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ABSTRACT—The northernmast records of early Pocene Trontotheres, tossily of of, Eovigantops and Bromotheriidae gen.
et sp.indet. are described here from late Wasatebiun-aged strati of upper parts of the Eurcka Sound CGiroup on centrud
Ellesmere Island (~79"N}, Although the [ussils were initially entatively identified on faunal lists as Lambetotherium. their
larger size and dental morphatogy ally them more closely 1o mid-tatitude Eatimmops and Polacosyops, The Ellesmere
Istuod specimens are dentafly mostsimilar to mid-ltitwde Eotitnops, but can be distinguished from the laner By dlerivied
characters on their premolars that are shared with the younger (i.c.. Bridgerian) Pulavosvops, The presence of bronto-
theres in carly Focene strata on Ellesmere [sland implics that the group’s evolution was well underway carly in its history
at northern high latitudes, and s consistent with either an Asian or North American origin and truns-Beringian dispersal,
While of. Eotitunops from Ellesmere Istand appears dentally oo advanced o be ancestral to mid-latitude co-eval
Eutiranops, it may be u suitable ancestor to Pulucosyups, The presence of ¢f, Eotitanops on Ellesmere Island oy reflect
a high-latitude lineage that subsequently dispersed 1o mid-latitudes during early middle Eocene {Bridgeriany time,

INTRODUCTION

Brontotheres are an extinct famity of perissodactyls or odd-
toed ungulates that inhabited North America from the Wasat-
chiun through the Chadronian North American lund mammal
ages (NALMA), equivalent to the entirety of the Eocene (Pro-
therv, 1995). Their molars bear a characteristic bunoselenodont
pattern with a wcll-developed *“W’-shaped ectoloph (Muder,
1998). Here. fossils ol carly Eocene brontotheres are described
from upper levels of the Eurcka Sound Group in the Canadian
High Arctic. Discovered on expeditions to Hilesmere Island in
the 19708 through 2001, these fossils initially were identified ten-
tatively on faunal lists as Lambdotheriumn (c.g., West et al., 1977;
Mirrincovich et al.. 1990; Eberle and McKenna, 2002), However,
derailed study clearly distinguishes the High Arctic specimens
from Lanthdotherfum. and allies them more closely to mid-
lalitude brontotheres Eotitunops and Palaeosyops. Farly Liocene
brontothere specimens described below are from smaller, more
primitive brontotheres than the large diplucodont bronsothere
known from tooth fragments from middle Eocene strata on
nearby Axcl Heiberg Isimd (Eberle and Storer, [999).

Stratu of the Eurcka Sound Group preserve the northernmost
known record of carly Tertiary manmimals, The first fauna from
these strata was discovered in 1975 on central Ellesinere Island
(Dawson et al., [976). with subsequent discoveries in the late
1970s-2001 in Eureka Sound Group strata on Ellesmere Island
and nearby Axel Heiberg Island (e.g.. Dawson. 1990; Dawson cl
al, 1993; Eberle and Storer, 1999). In addition to fossil mammals,
a diverse lower vertebrate fauna that includes tand tortuises.
monitor lizards. snakes, and crocodiliims strongly corroborutes
lung-standing paleobatanical evidence for a mild temperate are-
tiv elimate during the ocene (Estes and Hutchison, J980: Me-
Kenna, 1980).

Early Eocene brontotheres from Ellesmere Island are among
the oldest known representatives of the Brontotheriidae, and
consequently may be key (o understanding the group's origin
and carly dispersal patterns, While brontothere origins have long
been contended. more recently it hay been hypothesized that the
group originated in- Asia ond subsequently dispersed into North
Anteriea across Beringdn (Beard, 199%; Hooker and Dashzey ey,
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2003). Early Eocene occurrence of brontotheres on Ellesmere
Island umplies that the group’s evolution was well underway
early on at northern high-latitudes, and seems consistent with an
Asian origin, although North Amarica also needs to be consid-
ered, Further paleobiogeographic implications are discussed be-
low,

