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Abstract

The oldest and northemmost record of the tapir lincage, Thuliadanta mavei gen. et sp. nov. from Ellesmere Island,
Atctic Canada (78 50'N) implies that tapiroid evolution was well underwuy by carly Eocene (Wasatchian) time in northern
high latitudes. and raises the possibility of a North American origin for the group. Phylogenctic analyses place the new
Arctic tapir as the sister group to the later more udvanced Desmatotherium, Coladon, and Irdinolophus. A phylogenet-
ically-derived  biogeographic reconstruction posed here suggests (he (apir lincage may represent a rare instunce ol
counterflow wherein un exotic North American taxon invaded Asia during the curly Eocene. Moreover, Thufiadanta
scems a plausible ancestor to Desmatotherium (tum both continents, suggesting that this branch of the tapir lineage may
have originated at high latitudes and subsequently dispersed from there to mid-latitudes. Thwliadanta's oceurrence on
[llesmere Island indicutes thut northem high latitudes should also be evaluated ay u potential source arca for some of the
cxotic taxa appearing in mid-latitudes during Eocene time. Using today’s tapirs, and specificully the mountain tapir, as
analogs., Thuliadanta scems a plavsible year-round inhabitunt in the mild temperate lowland forests of the Evcenc High

Arctic,
12005 Elsevier B.V. All rights reserved.
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1. Introduction

Tapirs and their more immediate uxtinet relatives
(i.e.. Superfamily Tapiroidea) are an ancient group of
penissodactyls or odd-toed ungulates characterized by
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the presence of un enlarged narial incision that is
typically associated with a short, fleshy proboscis
(Hooker, 1989; Colbert and Schoch, 1998). Today’s
tapirs are tropical in distribution (MacDonald, 1987).
Here, I document an carly Eocene High Arctic “tapir®
trom the Eurcka Sound.Group in the Canadian High.....
Arclie, the oldest and northernmost known record of
the lineage. Discovered on expeditions to Ellesmere
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Island in the 1970s—1980s, these fossils initially were
tentatively identified on faunal lists as the rhinocer-
atoid Hyrachvns (eg., Marincovich ot al, 1990:
Eberle and McKenna, 2002). However, detailed
study {Sce Systematics section below) clearly distin-
guishes the High Arctic tapiroid from Hyraciyns and
places it closer to middle Eocene tapiroids trom both
North America and Asia.

The early Eocene tapiroid-bearing strata of the Eu-
reka Sound Group preserve the northernmuost known
record of early Tertiary mammals. The first fauna
was discovered in 1975 on central Ellesmere [siand
(Dawson et al.. 1976), with subsequent discoveries in
the late 1970s—1990s in Fureka Sound Group strata
elsewhere on Ellesmere [sland and nearby Axel Hei-
berg Island (Dawson, 1990; Dawson et al, 1993;
Eberle and Storer, 1999). In addition to fossil mam-
mals, a diverse lower vertebrate fauna that includes
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tand tortoises, monitor lizards, snakes, and crocodilians
strongly corroborates long-standing paleobotanical ev-
idence for ¢ mild temperate arctic climate during (he
Cocene (Estes and Hutchison, 1980; McKenna, 1980).

The High Arctic has long been vconsidered as
‘en route’ for land animals dispersing across Hol-
arctic continents during parts ot the Paleogene
when  intercontinental connections were at  high
fatitudes (McKenna, 1975, 1983, 2003; Marinco-
vich et ol, 1990), Moreover. Asia has been hypo-
thesized as a likely source arca for many advanced,
exotic mammalian taxa that appeared in mid-lati-
tude North America during Eocene time (Beard,
1998). Herc, T show via a phylogenetically-derived
biogeographic reconstruction that the tapir lineage
may well represent a rare instance of ‘counterflow,’
whercin a North American taxon successfully in-
vaded Asia during the Eocene. Moreover, the new
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High Arctic tapit suggests that tapiroid evolution
was well underway at northern high latitudes prior
to their mid-fatitude appearance and raises the pos-
sibility of a high latitude origin for some tapir taxa
and subsequent dispersal 10 mid-latitudes,

