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Early Eocene Leptictida, Pantolesta, Creodonta,
Carnivora, and Mesonychidae (Mammalia) from the
Eureka Sound Group, Ellesmere Island, Nunavut

Jaelyn J. Eberle and Malcolm C. McKenna

Abstract: We describe the leptictid Prodiacodon, the pantolestids Palacosinopa spnov., of. Palaeosinopa, and
Pantolestidae, gen. ¢t sp. indet.; the creodonts Palacemictis und Lrofimnocyon; the camivorans Viverravus, of. Vilpavus,
und Miacis; and the mesonychid Puchvaena from early Eocene (i.e., Wusatchian) strata of the Eureka Sound Ciroup on
ventral Ellesmere Island, Nunavut, Palacosinupa and Palavonictis may have originated in mid-latitude North Amcrica
and subsequently migraled to Europe via a north Atlantic Jund bridge. while Prolimnocyon and Pachyaena probably
originated in Asia. Additionally, the vceurrence of Pachyaenu in the Early Eocene of Europe probubly is best explained
by dispersal from high-latitude North America to Europe via a north Atlantic lund bridge. We update the Bureka Sound

Group mammalian faunal st

Résumé : Nous décrivons le leptictidé Prodiacondon, les pantolestidés Pulaeosinapa sp.nov. cf. Palueosinopa ct Pantolestidae,
gen et sp. indét.c les Créodontes Palaeonivtis et Prolimnocyon: les Camivores Viverravus, of, Villpavus et Miacis:, ainsi
que le mésonychidé Pachryuena provenant des strates du Groupe de Eureka Sound, au centre de I'ile Ellesmere, au Nuravut,
et datanl de 1'Eocéne précoce (c.-a-d. Wausatchien). Palasosinopa et Palaeonictis peuvent provenir Je latitudes moyennes
de "Amérique du Nord ct avoir migré par la suite vers 'Europe par un pont continental nord-américain, alors que
Prolimnocyon et Pachywenu peuvent éure originaires de 1" Asie, De plus, Ia venue de Puchvaena A 1'Bocéne précoce ¢n
Europe st probablement le mieux expliqué par une dispersion de I’Amérigue du Nord vers I'Europe a des latitudes
€levées par un pont continental nord-américain, Nous mettons i Jjour Ia liste de la fuune mammifere du détroit
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ITraduit par la Réduction|

Introduction

The northernmost record of early Tertiary mammals is
from Eocene strata of the Fureka Sound Group in Canada's
eastern Arctic archipelago, Nunavut. The first specimens werc
discovered in 1975 ncar Strathcona Fiord, on central Ellesmere
Island (Dawson et al, 1976), with subsequent discoveries in
the late 1970s and 1980 in similar-aged straa elsewhere on
Ellesmere Island and near MokKa Fiord on the east coast of
Axel Heiberg Island (Dawson 1990; Dawson et al. 1993),
More recently, tooth fragments of a large, diplacodont
brontothere were discovered in strata of middle to late
Eocene age at the Geodetic Hills fossil forest site on castern
Axel Heiberg Islund (Eberle and Storer 1999). In addition to
fossil mammals, a diverse lower vertebrate fauna from the
Eureka Sound Group, including lund tortoises. monitor lizards,
snakes, and crocodilians, strongly corroborates long-standing
paleobotanical evidence for a mild, equable arctic climate

during the Eocene (Estes and Hulchison. 1980: McKennu
1980).

Although the Eureka Sound faunal assemblages slightly
postdate the lund conncction between Europe and North
Amcrica across the Nurth Atiantic, they nevertheless support
previous hypotheses relating to Focene paleogeography of
the North Atlantic region. Plate tectonics, and generic affinities
between early Eocene mammalian faunas in Europe and
mid-latitude North America, have tong provided evidence
for a corridor connecting Europe to North America sometime
during early Eocene time (see McKenna 1975), There are
two vertebrate faunai levels in the Eureka Sound Group, the
lower of which corroborates the existence of such a dispersal
roule in that it contains several early Eocene genera that still
persisted on both sides of the Atlantic (Marincovich et al.
1990). Additionally, the Eureka Sound fauna provides support
for a North American origin {or cerlain mammalian taxu,
notably the microparamyine rodents {Dawson 200 ), and their
subsequent dispersal 1o Europe.
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Fig. 1, Map of Axel Heiberg and Ellesmere isiands, Nunavut. The stars indicate general locations ol wrrestrial vertebrate-bearing localities
of the Eureka Sound Group discussed in the text. 1, Bay Fiord; 2, Stenkul Fiord.
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Here we provide systematic description of several members
of the Eureka Sound mammalian fauna, specifically the
Carnivora, Creodonta, Cimolesta, beptictida, und Mesonychidae,
based on fossils recovered near Bay and Stenkul fiords on
Ellesmere Island (Fig. 1), and we discuss their
paleobiogeographic implications. We name a new species of
the pantolestid Palueosinopa. In light of more recent research,
including this paper, we conclude with an updated list of the
Eureka Sound mammalian fauna.