GEOLOGIC AGE AND FAUNA

On central Ellesmere Island near Bay Fiord (Fig. 1), Eocenc
terrestriad vertebrates oceur in two stratigruphic levels in upper
paits ol the Eurcka Sound Group, the lower of which containg
the brontothere specimens described below. The diverse [auna
from the iower [aunal level, comprising fishes, amphibians, rep-
liles, birds, and over 20 mammalian taxa, indicates an carly
Eocene age, cquivalent to the vounger part of the Wasalchian
NALMA {West ct al.. 1981 Dawson et al., 1993; Eberle and
McKenna, 2002). Specifically, Perissodactyla, Hyacnodontidac,
Miucis, and ¢f. Vidpavus. all of which first appear in the Wasat-
chiun. and Angeoden, which last appenrs in the Wasalchian
(Robinson et al., 2004), arc known from the fower faunal level in
the Eureka Sound Group (Eberle and McKenna, 2002), Addi-
tionally, Pachiyaenu, un index taxon for the Wasatchian, occurs in
the lower faunal level, us do Corvphiodon, Paramvy, und Viver-
ravies (see Eberle and McKenna, 2(602), all typical of the Wasal-
chian at mid latitudes (Robinson et al., 2004). Although the
known sample from the upper faunal Jevel is considerably less
diverse, it is interpreted as curly middle Cocene in ae, wyuiva-
lent to the Bridgerian NALMA (MceKenna. 1980: West et ul.,
1UST: Dawson, 1990; Dawsoa e al., 1993}, based upon preseace
of an anosteirine turtle (Fxtes and Hutehison, 1980) and « larger,
mare derived brontothere 1o be described clsewhere. Palynology
supports an early (o middle Tiocene age range {or terrestrial
vertehrate: bearing strata of the urcka Sound Group near Bay
Fiord (Norris and Miall, 1984),

The litholagy of the terrestrial verichrate-bearing strata of the
Eurcka Sound Group. supported by the fossil flora and fauna.
indicates alush. prosimal, delta-front o delta-plain ensironment
with abundant channels and lowland swamps (Miall, 1986).
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FIGURE 1. Map of Ellesmere and Axel Herbery Isiands, Nunavut,
Star indicates the general location of terrestial vertebrate-bearing lo-
calities in upper parts of the Cureka Sound Group i the Bay Fiond area,
central Ellesmere 1sland,

MATERIALS AND METHODS

Brontothere specimens described here were recovered from
the 1970s through 2001 by tield parties headed by the Carnegie
Muscum ol Natural History (19708 and 1980s) and the Califarnia
Acudemy of Scicnees and Canadian Museum of Nature (2001).
The specimens are curaled al the Canadian Muscumn of Nature in
Ottawa, They ure from four localities at the swme stratigraphic
level in the Wasatchian-aged lower faunal level neur Bay Fiord
on central Ellesmere [sland. While the stratigraphic relationships
among terrestrial vertebrate localitics in the Bay Fiord urea are
Just beginning 1w be understood, the Wasatchiun brontothere-
bearing localities are amonyg the stratigraphically lowest in the
arca, a few tens of meters abave marine strata, More detailed
locality information is on file at the Canadian Musewm of Nature
and the Carnegic Museum ol Natoral 1listory.

[n deseribing the specimaens, all of which are tecth and 1ooth
fragments, 1 follow dental terminology outlined by Hooker
(1989), Mcasurements follow Mihlhachler (2005), Specifically,
the leogth of upper premolars and molars s 1the maximum an-
teroposterior length measured slong the labial side. 'F'he width of
upper premolars is measured from the labial side of the paracone
to the lingual side of the protocone, and the width of upper
maolars is measuwred from the labial mirgin of the mesostyle to
the lingual margin of the protocone, Measurciments were taken
using i SPOT Insight camera (Diagnostic [nstruments. Ine.) at-
tached to a Leica MZI16 microscope, and using SPOT Version
358 measuring software. ond are in millimeters fmm).

Institutional Abbreviations  AMNH. American Museum of
Natural History, New York, NY: CMN, Canadian Muscum of
Nafure. Otrwit, Ontario: NUFV. Numvut Fossil Vertebrate col-
lection thoused at CMN) UCM, University of Colotudo Mu-
seurn ol Natural History, Bowlder, Colorado,
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FIGURI 2. Brantathere teeth o the Eureka Sound Group, Elles-
mere Bsland, Nunuvul, A-G, of. Eodraitops, A. CMN 32249, associated
lelt P2, P3, partial P4, M1, and M2 from Mac’s Bone Pile locality, B and
C. CMN specimens 32279 and 32281, respectively, RM s from Locality
76-15: DLNLIFV 34, RMI Trom Mue's Bone Pile locality: E, CMN 32247,
incomplete LMX [rom Locality 76-5(: F. CMN 52062, probable Rm1,
partial m2 and talonid of m3 from Locality 76-50; G, CMN 32240, Lix
fragment from DT locality (A Goare ut the same scale). H und [, CMN
20600 CMN 52061 respectively, RF2s of Brontotheriidae, pen. et sp.
et Trom the D Joeatity,