2. Geologic age and fauna

On central Ellesmere Island, FEocene terrestrial ver-
lebrales veeur in two stratigraphic levels in upper parts
of the Eureka Sound Group, the lower of which con-
tains the tapiroid. The diverse fauna from the lower
level, compriging fish, amphibians, reptiles, birds, and
over 20 mammalian taxa, indicates an carly Eocene
age, equivalent to the younger part of the Wasatchian
North American Land Mammal Age (NALMA; West
et al., [981; Dawson et al, 1993; Eberle and
McKenna, 2002). Specifically, Perissodactyla, Hyae-
nodontidae, Pachyaena, Miacis and ¢f. Vulpavus, all
of which first appear at mid-latitudes in the Wasatch-
ian, and Anacodon, which last appears in the Wasatch-
1an (Robinson et al., 2004), are known from the lower
faunal level in the Eureka Sound Group (Eberle and
McKenna, 2002). Additionally, Pachyaena — index
taxon for the Wasatchian — occurs in the lower faunal
level, as do Corvphodon, Puramvs, and Vivervavus
(Eberle and McKenna, 2002), all typical of the
Wasalchian at mid-latitudes (Robinson et al., 2004).

The lithology of the terrestrial veriebrate-bearing
strata of the Eurcka Sound Group, supported by the
fossil flora und fauna, indicates a lush proximal delta
front to deita plain environment with abundant chan-
nels and lowland swamps (Miall, 1986),

3, Materials and methods

The six specimens of the new tapiroid diagnosed
here were recovered in the 1970s and 1980s by field
patties headed by the Camegie Museum of Natural
History. They reside in fossil collections at the Cana-
dian Museum of Nature (CMN) in Otawa. Most
specimens are from localities in the Wasatchian-aged
lower faunal level near Bay Fiord on central Elles-
mere Island. However, one specimen is from correla-
tive struta on  Swinnerton  Peningula,  southern
Ellesmere Island (Fig. 1),

In describing the specimens, all of which are jaw
fragments and teeth, I fullow dental terminology out-
lined by Van Valen (1966). C, [, M, and P designutc
camine, incisor, molar, and premolar, respectively.
Lower-case letters (e.g., ml) designate teeth from
lower jaws, and upper-case letters (e.y., M1) teeth
from upper jaws. L refers to a lefi ooth (e.g., Lml),
while R refers to a right tooth (e.g., Rml).

Phylogenetic analyses use PAUP 3.1.1 {branch and
bound method; sce Swolford, 1993). Multistate char-
aclers were treated as unordered. Results are discussed
below.

4. Systematic palacontology
Class Mammalia

Order Perissodactyla Owen, 1848
Suborder Ceratomorpha Wood, 1937
Infraorder Tapiromorpha Hacckel, 1866
Superfarmly Tapiroidea Burnett, 1830
Thuliadanta mayri gen, et sp. nov.

4.1 Etvmology

Thile (Latink farthest north; danmtu (Spanish):
tapir; mayri: in honour of Ulrich Mayr, geologist for
the Geological Survey of Canada (GSC) who led
numerous expeditions responsible for mapping much
of the Canadian Arctie,

4.2. Holotype

CMN 30804, right maxilla with P through M3,
base of orbit and anterior part of zygomatic urch.

4.3. Tvpe locality

Locality 76H7-10-3 (field #76-35), Cureka Sound
Group, central Ellesmere Island, Nunavut, Canada
{Wasatchian),
4.4. Referred specimens

CMN 30812, associated parts of upper and lower

dentitions, including LP1, fragmeuts of upper premos
lars, incomplete R and LM, fragment of RM2, RM3
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and labial fragment of LM3, broken incisor and L
canine, right mandibular fragment with p3, p4, ante-
rior buse of ml, m2, and part of m3, left mandibular
fragment with associated pl to p4, trigonid of ml, m2,
m3, plus associated enamel and bene fragments from
Locality 76-60; CMN 30800, maxillary fragment with
M1, M2, and incomplete M3 from Locality 7T6H7-10-
I; CMN 32224, maxillary fragment with LM2, and
bases of P3, P4, M1, and M3 from Locality Mck7/135/
87-1: CMN 30801, juvenile L dentary with dpd. ml,
base of m2, and unerupted m3, from Locality 76-49
{all preceding localitics near Bay Fiord, Ellesmere
Island). and CMN 32222, RP4 from Locality 84-8.
Swinnerton Peninsula, Ellesmere [sland.

