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NEW MATERIALS OF TUNGURICTIS ( HY AENIDAE, CARNIVORA)
FROM TUNGGUR FORMATION, NEI MONGOL

WANG Xiao-Ming
( Department o Vertebrate Paleontdogy, Natural History Museum o Los Angdes County , 900 Exposition
Blvd. Los Angeles, Cdifornia 90007)
(Ingtitute o Vertebrate Paleontdogy and Paleoanthropdogy, Chinese Academy o Sciences Beijing  100044)

Abstract New maerids of Tungurictis spocki , a basd hyaenid (Hyaenidae, Carnivora) , from the
Tairum Nor locdity in Tunggur Formetion is described. For the firg time, asociated upper and lower
teeth are available for this gpecies, which is previoudy esablished on a Snge skul. The neMy available
lower nolars corroborate current believes that Tungurictis is a primitive hyaenid. A relatively low metar
oonid and an equa height for m1 hypooonid and entoconid further establish its difference from hypocarniv
orousforms such as Plioviverrops. Tungurictis spocki is probably closdly rdated to European and wesern
Adan Protictitherium gaillardi.

Key words Tunggur , Nei Mongol , Miocene, Hyaenidae

1 Introduction

In his report on the Carnivora of the Tunggur Formetion, Colbert (1939) described a new
genus and ecies, Tungurictis spocki , collected from the late Middle Miocene of Nei Mongpl (Inner
Mongplia) during the American Museum Central Adatic Bxpedition in 1930. Based on a nearly
conmplete skull from the richly fosdliferous’ Wolf Canp” locdity , Tungurictis was initialy thought
to be a member of the family Viverridae. Recent studies by Hunt (1989) and Hunt and Slounias
(1991) , however , edablished it to be a basad hyaenid with a characterigtic horizontal intrabullar
sptum but without the heavy bone crushing dentition typica for nmog later hyaenids. Cadidic
andys's by Werdelin and Slounias (1991) d placed it as a transtiona form between Plioviver-
rops and Ictitherium near the begnning of the hyaenid clade. It isthusincreasngy clear that Tun-
gurictis, having a truly hyaenid badcranium but possesing only a rudimentary hyaenid dertition ,
plays a criticd role in the undersanding of the origin and early evol ution of hyaenids.

Although the type materid for Tungurictis is based on a nearly cormplete skull , our knowiedge
about this rare form is handicapped by the lack of meteria sfor lower jaws, epecidly the criticaly
important lower nolars. Here | report the firg discovery of asociate upper and lower jawvs from the
Tunggur Formetion. The new meterials were recovered from a gratigraphically lower postion from
the type locdity of Tungurictis , and diglay a svaler 9ze and dightly rmore primitive nmorphology.
This added tenpora dimension permits a sense of evol utionary trends of this primitive hyaenid.

Inditutional Abbreviations: AM NH , American Museum of Natural Higory , New York ; BSP,
Bayeri sche Saatssammiung fir Palontologie und Higtori sche Geologie, Munich; VPP, Inditute of
Vertebrate Paeontology and Paleoanthropology , Chinese Academy of Sciences, Beijing; UCPE, U-
niverdty of Golorado Paleontological Bxpeditions to Tunisa, Boulder.

2 Sydemdtics

Hyaenidae Gray, 1821
Tungurictis Colbert, 1939
Tungurictis spocki Colbert, 1939

Holotype AMNH 26600, nearly conplete skull from Wolf Carmp.
Referred specimen VPPV 13784 (Figs. 1 2; Table 1) , rogra part of skull with left
1 P2aveoli, P3 M1 broken, and M2, right 11 Pl dveoli, P2 M2, I€t and right ramd
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Fg.1

Skull of Tungurictis spocki with P2 M2, V 13784, stdes are in mm
A. laerd view; B. dorsd view; and C. ocdusd view
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fragmentswith [t ml 2 and right ml , probably belonging to the same individua ; AMNH 26610 ,
right ramdl fragment with premolars, from 25 miles northeast of Qur Tung Khara Usu (probably the
same as VPP Huergwlgjin Locality , see Wang et d. , 2003) .

Locality of new material Approximetely 1. 5 km wes of VPP road mark 346 locaity
(AMNH Tairum Nor locaity or Suth Camp) (Wang et d. , 2003) . The skull and jaws are sspa
rately embedded in ca careous noduleswithin one meter of each other in the same nodular layer on a
bench formed by eroson of the soft red mudstones above. It isin the lowernog padeol immediate-
ly above the prominent channel sandgones that divide the upper and lower red beds at Tairum Nor.
Qollected by X. Wang on Augug 27, 1996.