Mic’s Bone Pile localitys CMIN specimens 32279 and 32280,
RMls from Locality 76-45: CMN 32247, incomplete 1L.MX and
associated jaw fragments; CMN 52062, associated 1.mx fragment,
Bml, partial Rm2 and m3 talonid. incisor, and tooth enamel and
rool fragments trom Locality 76-500 and CMN 32240, {.mx (rag-
ment from D7 locality: all Eureka Sound Group (late Wasatch-
wn), central Lllesmere Island near Bay Fiord, Nunavut,
Description—While initially identificd tentatively as 1.mb-
dotherinm in faunal lists of the Eurehit Sound Group (e.p.,
Marincovich et al., 1990; Eberle and MeKenna, 2002), specimens

referred here to ef. Eotitanops can be distinguished from Fam®

dotherfuin on the hasis of both theic lurger size and differences in
dental morphology (see deseription below). Additional speci-
mens, reeovered m the Tite 19805 and 2001, preserve several
characters that ally them most closely with Eoditanops and Ped-
e ?.\'_\’!’ ?‘{.?.‘5 .

The most complete specimen (CMN 32249; Fig. 2\), which

Family BRONTOTHERTIDAE Mursh, 1873
FOTITANOPY Oshom, 1907
o, EOTITANOMS
{Fig. 2A-G. Tubles 1. 2)

Referred Specimens - CMN 32240 agsovinted telt PP par
tind P4 M1 M2 and jaw fragments, and NUFV 34, RMI, from

frchnes :
size to mid-latitude, early Eocene (... latest Wasatchian—
carlicst Bridgerian) Eotitunops borealis, Specifically, measure-
ments of premolars and M2 of CMN 32249 fall within size ranges
of - horealis given by Gunnell and Yarborough (2000} and
Mihlbachler {pers, comm., 20041 M1 of the Aretic broatothere is
distinctly smuller than that of 2. horealis and similar in size to

Tars. is similar > s-—



EBERLE—~ARCTIC BRONTOTHERES 3R3

TABLE 1. Measurements of upper dentition (in mm) of ¢f. Lottunops
from the Fureka Sound Group, Ellesurere Islynd, Nunuvut

Specimen No, Toath position Length Width
CMN 32244 P 10500 .66+
CMN 32249 P3 1043 12.64
CNMN 32204 P4 Diagment 1187 —-

CMN 32279 Mi 15.70 17.67
CMN32IE0 M1 15,800 18,23
NUFY 34 M [5.40) 17,03

CMN 32249 M2 17.30 21400

EMimated measutenent due o breakage,

that of E. minimus. All dental measurements of the Arctic speci-
mens are nueliceably greater than those of Lambdodieriten imea-
sured by Wallace (198(0nables 6, ¥, 9).

Although the P2 of CMN 32249 (Fig. 2A} is missing its pos-
terolingual corner, it nevertheless preserves several characters
that ditferentiate it from P2s of Lanihdotherivan, and ally it more
closely with Eotitanopy and Palacosvops. The P3s of Lumbdo-
theritm measured by Walluee (1980:tables 6, 8) are raughly twao-
(hirds the size of the P2 of CMN 322449, Moreaver, the P2 of
CMN 32249 bears a relatively strong preprotocrista that is typical
of early hrontotheres, but is lacking on P2s of Lamibdotherium
(Mihlbachler, pers. comm., 2004), As in £, mininus (see Gunnell
and Yarborough. 2000:fig. 6), the P2 of CMN 32249 has a tiny
protecone that is relatively posterior in placement. There 8 no
mesoslyle or ectocingulum, although a narcow cingulum occurs
antervlingual to the paracone. The P2 of CMN 32249 bears a
large paracone and an incipient metacone that is dircetly poste-
rior and separated [rom the paracone by a lingual creasc. This
contrasts with mid-lulitude Eotiranops. which lacks o metacone.
but is similar 10 Palacosyops, which typically bears one (Gunncll
and Yarborough. 2000), On the P2 of CMN 32249, cristae extend
anteriorly and posteriorly from (he para- and metacones.

