0.50 10.2
ml L 93 6.69 8.93 7.86 0.05 0.46 5.8
\\Y% 93 4.55 6.53 5.74 0.04 0.42 7.2
m2 L 66 6.72 9.77 8.09 0.69 0.56 7.0
W 68 5.14 6.95 6.03 0.55 0.45 7.5
m3 L 40 5.36 11.42 9.64 0.16 1.01 10.5
W 44 4.4 8.03 5.39 0.09 0.61 11.3

TABLE 12: Statistics for upper teeth of Esthonyx bisulcatus from above 400 m in study
area. Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
P2 L 1 - — 5.35 - - -
\\% 1 — — 3.35 — — —
P3 L 15 6.26 8.14 7.37 0.14 0.56 7.6
w 15 5.70 8.64 7.15 0.17 0.65 9.1
P4 L 26 6.65 8.5 7.47 0.93 0.48 6.4
W 26 7.67 10.11 8.74 0.13 0.64 7.4
M1 L 46 6.85 8.82 7.87 0.07 0.46 5.8
w 45 8.63 11.03 9.76 0.10 0.67 6.9
M2 L 28 6.77 8.84 7.96 0.11 0.58 7.3
W 28 8.57 11.58 10.53 0.13 0.68 6.5
M3 L 21 5.49 8.17 6.79 0.12 0.56 8.3
w 21 8.01 11.52 9.62 0.17 0.79 8.2
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TABLE 13: Statistics for lower teeth of Esthonyx acutidens from BCS. Abbreviations as
in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%

p2 L 4 3.38 4.99 4.10 0.34 0.67 16.3
W 4 3.19 3.98 342 0.19 0.38 11.1
p3 L 14 6.02 7.11 6.67 0.08 0.28 43
W 14 3.98 4.79 4.32 0.07 0.27 6.2
p4 L 33 6.99 8.66 7.79 0.08 0.43 5.5
W 33 4.67 5.99 5.21 0.06 0.33 6.4
ml L 46 7.16 941 8.11 0.08 0.53 6.6
W 46 5.58 6.96 6.33 0.06 0.41 6.5
m2 L 39 7.20 9.08 8.25 0.08 0.48 5.8
W 38 5.76 7.19 6.34 0.07 0.41 6.5
m3 L 39 9.15 12.09 10.51 0.12 0.76 7.2
W 38 5.02 6.65 5.68 0.07 0.41 7.3

TABLE 14: Statistics for upper teeth of Esthonyx acutidens from study area.
Abbreviations as in Table 5. Measurements in mm.

n Min. Max. Mean SE SD CV%
P2 L 1 — — 4.06 — - -
W 1 - — 6.11 - — -
P3 L 6 7.03 8.45 8.02 0.22 0.53 6.7
W 6 7.00 9.12 7.65 0.32 0.79 10.4
P4 L 10 7.17 10.12 8.00 0.27 0.86 10.8
W 10 8.18 11.08 9.57 0.33 1.05 11.0
M1 L 15 7.01 8.99 8.11 0.16 0.62 7.6
W 15 9.36 11.96 10.87 0.21 0.82 7.5
M2 L 18 7.32 9.19 8.02 0.20 0.45 5.6
W 17 10.31 13.04 11.47 0.11 0.81 7.0
M3 L 14 5.87 8.98 7.10 0.21 0.79 11.1
W 14 9.82 13.15 10.88 0.24 0.88 8.1




TABLE 15: Measurements for USNM PAL 495174 (Esthonyx sp., cf. bisulcatus).
Abbreviations as in Table 1. Measurements in mm.

p4

ml

In of m1 Area
B-tri
B-tal
H-tri
H-tal

8.03
5.33
4.70
3.74
6.16
4.44

7.76
5.60
3.77
4.19
3.94
5.82
4.45
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B-1

Meter

Specimen # Location Genus Species Element Locality Level(m)
USNM
Drawer

USGS 27142 236 Esthonyx acutiden R p/4-m/3 (m/2-m/3 partly) D-1947 407
USNM
Drawer

USGS 26979 239 Esthonyx acutidens Rm/1 D-1829 501
USNM
Drawer

USGS 8905 238 Esthonyx acutidens Lm/1 Y-45s 470
USNM
Drawer

USGS 1554 238 Esthonyx acutidens Lm/1-m/2 D-1166 481
USNM

USNM PAL Drawer L p/4-m/3 trigonid, R p/4-m/2, R P3/-

768874 238 Esthonyx acutidens  M/3 D-1229 481

USNM PAL USNM

768816- Drawer

Rm/1 234 Esthonyx acutidens 2Lp/4,Rp/4,and Rm/1 D-1454 409
R17 219

ND L23 Esthonyx acutidens L M2/, and lower R p4 and m1 D-1381 430
USNM

USNM Drawer

490634 237 Esthonyx acutidens L m/2-m3 D-1325 438
USNM

USNM Drawer

523688 237 Esthonyx acutidens Rm/1,LM2/ D-1699 463
USNM

USNM PAL Drawer

768845 238 Esthonyx acutidens L p/4-m/2 D-1162 481
USNM

USNM PAL Drawer

768865 240 Esthonyx acutidens L p/3-m/3(m/3 broken) D-1436 492

USNM JHU

533621 Cabinet  Esthonyx acutidens  Rp/2-m/3 D-1436 492
USNM

USNM Drawer

495158 239 Esthonyx acutidens  Ri/2, p/3-m/3, L p/3-m/3 D-1431 501
USNM
Drawer

USGS 8306 239 Esthonyx acutidens  Rdp/4-m/1 D-1468 501
USNM

USNM PAL Drawer R dp/3-m/1, addit. R p/4, Addit. L

523700 239 Esthonyx acutidens  M1/?,LM1/-M2/? WW-63 536
USNM

USNM PAL Drawer
768864 240 Esthonyx acutidens L p/3-m/3 D-1464 546



USNM PAL
768860
USNM PAL
768811

USNM PAL
768855

USNM PAL
768867

USGS 12971

ND

USGS 24580

USGS 23653

USGS 7543

USGS 27151

USNM PAL

768831

USGS 24027

USGS 8578

USGS 8420

USGS 9082

USGS 23655

USNM
Drawer
240
JHU
Cabinet
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
R17 220
L2
USNM
Drawer
234
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

