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Abstract: We report the first confirmed fossil bats from North Dakota, including a new species referable to the Vespertilionidae
represented by a maxilla with P4-M3 from the Brule Formation, Fitterer Ranch local fauna, early Oligocene, Whitneyan North
American Land Mammal Age. Unassociated postcranial fragments of the humerus and femur also represent a vespertilionoid, but
appear to reflect a different, unidentified species. The new taxon, Quinetia frigidaria sp. nov., is referred to the genus Quinetia,
previously known only from approximately contemporaneous deposits in Europe. The new species is larger than Quinetia misonnei
from the early Oligocene of Belgium. It is similar in some morphological characters to Chadronycteris rabenae (Chiroptera incertae
sedis) of the late Eocene (Chadronian) of northwestern Nebraska and to Stehlinia species (?Palaeochiropterygidae) from the Eocene
and Oligocene of Europe, but differs from each in morphological details of the dentition and maxilla. An unassociated talonid of
a lower molar from Fitterer Ranch shows myotodont morphology, unlike the nyctalodont lower molars in Q. misonnei, and thus
represents a second chiropteran taxon in the fauna. Quinetia frigidaria is a member of a Paleogene radiation of bats near the low
point of the Eocene-early Oligocene decline in global temperatures, increased seasonal aridity, and loss of tropical floras from mid-

latitude North America.
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INTRODUCTION

The mammalian order Chiroptera is the second most diverse
order of mammals today (after Rodentia), and had its origins
probably in the early Paleocene (Teeling et al., 2012; Shi &
Rabosky, 2015; Simmons & Cirranello, 2018; Lei & Dong,
2016). With a fossil record currently extending only back
to the early Eocene, bats’ initial diversification resulted in
several archaic families and forms represented by fossils in
several continents and subcontinents (Smith et al., 2012).
Fossil-calibrated molecular phylogenetic evidence suggests
that crown-group bats had appeared and diversified by late
Paleocene, while a few crown-group bat fossils first appear
in Eocene and Oligocene rocks (O’Leary et al., 2013; Smith
et al., 2012; Gunnell et al., 2017). Among these were the
Vespertilionoidea (Simmons et al., 2008; Hand et al., 2016).
One vespertilionoid family, the Vespertilionidae, is the most
speciose bat family in the present day (Simmons, 2005; Shi
& Rabosky, 2015; Simmons & Cirranello, 2018). Information
about the Paleogene and later radiation of the Vespertilionidae
is scattered, their fossil record is relatively weak and limited
largely to teeth and jaw fragments, which in the early forms
exhibit a great deal of intractable morphological conservatism
(e.g., Ziegler, 2000; Horacek, 2001; Eiting & Gunnell, 2009;
Gunnell ef al., 2012; Maitre, 2014; Gunnell et al., 2017). In
addition, the earth underwent a pronounced climatic cooling
during the Eocene-Oligocene transition, with a precipitous drop
in the early Oligocene (Sheldon & Retallack, 2004; Pearson et
al., 2007; Zanazzi et al., 2007; Zachos et al., 2008; Liu et al.,
2009) that probably affected the evolution of bats and other
organisms.

Oligocene fossils of bats in North America are few. In the
late Eocene of North America, two putative vespertilionoids
of uncertain family, Chadronycteris rabenae Ostrander, 1983
and ?Stehlinia sp., provide records of bats from northwestern
Nebraska of the Chadronian North American Land Mammal
Age (NALMA; Ostrander, 1983, 1985, 1987). Chadronycteris
isunique to North America, while the genus Stefl/inia Revilliod,
1919 is widely known by several species in European localities
from middle Eocene to late Oligocene (Sigé, 1974, Sigé &
Legendre, 1983; Crochet et al., 1981; Smith et al., 2012; Maitre,
2014). Bats previously reported from the early Oligocene of
North America include an unidentified vespertilionid from
the late Orellan of southwestern Montana (Tabrum et al.,
1996), and another vespertilionid, Oligomyotis casementi
Galbreath, 1962, from the Orellan of northeastern Colorado,
represented by a single distal humerus (Galbreath, 1962). In
the late Oligocene, Storer (2002) reported an M1 or M2 from
the early Arikareean Kealey Springs local fauna (Eastend
area), Saskatchewan, that he described as a vespertilionoid
similar to Chadronycteris. Other late Oligocene bats in North
America include ?Oligomyotis or ?Myotis from the early
Arikareean NALMA of northwestern Nebraska (Czaplewski
et al., 1999) and diverse bats from Florida, USA, in faunas
of the Whitneyan and early Arikareean NALMAs, including
members of the families Emballonuridae, Mormoopidae,
Natalidae, Molossidae, and Speonycteridae (Czaplewski et
al., 2003; Morgan & Czaplewski, 2003; G. S. Morgan & N.
J. Czaplewski, unpubl. data; Czaplewski & Morgan, 2012;
Morgan et al., 2019).
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Figure 1. Generalized stratigraphic column for the Fitterer Ranch area of Stark County, North Dakota. Stratigraphic data derived from personal observations of the
authors, unpublished field notes of Richard H. Tedford (provided courtesy of the American Museum of Natural History), and published data (Skinner, 1951; Stone,
1973; Murphy et al., 1993). On the left-hand side of the stratigraphic column are, from left to right, the formations, the magnetostratigraphic data of Prothero (1996:
fig. 5), the North American Land Mammal Ages (NALMAs) inferred from this study, and the numbered lithostratigraphic units and sub-units defined by Skinner
(1951) and their boundaries. Geographic location of North Dakota (black) showing the Fitterer Ranch study area (white dot within black) shown in upper right inset
map of North America. A key to lithologies and sedimentary structures is provided in the center right. The lower right inset details the stratigraphic ranges of the seven
“sampling intervals” defined in Korth et al. (2019), with a star indicating the position of the chiropteran specimens described in this study; note that these sampling
intervals are numbered differently from Skinner’s (1951) lithostratigraphic units, and that the placement of the bat-bearing local channel in Unit 5E differs from
Skinner’s (1951) placement of the same channel at the base of Unit 6A. Abbreviations: AF, Arikaree Formation; C, Chron; CF, Chadron Formation; Ch, Chadronian