Geologic setting

Although its strata were recognized in the late 1800s (Greety
[R&8), the Furcka Sound Group was not named until 1950
by Troelson (1950). Subsequently, ‘Tozer (1963) reduced the
Eureka Sound Group to formational rank. Since then, three
sets of names have been applied to suata of the Lureka
Sound Group. Following their discovery ol [ossil vertehrates
in the Bay Fiord area (West et al. 1975; Dawson et al. 1976),
West ot al, (1981) subhdivided the Furcka Sound Formation
inte four informal members, the uppermost (i.e.. Member
IV} containing two levels of Focene terrcstrial vertebrates.
Independent of one another, Miall (1986) and Ricketts (1936}
raised the BEurcka Sound Pormation to group rank and subdi-
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vided it into formations. Consequently and quite confus-
ingly, the terrestrial vertebrate-bearing strata near Bay Fiord
fall unger three different names: Member IV of West ct al.,
Margaret Formatdion of Miatl, and Teeherg Bay Formation of
Ricketts. Based on more recent publications and maps (e.8.,
Okulitch 1991), the general consensus seems to be that the
Eureka Sound is a group divisible into numerous formations.
Consequently, the informu} members of West et al. are best
replaced by formational names. Although others follow the
terminvlogy  of  Miall in  referring the Eocene
vertebrate-bearing strata near Bay Fiord to the Margaret
Formation, we belicve the Mokka Fiord Formation on
eastern Axel Heiberg Isiand is lithologically more similar to
the Eocene strata at Bay Fiord. Work in progress, including
fieldwork begun in 2001, may sort out this problem.
Locene terrestrial vertehrates occur in two siratigraphic
levels in upper parts of the Eureka Sound Group in the Bay
Fiord area (West et al. 1981 Dawson 1990, 2001 Dawsan ct
al. 1993), A diversity of vertchrates, including fish, wrnphibians;
reptiles. birds, and over 20 mammalian taxa, is documented
from the lower faunal level and indicates an early Foceoe
uge. equivalent to the younger part of the Wasatchian North
American Land Muammal “Age” (NALMA: Dawson et al
1993, West et ol T9%1). Focene vertebrate-hearing struta
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near Stenkul Fiord which Miall (1986) provisionally assigned
to the Margaret Formation are correlated to this faunal level
(Dawson 2001, and references therein). Although the known
sample of the upper faunal levet is considerably less diverse,
it is interpreted as early Middle Eocene in age, equivalent to
the Bridgerian NALMA (Dawson et al. 1993; Dawson 1990:
McKenna 1980; West et al. 1981). Palynology corroborates
an early to middle Focene age range for the terrestrial
vertebrate-bearing strata near Bay Fiord (Norris and Miall
1984).

801

Institutional abbreviations and dental
terminology

AMNH, American Museum of Natural History, New York,
N.Y.; CMN, Canadian Museum of Nature, Ottawa, Ont.; PU,
Princeton University, Princeron, N.J,

C, L' M, and P designate canine, incisor, molar, and premolar,
tespectively. Lower-case lctters (e.g., ml) designate teeth
from lower jaws, and upper-case letters (e.g., M1) teeth from
upper jaws. L, left tooth (e.g.. Lmi); R, right tooth (e.g.,
Rml), _

The Lithology of the terrestrial vertebraig-bearing strata of
the Bureka Sound Group, supported by the fossil flora and
fauna, indicates a lush proximal dclta front to delta plain

environment, with abundant channels and coal swamps
(Miall 1986),

Materials and methods

Specimens described herc were recovered in the 1970s
and 1980s by field parties headed by the Carnegie Muscum
of Nataral History and reside in fossil collections at the
Canadian Museum of Nature in Ottawa. The specimens are
from three localities in the Wasatchian-aged lower faunal
level near Bay Fiord on central Ellesmere Island and from
one locality farther south on Ellesmere Island at the head of
Stenkul Fiord (Fig. 1). The majority of specimens come
from locality 85, the most productive screening locality in
the Eureka Sound Group south of Bay Fiord, discovered in
1976 (M.R. Dawson, personal communication, 2001), The
specimen of Prolimnocyon described herein is from locality
44, and the single mesonychid fossil is from the D7 locality,
also in the Bay Fiord area. Although stratigraphic relationships
between the fossil vertebrate localities are not clear, partly
due to effects of the Eurekan orogeny, locality 44 has been
tied to stratigraphic sections and is approximately 110-115 ft
(1 ft = 0.3048 m) above the base of section 77-71 of Miall
(1986); locality 85 is probably stratigraphically higher than
locality 44 (J.H. Hutchison, personal communication, 2001),
Near Stenkul Fiord, the creodont Palaeonictis occurs with
other marnmalian taxa, as well as fossils of turtles, in correlative
strata of the Eurcka Sound Group (M.R. Dawson, personal
communication, 2001). Riediger and Bustin (1987) reported
a single tooth of Coryphodon from their Member 4 of the
Eureka Sound Group at Stenkul Fiord which they correlated
to Miall’s uppermost Margaret Formation at Bay Fiord,
More detailed locality information is on file at the Canadian
Muscum of Nature and the Carnegie Museum of Natural
History,

In describing the specimens, all of which are Jaw fragments,
teeth, or looth fragments, we follow dentul terminology outlined
hy Van Valen (1966), Novacek (1977}, und Flyon and
Galiano (1982). We follow McKenna et al. (2000) in assignment
ol loci of leptictid premalars (i.c., we use P4). Measurements
were tuken with a Wild/Censor microlength measuring
attachment on a stereomicroscope. Measurcments of the
leptictid  tooth  tollow  Novacek, und  measurements of
carnivoran teeth are outlined by Gingerich und Winkler
(1985) and Gingerich (1983). Classification fallows McKenna
und Bell 11997) und Flyan (1998),

.Description and discussion ..

Systematic paleontology

Leptictida McKenna, 1975

Leptictidae Gill, 1872

Leptictinae Gill, 1872
Prodiacodon sp.

Referred specimen
CMN 32385, RP4.

Locality

Locality 85, lower mammalian faunal level, upper part of
Eureka Sound Group, south of Bay Fiord, central Ellesmere
Island, Nunavut, Canada (Wasaltchian),

When compared with members of the Leptictidae, CMN
32385, a nearly complete RP4 missing its parastylar region
(PL 1, fig. 1), is most sitnilar to Prodiacodon. Although the
closely allied genus Palaeictops is dentally very similar to
Prodiacodon (see Bown and Schankler 1980), Palaeictops
generally has lower, more bulbous cusps, conules that are
maore Jabially located, and short anterior cingula (Novacek
i977). Tn contrast to Palaeictops, bul as in Prodiaeodon (see
Novacek 1977), CMN 32385 has sharp, piercing cusps,
conules that arc set lingually and not at the buse of the
paracone and metacone, and a long precingulum. As in
Prodiacodon rauricinerei (sce Jepsen 1930; Novacek 1977),
CMN 32385 possesses a hypocone, and its stylar shelf is
very narrow but present labial to the metacone. Both
P rauricinerei and CMN 32385 have a better developed
hypocone than the larger species £ puervensis. As in

-

P crustulum (see Novacek 1977), the metacone on CMN

32385 is smaller and shorter than the paracone, und the
paraconule is higher and larger than the metaconule. On
CMN 32385, the paraconule is more bulbous and slightly
more linguul than the metaconule, which is pyramid-shaped
and hears a strong premetaconule wing.