i/2,L m/1-m/3
L P4/-M3/, R C-M3/, tooth frags and
bits

L p/4-m/3, R p/4-m/3

R P3/-M2/, L DP4/ (assoc?), Assoc.

L p/4-m/1
teeth, RP4, L M3, LP1orP2,Rm1*
(Smashed)

Rm/3

R M1/

L m/2-m/3

Lm/1

Rp/2-m/1

Rm/3

L p/3-p/4

Rm/3,L m/1-m/3

Rm/3

Rm/3

B-2

D-1828

D-1467

D-1583

D-1473

D-1647

546

546

551

556

591

WW-317 *Missing

D-1743

Y-461

D-1454

D-1454

D-1454

D-1541

D-1410

D-1410

D-1402

D-1403

385

405

409

409

409

414

417

417

420

420



USGS 26888

USGS 4202

USGS 12983

USGS 4268

USNM PAL

768876

USGS 19336

USNM PAL

768875

USGS 26894

USGS 22749

USGS 24598

USGS 1093

USGS 1262

USNM PAL

768846

USGS 1555

USGS 279

USGS 278

USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

Rm/2-m/3

R p/3-p/4

Ussoc. L p/4,Rm/2

L M2/

L p/4-m/2, R p/4-m/1

Rm/3

L p/2-p/3, m/1, m/3

L M2/

RM1/-M3/

Rm/1and m/3

L p/3-m/3

L M1/

L p/3-m/3, R p/2-m/3, L P2/-M3/, R

M1/-M3/

L m/2

Rm/1-m/2

Rm/2-m/3

Y-320

D-1326

D-1598

D-1310

D-1688

D-1657

D-1603

D-1881

D-1737

D-1757

D-1198 B

D-1198 H

D-1162

D-1166

D-1177

D-1177

B-3

423

425

428

442

442

443

463

463

463

468

470

470

481

481

481

481



USGS 287

USNM PAL

768844

USGS 10255

USGS 23661

USGS 7057

USGS 8608

USGS 8685

USNM PAL

768851

USGS 8435

USNM

495164

USGS 8629

USGS 8005

USGS 26958

USGS 26959

USGS 27161

USNM
509669

USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

L m/1-m/3

L p/3-m/3, R p/2-m/3, L P3/-M3/, R

P3/-M3/

Rp/4,Lm/1-m/2

L m/1 and m/3

R dp/4-m/1

Rm/2

L M2/-M3/

L m/2-m/3, R p/3

Rm/2

L m/2-m/3 "half"

L m/2

Rm/1-m/3

L M2/-M/3

L P/4-M3/

R p/4-m/2(part)

R M1/-M2/

D-1177

D-1177

D-1510

D-1532

D-1491

D-1345

D-1469

D-1174

D-1431

Y-39

Y-39

Y168

D-1843

D-1843

D-1843

D-2056

B-4

481

481

482

485

486

491

491

501

501

501

501

501

528

528

528

531



USGS 26969

USGS 8342

USGS 17994

USGS 8934

USNM

712713

USGS 22743

USGS 24588

USGS 22745

USGS 8708
USNM PAL
768832
USNM PAL
768830-
Bigger

USNM PAL
768862
USGS 24582
USNM PAL
768837

USGS 26162

USGS 26077

USNM
Drawer
239
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
240
USNM
Drawer
239
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
240
USNM
Drawer
236
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
238

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

acutidens

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Rp/4

R P4/-M3/

Lp/3-m/2,R m/1

R m/1-m/3

L p/3-m/3

L m/2-m/3

L p/4-m/2

L m/2-m/3, L M3/ with outlines of

P3/-M2/

Rm/3

L p/3-m/3, R p/3-m/1?, Assoc.

anterior teeth. L P3/-M3/

L p/3-p/4, m/3, R m/1-m/2

R p/4-m/3

Lm/1

L dp/4-erupting m/3

Rm/1

Rm/1-m/3

B-5

Y-176

Y-181

Y-193

Y-192s

D-1473

D-1473

D-1781

D-1735

Y-39

D-1454

D-1454

D-1339

D-1541

D-1660

D-1833

D-1737

531

541

546

546

556

556

556

561

580

409

409

452

414

442

463

466



USNM
495176

USNM PAL
495160

USNM
523658

USNM PAL
768817

USGS 7094
USNM
544740

USGS 12960

USGS 7100

USGS 26999

USNM

523664

USGS 8924

USGS 4225

USGA 7948

USGS 8078

USGS 9667

USGS 8077

USNM
Drawer
239
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
JHU
Cabinet
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Lm/1

R P2/-M1/, LP3/-M3/, L m/1

assoc. dentition

L m/1-m/2, L M2/, assoc. other dent.

L dp/4-m/1
L&R M1/-M2/, L m/1-m/3, Rdp/3?,
dp/4-m/1, R m/2-m/3insitu

ussoc. Teeth, Rp/3, Rm/1

R m2/

RM83/,Rp/3,Rm/2

L m/3, Rm/1-m/3

Lm/2

R. M1/-M2/

L m/2, and ussoc.