NALMA; n, normal polarity; r, reverse polarity.
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Herein we report several vespertilionid fossils of early
Oligocene age from the Brule Formation at the Fitterer
Ranch locality, Stark County, North Dakota (Fig. 1). The
main Fitterer Ranch samples are from the lower part of the
Brule Formation (units 4 to 6A of Skinner [1951]) and have
yielded a fauna and flora of early Oligocene age (Fig. 1).
Hoganson & Lammers (1985, 1992) interpreted the diverse
fauna and flora from the Brule Formation of southwestern
North Dakota as being savanna-adapted with taxa potentially
representing riparian gallery woodland, open savanna, and
shallow pond communities. The reported vertebrate fauna of
the Brule Formation within North Dakota is largely based on
preliminary faunal lists presented without detailed discussion
(e.g., Hoganson & Lammers, 1985, 1992; Kihm & Lammers,
1986). An effort is underway to refine our knowledge of that
fauna, including a thorough review of the microvertebrates
collected in the Little Badlands area (Stark County, North
Dakota) and held in the North Dakota State Fossil Collection.
Although specimens were referred to Chiroptera from the
lower part of the Brule Formation of this area by Hoganson
& Lammers (1985, 1992) and by Kihm & Lammers (1986),
no detailed descriptions or discussion of those specimens were
accomplished until now

Biostratigraphy of the Brule Formation and Depositional
Context at the Fitterer Ranch

The fauna of the Fitterer Ranch has been considered Orellan
or Whitneyan (Hoganson & Lammers, 1985, 1992; Hoganson
et al., 1998; Janis et al., 2008: appendix 1). A recent study
of the rodent assemblage at Fitterer Ranch divided the Brule
Formation into seven stratigraphically stacked “sampling
intervals” (not equivalent to Skinner’s [1951] lithostratigraphic
units) and assessed the age of the fauna preserved in each
sampling interval (Korth ez al., 2019). The fauna recovered from
the lower (older) sampling intervals (1-3) was considered to be
transitional Orellan/Whitneyan or Whitneyan, while the upper
sampling intervals (4-7) preserved a clearly Whitneyan fauna.
Biochronologically informative rodent taxa found in sampling
intervals 4-7 include the castorid Agnotocastor praetereadens
Stirton, 1935, the heliscomyid Heliscomys medius Korth, 2007,
and the sciurid Hesperopetes jamesi Emry & Korth, 2007, which
are elsewhere restricted to the Whitneyan (Prothero & Emry,
2004; Korth, 2010, 2014). The cricetid Eumys brachyodus
Wood, 1937 is the most abundant rodent taxon found in all
sampling intervals at Fitterer Ranch (Korth et al., 2019) and is
reported from Whitneyan through early early Arikareean faunas
(Black, 1961; Swisher, 1982; Tabrum et al., 1996; Tedford et
al., 2004; Korth, 2010, 2014). Specimens previously referred
to E. brachyodus from the Orellan Cook Ranch local fauna in
Montana are now referred to Eumys cricetodontoides (Korth,
2019). In addition to the evidence provided by the rodent taxa,
the oreodonts Miniochoerus starkensis Schultz & Falkenbach,
1956 and Merycoidodon bullatus Leidy, 1869 are both present
in sampling intervals 1-6 and elsewhere co-occur only during
the latest Orellan and early Whitneyan NALMAs (Prothero &
Emry, 2004). The bat specimens under study were recovered
from a “bone breccia” within sampling interval 6 of Korth et al.
(2019); the site occurs in the local channel at the base of Unit
6A of Skinner’s (1951) published section, although some of
us (Boyd, Person) believe that this local channel actually cuts
down from within Skinner’s Unit 5E, as indicated in Figure 1.
Thus, the bats were part of a Whitneyan fauna, although the data
to resolve whether they are from the early or late Whitneyan
are unavailable at this time. This new occurrence extends the

geographic and biostratigraphic range of early vespertilionids,
and fills an important gap in our current understanding of early
chiropteran evolution.

The local channel fill that produced the bat specimens occurs
within a substantially larger-scale channel fill deposit. The
larger channel fill sequence has thick beds of coarse channel
sandstones, indicating through-going, active streams. So at
least some of the faunal elements preserved in this channel
fill sequence would represent a riparian habitat. The “bone-
breccia” bed that produced these bat specimens, as well as most
of the small rodents described in Korth ez al. (2019), is also rich
in remains of freshwater gastropods, fishes, anuran amphibians,
lizards, snakes, small birds, and many kinds of small mammals
not yet studied, and fragmented specimens of larger mammals
such as Leptomeryx, Mesohippus, and others. The bones occur
as individual elements, with no articulation or association.

METHODS

The Fitterer Ranch bat specimens were recovered by two
methods: by acid preparation from blocks of richly fossiliferous,
carbonate-cemented sandstone collected in 1978 and 1983
from limited, small-scale, meandering, ribbon-like beds in the
base of Skinner’s Unit 6A (USNM specimens; Skinner, 1951)
and by screenwashing of the same deposit (NDGS specimen;
stratigraphic position reinterpreted herein as at the center of
Skinner’s Unit SE; Skinner, 1951). None of the specimens were
found in association.

The dental terminology used here follows Simmons et
al. (2016), Gunnell et al. (2017), and Ravel et al. (2016)
and the postcranial terminology follows Vaughan (1959),
Gunnell et al. (2015), Amador et al. (2018), and Louzada et
al. (2019). Specimens were examined on an Olympus SZX9
stereomicroscope, measured with an ocular micrometer
calibrated with a micrometer slide, and drawn with a
camera lucida attachment. The maxilla NDGS 1691 was
also photographed in iterative series and in stereo using a
digital single lens reflex camera with bellows and StackShot
automated focus stacking rail and driver; the resulting images
were prepared using Helicon Focus focus-stacking and Adobe
Photoshop software. We estimated body mass of the extinct
taxon using equations generated from least squares linear
regressions for measurements of the teeth and body weights of
modern bats (Czaplewski & Gordon, 2005 and unpubl. data).

Abbreviations: Ar, Arikareean; NALMA, North American
Land Mammal Age; NDGS, North Dakota Geological Survey,
Bismark; Or, Orellan; SDSM, Museum of Geology, South
Dakota School of Mines and Technology, Rapid City; USNM
PAL, Department of Paleobiology, United States National
Museum of Natural History, Washington, D.C.; Wh, Whitneyan.

SYSTEMATIC PALEONTOLOGY

Class Mammalia Linnaeus, 1758

Order Chiroptera Blumenbach, 1779
Suborder Yangochiroptera Koopman, 1985
Superfamily Vespertilionoidea Weber, 1928
Family Vespertilionidae Gray, 1821

Tribe Plecotini Gray, 1866

Genus Quinetia Horacek, 2001
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Quinetia frigidaria n. sp.

Isid:zoobank.org:act: 1CF8F35D-AF7D-44BF-8A3E-
F39D84BES5F9
Figure 2, Table 1

Holotype and only known specimen: NDGS 1691, right
maxilla with P4-M3, anterior root of zygomatic arch, orbital
floor, and part of infraorbital canal.

