
ZOFIA KIELAN -JAWOROWSKA

SKUL L STRUCTURE AND AFFINITIES OF THE M ULTITUBERCULATA

(Plates I-V)

Abstrac t. - The skull structure of two Upper Cretaceous multitubercula te genera from the Gobi Desert, Mongo lia:
Kamptobaatar KIELAN-JAWOROWSKA and Slo anbaatar KIELAN-JAWOROWSKA is described in deta il. The lateral wall of the
braincase and the occipital region of multi tuberculat e sku lls are described for the first time. The ant erior lamina of the
petrosal in the mu ltitube rculates consists of two parts : the ventra l part and the ascend ing part. The ascending par t of the
anterior lamina, previously unknown in the mult ituberculates , is present in Kamp tobaatar and it may be shown that the
ascending part occup ies most of the lateral wall of the bra incase. The orbitosphenoid is large and not ent irely ossified,
whilst the alisphenoid is reduced to a comp arat ively small, ventra l element, which is, howeve r, more extensive tha n that
of the rnonotremes, The followin g reptilian element s : ectopterygoid, tabu lar and post-temporal fossa are found in the
studied skulls . The multitubercula te bra incase is compared with tho se of the Docodonta (Morganucodon), Tr iconodonta
and Monotremata and it is shown that the general pattern of the bra incase structure in these four orders is the same.
However, the Multituberculata are more all ied to the Mon otremata than they are to the Docodonta and the Triconodon ta.
The opin ion that the Docodonta, Triconodonta, Multituberculata and Monotremata for m a subclass Prototheria, equ i
valent to the Theria , is supported .

INTRODUCTION

U ntil recently the only known entire skulls of m uItituberculates have been the two
Paleocene genera: Ptilodus GIDLEY and Tacniolabis COPL However, the basicra nia l region was
preserved on ly in Ptilodus, while the occip ita l region an d the la teral wall of the braincase have
so far not been described in an y muItituberculate. Recen tly, a mass of Cretaceous multituber
culate material has been co llected from vari ous localit ies in the United States an d Cana da
(Ru ssELL, 1952, 1962 ; CLEMENS, 1963 ; SWAN & VAN VALEN, 1965 ; C LEMENS & R ussELL, 1965;
SAHNI, MS; LILLEGRAVEN, 1969). Unfor tunately, this rich material is fr agment ary, yie ld ing
only sku ll fr agment s.

In the co llection of Cretaceous mammals, co llected ' rece ntly by the Polish-Mon golian
Palaeont ological Expeditions in the M ongolian People's Republic (KIELAN-JAWORowSKA
& D OVCHIN, 1968/69 ; K IELAN-JAWOROWSKA, 1968/69), there are more than 30 multi tuberculate
specime ns. Some of these are partia l sku lls but the re are a few entire skulls. This co llect ion
came from the locality of Bayn D zak (referred to in American literature as Shab arakh Usu)
in the Gobi D esert. The age of the Cretaceous sandstone occurring there has been est imat ed ,
on the basis of the multi tuberculate fauna, as Coniacian o r Santonian (KI ELAN-JAWOROWSKA,
1970a)1. The multituberculate material we co llect ed from the Gobi Desert, is much less numerous

1) McKENNA (1969) estimates that the age of the Djadokhta Formatio n is approximately Cenomanian
(ea 95 x 10· y.b.p.) He does no t mention, however , the loca lity of the rocks investiga ted by rad ioacti ve methods. The
nearest lava occurs abo ut 20 km north of Bayn Dzak ; the position of th is lava , with regard to the sandstone of the
Dja dokhta Formation, is obscure . If it underlies the Djadokhta Sand stone, then the latter wou ld be younger than
95 x 10· y.b .p . On the other hand, the degree of diversification of the mammals yielded by the Djadokhta Format ion
indicates, in my opin ion, that thi s form ati on is of Coniacian or Santonian age.
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but more complete than that from the Cretaceous of North America. Recently (I. c.) I gave
the diagnoses offour new multituberculate genera from Bayn Dzak, without, however, describing
their skull structure in detail. The best preserved specimens studied in this multi tuberculate
collection are: a tiny skull (without the lower jaws) - the type specimen of Kamptobaatar ku
czynskii KIELAN-JAwOROWSKA (Taeniolabididae) and a complete skull associated with the lower
jaws - the type specimen of Sloanbaatar mirabilis KIELAN-JAWOROWSKA (?Eucosmodontidae).
The skull of Kamptobaatar is better preserved than that of Sloanbaatar, as it belongs to a young
individual and almost all the sutures are recognizable. In the Sloanbaatar specimen the surface
of the bone is covered with a mosaic of fine cracks, so it is difficult to recognize all sutures.
Both specimens provide much information that is new about the skull structure in the Multi
tuberculata. These are the first multituberculate skulls in which the occipital surface and the
lateral wall of the braincase are preserved , and the basicranial region in Kamptobaatar is better
preserved than in any multi tuberculate described so far. The present paper contains the des
criptions of the skulls of Kamptobaatar and Sloanbaatar, with a discussion on the affinities of
the Multituberculata. I hope that the information on these skulls may help in the interpretation
of any isolated fragments of multituberculate skulls coming from other localities. The preli
minary note on the skull structure in Kaniptobaatar was published elsewhere (KIELAN-JAWO

ROWSKA, 1970b).
The specimens described in the present paper are housed in the Palaeozoological Institute

of the Polish Academy of Sciences in Warsaw.

Abbreviations for the catalogues of specimens:

A. M. N. H. - American Museum of Natural History, New York .
B. M. - British Museum (Natural History), London.
Z. Pal. - Palaeozoological Institute of the Polish Academy of Sciences, Warsaw.