Asociated Tairum Nor fauna and age determination  The Tairum Nor area adong the
uthern margn of the Tunggur Tableland is traditiondly included in a broad Tunggur Fauna that irr
clude materids from al exposures of the Tabldand (Osborn and Ganger, 1931; Qiu et d. ,
1988b; Sock , 1929) . Based on small mammds, Qiu and Wang (1999) proposed a Tairum Nor
Fauna to be di gtingui shed from the Moergen Fauna (including the mgjority of the classical Tunggur
materids) from the northern rim of the Tunggur Tableland. The Tairum Nor Fauna include the fol-
lowing aral mammals: Mioechinus ? gobiensis, Atlantoxerus orientalis, Anchitheriomys tungurensis,
Tachyoryctoides 9. , Distylomys tedfordi, Heterosminthus orientalis, Gobicricetodon flynni, Pe-
siodipus lesi , Megacricetodon 9. , Desmatadagus ? moergenensis, Alloptox gobiensis , and Bellatona
forsythmajori. Although the mejority of these are known in the Moergen Fauna (Qiu, 1996) ,
Tachyoryctoides 9. and Distylomys tedfordi occur only in the Tairum Nor , and they are rormdly
seen in the Oligocene and early Miocene of centrd and easern Ada. The Tairum Nor record thus
represents their lates occurrence. Atlantoxerus, Heterosminthus, and Gobicricetodon from Tairum
Nor a9 show omewhat nmore primitive normpholog es as conpared to those from the Moergen locality
(Qiu and Wang, 1999) .

To the alove lig of small mammd's, the following large mammal's can be added to the Tairum
Nor Fauna: Leptarctus neimenguensis, Sthenictis 9. n. , Tungurictis spocki, Patybeodon
grangeri , Acerorhinus zernowi , and Dicrocerus . OF these Leptarctus neimenguensis and Sthenictis
9. n. are ot found in the rorthern and wesern exposures of the Tunggur Tabldand. These two
carnivorans gpparently represent immigrants from the North America, and based on the dage of evor
[ution , seem to corregpond to North American forms from the Burge Member of the Vaentine Forma
tion around the Bargovian- Garendonian boundary. Paeomagnetic sudies further indicate a corrda
tion of the Tairum Nor section to the magnetic chrons C5Ar. 3r to C5AN. 2n around 13 12. 15 Ma
(Wang et d. , 2003) . Acoording to this correlation scheme , the top of the channd sandgone in the
Tairum Nor section , where VV 13784 was oollected , is around 12.5 Ma , probably 0.2 0. 4 million
years older than the Wolf Canp section that produced the holotype of Tungurictis spocki .

Dexcription  V 13784 represents a young adult with permanent dentition fully erupted that ac
quired minimum wear. Although the skull and lower jaws were found in sparate nodules nearby ,
their dmilarity in wear and conrpatibility in occlusal fits sugged thet they belong to the same indivict
ua. Only the anterior haf of the skull is preserved. The skull suffered savere crushing. The It
and right halves are sheared dong the sagittal plane near the center line such that the right haf is
shifted ventraly relaive to the l€t haf. Asin the holotype, the rostrum of the new fecimen is
dender. Much o the nasds are crushed to small pieces. The orbita areaon the |6t isrdatively inr
tact. The tip of the podorbita process of fronta is broken df , and as commented by Colbert
(1939) , the podorhita condriction is degp. The tenpord crests converge to the snge sagittal crest
about 12 mm behind the pogtorbita process.

The upper dentition includes three inciors, one canine, four prenolars, and two nolars. Al-
though the It and right premaxillae are digointed , the tip of the sout is preserved dong with roots
o al upper inciors. The roots of the incisrs are highly compressed mediolaterdly , epeciadly
toward the mediad (11) dde of the incior row. Both upper canines are broken off at the base and
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Fg.2 Lower jav and upper dentition of Tungurictis spocki , V 13784, scdes are in mm
A. ocdusd view of lower teeth, gereo photogrgph; B. occdusad view of upper dertition, sereo photograph;;
C. lingud view o lower jav; and D. labid view of lower jav
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only their roots are |€ft. The same istruefor the sngerooted Pls. Thereisa 2.8 mm diagema be-
tween the C and P1 and a dorter one, lessthan 1 nm, between the P1 and P2. The main cup of
the right P2 is mising but enough of the base of the crown is preserved to dlow reliable measure
ment of its dimengon. The cingulum is very weak , dnogt nonexi gent in the anterior part and dight-
ly better developed in the poderolabia agect of the tooth. There is a sharp pogerior ridge that end
ed nearly horizontaly a the base of the crown. The right P3 is conplete and is unworn. Its main
cus has a sharp anterior ridge around the anterolingual agpect of the tooth and stops at the anterior
cingulum. The anterior cingulum is dightly swvelled at this juncture and is eevated to form a cugr
like dructure. The anterior cingulum isothemwi se poorly developed. The pogerior ridge is a9 shap
and has a tiny motch near the base of the tooth. The pogerior ridge is abruptly turned to a horizontal
orientetion to gve it an gopearance of a poderior accesory cug. Asinthe P2, the pogerior cingu
lum is generaly poorly developed except at the pogerolingua dde where it is suddenly svelled wp.

