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ARTICLE

THE EARLIEST KNOWN FISHER (MUSTELIDAE), A NEW SPECIES
FROM THE RATTLESNAKE FORMATION OF OREGON

JOSHUA X. SAMUELS" and JENNIFER CAVIN

National Park Service, John Day Fossil Beds National Monument, 32651 Highway 19, Kimberly, Oregon 97848, U.S.A.,

Joshua_Samuels@nps.gov; Jennifer_Cavin@nps.gov

ABSTRACT—Fishers are elusive carnivorans, with few occurrences in the fossil record. The origin and early evolution of
fishers is unclear, but they likely originated in Asia. A new record of Pekania from the Rattlesnake Formation of Oregon
represents the earliest known occurrence of a fisher, more than 5 million years earlier than other records in North America.
This specimen has an unambiguous derived trait shared with other members of the genus, an external median rootlet on the
upper carnassial. The age of this new find is inferred to be between 7.05 and 7.3 Ma, through radiometric and magnetostrati-
graphic dating. This age is supported by the presence of specimens of a shrew, Sorex edwardsi, and a rhinoceros, cf. Teleoceras,
found at the same locality, as well as a rabbit, Hypolagus cf. vetus, and a tapir nearby, all of which are well known from early
Hemphillian deposits. This find indicates that fishers were in both North America and Asia in the late Miocene, around the
time of their divergence from other members of the clade as estimated from genetic data. Although it is over 7 million years
old, this species shows remarkable similarity to extant P. pennanti, highlighting the highly conservative nature of gulonine
mustelids. The Rattlesnake specimen is more robust than other fisher species, possibly representing something close to the

ancestry of all fishers.

INTRODUCTION

The extant fisher, Pekania pennanti, is an elusive medium-sized
mustelid endemic to North America. Fishers are generalized
predators and good climbers, favoring forest habitats with con-
tinuous canopy (Powell, 1981). The subfamily Guloninae, which
includes the fisher, as well as martens, the wolverine, and the
tayra, is distributed over much of North America and Eurasia
today. This subfamily was formerly referred to as the Martinae,
but we follow Sato et al. (2009) in using the name Guloninae,
which has priority according to the International Code of Zoo-
logical Nomenclature. The gulonine clade of mustelids is known
for having conservative morphology (apart from Gulo), making
morphological studies of their relationships particularly difficult
(Anderson, 1970, 1994). Recent genetic studies (Hosoda et al.,
2000; Stone and Cook, 2002; Koepfli et al., 2008; Sato et al., 2009;
Wolsan and Sato, 2010; Nyakatura and Bininda-Emonds, 2012;
Sato et al., 2012) have shown that the fisher (formerly Martes
pennanti) is more closely related to the tayra (Eira barbara) and
wolverine (Gulo gulo) than to other species of the genus Martes,
and was thus reclassified in the genus Pekania (Koepfli et al.,
2008; Sato et al., 2012).

Gulonine mustelids are known from the fossil records of North
America and Eurasia, but primarily from fragmentary remains
that have been described as local species (including Schlosser,
1924; Zdansky, 1924; Gidley, 1927; Colbert, 1935; Helbing, 1936;
Orlov, 1941; Teilhard and Leroy, 1945; Dehm, 1950; Viret, 1951;
Ginsburg, 1961; Wilson, 1968; Mein and Ginsburgh, 1997; Stevens
and Stevens, 2003; Nagel et al., 2009; Koufos, 2011). Ander-
son (1994) suggested that the earliest records of this clade in-
clude specimens referred to the genus Martes, from the early
Miocene of Germany (Dehm, 1950). However, Sato et al. (2003)
indicated that this ‘Martes’ laevidens is not a member of that
genus. Members of the Guloninae spread across Eurasia, and
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may have immigrated to North America from Asia in the late
Miocene (Sato et al., 2012). The earliest records of marten-like
mustelids in North America include Dinogale siouxensis from the
late Hemingfordian—aged Sheep Creek Formation of Nebraska
(Cook and Macdonald, 1962), ‘Martes’ glareae from the early
Barstovian—aged Olcott Formation of Nebraska (Sinclair, 1915),
‘Martes’ gazini from the early Barstovian Butte Creek Volcanic
Sandstone Formation of Oregon (Hall, 1931), and ‘Martes’ stir-
toni from the Clarendonian-aged Ogallala Formation of Kansas
(Wilson, 1968). However, some authors have synonymized these
taxa with Plionictis or other ischyrictines, considering them out-
side of the Guloninae (Sutton 1977; Anderson, 1994; Baskin,
1998). Anderson (1994) believed many fossil taxa referred to
‘Martes’ were not martens and not closely related to the ances-
try of extant taxa. She considered the extant American marten,
Martes americana, to be a late Pleistocene immigrant to North
America (Anderson, 1994). Sato et al. (2003) suggested that the
oldest true Martes known is Martes wenzensis from the Pliocene
of Poland (Wolsan, 1989).