Minimal estimaltes of length und anterior width of CMN
323K, respectively, are 2,18 and 2.45 mm, and its posterior
width is 2.77 mm. Although the length of CMN 32385 is
stmilar to that of P4 on PU 13104, the holotype of
. tauricinerei (sce Novacek 1977, table 2}, CMIN 32385 is
considerubly less transverse than the latter. However, we
suspect that Novacek's 11977, wable 2) width measurements
of the P4 on PU {3104 may be a misprint, as the anterior
width listed is much greater than the posterior width, All
other Pds of Prodiacodon measured hy Novacek (tahle 2)
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Plate 1. fig. 1. CMN 32385, RP4 of Prodiacodon sp. from locality 3. fig. 2. CMN Bmillﬂ (holuly’pe]. Rnﬂ of Pa.*awsirw:va
aunavatensis, sp.nov. from locality 83. fig, 3. CMN 30809, lingual half of LM} or M2 0} Pulaeosinopa ct. H‘ NL{mrm.‘cns_rS frorp local-
ity 84. fig. 4. CMN 30947, left dentary fragment with trigonid of m? or m3 of Pantulestidae, genus anq spccles'.m..determmate from lo-
cality 85. fig. 5. CMN 51272, parts of the left (top photogruph) and right (botlom photograph} maxl.llant:s containing !'oots of !’3—M2
of Pulaeonictis sp. from locality 87H7-22-4, tig. 6. (a, b) Labiy! and occlusal views, respectively, of CMN 30846, 4 distorted, incom-
plete right dentary of Frolimnocyon sp. trom locality 44.

demonstrate the opposite (i.e., the posterior width is greater
than the anterior width). Note that the leptictid PS in Novacek
equals P4 in this paper.

Prodivcodon is known from the carly Paleocene (i.e.,
Puercan NALMA) through carly Eocene (ic.. Wasarchiun
NALMA) of North America (Novaeck 1977, Bown and
Schankler 1980),

Cimolesta McKenna, 1975
Pantolesta MuKenna, 1975
Puntolestidae Cope, 1881
Pantolestinac Cope, (884
Pudaens inopa Matthew, 1901

Palae osinopa nunavitensiy, Spaov.

? mm

Holotype
CMN 20810, Rm2. 5

Logality

Locality 85, lower mammalian faunal level, upper part of
Eurcka Scund Group, south of Bay Fiord, central Ellesmere
Island, Nunavot, Canada { Wasatchian),

Nhagnosis

Large species of Pafaeasinopa, comparable i size fo
Prdeeosinopa veterrima and - laeger than Pilaeosinopa
didelphoides and Pantolestes longicauduy, m2, pacticularly
trizonid, more transverse than ather species of Palaeosinopa
and P longicaudus, metaconid and protoconid ol same height,

£ 2002 NRC Cunida
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but metaconid more inflated than protoconid; paracenid
better developed than Pantolestes, but smaller than that of
P. veterrima and P. didelphoides; talonid longer, although
narrower, than trigonid, and open lingually; entocristid absent,

Etymology _ ‘
In honour of Nunavut, Canada’s newest tetritory, which
includes Cunada’s castern Arctic archipelago.

Description and discussion
CMN 30810 (PL. 1, fig. 2} is larger than m2s_of

203

other species of Palaeosinopa, notably its width, size of the
paraconid, and absence of an entocristid, are enough to diagnose
a new species. Moreover, a considerable geographic distance
separates CMN 30810 from the nearest North American and
European representatives of Palarosinopa, so it is not surprising
that a new species is represented in the Eureka Sound Group,
Pulaeosinopa is known from late Paleocene through early
Eocene aged strata of North America, and from early
Eocene aged strata.of Europe (McKenna and Bell 1997),

FPalacosinopa cf. P nunavutensis

P didelphoides and P. longicaudus, and is comparable in
length to larger specimens of P veterrima (sce Bown and
Schankler 1980). However, CMN 30810 is wider than m2s
of other species of Palaeosinopa. Additionally, several
morphologic characters  (discussed  herein)  differentiate
CMN 30810 from other species of Palueosinopa and
P. longicaudus.

As is characteristic of both Palaeosinopa and Pantolestes
(see Matthew 1901, 1909), the metaconid and protoconid on
CMN 30810 are subequal in height, although the metaconid
is more inflated than the protoconid. In coutrast, the
paraconid on CMN 30810, whose apex has been removed by
wear, is smaller and shorter than the protoconid and
metaconid. In differentiating Palaeosinopa from Paniolestes,
Matthew (1909} noted that the paraconid is well developed
on Palaeosinopa but only vestigial on Pantolestes. Although
the paraconid on CMN 30810 is relatively smaller than that
of £ veterrima and F. didelphoides, it.is well developed and
could not be considered vestigial. As in £ vererrima and
F. didelphoides, CMN 30810 bears a cingulid on its anterior
margin, below and labial to the paraconid.