L M1/

R M2/

L dp/3-dp/4

B-6

D-1474

Y-104

D-1633

Y-363

Y-290

Y-344

D-1645

Y-351

D-1935

WW-55

D-1419

D-1297

D-1297

D-1389

D-1389

D-1389

496

140

149

190

210

210

240

240

250

250

260

261

261

264

264

264



USGS 13784

USGS 1986

USGS 10233

USGS 4227

USNM
523673

USNM

523675

USGS 24599

USGS 7362

USGS 4214

USGA 4263

USGS 13656

USGS 4283

USGS 4284

USGS 8367

USGS 1974

USGS 8272

USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
240
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
235
USNM
Drawer
235

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Lp/3&m/1,Rm/2

R P4/

Rp/3-m/1

L m/2-m/3

Rm/1, m/2

R p/4, L talonid of m/2-m/3

R p/4-m/1, other parts of molars.

misc. teeth, looking at the L m/3,

and R P4/

Lp/4

ussoc. L m/1 &m/2

L m/1

R p/4-m/1,L m/2

L P4/-M1/

R P4/-M1/

3 ussoc. Teeth. Lm/1

L m/2

D-1389

Y-289

D-1418

D-1392

Y-156

Y-156

D-1775

Y-157

Y-157

Y-459

D-1373

D-1335

D-1335

D-1335

D-1201

Y-131

B-7

264

280

282

292

310

310

329

332

332

332

337

341

341

341

344

348



B-8

USNM
Drawer

USGS 4260 235 Esthonyx bisulcatus  Ussoc. 2L m/1s,and m/2 Y-131 348
USNM
Drawer

USGS 7933 235 Esthonyx bisulcatus Lm/2 D-1415 354
USNM
Drawer

USGS 8915 235 Esthonyx bisulcatus Rm/2 D-1415 354
USNM
Drawer

USGS 27075 235 Esthonyx bisulcatus Rm/2 D-1924 357
USNM
Drawer

USGS 27074 235 Esthonyx bisulcatus Rm/1 D-1924 357
USNM
Drawer

USGS 4212 234 Esthonyx bisulcatus Rdp/3-m/1 D-1303 360
USNM
Drawer

USGS 7040 234 Esthonyx bisulcatus Rm/1 D-1387 360
USNM

USNM Drawer

712650 235 Esthonyx bisulcatus L p/3-m/3, R p/4-m/2 Y-132 360
USNM
Drawer

USGS 10460 235 Esthonyx bisulcatus L M2/ D-1303 360
USNM
Drawer

USGS 13664 235 Esthonyx bisulcatus RM2/ D-1303 360
USNM
Drawer

USGS 7256 235 Esthonyx bisulcatus Lm/1 Y-132 360
USNM
Drawer

USGS 27055 235 Esthonyx bisulcatus Rp/4 D-1923 362
USNM
Drawer

USGS 12957 235 Esthonyx bisulcatus L P4/, RM2/-M3/ D-1635 370
USNM

USNM Drawer

523678 235 Esthonyx bisulcatus Rm/2,L m/3 WW-32 370
USNM
Drawer

USGS 2385 235 Esthonyx bisulcatus Rm/2 Y-283 370
USNM

USNM Drawer

487903 235 Esthonyx bisulcatus R p/4-m/2 Y-84 380



USGS 7251

USNM
523679

USNM

712708

USGS 8972

USGS 4216

USGS 19348

USGS 9091

USGS 10241

USGS 7763

USGS 23658

USGS 7545
USNM
511071

USNM PAL

768829

USGS 7331

USNM
523681

USNM PAL
768825

USNM
Drawer
235
USNM
Drawer
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USNM
Drawer
240
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
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USNM
Drawer
234
USNM
Drawer
236
USNM
Drawer
234
USNM
Drawer
236
USNM
Drawer
236
JHU
Cabinet
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Rm/2

Rm/2

L m/1-m/2, erupting m/3

L m/3

bits and pieces. L m/1, m/3, R p/4,

m/2

L p/4, LM/2

R p/4

L M1/-M3/

L m/2-m/3

Rm/1

misc teeth with p/4s.
Skullw/ L & R P2/, DP3/-4/,M1/, L&R
i/1-c, p/2, dp/3-/4, m/1

L P4/-M3/, RM1/-M3/

L P4/-M1/

L m/3

Li/3-m/3, R p/2-m/3 trigonid, R M1/-
M3/, L P3/-M3/

D-1421

D-1341

D-1792

D-1342

D-1342

D-1712

D-1222

D-1538

D-1460

D-1454

D-1454

D-1454

D-1350

D-1527

D-1863

D-1554

B-9

381

384

385

390

390

390

400

405

409

409

409

409

410

410

414

416



USNM
495445

USGS 12975

USGS 4269

USGS 4238

USGS 4253

USGS 4217

USGS 4266

USGS 4234

USGS 4239

USGS 4246

USGS 4249

USGS 4247
USNM PAL
712651 &
USNM PAL
712652

USNM PAL
768838

USGS 24596

USNM
Drawer
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USNM
Drawer
236
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
236
USNM
Drawer
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Drawer
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Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236

USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
236

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

R DP4/

R p/4-m/1,Lp/4

R M2/, M3/ (M2/ measurments)

Lm/2,Rm/1

Rm/3

L m/1-m/3

L p/2-p/3

Rm/1-m/3

Lp/4

R. m/3

Lp/4

L m/1-m/2

Anterior teeth and L p/3-m/3

R p/3-m/3 trigonid, L m/3, RM1/-M3/

R p/3-p/4, part m/1, m/2

B-10

D-1530

D-1597

D-1324

D-1326

UM-RB 8

D-1326

D-1326

D-1326

D-1326

D-1349

D-1349

D-1349

D-1876

D-1206

D-1206

420

420

424

425

425

425

425

425

425

430

430

430

435

438

438



USGS 4208

USGS 4207

USNM

509596

USGS 4210

USGS 4206

USGS 4209

USGS 8054

USGS 7922

USGS 8930

USGS 7632

USNM

712658

USGS 4267

USGS 18295

USGS 22744

USGS 23654

USGS 4241

USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
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USNM
Drawer
237
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Drawer
237
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
237
USNM
Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Rm/2?