Diagnosis: Medium-sized vespertilionid bat with very short
infraorbital canal, with the upper molars lacking hypoconal

shelves and hypocones, mesostyles projecting at the labial edge
of the molars, relatively deep, narrow anterior and posterior
ectoflexids, low but distinct paraconules and metaconules
and distinct conular crests (postmetaconular crests are
truncated). Differs from Quinetia misonnei (Quinet, 1965) in
larger size. Differs from Stehlinia in having a much shorter
infraorbital canal, in lacking a mid-labial vertical crest on
P4, in having wider and shorter M1 and M2, in having more
reduced hypoconal shelves on M1 and M2, and less prominent
metaconule on M1 and M2. Differs from Chadronycteris in
having a shorter infraorbital canal, less pronounced anterior

Figure 2. Maxillae of Quinetia frigidaria n. sp., from Fitterer Ranch, North Dakota, Brule Formation, early Oligocene, and Chadronycteris rabenae from Raben
Ranch, Nebraska, Chadron Formation, late Eocene. A and A’, Quinetia frigidaria, NDGS 1691, right maxilla with P4-M3, stereopair in occlusal view. A”,
interpretative drawing of occlusal view; dashed lines represent hypothetical outline restorations. B, labial view. C, Chadronycteris rabenae, SDSM 9931, holotype

left maxilla with P4-M3 (reversed for comparison).
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Measurement Q.u i."eﬁ.a Qfli"eﬁa. Stehlinia bonisi Chadronycteris My: (?ﬁs
frigidaria  misonnei rabenae belgicus
P4-M3 length 5.4 - - 5.4 Table 1. Measurements (mm) of Quinetia frigidaria sp.
M1-M3 length 4.3 - - 4 - nov. (NDGS 1691) from Fitterer Ranch, North Dakota,
P4 length 1.22 -—- 1.24-1.31(n=2) 1.45 1.1 . L . .
P4 width 14 . 153-1.76 (n=2) 16 12 compared with other Paleogene bats, Quinetia misonnei and
M1 length 1.75 11 1.64-1.70 (n=2) 1.65 1.60-1.70 (n=2) Myotis belgicus (from Gunnell et al., 2017), Chadronycteris
'\'\/:'21 IWidt: 21-165 - 11:;’6( " ?gg%;g E”=§§ 21287 2-1(1)-2-?0 (3“)=2) rabenae (SDSM 9931), Stehlinia bonisi (a medium-sized
engt : 1-1.3 (n= .62-1.75 (n= g 29 (n= ; . o
M2 width 25 15(n=d)  2.27-2.49 (n=7) 255 2 (n=3) species of the genus; taken from Sigé & Menu, 1995).
M3 length 1.35 - 1.17-1.31 (n=4) 1 0.9 Sample size is provided when more than 1 specimen was
M3 width 2.12 1.98-2.14 (n=4) 2.27 1.9 available.

shelf on P4, and having M1 and M2 with postprotocrista not
continuous with the metacingulum, thinner lingual cingulum,
and distinct paraconule and paraconular crests.

Type locality: Fitterer Ranch locality, Stark County, North
Dakota, United States of America.

Horizon and Age: White River Group, Brule Formation, unit
6A of Skinner (1951), early Oligocene, Whitneyan (Korth et
al., 2019), ca. 32.0-30.0 Myr (Prothero & Emry, 2004).

bl

Etymology: Latin, frigidaria, “of cooling,” referring to the
species’ occurrence during the time of the transition from
Eocene warm conditions to early Oligocene global cooling, a
potential incentive driving seasonal torpor in temperate zone
bats.

Measurements: See Table 1.

Description:

Quinetia frigidaria is a medium-sized vespertilionid. The M1
and M2 lengths of the holotype NDGS 1691 provide estimates
of its body weight ranging from 11.2 g (using M2 length) to
13.6 g (using M1 length) (by method of Czaplewski & Gordon,
2005). This is near the median weight of about 905 species
of extant bats (Giannini et al., 2012). In NDGS 1691 the
ectolophs of M1 and M2 are damaged labially and the P4 shows
slight damage to the cingulum anterolabially and posteriorly.
NDGS 1691 preserves part of the palate adjacent to the upper
molars (but not reaching the midline of the cranium) and the
infraorbital foramen and canal. The infraorbital foramen opens
anteriorly dorsal to the posterolabial root of P4; the opening is
ovoid in anterior view (Fig. 2B). The infraorbital canal is very
short, about as long as the diameter of the infraorbital foramen.
At its anterior base the zygomatic arch is 1.2 mm deep and
there is a shallow concavity in it above M2. The lower edge of
the zygomatic arch curves outward from the tooth row from a
point above the distal portion of the M2 ectoloph in occlusal
view. Posteriorly, the posterior root of M3 perforates the bone
in the floor of the orbit, but the other M3 roots do not. On the
palate several small foramina perforate the bone medial to the
M2 and M3. The maxillary bone is broken at the mesial edge
of P4.

The P4 (Fig. 2A) is dominated by the paracone, which has a
slightly curved paracrista that slopes steeply to the metastyle.
The metastyle is small but cusplike and is interlocked tightly
against the M1 between the M1 parastyle and labial end
of the paracingulum, as is typical in vespertilionids. The P4
has a narrow labial cingulum that is interrupted adjacent to
the metastyle and forms a short, rounded anterior shelf (on
which the enamel is slightly damaged labially) mesial to the
paracone. The cingulum is wider anteriorly and continuous
with a rounded and well-developed lingual shelf that is rather
deeply basined posterior to the paracone, possibly by wear. The
lingual cingulum seems to have been continuous around the

lingual shelf and basin to stop at a point just before reaching the
metastyle; however, the enamel along this posterior cingulum
is damaged, making the basin appear to be open posteriorly.
The lingual shelf is not greatly distended posteriorly.