Both upper carnassas (P4) are damaged , the right one being much better preserved. Together
the remaining parts give a reasonable picture of the entire tooth. The protocone is prominently devel-
oped , its anterior edge being dightly infront of the paragyle. The gpex of the protocone is high and
clearly continuus with the cingula both lateraly and pogeriorly , diving the inpresson that the pro-
tooone isformed by the devation of the internal cingulum. A parasyle iswel-developed , and is of
nearly the same height and Sze as the protocone. The paragyle is connected to the protocone via the
anterior cingulum. The paracone is reclined backward. The paracone metastyle blade is quite sharp
and shows no dgnsof wear. A very thin lingual cingulumispresent but there is no labial cingulum.

The right M1 is conplete and only the tdon o the €t M1 is preserved. The draight anterior
face, congructed from the anterior ridge of the paracone and the preprotocrida , forms a sharp shear
ing edge againg the poderior face of the ml trigonid. A large paracone dominates over the srdler
and lower metacone. The paragyle extrudes labidly to gve the cugp a transversely oriented gppear-
ance. The paradyle and paracone occupies about haf of the entire transverse width of the M1. A
pogerior ridge of the paracone connectswith the metacone. The much smeller metacone is located at
the pogerolabiad corner of the tooth. The protocone is second largest cugp of the tooth and isformed
from a crescent- shaped pre- and podprotocrida. There is a vague indication of a paraconule near the
anterior end of the preprotocrida but there is no dgn of a metaconule. The pre- and pogprotocriga
enclose a large badn in the talon to occlude with the hypooonid of the m1. The entire M1 is naked
without a cingulum.

Both M2s are well preserved and sufered mo wear. Its paracone is much srdler than that in
the M1, but gill dominates (albout twice as large as) the metacone. In contragt to the M1, the labi-
a hdf of the M2 paracone is not grestly expanded but its lingud haf is nore expanded. The pode
rior and anterior ridges of the paracone and metacone are aigned in a diagond direction. The proto-
oone is formed dong the lingua border of the tooth, with the pre- and podprotocriga circling
around.

Both horizonta ram are broken jug in front of the pogerior root of the p4. The remainder of
the horizontd ramusis dender and curves gently below the ml. The ascending ramuson the |6t Sde
is better preserved , dthough the tip of the coronoid processis broken. The anterior border of the as
cending ramus is reclined backward. The tip of the angular process gops at the same leve as the
pogerior edge of the condyloid process. A vague ridge divides the media surface of the angular pro-
cess into superior and irferior facets.

Only ml 2 are preserved. The protoconid on the left ml is broken but thet on the right is
wdl preserved , 9 tha the €t and right mls combined to permit a conplete description of its nor
phology. The ml trigonid islong and its shearing blade is a an ange with the longtudina axis. The
anterior border of the paraconid is dightly reclined and forms a vague ridge on the anterior facet.
There isadidinct labia cingulum around the anterior haf of the paraconid and it quickly disappears
pogeriorly. On the lingual sde, there is a vague lingual cingulum around the paraconid , but none
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is present around the metaconid. The paraoconid has a ridge on the pogerolingual agpect of the cup
and leads down from its gpex to the lingual opening of the trigonid. The protoconid is dightly taller
than the paraconid. In addition to the anteropogterior shearing blade anterior to the protoconid , there
is d 9 atransverse shearing blade on the pogerior surface of the protoconid. This latter blade shears
with the anterior edge of the M1. The metaconid isonly about haf astall asthe protoconid. It leans
dightly lingually to occupy the pogerolingua corner of the trigonid. The talonid is narrow and short.
The basned tdonid isformed by a hypoconid and entooonid. The hypooonid is dightly larger and
taler on the It ml but the opposte is true on the right ml. A short and steep crigta obliqua conr
nects between the hypoconid and the pogerior face of the trigonid , terminating dightly laterd to the
protoconi d-metaconid notch. The entooonid is an iolated cugp without connection to either metar
oonid anteriorly or hypooonid labidly. There isa degp rotch between the metaconid and entoconid ,
alowing the talonid bagn to be open lingudly. A minute cupule is present on the labid face of the
entoconid jug below its gpex. A low hypooonulid platform is present on the left ml but is absent in
the right dde.