Abbreviations for text-figures:

A, B - surfaces for muscle attachment on the zy-
gomatic arch in Sloanbaatar

AJ2 - alveolus for I'
Alpet - anterior lamina of the petrosal
Alsph - alisphenoid
Bo - basioccipital
Bs - basisphenoid
Ce - cavum epiptericum?
Ec - ectopterygoid
Ept - Echidna pterygoid
Etf - ethmoid foramen
Exoc - exoccipital
Fe - fenestra cochleae (rotunda)
Fm - foramen magnum
Fr - frontal
Fv - fenestra vestibuli (ovalis)
Glf - glenoid fossa
H -hamulus
HF - hiatus canalis Fallopii
le - internal carotid foramen
Ip - interparietal
Inf - infraorbital foramen
Jf - jugular foramen

In - jugular notch
Lf - lateral flange
Mipf - minor palatine fora men
Mpf - major palatine foramen
Mx - maxilla
Mf - maxillary foramen
Na -nasal
Oc - occipital
Of - orbital fissure
Onf - orbitonasal foramen
Osph- orbitosphenoid
Pal - palatine
Par - parietal
Pet - petrosal
Pf - palatine fissure
Pgf - postglenoid foramen (canalis prooticus)
Pmx - premaxilla
Pnf - palatonasal foramen
Pp - paroccipital process
Ppt - postpalatine torus
Pt - pterygoid
Ptf - post-temporal fossa
Pv - palatal vacuity
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Scf - scaphoid fossa
Sf - spheno rbita l fissur e
Sgf - supraglenoi d foramen (poss ibly anter ior

opening of post-temporal fossa)
Soc - supraoccipi tal
Spf - sphenopalatine foramen

Sq - squamosal
Tb - tab ular
V - vomer
Z r - zygo matic ridge
11 , Ill, IV, V,. V. , V3 , VI, VI[ - forami na for respec tive

cranial ner ves
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DESCRIPTIONS

Kamptobaatar kuczynskii KI ELAN-J Aw OROWSKA, 1970

(PI. I, F igs. 2a. 2b; Pis. I1-IV; Text-figs. 1-5, 12a, 13a, 14a)

·1970a. Kamptobaatar kuczynskii n. sp.; Z. KIELAN-JAWOROWSKA, New Upper Cre tace ous .. .. p.46. Pis. 16, 17; Text-fig. 2.
1970b. Kamptobaatar k uczynskii KIELAN-JAWOROWSKA; Z . KIELAN-JAwoRowsKA, Unknown structures ... , Fig s. 1.2a .

Material. - The present description is ba sed ma inly on th e type specimen (Z. Pal.
No. MgM-If33) , wh ich is an a lmost complete sku ll of a young individua l. The lo wer j aws
a re mi ssing as a re parts of th e zygomatic arches. This specimen has been figured by KIELAN-
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JAWOROWSKA (1970a and 1970 b) and is refigured in the present paper. In addition to the
type specimen there are two incomplete skulls: Z. Pal. No. MgM-l/39 figured by KIELA N
JAWOROWSKA (I. c.) and Z. Pal. No. MgM-I/38 figured in the present paper. The latter is
a partial skull and is associated with an incomplete left lower jaw and fragments of a right
lower jaw.

The measurements of Z. Pal. No. MgM-I/33 and Z. Pal. No. MgM-l /39 are given by
KIELAN-JAwoRowSKA (1970a, Tables I and 2).

The skull as a whole. The snout is comparatively wide and bluntly pointed. The zygomatic
arches are directed at first laterally, then posterolaterally, giving this part of the skull a more
rectangular than triangular appearance. The greatest width was probably across the posterior
part of the zygomatic arches, but as they are broken off in all specimens, this cannot be stated
with certainty. The postorbital process is prominent and situated far posteriorly ; the orbit is
very large and the interorbital con striction conspicuous. Jn lateral view, the snout is strongly
tapered anteriorly ; the occipital surface lies obliquely with regard to the plane of the teeth and
the cranial roof is rounded posteriorly. In anterior view, the cranial roof is almost flat and the
infraorbital foramina face anteriorly.

Snout and zygotna. The nasals are extensive, st rongly expanded posteriorly. The fronto
nasal suture is convex posteriorIy, with the median processes of the frontals deeply inserted
between the nasals. In the transverse plane, the nasals are very slightly arched with a faint
groove along the median suture. There are prominent "vascular" foramina, asymmetrically
arranged, in the nasals. Z. Pal. No. MgM-I/33 has four small foramina in the left nasal and two
in the right and the most posterior is the largest of all , The premaxilla is directed almost vertically
and has a strongly elongated nasal process. The premaxillo-maxillary suture cuts the lateral
wall of the snout very obliquely and appears vertical in anterior view. The maxilla is extensive,
occupying more than two-thirds of the side of the snout. Anteriorly, the facial part of the maxilla
is almost vertical and slightly convex. Posteriorly, the maxilla becomes flattened on the zygomatic
arch. The infraorbital foramen , situa ted above P", is deep. This foramen is clearly seen in lateral
and anterior views and is also visible in ventral view. The ventral wall of the maxilla, buccal
to the row of premolars, is ver y sma ll and roughly triangular. The anterior edge of that part
of the zygomatic arch, formed by the maxilla , originates opposite P" and the posterior edge
opposite the anterior part of P~. There is a prominent ridge on the zygoma (designated here
as the zygomatic ridge) which, in ventral view, form s the anterior edge of the arch. In front
of the ridge there is a distinct shallow fossa. The ridge is directed at first dorso-Iaterally and then
bends to continue posteriorly. The ridge forms an arch, convex upwards, which delimits a cres
cent-shaped area for muscular att achment on the anterior part of the zygoma. In all specimens,
the zygomatic arches are broken and neither the posterior part of the crescentic area nor the
posterior part of the ridge are preserved. On the left side of Z. Pal. No. MgM-I/33 one can see
that, opposite M2, the ridge becomes very faint posteriorly. Anteriorly, the zygomatic arch is
deep vertically and thin transversely.