The M1 is broken along the labial edge from the postparacrista
to the metastylar area such that the mesostyle and metastyle are
missing (Fig. 2A), but the molar was certainly dilambdodont.
The tooth is wider than long, with no hint of a hypoconal shelf
or hypocone, although the lingual portion of the tooth is slightly
distended posteriorly. The tooth bears a large hooked parastyle
and strongly W-shaped ectoloph. The lingual cingulum is
complete lingually but disappears mesially at the level of the
lingual base of the paracone; distally the lingual cingulum is
continuous with the postcingulum and reaches the metastyle.
There is a relatively deep narrow anterior ectoflexus. Both the
parafossa and metafossa are narrow and the parafossa is deeper
than the metafossa. The protofossa is deep. The preprotocrista
extends anteriorly and labially as a precingulum almost to the
parastyle; there is a slight interruption at its labial terminus,
with a small notch between the terminus and the parastyle
to accommodate the metastyle of the P4. The preprotocrista
bears a small paraconule with relatively sharp crests. The
postprotocrista bears a small metaconule with a sharp crest
(metaloph) on the side facing the protofossa, closing off the
protofossa distally, but its distal crest is abbreviated and does not
extend beyond the base of the metacone. The paraconule is low
and weak but the preparaconule and postparaconule (paraloph)
crests are relatively strong. The metaconule is low and weak;
the premetaconule crest (metaloph) and postmetaconule crest
are relatively strong, but the postmetaconule crest (alternatively
interpreted as the distal part of the postprotocrista) is abruptly
terminated just distal to the metaconule on M 1. The M2 is similar
in most aspects to the M1 except for being proportionally wider
labiolingually, having the lingual portion of the tooth posterior
to the protocone even less distended posteriorly than in the M1,
and retaining the premetaconule crest rising up the base of the
metacone, but lacking the abbreviated postmetaconule crest
of the M1. The ectoloph is broken such that the parastyle and
mesostyle are lost. The posterior ectoflexus is relatively deep
and narrow, and bears a short ectocingulum. The parastyle is
broken but a remnant shows it was hook-like (Fig. 2A”). The
postmetacrista is slightly curved and the metastyle forms an
unremarkable terminus that probably extended labially beyond
the parastyle and mesostyle, and which abuts the parastyle
of M3 to form a functionally continuous crest. The lingual
cingulum is complete lingually but disappears mesially at the
level of the lingual base of the paracone; distally the lingual
cingulum is continuous with the postcingulum and reaches the
metastyle.

The M3 is reduced, with a smaller protoconal area than those
of M1 and M2, and with a metacone about half the height of
the paracone (Fig. 2A). The lingual portion of M3 is relatively
narrow mesiodistally relative to the ectoloph portion of the

5
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tooth. The ectoloph has a strongly hooked parastyle and lacks a
postmetacrista. The centrocrista reaches the labial border of the
tooth such that the mesostyle is situated at the labial edge, but the
whole edge is shifted lingually, making the postparacrista and
premetacrista shorter than the preparacrista and consequently
shortening the protofossa. The postparacrista and premetacrista
are equal in length. The lingual cingulum nearly disappears at
the lingual base of the protocone; mesially it terminates at the
level of the lingual base of the paracone, whereas distally it
terminates at the level of the lingual base of the metacone. The
preprotocrista, paraconule, and precingulum are as in the M1
and M2 (the precingulum is slightly damaged anteriorly). The
postprotocrista lacks a metaconule and metaconule crests, and
is separated from the lingual base of the metacone by a small
notch. From this notch a sharp crest (metaloph?) rises up the
lingual face of the metacone. The anterior ectoflexus is deep,
and the ectocingulum is rudimentary or absent.

Comparisons:
Comparisons with Quinetia misonnei

As noted by Horacek (2001), there are extensive dental
similarities among some North American and European
Paleogene and early Miocene vespertilionid fossils. These
fossils show a bewildering combination of primitive and derived
morphological features (Gunnell et al., 2012). Below we make
comparisons with nearly contemporary bats (late Eocene and
early Oligocene) from North America and morphologically
similar bats from other continents for which the upper teeth
are known.

The diagnosis of the genus Quinetia is based on data
for the lower jaw and teeth only, from the type locality of
Hoogbutsel, Belgium, MP21 (Horacek, 2001). However, we
refer NDGS 1691 to the genus because new information on
the upper teeth was provided by Gunnell ef al. (2017) based
upon isolated specimens associated with lower jaws and
teeth from another locality, Boutersem, Belgium, for the only
named species Quinetia misonnei (Quinet, 1965), which was
originally described as a species of Myotis. Boutersem and the
type locality of Hoogbutsel, Belgium, both date to the early
Oligocene, Rupelian (Gunnell et al., 2017), approximately
contemporaneous with Q. frigidaria. Horacek (2001) erected
the new genus Quinetia for the taxon misonnei. Gunnell et al.
(2017: fig. 4, pp. 10, 12) described and illustrated two upper
molars attributed to Q. misonnei, a right M1 and a left M2.
These upper molars provide the nearest match for those of Q.
frigidaria. Although we were unable to examine the Boutersem
material of Q. misonnei, the figures and description provided by
Gunnell et al. (2017) made clear the similarity in fine details of
dental morphology between the European and North American
specimens. Specifically, the upper molars of Q. frigidaria
resemble those of Q. misonnei in being noticeably wider than
long, in having two deep ectoflexi, distinct paralophs and
metalophs, M2 with metastylar region that extends labially
beyond the parastyles and mesostyles, hooklike parastyles,
and moderate lingual cingula with no development of a
hypocone or hypoconal shelf (cf. Gunnell ef al., 2017: fig. 4,
pp. 10, 12). Quinetia frigidaria upper molars differ from the
uppers of Q. misonnei in size (Table 1), and in having distinct
paraconules and the lingual cingulum distally continuous with
the postcingulum. Gunnell et al. (2017) indicated that the M1
parastyle of Q. misonnei is weakly hooked, while their image
indicates it is broken but the base of the parastyle shows it
was hook-like; they also indicated that the M2 metastyle is

distinctly hook-like, but the image shows it to be gently curved
with a slight ectocingulum.

We follow Horacek (2001) and Gunnell ef al. (2017), who
placed Quinetia in the tribe Plecotini, noting its resemblance
especially to Plecotus. Gunnell et al. (2017) viewed some
characters of the upper molars of Q. misonnei as relatively
primitive compared to extant plecotines, such as having weak
metalophs which are absent in extant plecotines leaving the
trigon basin open posteriorly. However, the trigon basin in
upper molars of some recent plecotines (e.g., Corynorhinus and
Barbastella) are closed posteriorly. Weak metalophs are also
present in Q. frigidaria. Both Q. misonnei and Q. frigidaria
have trigon basins of M1 and M2 closed posteriorly by the
metalophs.

