
Key W'ordal Tongxin, Dingjiaorgou, Suidao,

IAbroocboeru, Sexual dimorpbJsm

'Ibe upper Lower Miocene locality of Dingjiaergou (Tongxin, Ningxia, China) has yielded two

speci~ of suids, ~ ~ and K~ gigGB, bofu belong to tbe IJstriodontinae.

B. i~ helps U8 to date fue locality. K. gigGB is represented by a unique collection of 6 8kul18 and

5 mandibles or parts of mandibles. 'Ibis material improves out understanding of tbe taxonomy and

pbylogeny of tbe genus.

Several species of &~ lived during fue early Miocene (up to MN 5), but only fue B.

1Dtilea8llneage is known to have lived on during fue middle Miocene (MN 6) in Turkeyand soufueast

Europe. 'Ibe material from DingjJaergou is referred to th~ Chinese species B. ~, which migbt be

id~ntical with later B.lociAarti or migbt be a true intermediat~ between BuoliBtrioioa and IA8lriolqa.

Dingjiaergou probably belongs to fue Lower Miocene (MN 5) and Inonü 1, witb B. 1Dtilea8, to tbe

Middle Miocene (lower part of MN 6).

'Ib~ only Skull of ~oociOeI'U8 known belonged to a f~mal~ (which js indicated. by tbe canines)

and has two small protuberancea above tbe orbits. All sku119 of K1Iba.ooAo6Ml8 tbat are known,belonged

to males and have tbe same small protuberances and in addition a large median ossicone on tbe

frontals. 'Ibe ossicone more llJtely 19 an exaJnple of sexual dimorpbism than a charact~r to separate two

genera and libyoocAoerus is a jun))r synonym of KUbaROClIoer1l8.

'Ibe holotypes of K. gigtI8, K. ~ and K. ~ reaembl~ each ofuer ver)' much in

morphology and fue variation in size is lea than in the sample from Dingjiaergou. Only the name

KubGa00A0erU4 gigG8 is retained. 'Ibe poplllation of Dingjiaergou is progresslve in reducing fue 8ize of tbe

premolars and increasing tb~ sizc of tb~ last molars ,for this reason a new 8ubspccies name i8 given I K.

gigas lii n. subsp.
Tbree llneages in K1Iba.ocAoeru are pro~1 K~ sp. - K. _i - K. mi~

(awroximately MN 3/4 to MN 6,or ev~n lat~r), K.ü¿~ (approximately MN 3/4 -6) and

K. gigas gigG8 - K. gigas lii (approximately MN 5 to MN 7/8).
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The f1rst scientific recognition of fO88ils in Tongxin area was by the Sino-:-Soviet Paleontolosical

Expidition in 1960 (some GompilOUaerium sp. f~Us were recorded). In 1979,tbe expedition team oí tbe

Beijing Natural History Museum (BNHM) did a large scale survey in northewestern ?fna. From a

drugstore they obtained some very weU preserved moJara and shovel-like inclsors, which carne from

Tongxin. The tearn vlaited Tongxin and since tben .coUected over 15 times in Tongxin. The coUection

consista of many weU preserved fossUs. including complete akuUs and skeletons and la stored in tbe

BNHM.

Since tbé 1910's tbe farmers living near Tongxin supplement tbelr income by excavating deep

tunnels into tbe Miocene sedimenta in order to obtain fossi1s. which they tben seU as medicinal -dragon

bones". The speclmens describcd in this papel .bavo been coUected from one of these artificial -dragon

bone" tunnels (Guan &. Rice,1990). In tbo tunnel,tbe Miocene sequence and the fossiliferous layer

can easily be recognized so tbat we know tbe exact stratigrapbic position of tbe fossils.

Figure 1 The location 01 Dingjjaergou and other localitics in the Tongxjn atea and

stratigrapbical secüon 01 the locality. BN87021 is the MaerzuJzigou where mO8t MIocene Suida carne

trom Farther soutb in Bianchian Valley is located BN8204 yielding BOrne suJd too (Following HarrJaon

el al 1991)

Introduction

152 -



The fossillocality (37~, 104~) is aituated in the Ningxja geological basin (Guan, 1988), whicb

geographical1y belongs to the eastern part of the northwestern Plateau of the P. R. China. 1be Miocene

de~ta are ex~ in an afea of about 350kml.

In the north of the basin, the f~ are found in fluviolacustrine sedimenta consisting of medium

to fine gralned yellowish-grey sandstone ,interbedded with gypsum sandstones and brownish claya and

gravels. The texture of the sedimenta (accumulative curve of the grain size of the sand) indicate a

fluviatile faciea. An ~ysis of the sedimenta of the locallty whicb yielded the Kubaaocioeru material,

shows tbat there is abundant evidence tbat the remains of th1s suid were deposited in a delta facies

(Guan 1988). There is evidence for flood eventa,in particular in the fosslllferous layera.

Near Dingjiaergou and Gujlazbuang, in the nortbern par! of the baain, about 15m to !he

nortbeast of tbe county capital Tongxin town,more than ten f~erous aitea (lee Figure 1) bavo becn

reporte<!. Most of these localities are distributed in two major ff»8lliferous horizons (levols two and

tbree in tablo 1). In the lOuth of tbe basin, near Bianchiagou and WudaoUng there are tour

fossiliferous horizons (levels one to tour).
The fauna from level threo in Tongxin is, IOmewhat older than tbe ricb fauna from Tuna Gu-er

(Nei Mong-gol) and correlates well with otber faunas of the northwestern ChineIe bioprovin~, sucb

as Lengshulgo in Shaann and Cbetuoguo in Qinghal (U et al. 1984, Guan 1988,Qiu 1990). 1bo

fauna is very similar to the fauna of one of the levels of Guangbe (nearby in Gansu Province) and

sedimentation in both afeas was apparenUy aimultaneous (Table 1).

Severa! papera on tbe fauna and stratigraphy of the Tongxin afea were publlshed by a number al

autbora. An introduction to the Tongxin and the history of the collection of f~i1s is given by Guan 8r.

Rlch (1990). Guan,Zbang &. Me (1981) gave an overview of locallties in the area,thelr poaitiona,

lithologies and fauna! liata. Guan (1988) gave a geological map, strati¡rapbical MCtiOns,

sedimentology, fauna! lista, bi~tratlgraphy and a deacription of BOme new elepbant and rhino species

(~ Cobieai, &rbeloloa zIaoapiagea8i8 and OG~ toIIg%iae.8á8). Ba8ed on large mamma1s,

Guan(1988) recognjsed three bi~tratlgraphic levels prior to the entry 01 HipparWa.

The flrat paper was by Cben (1978), who reporte<! the new elepbant Gom,A9t11eriu.ia to.piaeR8i8

from Gujiazbuang near Tongxin. ProbQ9cldea remain the most frequenUy studied aniaml8 from tbe

Tongxin area, Ye (1986,1990), Guan (1988,in presa) and Tobien, Chen 8r. U (1986).

Wu, Ye 8r. Zbu (1991) described the iagomorph Al.loptos from many different localltiep in the

afea and tbey recognjaed many different lithostratigraphycal levels, aiso above the fauna with

KubmIocAoeru.

Qiu, Ye 8r. Cao (1988) describe<! á new species of hyena,Percrocuta yrimorlialiB from a le;vel just

below Maerzulzigou.
Remains of fue gibbon-like ape Pliopilll8Ca8 were discribed by Qiu &. Guan (1986) and Delson,

Guan 8r. Harriaon (1990), Harrison.Delson &. Guan (1991) named fue new species, P.~.
Some of the specim~ns of tbis ape come from tbe &ame locality as fue suids described bere.
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Table 1 Tbe speciea of Guanghe and Tonsxin (adapted from Guan, 1988). Tbe numbers refer

to different fosalliferoul levels in tbe areas.

Tablo 2 Meaaurements of tbe cheek teeth al ~ ~iU8 (tbe amaller apeclmens)

and K~ lilas (all other speclmens) from Dingjjaergou. (Measurements in mm).

..

Qiu.Ye &. Huo (1988) descrlbed a au1d akull and referred lt to KubaRoc1IoerU6~. This

akullla atored in fue IVPP and la not lncluded in out aalnpie. It waa collected in Maerzuizigou .but not

from fue tunnel. where fue BNHM collection comes trom. Ye. Qlu &. Zhang (1992) 8tudled

~ioloa from various localitiea in fue atea.

The unique BNHM-collection of K~ skulls and mandibles allows us to ltudy variabllity

in size and morpbology and a revJaion of tbe gcnua is one of the objectives of thJs study. In the aection

on aystematica a new subspocies of KIIbaocAoerus giga.s will be deflned. A mandible of Buao~

belpa us to date DingjJaergou. However, in order to do tbat, aome aspecta of tbe evolution of

Buaol~ bave to be discuased. The stratigrapbic diBtribuUon of tbe 8peci~ of K~ ww be

discuased.

Measurements and abbreviations

A1l measurements in this papor aro in mm. The way of mouuring Js indicated in Figuro 2.
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Figure 2 Tbe way 01 measuring. Symboll are explained in tbe

Antero-posterior diameter in molAra (3), premolara (5), upper canlnea (4) and lower

femalo canineI (7). In molara,DAP la measured perpendicular to the anterior edge. In

the lemale canina DAP mi&bt be meuured in two waY8,giving different re8ulta.