L m/2-m/3

L dp/4-m/1 w/ symp.

L M1/-M3/

Rdp/3-m/1

L M1/

R&L m/1-m/2

L dp/3-dp/4, addition L dp/4

R m/2-m/3

L m/3

L dp/4-m/2, R dp/3-m/2

L m/2

Rp/4

Lm/1

L M1/

Rm/2*2

B-11

D-1322

D-1322

D-1320

D-1320

D-1320

D-1322

D-1400

D-1400

D-1459

D-1452

D-1688

D-1310

D-1588

D-1660 B

D-1204

D-1204

438

438

438

438

438

438

438

438

438

440

442

442

442

442

442

442



USNM PAL
768840

USGS 13005

USGS 4242

USGS 24576

USGS 8501

USGS 8500

USGS 8242

USGS 8241

USGS 10234

USGS 22756

USGS 22757

USGS 24591

USGS 19354

USGS 19379

USNM

712710

USGS 12974

USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
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USNM
Drawer
237
USNM
Drawer
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USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

L P2/-M2/, R P4/-M3/

L M1/

L P3/-M1/

Rp/3

R p/4, with roots of p/2-p/3

L M1/-M3/

Rm/2-m/3

L m/1-m/2

L dp/4-m/1

Lm/2

L p/3-m/1

L dp/3-dp/4, R dp/4-erupting m/2

Lp/4

L p/4, m/1?

R p/4-m/2

R P4/-M2/

D-1310

D-1311

D-1311

D-1660

D-1429

D-1429

D-1429

D-1429

D-1537

Y-100

Y-100

Y-100

D-1668

D-1699

D-1699

D-1603

B-12

442

442

442

442

446

446

446

446

449

455

455

455

460

463

463

463



USGS 19377

USGS 27158

USGS 23664

USGS 27159

USGS 34602

USGS 12997

USNM
712656

USNM PAL

768866

USGS 12976

USGS 12977

USGS 26075

USGS 8813

USGS 24595

USGS 7284

USGS 13003

USGS 22754

USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
238
USNM
Drawer
238
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Drawer
240
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Drawer
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Drawer
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Drawer
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Drawer
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Drawer
238
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Drawer
238
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Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

R P3/-M2/

L m/2-m/3

L m/1, Rdp/4, m/2, L M1/

Lm/2

Rm/1-m/3

R P3/-M3/

Rm/1-m/3

L p/3-m/3,Ri/2?, m/2-m/3

L P4/-M3/

L m/3

symphysis with L p/3-p/4, Rm/1

R DP4/-M1/

L m/1, Rm/1-m/2

L m/1-m/2

L P3/-M1/

Rm/1-m/3

D-1699

D-1699

D-1699

D-1699

D-1699

D-1495

D-1495

D-1425

D-1592

D-1592

D-1737

Y-45B

D-1767

D-1511

D-1511

D-1727

B-13

463

463

463

463

463

464

464

465

466

466

466

470

475

478

478

478



USGS 24584

USGS 8361

USGS 8759

USGS 1477

USGS 1020

USGS 4256

USGS 276

USGS 284

USGS 4244

USGS 10253

USNM

712712

USGS 4251

USGS 19347

USGS 22746

USGS 10247

USGS 10489

USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
USNM
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Drawer
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USNM
Drawer
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Drawer
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Drawer
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Drawer
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Drawer
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Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Lm/1

L DP4/-M1/

Rdp/3-m/1

L M2/-M3/, and others.

R dp/4-m/1

L m/1-m/2 (m/1is just talonid)

L m/1-m/2

L m/2

R P4/-M1/

L P4/-M1/

R dp/4-m/2

R dp/4-m/1

L p/2-part p/4

R dp/3-dp/4

R m/1 (others ussoc.)

Rm/3

D-1727

D-1162

D-1229

D-1229

D-1162

D-1162

D-1177

D-1177

D-1316

D-1510

D-1510

D-1312

D-1531

D-1531

D-1532

D-1565

B-14
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481

481

481

481

481

481

481

481

482

482

483

485

485

485

485
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USGS 1846
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USNM
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USGS 9387

USGS 9418

USGS 7704

USNM PAL
768854

USNM
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USGS 8481

USNM PAL

768847

USGS 8695

USGS 27160
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USNM
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USNM
Drawer
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Drawer
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Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