Comparisons with Stehlinia bonisi

Quinetia frigidaria 1is quite similar in its dentition to
European members of Stehlinia (?Palacochiropterygidae
or Vespertilionoidea; Smith et al., 2012; Hand et al., 2016),
known from the Paleogene (middle Eocene to late Oligocene)
of Europe by at least nine species (Eiting & Gunnell, 2009;
Smith et al., 2012; Maitre, 2014). Occasional isolated fossils
from North America also have been referred to the genus
(Ostrander, 1987). Quinetia frigidaria shares with Stehlinia
species, based on descriptions and illustrations from the
literature (only original specimens of Stehlinia bonisi Sigé,
1990 were available to us for comparison), a suite of relatively
primitive characters including upper molars with the same
proportions in the ectoloph crests, same labial projection of
the mesostyle (preserved in M3, evident although broken in
M1 and M2), and moderate degree of reduction of M3 (Sigé
& Menu, 1995). In particular it shares with Stehlinia bonisi
of the late early Oligocene (biochronological level MP 21)
of France the same transversely slightly oblong proportions
of the P4, slightly “waisted” P4, upper molar lingual flanks
slightly depressed along the postprotocrista at the metaconule,
fine lophs issuing from the lingual bases of the paracone and
metacone directed respectively to the protocone and to the
postprotocrista in front of the metaconule, as described for S.
bonisi and a small indeterminate species from Le Garouillas,
France (Sigé & Menu, 1995). Q. frigidaria shares with
Stehlinia the several small foramina in the palate adjacent to
the upper molars. It differs from S. bonisi in having M1 and
M2 with a more reduced angle in the distolingual tooth margin
(manifest as a remnant talon or hypoconal shelf, giving a
more projecting, angular posterolingual border to the trigon in
European Stehlinia). The specimen NDGS 1691 has a smaller
and less cusplike metaconule on M1 and M2 than Stehlinia
species. NDGS 1691 has the anterior root of the zygomatic
arch arising dorsal to the posterior of M2 instead of above the
M3 (as illustrated for Stehlinia by Sigé & Menu, 1995: plate 1
fig. 6).

Quinetia frigidaria differs from European Stehlinia in
having a much shorter infraorbital canal, about as long as the
infraorbital foramen is wide, whereas in Stehlinia the canal is
two to three times as long as the diameter of the infraorbital
foramen (based on comparison with S. bonisi, and with Sigé,
1974: fig. 1 of Stehlinia minor). In Q. frigidaria the infraorbital
foramen opens dorsal to P4, whereas in Stehlinia species
whose crania are known (Sigé, 1974: fig. 1), it opens above
P3. In Q. frigidaria P4 lacks the mid-labial vertical crest that
reaches the labial cingulum anterior to the metastyle (Fig. 2),
in contrast to Stehlinia bonisi P4s, but otherwise no salient
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features of P4 seem to distinguish the two taxa. The upper
molars of both Q. frigidaria and S. bonisi lack hypocones, but
in Q. frigidaria there is no expansion (hypoconal shelf) of the
posterolingual portion of the upper molars; in contrast, M1
(but not M2) of Stehlinia minor and S. bonisi bears a small
posterolingual expansion (talon) that creates an indentation of
the lingual edge and a median depression of the lingual side
of the protocone (Sigé, 1974: fig. 1). In Q. frigidaria M1 and
M2 show a low paraconule and a metaloph connected to the
postprotocrista, while in S. bonisi the paraloph tends to join
the preprotocrista without forming a paraconule there, and
the metaloph attenuates before joining the postprotocrista,
leaving the protofossa partially open posteriorly. The M3 in
Q. frigidaria has a weak paraconule and better-developed
paraloph than the M3 of S. bonisi, in which the paraconule is
absent and the paraloph does not always join the preprotocrista
(Sigé, 1974). In Q. frigidaria M1-M3 the lingual cingulum is
continuous, but in Stehlinia bonisi it is interrupted at the lingual
base of the protocone in each molar.

Comparisons with Chadronycteris rabenae

Quinetia frigidaria is almost identical in size and quite similar
in many details of tooth shapes to Chadronycteris rabenae
(family uncertain; Gunnell & Simmons, 2005; Smith et
al., 2012) of the late Eocene, Chadronian, about 35 Myr, of
Nebraska (Ostrander, 1983, 1987; Fig. 2C), while Q. frigidaria
occurred at about 32 Myr. The holotype of Q. frigidaria
NDGS 1691 and only known specimen is from the opposite
side of the cranium and shows slightly less tooth wear than the
holotype of C. rabenae SDSM 9931 and only known specimen.
Comparative measurements of Q. frigidaria and C. rabenae
are quite similar (Table 1), with a predicted body weight for
Q. frigidaria of 11.2-13.6 g, and for C. rabenae of 11.7-15.3
g. In the preserved portion of the maxillary bone, Q. frigidaria
differs from C. rabenae in having a very short infraorbital canal,
whereas in the latter the canal is long and opens a little anterior
to P4. The main morphological differences between the two are
manifest in details of the teeth. The anterior projection and shelf
of P4 of Q. frigidaria, slightly damaged on the anterolabial
cingulum, protrudes mesially much less than in C. rabenae,
making the notch between the margins of the anterior shelf and
lingual shelf also appear less deep. The lingual shelf of P4 in
Q. frigidaria is basined, whereas that of C. rabenae is barely
so, but the difference might be due to different wear in NDGS
1691. The upper molars of Q. frigidaria are slightly less inflated
or robust than those of C. rabenae, and the lingual portion of
M3 is slightly narrowed mesiodistally (“waisted”) while the
lingual portion of M3 in C. rabenae is not. In Q. frigidaria the
M1-M3 have low paraconules and distinct paraconule crests,
while these structures are absent in C. rabenae (Fig. 2). In Q.
frigidaria upper molars the postprotocrista is not continuous
with the metacingulum (postcingulum), but the lingual
cingulum is continuous with the metacingulum, whereas in C.
rabenae the postprotocrista and metacingulum are continuous
(although in the M1 [but not M2] of C. rabenae there is a small
deviation at the metaconule), and the lingual cingulum does
not reach the metacingulum. In Q. frigidaria upper molars the
ectoflexi (only the anterior is preserved in the M1, and only the
posterior is preserved in the M2) are deeper and narrower than
in C. rabenae. Finally, the lingual cingula of the upper molars
are thinner in Q. frigidaria than those in C. rabenae (Fig. 2).

Among the Vespertilionidae, the earliest known fossils
assigned to the family are Premonycteris vesper Hand, Sigé,
Archer & Black, 2016 from France (Hand et al., 2016) and

Khonsunycteris aegypticus Gunnell, Simons & Seiffert, 2008
from Egypt (Gunnell ef al., 2008), which unfortunately cannot
be compared with NDGS 1691 because the only known
specimens are dentaries with lower teeth. Premonycteris
vesper is from the early Eocene, late Ypresian, MP10, about
50 Myr, Khonsunycteris aegypticus is from the latest Eocene,
Priabonian, about 34 Myr (Gunnell ef al., 2008, 2012), while
NDGS 1691 occurred about 32 Myr. The European genus
Stehlinia discussed above, with several species ranging
from the middle Eocene to the late Oligocene (about 43-25
Myr), has often been considered as a vespertilionid but more
recently has been placed in the extinct European Eocene
Palacochiropterygidae (Gunnell et al., 2012; Maitre, 2014).