Tbe DAP ol a tooth expre88ed 88 a percentago 01 tho DAP' of the MI. DAP'a Mx-

(DAP Mx/DAP MI) x 100". For upper toetb,the MI la 'taten 88 a atandard,lor lowor

tho MI.

Labio-lingual diameter in upper (lb) and lower lnci8Or8 (2&).

Mao-distal diameter in upper (la) and Iower incisOn (2b).

Maximum transverle dlameter (dther DTa or DTp).

Tbe DT 01 a tootb exprelled al perccnta¡e ol tbe DT of the MI.

Tranaver&O diameter 01 the 11m lobo in molara (3) and premolars (5).

Tranaverle diamet~r 01 the aecond Iobe in molara (3) and promolara (5).
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DTpp Transverse diameter in tbe tbird lobe in M3 (3).

U Width of fue Ungual side of tbe male lower canino (6).

La Width of fue labial sido in malo lowor caninos (6).

Po Width of tbo posterior side in male lower caninos (6).

R Radius of curvature in malo canines (4) ¡Ri inner radius,Ro outer radius.

V' A measure of variabillty (Froudentbal &. Cuonca, 1984).

V' = 200 x (max.imum-mlnimum) / (maxlmum +minimum)

1bo material d~ribed in tbls papcr 1s atored in tho Beljing Natural Historey Museum. In

addition we studied material from many collections for comparJson. Tbese collections aro llsted

hore,as wellas tbe abbreviation of their names,as used in thi8 papel.

BNHM Beijing Naturcal History Museum

BSOHGM Bayeriache Staatssammlung Far Pal4ontologie und bistorische Geologie,M\1nchen

];M Indian Museum,Calcutta

IPS Instituto de paleontologia de Sabadell

IV AU Instituua voor Aardwetenschappen Utrecht, Faculteit Geologie en ~f:J!sica,

Rijksuniversiteit te Utrecht

IVPP Institute for Vertebrato Paleontology and Paleoanthropology ,Beijing

KNM Kenya National Musoums,Nalrobi

MNHN Museum national d'Histoke naturelle,Paris

MTA MadenTetkik ve Arama,Genel Madürlaga,Jeoloi Etl1dleri,.Ankara
NSSW . NaturwIssenschaftllche Sammlungen der Stadt Winterthur

PIMUZ Pal4ontologisches Institut und Musoum der Univeraitat ,Zarich

PDTF A U Paleonatropoloji ,Dil ve Tarib Cografya Faculteai. Ankara \In1veraiteai

PMNH Pakistan Natural History Musoum ,Islamabad

RGM National Muaeum ol Natural History,uyden

UCBL Univeraité C1aude Bernard,Lyon.

ZMA Zoological Museum ol Amsterdam

DFSCRIPrlON AND COMPARISON OF THE

Material,
BPV-1670 A left mandible of a female with P.-M. and fue roota of P3 and a ama1l ~e, p.

and MI are darnaged. Plate 1.fjgure l.

BPV-928a Leftmandible witb M, and M..

BPV-928b Right mandible witb M, and M.. identical in morpbo1gy and wear to BPV-928a

and veiy llkely 01 fue same indivIdual.

BPV-929 Right mandible witb P,-M..

MATERIAL FROM DINGnAERGOU

BuaoliaC7'ioloa iAtermedius?
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Skull. DorIO-ventrall'Y compressed. 'Ibe anout anterior of pila lackJn¡:, otherwiaeBPV - 930

complete. Left pI,M' and M',ri¡ht p4-M'.

BPV-952 P~terior ha1f of left MI.

Delcription and colDparilon

The IDOIan are ltUl bunooont, but tbe two cuar- in each lobo ~m to be on tbeir way to !orm a

lopbe as in IA.sCr~ (Plate 1 ,fi¡uro l).Such molan are called lublophooont (ForteUue &.Bornor.

1990). The Kdegree of I~odonty. Js intermedjate betwecn European Bu.oti.-ioloa &ud lA6IriolfJ8.

Howevor m~t of tho European BvROl~ Js froro MN 4 and preaumably oldor (MN. ~cogcne

Mamma1 Unlta,Metn,1990).1be 8lze of tbc talon of tbo M' iI variablo,it Js Ion¡ in BPV-930 and

Ihort in BPV-952. Such a varJabWty in tbe lize of tbe talon iI common in Listriooontinae.

1be P 4 has two maln cuape, wbich are equal1y large and wbicb are placed in eucb a way ~t tbey

aJao reecmbie a lophe. Ono of tbe lpec.imena (BPV-929) has a large CU8p on tho anterior ciI\&ulum

(paraconid?) J this iI not tbe caIe in the otber lpeclmen. 'lbo P, fa a limpio tooth with one main CU8p

froro wbich a aingle ridlo d08Ccnd8 to tbc talonid.

Below the P, of BPV-929 tbe root of a canino can be leen. It Js almal1 root witb an oval or -8

-8haped. aection. Al malee bavo large root -leas caninee and a trjanguJar lOCtion at tbe~ ~. tbiI

indJvidual must bave becn a fomale.

The cbeek tectb from Dingjlaergou aro not as oiongato u tb~ from Pasalar , tbey aro large.t tban

th~ of Baoli.IIrW08 l4~ from Veltbeim and InonO I,and tbey are cl~ in 8ize to th~ of B.

lociiarCi and Bwol~ 'P. from tho CaJatayud afea (Figuro 1).

Tho SkuU. has a narrow brain cele and . parietal creet. Tho frontals aro wido and flat and d1ere Je

no indication of tbickening of tbc bone or any kjnd of or~ntation. 1be di8tan~ betw~ tbc

~torbita1 pr~ of the frontal Je 127 rom. 1be zygomatic arc la a tbin Itructure, aithou¡b 1\ mar

bave stood out wide before tbe bODe tbat Js pr~rved In tbi8 area Js Imootb without any relieve.

Althougb tbe p)8terior part of tbe palate iI not well pr~rved,lt ~ma liko1y,tbat the pelate extended

lome di8tan~ beb1nd tbe M'. The approx.1mate widtb of the palate betwecn p4 and M' fa 50 and 52 mm

respectively.

Dl8eualon

The only luid of thJs lize wlth 8ublo¡jlooont molara ia Baoli.-rioloL Moreover tbe loe.uty of

Dlngjlaergou Js approximately of the ase that this animal wu very abundant. SpecieB d~ibed tbat

(probably) belong to Ba"iatrioloa arel

B.loo1AtIrCi (Pomel,1848)from tbo Sables de l'Orleanala,Franco,

B. ~ (Bledermann,1873) from Velthelln ,Swltzerland ,

B. al/iRis (Pilgrim,1908)from KbumbL,Bugtl HillI,Pakiatan,

B.",p/4i (Pilgrlm,1926)from Bba&othoro,Slnd,PakJstan,
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B. jetmelli. (Arambourg, 1933)from Moruorot,KenYA;

B. iRtertWiua (Liu &. Lee,1963)from Koujiacun (=Kou Cbia Taun),Lantien Hsijen,~,

China,

B. fategt1iea8Í8 (Prasad,1961) from Fategad,Kutch,India,

B. ro~ (Yan, 1919) from Erlanggang,Fangxian,Hupel,China and besldesl

B. aff.lotile#8 from Paaalar, Turkey (" IAstriolos ap. nov. -of ForteUua 8r. Bernor, 1990) J

~ ap. asome European locallties have a BullOl~ of a alzo tbat aeoma conaistontir

lntermedJate between B. ZociAar" and B. lGtilea8, for instance in tbe Calata,yud afea (Armantes 1,

Munébtega I,Munébroga I ,Munébtoga 1 ,Munébtega AB and Torralba I ,Spain).

B. af¡i1&i8 and B. pptGi are known from pool material and aro of a aJze comparable 10 B.latileaa

and B. jeaaea¿. B. jealleUi has P4 wltbout a woll soparatod IOCOnd ma1n cusp and B. fategadonsls has a

very largo mI ,indicating a much greater bOOy size iban fue other apecies. Noncof these apccjca will be

conslderod.

B.lati4eu is smaller iban the lossil Irom Dlngjiaergou and B.lockiarti is of about the aamo aJzo,B.

alf. lati4ea8 has cheek teetb tbat are more elongato (Figuro 3). The Calatayud material ja a1i¡htly

smaller and might represent a diflerent species or belong to B. loc!/lara or B. la~. 1bis material (or

at least m~ 01 lt ) diffors in lts lesser devolopment 01 lophodonty..
B. ~ is known only Irom tbo posterior lobe of an MI or M, f tbe widtb is 16 mm. Yo Qiu

&. Zhang (1992) aasignod material Irom varloua locallties in Tongxin to B.~. B. ~ waa

initial1y placed in lA8b-ioloA, but la not IUlIy lophodont. All tbia material la simllar to tbo material from

Maerzuizigou ln aize and in degreo of lophodonty, assuming tbat the holotype of B. ~ la an

MI. B. i~iu& has prlorlty ayer B. ~,but lt aeems prcferable to use the speclea name tbat is

attachod to good type material, alter all lt la not known which tootb tbe holo1ype of B. ~

repr~ts.
The fati tbat tbe Buaoli&trioioa Irom Maerzuizigou is intermediate ln lts degreo of developmcnt of

the lophes between Li.8trioiqa and ~t otber &aoli8triodon is lntersoting. European B..di8b'~ Irom

MN 5 is rare and "intermediate- forma similar 10 fue Chincso onea mlght turn up in Europe aDd jpdeed

BOme of the European specimens do seem to be more advancod. At present it is not yet clear w~ la due

10 individual varjability and what to evolution. lt la posslble tbat fue Tongxin and Erlanggang ~terial

representa a later stage 01 evolution, tbat a1ao i8 lound in Europe. On fue basla 01 tbe preson' ~ta, it

eeema justiflod 10 maintaln B. iaterrr&liu& (or B. r.-.) as a separate Specles.