CMN 30810 possesses a talonid that is longer, although
noticeably narrower, than the trigonid. Similarly, on m2s of
P vererrima, the trigonid is wider than the talonid, but is not
so transverse as on CMN 30810, In contrast, on m2s of
£ longicaudus with which CMN 30810 was compared
(AMNH 12089 and AMNH 12086), the talonid was slightly
wider than the trigonid. On CMN 30810, the talonid basin is
open lingually, due to a deep talonid notch and absence of
an entocristid. Although lack of an entocristid is vnusual in
Palaeosinopa, it is not unheard of, because Rose (1981)
noted absence of an entocristid on a Clarkforkian specimen
that he referred to Pulueosinopa cf. P lutreola. In osher
characters of the talonid, including cusp arrangement, CMN
30810 is comparable to P veterrima. The hypoconid is the
largest talonid cusp, followed in size by the entoconid and a
much smaller hypoconulid,. On CMN 30810, the
hypoconulid forms a diagonal ridge with two other tiny
cusps which runs anterolingually lowards the entoconid. A
V-shaped noteh separates the hypoconulid ridge from the
entoconid, A hypoconulid ridge also oceurs on some specimens
of P veterrima (AMNH 16822 and AMNH 15096), although
tiny cusps additional 1o the hypoconulid are not so cleurly
differentiated as on CMN  30810. Labial and lingual
cingulids are absent on CMN 30810,

Measurements of leogth, trigonid width, and talonid width
are 6.0, 5.0, and L6 mn. respectively.

Although caution must be tuken in naming a new specics.
particularly on the basis of one specimen. we are confident
that the characters which differentiate CMN 30810 [rom

s

Referred specimen
CMN 30809, lingual halt of LMI1 or M2,

Locality

Localily 85, lower mammalian faunal level, upper part of
Eureka Sound Group, south of Bay Fiord, centrul Ellesmere
Island, Nunavut, Canada (Wasatchian).

Description and discussion

We tentatively identify CMN 30809 (Pl 1, fig, 3) as
Palacosinopa of. P nunavitensis, based on size and on
morphologic similarities to upper molars of P. veterrima and
P didelphoides. As in CMN 30810, the holotype of
£ nunavutensis, CMN 30809 appcars similar in size to
P veterrima. As is characteristic of upper molars of
FPualuvosinopa (sce Matthew 1915), CMN 30809 bears a
strong postero-internal cingular ledge, even wider than that
of P veterrima and F. didelphoides, Although crenulations
are evident, a distinct hypocone cusp is absent on CMN
3080Y. The protocone on CMN 30809 is more rounded and
inflated, and its apex more lingual in placement, compared
to £ veterrima und P. didelphoides. 'The paraconule is larger
than the metaconule, Although the anterior margin of the
tooth has been broken away, a thin sliver anterior to and betow
the paraconule suggests the initial presence of a precingulum,

Based on its size, it seems ptausible that CMN 30809
belongs to the new species of Pulueosinopa described here,
We are reluctant, however, to identity it beyond Puluevsinopa
ct. £ nunavutensis until more complete specimens are
recovered,

Pantolestidae, gen. et sp. indel.

Referred specimen
CMN 30947, left dentary tragment with trigonid of m2 or
mj.

Locality

Loculity ¥5, lower mammalian faunal level, upper part of
Eureka Sound Group, south of Bay Fiord, central Ellesmere
Island, Nunavut, Canada (Wasatchian).

Description and discussion :
CMN 30947 (PL I, fig. 9. a left dentary fragmen
conining a nearly erupted trigonid of an m2 or m3. appears
most sunilar (o the pantolestids B longicauduy and larger
species of Palaeosinopa, On CMN 30947, the protoconid is
slightly taller than the metaconid, The paraconid is smaller
and shorter than the protoconid and metaconid, and is relatively
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smaller than that of P. veterrima and P. didelphoides, but
larger than that of P. tongicaudus. As in P. longicaudus, the
paraconid on CMN 30947 is more medial in position than
that of Palaensinopa.

The estimated width of the trigonid on CMN 30947 is
37 mm, which falls within the ranges of trigonid widths for
m2 and m3 of P. longicaudus and P. didelphoides, but is
narrower than those of P veterrima (see Bown and
Schankler 1980, fig. 10) und the holotype of P nunavutensis
(described carlier),

Creodonta Cope, 1875

Oxyaenidae Cope, 1877

Palaeonictinae Denison, 1938
Palae onictis sp.

Referred specimen

C'MN 51272, numerous skull fragments, including parts of the
feft and right maxillae containing roots of P3-M2, bone-encased
fragments of the roots of canines and Zanterior premolars,
and fragments of the cranium.

Locality

Locality 87H7-22-4, upper part ot Eureka Sound Group,
head of Stenkul Fiord, southemn Lllesmere [slund, Nunavit,
Canada (Wasatchian}).

Description and discussion

CMN 51272 (PL 1, fig. 5) was initially identified as a
mesonychid and was listed as Mesonychidae, genus and species
unidentificd, in previous faunal lists (e.g., Marincovich et al.
1990, table 4). Detailed examination of the pattern of the
roots containcd in the maxillary fragments, however, indicates
its close similarity to members of the Oxyaenidae, specifically
Palaconictis.

Based on the size and arrangement of the roots in the
maxillaries. CMN 51272 bore a large P4, tollowed by a
smaller, tess transverse M1 and a tiny, single-rooted M2,
This arrungement is uncharacteristic of mesonychids but occurs
within the Palaeonictinae. CMN 51272 had large canines.

The atrangement ol the roots on CMN 51272 compares
well with Palueonictis occidentalis from the carly Wasatchian
Willwood Formation in the Big Hora Basin, Wyoming. The
only noticeahle difference is that CMN 51272 appears Lo
have had a less transverse M1 than P occidentalis. Like
CMN 51272, P4 on P occidentalis is a big tooth, and P3 is
less transverse (1.e. a long, narrow tooth) and M1 ts smiuller
than P4, P4 is the largest, most transverse tooth,

CMN 51272 is probably from un animal similar in size to
that of P accidenialis. which, according to Csborn and
Wortman (18923, was one-tourth larger than the American
puma (lelis concofor). [ls posteranial anatomy, based on
skeletal material from mid latitnde North America, suggests
that Palaeonicris was a generalized tevrestrial quadruped
tie., ambulatory). Members of the Palaeonictinae typically
have heavy jaws and blunt-cusped teeth, seemingly adapted
(or heavy bone crushing {Gunnell 1998),

Pedaconictis is known from lute Paleocene tnough early
Eocenc aged stratw of North America, and from eurly
Eocene aged strata of Euwrope (McKenna and Bell 1997).
Ihe oldest known representatives of the Creodonti ire fram

iar o, Foren Scil Yol 239, 2002

the Tiffanian NALMA (= ate Paleocene) of North Amcrica
(Gingerich 1980; Gunnell 1998).