4.5. Diagnosis

Medium-sized tapiroid about the size of Desma-
totherium intermedius with narial incision comparable
to that of Helaletes nanus; small canine and large
postcanine diastema; differs from other tapiroids in
lacking a metaloph on P3 and P4, although metaco-
nule present; neipient hypocone on P4; as in Colo-
don, rectangular M1 and M2 (transverse width>
length); upper molars with buccally-flattened, lingual-
ly~digplaced metacone, although not so lingual as in
Colodon;, differs from other tapiroids in possessing
pl; as in Colodon, p3 and p4 with relatively large
entoconid, and talonid wider than trigonid; lower
molars with small, narrow patalophid and reduced
metalopbhid and entocristid; m3 with hypoconulid,

4.6. Description

The holotype (CMN 30804, Fig. 2), a right max-
illa, indicates that 7" mayri was comparable in size to
the middle Evcene (Bridgerian) North American mid-
latitude tapiroid D. imtermedius. Although incomplete
and damaged, the base of the narial incision seems to
be present on CMN 30804 (sce dashed line on Fig,
2a), and is comparable to that found in /L nanus
wherein it extends backward to a point over the P3-
P4 juncture, where it meets the ascending portion of
the maxilta. While the latter is broken off of CMN
JOB04, the preserved morphology at its base suggests
that the ascending portion of the maxilla would have
extended vertically over the infraorbital foramen, as in
H. nanus. Consequently, it is inferred that T mavet

had an enlarged narial incision comparable to Bridge-
rian A panus, a feature that diagnoses Tapiroidea
(Colbert and Schoch, [4998). As in other tapiroids,
the infraorbital foramen on T mayri is located
ahave the P4-M1 juncture.

Thuliudunta bore a small canine and large post-
canine diastema, as in Helaletes (see Radinsky, 1963).
Pl is simple, with a large central cusp and a poster-
olingual shelf, whereas P2 is oval, with closely
spaced, subequal pars- and metacones and no hypo-
cone. As in other tapiroids, the para- and metacones
on premolars of T. mayvri are laterally compressed,
contrasting with the more rounded, conical cusps bom
on premolars of more primitive moropomorphs
Homogalax and Heptodon. However, contrasting
with other tapiroids, and more like that of [fomoga-
fax, T mayri lacks a metaloph on P3 and P4, although
a distinet swelling (i.e., metaconule) occurs directly
lingual to the metacone. On CMN 32222, an unworn

RP4 of T mayri (See Fig. 2), 2 promincntinetaconule.
occurs lingually. and connected via a short crista, to
the base of the metacone, while a long, low, thin crista
extends lingually to the apex of the protocone; this
seems a plausible precursor to a metaloph. As in H.
napus, an incipient hypocone occurs on P4 of T
mayri. Py and P4 of T mayri have an ovate shape
(with comparable labial and lingual lengths) as in
Desmatotherium, Colodon, and  Irdinolophus, and
contrasting with H. nanus, which bears more triangu-
lar-shaped P3 and P4 (ie., labial length> lingual
length), As in Colodon (sce Radinsky, 1963), M|
and M2 of T mayri are relatively rectangular, with a
transverse width noticeably greater than the length, As
in other tupiroids, the metacone on upper molars of T,
mayri i1s lingually-displaced relative to the paracone,
although not so lingual as in Colodon and Trdinodn-
phus. Contrasting with Hyrachyus (see Colbert and
Schoch, 1998), but as in tapiroids, the ectocingulum
labial 10 the metacone is well developed on T! mayri.
As in other tapiroids, the M3 metacone is reduced and
crestlike on I. mayri.