By comparison with the oldest known and equivalent-aged
Mpyotis species, M. belgicus Gunnell, Smith and Smith, 2017
from Europe at about 33 Myr, as characterized by Gunnell
et al. (2017), Q. frigidaria differs in having paraconules and
metalophs on M1 and M2, protofossa (trigon basin) of Ml
and M2 closed posteriorly, lingual cingulum of M1 and M2
interrupted at base of protocone, M1 and M2 with less developed
posterolingual swelling as a remnant of the hypoconal shelf,
and M3 relatively long (Table 1).

The only bats yet described from the early Oligocene,
Whitneyan are from the late Whitneyan I-75 local fauna,
Florida. The 1-75 LF bats so far described pertain to the
families Emballonuridae, Speonycteridac. Mormoopidae,
Natalidae, and Vespertilionidae (Morgan & Czaplewski,
personal observervation, 2003; Czaplewski & Morgan, 2012;
Morgan et al., 2019). Most of these families differ greatly
from Q. frigidaria. The sole specimen of a natalid from the
I-75 LF is a proximal radius fragment (Morgan & Czaplewski,
2003) that cannot be compared with NDGS 1691 or other
North Dakota specimens described herein. The early Miocene
(Hemingfordian) natalid Primonatalus prattae Morgan &
Czaplewski, 2003 of the Thomas Farm local fauna, Florida
(Morgan & Czaplewski, 2003), has several differences from
0. frigidaria. Unlike P, prattae, Q. frigidaria bears a P4 with
a much less prominent anterior shelf and adjacent notch and it
lacks a labial cingular cusp, its upper molars are transversely
wider than long rather than about as wide as they are long,
and its M3 lacks a long-crested mesostyle and metaconule.
The vespertilionids in the 1-75 LF, which might be similar
to Q. frigidaria, are few in number but have not yet been
studied in detail (G. S. Morgan and N. J. Czaplewski, personal
observation).

Vespertilionoidea Weber, 1928
Family, genus, and species indeterminate

Referred material: USNM PAL 720182, talonid of a left lower
molar; USNM PAL 720179, proximal portion of left humerus;
USNM PAL 720180, distal fragment of right humerus lacking
the medial epicondyle; USNM PAL 720181, distal portion of
left femur.

Description

Among the chiropteran material from North Dakota there
is an isolated lower molar talonid, USNM PAL 720182 (not
illustrated), on which the transverse width of talonid measures
1.1 mm. The entoconid is broken off; the tooth bears a strong
labial cingulum, acute hypoconid, myotodont postcristid,
and strong, lingually situated hypoconulid. The fragment is
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of a size congruent with the upper molars of Q. frigidaria;
however, Quinetia is characterized by distinctly nyctalodont
lower molars (Horacek, 2001) and thus the Fitterer Ranch
talonid cannot belong to that genus. It resembles the talonids
of Myotis as characterized by Gunnell et al. (2017) and other
vespertilionoid bats. The fragment provides evidence for a
second species of bat in the Fitterer Ranch local fauna.

Available equations for using the humerus to estimate bat
body mass (Gunnell ef al., 2009; Giannini et al., 2012) involve
only the midshaft diameter, which is unfortunately unknown in
the humerus fragments from Fitterer Ranch. Nevertheless, the
Fitterer Ranch humerus and femur fragments compare closely
in size with those of the extant North American big brown bat,
Eptesicus fuscus, a heavier species weighing 14-21 g (Harvey
etal.,2011).

The humerus and femur fragments all are slightly abraded or
water-worn, although this surface condition might also be the
result of their having been prepared in dilute acid (Fig. 3). The
postcranials were not directly associated with the maxilla of
Q. frigidaria, and the proximal humerus fragment USNM PAL
720179 differs in details from a humerus referred to Quinetia
misonnei by Gunnell et al. (2017). The other postcranials
lack diagnostic features that would allow them to be matched
with Quinetia. For this reason, the bat postcranial bones from
Fitterer Ranch cannot confidently be referred to Q. frigidaria,
and probably represent a different species of bat in the fauna.

The proximal humerus fragment USNM PAL 720179 shows
a hemispheroidal head with its long axis canted toward the
lesser tuberosity, a moderately deep supraglenoid fossa, an
elevated pectoral ridge, and a greater tuberosity that extends
proximally slightly beyond the head (Fig. 3A-E), which
possibly contacted the scapula. The distal fragment USNM
PAL 720180 (Fig. 3F-H) does not preserve the entire distal
articular surface, but retains the capitulum (medial ridge) and
capitular tail (lateral ridge), the latter of which is of reduced
diameter and bears a distinct but small proximally directed
projection on its rim. Adjacent to this small projection is a well-
developed supraepicondylar groove and a deep pit in the lateral
end of the lateral epicondyle. The medial ridge of the capitulum
is broadly rounded and separated from the capitular tail by a
shallow groove. The medial (ventral) half and posterior of the
distal humerus fragment are damaged and abraded.

The left femur fragment USNM PAL 720181 (Fig. 31-L) has
slender morphology with reduced distal condyles and a shallow
patellar groove as in many other bats. The distal articular end
including the condyles in posterior (popliteal) view is about
as wide as long. The condyles themselves are moderately
elongated, intermediate in proximo-distal diameter, with the
lateral condyle broader than the medial condyle, and each is
proximodistally longer than wide. In lateral view, the condyles
have a somewhat flattened rather than rounded articular surface
(Fig. 3K). The intercondylar fossa on the popliteal surface is
narrow. Ligamentous attachment areas on the epicondyles
and articular surfaces as preserved provide no information on
whether or not a tibial lunula, parafibula, or sesamoids other
than the femoral patella (Amador ef al., 2018) might have been
associated with the knee.

Comparisons of postcranials

The Fitterer Ranch humerus fragments morphologically
resemble humeri of other vespertilionoids, especially
vespertilionids. The Fitterer Ranch proximal humerus shows
similar morphology to that of Stehlinia (with a “double

scapulo-humeral articulation” [Sigé, 1974], trochiter extending
proximally beyond humeral head but lesser trochanter of same
height as humeral head, long axis of humeral head canted toward
trochiter), but differs in the distal humerus (as far as known in
the fragment from Fitterer Ranch) in that the Fitterer Ranch
specimen has the articular surfaces apparently aligned with the
shaft (judging from the shaft remnant on the fragment; Fig. 3F,
Q), rather than offset as in Stehlinia. The proximal humerus is
quite similar to that of many vespertilionid genera extant and
extinct. It differs from the humerus attributed to Q. misonnei by
Gunnell ef al. (2017), with a shorter trochiter and trochin. The
distal humerus differs from molossids and miniopterids in its
rounder head, rounded rather than keel-like, angled capitulum,
and from Stehlinia and natalids in having the distal articular
surfaces not offset from the humeral shaft (Sigé, 1974).