The skUll from Tongxin resembles fue skull of L. spleUeas from Simorre (in fue MNHN) , but

skulls 01 ~~ are rafe and tbe value 01 tbe reaemblance cannot yet be a88e8ed. More material,

such as the 11 which has tbreo lobes in D.lookiarti and two lobes in Li.&triolqa, la needod to dttermine

the place 01 tbe Buaol~ Irom Tongxin ln tbe evolutlon of tbe LJatrlodontinae. HowOl'Cf, tbe

material Irom Maerzuizigou la certalnly diflerent Irom tbe B. aff.laa4ea8 which la lound in PaaaIar.

Thia last obeervation Js 01 lmportance lor tbe interpretation of tbo age 01 Macrzuizigou.
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Figure 3 SCatter diagrama of the lower cheek teetb of ~. Legend I 1) the bolotype of

&,.ol~ lockAm'ti from tbe Sables de l'Orleanais (MNHN), 2) ~ioloa iIItermediU8 from

Dingjiaergou (BNHM) J 3) BaMZi8trioloa Wci1Iarti from Monteagudo (measurements from AlUbia et

al. , 1987) J 4) Bu8oli8t1'~ iateI'meliu from Erlan¡gang (data from Van, 1979) J 5) the b910type

of Buolistrioioa latideas from Veltbeim (NSSW) J 6) BIIaoli8trioloa latilea8 from In6n\1 I (MTA) J 7)

~iOlOI& &ff. lati4eas from Pasalar (PDTFAU &. PIMUZ) , 8) BaoliaCrioloa sp. frQJn tbe

Calatayud afea (Armantes 1, Mun~brega 1, Munébrega 1, Munébrega 1, Munébrega AB and

Torralba I , IV AU).
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BPV Skull and mandlb1es of a maleo Al! check teeth, upper incisora, upper caninea and tbe 1eft

10wer canine are preaerved. Tho anterior part 01 tho aymphyaJs Js lacking and tilo

posterior part 01 tilo akull Js deformed and broten off behind tilo ?rbita. M~t 01 tbo teeth

cannot be measured because 01 fue aediment tbat bolds tosotber tbe 8kul1 and mandlb1es.

BPV -901 Skull 01 a malo witb 1eft C- ,pi and P'-M8 and ri&bt P,~ ,pl and pa-M8. 1be

p~terior part of tbe 8kul1 Js broken off IOIDe 6 cm beblnd tbo M'. Beca~ tbe

area of tbo frontals Js damaged ,no trace of a frontal ossicone can be leen.

BPV - 902 Skull of a malo witb 1eft P' - M8 and ri&bt ~ - MI. '!be frontals bave stll1 tbe

basis of an osslcone. The anterior part of tbe premaxillari- Js broten ofl.

BPV - 903 tbo alveoles of botb C- .1be frontal ~icone Js preaerved.

BPV-904 Left ca.

BPV-905 Mandib1e of a male (1) witb 1eft PI ,P,-M8 and tilo root of Ca and ri&bt Ca,P8-

M, and tbe alveoles of tbe PI. The ri&bt MI Js not well formed,it was never used

and it Js be10w tbe occ1UBal plane 01 tIle otber teetb ,apparentiy a patbo1o¡y.

RJght mandlb1e with Ml-8 and roota of tbe P.. '!be teetb are we11 worn.BPV-906

BPV-907

Js In a very b8d atate.

BPV-908

BPV-909

BPV-910

BPV-911
BPV-921

BPV-922
BPV - 923

BPV-924
BPV-1671

Descrlptlon alid comparLton

The morphology of fue moJara and premoJara fa sim1lar b1 tho differont apecJ~ of K~

and is doscrlbed in severai papera (Arambourg,1961 &. 1963. GabunJa, 1960,Uu &. Lee, 1963,

Pickford,1986.Pearson, 1928.Pickford &. Ertl1rk, 1979.Qiu, Li &. Wang, 1981, Qiu, Yo &. Huo,

1988J WUkinBOn, 1916 &. 1918). Here,Only BOrne elementS wiU be blgbllgbtect.

'1110 P. has ono main cuap, but itl abapo is llko tbat, that ano mjght al8O .1 that tbero aro three
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Rjght alÍd left mandiblos of a malo witb rJ¡ht and 10ft I1 and l.-M.. Tho 10ft MI

. Left mandible wJtb MI_' and posterior root of P.. The pJece js JdentJcal to BPV-

906 and may have belonged to the lame individual.

Skull of a male. witb allleft and right c~eek teeth and alveolea of fue lnclsors and

canlnea. Part of fue premaxJllarJea ]s broken off. A frontal osslcone js entlreIy

¡x-eserved.

Nearly complete skull of a young male. FrontaIs pr~rved, tbcre la a be8innin& of

a frontal ossicone. Only part of fue occipJta1 lacking. AU teotb preaent. lave fOl

rigbt and left P.

Left and rigbt mandible wJtb aU teetb lave for fue left l..

Right ce.

Left MT l.

Left calcaneus.

Left astragalus.

Rigbt mandible wJth MI",



cusps very cl~ to each otber. But then tbose cusps are placed behind each otber ,in most speci. of

BuMli8b'ioloa there are two cusps next to each other. Tbe P1 does not bave two well separated roota,

like tbe P1. Both pl bave a 10w Clown, indicating reduction. Measurementa of tbe molars and

premolars are ¡lven in Table 2.

Tbe canincs are large (Table 3). Tbe male upper canincs (C-) bave a curvature witb a great

radiusl BPV-921 bas Ri-11 cm and Ro-15 cm and BPV-904 has Ri-10 cm and Ro - 14 cm.

BPV-921 does not ahow an enamel band,but tbe tip Js worn away completely. BPV-900, BPV-

901, BPV-902 and BPV-904 bave ename1 banda at tbe ventral aide, whichmay bavo a widtb of

30 mm. A canine from Gebe1 Zelten has enamel banda only in tho upper 6 cm of tbetootb. 1be lower

canines are sligbtiy acrofic in aection, which means tbat tbe width of fue labial side Js leas tban tbe

widtb of the posterior side (Table 3).

(Measurements in Jnm. )

One mandible

,&,tI8 from D1ngjiacrgou.

The aection la VerrUCC8e (~erior-905) shOW8 the tip 01 a(BPV
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side narrower than labial side) and thero is no onamel at tbe posterior side. It is not clear whe&her tbis

is tbe canine of a male or of a female. Caninea of fomalea of Li.8lrio4oa (unliko in m~t Otb08 suids)

alBO lack enamel at tbe posterior side. Tbo tootb does not project much from th~ jaw ,indicating tbat fue

individual migbt be a female. But fue enamel is very tblck (unlike in female lÁ.strioioa) and disappears

into tbe alveolus (whereas in females usual1y ,tbe lower limit of tbe Clown can be seen). Tbis auggest8

tbat tbey are male caninea, tba:t did not fully erupt. Usua1ly tbo canino is one of tbe first pertnanont

teeth to erupt. Tbo lame maniblehas aiso a patbologiC rigbt MI tbAt did not erupt,the M, is sti1l freah,

buf fue P. aro worn. In tbe upper end of a canine, fue widtb of fue posterior sido may decrease more

(a "scrofic" canine may be "verru~. near tbe tip). It is not clear whetber tbis individual was a

female ot a malo, but. we are inclined to tbjnk it was a maleo
Skull BPV - 910 has canines tbat are just erupting. Tbe caninos must be male, because of the

wide very rugase lingual bands of enamel, which is very unliko in femalo listriodontino canines. In tbis

skull 'tbe M' Just erupted and is not yet worn. Uaually suid caninea erupt at an early stage.1'bo Itull i8

in a allgbUyear~er atago of dental developmont tban mandiblo BPY-905,aince its r bave-not yet
. )

fully orupt~. Either skull and mandible belonged to two individuals witb an abnormal tootb UQption,
patterns,or\tbe caninea erupt late in K~..

Tbe inclsors have the typical morpbology of tbe Ustriodontinae. Tbe I1 18 wide,but wiShin tbis

subfamily it is among tbe narrowest (Figure 4 shoW8 an increaae in DMD /DLL ratio, ~ is not

plotted, bu( it has 'wider incisors than ~ ,lAve for tbe MN 6 forro). The 1, has a ~y low

Clown and: appears evén narrower ( leas listriodontine like) than fue first two; incisoN. Tho

measuremell'ts are given in Table 3. The Jl is as wide (DMD/DLL ratio)' as thc.e of fue earller

&.oli8b'~ Tboro aro two wel1 separated lobes. There aro many Jl frOro Ge~ Zelten aad tbey

sbow that thero is a ireat variability, both in size and in the degree of ae~ation of tbo two l~ Tho

r from Dingjiaergou are clc.e in lizo to tbe r from Belometchetskaya (holotype of K. r.-.),
Quantougou (= Oluan Tou Kou; paratype of K. gig", widtb approximately 4 O mm, takon from figure

2, Pearson ,1928) and Koujiacun (holotype of K.laat~fwidtb 39.5 mm,Liu &. lee, 1963).