While the holotype CMN 30804 was initially ten-
tatively identified on faunal lists as the rhinocerotoid
Hyrachyus (e.g.. Dawson, 1990; Marincovich et al.,
1990, it differs from the latter i the development of
its narial incision, more postetior placement of the
infravrbital forumen, and more complex premalar
morphology — specifically presence of an incipient

Sy ™
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Fig. 2. Tholiadana maved gen, et sp. nov. {Canadian Museum of Nature), a and b, holotype CMN 30804 labial and occlusal views. respectively.
of right maxillary with P1-M3, On a. white dashed line marks the inlerred base of narial incision. c. CMN ANRL2, incomplete left and right lower
dentitions with Lpl-p4, Lml tragment, Lm2-m3 and Rpi-pd, Rl tragment, Rm2, and partial m3 Scale burs for a- ¢ cqual 2 em. d, CMN
32222, RP4: scale bar equals | cm,

hypocone on P3-P4 and a farge entoconid on p3-pi. upper solars oF T mayri (as i other piroids), the
On upper molars off Avrachvuy, the ectocingubum is celocingulum is well developed and relatively wide
absent or uarrow lubial to the metacone, while on labial to the metacone.
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The lower dentition of CMN 30812 s referred to
T mivri beciuse ussociated upper molars are virlu-
ally identical to those of the holotype (although the
latter ix more worn). Whereas other tapireids lack pl,
T mayri has a tiny, simple pl with a central cusp.
The p2 of T meyri bears a small metaconid, large
hypoconid, and small entoconid. The p3 of T mayri
has a small, low paralophid, large metaconid, and, as
in Colodun and Irdinolophus, 4 relatively large ento-
conid. The pd also bears a large enfoconid. Rela-
tively narrower than Colodon occidentafis, lower
molars of T, mayri bear a low, narrow paralophid,
reduced metalophid and a low, subtle entocristid,
resulting in a relatively open talonid valley (as opposed
1o the closed basin of Homaogalux; see Radinsky,
1963). As in C. occidentalis, ml and m2 of T mayri
bear a smooth, narrow posterior ¢ingulid with no
hypoconulid. The m3 of 70 mayri appears to have
bormn 4 hypuwnu]ld dllhough this reblon is lﬂL()mpILI.L

beanng a Iarge hypoconuhd was found nearby CMN
30812; its size and morphology suggest that it repre-
sents the same taxon,

5. Discussion
5.1, Relationships and palaeohiogengraphy

Phylogenetic analysis of primarily dental charac-
ters using PAUP 3.1.1 (branch and bound method: see
Swotford, 1993) produced one maximum parsimony
cladogram of 69 steps that places T. mayri as the sister
group to laler, more advanced tapiroids 0. interme-
dius, Irdinolophus mongoliensis, and C. occidentalis
(Fig. 3). This tree is also consistent with previous
cladistic analyscs that place frdinofophus as the sister
group to . oceidentalis (Colbert, 1999, Dashzeveg
and Hooker, 1997).

BBased primarity upon cranial characters relating to
facial morphology, C. occidentalis recently has been
placed within the Tapiridae (i.e., the family that
includes today’s tapirs) and close to extant Tapirus
(Colbert 1994, 2003). None ﬂf ther-.f. med] charac-

ness of the specimens. Huwwer, recent cladlstlc
analyses also suggest that D. intermedius and Irdino-
Iophus (both known primarily from dental material)

Homogalax protagirinus (Early Wasatchian)

Heptodon calciculus (Late Wasatchian -

Early Bridgerian)

Helaletes nanus (Early- Late Bridgerian)
66 . . .
Thutiadama mayri (Late Wasalchian)
99 — Desmatathetium infermedius (Late Bridgerian)
A
Kl
o Colodon occidentatis (Chadronign -
T
apiroidea 68 Whitnayan)
65

—— (rdinolophus mengoliensis (middle Eocene)

