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(Tong and Wang, 1998) , O. millenariu

sum , Bayan Ulan

(Meng et d. , 1998)
" Mirorder Phenacodonta” McKenna, 1975 ( sensu McKenna, 1975)

Order incertae sedis
( ) Olbitherium gen. nov.

Olbitherium millenariusum gen. et . nov.

Obi , olbios, , ;therium,
( ) Olbitherium millenariusum gen. et sp. nov.
(1,2
pl m3 (IWVPPV 10758. 1)
P2 M1 PLC (V10758. 2) p2 p4
pl (v 10758. 3) , M1(V 10758.4) , P2(V 10758.5) P4
(v 10758.6) M2 (V 10758.7) , M3 (V 10758.8) , p4 m3 (V 10758.9) ,
2 m2 (V 10758. 10) oo! m2 (V 10758.11)
:21.4.3/21.43 C P1L ;P4 ; )
, M1 2 , ,
; , ; ;M3 )
pl p2 p4 , yml 2
: ;m3 : : ,
millenariusum, , ,
V 10758.2 3 ,
, 'V 10758. 2 , 7 mm,
) 13.4mm P1 , ,PL JPL P2
P2 , ) 2 , 'V 10758.2
, V 10758.5 P2
P2 ) )
(V 10758.2) (V 10758.5) (V 10758. 2)
(V 10758.5)
P3 3 , , ,
P3

V 10758. 2 P3 4 ,
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, V 10758. 2 , )
V 10758.2 V 10758.6 P4 Vv 10758. 6 P4
M1 M2 M2 ( 1DP )
Hooker (1989) (premetaconule criga)
M2 , )
(sublophoid) ,
M3 , ) )
t b V 1 ( 1)
V 10758. 3 pl , pl
Pl p2 (10.4mm ( 1,0 pl
( 1 !A) L L H H
, (p1  :4.3mMm) p2 , pl,
p3 : , (V 10758. 1)
, (V 10758. 3) p3
p4 b

1 ( )
Tablel Measurements of cheek teeth of Olbitherium millenariusum gen. et sp. nov. (mm)
P2 P3 P4 M1 M2 M3
L w L W L w L w L w L w

V 10758.2 7.25 5.4 8.15 9.0 8.7 11.3

V10758.4 7| 8.75 6.9 >10.0 11.5 >12.1 12.9 13.5
V 10758.8 11.7 12.85

p2 p3 p4 ml m2 m3

V 10758.1 7.8 4.0 8.8 5.6 9.5 6.2 11.4 7.9 13.5 9.75
V 10758.3 7.6 3.95 9.25 6.0 9.35 7.15

V 10758.9 8.75 6.7 8.7 >7.6 12.05 9.1 16.8 10.45

V 10758. 10 12.2 8.7 14.1  10.3




1 ( ) ,

Fg.1 Upper and lower cheek teeth of Olbitherium millenariusum gen. e 9. rov. , occlusd and laterd views
A, B. right mandible withpl m3 (V 10758.1) , laterd and ocdusa views, x 1.3; C. €t mandible with
2 m2 (V 10758.10) , ocdusd view, x1.6; D. right M2 (V 10758.7) , ocdusd viev, x1.6; E. right M3
(V 10758.8) , ocdusd view, x1.6; F. fragmentary left maxillawith M1 (V 10758.4) , occdusd view, x1.6;
G. Idt mandible with p2 4 (V 10758.3) , ocdusd view, x1.6
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2 ( ), M2(V10758.7)  ML(V 10758.4)
PA(V 10758. 6) p4 m3 (V 10758.9) ,
Fg.2 Olbitherium millenariusum gen. et 9. rov. , right M2, It M1,
right P4, and It p4 m3, occlusAl view
, V10758.10 m1L m2 V 10758.9 ml
, V 10758. 10 ml ml
( ) ,
(V10758.100 ( 1,0 (bucca pogcerigid branch , sen
su Hooker , 1989) , ) ;
(lingual pogterigid branch , sensu Hooker , 1989) (Vv 10758. 1)
( 1,8 , | | _
m2 ml, ,
rTB y ’
V 10758. 10 d2 4 ( 1,0 2 ,
) , , (dp2 :7.3
mm, :3.4mm) o2 Tetraclaenodon puercenss  dp2 (Butler , 1952)

P3, o3 ) ,
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, , (b3 :9.45mMm, :5.45mm)

dp3 Butler (1952) Plagiolophus annectens  dp3 ,
do4 mil, (dp4 :9.9mMm, :7.2mm)
Hooker (1989) , phenacodontids
2A (facet 2A) ; ; ,
, ;M3
,  phenacodonts : ' '
, M3 y 1
, V , , Hyracotherium , Cynr
balophus, Cardidophus  Homogalax M3
( Radinskya yupingae)