Palate. The palatal processes of the premaxillae form extensive, concave surfaces occupying
about two-fifths of the palatal length if measured from the anterior end of the skull. The margin
between the ventral and lateral walls of the premaxilla is thickened and forms a sharp edge.
On the premaxillae, to the rear of P , there are slight hollows from which indistinct, radial
grooves extend towards the margin of the palate. On the lingual side of 12, somewhat more
anteriorly, there are the small, rounded, palatine fissures which are probably for the organs of
Jacobson. The borders of these fissures reach the premaxillo-maxillary suture. In Z. Pal.
No. MgM-I/38 , the anterior part is broken along the median suture and can see a trace of th e
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incisive cana l on the broken wa ll. Th is cana l extends towa rds the median suture. However ,
the incisive foramen is not recognizable in Z. Pal. No. MgM-Ij33, in wh ich the palat al pr ocesses
of the premax illae are well pre serve d.

Th e palata l processes of the maxi llae are slightly co ncave . Palatal vacuit ies a re absent.
In fron t of the tran sverse pa lat ine suture an d a bout the m idd le of its course on either side, there
is a sma ll, oval major palatine for amen , the posterior edge of which reac hes the transverse suture .

Fig . I
Kantptobaatar k uczynski i KI ELAN-J AWOROWSKA, reconstruction of the skull in dorsal view. Abb revia tions - see p. 6.

A palat ine groove is lacking. Posterio r to the transverse palatine suture, the maxilla hardly
forms a definite pa latal process but con tinues as a massive a lveola r pr ocess. The suture between
the maxilla and ecto pterygoid exten ds parallel to M' and M2the n turn s lat erally posterior to M2.
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The horizontal part of the palatin e bone is rectangular ; the transverse palatine suture
is situated either opposite p-,MI embras ure, or th e most an terior part of MI. Close to the pa
latin o-maxiIl ary suture, and about midway along, th ere are, on either side of each palatine, two
min or palatine foramina of which th e pos ter ior is the larger. The cho anae extend forward s to
the level of the po sterior cusps of M2. The postpalatine to rus (Mc DoWELL, 1958) is wide and
prominent and extends posteriorly as a long, med ial process. Th e torus is delimited laterally
by the palatino-maxiIlary suture, on which, opposi te the torus, there is a longitudinally elongated,
fissure-like foram en. Thi s is the palat onasal foram en (TATARINOV, MS) which probabl y trans
mitted the pal atonasal nerve. In ventra l view the choan ae are rounded and their
lateral walls, form ed by the ectopterygo ids, are thickened and ridged. Th e entire palatal surface
(premaxiIlae, maxill ae and pa latines) is p ierced by numerous accessory palatine foramina,
dist ributed at random. The choa nae are sepa ra ted by a vertical, median plate of bone, which
lies in line with th e direct prolongation of the median process of the po stpalatine torus, and,
in Z. Pal. No. MgM-I/33 seems to be almost coa lesced with thi s pr ocess. This vertical median
plate is identified here tent atively as the vomer.

The mo st peculiar feature of th is region is the posi tion of the pt erygoid s, which do not
form part of the lateral walls of th e choanae, but are situated between the vome r and the
ectopterygoids. Thus th e choanae are divided longitud inally by the vomer and the pterygoids
into four channels. The outer cha nnel, between th e ectopterygoid and the lateral surface of. the
pterygoid , is mo re sha llow than the inner channel, which is between the medial surface of the
pterygoid and the vomer. Th e pt erygoid is a vert ical p late which posteriorly reaches the pro
montorium. Its po sterior extremity is thickened and rounded, and is recognized here tentatively
as a hamulus. Anteriorly, th e pterygoid becomes more slender and changes its orientation from
the vertical into the hori zontal plane. Becau se of this change in orientation of the pterygoid,
the inner channel of th e choa na becomes anteriorly very narrow and groove-like. In thi s anterior
part the pterygoid is fused to th e lat eral wall of the choana, and forms th e floor of the outer
cha nnel which appear s to end blindly. T he pterygoid sti ll has a free inner border anteriorly,
where th ere is a rounded incisure of unknown function.

Cranial roof The frontals form the superior border of the anterior part of the orbit. The
fronto-parietal suture form s a wide arc which is convex po steriorl y. The fronto-parietal suture
curves near the border of the orbit to cut the border of th e skull roof to the rear of its maximal
con striction. The dor sal sur face of the frontals is featureless. The parietals are extensive and
form the whole crani al roof posteriorl y. The pos torbita l process is prominent. There are very
faint parietal crests, which extend from the postorbital processes postero-mediaIly. The parietal
crests are ha rdly visible anteriorly, bu t become more distinct posteriorly where they meet to
continue medially as a short, faint , sag ittal crest. In lateral view, the parietal has a long, hor
izontal junction with th e anterior lam ina of th e petrosal. The suture between the parietal
and the orbitosphenoid extends dorsally and then turns anteriorly, parallel to the border of the
orbit, to terminate at the fronto-parietal suture. The lam bdoidal crests are faint medially and
together form a gentle a rc which is con vex anter ior ly, Laterally, th e lambdoidal crests become
convex posteri orly, very prominent and crescent-sha ped. A sha llow furrow delimits th e crescent
-shaped part of the lambdoidal crest anteriorly. It is difficult to determine the course of the parieto-
-occipital suture. In all probability, it extend s along, or slightly in front of the lambdoidal crest.
The parieto-occipital junction seems to be very short, as the squa mosal is deeply insert ed
between the parietal and the occipital.

Occiput. The occiput is twice as wide as it is high, roughly semicircular in sha pe and sur
rounded from ab ove and lateraIly by pr omin ent lambdoidal cres ts. Th e occ ipital plate is situa ted
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comparatively low, and lies obliquely) at an angle of about 110°, with regard to the plane of the
palate. The region of the forarnen magnum is damaged. Only the basal parts of the occipital
condylcs are preserved. The size of the basioccipital, the exoccipitals and the supraoccipital
is obscure, The interparietal is absent from the cranial roof and it is impossible to sta te whether
it was present on the occipital surface. Lateral to the foramen magnum, there is a deep, fusiform
depression which is bordered laterally by a prominent, half-crescentic ridge. This ridge extends
along the entire height of the occipital plate. The surface of the left depression is pierced by
small foramina, seem ingly distributed at random. The only sutures that can be recognized with
certainty on the occipital plate, are those that separate the occipital bones from the tabulars.