Hyrachyus modestus (Bridgerian}

Fig. 3. Phylogenetic anulysis of 33 primaridy dental characters of eight faxa (see Supplementary Information} produced one maximum
parsimony cladogram ol 69 steps, with a consistency index of (.754, homaplasy index of 0.290, and retention index of 0.726. All characters
are parsimony infoemive. wnd anultisiate charaeters were treated as anordered. The basal moranomormh Homogalay protupiving and the basal
rhinocertoid floraghves sodesion were used s ontoroups, The key chivscter wisiting Tupiroidea s an enlavged garial incision 1Colhen und
Sehech, 199%), Nombers on branches represent the percentape of hootstep values in 1000 hootstrap replicates tor o 0% majorty rule
comsensuy free, Gonloeic ases of taxa commpiled rom several sonrees cishizey ey ond Tooker, 19970 Colhert and Schoch, 1998 Rubinson eval.,
200, eeterenees thereing MeKenna and Bel, 1997 and reterenees thereing are placed m brackers following the species name.
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may also be withmin lapiridae {see Colbert, 1999).
Conscquently, Thuliadunta appears to be either a
very eatly tapir or an advanced tapiraid close to the
ancestry of true tapirs. While leprodon lacks an
enlarged narial incision — the diagnostic character
for Tapiroidea. it probably lies close to tapiroid an-
cestry, given its dental similarities to basal tapiroids
such as Helaletes (Colhert, 1999; Colbert and Schoch,
199¥).

Phylogenetically-derived biogeographic recon-
structions to determine the ongin of a clade rely on
the idea that sister taxa originated in the same geo-
graphic area, and ideally should be compatible with
other datascts, such as the fossil record and geologic
history of an area (Beard, 1998). Following method-
ology outlined by Beard (1998), I scored each tapiroid
taxon for a biogeographic ‘character' followed by a
posteriori optimization of this character across interior
nodes using MacClade, With exception of Thufia-

e pmarirassmilibliiipdticdisnido gl it el aptisdione i tieilism e it lialim bkl Amasionn

cussion below), all of the genera included in the
analysis are documented from both North America
and Asia and would normally be scored as
‘polymerphic’, resulting in an ambiguous origin for
the tapiroids. However, 1 scored the continent on
which each genus first oceurred, thereby making the
assumption that the oldest occurrence represented the
ancestral state. Results are shown in Fig, 4, While
Heptodon s scored here as polymorphic based upon
initial reports of its occurrence in roughly contempo-
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rancous strata in Asia (Ting, 1998 and references
therein) and North America (Colbert and Schoch,
{998}, there are ambiguities concerning the identifi-
cation of the Asian specimens. Specilically, two spe-
cies of Heptodon were reported from  Asian
Burnbamian-aged faunas (Chow und Li. 1965; Zhal,
1978}, alternately correlated with latest Palcovenc—
carliest Eocene (i.e., late Clarkforkian carly Wasatch-
iun; Beard, 1998) or carly Eocene (i.c., late Wasatch-
tan; Ting, 1998), However, their referral to Heptodon
has been questioned, as they appear dentally more
similar to the basal rhinocerotoid Hyrachyus (Dash-
zeveg and Hooker, 1997). If correct, these taxa would
represent the carliest Asian oceurrence of Hvrachyus.
Other fragmentary material only tentatively referred to
Heptodon 18 documented from Bumbanian faunas
(Ting, 1998). Conscquently and pending taxonomic
revision of the Asian material, Heptodon {(as based
upon the type species Heptodon calciculus) may be

According to phylogenetic theory, the most re-
cent common ancestors of terminal taxa can be no
younger than their descendants (Weishampel, 1996).
Consequently, the most recent common ancestor of
Helaletes, represented best by the carly Bridgerian,
most basally diverging tapiroid H. nanus (see Col-
bert and Schoch, 1998) and the branch leading to
Thulivduntu and other tapiroids can be no younger
than late Wasatchian (i.e., early Eocene). Since
thuliadanta is documented only from Notth Amer-
ica, while Helalates appears 0 be carlier in North
Amcrica than Asia (see discussion below), the phy-
logenetically-derived  biogeographic reconstruction
posed here sugpests that their common  ancestor
{and consequently the origin of the tapir lineage)
also was North American. Wasatchian-aged, mid-
latitude Heptodon seems o primitive to bave
given rise to Thuliudanta, However, since fossil
tapiroids are generally rare, the cormmon ancestor
to Helaletey and  Thuliedante may be a North
American ghost lineage whose fossils have yet to
be discovered, Wasatchion faunus are well sampled
in mid-latitude western North America, yet there are
no documented tapiroids in these faunas (Robinson
et ak, 2004), which may suggest arigination outside
of this region. Wasatchian occurrence of  Thudlia-
donre on Lllesmere Island  implies  that  tapiroid
evolution was well underway carly on ar northem

".-t
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high latitudes, and raises the possibility of a high
latitude origin for the group and subsequent dispers-
al from there to mid-latitudes.