L M1/-M2/

Lm/1, m/3

Rm/1

L m/1-m/3

R p/4

Rm/1

L M1/

R DP3/-M1/

R m/2-m/3

R p/4, M1/, partm/3

R P4/-M1/

Rm/1-m/3

L m/3, RM1/

Lm/1

R P4/-M1/

R P3/-M1/

D-1491

D-1169

D-1436

D-1436

D-1563

D-1507

D-1507

D-1474

D-1174

D-1431

D-1175

D-1573

D-1438

D-1843

D-1464

D-1583

486

491

492

492

493

494

494

496

501

501

501
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516

528

546

551



USNM PAL
768856

USGS 7548

USGS 7563

USGS 9731
USNM
541885
USNM
540207

USGS 2129
USNM
527541

USGS 8996

USNM
523685
USGS Cat.
No. 21839
USNM Cat.
No. 487889

USGS 10251

USGS 8571

USGS 10245
USNM Cat.
No. 487886

USNM
523671

USGS 8368

USNM
Drawer
240
USNM
Drawer
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Drawer
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USNM
Drawer
234
JHU
Cabinet
JHU
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USNM
Drawer
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Cabinet
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Drawer
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Drawer
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Cabinet
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Drawer
239
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Drawer
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USNM
Drawer
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USNM
Drawer
234
USNM
Drawer
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Esthonyx

Esthonyx

Esthonyx

Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

L p/4-m/3, Ri/2-m/3

Rdp/3-m/1

R.m/1

R M2/
R dp/4-m/1

R dp/4-m/1

Lm/1

L p/3-m/3, R p/4-m/1, Rm/3

Rm/1

Rp/3-m/1,L m/2

R m/1-m/2, Lots of post cran, with
more teeth insitu.

L p/4-m/2, partL m/3, Rp/3,Rm/2,
partm/3

R p/3-m/1

Lm/1

L p/3-m/1
Li/2-C, Ri/2,LP3/-M1, R P4/-M1/, R
m/1-m/2, R p/4, frags

rP/4-M/3

Misc. teeth, Rm/1,L m/2, Rm/2, L
M1/

D-1473

D-1473

D-1473

V-73016

Y-351

WW-55

D-1258

Y-156

D-1421

D-1310

D-1660

D-1994

D-1426

Y-55

D-1567

WWwW-8

Y-296L

D-1335

556

556

556

240
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288

310

381

442

442

482

490

501

531

540

290

341



USGS 1907

USGS 26942

USGS 27149

USGS 4213

USGS 82706

USGS 27139
DMNH
126591
DMNH
126481

EPV.92203
DMNH
126482
USNM PAL
768859
DMNH
77262-A
DMNH 68825
DMNH 68654
DMNH 65510
DMNH 65509
DMNH 77296
USNM
527706

ND -21-132

USNM
712657-A

USNM
Drawer
234
USNM
Drawer
235
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Drawer
234
USNM
Drawer
234
USNM
Drawer
235
USNM
Drawer
236

CSU Lab

CSU Lab
R17 220
L40

CSU Lab
USNM
Drawer
240

CSU Lab

CSU Lab

CSU Lab

CSU Lab

CSU Lab

CSU Lab
JHU
Cabinet
R17 240
L47
USNM
Drawer
235

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx
Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

R m/1-m/3, other teeth in matrix

Lm/1

L m/1-m/3

Lp/4-m/1

L p/4-m/3

LandRm/1

right lower m1

right lower m1

man, R p4-m3, i2, and R 12?
right lower m1 and partial m2
L p/4-m/3, R m/1 (tal)-m/3
assoc teeth two right lower m1 and
one left lower m1

left lower m1

Right lower m1 and m3

Right Ramus m1

Left lower m1

Right lower m1 (?)

L p/3-m/1, Rm/1-m/3, C?

3 teeth, lower p4, m1 or m2?

L m/1-m/2

D-1201

D-1882

D-1967

D-1303

D-1414

D-1951
CSus8
/4970

2m above
CSus8
D-1192
high

CSU 2A/
4963

D-1847

CSu 62
CSU 44/
5611
CSuU 3/
4965
CSU 19/
50417
CSU 19/
50417
CSu 63/
6201

WW-137

Y-131

D-1967

344

345

357

360

378

402

166

168

170

174

190

246

247

251

253

253

286

300

346

357



USNM
712657-B

USNM
712657-C

ND -21-29

DMNH 77173

ND -21-82

USNM PAL

768821

USGS 13780

EPV.91716

USNM PAL
768827

EPV.92160

USNM PAL
768833

USNM PAL
768826-A

USNM PAL
768826-C

EPV.91985

USNM PAL
768861

USNM
712654

ND

USNM PAL
768828

USNM
Drawer
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CSU Lab
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Drawer
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USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236

R17 220
L40
USNM
Drawer
240
USNM
Drawer
240

R17 220
L5
USNM
Drawer
236

Esthonyx

Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

Rm/2-m/3

L p/4-m/1
3 pieces, one two jaw p4 and m1,
possible m2, sym?

Mandibular L (11-12, C, P1, P4-M2) R.

(P3-M3)
Beautiful assoc. jaws and teeth (I
found it!)

L dp/4-m/1, R broken dp/4 and m/1

Rm/1and m/3,L m/1
Teeth, L p/4, rm/1 orm/2, incisor,
Mx/ portion

R p/2?, p/4, m/3, RM2/, L P4/-M1/
man, L p4-m1, L 12

L m/1-m/2, anterior lower teeth. L
C1/-M3/.

Lm/1

Rm/1
teeth, assoc.R m3, R p2*, LM2*, L
m1lorm2

L p/4-m/3

L m/1-m/3

Jaw with multiple teeth, NICE!!!

L dp/4-m/1, RDP3/-DP4/, assoc.