Fisher fossils are particularly rare. Two species have been
described from the late Miocene and Pliocene of Asia, Martes
palaeosinensis and M. anderssoni (Schlosser, 1924; Zdanzky,
1924; Anderson, 1970). Anderson (1994) indicated that both
probably represented a single species, although Wang et al.
(2012) question whether M. anderssoni is truly related to the
fisher clade. The earliest fishers known from North America
are M. diluviana (Cope, 1899) and M. parapennanti (Gidley and
Gazin, 1933) from the Irvingtonian of the eastern United States,
which were later synonymized as M. diluviana (Hall, 1936). Both
M. palaeosinensis and M. diluviana were referred by Anderson
(1970, 1994) to the subgenus Pekania. Given the morphological
distinctness of these species from martens (Martes), and following
the recommendations Koepfli et al. (2008) and Sato et al. (2012)
made based upon their genetic divergence, we refer them to the
genus Pekania as P. palaeosinensis and P. diluviana, as did Wang
et al. (2012).
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The specimen described here, from the late early Hemphillian—
aged Rattlesnake Formation of Oregon, represents the earliest
dated record of a fisher and predates other known fishers in North
America by over 5 million years. This species likely represents an
early immigrant from Asia that may be close to the ancestor of
other fossil and extant fishers. Given the rarity of fishers in mod-
ern ecosystems and in the fossil record, this find greatly improves
our understanding of the evolution and biogeography of fishers.

METHODS

Measurements of the teeth, to the nearest 0.1 mm, were made
using Mitutoyo Absolute digital calipers. Measurements were
taken at the enamel dentine junction surface of the teeth and
included anteroposterior length and transverse breadth; descrip-
tions of measurements are provided in Appendix 1. Comparisons
were made with specimens of extant Pekania and Martes species
from the United States National Museum of Natural History,
Natural History Museum of Los Angeles County, and Donald R.
Dickey Collection of the University of California, as well as pho-
tographs and measurements in several publications (including
Zdansky, 1924; Gidley and Gazin, 1933; Anderson, 1970; Wang
et al., 2012).

Specimen Repositories—JODA, John Day Fossil Beds Na-
tional Monument, Kimberly, Oregon; LACM, Natural His-
tory Museum of Los Angeles County, Los Angeles, California;
UCLA, Donald R. Dickey Collection of the University of Cal-
ifornia, Los Angeles, Los Angeles, California; USNM, United
States National Museum of Natural History, Washington, D.C.

GEOLOGICAL SETTING

John Day Fossil Beds National Monument (JODA) was cre-
ated to help protect key fossil deposits within the John Day Basin
of eastern Oregon. The John Day Basin contains hundreds of
fossil localities spanning the late Eocene through the end of the
Miocene; the stratigraphically highest unit exposed in the mon-
ument is the Rattlesnake Formation. The area south of Picture
Gorge and west of Dayville, Oregon (Fig. 1) was first exam-
ined by Merriam (1901), and made the type area of the Rat-
tlesnake Formation by Merriam et al. (1925). This area was later
studied by Enlows (1976) and Martin (1983, 1996). When the
Hemphillian Land Mammal Age was originally designated, the

——)
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FIGURE 1. Map showing the Sheep Rock unit of John Day Fossil Beds
National Monument, Grant County, Oregon. The area where the speci-
men described here was found is indicated by an asterisk.
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Rattlesnake Formation was chosen as a reference fauna (Wood
et al., 1941). The Hemphillian age of the Rattlesnake fauna has
been confirmed by several studies (Martin, 1983, 1996; Fremd
et al., 1994; Tedford et al., 2004; Samuels and Zancanella, 2011).
In the area west of Dayville, the Rattlesnake Formation uncon-
formably overlies the Mascall Formation, which is of Barstovian
(middle Miocene) age.