The P3 of CMN 32249 is Jurger and more transverse than P2,
und buars a preprotocrista but lacks a postprotocrista, which is
Lypical of early brontotheres, In contrast, premalars of Lambdo-
therium have a distinct postprotocrista (Wallace, 1Y80: Mihl-
bachler. pers. comm., 2004). The para- und metacones on the P3
of CMN 32249 are similar in size. whereas on P3s of £ borealis,
the paracone is noticeahly larger than the metacone. Extending
anteriorly from the paracone and posteriorly (rom (he metacone,
respectively, the preparacrista and postmetacrista bend slighily
labially lowards the ooth margin. Asin Eotirarops (sce Gunnell
and Yarborough, 2000}, the protocone on P3 of CMN 32249 is
much lower than the Iabial cusps, and is not nearly so inflated as
on P38 of Palavosyops, As Oshorn (1929) noted on the P3 und P4
ol £ horedalis, a very weak cingulum accurs labial to the meta-
conc on the P3 of CMN 32249, However, there is essentially no
buecal ridge extending from the paracone 10 the buceal muryin,
Weuk buceal ridges characterize P3s and Pds of Evtitunops,
whureds Pulaeosyopy has moderate (o strong huceal ridges on ity
premolurs {Gunnell and Yarborough, 2000)). Similarly, the paru-
and metacones on premolars of Lambdotherinm ave buccally
inflated und bear *vertieal ribs' { Wallace, 19803 T'he P3 of CMN
32249 also bears a narrow anterior cineulum. while hreakage
ahseures morphologic details ot {ts posterior margin. The width
O3 of CVIN 32244 [alls within the range tor P3s of £, boreulis
measured by Guanell and Yarborough (20000, but its length is
roughly 1% less than for £ boreatis. 'The P3s ol Lambde-

L ! 1 M sh, A, L ()
smaller than the 3 of CMN 32244,

Although only the labial half of P4 is preserved on CMN
32249, it nevertheless shows similarities 1o carly brontotheres. As
in 2L horealis, the puca- and metacones e subeyual in wive, and
thetr Tabiad marging aie fat o shghtly convex: as in 173, there is
essentially no buccal ridge, [n contrast, Pds of Palucosvops have

TABLE 2. Measurements of ower dental specimens {in mm) of CMN
24T et Eotitanops. Trom the Eurcka Sound Group, Ellesmere
lsland, Nunavut

Toorh position Length Width trigonid Width talonid
Rml 1224 8.32 8.3

Rim2 fragment — 0.71*
Rm3 fragment— — 10.40*

CEstimated measurement due 1o breakage.

muderate 1o strong buecal ridges, whereas Pds of Lambdo-
theritun possess relatively strong vertical ribs on the labial mar-
gins of both the para- and metacones (pers, vbserv,: Wallace,
fU50) The parastyle on the Pd of CVIN 32249 appuars celatively
lurger and more distinet than on Pds of Evtiunops, and there is
it weak cingulum labial to the metacone, including o stight swell-
ing in the mesostyle region, Although rare, an incipient mueso-
style on P4 is found in nearly all species of brontotheres (Mihl-
bachler, 2005). The 1Ms of Palacosyops have noticeubly greater
buccal cetotoph expansion than the P4 of CMN 32249, including
the cingulum labial to the metacone. which appuurs relatively
wider and betier developed on P paliudosus and P, fontinalis
{see Guanell and Yarborough. 200:fig. 6). "The length of the P4
of CMN 32249 fulls within ranges of length tor Pds of £, borealis
measured by Gunnell and Yarborough (2000:table 6), and is ap-
proximately 25-40% longer than the Pds of Lambdotherinm
measured by Wallace (1980:tables 6, 8, 9).

The three M1s of ¢l Eotitanops from Ellesmere Island are
comparable in size to thuse of E. minins and roughly 12-17%
smaller than the average f{or specimens of £ borealis measured
by Ciumnell and Yarborough (2000). M2 of CMN 32249 falls
within size ranges of M2s of £ borealis given by Gunnell and
Yarborough (20(M)), However, their relative dimensions are
more similar 10 those of £, minimus, but ditfer trom those of £,
horealis and Pafacosyops in that (heir transverse width is visibly
greater than their leagth. Specifically, the transverse width of
MI1s of cl. Fotittmops is 12-15% greater than the length, while
the single known M2 (on CMN 32249) is about 21% wider than
itis long. In contrast, M1s and M2s of £, borealis tend to be more
square in outline, with a transverse width ranging trom 0-10%
greater thun the length (Mihlbachler, pers. comm., 2004). Based
upon measurcments of two My by Gunnell and Yatrborough
2000} M1 of £ mrinimus is 18 20% wider than it is long, while
M2 (based upon a single specimen) is approximately 11% wider
than it is long, Molars of Lambdotherium are roughly 20-30%
wider than they are long. based upon measurcments by Wallace
(198(:tables h, 8, 9),