Hyacnodontidae Leidy, 1869

Limnocyoninae Wortman, 1902

Profimnocyon Matthew, 1813
Prolimnocyon sp.

Referred specimen
CMN 30846, distorted, incomplete right demtary with heavily
worn and damaged p—m3, roots of p3, and posterior root of p2.

Locality

Locality 44, lower mammatian fauna level, upper part of
Eureka Sound Group, south of Bay Fiord. central Ellesmere
Island, Nunavut, Canada ¢Wasatchian).

Description and discussion

CMN 30846 (PL. 1. fig. 6) is an incomplete right dentary
that is distorted and bent in the region of mi-m2. A line
petween p4 and ml indicates where the dentury was broken
and subsequently glued back together. The specimen contains
a damaged and worn pd-m3, roots of p3, and the posterior
root of p2. Despite the heavy wear and incompleteness of
the Leeth (due to breakage), CMN 30846 possesses several
characters which allow us to refer it confidently 1o
Prolimnocvon. As is diagnostic of this genus (Matthew
1915: Gunnell 1998; Gingerich and Deutsch 1989), CMN
30846 possesses an mi (hut is subequal in size to m2, an m2
whose trigonid is as wide as it is long, and a small, vestigial
m3. In size and general outline of the teeth, CMN 30846
appears most similar W Prolimnocyon  antiquus.  Like
P andiquus. the m3 of CMN 30846 has only one root.
Although Matthew (19)5) considered & single-rooted m3 as
diagnostic of P antiquus, this character subsequently was
found in P elisabethae (see Gazin 1952) and at least one
specimen of P atavies (see Gingerich and Deutsch 1959).
Moreover, Gingerich and  Deutsch  (1989) considered
P elisubethae a probable synonym of £ antiguus, Both species
are late Wasatchian in age, and P aruvus is known from the
Graybullian and Lysitean subages, middle and lare Wasutchian
NALMA. .

Based on dentitions and posteranial malerial from mid-latitude
North America, Prolimnocyon was a small, generalized
carnivore and capable climber that probably lived in or near
trees (Gunnell 1998: Gebo and Rose 1993).

Prolinmecyon 1s known from the early Eocene and very
questionably from the Palcocene of North  America
(McKenna and Bell 1997; Rigby 1980). According to
Gunnell (1998), the guestionable “hyaenodontids” from the
Paleacene of North America probably represent palaeoryetid
or puntolestid insectivorans, Importantly, Frolimnocyon has
recently been reported from the lae Puleovene of  Asia
(Meng et al. 199%),

Carnivora Bowdich, 1821
Felifonu Kretzai, (2043
Viverravidiae Wortpan and Maghew, [XW9
Viverrenvus Marsh, 1872
Viverravin o,
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Referred specimen
CMN 30877, LP4.

Locality

Locality 83, lower mammatian faunal level, upper part of
Eureka Sound Group, seuth of Bay Fiord, central Ellesmere
Island, Nunavut. Canada (Wasatchian).

Description and discussion

CMN 30877 (Pl 2, fig. 1) is most similar in size and
morphology to P4s of an unpublished species of Viverravus
from E. Alheit Pocket Quarry in the Wasatch Formation,
Moftat County, Colorado, whose specimens are housed in
AMNH collections. CMN 30877 is considerably smaller
than Viverravus sicarius and Viverravus polirus and possesses
a better developed lingual cingulum than V. sicarius. CMN
JOB77 has a well-developed parastyle and deep, narrow
carnassial notch, as is diagnostic for the Feliformia (see
Flynn {998).

Length and width measurements of CMN 30877 are 4.31
and 2.33 mm, respectively.

Viverravus is documented from late Paleocene through
middle Focene aged strata of North America, (rom late
Eocene and questionably carly Focene aged strata of Europe
(McKenna and Bell 1997), and tentatively from the tate
Paleocene of Asia (Meng et al. 1998).

Caniformia Kretzoi, 1943

Miacidae Cope, 1880

Vulpavies Marsh, 1871
cf. Vidpavus sp.

Referred specimen
CMN 30987, incomplete left dentary with basul part of
caning, alveoli for pl-p3, complete pd, and alveoli for ml,

Lacality

Locality 85, lower mammalian faunal level. upper part of
Eurckia Sound Group, south of Bay Fiord. central Ellesmere
Island, Nunavut, Canada (Wasatchian).

Description and discussion

When compared with specimens of Early Eocene miscids
Vilpavus, Oddectes, Uintacyon, Vassacyon, and  Miacis
housed in the collections at the AMNH, CMN 30987 (PI. 2,
fig. 2) 15 most similar in size and morphology to Vilpavus
australis. As discussed later in the paper, however, minor
difterences are noted between CMN 30987 and Vulpavus.
Consequently. CMN 30987 is only tentatively referred to
this genus.