The Rattlesnake Formation type area geology consists mainly
of fluvial deposits, including siltstones, sandstones, and conglom-
erates (Enlows, 1976; Martin, 1996; Martin and Fremd, 2001).
Specimens described here were found as surface float on a small
exposure of reddish-brown siltstone, on the east face of a gen-
tly sloping northeast-trending ridge. The Rattlesnake Formation
has many small isolated exposures with little exposed stratigra-
phy, making it difficult to correlate their precise position within a
stratigraphic section. The prominent Rattlesnake Ash Flow Tuff
(RAFT), which is widely distributed across central Oregon, has
been Arg/Arzy dated to 7.05 £ 0.01 Ma (Streck and Grunder,
1995). Although the RAFT is not exposed in the Rattlesnake
type area, regional correlation confirms this site lies well below
that unit. The site lies just above a second marker bed within the
lower Rattlesnake Formation, an undated white vitric tuff (‘Ted’s
Tuff’). This tuff, which lies approximately 16 m above the base of
the section (Retallack, 1999; Retallack et al., 2002), is exposed on
a small exposure 70 m southeast of where the specimens were
found. Prothero et al. (2006) did a paleomagnetic stratigraphy
study of the type Rattlesnake section, correlating it with magnetic
Chrons C3Bn to C3Br2n (6.9-7.3 Ma). Multiple lines of evidence
thus confirm a late early Hemphillian age for the entire formation
(Martin, 1983, 1996; Prothero et al., 2006).

Based upon Merriam’s description of the type Rattlesnake
area, Enlows (1976) divided the Formation into three mem-
bers: a lower fanglomerate member, the Rattlesnake Ash Flow
Tuff (called Rattlesnake Ignimbrite), and an upper fanglomer-
ate member. Walker (1979, 1990) redefined the Rattlesnake For-
mation as only including the Rattlesnake Ash Flow Tuff, effec-
tively orphaning the upper and lower fanglomerate members, and
the biostratigraphically important associated fauna (Wood et al.,
1941). More recent authors have suggested treatment of the Rat-
tlesnake Formation as including three members (Martin, 1996)
or elevating it to group status with three formations (Martin and
Fremd, 2001). Like a variety of other recent studies (e.g., Retal-
lack et al., 2002; Prothero et al., 2006; Samuels and Zancanella,
2011), we use the broader definition of Rattlesnake Formation
suggested by Martin (1996).

SYSTEMATIC PALEONTOLOGY

Class MAMMALIA Linnaeus, 1758
Order CARNIVORA Bowditch, 1821
Family MUSTELIDAE Fischer von Waldheim, 1817
Subfamily GULONINAE Gray, 1825
Genus PEKANIA Gray, 1865

Type Species—Pekania pennanti Erxleben, 1777.

Included Species—P. occulta, new species; P. diluviana (Cope,
1899); P. palaeosinensis (Zdansky, 1924); P. pennanti Erxleben,
1777.

Emended Diagnosis—A synapomorphy that unites species of
Pekania is a P4 with a prominent exposed external median rootlet
(Anderson, 1970).

Distribution—Early Hemphillian (late Miocene) of Oregon;
late Miocene and Pliocene of China and Mongolia; Irvingtonian
of Arkansas, Colorado, Pennsylvania, Maryland, and West Vir-
ginia; Rancholabrean (late Pleistocene) of eastern United States;
historic range included northern forests of North America, ex-
tending south in the Appalachian mountains and Pacific Coast
range, Cascades, and Rocky Mountains.
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PEKANIA OCCULTA, sp. nov.
(Figs. 2, 3)

Holotype—JODA 15214 (Figs. 2, 3): left maxilla with partial
P3, P4, and M1, isolated partial left P2 and right I3. The maxilla
was collected by J. Cavin on 8 December 2011; the M1 and a por-
tion of the P3, which had broken off of the maxilla, were collected
on 13 January 2012 by J. Samuels and C. Schierup.