Only the It m2 is preserved. The m2 trigonid is dightly longer than the tdonid. A sharp
metaconid is located on the anterolingual corner of the trigonid , whereas the protoconid ison the op-
podte sde on the anterolabid corner. Both cugs are placed dong the margn of the tooth, and a
broad valley opens up between these cups. The metaconid is taler than the protoconid. There is o
paraconid. The tadonid is smilarly congructed with a margind entoconid and hypoconid on either
sde. The two cugs are about equa in height. Asinthe ml, the taonid basn opens lingudly be
tween the metaconid and entoconid. A smdl hypooonulid is present and projects upwards and poste
riorly 9 that the talonid basn is closed from behind. There is o m3.

Table 1 Dental measurements” (mm)
T. spocki P. intermedium T. punica P. gaillardi

AMNH IVPP BSP VI IVPP UCPE BSP VI

26600 V 13784 736 V 11494 T-1606 743/ 745/ 475
13 to M2 length 59.4 55.0
Cto M2 length 52.6 49.4
P1 to M2 length 42.9 39.2
PL P4 lengh 37.0 A1
P2 length 7.8 7.2
P3 length 9.4 8.6 9.6
P3 width 4.5 3.9 5.4
P4 lengh 14.7 13.2 14.3 13.6
P4 width 7.4 7.1 7.7
M1 length 5.7 4.5 5.8 5.9
M1 width 10.7 10.5 11.2 11.6
M2 length 3.0 3.0 3.1 4.1
M2 width 5.2 4.5 5.1 6.3
mil length 10.6 10.5 10.4 11.3
ml trigonid length 7.5
mil trigonid width 4.8 4.4 5.0 51
ml taonid width 3.6
2 length 4.0 4.9
m2 width 3.3 3.7

* Those for the holotype of  Tungurictis spocki and Pratictitherium gaillardi follow Hunt and Solounias (1991: Table 1) .
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3 Comparin and discusson

Overdl craniad and denta norphologes o the new materids are closgly conparable to those of
the holotype. Only minor variaions can be observed. V 13784 is dightly svdler than the holotype
(Table 1) , averaging about 8 % in differences for larger dimensons such as tooth rows. Certain
dental measurements can exceed this average, such as P3 width, M1 length and M2 width, but
these latter dimensons are usudly the nog variable in carnivorans because of their lack of physca
ocondraints in their occludon patterns. The small sanple sze does not permit eva uations of whether
these gze differences are the result of tempora or individua variations. Other observable differences
between V 13784 and the holotype include a dightly better developed lingual cingulum and pogerior
accesory cup on P3 of V 13784 and a dightly nore anteriorly located P4 protocone on the holor
type, differencesthat can eadly be acoounted for variationswithin a ecies. Lack of common denta
elements between V 13784 and AMNH 26610 , the only other known lower jaw , prevent a meaning
ful comparion. Overdl , the reference of V 13784 to Tungurictis spocki is not in doubt.

The nog dgnificant contribution of the new Tungurictis materia lies in its presence of lower
nolars, a crucid part of morphology that is previoudy unavailable. Lower nmolarsdof Tungurictis are
reminiscent of a generalized hyaenid norphology , particularly those of certain gpecies of Pratic
titherium, and are largdly condgent with conclusons reached by Hunt and Solounias (1991)
through their sudy of badcranium and upper teeth. The lower nolar condruction of Tungurictis is
fundamentally dmilar to such basd , sl fox 9zed hyaenids as Pratictitherium, Pioviverrops , and
to alesser extent , Herpesti des from Europe , Asa Minor , and rnorthern Africa. A reatively short and
lingually bent ml trigonid with a diginct ridge on the lingual agect of the paraconid leading down
from the gpex of the cugp istypicd for dl of these forms. On the ml taonid, these basd hyaenids
share a marginaly located hypooonid and entoconid enclosing a broad basin , which opens lingualy
due to a degp rotch between the entoconid and metaconid. The m2s of these forms share margnaly
podtioned main cugs such that the protoconid , metaconid , entoconid , and hypoconid nore or less
enclose a broad badn in the middle. A detailed andyssis under way (to be published € sawhere)
to ort out these smilarities and assess their dgnificance in the orign of hyaenids. While it is be
yond the soope of this paper to daborate their reationships, | will only make the following brief
comments on Chinese basa hyaenids.