CMN 30987 iy similar in length w dentarics of V. australis.
but is not so deep as the later. The two mental foraming on
the labial side of the dentary wre in the same positions as in
other carly miacids, including Miacis, Uintacvon. and
Vilpavus: one Toramen is below pl, and the other iy helow
pd. The hasat part of the canine preserved on CMN 30987
indicates a lurge tooth with an ovate cross section. Based on
the pattern of alveolic pl of CVMN 30987 bore u single roor,
and p2 and p3 cach had wwo roots, The double-rooted p+
possesses o rall, acute, main cusp that is more keeled, hut
less inflated or robust, than that of Vidpavis and Vassacy o,
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Unlike Uintacyon and Oddectes (sce Flynn 1998: Matthew
1913), but like Vilpavus, p4 on CMN 30987 pussesses an
anterior aceessory cusp (AAC), located slightly tinguul of
the nidline and of a medial ridge cxtending antetiorly from
the main cusp. The AAC on p4 of CMN 30987, however, is
larger and better developed than that of V. australis. A labiul
ridge runs posteriorly from the main cusp. As is characteris-
tic of the Early Eocene miacids and considered primitive for
Carnivora (see Flynn 1998, Flynn and Galiano 1982; Hein-
rich 1997y, p4 on CMN 30987 possesses an elongate,
well-developed talonid with Lwe posterior accessory cusps
(PAC). The more anterior PAC is a large, oblong cusp that
in life would have joined the labial ridge extending posteri-
orly trom the main cusp, had it not been for an extensive
cruck in the cnamel hetween the two. The much staaller, cir-
cular, second PAC. whose upex is slightly anterior 10 the
posterior cingulum, is separated from the first PAC by a
notch. Minor damage, specifically a small chip in the
enumel, separates the posterior cingulum trom the second
PAC. A lingual cingulid is absent.

Length and maximum width measurements of p4 of CMN
30987 are 4.98 and 2.24 mm, respectively.

Based on posteranial matevial from mid-latitude North
America, Vulpevus was o small carnivore, comparable in
stze 10 the living contimundi (Nasua nasua), which was well
adapted for climbing (Heinrich and Rose 1997).

As Vulpavas s documented from the Wasatchian and
Bridgerian NALMAs, Ewly and carly Middle Eocene, re-
spectively, (Heinrich and Rose 1997; Gingerich 1983), the
occurrence of cf, Vulpavus in contemporaneous strala on
Ellesmere Island is oot surprising. Vidpavis is known only
from North America (Heinrich and Rose 1997),

Miucis Cope, 1872
Miaciy sp.

Referred specimen
CMN 30817, damaged RMI,

Locality

Locahity 85, lower mammalian faunal level, upper part of
Liwrcka Sound Group. south of Bay Fiord, central Elfesmere
Island, Nunavut, Canada { Wasatchian).

Description and discussion

CMN 30817, u dumaged RMI (Pl 2, frg. 3} is most similar
in size and morphology 0 M1 of Miaciy eviguny, and is
considerably smaller than M1s of Miacis gracilis, Miaciy
hargeri, and Miacis medins, We are reluctant, however, to
assign CMN 30817 to M. exienns. due to ity incompleieness.
Although the chavacters preserved on CMN 30817 also oceur
on MIx of M. eajgis, they are not diagnostic for the Spedies,

The entire protocone und most of the paracone on CMN
SOM1T are missing, ax is the posterotabial corner of the tooth
tie., the metastyle wing). Moreover, the bhase of the
paracone indicates that this cusp was much larger thun the
metaeone. and probably similar in size (0 that of M. exigun.
Similurly. the metacone on CMN 20817 i comparable iu
height and circumference to that of M, exiguns. CMN 30817
possessex a barge - anterior-projecting parastyle wing amd a
waell-developed parucrista, as in M exiguus. Because the
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Plate 2. fig. 1. (¢, &) Labial and occlusal views, tespectively, of CMN 30877, Lh4 of Viverravus sp. trom loculity 85. fig. 2. (a) Labial
view of CMN 3087, un incomplete left dentary of ¢f. Vuipavus from locality 85. th, ¢} Lahial and occlusal views, respectively, of p4
on CMN 30987; (h) and t¢) share the scale bar, fig, 3. CMN 30817, a dlamaged and fncamplere RMT of Mineis sp.. from locality 83.
fig. 4. CMN 12519, an lncomplete pd or ml of Pachyaend sp. from locality D7

melustyle wing is not preserved, however, it is tmpossible 1o cetocingulum, Although difficult to discern due to damage,
determine its size relative to the parastyle wing, an otherwise  wn inflated region of the eetocingulum, mesiolubial to the
nselul churaeter in Jetermining the phylogeny of early Bocenc miclacone. suggests Ut o mesostyle may have been preseat.
miacids (Hetneeh 1997) An clongate cuspule occurs: just A wear Faeet Jinguat Lo the metavone indicates the presence
posterior to (e juaction of the  paracrista with the  of & small. although distinct. meraconule. A tiny cuspule is
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next tc», and posterolabial from, the metaconule. A
precingualum and a small region of the postcingulum posterior
10 the metaconule are preserved on CMN 30817.

Minirmum estimates of the length and width of CMN
30817 are 4.6 and 7.0 mm, respectively.

Postcranial material from Wyoming indicates that Miacis
was a srmall carmivore whose body size probably overlapped
that of Vulpavus (sce Gingerich 1983, fig. 13).

Miacis is known from early through late Eocene aged
strata of’ Europe, North America, and Asia (McKenna and
Bell 1997; Ting 1998). Earliest representatives of the family
Miacidae appear in the late Paleocene of North America and
Burope (McKenna and Bell 1997), and guestionably in the
early Palencene of Asia (Ting 1998). The Asian record,
however, is based on Pappictidops, the only known carnivore
genus from the Paleocene of China, that has been included
in Miaciclae (sec Wang ct al. 1998; Ting 1998), or alternatively
in Viverravidae (see McKenna and Bell 1997, Gingerich and
Winkler 1985).

Acreodi Matthew, 1909

Mesorsychidae Cope, 1875

Pachyaena Cope, 1874
Pacfryaena sp.

Referred specimen
CMN 32519, a worn, incomplete p4 or mi,

Locality

D7 locality, lower mammalian faunat level, upper part of
Eureka S ound Group, south of Bay Fiord, central Ellesmere
[sland, N unavut, Canada {Wasatchian).