These teeth are much iarger than tb~ from Gebel Zelten (Figure 4). Compared to K. ~ tbe

incisors of tbese species are some 150 % as large,but tb~ of Maerzuizigou oyen up tO 170~.
The ~bles are deep. In BPV - 905 fue lower edge of tbe mandible is 77 mm below P" 72

below P. and MI and 73 below M,. In tbe &ame specimen,tbe lengtb of tbo aymphysiJis 145.5 rom,

measured ftom fue linguai edge of tbe alveolus of l. to tbe posterior sido of tbe 9mpby" The

tbickness,~ured.per~ndicular isapproximately 30.4 mm. In BPV-907tbe lengtb of tbeeection

of tbe sympbysis la approximately 18 cm. The posterior end of tbe sympbysls 18 below fue P,. no area

with tbe symphysis and incisors is wide in comparison witb non-listriodontine suids. Lengtbl of

diastemas and distances betweon teetb in tbe canino region are given in Table 4.
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Figuro 4 Scatter diagrams of fuo inclsors of &aoli8boiodqa and Kuba8oc1Ioer1I8. Lc&~ I 1)

BIIROli8Ó"iol.o8 atf. latiJ-., from Paaalar (PDTFAU &. PIMUZ) , 2) B. att. lati4ea8 !fom Candir

(PIMUZ) , r on1y, 3) tho bolotypc of B.lDtilea8 from Veltbcim (NSSW), lowcr inc.i8ora 081'1' 4)

B. latil8a8 from Inonü 1 (MTA), 5) W~t Európcan ~, 6) KIIba8OoAoer1I8 ~ !fom

Oebel Zelton (MNHNP), 1) fuo bolotypc of K. ~ from Nanbawangou (IVPP), lowor

incJaors only, 8) K. giglJafrom Dingjiaergou, I1 and r, 9) the bolotypc of K. ~ (meaau~mcnts

from Gabunia, 1960), r only.
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A11 skul1s belonged to malea,as can be derived from fue caninea or alveolea for tho canlnea. Tboro

is no cresta alveolaris abovo tho caninea. Tbo most striking character aro tho frontal osslconos in tho

middle of tbe frontAls. Tbe osslcone la directed forward and sligbtIy upward. In sido viow it js curved

sligbtIy 80 tbat it la more inclined at tho basis and more horizontal at fue tipo Tbe ~icone of ~-909

is 18 cm long and it has a widtb of 6 cm in fue mJddle and 7. 3 cm at fue base. It has a transverae

section that la oval.but in BPV-903 fue <*icone is narrow,with a round secti,on and tbe basis of fue

osslcone which la presorved in BPV-902 indicatea also a narrow osslcone, as in tho speclmen from

Maerzuizigou, Tongxin doscribed by Qiu, Ye &. Huo (1988). Qiu ot al. described a "horn- tbat alta

on top of a separate pedicle. Tbe pedicle was supposect to be an outgfowth of tbe frontAls and tbat the

"horn- a separate boDe tbat lator in ontogeny would fuse to the frontals. In our specimeos no,8uture

separatlng a horn and a pedlcle can be leen. Someone found the "horn- on tbe ground,wheroas the
skull was stil1 in the rock. It is possible that the "horn - was sticking out of the rock and brokc off,

lateron erosion obliterated the plane of the fracture. Above the orbita fuete are low cpnical

protuberances as in the skull of a female of K. massai from ~bel Zelten, but they project more

laterally.Skull BPV-910 has oniy fue base ol a pedicle. At the level of the orbita,fuere la a tranaverse

elevation wifu a protuberance in the middle, the anterior 8urface is vertical and overturning and fue

posterior surface b genüy inclined. Tbe structure looka like a breaking wave. It is stil1 a young

individual,as appears from fue MI and caninea which have just erupted ,and it is likely that the pedicle

too was being form~ at the time of fue death of the animal. We aaume,~t the podllce grew out of

fue frontais.

No lacrymal foramlna were found at the place where tbey are preaent in modero 8ulds.1b~~ la no

deep preorbital fossa and fue antorior part of tbe zygomatic are form9 a wide flat surface beJpw the

relatively smal1 orbita. In our spoclmens,the lower border of the upper molars. but Qiu et al. (1988)

state that ~ lower in their specimen. The parietal and occlpital area alopes down backwards aI1;d tho

occlpital crest (as inferred ,lince it la not preaerved in any of out speclmens) is in a low positiQn. In

other swds the occlpital region tends to be fue higheat part of tho skull. 1bere la a aagitta1 cresf., as in

other Listriodontinae, but it is very pronounced. 1be occipital condyles and foramen ma¡num are
large in comparbon to fue other elementa at the back of the skull. In BPV - 909 occipltal surJace is

well preserved and the nuchal crest is seen to be narrow compared to the condyles (DAP 73 mq) and

foramen magnum (DT 23 mm). In m~t specimens fue postorior part of the paiato la broken ~f, but

the remains extend over 105 mm behind tho Ia.,t molars. The lengtb of the skulls is about oqua4 lODle

70 cm. 1be lengtbs of fue diastemas are indicated in Tablo 4.
Tbe premaxll1aries extend to above fue pl. In fue specimens that are not compressed, the

premaxillaries at the level of the incisors are twice as wide as fue palate between tho check teofJ1. In

BPV-910 fue diastema between II and Iz is 20 mm. The distanoe ol fue Jlto fue posterior margin of

fue C' is 46 mm.
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Table 4 Distances between premolara and canlnes in Kubaa00A0erU8

Measurements in mm, tAken as indlcated by Van del Made (1991).

Table 5 Sizes of K~ compared: mean of K. mlI88ai from Gebel Zelten, holotYpe of

K. m~ from Nanhawangou. holotype of K. gÍfa8 from Quantougou. holotype of K. , from Belometchetskaga, holotype of K. lGatie11e1&8i8 from Koujiacun, holotype and paratypC8 pt K.

kkU~rU8 from Gebel Zelten. The mean of the sample from Dln&lJaergou Js taken as lOOYó. lo the

sarne way the lalge and the small teeth from Dlngjiaergou are compared.

gigtI8 from DingJI~rgou.
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The astra¡alus dlfferl from the ~ and Baoli8tTioloa 88traplU8 in bavin& a rJdg8 borderina

fue lustentacular facet, lu1»tantiating tbe Jdea of Leinders (1976) tbat fue flat IU8tentacular facet in

Li.8t1'ioloa la a derlved cbaracter (but lee remarka Van der Made, in Gebel Zelten tbe cbaracter iI

variable. The Gebel Zelten 88trapli measure 62"" 01 fue Tongxin 8peclmen, but are not 80 wide

(length measurementl 68Yt, wldth measurementB 55"" n - 2 or 3). Measurementl lor Tonsxin.

externallengtb 82.2, internallengtb 71.5 and lengtb in the mJddle 62.6 mm,proximal wldth 46. O,

distal wJdth 52. O mm, width al fue facet for fue cuboJd 19. 9 mm and radiua of fue proximal roller

44. 7 mm.

l' . 1
62
:1
.6
07
~ I

.
. ,. . -: ,"". ... .

The calcaneua bu a deep grove over tbe back 01 tbe bead... la ~cal for Liatriodontinae

(L8inderI. 1976). The Gebel Zelten Il)eCimena bave on averaae a me of 66" of tbe Ton¡xin

8peclmeO (o - 1 or 2). Measuremeota for tbe Toogxin apecimeo. tuber. DAP 41.5. DT 17.3,

DAP at tbe auatentacular facet 46.2 and DT 40.2 mm, tbe dJstanco from tbe 1Ulte0tacular facet to

tbe bead i8 =f:99 mm.

A metapodial (MT ') has a max1mwn lengtb 01 142.9, a proximal widtb 01 36. 1 and dista1

widtb 01 29. O mm and Js larger tban ita equivaleot from Gebel Zelteo (wbich la 73" tbe aize of tbe

Ton&xio apecimeo. o - 10r 2).

D
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.
.... .. ... . . ." ..

. .
"

AA.
. t.

f!

9 l'. .

Figure. 5 The Same Sketch as Figure. 4 oí l' oí Suids
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Figuro 6 Scatter diagrama of tho promolara of K~. Legendfor figures 5 and 6.. 1) K.

1~ lrom Gebel Zelten (measuremcnts from Wllkinson ,1976) I 2) K. gilM from Din&jiaer¡ou

(BNHM ), 3) upper cboek toeth of tbe tbroe Jarger sku1Js lrom Din~gou ( BNHN ), 4)

KIIbGIIOcAoerN lrom Quantougou, tbe bolotype of K. gigIJ8 (upper cheek toeth) and K. m~ (P.

and P 4) «('4,8t of bolotype in tbo IVPP and roeasurements lroro figures, Pearson, 1928), 5) tbo

bolotype of K. rdN8Qs8, Belomotcbetskaya (Meaaurements from GabunJa, 1960), 6) tbo bolotypo al

K.la~ from Koujiacun (Uu &. Lee, 1963) I 7) K. mG88Iri froro Gebel Zelten (MNHNP), 8)

K. miftAee88is from Nanbawangou (only lower cheek teeth; IVPP).
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The lower dentition is bomogenous in size. In fue upper dentition fue teeth of tbree skuUs are

larger (Figures 5 &. 6). Only fue Lengtb of tbe M' is mucb greater (Table 5). Theae teetb bave tbe

greatest coefficients of varlation and V'. Tho M' in tbo larger specimens are also more elongate.