Other source areas need also be considered. While
the Eureka Sound faunal assemblages slightly postdate
the land connection between Furope und North Amer-
jea across the North Atlantic. they nevertheless support
the existence of such a corridor in that they contain
numerous early Locene genera that still persisted on
hoth sides of the Atlontic (Marincovich et al., 1990;
Eherle and MeKenna, 2002; McKenna, 2003). How-
ever, the oldest documented European tapiroid appears
0 be Protupirus appearing in the carly Oligocene
(McKenna and Bell, 1997). While Cymbalophus
from the early Eocene of Europe has heen placed by
some within Tapiroidea (e.g., McKenna and DBell,
1997), it s most lbkely a stem equoid (Hooker,
1994). Similarly, the Lophiodontidac, appearing in
the early Eocene of Europe, are now considered the

aa0

lack of early tapiroids, Furope scems an unlikely
candidate for the group’s origin.

Alternatively, given that Asia was connected to
North America through mest of Cenozoic time, was
the larger landmass of the two, and is inferred to
have had higher axonomic diversity, Asia was prob-
ably the source of many exotic mammals appearing
in mid-latitude North America during early and
middle Eocene lime (Beard, 1998). The hypothe-
sized Asian immigrants, including perissodactyls,
artiodactyls, primates, and hyaenodontid creadonts
(Beard und Dawson, 1999), would have crossed
via Beringia, which acted as a filter because it was
considerably closer to the rotational North Pole than
today (McKenna, 1983). While early tapiroids are
rure in Asia, gencric similaritics corroborate faunal
interchange between Asia and North America. ‘The
basal tapiroid Heluletes is known from Asia, but it
appears to occur later there than in North America,
which seems more consistent with the hypothesis
that tapiroids originated in North America and sub-
scquently dispersed to Asia, rather than the other
way around, Specifically, two species of Heluleres
were reported from Arshantan-aged strata of Inner
Mongolia.  While intercontinental  hiostratigraphic
correlations are not all in agreement and more de-
tuiled geochronologic duta fur the Asiun luunas are
not yet available (Beard, 1998). most correlate the

BN e e e, mamas s = LT A T A IR

Arshantan with the ‘upper Bridger fauna’ ot North
America or late Bridgerian (i.¢., middle Focene, Qi
1987; Tong et al., 1995; McKenna and Bell, 1997),
While one Arshantan species Helaletes  meding
scems similar to H. munus in size and premolar
morphology (Qf, 1987), the other species, Heluletes
fissuy, is more derived. Speaifically, A fissus hears
premolars whose metalophs bypass the hypocones
{Matthew and Granger, 1925; Radinsky, 1965),
which is diagnostic for Desmatotherium  (see
Radinsky, 1963; Colbert and Schoch, [998), Conse-
quently, . fissus is here tentatively transferred back
to Desmatotherinm following its initial identification
(Matthew and Granger, 1925), despite others’ tenta-
tive placement of it within Coelodon (see Dashzeveg
and Hooker, 1997). Desmatotherium  fissum (= H.
Jissus) in the middle Focene of Inner Mongolia
appears roughly contemporaneous with the first
North American  appearance of  Desmatotherium,

Colbert and Schoch, 1998). Thuliadunta, on the
basis of its dental anatomy, seems a plausible an-
cestor for mid-latitude Desmatotherivm from both
continents.