3mrn
, I

Fig. 2
Kamptobaatar kuczynskii KIELAN-JAWORowSKA, reconstruction of the skull in occipita l view. The lower part of the snout

is not shown in this figure. Abbre viation s - sec p. 6.

These sutures are present on both sides and start at the lambdoidal crests and extend downwards,
parallel to each other, for about half the height of the occipital plate. The sutures then turn
outwards to extend a short distance subtransversely before turning once more to extend sub
vertically, along the middle of the depression , to reach the ventral margin of the occipital plate
between the occipital condyle and paroccipital process.

Laterally to the occipital bones there are extensive tabulars which occupy the entire
surface between the occipital bone and the lambdoidal crest. As the sutures that separate the
tabulars from the squamosals are hardly discernibie, it is difficult to state the extent of the squa
mosal on the occipital plate. In the lower part of the tabular, lateral to the fusiform depression,
there is a large, post-temporal fossa.

On the lower edge of the occipital surface, lateral to the occipital condyle, there is a trian
gul ar, paroccipital process, that lies in the ventral prolongation of the tabular. Above the pa
roccipital process there is a transverse depression. The suture separating the tabular from the
paroccipital process is not discernible. A suture is present along the ventral edge of the pa
roccipital process ; it is, however, difficult to state which bone forms the paroccipital process.

Orbit and temporal fos sa. The orbit is very large and widely open posteriorly. Its anterior
and lower boundaries are formed by the maxilla; the upper boundary is formed by the frontal
and the parietal. The rim of bones which surround the orbit is somewhat thickened. The lacrimal
bone and the lacrimal foramen are lacking. The orbit has no floor , but is roofed by the maxilla
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and the frontal anteriorly. Posteriorly, there is a narrow roof formed by the frontal and the
pari etal. In the lower part of the mo st anterior corner of the orbit, the re is a foram en in th e
maxilla which lead s to the infraorbital cana l. The sphenopa latine for am en is readily recognizabl e
in the interorbital wall and is situated at the level of the posterior half of M '. The sphenopalat ine
for amen is placed at the j unction of four bo nes - th e maxilla , the frontal, th e orbitos phenoid
and the palatine. A dist inct groove, which beco mes sha llower posteriorl y, extends from the
spheno palatine foramen along th e lower part of the orbitosphenoid . Lat erally the frontal has
littl e expo sure on the interorbita l wall. The fron ta l tapers towards the sphenopa latine foram en
and widens upwards to the orbita l roof.

In the postero-d orsal corner of the interorbita l expos ure of the fro nta l, close to th e j unctio n
with the orbitosphenoid , there is a deep, ro unded depression situa ted above the sphenopalatine
foramen. Thi s depression is clearly visible in the vent ra l view of the skull.

In the posterior wall of the dep ression there is a distinct , sma ll foramen, preserved only
on the right side of the skull, which is obsc ured in ventra l view and visible only in oblique
view. It is called th e orbitonasal foramen (JOLLl E, 1962).

The orbitosphenoid has a very large exposure in the orbit, occupy ing mos t of the inter
or bita l wall. The orbitos pheno id is fan- shaped and has a junction with the pa latine below, a well
p reserved junction with the fro ntal above and anterio rly, an d a j unct ion with th e par ietal ab ove
and posteriorly. In th e central part of the orbit, exposed in lateral view, there is a large, rounded
recess which is formed mostly by th e orbi tosphenoi d, but a sma ll ventral crescent is presumably
formed by the palat ine. Thi s recess is deep, particu lary posteroventrally. In the anterior
margin of thi s recess within th e orbitosphenoid, th ere is a sma ll foram en which might be the
ethmoid foramen. The anterior margin of the recess is delimited by a groove extending from
the eth moid foramen downwards to meet the horizontal groove, which extend s from the sphe
nopalatine foramen postcriorly. In th e central part of the recess (lying within th e orbitos phenoid),
the interorbital wall is slightly convex agai n. In th is area th e orbitosphenoid is thin and in the
po sterior part of the recess the bone is missing on both sides of the skull. It seems very pro ba ble
th at thi s part of the interorbit al wall was membraneous in life. The shape of the unossified zone
(orbital fissure) is reconstruct ed tentatively in Text-fig. 3. No definite for am ina are recognizabl e
in thi s region and it is presumed th at through th e large orbital fissure passe d the following
ner ves : Il , Ill , IV, Vl _ ~ an d VI.

The recognition of the limits of the alisphenoi d in the studied skull is a lso to some extent
tentati ve, as the bone is cracked in th is region an d I cannot be sure whether I am dealin g with
sutures or with cracks on th e bone surface. The alisphenoid, as tent ati vely recognized here,
is redu ced to a sma ll, ventral elemen t which does not contribute to the lateral wall of the brain
case. In late ral view the alispheno id is inserted between the ectopterygoid an d the anterior lamina
of the petrosal. Anterodor sally, the alispheno id reaches the recess describ ed ab ove in the orbito
sphenoid . The vent ral margin of the alisphenoi d is slightly thi ckened and forms a "wing" which
protrudes somewha t vent rally over the basicranial reg ion. In ventra l view, thi s wing is crescent
-shap ed and 'surrounds the foramina for V3 antero laterally.