Type Locality—Lower fanglomerate member of the Rat-
tlesnake Formation, west of Dayville, Grant County, Oregon; ap-
proximately 793 m above mean sea level. This area lies within the
type area of Merriam, on land administered by the National Park
Service within the Sheep Rock Unit of John Day Fossil Beds Na-
tional Monument (Fig. 1). Precise locality information, including
GPS (global positioning satellite) data, is on file at JODA.

Referred Specimens—Known from holotype only.

Diagnosis—Pekania occulta has several features that distin-
guish it from other members of the genus: more robust denti-
tion; enlarged P4 protocone, anteriorly positioned with weak in-
flection between protocone and parastyle; reduced M1 metacone
and posteroexternal cingulum; distinct M1 shape characterized
by narrow external lobe and broad internal lobe.

Distribution—Type locality only, early Hemphillian of
Oregon.

Etymology—From the Latin, occulta, meaning ‘hidden’ or ‘se-
cret,” in reference to the long hidden origin of extant fishers and
their elusive nature.

Description and Comparisons—The specimens consist of a left
maxilla (Figs. 2, 3), which has an incomplete P3 and complete P4
and M1, as well as a partial left P2 and right I3 found nearby
(Fig. 2). The teeth show little wear, suggesting that this was a
young adult individual; however, there is some substantial ero-
sion to the tooth enamel, particularly in the M1. The maxilla
is similar to that of the extant Pekania pennanti, with a round
infraorbital foramen 5.6 mm in diameter (P. pennanti mean =
5.09 mm). The base of the orbit is preserved, lying directly above
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the infraorbital foramen and anterior root of the P4; the orbit
is slightly elevated compared with P. pennanti and P. palaeosi-
nensis. The maxillary portion of the zygomatic arch rises sharply
above the M1, suggesting strongly curved arch more like P. pen-
nanti than P. palaeosinensis.

The isolated right I3 has a broken surface, precluding detailed
description of its morphology. The isolated left P2 is missing the
anterior portion of the tooth, but clearly double-rooted. There is
a weak cingulum at the posterior margin of the P2, along with a
small but distinct ridge running down the midline of the tooth.
Although incomplete, the posterior portion of the P3 in the max-
illa is intact enough to observe that it has two roots and a single
primary cusp. Like the P2, there is a cingulum at the posterior
margin of the P3 and a distinct ridge running down the midline
of the tooth. The preserved portions of the P2 and P3 in Peka-
nia occulta are relatively robust, noticeably more robust than the
narrow premolars of P. palaeosinensis (Table 1).

The P4 is very robust, with a prominent exposed external me-
dian rootlet, as is characteristic of the genus Pekania (Anderson,
1970) (Figs. 2, 3). This rootlet is mostly missing, but the broken
base and exposed alveolus clearly indicate its presence. The P4
protocone is large compared with other species of Pekania, and
anteriorly positioned relative to P. pennanti, extending as far an-
teriorly as the parastyle. The shape of the anterior portion of
the tooth is similar to P. palaeosinensis and the Pleistocene P.
diluviana, which also have an anteriorly positioned protocone.
However, both of those species have a deeper inflection of the
anterior portion of the tooth between the parastyle and proto-
cone; the inflection is weak in P. occulta and the posterior por-
tion of the P3 essentially occupies this space. This position of the
P3 between the P4 parastyle and protocone is also seen in indi-
viduals of P. palaeosinensis (Zdansky, 1924), as well as Martes
martes, M. flavigula, and Gulo gulo. In P. pennanti, P. diluviana,
and Martes Americana, the posterior portion of the P3 is adjacent
to the P4 parastyle. The P4 proportions of the Rattlesnake speci-
men are more robust than is seen in other Pekania species, with a

FIGURE 2. Holotype of Pekania occulta (JODA 15214) from the Rattlesnake Formation, Oregon. Specimen consists of a left maxilla with partial
P3, P4, and M1, and partial left P2 and right 13. A, left lateral view; B, occlusal view. Scale bar equals 1 cm (Color figure available online).
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cm

FIGURE 3. Stereophotograph of grayscale cast of Pekania occulta holotype (JODA 15214). Scale bar equals 1 cm.

particularly large protocone and wide paracone and metacone
(Table 1). There is a slightly worn shear facet between the P4
paracone and metacone, but this is the only real evidence of tooth
wear in this individual.