Description and discussion

CMN 32519 (PL. 2, fig. 4) is mosl similar to Pachyaena.
CMN 323519 appears larger than Dissacus and Pachyaena
gracilis, and is simifar in size to P ossifraga. As in p4--m1
of Pachyaena and p4. of some species of Dissacus (sce Matthew
1909, 1915; Archibald 1998; O’Leary and Rose 1995%),
CMN 32519 lacks a metaconid. Despite its incompleteness,
CMN 32519 appears wider than pds of Dissacus and is more
comparab le in width to pds and mls of P ossifraga. The
protocomrd on CMN 32519 is backwardly keeled, as is common
in premoldars and m] of Pachyaena, but not in m2-m3.
Although CMN 32519 hears a relatively smaller paraconid
and lower protoconid than species of Pachyaena, this may
be due, in part, to wear and postmortem damage to the tooth.
Specitical 1y, the enamel on CMN 32519 is heavily pitted and
etched, prabably indicating an acidic depositional environment.
Despite thie damnage, a small portion of the lateral surfuce of
the protoconid on CMN 32519 preserves o delicately rugose,
almost tirygerprint-like, enamel oroamentation, similar 1o
that of £ gigantea (sce O'Teary and Rose 1995),

Buscd ©n more complete specimens from mid-latitude
North Amezrica, species of Pachyaenu were amonyg the largest
known Eocene mammals, runging from about wolf-sized
(£ wraciliy’) 10 bear-sized ( larger species). Its skeletal anatomy,
which incl uded hooves, indicules Pachvaena was a cursorial
ungulate, having o combination of charucters found in
cursorial Carnivores and more generalized ungulates, and
was gdapted more for power und endurance than for speed
(O Leary zind Rose 1995). Both Dissacus and Puchyaena
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were probably carnivorous, although their teeth appear to be
adapted for some kind of hard-ohject diet that involved little
shearing like that of other mammalian carnivores (O’ Leary
and Tedtford 1992), -

Despite a general rarity of mesonychid fossils in
Paleogene Holarctic faunas (O’Leary and Rose 1999),
Fachyaena has been reported from Eocene strata in Asia,
Europe, and North America,

Paleobiogeographic implications

Based on high generic affinities between North American
Early Eocene (i.c., Wasatchian) faunas and contemporaneous,
Sparnacian-aged faunas in Europe (McKenna 1975), mammalian
dispersal between the two continents is inferred to have
taken place as late as the Paleocene—Eocene boundary,
across one or possibly two land bridges connecting their
northern reaches (McKenna 1983). This high-latitude dispersal
route broke when extensive rifting began in the North Atlantic
in Chron C24r (Ritchic and Hitchen 1996), probably very
soon after the Wasatchtan—Spurnucian dispersal event (Beard
and Dawson 1999). Like the microparamyine rodents
(Dawson 2001), Palaeosinopa and Palaconictis made their
first appearance in the late Paleocene of the western United
States. Their subsequent occurrence in the Wasalchian-aged
tower faunal level at Bay Fiord and in contemporaneous faunas
in Burope suggests that they may have originated in mid-latitude
North America and subsequently dispersed northward into
arctic Canada, and castward into Europe across a North
Atlantic tand bridge. A North American origin for the
Oxyuenid creodonts (of which Palueonictis is a member)
seems reasonable, as the group is first recognized in North
America, and its principal rudistion and diversification
occurred in North America (Gunnell 1998). Although the
carnivore Viverravus is [irst documented in mid-latitude
North America during late Paleocene time and in high-latitude
North America and Furope during the Eocene (McKenna
and Bell 1997), an Asian origin cannot be ruled out, Meng et
al. (1998) reported cf. Viverravus sp. from the late Paleocene
aged Bayan Ulart fauna of Inner Mongolia, China. The camivore
Miacis is perplexing in thal morphologically very similar
forms scem to appear simultaneously in the early Eocene of
North America, Europe. and Asia. Miaciy winkleri anpears
in earliest Wasatchian strata of North America, Miucis
fatouri in the early Sparnacizn ol Europe, and M. renuis in
the Bumbanian Asian Land Mammal Age (AILMA: see
Gingerich 1983). Earliest Sparnacian mammal faunas of
western  Europe are virtually synchronous with earliest
Wasatchian faunas from the United States. Beard and
Dawson (1999) correluted the Bumbanian ALMA 10 the
upperiost Clarklorkian and Wasatchian NALMA. and one
of us (MM) believes the Bumbaniun ALMA correlates only
to the Wasatchian NALMA (sce McKenna and Bell 1997,
fig. 11 The Asion species. Miuciy tenuis, is from the
Ningjiashan Member of (he Xinyu Formation, which is
thought to represent the third and youngest interval zone of
the Bumbinian ALMA, (he Heprodon Interval Zone. This
interval zoue, in turne has been corretated with the late
Wasatchian NALMA by Ting (1998), although others have
comidered the Ninginshan Member 1o be older (Zheng et al,
1975).
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Table 1. Wasatchian and Bridgerian aged mammalian taxa of the
Eureka Sound Group.

Class Mammalis

Infraclass Allotherts
Order Multiberculata
Funily Neoplaginulacidae
Neoplugiawlax sp. {Wasatchian)
Infriaclass Hulotheria
Superorder Lepticinla
Family Leptictitae
Sublumily Leptictinag
Prodiacaduon sp. (Wasatchisn)
Superarder Prepictheria
Order Rodentia
Family Ischyromyidue
Subfumily Paramyinae
Parumys funti {Wasatchian)
HPuramyinae sp. (Wasuichian)
Subfamily Microparamyinac
Microparamys bavi (Wasatchan)
Strathcana mirnor (Wasatchinn}
Strathcona major (Wasatchian)
Gramlunder Ferae
Order Cimulesta
Suborder Pantolesla
Familv Pantolestidae
Subtamily Pantolestinae
Palaeosinapu nunavatensis (Wasatchian)
Pulneosinopa of. P. nunavutensis (Wasawhian)
Genus and species indeterminate (Wasatchian)
Suborder Tacniodonta
Family Stylinodontidae
Genus and species unidentified (Hridgerian)
Suborder Pantodonta
Family Coryphudontidae
Coryphodor sp. (Wasatchian)
Order Creodonta
Family Cuyaenidae
Palueonictis sp. {Wisatchian)
Family Hyaenodontidae
Prolimpocyon sp. (Wasatchian)
Order Carnivora
Suboider Feliformia
Family Viverravidae
Viverravus sp. (Wasatchian)
Suborder Caniformia
Family Mincidoe
Miucis sp. \Wasalchian)
cof, Vudpuvus | Wasatehian)
Grandorder Archonta
Qeder Primaes (sense lato)
Suborder Dermoplera
Family Paromomyidae
Subfarmly Phenacolemunnae
Genus and species unidentified (Wasawhiun)
Fatily Plagiomenidae
Subfamily Plagiomeninae
Fliesmene enreba (Wasatehian)
Several imduscribed speeies 1 Wasatehun)
Grundorder Fngulata
Coeder Procreodi
Family Arclocyvmdie
Subfamily Arctocyoninie
Anetndon sp. (Wasaichian)
Ouder Pertssodactyia
Suhorber Hippomorpha
Fumily Fapndae
Mvracatherien W asatchii)
Suhetrler Ceratomarpha
Family Bromutheriidae