Speaking about the anterior lamina of the pet rosal in the muttituberculat es 1 should make
it clear, th at th is term , introduced by W ATSON (1916) for the monotremes (p rocessus anterior
periotici) and accepted by K . A. K ERMACK (1963) for the tr icon odonts, is not so applicable to the
multituberculates. The element in the multituberculat es tha t is homologous to the anterior lam ina
of the triconodonts and th e monotremes, consists (due to the broadenin g of the skull) of two
parts which are arran ged at right ang les to each oth er. Ne ither of the par ts lie anterior to th e
cochlea. As, ho wever . the term ante rior lam ina of the petrosa l has been widely used in the re-
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levant liter ature, 1 accept it for the multituberculat es. On e of the components of the anterior
lamina in the multituberculates is th e ventra l pa rt , which lies in the ba sicramal region, lateral
to the lat eral flange and ante ro- latera l to th e coc h lea . In ventral view, onl y thi s part of the an 
terior lamina is visibl e . The ventra l part of the ante rior lamina is pierced by the foramina for
V3 , th ough it cannot be excluded that th e two a nte rio r foramina in Katnpt obaatar lay in the line
of fu sion with the a lispheno id . The ventra l part of the ante rio r lamina may be preserved in
detached petrosal s and is preser ved in th e pet rosal of Ptilodus, figured by SIMPSON (1937, Fig. 8).
K. A. K ERMACK (1963 , 1967) and HOPSON & CROMPTON (1969), when speak ing about the an
terior lamina of the petrosal in th e multitubercul at es, refer onl y to th is ventra l part.

3mm
I I

Dsph

Fig. J

Kamptobaatar kuc zynskii KIELAN- J Awo Ro w SKA, reconstruct ion of the sku ll i n lat eral view. A bbrevia tio ns - see p. 6.

The second component of the ante rio r lamina is the ascend ing part , which forms in the
multituberculates most of th e lat eral wall of the braincase and lies Iaterod orsal to th e cochlea .
Th is st ruc ture has not been described in the multituberculates so far and is found fo r the first
time in Kamptobaatar. The asc end ing part of th e an te rior lam ina is not visible in ventral view,
but is well exposed in lateral view. It is difficult to imagin e its preser vation in the detached petro
sals, as it is a fragile lamina, a rra nged at a right angle to the main bod y of the petrosal and which
may eas ily be broken off.

The ascen ding part of the a nte rior lamina in Kampt oboatar is irre gu lar in sha pe. Of all its
juncti on s only th at with parietal (a lon g, horizontal co ntac t) may be traced with certai nty o n
bo th sides of the sk u ll. The sut ure with the squa mosa l a ppea rs to be directed obliq uely and the
poster od orsal corner of the ascend ing part is elongated into a narrow process. Posteri orl y, the
asce nd ing part of the an terior lamina bears a ridge wh ich is directed obliquely, tapers ventra lly
and runs subpa ra llel to th e juncti on with th e sq ua mosal. In the anterio r part of the lamina
th ere is another, less di stinct rid ge, parallel to the poster ior margin of the orb itospeno id . Cranial
ner ve V3 left the braincase by way of five foramina , which lie in the ventra l pa rt of the anterior
lamina of the pet ro sal. These foramina arc expo sed mostly on the vent ra l side of the skull.
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Only th e most lateral fo rame n is seen in latera l view. This region is described in detail 111 the
next section. The ecto pterygo id has littl e exposure in lateral view. It lies between th e maxilla
and the alisphenoid. Tt is very difficult to sta te the extent of the perpendicular part of th e palatine
in the interorbital wall. Th e sut ure between the ectopterygoid and th e palatine is not recognizabl e.
It seems probable that the triangular bone which tapers at th e sphenopa latine for am en and is
inserted between th e maxilla and the or bitospheno id, is the perp endi cula r part of the palatine.
In latera l view the squamosal is very narrow, ta pers upwards and is inserted as a narrow process
between the parietal and occipita l. Th e ju nction of the squa mosal with the tabular is not known.
The zygomatic process of the squamosal is broken off at the base on both sides, and both the
gleno id cav ity and the pos tgleno id process are no t preserved.

Basicranium and ear. Though th e state of preservat ion of th e basicranium in Z. Pal.
No. MgM-I j33 is very goo d, th e sma ll size of the specimen and the lack of compar ati ve material
do not permit ident ificat ion of all th e features in th is region with any cert ainty. In ventra l view,
the basicranial region (as a who le) is wider th an it is long. In fro nt of the alisphenoid there
is an ectopt erygoid, which consists of a rectan gular posterior part and a triangular, anterior
process, which is inser ted between the palat ine and the maxilla . The ectopterygoid tapers at
the palatonasal foram en. From thi s foramen a furrow extends posteriorly a short distanc e
along the ecto pterygo id . On th e rectangular par t of the ecto pterygoid, lateral to the cho anal
regio n, there is a sha llow fossa which is possibly for the median pterygoid muscle. The lat eral
margins of the ectopterygoids are slightly incurved. To the rear of the fossa for the pterygoid
muscle lies th e wing of the alispheno id, which has been described above . In ventral view, the
basioccipital is extensive, roughly triangular and nar rows anter iorly. Its lat eral sutures with the
petr osal a re filled with calcite and are clearl y visible. The basioccipital-basisphenoid suture
is not entirely clear ; it seems th at th e sut ure is placed immediat ely behind two minute foramina,
ident ified as th e internal carotid foramina, in the basisphenoid . In front of the internal caro tid
forami na a lar ge part of the basis phenoi d is visible betwee n the th ickened, poste rior parts of the
pterygoids (hamulus). Lateral to the hamulus there is a compa ra tively la rge opening at the
antero latera l corn er of the promontorium, recog nized here tentati vely as a remn ant of the an
ierior part of the cavum epipteric um. In the basioccipital, in fron t of the condy les, there are
severa l small fo ramina . The condyles are not very pr ominent and are moderately con vex.
A very large a nd deep fossa, placed obliquely and pa ra llel to the long axis of the condyle,
separates the condyle from the basal pa rt of the promontor ium. In the middle of th e floor
of thi s fossa there is a distinct , rather sma ll ju gular foram en. The hypoglossal foramen which
is lacking on the vent ra l wall of exoccipita l, may be conflu ent with the ju gular for am en, as
it is in the monotremes. On the outer wall of fossa, which also forms the wall of the base of the
promontorium, there is a comparat ively sma ll fenestra cochleae .