Presumably fue large speclmens are just extremesand do not represent another taxon.

In Figures 5 and 6 fuete are tbree main clusters I tbe ama1lspecles K. tna88QÍ and K. m~,

fue large K. üi~rv8 and fue intermedJato K. ligas, K. ro6u88, K. ~ and fue materIal

from Dingjiaergou. A p, and P. of "K. giga&" from Quantougou bave fue size of K. miIIkeeII8i8, lt is

more likely that they belong to K. miaieea8Í8. ~ ls not strange as two 8pecles of one genus mar bavo

been sympatric. If tbe averages of tbo sizes of fue cheek teetb are compared and if tbe Tongxin sample

is taken as 100% then K. ~Js 85%, K. miaAee1&8i8 82%, K. ihi~ 118% and.tho other

spocies aro about tho same size (98,100,106%). Note that 85% 01 117 Js 100 and that tho amaller

spocies aro about 15 % smaller and K. tm.~TU8 as much largcr. Sizc dlfleronces in relate<!

sympatric specles tcnd to bp 15" (Vander Made, 1990 b).

Discuss1oD

The species d~ribed tbat in our opinion have to be placed in K~ are I

K. giga8 (Pearson. 1928) from Quantougou (- Cluan Tou Kou). Ping Fan Hsien. Gansu.

OIlna , .
K. ~ Gabunia. 195.5 from Belometchetskaia. Stavropoi region. Russia.

K. ~i (Arambourg. 1961) from Gebel Zelten, Libya,

K.laatiaBaBi.a (Liu &. Lee, 1963) from Koujiacun (= Kou Chia Tsun). Lantien Hsien.

Sbaanx.i. China,

K. ~ (Wllkinaon. 1976) from Ge~ Zelten. lJbya,

K.miRiee88i8 (Qlu. Ll Sr. Wang. 1981) from Nanhawangou. lJerbao. Minhe county. China.

As we have seen. in the cheek teeth there are three siz~ ol K~ and it f.9 obvi~us that

the animal from Dingjiaergou migbt be idenücal only with the intermedjate species. K~AoerN

,iglJ8. K. r0bf&8tU8 and K. laatieRea8i8. U these apecies are compared to each other n~ lmportant

morpbological differences can be found and fue sizea are very 8imilar to each other. The cheek .teeth of

fue three holotype8 usually ahow lea variaüon in size than the populaüons from Dlngjiaergou and

Gebel Zelten.. We consider them as 8ynonyms~ the valid name f.9 KvbaR0cA0eru8 gigIJ8.

There are aome differenCe8 bowever. between the f<*iJs lrom DingjJaergou and tbe tbree

bolotypes. The typical K. gigIJ8 tends to bave longer premolar rows. special1y tbe P2 la longer.and the

M3 tend to be relatively amall (Figures 5 &. 6). Later. tbi8 will be discussed in more d~. 'Ibe

differences are 8mall and part 01 the Dinsjiaorgou populaüon is ,üll at the leve! 01 ovolutloa al tbe

three holotypes. As the Dlngjlaergou populaüon indicates a new trend in fue ovolution ol tbo apodes it

la uaeful to reflect tbia in taxonomy at the 8Ub8peci~ level (seo eecüon on aystemaücs).

The akull from Tongx:in.described by Qiu. Ye &. Huo (1988) tends to bave large premoltrs (pa.
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P"P') and amal1 MI. We do not know wbether th1s 8ku1l is ~ ~-:on8Crvative momber- of. ~u]ation

witb tbe same 8tage of development Al out sample or wbetber is a an average repreeentative of an older

population tbat WAI lelS advanced in roduction of premolars and enlargementl of MI. alao 1ta P are on

tbe 8Inall &ideo

EVOLU110N AND

The m~ intriguing feature of K~ is tbe oaicono on tbe frontaJI and 1t la u8Od to defino

tho aenus. Several authors rocognize anotber gonus of gigantic 1UJd. Libr~ Aramboura. 1961.
witb type speciea - LiJJrooojo.,u. ~ and pla~ fue two genera in a leparate lubfamlly

Kubenocbocrinao GabunJa. 1958 (for in8tanco. Pictford. 1986). 1be Only akull 18ignod to

lAbyoooAoorus. la tho skull of a fomale of KaRociloerN massai from Oebel Zclten (as inferrod from tbo

caninea. which aro different in femal.). 1bJs akull has two lmall protuberanca. one abovo each

orblt. but no 088icone in the ml~e of tbe head (Arambourg. 1963). The OIIicone fa u..ect to eeparate

tbe two genera. along wlth IOme characterl of l-.er Importance liko. 8ize and ImplantaUon of the

upper inciaora. tbe 8hapc of fue posterIor part of tbe palate. tho ltate of roducUon of tbe premoiars. the

shape of fue nasaiI and tbe degree of elongaUon of cbeek teetb. Tbe alze al tbe firlt promoiar la usod to

place BJJMl~ jeaaelli in ~u (Pickford. 1986. 1988,Qiu ot al. 1988).

Tbo &ample from Tongxin lnclud08 a fomale without a9Sicone and ~eral Inalea witb _coneo It

fa clear tbat the character ilaub;,ct to lOxual dimorpbism and cannot be u..ect to eeparate K~

and lAbrcocAoeru. Tbe oesicone la a strlking difforonce between tbe two types of skulla and draws tbe

attenUon away from a peculiar common deriv~ character. the protuberan~ above tbo orbits. Tbere

are no otber suida tbat bave such atructu,.. In addiUon to baving fue lame general 8kul1 lhape. tbe

sarno k1nd of dentlUon and a gigantlc lize fue Ikulia .bare thiI unique charactor, th~ two -genera.

cannot be relatad to anotber species iban to each other.

Tbe sbape of the ~ior part of tbe paiate was u88d to separata K.t 8ocI6ci and Ik..~..,.~~..t.

8u bG7'bGtu8 has a paiate that extends very much behind fue last molara and 8. *"'O/a has a palate tbat

extends only very UtUe poIterlorly and there fa a whole range of morpbologlea of tbe posterior border of

fue palato in fue genus 8u.t. We acree tbat fue character mar be a useful one. however. f~ separating

tbo speclos of K~. not for "paraUng genera. In K. mG8aJi tbo palate extenda approximately

1 cm bchind tbe 1ast molara. in K. giga. over 10 cm. A fragmentary akull of K. m~ in tbo

BNHM also has the palate extending much bebind tbe 1ast molara.

Tho elongatlon of cheek tectb (increase of length compared to widtb) la a common trend in many

difforent linos al Suoidea. K. ~ has check tectb witb a s1ml1ar degree of olongation as K. rigG8 and

K. ai8e8Ñ. but the check teetb of K. .~~~M18 and K~ &p. (Van der Made. 1992 b)

from Baragoi and W cst Stopbanio are widcr. Tbe type speclee of librooc"'" fa K. mG&Wi. tbo

elongatlon of cheek teeth cannot be uscd to "parate Kvbaao<'Aoeru and IAbfoooIoeru.
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Figure 7
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'Ibe other characters u8ed to separato the "genera;-, Uke size increaae or reduction of cheek teeth,

such as the Pl, and the me of dJastema, should be studied with cate, preferentially largor amount of

material should be compared and variabllity in a population should taken into account. 'Ibe length of

diastema is highly sexually bJmodal (Van del Made, 1991).

In Suldae, m~t of the teeth are subject to size incrcasc or reduction in one or another lineage,

llke reduction of the premolars and increasc in relativo size 01 the M3 in SpcclOS with herbivorous

spccializations. 'Ibis la another thing as that the entire an1mals changos in alze. 'Ibe s1ze changos are

relativo s1ze changos. Body wcight of mammal8 is related to tho alze of the first molar (Legendro,

1986). To atudy the relative a1ze8 of cheek teeth, the aizes of theae teeth are expreaaed as perccntages

of the alze of the first molar I DAP' and DT' (see sectlon on abbrevIatlons). Changea in tho relative

sizos of the premolars foUow a ccrtain pattern (Van del Made, 1989) I first the premolars become

longer, later they may be reduced and diastemaa start to grow. IdealIy such a eequencc may be Uke

thisl first there are no diastemas and there la a s1ze increasc from Pl to P4, then premolar aizo 8tart to

increaae, the alze increascs more in P3 than in'P4 and even more in the P2, fue longeat premolar

becomca the P3, in a later stage tbe P2. During th1s procesa the premolars become a1so more elongate,