D-1967

D-1967

D-1388

CSU #57

D-1293

Y-67

D-1342

WW-315

D-1951

D-1951

D-1460

D-1454

D-1454

D-1823

D-1306

D-1411

Y-69

Y-324

357

357

360

375

376

380

390

401

402

402

409

409

409

409

410

412

414

420



EPV.91675

USNM PAL
768842
DMNH
134713

USNM PAL
523692-A

USNM PAL
768835

USNM PAL
768836

USNM
523690

USNM PAL
768839
USNM
510865

USNM
712655

USNM PAL

768863

USGS 8460

ND

USNM
523696

ND

USNM
712711

USNM
523699

R17 220
L40
USNM
Drawer
237

CSU Lab
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
JHU
Cabinet
USNM
Drawer
238
USNM
Drawer
240
USNM
Drawer
238
R17 219
L4
USNM
Drawer
239
R17 219
L19
USNM
Drawer
239
USNM
Drawer
239

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

palate, RI1-C, P3-M3, R [1-12

L M2/-M3/
left Ramus, I,P1,P2-M3

L p/4-m/3, additol m/3, L P3/-M1/, R

P3/-M2/

L p/2-dp/3, R p/2-dp/4, R DP3/-M1/

L erupt C, dp/3-m/1

Rm/2*,Rm/3

L dp/3-m/1, Rdp/4-m/1
R m/2-m/3, L p/4-m/3(part), R P3/-
M3/, L P3/-P4/, L M2/-M3/

L dp/4-errupt. m/3 trig, R dp4-errupt
m/3 trig.

R dp/4-m/2

Rm/1

L m/3,Lm/1, Rm/1 and m/2

R* P4/, 1

R m1linjaw, no other teeth

Rdp/4* -m/2

L m/1-m/3, RM1/, L M3/

B-19

D-1204

D-1451

CSU#134

D-1881

D-1602

D-1604

D-1833

D-1833

D-1699

Y-34

D-1162

D-1177

D-1162

D-1346

D-1338N

D-1474

WW-54

441

448

457

463

463

463

463

463

463

469

481

481

481

491

491

496

501



USNM PAL
768848

USNM PAL
490635
USNM PAL
768812

USNM PAL
768857
USNM
540180

USNM PAL
768852

USNM PAL
768853

USNM PAL
768849

EPV.92208

EPV.92791

ND-21-151

EPV.124357

USNM PAL
768868-A

USNM PAL
768868-B
USNM PAL
768813
USNM Cat.
No. 495050
USNM
527696

USNM
523614
USNM
533412

USNM
Drawer
239
USNM
Drawer
237
JHU
Cabinet
USNM
Drawer
240
JHU
Cabinet
USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
239
R17 220
L40

R17 220
L40

R17 240
L47

R17 220
L40
USNM
Drawer
241
USNM
Drawer
241
JHU
Cabinet
JHU
Cabinet
JHU
Cabinet
USNM
Drawer
234
JHU
Cabinet

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

bisulcatus

L m/1-m/2, R m/2 (Talonid)-m/3
(erupting), assoc. c/1, with roots of
p/2, L m/3 included, but broke .

L p/2-m/2

L p/3-m/1, Rm/2-m/3, L P3/-M3/
(M3/ Separate), R P4/-M2/

L m/2-m/3, R p/3 and m/1-m/3

L p/3-m/2

L dp/3-dp/4

L dp/3-m/1,Rm/1and m/3

R dp/3-dp/4

man, L p2,dp4-m1, m2 (assoc?)

teeth, incisor*, RM2, Rm1 or m2
3 parts, all upper dentition, L M2 and

M3

man, L C, dp4-m3, R dp4-m1
Lp/2, p/4-m/2, R p/3-m/3, with
assoc. anterior teeth present, but

smashed.

Ldp/2-m/3

L m/1-m/3, L P3/-M3/, R M2/-M3/
Rm/1, m/3, R (Part M1/) M2/-M3/, L

P3/-M3/

L M1/-M3/

R m/2

L m/2-m/3, | frags.

B-20

DPC-11

D-1325

D-1467

D-1583

D-1473

Y-39

Y-39

Y-175
D-1917
D-1800
D-150457?

D-1459

upper
purple/red

D-1665

D-1665
D-1382
WW-34

Y-120

Y-104

Y-143

536

438

546

551

556

580

580

610

*Missing

*Missing

*Missing

438m

100

140

240



USNM
527732

USGS 26081

USGS 4277

USGS 4287

USGS 27062

USGS 7255

USGS 1854

USNM

495171

USGS 286

USGS 27140

USGS 26198

USGS 4265

USGS 4236

USGS 4248

USNM 52383

USGS 4307

JHU
Cabinet
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
234
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236
USNM
Drawer
236

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

R m/1-m/2, M3/, frags. All loose

L p/4-m/3, R p/3, m/1-m/2

fused anterior jaw. No p/4-m/3

RM1/

L p/4-m/2

R DP3/

L M1/-M2/, RM3/

Rm/1-m/3

Rm/3

L m/1-m/2

R p/4-m/1

R p/4 (part of m/1)

Rdp/4

Rm/2-m/3

Rm/3

R p/4-m/1

Y-143

D-1931

D-1335

D-1335

D-1924

Y-132

D-1216

D-1555

D-1350

D-1454

D-1779

D-1326

D-1326

D-1349

D-1876

D-1377

B-21

240

315

341

346

357

360

380

394

409

409

412

425

425

430

435

436



USGS 8767

USGS 4207

USNM

523684

USGS 12966

USGS 13004

USGS 19334

USGS 19368

USGS 12978

USNM

523686

USGS 22755

USGS 4255

USGS 1556
USNM
540172

USGS 4250

USGS 8205

USNM
Drawer
236
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
237
USNM
Drawer
238
USNM
Drawer
238
USNM
Drawer
238
JHU
Cabinet

USNM
Drawer
238

USNM
Drawer
239

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

R p/3-p/4

Rm/2

R M1/-M3, other teeth in box, but are

R M3/

L DP3/-DP/4

L M1/

L DP4/

L m/2

L DP3/-M1/, R DP4/-M1/

L p/4-m/2

L P4/

L M1/
R p/3-p/4, m/3, L P3/-M1/, canine
and max frag. Assoc.