The promonto rium has a narrow, posterolat eral basal part , insert ed between two fossae :
the fossa described above for the j ugular fora men and the much shallower recess of th e tympanic
cavity. The fenestra vestibuli lies at the base of the promontorium and faces antero latera lly.
The fenestra cochleae is situa ted close to the fenestra vestibuli, is separated from it by a narrow
tongue of the prom ont orium and faces the oppos ite direct ion to th at of the fenestra vestibuli.
The recess of the tymp anic cavity extends lat erally from the fenestra vest ibuli and is here com 
parat ively wide and deep but becomes sha llower lat erally, as it passes into the external audi tory
meatus. It is impo ssible to determine the position of the tymp anum. The recess of the tymp anic
cavity and th e externa l aud ito ry meatu s are delimited pos ter iorly by the paroccipital process,
the tip of which is placed ju st lat eral to the base of the promontorium. The posterior margin
of the base of the pr omont orium and the fossa for the ju gular foramen abut aga inst the inner



SKU LL ST RUCTURE O F M ULTIT UBERC ULAT A

e-:
~~

Pm x

15

Fig. 4
Kamptobaatar kuczynskii KIELAN-JAwoRowsKA, reconst ruction of the skull in ventral view. Abbreviat ions - see p. 6.

ramus of the paroccipital process. The anterior wall of the recess of the tympanic cavity is formed
by the posterior part of the lateral tlange, which here forms a vertically dir ected edge. Thi s edge
separates the recess of the tympanic cavity from the ventral part of the anterior lamina. On the
right side of the skull , which is better preserved, there is a tr iangular process on this part of the
lateral flange, below which there is a distinct foramen for the canalis prooticus (postglenoid
foramen - SIMPSON, 1937). Anterolaterally to thi s for amen there is another small foramen ,
situated in front of the external auditory mcatus, which is the supraglenoid foramen of
SIMPSON, 1937 (see p. 29).
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A nte ro me dia lly to the fenest ra vest ibuli there is a reeess that delim its the promon torium
ante ro la te rally . The outer wa ll of thi s recess is formed by the anterior par t of later al flange,
wh ich is here directed a ntero me d ially. In thi s recess the re is a fo ramen, which must be th e
fac ial foramen . In the small a nte r ior wall of th is rece ss th ere is a small fo ramen , through wh ich
might possibly pass a bra nch of the facial nerve. In fr on t of the recess, a long the ante ro latera l
margin of the promontorium, there is another sma ll fo ramen , the h iatus can a lis F all opi i. In
the antero me d ia l prol ongat ion of this forarnen, there is the comparat ively large fo ra rnen des
cribed a bove as the cav um epiptericum.

On the ve ntral part of the anter ior la mina of the pe trosa l, a n tero lateral to the later al
flan ge there is a shallow rece ss. In front o f thi s recess there a re five fo ra mina for V3 ' F our of
these foramina are well seen in ventra l view, but the fifth, which is less defin ite, faces more
later all y than ventra lly. The most internal foramen (see Text-fig . 4) is the largest of all the
foramina . This foramen probably corresp onds to the fo ra men ova le infer iu s in Ptilodus, a nd
the four remain ing fo ra m ina correspond to the Ioramen masticatorium ( S IMPSON, 1937) , T he
mo st posterior fo rarnen is the sma lles t a nd faces both ven tra lly a nd latera lly . On the right side ,
th e fo ramina fo r V3 are so mewhat difTcrently a rra nged. In fro nt of the recess, the re is one, very
la rge, ova l fo ra men , correspond ing to the Ior arnen ova le inferius of the right side . It is, however,
nearly twice as long as its counterpart. T he remaining fo ra mina are poorly preser ved as th e bone
is bro ken off here. T he suture between the a lisphenoid and the ec topterygoid (in ven tra l view)
is d irec ted t ra nsversely. T he suture bet ween th e a lisphenoid a nd the petrosa l is no t we ll defined,
The suture probabl y ex te nds fro m t he rem na nt cavum epiptericum toward s th e foram ina
fo r Ya ,

D ue to the difficulty in rec ognizing th e sutu re between the a lisp he noi d and th e pet rosal
it ca nno t be sta ted with certainty whet her all the forami na fo r V3 p ierce the ventral part of th e
a nte rio r lamina of the pet rosal or whe ther two of these foram ina (more a nter io r) lay in the line
of j unct io n bet ween the a lisphenoid and the pet rosal. If the tentative reco ns truct ion of th e
sutur e between the petrosal and the a lisphenoid , as figured in Text-fig. 4, is co rrect, th e inne r
wa ll of the remn an t ca vum epipteric um is formed by the pterygoid an d the petrosa l, wh ile th e
o ute r wa ll is formed by the a lisphenoid .

L OI reI' j ail'. In Z. Pal. No . MgM- Ij38 the r igh t a nd left lower ra mi a re prese rved, whi le
in Z . Pal. N o. M gM-I j39 on ly the left lower ramus a nd two teeth from the righ t side a re pre
served . T his left jaw MgM-l j39 is incom plete an d has the po sterior part missing, whi le in
Mg M-I j38 a n impression of the poste rior part of the r ight lower jaw is preserved . The lower
margin of th e ja ws lies a t an angle of a bo ut 35° with reg a rd t he plane o f the teeth . T he co ronoid
crest sta rts op posite the a nter ior root of M I ' In the ante roventra l pro longa t ion of the corono id
crest (benea th P4) there is a conca vity in the wa ll of the mandible which may be see n in occlusa l
view. Ben eath P3 there is 'a d istinct swe lling on the buccal side of the mandib le a nd this form s
the a nte rio r apex of th e masset eric fossa . T he masseteric crest ex tend s from this swe lling po ste 
riorl y, nea rly pa rall el to the plan e of th e teeth and rea che s the lowe r margin of the jaw be nea th
the posteri o r root of M 2 • The pterygo id fossa is la rge and deep a nd its an te r ior margin is si
tu ated opposit e the poste rior ma rg in of M 2 (or just to the rea r of the poste rior margin of M 2) .