P2 becomea more elongate than P3 etc. and diastemas are formed. Rcductlon atarts in the Pl, later

when tbe PIla very smallit atarts to affcct the eecond premolai, but tbe P3 and P4 are not affected at

all at thJa atage, onJy 1f fue P2 becomos Ver)' amall tbe p3 will be affccted etc. In a aim1lar way tbe

tast molars change tbeir sizosl the M3 becomcs much larger and elongatod, tho M2 is lcsa affected.
In Figure 7, DAP' - DT' 8Catter diagrama are given for the Ustriodontlnae. For comparison

s1mUar diagrama are given for a populatlon of Bus 8Cl'oJa ~ (the lame aample was ltudios for

sexual bimodality, Van del made, 1991). One thi1.1g ahould be borne in mind, fue varlabllity cannot

be compared directly. 'Ibe DAP' of the M3 of S. «:roJa has valuC8 from 201 to 241"', a range of

40'" and the DAP' of tbe listriodontinae vari~ between 142 and 213"', a range 01 61". Since in

the firat case all. valuos are much higber, the rango la relatively amaller, cxpressed in V' I 18 for tbo

firat case, 35 in the eecond casco From Figure 1, it la apparent that B. j«I.azi had aignificanÜy largor

Pl and P3 and tbat Ii.8trio4o-. roduced tbe size of its premolars up to the P3 and P2, but it la not

apparent that all apecios that were placed in Librcoc1loenl.t havo longer premolars than th~ that wero

placed in K~ or other apecies of BfIaoli8trioloa. From thJa point of view all K~

and &ao~ are intermedlatc between 'B. jeaaelli and IA8triolO8. On the basis of theN data,

nothing more can be aaid than that B. jeGIÍoUi might be the anccstor of all other ~,

K~ and Li.strioloa. As long as there is no cviden~ of a real ossicono, or protu~ranccs

above the orbits in B. jeaulli we prefer to retain the genua in ~.

Comparlng the variabillt,y in Bus and Kuba.ocAoeru in Figuro 8, lt appears that a1ze differenccs in

P2 and P3 between the Dingjiaergou and other localitios are very l1kely a1gnificant. It is al8o apparent

that the varlabillty in DAP' of tbe M3 la areat (V' - 24) and tbere seem to be two clusters, in this

population !he last molar may bave bcen in the act of evolving larger and lonaet. 'Ibis is a oommon

trend.

I

I

~
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Figure 8 &atter diagrama of DAP' and OT'. Left coIumn, Bu crofg, mickIle and rigbt

columna LiatriOOontinae. Le¡end. 1) K~ fÍfu from Din¡jiaer¡ou (BNHN), 2) K. fÍfM

from other localities, 3) other apecles of KabtJ.ocioeru, 4) ~ .,;...ui, 5) other apedes of

BII8oli8tI'ioloa, 6) IA*ioloa (not for M3), 7) malo 8-" ~fG viIiDI86 from Dell, Sumatra, IndonesJa

(ZMA), 8) femaJe Su& 8CJ'ofG vitf4bI6 from DeU, Sumatra Indoneaia (ZMA) ,
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Increasin¡ am and meao-diatal diameter of "width- of tbe incJlOra. and in particular tbe 11, la a

common tendency in Uatriodontlnae, lee tbe aection on ltrati¡ra¡i1y of K~. It la PQ8ible to

treat tbe lubject in tbe lame way as for tbo premolars, but wo will not do tbat bere and juat note tbat

incisorl of K. giga8 and K. mi~~8i, aro relatJvely larger tban tb<»e of K.~. 1bo incisors from

Din¡jiaergou are largo, but not alwaya larger tban tboso of K. tifa from otber locaUti.. 1bere 8Wl

migbt be a trend in aize increase witbJn tbe Ipecj., altbougb the Jndlvidual8 from DJn&Jfaergou mi¡bt

juat be largor.

We lack important data on K. .I:~~~f'8B, and K~ ap. from Kenya, wbich la

characterJzed by wido cheek teetb. Nevertbel.. we try to ¡ive a tentatJve model of evolutJon of

~. Initial K~ bad wide cheek teetb, and lAve riae to tbe larce K. l_z1Wiru

and tbe Imaller K~ 'P. from West Stepbanie and Bara¡oi. K. ~ mar bavo

become oyen largor, as apecimens from Maboto, Nyakach and In6nll 1 are largo in compariaon to

tb<»e from Oebel Zelten. K8I.I8OCbru ,p. mar bave decreued tbe widtb of ifa check teetb and

becarno K.~. K. ma..i migbt have evolved into tbe equally large K. ~ by elongating tbe

palato and increuing tbe aize of tbe incisora. K. fiIG8 mJ¡ht be an of Ihoot of tbat lineap, it lharea tbe

two charactera witb K. mi.iee8IiI, butia larcer.

One obIervation mar be of intereat for findJn& tbe originl of tbo UstriodontJnae. Recent

Tayaau1dae do not bavo foramina lacryma1ia, ~ lame eeeml to be tbe case in K~.

~ and w,Aoli8triolo8 (Van der Made, 1992 b). Recent Suidae bavo foramina 1acryma1la.

1be lame la tbe c:ue wltb H~. In C~ (alao placed in tbo byotberiinae) , foramina

lacrymalla mar lack, but uaua1ly are pr..nt (Stuenea, perlonal communlcation). LiltrlodontJnae are

commonly derived from Hyotberlinae (Por inltance, WIlkJnaon, 1978 and Tbenlua, 1979). A1Io tbe

¡enua K.., la tbou¡bt to be a pr1mitJve member of (whAt we can) tbelJlul0d0ntJn&e (Plokford,

1986). K.r488 seems to have foramJna lacrymal1a (Van der Made, 1992 a) and unl~ foramJna

1acryma1la dje.,.~-ved in differont Uneagel nei&ber X..,... belonp to tbe UatrlodontJn&o. nor d1d the

HyotberUnae evolvo into tbe u,trlodontinae.
Below, we ¡lvo out v1ew ot. tbo I~ti~ of Ka.oc~, Includ1ni Ibe new '\I~ trom

Dingjlaor¡ou.

~

I

I

Uatrlcx1ontinae Lydekker, 1884

Emended diagnaIJs I SukIae wlth 11, 11 and 12 wlth wide and low crOWn8.

Type genusl IAatr1oloa Von Meyer, 1846

Emended diagnosis I

upward.
Type Ipeci-: LA*ioioa ~~~. Von

Meyer, 1846
wltb bigh crowned ~ tbat curvo outward and

lA*ioio8 Von

Meyert 1846.
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Bunolistriodoa Arambourg, 1963

Emended dJagnosis. Listriodontinae tbat are not (fu1ly) lophodont and in which fue males do not

have an ossicone (Uhorn") in fue middle of!he frontal, fue inclsors tend to be moderately to very wide

for Listriodontlnae.

Type species. BImoli8b'ioloa loo1AarU (Pomel, 1848).

Kuba.ocioeru GabunJa. 1955

Synonymy, Kubanochoerinae Gabunia. 1958

L.Cb~ Arambourg.1961
Emended diagnosis, Large Llstri~ontinae in which fue males bave an ossicone (-horn») on fue

frontals.
Type species, K. gigtl8 (pearson. 1928) (originalIy K~ 1'obu8Cu8 GabunJa. 1955. but

this is a synonym al K.fiICIB).

,},.

SynonymYI
1928lA1trtolO. ~8p. nov., Pearaon, pagea 8-12 partJally, Text-figurea. 1,2,3,4e,S.
1960 K~ r0'-á8 GabunJa, 1955, GabunJa, 87-97, platea 1 - V.
1963 ~ 1a.Cie888i8 &p. nov. J Liu &. Lee, pagel 293-296 and 301-302, text-fiJur.2

&. 3, platea 1 " and N.
19631Aatriolo8vigo- Peanon, Llu &. Lee, pa8e8 292-293 and 300-301, ptate l.

? 1963 ? Ü8trioloa .p. , Uu &.Lee, 297-299 and 303, plate V , figures 2-8..
1973 Ku6G8OCAoeI'u""" Gabunla, Gabunia, pases 76-94, figures 18, 19,20,22b.J ptate

VI , figures 3-':' 6, plato W , figur- 1- 4.
? 1988 K~ ~ (Uu et Lee, 1963), Qiu, Ye &. Huo, pagel 1-19, text-

figures 1-5, platea 1 - l.

1989 K~ sp. , Ye, pagel 37-38 and 50.
Emended diagnosis of K. gJgas I K~ of intermediate size (surfaoe MI approxima~y 751

mml), witb relatlvely large lnciaorsand the ~to extendlng lar beblnd the W.
Lectotype I a left maxilla wlth pa - MI, figured by pearlOn, 1928, text-figuro 1, 8tqred in

Upsala.
Type locality and horlzonl Quantougou (-Cluan Tou Kou) , Ping Fan Hsien, Gansu, ~,

horizon unknown, probably lower Miocene, equivalent to MN 5.
.Otber locaUtlesl Belometchetskaia and Koujiacun. Yo (1989) cited K~ sp. from

Halamagai. It has the size of K. giglJ". On tbe basJs of fue probable age of tbe locality (lee 8CC~on on

Itratigrapby) the piece is tentatively aasigned to K. Aa" AOS'

~

f

giIIJ.s (Pearson. 19~8)

gigA gigA (Pearson, 1928)
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K~ tiffJ8 lii eubsp. nov.

SynonymYI

1988 K~ ~J Guan. pasea 3. 15 and 20.

Diagn08i8 01 K. fiIG8 lü sut.p. nov. I K~ fiIG8 witb premolara tbat are reduced in

size, M3 that aro longer and r tbat bavo a greator meao-dlstal dJameter.