Characteristic for carly brontotheres, the M1 and M2 of ct.
Foritanops from Ellesmere Tsland hear a protoconc that s no-
ticeably broader than the hypocone. [n contrast, on molars of
Lambdotherium, the protocone and hypocone are nearly equal
msize (pers. abserv.: Wallaee, 1980), As in Eotitanops. the proto-
and hypocones on maolurs of the Arctic brontuthere are lo =
than the para- and metacones {which are subequal), A \'mllc_\r 18
formed between the two lingual cusps, closed lubiully by the
prehypocrista and lingually by a eingulum runming between the
Proto-and hypocones. There s no cingulum lingual 1o the pro-
locone or uround the hypocony, in contrast 1o molars of Lamb-
dotherivan, which typically beav a cingufum around the hypocong
and occasionally lingual to the protocone (e.g., UCM 7059

er, as in Lambasermem and early brontotREres. 5 reta:
tively strong anterior cingulum runs the length ol the molars on
Lthe Arctic specimens. Ay in Eoritanops and Palueosyops, M1 and
M2 of the Arctic brontothere possess a smiall paraconule from
which the preparaconule erista extends 1o the anterolingual mar-
gin ol the paracone, Molars o Lambdotherin hase a mah
larger, winngular paraconule with a refadvely langer preparaco-
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nule crista thal connects 1 the pacacone more labially, The M1
and M2 ol the Arclic brontothere have a distinet prehypocrista,
which cceurs vn molars of Lamnbdotheritan and is vccasionally
present on Eotitunnops and Palacesyops (see Wallace, 1980).
However. the prehypocrista on molacs of Lavedbdotherinm tends
to be struight, while that on the Arctic specimens has a distinet
antervlabial curve or bend to it Pevelopment of a metaconule
on melars of the Arctic brontothere appears variable, as is also
the cuse for Lardndodherives and carly brontotheres, The M1 o
CMN 32249 uppears to have a metaconule (although this region
of the tooth is damaged); hawever the M2 of CMN 32244 [acks
any swelling along its prehypocrista, CMN specimens 32279 and
32280 (Fig. 2B-C), identified as RMI1s based upon their dimen-
sions, lack @ metaconule cusp, while NUIY 34 (Fig. 2D), also a
RMI. shows o stight swelling at the anterior end ol s prehy-
pocrista. Although NUEY 3d was discovered well over o decade
after CMN 32749, the two specimens are from the same locality
and may helong fo the sume individual, NUBFV 340s simitar in
size and morphology, and shows similar wear parterns, to M1 on
CMN 32249, The para- and mesostyles on molars of the Arctic
brontothere appear larger and more inflated than on Lamibdde-
theriiem und E. mininius, bul are comparable in development to
E. borealis,

CMN 32247 (Fig. 2E). u partial left upper molar, is reterred (o
cf. Eotitunopy based upon similarity to molars (particularly ML)
of CMN 32249, CMN 52062 (Fig. 2F), consists of associated.
meomplete lower molars and enamel fragments that were found
alongside CMN 32247 at Locality 76-50, and may be from the
same individual. These specimens also are referred to of, Eoti-
tanops, hased upon their similarity to specimens of £ borealis,
While lower molars of Fotitanops do not appear to be particu-
larly diagnostic morphologically, they are noticeably smaller
than those of Palaeosyops (at least 20%; Novacek et al., 1991).
The probable Rml of CMN 62062 is roughly 20-25% smaller
than mls ol £ borealts measured by Gunnell and Yarborough
(20080 able 6). and is similar in size 1o those of Fo ninims (Mihi-
bachler, pers, comm., 2004), This ml s unususl in having an
cittoconid that is noticeably staller than the hypoconid, and not
as buccally placed as on mls of Eotitanops. Wallace (1980) noted
that lor mls of Pafueosvops (In which he also included Eotitan-
ops). the hypo- and entoconids are sobeqgual in hetght, Given ils
small size, small entoconid, and relatively large paralophid, the
toath in question on CMN 52062 may actually be a pd. However.
i seems more plansible that it is an m1 because the pds of Pal-
avosyops and Fotitanops 1ypically lack an entoconid altogether,
and the protoconid is more posterior in placement (i.e., nearly
across from the metaconid; see Wallace, 1980). The maore ante-
rior placement of the protoconid on the probable ml of CMN
52064 is more in keeping with mis (rather than pds) of Eoritun-