The only known early Oligocene bat from North America
is the Orellan Oligomyotis casementi (Galbreath, 1962). No
direct comparison can be made with O. casementi because
the holotype and only known specimen, a distal humerus, is
lost (Czaplewski et al., 2008). In the few anatomical details
available in the distal humerus fragment from Fitterer Ranch,
the North Dakota fossil resembles Galbreath’s (1962: p.
450) word description of Oligomyotis in which “the rounded
part of the capitulum...is not distinctly keeled as is the case
in Suaptenos and Miomyotis” and “the lateral ‘ridge’ of the
capitulum is much smaller than the main part of the capitulum.”
However, the Fitterer Ranch specimen has a strongly flaring
capitular tail, whereas in O. casementi the lateral ridge of the

Figure 3. Postcranial bones of early Oligocene bats from Fitterer Ranch,
North Dakota. A-E, proximal left humerus fragment, USNM PAL 720179,
in anterior (A), posterior (B), lateral (dorsal) (C), medial (ventral) (D), and
proximal (E) views. F-H, distal right humerus fragment, USNM PAL 720180,
in anterior (F), posterior (G), and lateral (dorsal) (H) views. I-L, distal left
femur fragment, USNM PAL 720181, in anterior (I), posterior (J), fibular (K),
and tibial (L) views.
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capitulum is “without any flare at the margin” (Galbreath, 1962:
p. 450). Compared to Galbreath’s (1962: fig. 1) illustration, the
Fitterer Ranch distal humerus has an apparently more rounded
capitulum, and a small, proximally-directed projection on
the rim of the capitular tail that is absent in O. casementi. In
these same characters the North Dakota specimen shows some
similarities to two late Oligocene ?vespertilionid humerus
fragments from Nebraska (Czaplewski et al., 1999), but all
three specimens are too poorly preserved for comparison. In
the Fitterer Ranch distal humerus fragment, the medial ridge
of the capitulum is more broadly rounded than in the North
American Miocene vespertilionids Suaptenos, Miomyotis,
Karstala (Lawrence, 1943; Czaplewski & Morgan, 2000)
and extant genera with which they were compared such as
Corynorhinus, Myotis, Lasionycteris, Eptesicus, Perimyotis,
Parastrellus, and Lasiurus.

In the Fitterer Ranch distal femur USNM PAL 720181,
the femoral condyles and intercondylar fossa resemble those
of extant vespertilionids, miniopterids, and thyropterids
(Louzada et al., 2019) in having a narrow intercondylar
fossa and elongated rather than broad or rounded condyles.
The condyles are relatively shorter proximodistally than in
specimens of extant vespertilionids such as Corynorhinus,
Mpyotis, Eptesicus, Lasiurus, and Antrozous, but relatively
longer than in Miniopterus, molossids, and Natalus with which
they were compared. Using the characters of the distal femur
that were identified by Louzada et al. (2019) as being useful in
distinguishing modern families of yangochiropteran bats, we
find that USNM PAL 720181 most closely resembles the distal
femur of vespertilionids and miniopterids in having elongated
and somewhat flattened distal condyles. The intercondylar
fossa is narrower than in molossids and natalids (as well as
other yangochiropteran families as characterized by Louzada
et al., 2019), most closely resembling that in vespertilionids
and miniopterids. It is possible that the femur fragment pertains
to the new North American vespertilionid Q. frigidaria, but
in light of its early Oligocene age, the incompleteness of the
element and its few diagnostic characters, the paucity of other
Oligocene bat femurs, and the differences between the Fitterer
Ranch fossil humerus fragments and those of the European
species Q. misonnei, we hesitate to assign any of the postcranials
to Q. frigidaria. Moreover, because of the similarity of and
differences in the distal femur compared to both vespertilionids
and miniopterids, we leave the identification of the postcranials
in open taxonomy as vespertilionoids until more and better
specimens might come to light.

DISCUSSION

The Fitterer Ranch specimens provide the first definitive record
of Paleogene bats from North Dakota, and a geographic range
extension for the genus Quinetia from Europe to North America.
We only tentatively place Q. frigidaria in the genus Quinetia
Horacek, 2001 because that genus is diagnosed on the basis of
lower tooth characters that are yet unavailable in NDGS 1691.
Our assignation depends on Gunnell ef al.’s (2017) description
of isolated upper molars associated with topotype dentaries of
Q. misonnei, and the similarity of NDGS 1691 to those molars.
Following Horacek (2001) and Gunnell ez al. (2017), we place
Q. frigidaria in the tribe Plecotini because of many characters
of the upper molars shared with extant plecotines, such as
protofossae broad and deep, and all cusps and crests slender
and sharp. As noted above, both Horacek (2001) and Gunnell

et al. (2017) noted that the upper molars of the Oligocene
0. misonnei retained certain relatively primitive features
compared to extant plecotines, a paraconule-paraloph, and a
metaloph that closes the trigon basin posteriorly. In addition,
we note that the North American Q. frigidaria exhibits a dental
difference in P4 from extant plecotines (P4 is unknown in Q.
misonnei). Unlike Q. frigidaria, the modern taxa Corynorhinus,
Euderma, and some species of Plecotus share presence of an
anterolingual cingular cusp in P4, although the cusp is weak or
absent in Barbastella, Idionycteris, and other Plecotus species.
It would be desirable to compare Q. frigidaria with the earlier-
described humerus of Oligomyotis casementi from the Orellan
of Colorado, but more complete specimens of both taxa and a
replacement for the lost holotype and only known specimen
of O. casementi are needed in order to make any comparisons
between them.