As a cautionary nole, tapirs are rare in the fossil
record, and it is possible that their absence from
carly Eocene mid-latitudes may reflect a sampling
bias. Future sampling in appropriately-aged strata in
North America, Europe, and Asia is needed to shed
further light on tapir origins and early dispersal
pattems,

5.2, Palueoclimate, palaecenvironment, and
palaeobiology

Thuliadanta’s appearance on central  Ellesmere
Istand, which during Cocene time was well above
the Arctic Circle (McKenna, 1980), raises many
intriguing questions concerning lapiroid physiology
and behavior, including their implied ability to with-

stand prolonged periods of continuous darkness (i.e.,

the Arctic winter). Today’s tapirs are tropical in
distribution (MacDonald, 1987). By analogy, T/ulia-
dunta’s occurrence seems consistent with evidence
trom the fossil flora and lower vertcbrate fauna
(Estes and Hutchison, 1980; McKenna, 1980) as
well as isolope analyses (Jahren and  Stermburg,
2003; Fricke and Wing, 2004) for a mild, temperate,

B n g L b = bt (e
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moist arctic climate during the carly und middle
Eocene, Extenstve, lowland forests of large Metuse-
guoia (dawn redwood) trees, ukin o today's cypress
swamps in the southeastern United States, are repre-
sented by in situ fossil stumps and peaty litter in
correlative Eurcks Sound Ciroup strula at nearby
Strathcona Fiord {I'rancis, [988). 3'*0 values from
fish vertebrae and tooth enamel of the pantodont
Coryphodon from carly Eocene strata on Ellesmure
Island give an estimated atmospheric Mean Annual
Temperature (MAT) of 4 C {Fricke and Wing, 2004),
Moreover, paleotcmperalure and relative  humidity
conditions predicted from isotope unalyses of Mewu-
seguafa trees in slightly younger (i.e., middle Eocene)
Eurcka Sound Group strata on ncarby Axel Heiberg
Island suggest a ‘seasonal rainforest’ environment,
similar to today's Pacific Northwest (Jahren and
Sternberg, 2003). Today’s closest ceologic analog of
the Fureka Sound Group's lower vertebrate fauna is
the ‘austroriparian’ region in the southeastern United
States (Estes and Hutchison, 1980).

A plausible living analog to Zhuliadanta may be
the mountain tapit Tapirus pinchague, which lives
primarily above 2000 m in the wet cloud forests and
parama of the northern Andes in South America
(Downer, 1996a,b). South American tapirs, including
the mountain tapir. ure thought to have descended
from a common tapir ancestor that entered South
America from Central America when the Isthmus
of Panama formed about 3 Ma (Ashley ct al,
1996; Downer, 2001), The high aititude habits of
the mountain tapir probably evolved 2-3 Ma. with
the rise of the Andes (Dowoer, 2001} Although
equatorial, the Andean forest has a temperature
range of 6-12 C, but reccives 2 4 m of precipita-
tion annually, while temperatures on the shrubby
parino range (rom only 3-6 € (Downer, 2001).
Mountain tapirs prefer moist habitats, maneuver well
through dense vegetation, and usc their short trunks
as an cxtra ‘limb' for gathering food, bathing, de-
fense, and orientation in the dark forest. Based upon
the rock lithology and fossil flora, Thuliadania prob-
ably lived in (or near) a densely vegetated, lowland
forest on a proximal delta front to deita plain (Miall,
1986: Francis. 1988). Given its enlarged narial inei-
sion, Tltadanns may have had a short trunk ke
today's tapirs, although more complete fossils are
needed 1o determine this with certainty.

In contrast to the equatorial regions inhabited by
today's tapirs, Ellesmere Island was well above the
Arctic Circle during the Eoceng (McKenna, 1980;
Irving and Wynne, 1991). Assumning @ spin axis Lt
similar to today, the Cuteka Sound Group vertebrate
flora and fauna must have been adapted to months
of continuous sunlight and darkness — the Arctic
sutmmer and winter, respectively. Deciduousness and
proncunced tree rings indicate that the trees mela-
bolically shut down and became dormant during the
months of winter darkness (Axelrod, 1984; Francis,
1988; Basinger, 1991); growth rings on mandibutar
and limb elements of the salamander Piccoerperon
also suggest seasonality (Estes and Hutchison,
1980).