apy. A probable Rm2 fragment of CMN 52062 indicates a togih~

larger than ml, and, ws in Eodranops and Palacosyops, it bears
subequal hypo- and coloconids. A probable Rm3 talonid on
CMN 32062 is morpholegically comparable to, and fails within
the range of widths for m3s ol £, borcaliv measured by Gunaell
and Yarborough (2000),

CMN 32240 (Fig, 2CH) Is o Lox ftugment preserving the trigo-
nid and anterior part of the taonid, [t probably betongs to the
same e as CNMNCS20020 bused on similurities inosze ol
morphology.

Discossion—While the Areric specimeny appear dentally mosg
similar (o mid-ltitude Ecritenops, they aevertheless can be Jif-
ferentiated from the Taficr by the folTowifig Tharacters: t1) pres-
enee wl o meticone on P23 C2) buecal ridges essentinlly hicking on
premotars: (3) P4 with o relatively lurger parastyle: and (4) upper
molars with a distinct, antero-labially bending prehypocrista,
Two ol these chiracters, the metacane on P2 and P4 with a Tirger
padrastyJes are churacteristic o e sounger, more derived Pai-
aeasvops (see Gunnetl ane Yarboraugh. 2000), Given e mix-

ture of primitive and derived characters, and the fragmentary
nature of the Arctic specimens, 1 only teatatively refer them 1o
Eotinaps,

Despite their indefinite taxonomic position within carly bron-
totheres, the Arctic specimens are not Lasmbdotherium. as earlicr
lentative wlentifications had suggested. They differ from Lamf-
dotheritmi in being larger. and having: premolars that lack a
postoratoctista and vertical ribs. and maolars with a small para-
conute. a protocone that is noticeably broader than the hypo
cone, an anterovlabially-bending prehypocrista, larger. more in-
flated-para- and muesostyles, and the absence of a posterolingual
cingulun around the hypocane.

BRONTOTHERIIDAE. gen. ot sp. indet,
(Fig. 2H 1)

Referred Specimens—CMN 52060, RP2. and CMN 52061,
RPZ: both from the D7 locality. Eurcka Sound Group, central
Ellesimere [sland aear Buy Fiord, Nunavul (lale Wasatchiun).

Description and Discussion—CMN specimens 52000 and
32061 (Figs. 2H and [, respectively), isolated RP2s, are similar in
size 10 the P2 on CMN 32249 (Fig. 2A). Although there are
notable morphologic differences, premolar morphelogy is highly
variable in mast species of hrontothere {Mihlbachier, 2005},
More specilically, Wallace (1980} concluded that the cusp mor-
phology on P2s of Pafacosvops (in which he also included Fod-
tanops) is probably more variable than on any other tooth, Con-
scquently, morphologic differences among CMN specimens
52060, 52061, and 32249 may simply reflect intraspecific varia-
tlion. [mportantly, CMN specimens 52060 and 52061 occur at the
same locality {D7 locality} as a specimen identified above as cf.
Eotitanops. However, | hesitate 10 assign CMN specimens 52060
and 52001 to Lthe same taxon as CMN 32249 until more complete
material s recovered.

Although its ocelusal surtaee t8 pitted and some enamel is
eroded away, CMN 52060 has a similar outline as the P2 of CMN
32249, and both lave a small, posteriorly placed protocone.
However, CMIN 52060 bears a relatively targer metacone that is
subequal in size to the paraconc. In addition, CMN 52060 has a
swelling {i.c., paraconule) along ils preprotocrista, while 12 on
CMN 32249 Tacks a paraconule, [n luct. in deseriptions of 224
of faditanops and Palucosvops by others (cg., Gunnedl and
Yarhorough, 2000. Wallace, 1980), there is no mention of a para-
conule.