, (Pnenacolophidae) (McKenna et d. , 1989)
(Mirorder Altungulata s. s.) (Mckenna and Bell , 1997)
, Olbitherium millenariusum  R. yupingae

McKenna et a. (1989) R. yupingae ,
R. yupingae ,O. millenariusum
, O. millenariusum
R. yupingae O. millenarivsum C  PL (R. yupingae
) ,PL P2 (R. yupingae ) ,P4 (R. yupingae
), (R. yupingee M1 ) (R. yupingae
), (R. yupingae ) M3 (R. yupingae
, ), R. yupingae phenacolophids M3
, ml 2, phenacodontids ml 2 O. millenarivtsum ml1 2
mL 2 , )
, , phenacodontids ml 2
O. millenariusum , Ectocion Phenacodus Copecion , ,
O. millenariusum O. millenarivsum ml 2  phenacodontids , m3

phenacodontids, phenacodortids  m3
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, , O. millenar-
iusum ,m3 ) , ; )
O. millenariusum  m3 , , ;
,Olbitherium millenariutsum M1 2 Radinskya yupingae
, mi 2 phenacodontids ,
(Hyraooi deq) ,  O. millenariutsum M3 \V/ , ,
Seggeurius (Mahboubi et a. , 1986) M3
(Sudre, 1979) , ,
O. millenariusum ,Seggeurius M3 \

(  Fscher, 1989; Fischer and Tassy, 1993 ; Prothero and Schoch, 1989) ,
Proboscidea, Srenia, Tubulidentata, Macroscdlidea  Afrosoricida
(Superorder Afrotheria) (1 Hedges, 2001; Madsen et a. , 2001; Helgen, 2003 )

O. millenariussum M3 \Y ,
O. millenariusum

Maas et d. (2001) “ " Hi-
lalia, “ "{ Qondylarthra”) (brontoth-
eres) (chdicotherioi dea) , w

,mL 3 ,m3
Hilalia Meniscotherium Pleuraspi-
dotherium  Orthaspi dotherium “ "
(1995) (Danjiangia) , Danjiangia
Hilalia Olbitherium ,
w , , ,
,m3
Cheerbrant et . (2001) Ouled Abdoun
,Abdounodus hamdii Miocleanidee
Ouled Abdoun Ocepeia
daouiensis , Taxeopoda (Archibald, 1998) |, “ Phenacodonta’

“ Phenacodonta” McKenna (1975) ., Thewisen  Domr
ning (1992) Archibald (1998) “ Phenacodonta” ( Phenacodon-
tidae) ( Menisotheriinae) O. daouiensis (entolophid) ,
(mesoconid) ,m3 P4 , ,

Olbitherium millenari usum ,

Olbitherium millenari usum
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Owen 1848 ('Hyrax)
(  Fscher, 1989) ,Cope (1881b) (Condylarthra)
(subunit) McKenna (1975)  “ ”
o " £ Mirorder Phenacocbnta’) ’
: (Mirorder Eparctocyona McKenna, 1975)
(Mirorder Altungulata s. s.) (McKenna and Bell , 1997) Thewissen  Domning (1992)
* Phenacodonta’ , Phenacocbrtidae  Meni sootherii dae
, Olbitherium millenari usum

”

McKenna (1975)

(Ting, 1993; Bowen et d. , 2002

), ,

“ Qondylarthra” phenacodontids (Cope , 1881a; Radinsky , 1966, 1969 ; Pothero et d.
1988 ), , ,  Hooker (1989) ,
Rose (1996) , Radinskya yupingae ,

R. yupingae
, R. yupingae (phenacolophids) (McKenna
et d., 1989) Phenacolophi dae tethytherians (McKenna and Manning, 1977 ;
Domnig et a. , 1986) , Phenacolophus  ( Phe-
nacolophi dag) Arsinaitherium Crivadi atherium
mackennai , p4d m2 m3 RussHl e a. (1982) ,
C. mackennai , Phenaco ophus- Crivadi atherunrArsi noi-
therium (nmorphocline) ,C. mackennai
) , Phenacolophus  Radinskya
tethytherians , , Olbitherium millenariu-
sum , phenacodontids ,
phenacodontids .
(Maas et d. , 2001; Gheerbrant et d. , 2001) ,
phenacodortid ,  O. millenariusum
( . )
(Bowen et d. , 2002;Ting et d. , 2003) / ,
, (neoplagiaulacid
multitubercul ate) , (epoicotherid paaganodont) ,
(carpolestid and paronomyid ples adgpiformes) (adti-
gdid and pseudictopid anagdlidans) “ " (hyopsodontid and phe-

necocontid’ condylarths’)  (Tong and Wang , 1998) , Olbitherium millenari usum
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Meng et d. (1998)
Bayan Ulan Olbitherium millenari usum
(VPPV 11149.2 V 11149.5)
, Olbitherium millenari usum
phenacodontids  phenacodontid ,  Olbitherium millenari usum phe-
nacodontid