Cun. J. Earth Seil, Vol 38, 2002

Table 1. (concluded).

Subfamity Lamtxdotheriinae
of. Lambdiiherium | Wasaichian)
Suhfamily Brontatheriinag
of, Telmatherium sp. {Bridgenian)
Fumily Hyracodontidue
Subfamily Hyrachyinae
?Hyrachvies (Wasatchian)
Order Cete
Suburder Agrcodi
Family Mesonychidae
Pachyaenn sp. (Wasatchian)

The hyaenodentid Profimnocyon and the mesonychid
Pachvaena  probubly originuted in Asia. Near the
Paleocene-Focene boundary in both North America and Eu-
rope, 1 marked mammalian faunal turnover is documeated.
notably the apparently simultancous first appearances of ar-
tiodactyls. perissodactyls, primates, and hyaencdontid cre-
odonts. Asia seems the most likely source for these
immigrant taxa (Beard and Dawson 1999; Beard 199%),
which would have crossed into North America via Beringiy,
an emergent land bridge through most of the Cenozoic
(McKenna 1983, Woodbuene and Swisher 1995; Beard and
Dawson 1999). The earliest, undoubted appearance ol
Prolimnocyon in North America is from early Wasalchian
aged strata in Wyoming (Gunnell 1998). Within the Eureka
Sound Group, Prolimnocyon occurs in the late Wasatchian
aged lower faunal level in the Bay Fiord area. Occurrence of
Prolimnocyon in North American middle and high latitudes
postdates its occurrence in Asia, Specifically, the Asian spe-
cies Prolimnocyon chowi from the late Paleocenc Bayan
Ulan fauna of Inner Mongolia, China, appears 1o be the old-
est, most primitive species of Profimnocyon (see Meng et al.
1998). Prolimnocyon chowi also  represents the oldest
undoubted vccurrence of the Hyaenodontidac, suggesting an
Asian vrigin for this group (Beard and Dawson 1999). The
mesonychid Pachyaena also 18 documented from the Bayan
Ulan fauna of Asia (Meng ct al. 1998), predating its early
Eocene appearance in the Eureka Sound Group fauna,
mid-latitude North America, and Europe, and suggesting an
Asian origin. The occurrence of Pachyaena in the early
Eoccne of Europe probably is best explained by dispersal
from high-latitude North America to Europe via a North
Atlantic land bridge, as a direct interchange between Asia
and Europe was probably hindered by the Turgai Straits
(McKenna 1983; Beard and Dawson 1999), The pantodont
Coryphodon, whose teeth are among the most common
mammal fossils in Eureka Sound Group strata, is another
probable immigrant from Asia (Tong and Wang 1998),

Concluding remarks

In light of more recent research and revisions to mammalian
systematics (e.g., McKenna and Bell 1997), we provide an
updated list of the Eureka Sound Group mammalian fauna
(Iable 1), As numerons members of the Furcka Sound
Group tauna have not yet been formally described. Table 1,
which is compiled trom Marincovich et al. (1990)., Dawson
(2001), K.C. Beard (personal communication to MM, and
data presented in this paper, is meant as a working list that
will require periodic updating,
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As noted by Dawson (2001), the Wasatchian element of
the Eureka Sound Group mammalian fauna is most similar
to conternporancous mid-latiwde North American faunas.
Notably, the plagiomenids, the perissodactyl Lambdotherium,
the leptictid Prodiacodon, the arctocyonid Anacodon, and
the carnivore Vulpavus are documented only from North
America. As is the case with mid-latitude North America,
most Wasatchian genera in the Eureka Sound Group are
known also from Europe, and these include Neoplagiaulax,
Paramys,  Microparamys,  Palaeosinopa, — Coryphodon,
Pulaeonictis. Viverravus, Miacis, ?Hyracotherium, cf.
Hyrachyus, and Pachyaena. Several of these genera, however,
are also shared with Asia, specifically Purumys. Corvphodon,
Miucis, of. Hyrachyus, Puchyaena, and possibly Viverravus.
One genus in the Eureka Sound Group, Prolimnocyon, is
known from North America and Asia, but not Europe,

Although mid- and high-latitude North  American
Wasatchian faunas share many genera with contemporaneous
(i.e., Sparnacian) European faunas (McKenna 1975), affinities
with Asia have only recently been recognized (Beard and
Dawson 1999, and papers therein). Asia is thought to be the
source of many important elements of North American
Wasatchian and European Sparnacian faunas, notably
artiodactyls, perissodactyls, primates, and hyaenodontid
creodonts (Beard and Dawson 1999; Beard 1998). As the
dispersal route between North America and Asia is inferred
to have been at high latitudes, across Beringia (McKenna
1983; Beard and Dawson 1999) and including arctic Cunada,
it is surprising that artiodactyls and hyopsodontids are
apparently absent from the Eureka Sound Group.
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