Based upon comparisons with the ungulates liv-
ing today in the High Arctic, it scems plausible that
Thulladanta may have lived there year-round, as do
today’s muskoxen and caribou. For example, vari-
bou that inhabit the Arctic islands, Boothia Penin-
sula, and the northeastern mainland do not migrate

south to winter in the subarctic forests like thew- .

more southem-ranging cousing because the distance
is 100 great (Pielon, 1994) and migrating great
distances overland is energetically too costly (Marc-
hand, 1996). Unlike today’s high Arctic inhabitants,
Thufiadanta did not have to contend with the ¢old,
Winter darkness may not have been an obstacle
cither. By unalogy with mountain tapirs which are
equally active during daylight and nocturnal hours
(Downer, 1996a.b), Thuliudunta may also have
been adapled to heing active in bath light and
dark environtnents.

As all living perissodactyls are hindgut fermen-
lers, it is plausible that Thudicdanta was as well
an adaptation that seems beneficial o living years
round in the Eveence High Arctic (Eberle and Storer,
1999). Hindgut fermenters, such as today's tapirs,
thinos, and elephants, are ul an advantage where
food is of limited quality and high in fiber, provided
it occurs in large quantities (MacDonald, 1987,
iberle and Storer, 1999). Abundant {and large) tree
stumnps, thick coals and peaty forest litter layers in
the fossil vertebrate-bearing strata of the Furcka
Sound Group on Ellesmere Iskand imply a lush
cnvironment with high biomass production thut was
probably adequate to maintuin lurge hindgur fermen-
ters (such as tapiroids) over the winter months. By
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analogy, today's tapirs arc browsers, and mountain
tapirs feed on a variety of foad items that include trees.
shrubs. ferns. grasses, fruits, and berries (Downer,
1996a,b). Like extant tapirs, [ossil tapirs had brachy-
dont (i.e., low-crowned) melars with transverse lophs
or erests, considercd by Hooker {2000) to be the
optitmum browsing adaptation in mild, equable torests.
Consequently, despite winter shutdown of High Arctic
trees, a ‘tapir’ adapted 1o feeding day and night on a
broad range of plant materials scems a nost credible
year-round inhabitant in the dense lowland forests of
ithe Eocene High Arctic.

6. Conclusions

Throughout the Cenozoic, there appedr (o be nu-
terous instances wherein Asian mammal taxa suc-
cessfully invaded other landmasscs (including North
America), but examples wherein mammals from other
continents successfully invaded Asia are rare (Beard,
1998), However, animals diffusc in both directions
across a land bridge, and some ‘counterflow’ from the
smaller landmass to the larger one should occur. The
phylogenetically-derived hiogeographic reconstruc-
tion posed here suggests that the tapir lincage may
have originaled in Notth America (rather than Asia, as
others have postulated) and may represent a rare
instance of counterflow wherein an exotic North
Amcrican Laxon invaded Asia. Moreover, Thuliadanta
seems a plausible ancestor 1o Desmatotherivm trom
both continents, suggesting that this branch of the
tapir lincage may have originated at high latitudes
and subsequently dispersed from there to mid-lati-
tudes. While the High Arctic was most certainly “en
route’ for terrestrial animals dispersing across Holare-
tic continents during parts of the Paleogene. Thifia-
danta’s occurrence indicates that this region must also
be evaluated as a potential source area for some of the
exotic taxa appearing in mid-latitudes during Eocene
time. Northern high latitudes have been hypaothesized
as ureas of origin for certain Pleistocene mammals
{e.g., woolly mammoths; see Lister et al., 2004), but
need also be considered for earlier mammalian
lincuges.

Since today’s tapirs are Torest=dwellers and trop-
ical in distribution (MacDonald, 1987, Thuliadania.
by analogy. supports evidence from the fossil flora,

fower vertebrate fauna, and isotope analyses for a
mild, temperate. forested High Arctic during the
Eocene. By analogy to today’s tapirs, and more
specifically the mountain tapir of (he wet cloud
forests of South America, Thuliadanta may have
been well adapted to living year-round in the dense
Jowland forests of the Eocene High Arctic. From a
larger standpoint, the Eocene High Asctic environ-
ment seems to have favored perissodactyls (odd-toed
ungulates) over artiodactyls (even-toed ungulates), as
medium- to large-sized perssodactyls (tapiroids and
brontotheres) occur at several localities in the Eureka
Sound Group on Ellesmere Island, while artiodactyls
are conspicuously absent {despite their oceurrence at
mid-latitudes at this time). The opposite is truc of
today’s Arctic region.
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