Ent ra nce to th e dental ca na l is a ffo rded by a single, la rge foramen in the middle of the an terio r
wall of the fossa . The ra m us sepa rat ing the pterygoid and the masserreric fossae projects lin
gu all y to form the wide, horizon tal 11 0 01' o f th e pterygoid fossa . One mental fo ramen is d iscer
nible on the left mandible of M gM- l j39 at the level of the m iddl e of th e diastema . T he surface
of the sy mphys is is sha ped like a comma .
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Dentition. Dent al formula : ~ ~ ~ ~. P is single cusped, comparati vely short and

sharply poi nted. The enamel is very thick on the anter ior sur face of the tooth and sharp ly
delimited by th ickness and colour from the posterior surface, where the enam el is very thin
or is lacking. The wear surface is as in Taeniolabts. [2is a small, peg-like tooth, directed somewhat
obliquely toward s the middle. '
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Fig. 5
Kamptobaatar kuczynsk ii KIELAN-JAwoROWSKA. reconstruction of the lower jaw in lab ial VIew.

P' , p2 and P" are doubl e roo ted; P' and p2 have 3 cusps (one buccal and two lingual)
and P" has 4 cup s arra nged symmetrica lly. In all the skulls p i is the largest of the first three
premolars and P" the smallest. In Z. Pal. No. MgM-Ij33, which ha s the teeth best preserved,
P' is twice as high and twice as long as P3. In all the specimens the anterior root of pi is placed
strongly obliquely mesially. The cusp formula for P' is 3 : 5 or 6. It is a comparatively slender
tooth and kidney-shaped in occlusal view. The row of cusps is arranged obliquely across the
too th extending from the anterolingual to po ster obuccal corner. In thi s row the cusps increase
in size posteriorly and the penultimate cusp is larger and high er than the ultimate. Adjacent
the two posterior , medial cusps there is, on the lingual side of the too th , a smooth, rather trian
gular surface which slopes towards the palate.

Th e cusp formul a for MI is 5 : 5: ridge. In the outer row the first cusp is sma ll and the
next three cusps of equal size. The penultimate cusp has a long posterior ridge , on which the
incip ient but distinct fifth cusp is situated. The cusps of the medi al row are symmetrically ar
ranged and increase in height posteriorly , the first being almost flat. The inner ridge extends
along the whole length of the too th, forming a crescent-sha ped con vexity in the posterior half
of the too th and extending subpara llel to th e middle row of the cusps in the anterior half.
In Z. Pal. No . MgM-[ j33 the ridge appears smoo th, but in MgM-Ij38 it bears 3 (or 4) indi stinct
incipient cusps. The cusp formula for M2 is I : 2 : 3. The single cusp of the outer row is sma ll,
crescent-shaped, placed in the antero latera l corner of the tooth and obliquely faces the first
cusp of the medial row. The first cusp of the medial row is th e largest of a ll, an d situated to the
rear of the external cusp. Thi s first cusp of th e medial row bear s a ridge which extends antero
medially towards the anterior margin of the to oth. The second cusp is somewhat smaller. The
th ree cusps of the inner row are subcrescent ic and decrease in size po steriorly.

P a taeonto logla P o lonica :-10 . 25 2
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Both I ] are pr eser ved in Z. Pal. No. MgM -1 j39. I ] is a mo de ra tely curved tooth with
a flat , inner wall. The ena me l is thi ck on th e ventro lateral surface, probabl y absen t or very
thin on the dorsom edial sur face and with no sharp boundary between the two surfaces . P3 is
a simple, peg-like tooth. P ~ is arcua te with its h ighest poi nt placed on a line with th e lower
molars. There a re 6 (or 7) serra t ions, a ll with ridges. A sma ll basal cuspu le is p resent on the
posteri or part of the labi al wa ll of the tooth. Cusp for m ula for M ] is 4 : 3; fo r M, it is 3 : 2.
Discussion - see p. 25.

Sloanbaatar mirabilis KI ELAN-J AW OROWSKA, 1970

(PI. I, Fig . I; PI. V ; Text-figs. 6-10, ll b, 12b)

1970a. Sloanbaarar mrrabilis n. sp.; Z. KIELAN-JAWOROWSKA, New Upper Cretaceous. .. , p. 42, Pis. 10,12,13 ; Text-fig. I

Material. - Only the type specimen (Z. Pal. N o. M gM-I j20) - complete skull associa ted
with lower jaws and part of the postcr ani al ske leto n is kn own.

For measurem ents and addi tio na l figures - see KIELAN-JAWOROWSKA, 1970a.
The skull as a whole. T he sno ut a nte riorly is comparatively narrow, rou ghl y rectangula r

a nd bluntly pointed. The zygomatic a rches a re strong ly expa nded lat erall y. The great est width
is across the poster ior part of the zygoma tic a rches. The posto rbita l process is prominent and
situa ted far posteriorly. The orbit is very la rge and the interorbita l co nstrict ion IS co nspicuo us .
In lat eral view, the rostru m is strongly tapered a nteriorly, the cran ial roof is rounded po steriorly,
the occipita l sur face is situated very low an d placed obliquely with regard to .the plan e of the
teeth. In anterior view, the crania l roof is a rched and th e infraorbi ta l foramina face anterio rly.