Derivation nominiB I tbe sut.pecie8 Js named in honor of Pral. Li Oluankui.
Holotype I BPV - 909 tho 8kul1 of a malo. ltored in tho BeJj1ng Natural HJstory Mueeum.

Type locality and horizon I maerzuiziaou near Din¡jjaerlou vUla&o. TonlXin ~ty. Ningxja.

China J TonlXin level 2. Lower Mi~e. approximately MN 5.

Oth« localitl_1 Qiu (1990) aafIned an incllOr from Tuna-Gur to a larco IpeciM of

Kuba80cA0erU8 on tbe baaJa of 1Jze. We bave obeerved tbat tbere leen t6 be an increaae in tho Ilze of

the inciaorl of K~ tiffJ8. it IeeDW more likely tbat tbo incisor belonp to K. filG8lii tban to

K. ~. the only otber !arIo apociea. which bowover nOVel wu clted from Olina.

I

Synonymy.

1961 ~." -- nov. ¡en. nov. .p. , Arambourc. pea- 108. fJ&ureb.
1963 ~~ ~ (Arambourg), ArambourC. paga 903 - 911. f1¡urú 1 - 3,

text-text-pla~ 1- 1 , piate X X IV.

1915 ~ Ma n (Arambourg) , Pickford &. WntinIon. pagellS3-lS4.
1975 ~." MG&IIri Arambourg, Leindera. paga 199 - 203. fi¡ure 1 (no. 1).

1916 ~ ~ (Arambourg) , WDkin80n. pace 226229. plate v. fi¡ur- d-¡.

1918 K~ (Arambourg1961), wnkinlon. 446.
1986 Lil1I~~ Arambourg, 1961, Pickford. pagel40and 45 - 46. fl&ura 41-

49.

Ernended dia¡nosis. 8man K~ (check teeth approximately 85% linear lize of K.IÍftI8)

witb relatively lmal1 M3 and tbe paiate not extending much behind the MI.
Holotype I 1961 - 5 - 8. a left mandible witb P. - M.. 8tored in the MNHN. fi¡ured by

Arambourg (1961 J f"agure b).

Type .1ocallty and borizon. Gebel Zelten. Ubya. lower Miocene. approximately equivalent to

MN 4.

~

SynonymYI
1928 lÁ6CrioIqa ~ sp. nov. , Pearaon. pace 11 partial1y. text-figurel 4 a-do
1981 ~ mi a. sp. nov., Qiu, lJ &. Wan¡, ~e8 164 - 166 and 112, plate

3-4.. ,

~ (Arambours, 1961)

(Qlu. Li &. Wang. 1981)

85'" of th~ of K. giga." d1eek toetb
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wlth elonpted M3, enJarged lncllOn and wltb . palate tbat extenda far beblnd tbe M',

Holotype, V6021, . mandlble wltb a1I toeth excent for the right 1, and canIne tbe left P" Itored

in the IVPP, figured by Qiu, U&. Wan¡ (1981, platel, 3).

Typ8 loca1lty and b«lzon, Nanbawan¡ou, lJerbao, Mlnbe county, Olina, mkidle Ml~..

Otber localiti~ I Ouangbe level 2 and Quantougou.

Material from Guangbe is aa1¡ned to tbe lpecies malnly becauae of ill aize. Tbe P. and P. from

Quantougou (tbe par8type8 of K.,.,.) are cI~ in 8J%e to K and K. ;.a, tbe upper

premolan bowever are !arger tban tb~ from Dingjeaergou and we e.ume tbat tbe lower premolarl

belong to K. ",.aieea8i8 (or K. ma..). Tbe material from tbe latter localiti. migbt a1ao repreeent K.

~, but tbe aaocIation witb more 8dvanced lJItti~t1nae, indicate tbat tbey are yoU;n&er tban

Gebel Zelten and probably contemporaneoue witb K. ..~~, PearIOn implicitiy indicated a !arce

maxllla &1 a bolotype for K. giga.r, 80 tbis observation does not bring about any taxonomical

complica tiOnl.

SynonymYI
1975 ~ .p. nov. A, P1ck!ord &. WiltinlOn. pas~ 133 - 134.

1976 .Bu~ ~~~~ 'P. nov. , WükInaon. pas~ 230 - 236. piate VI . fjgurea a-.
1979 L~~ iii.IiWirN (WDtinIOn. 1976), Pickford &. ErtGrk. paae 145. f1&ure 4.

1978 K~ Ü!~~ (W1lkinIOn 1976), Wi1k1n8On. pase 446.

1984' ~u ia.oka'U (WBkinaon) 1976, Pickf«d. ~ 45 and 48. f1¡ur.49a.

d.

49b. 50&. 5Ob1.

Em~ djagnOlJJ. largc K~. cbeek t~tb approximatcly 117'" 1M Iizc of tb~ of

K. giga8 aDd comparativcly widc.

Holotype. Bu 6416 - 82 a-.. ri¡bt P..4 and M..., Itored in tb. BrJstol Unlveralty Geo1ocy

Department J filured by Wnkin80n. piate 6. a.

Type locality and borizon I Gebel Zelten. Ubya. lower M1~., probably equlvalent to MN 4.

Otber locallties I Material from Karungu. Nyakach, Maboko and probably Mfwangano was

aaJ&ned to thJI apeciea (Van der Made, 1992 b) as wel1 U from Inona I (Pickford &. ErtGrk, 1878).

K~ 'P.

Synonymy:
1992 K~ 'P. J Van der Made. 1992 b &. c. pager 91 and 97.

Olaracten: lentb of ch- teetb as in K. ~i; ch_k teetb comparatively

check tectb la auperior to check tcetb of K. ~.

Localitiel: W. Stepbanie-Buluk and Bara&oi.

(WilkinlOn, 1976)

wkie 8 width ot tbe
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Figure 9 1be stratigrapbic ranges of K.oo.oolIoeru8, B..oli.-~ and ~ and

atratigrapbic ix-ition of the localities mentioned in the texto Stratigrapbic position of l~ties

according to Pickford (1981) for fue Fauna! Seta and Mein (1989) for fue MN zooes (Meil1. 1989),

Van der Made &. Huasain (1992). Van der Made (1992 c) aod this paper (seo eection 00

stratigrapbY) .t
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mE A G E O F MAERZUIZI GO U AND STRA n G RAPHY O F mE G ENUS K ~

Bu8O~ js found in IeverallocaUtiea witb K.oo.ocAoerN and givea informatlon on tbe age of

thoae localities. Tbese l<x:a1fties are, apart from Maerzuizigou, al8O Koujiacun, InOna I and probably

Belometsctletlkaya. Figure 8 will help the reader to keep trac:k of tbe locaUtties and tbelr inferred

Itratisrapbic ~tiona. .
In Europe and preaumably in IndIa 1JtIaol~ W88 repiaced abruptly by ~ (Van del

Made, 1990 a). Since the genera wre found togetber nowhere, ft waa widely aasumed tbat one ¡enua

evolved into the other and many paleontologiata bave described wbat they thou¡bt were intumediate

apec!es or transitions in many differentpiacea, includlng Africa (Leinders, 1976 &. 1917. lJu &. Lee,

1963, Paraakcvaidia, 19.0, Wllkinaon, 1976). P~ibly Done of theee Mtranaitiona- are tbe real

transition and for Africa it Js not even ~rtain tbat IAacrilO8 ever o=urred there (Van del' Made, 1992

b). The 1ast B..lol'*iolo. lrom Weltem Europe Js lrom MN 5, in the Indlan IUbcontinent from

Kam1ia1 equivalent beds and in Africa lrom Set . and migbt .ven be anterior to MN 5 (Van del

Made, 1992 e). FIgure 9 abowa the 8&e of tbe faunaa with 1*8Ol..~ and K~ in Eur~

Pickford &. Ert\1rk (1979) and ForteUua &. Bemor (1990) de8c:ribed sympatric ~ aDd

lAatrioioa from Tutkey (F. &. B. 's [A*iDiQ8 cf. -':!~~ and ~ spo nov.). ForteUua et al.

(in pr~) aasi¡ned thiI ~ and tbat of MaJa Miliva and PrebreD. to the 1inea&e ~

~ B.WJ-~ Ip. nov. , whic:h 11 c:haracterized by increaaing incisor aize. B. latila& has amal1

c:heek teeth (Fi¡ure 3), but wide inci80n (11 and 11, Figure.). In west and ~ntral Europe, carUer

~-- mar be amall, Uke B. ~ (Van del Made &. A1f&ez, 1988), however, lArp

incllOra bave not been lound, in other locaUties than Veltheim. Tbis 8Ugg~ tbat the TurkJsh aDd

IOUtbeast European B8I8oli*iodoa is later (late MN 5 or MN 6). Tbe trend of increase in bypsocionty

In CGprob"agoilu (material In tbe IV AV and tbe material d~ibed by Kc5hler,. 1987, whic:h waa It«ed

in the IPS) indicates tbat Pua1ar and Candir are probably older tban Arroyo del Val. Tbis impUea tbat

tbe survival 01 the B. l4tilea6 Uneage in MN 6 W88 only during the earUer part of tbi8 unit.