L m/3

L P3/-M3/

D-1398

D-1322

D-1404

D-1310

D-1311

D-1588

D-1659

D-1629

Y-227

D-1727

D-1162

D-1166

D-1316

D-1312

D-1338N

B-22

438

438

438

442

442

442

442

445

457

478

481

481

481

483

491



USGS 8567

USGS 12955

USGS 12964

USGS 8543

USNM
712657-D

USNM PAL
768820

USNM
523695

USNM
495174

USNM
523655

USNM
523657

USGS 4222

USNM PAL
768815

USNM PAL
768814

USGS 26160

USNM
Drawer
239
USNM
Drawer
239
USNM
Drawer
240

USNM
Drawer
239
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
238
USNM
Drawer
235

USNM
Drawer
234
USNM
Drawer
234

USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

sp. Cf. E.
bisulcatus

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

R p/4-m/1, L p/2, p/4, m/2-m/3

Rm/2

unnumbered jaw, R dp/4-m/1

R DP3/-DP4/

L dp/4?

R P4/-M1/

Rdp/2-m/1

R p/4-m/1

L dp/4-m/1

L m/1, and assoc.

L m/1-m/2.

R P4/-M2/, L P4/-M1/, R p/3-p/4

R p/4 and m/3, Upper L P3/, M2/
(M1/and M3/), R P4/-M2/, M3/ and
P3/.

Lm/1

Y-55

D-1625

D-1583

Y-39

D-1967

D-1635

D-1160

D-1388

Y-206

D-1633

D-1389

Y-157

D-1373

V-73037

B-23

501

516

551

580

357

370

470

360

140

149

264

332

337

61



USNM
545176

USGS 26088

EPV.92923

USGS 19338

USGS 8323

USGS 26159

USNM Cat.
No. 490643

USNM
523656

USGS 7093

USNM
523663

USGS 7246

USNM
523665

USNM
523666

USGS 4205

JHU
Cabinet
USNM
Drawer
236
R17 220
L40
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

JHU
Cabinet

USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

USNM
Drawer
234

USNM
Drawer
234

USNM
Drawer
234
USNM
Drawer
234

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

L dp/3-dp/4-m/1

Rm/1-m/3

man, left p4-part of m2

Rm/1

L m/3

Lm/1

L p/3- m/3, Rm/1-m/3, Postcran

RM1/

Ussoc! Rm/2, L. p/4?

L p/4,Rm/2

L M2/-M3/

L dp/3-dp/4, R dp/4, and L erupting

p/2?

L m/2 and m/3

R p/3, m/1-m/3

B-24

D-1243 348
D-1866 423
UW-25 24
V-73027 30

73034 34
V-73037 61
Y-119 100
D-1633 149
Y-290 210
Y-351 240
Y-351 240
WW-55 250
D-1389 264
D-389 264



USNM
523669

USGS 26996

USGS 12962

USNM PAL
768818

USGS 26875

USNM
523672

USNM

523674

USGS 10228

USGS 1866

USGS 1872

USGS 4215

USGS 4286

USGS 4285

USGS 4271

USGS 1726

USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

USNM
Drawer
234
USNM
Drawer
234

USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
235

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

Rp/4

R.m/1

Lm/1

Rm/1-m/3,L m/2

L p/3-m/1

R M2/-M3/, RP3/

Rm/1, Ldp/4,Lm/3,L p/4 (ussoc.)

Lp/2, m/2,LM1/,Rm/1

R p/3-m/1

R M2/

R m/2

R M3/

L m/3

Rm/2

L P4/-M1/, L p/4

Y-294

Y-296L

Y-350

D-1441

D-1880

D-1880

Y-156

D-1577

D-1202

D-1202

Y-157

D-1335

D-1335

D-1289

D-1243

B-25

270

290

290

296

310

310

310

311

324

324

332

341

341

342

348



USGS 8913

USGS 4278

USNM
523676

USGS 27044

USGS 27147

USNM PAL

768824

USGS 10452

USNM

523677

USGS 4270

USGS 4223

USGS 4229

USNM PAL

768823

USGS 8725

USGS 8011

USNM
Drawer
235
USNM
Drawer
235

USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235
USNM
Drawer
235

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

spatularius

L P4/-M3/

R M3/

R M3/

RM1/-M2/,Rm/3

R m/2-m/3

L p/4-m/3,Rc/1-m/3

Rm/2-m/3

Rm/2-m/3,Rm/2,LM1/?

L m/3

R M2/-M3/

R M2/

Rm/3

Rm/2,L m/3

L m/3 (m/2isinjaw too, but really)

D-1415

D-1391

D-1924

D-1924

D-1967

Y-132

D-1303

Y-149

D-1303

D-1251

D-1301

D-1414

D-1414

D-1242

B-26

354

356

357

357

357

360

360

360

360

378

378

378

378

379



B-27

USNM
Drawer

USGS 13776 234 Esthonyx spatularius Rm/3 D-1342 390
USNM

USNM PAL Drawer

768822 235 Esthonyx spatularius L p/3-m/2,Ri/2-m/2, L P3/-P4/ Y-80 390
USNM

USNM Drawer

495497 235 Esthonyx spatularius L p/4 Y-421 390
USNM
Drawer

USGS 10349 235 Esthonyx spatularius L M2/ D-1560 392
USNM
Drawer

USGS 19375 235 Esthonyx spatularius RM1/? D-1716 397
USNM
Drawer

USGS 19376 235 Esthonyx spatularius L p/4,m/1, m/3,Lm/2,L P4/ D-1716 397
USNM
Drawer