The M1 shape is similar to other gulonines, with the expanded
inner lobe characteristic of Martes and Pekania (Figs. 2, 3). The
M1 external roots are distinctly separated, with the posterior root
located medially relative to the anterior root; this is more similar
to the characteristics of P. palaeosinensis and P. pennanti than
P. diluviana. The M1 of P. occulta is anteriorly constricted be-
tween the inner and outer lobes, and the inner lobe is rounded
as in P. pennanti, rather than having a hypocone with a square
shape as is seen in P. palaeosinensis. The surface of the M1 is
eroded and pitted, but the paracone and metacone are small;
there is an expanded cingular shelf labial to both cusps, larger an-
teriorly. Compared with P. pennanti, the metacone is reduced, as
is the posteroexternal cingulum. The protocone ridge is crescen-
tic in shape and much narrower than the rounded and expanded
hypoconal cingulum. The orientation of the M1 in P. occulta also
differs slightly from P. pennanti and P. palaeosinensis, with its oc-
clusal surface parallel to that of the other maxillary teeth. In the
later taxa, the posterior portion of the M1 is elevated, resulting in

a more acute angle between the occlusal surfaces of the M1 and
P4. The M1 proportions of P. occulta differ from other Pekania
species, with a particularly narrow external lobe and wide inter-
nal lobe (Table 1). The ratio of internal to external lobe length
(M1Liy/M1Ley,) for P. occulta is 0.65, whereas all other Pekania
sampled have values between 0.76 and 0.91.

DISCUSSION

The fisher from the Rattlesnake Formation is only represented
by a single specimen, but is readily differentiable from known
specimens of extant and extinct species of Pekania. The mor-
phologies of the teeth in P. occulta are distinct, most notably the
robust P4 protocone and shape of the M1. Additionally, the pro-
portions of the teeth in P. occulta fall outside the range of vari-
ation for extant P. pennanti for nearly all measurements. P. oc-
culta shows particularly robust teeth when compared with extant
Pekania and Martes, potentially reflecting similarity to a shared
ancestor with the wolverine clade (Gulo).

This find represents the earliest known and dated occurrence
of Pekania in the world, predating the former earliest record
of the genus in North America by more than 5 million years.

TABLE 1. Dental measurements (in mm) of Pekania and Martes species.
13 P2 P3 P4 M1
Species Specimen no. Locality L W \%% w L Woro Winet Lext Lint W
Pekania occulta JODA 15214 Oregon 4.8 24 3.0 4.1 133 8.8 53 5.6 8.5 12.8
P. pennanti Mean (&, n = 12) Various 4.1 2.4 3.0 34 12.2 7.4 4.6 6.2 7.4 10.9
Min. 38 2.1 2.8 33 11.7 6.8 43 5.8 7.0 10.1
Max. 4.4 2.7 32 3.6 13.4 7.9 49 6.5 7.8 11.5
Mean (¢, n = 10) 3.6 2.0 2.6 3.0 10.7 6.5 3.7 53 6.1 9.2
Min. 33 1.6 2.0 2.8 10.0 5.8 33 49 5.5 8.4
Max. 3.8 21 3.0 3.4 11.1 72 39 59 6.4 9.5
P. diluviana USNM 80102 Maryland 10.2 6.0 39 5.0 6.0 9.5
P. PMU 3793 China 32 1.9 2.0 29 11.0 6.4 4.0 5.7 6.5 10.4
palaeosinensis Min. 19 26 9.0 4.6 52 8.5
Max.b 2.5 37 11.5 6.7 7.6 10.9
Martes americana Mean (&, n = 3) 2.3 1.8 21 2.6 9.0 5.7 34 4.3 6.5 9.3
M. martes LACM 74508 2.7 1.7 2.8 3.8 9.3 6.1 34 4.7 7.8 9.6
M. flavigula LACM 8229 2.5 2.1 2.6 3.4 10.1 6.4 35 4.0 53 9.6