OLBITHERIUM MILL ENARIUSUM , A NEW PERISSODACTYL-L IKE
ARCHAIC UNGUW.ATE (MAMMAL IA) FROM THE EARLY EOCENE
WUTU FORMATION, SHANDONG

TONG Yong-Sheng  WANGJingWen™  MengJin’
(1 Ingtitute o Vertebrate Paleontdogy and Paleoanthropology , Chinese Academy o Sciences Beijing 100044)
(2 Department d Paleontology , American Museum o Natural History New York NY 10024)

Key words Wutu, Shandong, Early Eocene * Phenacodonta’
Summary

A unique mammal was found from the Early Eocene of the Wutu Basn, Shandong Province,,
China. The upper nolars of the gecies are smilar to those of early perisodactyls in genera nor
phology, but the m1 2 are much like those of phenacodontids in having an incormplete hypolo-
phids, and the M3 has a hypooone with prehypocri ¢a and poshypocrida , which is smilar to that of
primitive hyraxes. It is difficult to asign the new eciesto the order Peri sodactyla or other definite
orders. It seems advisable to refer the new geciestd” Mirorder Phenacodonta” , including Condylar-
thra, Perissodactyla and Hyraooidea (sensu McKenna, 1975) .

“ Mirorder Phenacodonta” McKenna, 1975 ( sensu McKenna, 1975)
Order incertae sedis

Olbitherium millenariusum gen. et sp. nov.
(Fg. 1,2

Holotype A right mandible with p1 m3 (IVPPV 10758.1) .

Referred specimens A fragmentary It maxilla with P2 M1 and adveoli o C and PL
(V 10758.2) , and asociated left mandible with p2  p4 and dveolusof p1 (V 10758.3) ; ilated
left M1(V 10758.4) , and right P2(V 10758.5) , P4(V 10758.6) , and M2 (V 10758.7) ; aright
M3 (V 10758. 8) ; afragmentary |t mandible with p4 m3 (V 10758.9) ; and léft dp2 m2(V
10758. 10) , and right dp4 trigpnid and m2 trigonid (V 10758. 11) .
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Locality and age Early Eocene Wutu Formation , the cod mine of Change County , Shang:
dong Province, China.

Diagnosis Dentd formula: 2 1. 4. 3/2 1. 4. 3; diagema sgnificant between C and P1;
P4 without metaconule; upper nolar with three roots, long protoloph connecting to the paracrida;
M1 2 metaconule sall , anterolaterd to the hypoocone , and connecting to the metacone by a pos
terolaterally oriented ridge; paragyle large; mesogyle absent ; lingual cingulum surrounding proto-
oone and hypooone ; M3 metaconule greatly reduced , hypocone bearing anterior and pogterior cress;
tdonid absent on p1 and srdl on p2; p4 metagylid diginct , and entooonid absent ; ml 2 hypo-
oconulid nore lingually postioned and close to entoconid ; and connecting to the hypoconid by buccal
poscrigtid branch (Hooker , 1989) , metastylid weak , no hypolophid connecting the hypoconid and
entoconid ; m3 elongated , entoconid nearly iolated , hypoconulid large and formed third lobe.

Remarks Radinskya yupingae from the Late Paeocene of the Nanxiong basn, Quangdong
Province, China, is smilar to early perissodactyls in the upper cheek tooth norphology (McKenna
et d. , 1989) and was cdled as & Chinese Paeocene perisodactyl” (see Froehlich, 1999) . The
lower cheek teeth of R. yupingae are unknown. As recognized by McKenna et d. (1989) , R.
yupingae differs from the primtive perisodactyls in having a large protoconule, a grong
metaconule , strong and short protoloph and metdoph , dignment of the hypocone , metaconule , and
metacone in aline, and lacking lingual cingulum surrounding the protocone and hypocone. In cont
parion, Olbitherium millenariusum shares nore derived features with early perisodactyls, such asa
relaively smal paraconule , the metaconule being condderably smaler than the metacone and hypo-
oone, the metaconule anterior to both the metacone and hypooone 9 that the three cugs are ot
digned in aline, and the well-developed lingua cingulum surroundi ng the protocone and hypooone.
O. millenariusum further differsfrom R. yupingae in having a longer diagtema between the canine
and the P1 but lacking gap between the P1 and P2, absence of P4 metaconule (small metaconule in
R. yupingae) , upper molarswith three roots (M1 with four rootsin R. yupingae) , absence of the
meodyle (an exdtremey weak meodyle in R. yupingae) , presence of the pogmetaconule crisa
(lacking both pre- and pogmetaconule crigae in R. yupingae) , the M3 metaconule reduced (dis
tinct , iolated metaconule in R. yupingae) , and having hypocone crisae. Moreover , in R. yupin-
gae and related phenaoolophids the M3 islittle reduced and have the hypocone but lack crigtae of the
hypooone , which are a0 didinctive from O. millenari usum.