Hunt and Slounias (1991) suggested that Tungurictis is probably closest to Eurasan and
African Protictitherium , particularly P. gaillardi , in contrag to the nore hypocarnivorous Fio-
viverrops. The new lower dentition of Tungurictis generaly bears out their concluson —the ml has
relaively low cromned metaconid and entoconid when cormpared to those of Rlioviverrops and the
trigpnid is d o reatively long as contraged to a dort trigonid in the latter. The entoconid and
hypooonid in V 13784 is esentialy equal in height , afeature a seen in Pratictitherium gaillardi
(Hunt and Slounias, 1991 ; Schmidt-Kittler , 1976) . Based on such Smilarities, Hunt and Slou
nias (1991) placed Tungurictis as a subgenus of Pratictitherium.

Wang and oolleagues (1998) described afew fragmentary mandibles (IVPPV 11493 6) from
the middle Miocene Halamagai Formetion in the Junggar Basn, Xinjiang, and lacking comparable
meterid s to the Tunggur form et the time, referred them to Pratictitherium intermedium. The new
Tunggur lower teeth &ford a direct conpari on between the Tunggur and Junggar forms. As shown in
Table 1, lower nolarsfrom these two localities are nearly identical in Sze. Overdl dentd norpholo-
gy isd very amilar , such astheir nearly equa height of the hypooonid and entoconid. The Jung
gar form may thus belong to the same gecies as Tungurictis spocki .

In hisorigind description of  Tungurictis , Golbert (1939) mainly conpared it with living Ori-
ental civet (Viverra zibetha) from Suth China. Kurtén (1976) subsequently described a new
geciesdf Tungurictis, T. punica, from the late Miocene Bled Douarrah of Tunisa. Kurtén nore
or lessfollowed Golbert in his assessment of the phylogenetic relaionships. Although the upper car
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nassa o T. punicaisclose to be the same Sze asthe type gecies, its upper firg nolar gppearsto
be relatively larger (Table 1) , a dental proportion suggesting a dightly nmore hypocarnivorous denti-
tion. Werddin and Slounias (1991) suggesed that the Tunisan form do not belong to Tungurictis ,
and ingead , may be closly rdated to Pratictitherium cingulatum from the midde Miocene of
Turkey (Schmidt- Kittler , 1976) . 9nce there is no lower jaw materia in T. punica for comparion,
the new Tunggur materia does not provide new indght into this matter.

In their monographic treatment of the phylogenetic relationships of the Hyaenidae , Werddin
and Slounias s (1991: Fg. 38) proposed a phylogeny in which Tungurictis ¢ands adone in a basa
podtion immediately below Ictitherium and is ssparated from Peciesdf Pratictitherium by Plioviver-
rops and Pratdes. This phylogenetic scheme, however , contains an eement of eculation because
the mgjority of the basd taxa are not included in the analyd sfor lack of adequate meterids, and the
authors cautioned that things could easly change when new irformetion becomes available. Besde
their recognition of the unambiguoudy hyaenid bullar in Tungurictis, Werdelin and Slounias saw
mothing in its dentition to indicate any gecid relationship to particular clades. Hunt and Slounias
(1991) , on the other hand , suggested that the Nei Mongpl pecies possesses such incipient dental
characters as dightly enlarged prenolars and canines and long carnassals that foreshadow durophar
gus dentitions of mog advanced hyaenids. Furthernore, their suggedion that Tungurictis be sub-
sumed within Protictitherium contradicts the arrangement by Werddlin and Slounias (1991) , a conr
troversy that requires further invedigation.

It is becoming clear that basad hyaenids from China will play an increasngy inportant role in
our underganding of the mgjor radiations. In addition to the peculiar bone crushing percrocutines
(Chen and Schmidt- Kittler , 1983 ; Golbert 1939; Qiu & d. , 1988a, c) , basd hyaenids in the
Chinexe midde Miocene are known from at lease three localities: an undescribed Pratictitherium
from Xiacaowan of Jiangsu Province (Li and Ting, 1983) , two speciesof Pratictitherium from Halar
magai Formetion of Junggar Basn (Wang et d. , 1998) , a Thalassictis al o from Halamegai Former
tion of Junggar Basn (Wang et a. , 1998) , and Tungurictis spocki from Tunggur Formation. Such
an array of diverdty in Bag Ada suggeds an inportant center of evol ution for a group of carnivoran
that later became dominant predators during much of the late Cenozoic of the entire Old World.
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