Abbreviations: L, anteroposterior length; W, transverse width; pro, at protocone; met, at metacone; ext, external lobe; int, internal lobe. Detailed

definitions of dental measurements are provided in Appendix 1.
aGidley and Gazin (1933); ®Zdansky (1924).
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Because many of the early Eurasian species previously referred
to ‘Martes’ likely do not belong to the Guloninae (Anderson,
1994; Sato et al., 2003), Pekania occulta also represents the ear-
liest known well-dated gulonine. The position of this locality
within the Rattlesnake Formation, relative to a dated ash bed and
magnetostratigraphy, indicates a late early Hemphillian age, be-
tween 7.3 and 7.05 Ma. The presence of a shrew dentary, Sorex
edwardsi, and rhinocerotid tooth fragments, cf. Teleoceras, at
the site supports a Hemphillian age. Additionally, several other
taxa well known from Hemphillian-aged deposits were found on
exposures nearby, including a nearly complete rabbit dentary,
Hypolagus cf. vetus, and a partial tapir tooth. Teleoceras and Hy-
polagus are both commonly found within Rattlesnake Forma-
tion deposits (Merriam et al., 1925; Martin, 1983, 1996). Although
none of these taxa are restricted to the Hemphillian, the occur-
rence of all of these taxa within the same horizon as P. occulta
supports the inferred early Hemphillian age of the site.

This record from Oregon indicates that fishers were in North
America by at least 7.05 Ma, either evolving here or emigrating
from Asia. Pekania occulta is morphologically distinct from other
fisher species in North America and Asia, with both P. palaeosi-
nensis and P. diluviana more similar to the extant P. pennanti
(Anderson, 1970, 1994; Wang et al., 2012). This suggests that P.
occulta did not directly lead to P. pennanti in North America,
but probably displays features close to the ancestor of all fishers.
Ancestral-state reconstructions based on molecular data (Koepfli
et al., 2008; Sato et al., 2012) suggest an Old World origin for
this clade. Sato et al. (2012) inferred Asia as the ancestral area
for the clade through parsimony and Bayesian inference, whereas
maximum likelihood favored Asia and North America. Given the
presence of other marten-like mustelid fossils earlier in Europe
and Asia (Dehm, 1950; Sotnikova, 1995; Qiu, 2003; Nagel, 2009;
Wang et al., 2012), it is likely that Pekania evolved somewhere in
Eurasia and P. occulta represents an early immigrant to North
America. Most records of P. palaeosinensis from Asia are not
well dated, but a new record from the Baodean-aged Baogeda
Ula Fauna of Mongolia is likely similar in age to P. occulta from
the Rattlesnake Formation (Wang et al., 2012). Although that
fauna has not been directly dated, that region of Mongolia has a
number of dated basalt layers and one that may cap the Baogeda
Ula Fauna may be 7.11 + 0.48 Ma (Wang et al., 2012). This is
roughly the same age (or slightly younger) than the Rattlesnake
Formation, clearly indicating that Pekania was present on both
continents in the late Miocene.

In the late early Hemphillian, when Pekania may have dis-
persed to North America, several other carnivoran species im-
migrated to North America from Asia (Tedford et al., 1987,
Qiu, 2003; Tedford et al., 2004; Woodburne, 2004). Another
mustelid (Lutravus), as well as a bear (Indarctos) and an ail-
urid (Simocyon), have all been found in the Rattlesnake Forma-
tion (Merriam et al., 1916, 1925; Thorpe, 1921), and are known
from similar-aged (Baodean) deposits in Asia (Zdansky, 1924;
Qiu, 2003). The Baogeda Ula Fauna from Mongolia has Hip-
parion and Dipoides co-occurring with Pekania (Wang et al.,
2012); both of these taxa are common in the Rattlesnake Forma-
tion (Merriam et al., 1925). The beaver, Castor, was also recently
found in the Rattlesnake Formation, illustrating its arrival on this
continent at the same time (Samuels and Zancanella, 2011). Ore-
gon has some of the Hemphillian-aged sites located nearest to the
land bridge between North America and Asia, therefore, simi-
larity to Asian faunas and early records of immigrant taxa from
Oregon should not be surprising (Shotwell, 1956).