In contrag , the lower cheek teeth of O. millenariusum , particularly the ml and m2, are
hardly comparable with those of perisodactyls. Indead , they show nore smilarities with those of
phenacodontids. O. millenariusum differs from early perisodactyls in the following features: the
trigonid and taonid badns are shdlow ; the hypoconulid is rore lingualy postioned and is closer to
the entooonid ; and the hypooonulid connects to both the entooonid and hypooconid by the lingua
podcridid branch and the buccal podcrigid brach, regectively. In primitive perisodactyls, the
trigonid and tdonid of basnsdf the m1 and m2 are deep ; the hypooonulid rides on the pogerior cin
gulid, and is usudly at the longitudina axisdf the tooth; the entoconid directly connects the hypo-
oonid by the hypolophid; the hypoconulid lacks the lingua and the buccal podcrigid branches
('sensu Hooker , 1989) . The lower cheek teeth , particularly the ml and m2 , of O. millenariusum
are gmilar to those of some phenacodontids, such as Ectocion, Phenacodus , and Copecion in the
following characters: the trigonid and tdonid basns are shalow ; the hypoconulid in some casesis
closer to the entoconid ; and the hypooonulid connects to both the entoconid and hypooonid , athough
these taxa differ from O. millenariusum in having less developed lophids. However , the m3 of phe-
nacodontids is different fromthet of O. millenariusum in being shorter , and lacking the hypooonulid
lobe. In phenacodontids, the m3 is relatively shorter , has a talonid formed by the hypoconid , hypo-
oonulid , and entoconid , and lacks a hypoconulid lobe. Smilar to primitive perisodactyls, the m3
o O. millenariusum is reatively long and has the hypooonulid lobe. The m3 entoconid of
O. millenariusum is nearly iolated and i's not connected by the hypolophid to the hypoconid , which
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differs from the condition in perisodactyls. In sum, O. millenariusum is nore smilar to primitive
perisodactylsthan is R. yupingae in the upper nolar nmomphology , but the ml and m2 are nore
conmparable to those of phenacodontids.

O. millenariusum is a9 conparable to early hyracoids in ome features. For ingance , the
V-ghaped hypocone on the M3 and reduction of the hypoconule in O. millenariusum are Smilar to
those of the hyracoid Seggeurius (Mahboubi et a. , 1986) .

(ope (1881a) fird proposed that the Gondylarthra are the ancestra type of the known periso-
dactyls; the proposd has been irfluential dnce then. Based on his sudy on sructures of the magti-
cation and loconotion , Radinsky (1966 , 1969) specificaly pointed out that peri sodactyl s originat-
ed from the phenacodont genus Tetraclaenodon. McKenna (1975) further grouped the orders Condy-
larthra, Perisodactyla, and Hyraooidea to the® Mirorder Phenacodonta” , athough Hyraooidea is
tranderred to the Superorder Afrotheria based on nolecular data (Hedges, 2001 ; Madsen et d. ,
2001; Helgen, 2003) . The cheek teeth of O. millenariusum concurrently possess some characters
o perisodactyls, phenaocodontids and hyracoids, and make it difficult to assgn a ddinite order.
Therdfore, the new taxon from the Early Eocene of Wutu Badn is tentatively referred to the
“ Mirorder Phenacodonta” (McKenna, 1975) .

The dmilarity of O. millenariusum to the primitive perisodactyl s and phenacodontids suggests
that perisodactyls derived from phenacodonts or Phenacodus-like archaic ungudates. And the new
taxon, Olbitherium millenariusum , represents an off oot when the Paeocene Phenacodus-like
archaic ungulates evolved to peri sodactyl-like mammdls.

Sme archaic ungulates were reported recently , Abdounodu hamdii (Miocleanidae) , Ocepeia
daouiensis (df.“ Phenacodonta”) , and Hilalia { Condylarthra’) were found from the early Paleo-
gene of Morocoo and Turkey (Mass et a. , 2001; CGheerbrant et a. , 2001) . These sugges that
orign of perisodactylsis posshly related to Adan and North African archaic ungulates.

Olbitherium millenariusum is probably one of many Eocene relic forms of archaic mammasin
the Wutu fauna (Tong and Wang , 1998) . Fosdls smilar to O. millenariusum were d o found in
the latet Paeocene Bayan Ulan fauna (Meng et a. , 1998) .
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