USGS 7764 236 Esthonyx spatularius L m/1-m/2 D-1460 409
USNM
Drawer

USGS 10449 236 Esthonyx spatularius Lm/2 D-1460 409
USNM
Drawer

USGS 22759 236 Esthonyx spatularius L p/4,RM2/-M3/ D-1454 409
USNM
Drawer L m/2-m/3, Random m/1 (Not the

USGS 7540 236 Esthonyx spatularius same) D-1454 409
USNM
Drawer

USGS 9779 236 Esthonyx spatularius R p/4-m/3(m/2) D-1527 410
USNM
Drawer

USGS 26912 236 Esthonyx spatularius Rm/2 Y-324 420
USNM
Drawer

USGS 27063 234 Esthonyx spatularius Lm/2-m/3,Rm/2-m3 V-73044

DMNH 65275 CSULab Esthonyx spatularius leftramus m1-m2 CSuU 12 34

CSU 24/
DMNH 65507 CSULab Esthonyx spatularius assoc.teeth, | and ramus, right m1 5046 119
DMNH 68808 CSULab Esthonyx spatularius Left Ramus dp4- m1l CSu9 155
CSuU

DMNH 65508 CSULab Esthonyx spatularius rightlower m1 31/50417? 177

R17 220 USGS D-

EPV.91202 L40 Esthonyx spatularius man, L m2-m3, R m1-m3, symphysis 1952 400



B-28

DMNH
126240 CSU Lab Esthonyx spatularius Leftramus, P4-M2, L up. M1, C/I 7379 *Missing
CSU 13/
DMNH 65513 CSULab Esthonyx left lower p4 4975 46
DMNH 65271 CSULab Esthonyx right lower m1 CSu1 65
DMNH
126593 CSU Lab Esthonyx right upper M3 CSU59 127
DMNH 65270 CSULab Esthonyx Right Ramus,M1-M2 assoc. Roots CSu 11 145
DMNH 65272 CSULab Esthonyx Left Maxilla M1-M2 CSu11 145
DMNH 65276 CSULab Esthonyx Right Maxella, P4-M3 CSu 10 160
DMNH
126237 CSU Lab  Esthonyx Left ramus, m1 (tal) and m2 4970 166
Ccsus
DMNH 68824 CSULab Esthonyx Left lower m1 or m2 /4970 166
DMNH Ccsus
126651 CSU Lab  Esthonyx right lower m1 /4970 166
Ccsus
DMNH 65418 CSULab Esthonyx left max molar /4970 166
DMNH 68604 CSULab Esthonyx Right ramus m3 Ccsus 166
DMNH 68810 CSULab Esthonyx Left Ramus m3 Ccsus 166
DMNH CSuU 8/
126483 CSU Lab  Esthonyx Assoc. right lower m2 and m3 4970 166
CSU 2A/
DMNH 65274 CSULab Esthonyx right upper M1 4963 174
CSU 2A/
DMNH 77270 CSULab Esthonyx Right upper P4 4963 174
DMNH
126613 CSU Lab Esthonyx assoc. max teeth CSuU 76 179
DMNH 68603 CSULab Esthonyx left Maxilla P4-M3 CSU 2B 180
R17 220 D-1461
EPV.124575 L40 Esthonyx man, L and R m3, L mx trig high 180
DMNH
126862 CSU Lab  Esthonyx right ramus M2-M3 CSU 120 185
DMNH
126859 CSU Lab  Esthonyx Left lower m1 CSU 120 185
CSU 15/
DMNH 65512 CSULab Esthonyx right lower m2 5037 190
CSU 39/
DMNH 97544 CSULab Esthonyx left lower m2 5606 190
USNM
USNM Drawer
523660 234 Esthonyx RM1/,LM2/,Rm/1 Y-290 210
R17 220

EPV.124427 L40 Esthonyx man, R m1 or m2, assoc. teeth Y-386 230



DMNH
126589

USNM
523661

EPV.92133
DMNH
77262-B
DMNH 77515
DMNH 68625

EPV.124428

EPV.92952

USGS 19360

EPV.127186
DMNH
126590

USNM
495165

ND -21-45
ND -21-40

USNM PAL
768819

ND -21-86

EPV.91777

USNM PAL
768816-Lp/4

USNM PAL
768816-Lp/4

USNM PAL
768816-Rp/4

CSU Lab

USNM
Drawer
234
R17 220
L40

CSU Lab

CSU Lab

CSU Lab
R17 220
L40

R17 220
L40
USNM
Drawer
234
CSU Lab

CSU Lab
USNM
Drawer
235

R17 240
L53

R17 240
L47
USNM
Drawer
235

R17 240
L53

R17 220
L40
USNM
Drawer
234
USNM
Drawer
234
USNM
Drawer
234

Esthonyx

Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx
Esthonyx

Esthonyx

Esthonyx
Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

Esthonyx

right up. M1

L P4/ and assoc.

tooth, R Upperl2orC

second right lower m1

left lower p4

Left ramus m3

man, left m2-m3

Teeth, Rm/2 and m/3
RM3/,Rm/2

R up. M1/ Lingual portion
leftup. C and M2

L m/2, R di/2*,L &R DP3/-DP4/
assoc. teeth and bone Lp/3-Lm/3,
RM2/

tooth and jaw fragments

RC-M2/,L12/-M3/

Teeth, fragments

man, L dp4-m1

2Lp/4,Rp/4,and Rm/1

2Lp/4,Rp/4,and Rm/1
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