1be locaUtiea with ~ , c:laimed to be MN 6 or youn¡er eitber have . later ltage of

development 01 the B.latila& Unea¡el In~a 1, Prebreza, Paaalar, Candir and~bly Cli~ or they

bave another 8pec:iea not belonging to tbi8 Uneaae I Belometchetsuya, Din¡jiaergou, Erlanggan¡ and

Maboko. Tbe lOle pi~ delCribed from Belometchetltaya (Gabunla, 1973) iI an Ilor r. It iI amall,

whicb makea it more Ukely to be B. lociAarü or a similar from, than eitber ~ or B. ~.

Belometc:het8taya has arc:haic elementa sucb 88 a largo anthracothere 01 the aize tbat occura in the lower

Manchar Formation below the entl'y of Li*iolO8. More and more early bovldl are lound. 80 tbat the

bovida ~ not be an arsument for placin¡ Belometcbet8kaya in a younpr blozone. M~_,

~ and "~. were u8ed to correlate Erlanggan¡ with the Tun¡ Our Formation (Yan,

1979), but the suid iI ~.nd leemI to be similar but pC8ib1y &li&htly more lopbcdont than

B.locümoü, -~ entered much earUer (MN 3) and an MOjoce,oo.- (=H,~) is aJao

- 178 -

.



present in Belometchetskaya. Chen (1988) indic&tcd that fue "Oioceros" has stlll a temporal ridge.

whlch is a primitivo character, not known from any other bovld. The presence of Hrp8O4OR/;tI8 like

bovids cannot be an indlcation tor a late ege. Maboko was placed in the Middle Miocene (Pickford,

1986), but the "li.8triolOA- from that locality belonp to BWIOli8trioloa cl~ to B. ~ÍU8ln molar

morphology and to B. lociAarti in incisor proportions and fue locality is likely to be older tQan tbe

MJddel Miocene (Van del Mado, 1992 b, e). If fuese Bu~ (or ono of tbero) reaUy po an

intermediate from which IA8trioloa evolved, tbJs certainly is an indlcation tbat tbese loca1iüea are

earl~er than MN 6, aince li.8I.f'ioloa entera very early in tbat unit.

Unless tbere is atrong evldence for the contrary, tb~e loca1iti~,inclu~ Ma~ou, as well

as tbe last occurrence of &ao~ otber tban fue B. lati46U llneage may be placed in MN 5 or the

lower Miocene.

K. masa is known lrom Gebel Zelten only. 'Ibis locallty Js place<! in Set 1 (Pic~ord, 1986):

and roay be as old as MN .. (Van del Made &. Hussain, 1992, Van del Made, 1992 e).

K. miUeea8Í8 is known from Nanhawangou, Quantougou and Guanghe level 2. Qlu (1990).

beUeved Nanhawangou to be oldcr than tbeTongxin (tbat is Tonixln, 1eve1 3) fauna. ConSldering the

evolutionary level of tbe species MN 5 or even late MN .. migbt be g~ approxlm4tions. From

Quanmtougou no otber faunaJs known than K.~ (Qlu, 1990), but considering tbat K. gigas:

lrom tbat locallty is more prlmlüve tban lrom Tongxin level 3, and ase of MN 5 or maybe late MN ..

Js poesible. In Guangbolevel 2, ~ Js found (Guan, 1988, in prep.).

~tiea wltb K. .t.~~~ include I Gebel Zelten, Karungu, Nyakach, Maboko, InOnd I and

probably Mfwangano and Tung-Gur. Karungu and Mfwangano are Set I and Nyakach. Mab9ko and

Gebel Zelten Set 1 (Pickford, 1986) and m~ of fuese locallties are belleved to be MN 4 9f older

(Van del made, 1992 e). InOn11 1 Js belleved to belong to MN 6 (seo d1scusslon above) and ~ns-Gur

MN 1/8 (Qiu, 1990).

K. gigas is known from Maerzuizigou (Tongxin level 2), Belometchetskaya, K~cun,

Quantougou and Halamagai. Tongxin level 2 seems best be correlated witb late MN 5. On the level of

evoluüon of K. gigas Belometchetskaya, Koujiacun and Quantougou are thOugbt to be aligbtiy older.
Halamagai was assigned to MN 1/8 by Qlu (1990), or to MN 6 -1 by Ye (1989). . &tropa-
1uJlamogaiea8i8 does not seem to be 8ot1'ops, but a primitivo member of the H,~/~
group. &cause of its primlüve born cores it resemb1es Eotraps, which is a1so a primitivo for~. Its

state of evoluüon suggests an earUer ale than Oandir, Belometchetskaya and Mala Millva, thAt la no

say MN 5 or earller (Van del Made, in preparatlon). K. gigas VÍfaB may have occurred in the .,ller

part of MN 5 and maybe MN .., K. gi," li¿ n. 8ubsp. may bave occurred in the upper part of ~ 5,

data on later occunences are lacking.

The different speci~ of K.~ have regular size differences of 15 % (linear measurements

OF KubanochoerusECOLOGY
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of fue dentltion). K. gig48 is taken as 100%, K. ma884i is 85%, K. mlilA..8i8, based on a single

mandible has nearly fue same vaiue as K. ma88Gi, and K. ~ is 118% (Table 6). Tbis is a

common pattern in Suidea (Van del Made, 1990 b). A favorable habitat mar aupport more ~ one

apeciea of a genua, but it seems that a1ze <lifferencea are necesaary to avoid competition. The ~Umated

aize differencea for fue apecies are (ualng fue method of le¡endre, 1986) I K. mG88Gi and K. mide8Ui8

518 kg, K. gigas 823 kg and K. üi~ 1345 kg.

Table 6 Means and nwnbers of meaaurementa (n) of tbe cheek teetb of K~ fÍfCI8

from Tongxin and K~ ma881ri from Gebel Zelten.

K~ as weU as other ListrlcK1ontinae, do not bave a deep f~ infraorbltaUs. ThIs

indlcates tbat tbe muscles for tbe rblnarlum where not weU developed. Rooting was probably not very

important for theae swd9. Tbis is in line witb Leinders' interpretation (1911) of tbt: inci8Or

morpbology. Ustrldontinae probably browsed in a tapir-Uke way.

Figure 10 sbowa tbe ¡eograpbic distrlbutlon of tbe locaUties wltb K~ It 8l¡puld be

noted tbat the northernm~t localitiea both in Cllna, Turkey and lOuthern Russia are just ~er 40.

latltude. Tbis mar be the reaaon why the genua never entere(! westcrn Europe I pasain¡ n~ of the

Alpe into western Europc mar bave becn lmpossible, becauae lt would bave to go north ncarly as lar as

50. and enter a dlfferent climatical zone. 111e scdiments in wbich tbe f<*l1a bave becn found, .contain

large amounts of gypeum (Guan, 1988). Gypsum precipitation in tbe soU in algniflcant q~tities,

nowadaya occura in arld re¡lons, where tbe mean montbly potential evaporation exceeds tbe mcan

montbly preclpltation (Watson, 1985). In MN 5 and 6 extenslve peats were forme(! in Aust$ (the
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localities of M11nzenberg-Leoben, Seegraben-Leoben, ~riach etc. are in peats). It migbt be possible

that KubaIIOc.\o6rU8 preferred a somewhat dryer or hotter climate (which does not automaticaUy mean

that it ate abr~vc food) and for tbat rcaaon did not pass into Europe.

Figure 10 1be geographic

fue localities witb BuWó~, mentioned in the text (indicated

~ (c.t9l8e8). Legend lB) Belometchetskaya, Da) &lago!,

C) Candir, Ca) Calatayud, Cb) Cli~1 CL) Can Uobateres, Co)

Dingjlaergou, E) Erlangang, Fa) Fategad in Kutch, G)

Halamagai, 1) InOna 1 I K) Koujiacun I Ka) Karungu, M)

Mfwangano, MM) Mala MiUva J N) Nanhawangu I Ny)

PasaiarJ Pr) Prebreza; R) Rualnga; S) Bbagotboro in SindJ T)

Veltbeim, X) Xining.

Tbe geograpbical distributlon of bovlds of the Hv'PSOiOlttu/ -TlfrC0CM'08 type coincides with tbat

of KulxJIIOCAOBl'1I8 (China, 8outh USSR, Turkey, Kenya and probably Uby8, often fue same

localitles). KOh1er (1987) interpreted these bovlds as specla1laed for apen landacapes. Tbe

geograpbical distributlon alsa coincides with Platg~ vra.geri like prabOlcideans (Toblen, Olen 8r.

Li, 1986). Tbese anlmals not anly llved in thesame area, but alBO in the &ame perioo and mar bave

been specla1i8ed to the lame type al babltat.

!be following persons allowe(f us to study material wo used tor comparison, or belped us in

anotber waYI Drs. B. Alpagut, P. J. H. van Bree, Chen G., C. Etn1rk; M. Freudontbal, M.

Fortellus, L. Glnsburg, K. A. H\1nermann, M. Leakey, H. Mayor, S. Moya-SolA, H. K. Schmutz, S.
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posltion of tbe localities with K~ (indicated by ttianagles) ,
by dota) and tbe locaUties wltb

Bu) Khumbl in tbe Bugti Hilla,

Córcoles, CrK) Quantougou, D)

Guangbe, GZ) Gebel Zelten, H)

Moruorot,. Mb) MabokoJ Mf)

Nyakach, O) Sables d'Orleanais, P)

Tunggur, TSP) Tung SbA Po, V)
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