Several recent molecular studies have estimated the diver-
gence dates of the Guloninae from other mustelids. In a study
using an extensive sampling of 22 gene segments, Koepfli et al.
(2008) estimated that this clade diverged from other mustelids
around 11.0 Ma (95% confidence interval [CI]: 9.4-12.5 Ma) and
Pekania diverged around 6.4 Ma (95% CI: 4.7-8.0 Ma). Yu et al.
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(2011) used 17 nuclear gene segments and mitochondrial genome
data, yielding estimates for the origin of the Guloninae of 5.97 Ma
(95% CI: 3.39-8.90 Ma) and 10.91 Ma (95% CI: 7.82-14.37 Ma),
respectively. Sato et al. (2012) examined nine nuclear genes and
one mitochondrial gene, estimating divergence of the Guloninae
from other mustelids at 12.65 Ma (95% CI: 10.83-14.72 Ma) and
divergence of Pekania at 7.90 Ma (95% CI: 6.41-9.64 Ma) using
Multidivtime analysis. The age of Pekania occulta is very close
to these estimates based on molecular data, and the inclusion of
P. occulta as a calibration point in future studies would help yield
better estimates of the timing of splits within the Mustelidae. Late
Miocene records of Pekania correspond well with the timing of
diversification within multiple groups of carnivorans based upon
molecular estimates (Koepfli et al., 2008; Eizirik et al., 2010; Sato
et al., 2012); 7.3 Ma was actually estimated to be a peak in net
diversification rate for carnivorans by Nyakatura and Bininda-
Emonds (2012).

Today, fishers (Pekania pennanti) occur across the northern
United States and southern Canada. Fishers strongly prefer dense
forests with continuous canopy (Powell, 1981). Oregon in the
Hemphillian has been interpreted as representing tall grassland
and shrubland with faunas typical of open habitats (Fremd et al.,
1994). Retallack et al. (2002) studied paleosols in the Rattlesnake
Formation, interpreting the base of the section as riparian wood-
lands and meadows, and, following aridification through the sec-
tion, a shift to tall grassland and semiarid wooded shrubland en-
vironments. Commonly found cursorial grazers (equids: Pliohip-
pus and Hipparion; antilocaprids: Sphenophalos) and burrowing
mammals (Spermophilus and Scapanus) (Merriam et al., 1925;
Martin, 1996) support reconstruction of the Rattlesnake For-
mation with open paleoenvironments. However, boreal organ-
isms such as Pekania and rare petrified wood fragments (Quercus
sp.) suggest the persistence of a heterogenous environment, with
some extensive forested areas. These may have existed in ripar-
ian areas, which were common, as indicated by paleosol evidence
and large root traces (Retallack et al., 2002) and the abundance of
the beaver Dipoides stirtoni in Rattlesnake Formation deposits.
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APPENDIX 1. Definitions of dental measurements presented
in Table 1.
Measurement Definition

13 length (I3L) Maximum anteroposterior diameter of upper

third incisor.

13 width (I3W) Maximum transverse diameter of upper third
incisor.

P2 width (P2W) Maximum transverse diameter of upper second
premolar.

P3 width (P3W) Maximum transverse diameter of upper third
premolar.

P4 length (P4L) Maximum anteroposterior diameter of upper
fourth premolar, taken from the parastyle to
the metastyle.

P4 width at protocone Maximum transverse diameter of upper fourth

(P4Wpro) premolar at the protocone.
P4 width at metacone Maximum transverse diameter of upper fourth
(P4Wet) premolar at the metacone.

M1 length (M1Ley)  Maximum anteroposterior diameter of upper
first molar, taken along the labial border of the
tooth.

Maximum anteroposterior diameter of upper
first molar, taken along the lingual border of
the tooth.

Maximum transverse diameter of upper first
molar, taken from the labial (hypoconal)
cingulum to the lingual border between the
paracone and metacone.

M1 length (M1L;y)

M1 width (M1W)
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