Bats underwent a dramatic global radiation in the Eocene,
during which ten extinct families and at least the ancestors
of the twenty-one extant families appeared (Simmons et al.,
2016). One analysis suggests a two-part radiation, with an
initial radiation of archaic bats until the Early Eocene Climatic
Optimum, followed by a lull from about 49-35 Myr, and
another increased diversification rate between about 35 and 25
Myr, initiated in association with the Early Oligocene Glacial
Maximum (Yu et al., 2014). The extinct archaic bat family
Palaeochiropterygidae, primarily of the middle Eocene of
Europe, has been considered ancestral to vespertilionoids or a
member of the Vespertilionoidea (Gunnell et al., 2012; Smith
et al., 2012). Palaeochiropterygidae contains the early Eocene
genera Palaeochiropteryx, Microchiropteryx, Cecilionycteris,
and Matthesia (Smith et al., 2012). The vespertilionid Quinetia
frigidaria amplifies the late Eocene-early Oligocene radiation
of vespertilionids that began as early as the early Eocene with
Premonycteris vesper of Europe (Hand et al., 2016) and in the
early Oligocene includes at least Khonsunycteris aegyptiacus
of Africa, Quinetia misonnei, Hanakia fejfari, and Mpyotis
belgicus of Europe (Hand et al., 2016; Gunnell et al., 2017) and
Oligomyotis casementi of North America (Galbreath, 1962).
Indeterminate vespertilionoid and vespertilionid fossils of early
Oligocene age hint at additional bat diversity in Kazakhstan
(Gabunia & Gabunia, 1987), Yunnan, China (Rich et al., 1983),
and Montana, USA (Tabrum et al., 1996).

The earliest fossils recognizable as bats appear in the fossil
record about 54 Myr, although molecular studies suggest bats
arose earlier, in the Paleocene or late Cretaceous (Teeling et
al., 2005; Lei & Dong, 2016). The global climate at this time
was decidedly warm, humid, tropical from tropical latitudes
well into the polar latitudes (not just in the present-day tropics)
(Cramwinckel et al., 2018). The ancestors of bats are predicted
to have been tropical in distribution, insectivorous in dietary
habits, and scansorial in locomotory ability, with low basal
metabolic rates, with early bats developing other dietary,
physiological, reproductive, and other specializations after
flight (McNab, 1982; Simmons et al., 2008). They probably
developed the use of hibernation in response to seasonality in
temperatures and availability of food (McNab, 1982) as global
climates cooled and temperate and arctic zones developed
during the Paleogene. Simmons ef al. (2016) recently showed
that certain archaic bats were probably omnivorous, not
strictly insectivorous or arthropodophagous. A few million
years after the earliest known fossils of bats are recorded, the
global climate underwent a pronounced cooling and Antarctic
glaciation during the transition from the end of the Eocene to
the early Oligocene (Liu ef al., 2009; Goldner ef al., 2014). This
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transition is interpreted as a drop in mean annual temperature
of 8.2 £ 3.1 °C as preserved in stable isotopes in the teeth of
mammals in central North America (Zanazzi et al., 2007). The
climatic cooling had a profound effect on global vegetation,
which in North America transitioned from paleofloras of warm,
decidedly tropical character extending to the present-day
Arctic Circle during the Eocene to drier, more seasonal, open
shrublands occurring in the continental interior in the early
Oligocene (Graham, 1999; Collinson, 2000). Thus, tropical
conditions in the middle Eocene extended to Ellesmere Island
at 81° N latitude (Graham, 1999; the Fitterer Ranch locality is
near 46° 45° N latitude). Although no fossil floras of late Eocene
to early Oligocene age are known in North Dakota, paleofloras
in Montana show a stepwise sequence from moist forest to dry
forest to dry deciduous woodland to open wooded habitat with
gallery forests (Graham, 1999), and paleosols in the White
River Group in South Dakota and surrounding region indicate
a humid and subtropical climate that later became subhumid
and cool temperate (Retallack, 1983, 2007). Contemporaneous
records of ectothermic vertebrates from the region are sparse,
but alligators may have adapted to the cooling temperatures or
began to disappear from the northern Great Plains in the early
Oligocene, as did aquatic turtles (Hutchison, 1992; Corsini
et al., 2011; Whiting & Hastings, 2015). The cooling caused
the Grande Coupure faunal turnover in Europe (Stehlin, 1909;
Woodburne, 2004), while the Antarctic glaciation drew down
sea levels and facilitated intercontinental dispersals of terrestrial
mammals through Beringia, resulting in similarities between
Eocene-Oligocene Asian and North American assemblages
(Graham, 1999, Woodburne, 2004). Stucky (1992), Woodburne
(2004) and Zanazzi et al. (2007) noted relatively minor effects
of the cooling on North American mammals (but pronounced
effects on heterothermic vertebrates) during the -early
Oligocene, as evidenced by relatively mild faunal turnover in
the Chadronian-Orellan and Orellan-Whitneyan and by stable
isotopes in mammal bones from the central Great Plains during
the Eocene-Oligocene transition, respectively. However,
Yu et al. (2014) reported heightened bat diversification rates
during the much longer time span 35-25 Myr, and inferred
that “intrinsic innovations or adaptations may have released
some lineages from the intense selective pressures associated
with these severe [global cooling] conditions.” Stehlinia and
other early members of a vespertilionoid radiation probably
moved from Asia to North America in the Eocene prior to the
early Oligocene cooling via continental connections that had
already established a Holarctic corridor by the early Oligocene
(McKenna, 1975; Miiller et al., 2008).

Quinetia frigidaria reflects the beginnings of the plecotine
(and vespertilionid) radiation at a relatively high temperate
latitude in North America concomitant with early Oligocene
seasonal/climatic, floral, insect faunal, and biogeographic
changes. Vespertilionids are the most widespread bat family
in the temperate zone (Simmons, 2005) and include the
most species undergoing hibernation and seasonal migration.
Many extant plecotine bats hibernate, but they migrate only
locally (Fleming & Eby, 2003). It is tempting to cite the
Eocene-Oligocene climatic transition and global cooling as
a potential causative factor in the evolution of aspects of the
physiology and behavior of vespertilionids or other bats such
as heterothermy and migration. However, current evidence
suggests that the most recent common ancestor of crown-group
bats might have been capable of daily heterothermy (Lazzeroni
et al.,2018). Hibernation appears to have evolved several times
independently among extant bats including some tropical and

subtropical species, and current views of the thermoregulatory
physiology of mammals suggests a continuum of ability from
homeothermy to daily torpor to hibernation (Geiser & Stawski,
2011; Lazzeroni et al., 2018). Geiser & Stawski (2011) argued
that extended torpor evolved in the tropics and subtropics
before bats had invaded temperate climates or were exposed to
prolonged cold temperatures. Vespertilionids make up nearly
one-third of all extant bats and are the most widespread extant
family geographically (Simmons, 2005). Horacek (2001)
remarked about the vespertilionid radiation being characterized
by “metabolic and behavioural versatility” of these bats
with respect to their echolocation style and capability for
thermoregulation compared to other bat families characterized
by morphological specializations. As primarily insectivorous
bats for whom insect availability probably became increasingly
more seasonal, vespertilionid bats in particular assumed a more
seasonal food and lifestyle, driving the evolution of a seasonal
migration or hibernation physiology, and enabling their
radiation through the developing late Cenozoic temperate zone.
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