CMN 52061 ditters from the P2 of CMN 32249 in having a
relatively larger metacone (although it is still visibly smaller than

the paracone), a somewhat smaller, more anteriorly placed pro-* ¢

tocone, iand a significantly shorter preprotocrista, As on CMN
32249, there is no paraconule on CMN 52061,

iyt

PALEOQBIOGEQGRAPHIC IMPLICATIONS

Ectitanops v g vare clement in Fogene, mid-latilude faunas.
The appearance ol Eotnops and Pafueosyops traditionally de-,
fined the onset of the Bridgerian NAT.MA (Robinson ct al..”
2000 However, rare Wasatchian oceurrences of Fotitunopy
have heen documented. and o single specimen of Palacosyops
has heen reported fom purportedts Wasidehian strata Gutheie,
1971). although its locality information has been questioned
(Wallaee, T9R0). West ( 1973) first reported co-oceurrence of Fioe

ftenaps with Lambdotherium (index taxon for the Wasatchian), )

from late Wasatchian (i.e., L.osten

Formation. More recently. Smith and Holroyd (2003) docu-
mented an incomplete lelt maxittary of 1. borealis (rom a classic
Losteabinian fauna in the northern Green River Basin, A lower
modar of Forfreiopy was reported ron the Lomas ks Tetas de
Cabra tamna of Baja Caltornie, which has been correlid with
Wisatehiun funus of North Awmerica (Novacek et al., 1991},
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However, Novacek et all (1991) were uncertain of the prov-
enance of this specimen, and noted that they ¢ould not rule ouwl
the possibility that it was a contaminant from younger strala
capping the Wasatchian, _

Cf. Liotirenops occurs at several late Wasatchian localitics on
central Ellesmere [sland. although its fossils ure nut nearly as
common a8 those of Cervphodon (the most abundant mammal in
the Tocene high Arctic). and tapiroids (Eberle, in press), The
IHesmere occurrences represent the northernmast known range
for early Eocene brontotheres, and imply that brontothere evo-
lution was well underway early in the history of the group at high
latitudes. It beas the question: from where did brantoiheres
originate?

Dispersal into North Americy across high latitude corridors is
the most popular exptanation lor the abrupt appearance of sey-
cral mummalian taxa in North America during the carly Eocene
(Hooker and Dushzeveg, 200038 Krause and Maas. 1990, and rel-
erenees therein), Morcover. Asia has been hypothesized as
likely source wrea (Beard, 1998). While the origin of bronto-
theres has long been contended, Danfiongia trom the late carly
Eacene of China, initially identified as the carliest known chali-
cothere (Wang, 1995), may be a slem brontothere (Beard, 199%;
[[ooker and Dashzeveg. 2003, 2004). High Arctic occurrence of
ch. Lodiranops appears consistent with an Asian origin for bron-
totheres and subsequent dispersal ucross northern high-latitude
Beringia. On the other hand, North Amcrica nced also he con-
sidered. Recent cladistic analyses suggest Lambdotheriun, ap-

puaring in late Wasaichian strata of North America (Robinson ...

¢l al, 2004), may be the sister taxon to brontotheres (Froeh-
lich. 1999; Mihlbachler, pers. comm., 2005). If this rclationship is
accepted, then North American occorrence of bolh Lanbdo-
therinm und the carliest brontathere Eotitanops would suggest
an origin from this continent and trans-Beringian dispersal to
Asia. Incidentally, cladistic analysis of High Arctic tapiroids sug-
gests this lineage inay represent an instance wherein o North
American taxon invided Asia during the carly Eocene (Eberle.
in press). In either seenario, trans-Beringian dispersal was prob-
ably mediated by a warm, temperale climate during early Eocene
time (Krause and Maas, 1990), as suggested in the 1ligh Arctic by
fussils of alligntors and land tortoises [rom the Fureka Sound
Crroup fauna (Fstes and Hutchison, 1980),

Although ¢f. Foritanops from Ellesmere Island appears den-
tally too advanced to he ancestral to mid-latitude co-eval Fati-
fiunopy, it seems a plausible ancestor to the younger, Bridgerian-
aged Palueosyops. given the derived characters of ils upper pre-
molars. Presence of cf. Eotitanops on Ellesmere Islund may re-
flect a high-latitude lincage that subsequently dispersed to mid-
latitudes during the carly middle Eocene (i.e., Bridgeriin),
erhaps with onset of the Cenozaic cooling trend purported to
\ave hégunl by this time (Wadc et al., 2001),
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