The Sl10 /l 1 and zygotna. The nasals are extensive and strong ly expanded poster iorly . The
fronto-nasal suture is co nvex posteri orly and sigmoid nea r the midl ine of the skull. Both fron tals
tap er ante riorly in the middle to a rounded end which is inse rted between th e nasals. In the
transver se plane the nasals a re almost flat. There are very indis tinct "vascular" foramina, pro
babl y asymmetrically arrange d : two are visible in the left nasal and one in the right. The pre
maxill a is directed vertica lly and forms the lat eral wa ll of the sno ut. The prem axillo-maxillary
suture is indistinct ; in th e lateral view it is directed almost ver t ica lly in the ventra l part and
deflected posteriorly in the dorsal part. The maxilla extends ove r two-thirds of the side of the
snout. Anteriorly the facial part of the maxilla is vert ica l: while posteriorly it becomes flattened
at the zygomatic arch. The infraorbital foramen is situa ted a bove the P'-P'' embrasure and is
clearly seen in ventral , lateral , and anterior views, but en tirely obscured in dorsal view. A furrow,
with a prominent dorsal edge, extends from the infraorbital fo ramen anterio rly to fade out
opposite Pi. The ventra l wall of the maxilla , bu ccal to the row of the premolars, is very small.

The sutur e bet ween the maxilla and squa mosal on the zygoma tic arch is not d iscernible.
The ante rior edge of th e zygo matic arch, formed by the maxilla , originates opposite pz, while
the posterior edge originates opposite the most ante rior part of P~ . The anterior part of th e zy
gomatic a rch is wide r vertica lly than tr ansversely. The zygo ma tic ridge is very fa int. In ventral
view, it originates o ppos ite the P3_P~ em brasure to for m an arch co nvex anteriorly, and then
continues po ste riorly to form the lat eral edge of the zygomatic arch . In lateral view, the ridge
a rches upward s and then exte nds for a lon g d istance along the dorsal edge of the zygomatic
a rch. Thus the crescent-shap ed area delimited by the ridge is strongly elongat ed. In th e posterior
part of the arch (which is much deeper th an the anterio r part), the ridge passes oblique ly onto
the lat eral wall of th e arch, di viding it int o two areas. The ante rio r a rea, which is smaller, is
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Fig. 6
Sloanbaatar mirabilis KI ELAN-JAWORo wSKA, reconstruction of th e skull in dorsal view. Abbreviat ion s - see p. 6.

designat ed by the notati on A, the posterior by the notat ion B. Th e maximal height of the zygo
mat ic a rch, in lateral view, is oppos ite the postorbital process. In ventra l view, the zygomat ic
arc h is slender anteriorly and becomes very wide in the posterior part. Most of the poster ior
part of the arch is occupi ed by a very large, almos t flat , glenoid fossa which is roughly semicir
cular , and has a straight margin di rected antero latera lly. Lat erally, the fossa contacts the area A,
which is placed obliquely with regard to the fossa, but IS visible in ventra l view. Po steromedially,
the glenoid fossa a lmost contacts the lateral (lowerm ost) co rne r of the occipita l plat e. In dorsal
view, the anterior part of the zygomatic arch is slender. In the posterior, wider part, one can
recogn ize two surfaces, th e posterior one is surface B, which in thi s view is crescent-shaped

2*
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and directed obliquely posterolat erally. A nteromedia lly to surface H, there is a much larger ,
somewhat concave surface, which medially bends upwards to form the lateral wall of the
squamos a l. The edge which sepa rates sur face H from the anterior surface passes medially int o
the lambdoidal cres t.

Palate. The pa lata l pr ocesses of th e premaxillae form concave sur faces and occupy more
than one-third of the palat al length. The margin between the vent ra l and the lateral walls of the
premaxilla is thickened and forms a sha rp ridge . On the lingu al side of th e alveoli for 12 and
somewha t more anter iorly, there are rounded palatine fissures, which do not reach the medi an
sut ure. As seen in ventra l view, the premaxillo-maxillar y suture extends a sho rt distance po
sterioriy, subparallel to the outer border of the sno ut and th en arc hes posteriorly a round P.
The suture almos t reac hes the pa latine fissure and th en extends as a short transverse line to
reach its co unterpart of the opposi te side .

In the ante rior par t of the palat e the two palatine processes of the maxillae meet to form
a surface which is strongly co ncave . Posteriorl y, a longitud inal ridge extends opposite M' and
M2 and along the media n suture . Latera l to thi s ridge the palatine processes of maxillae are
con cave . There are two pa lata l vacuities. The anterior one is very narrow and extends from
opposite p2to opposi te the middl e of P~ . The posterior vac uity is much wide r, ova l, and extends
from op pos ite the ultimate cusp of PI, to opposite the penultimate cusp of M J. The course of
the maxillo-p alatine suture is hardl y disce rnible. 11 fo rms an arch to the rear of M2 and then
turns anterioriy to run subparallel to M2. The posit ion of the transverse pa latine suture, however ,
cannot be established . T he poster ior rim of the horizon tal part of the pa lat ine bone is slightly
thickened, but the true postpalatine torus is no t deve loped . The middl e rid ge on th e palatine
bo nes is prolonged into a med ial process, which is either very sho rt or is br oken off. On both
sides of the process, the rim of the choanae is inc urved ante rio riy. It is imp ossible to establish
which bones for m the bottom or the lateral wa lls of the choan ae, beca use the area is so strongly
cracked . The morphology of th e vomer and the pterygo ids can not be determined. On the
posterior part of the right , lateral rim of the choanae there is a ridge. On the left side thi s rid ge
is broken off.

Cranial roof. The fro nta ls fo rm the superior borde r of the anterio r part of the orbit.
Nea r the bo rde r of the or bit, to the rear of the maximal co nstriction of the skull, the fronto
parieta l suture forms a sma ll a rc, which is convex anter ioriy and then extends posterioriy. Op
posite the pos to rbi ta l p rocess the suture curves medially an d exte nds transversely to meet its
co unte rpar t from the other side. The parietals are extensive and form the whole of the cranial
roof posterio rIy. The postorb ita l processes are very prominent. The pari etal crests extend from
the posterior bor der of the postorbital processes pos teromedially and meet just in front of the
lambdoidal crests . The parieta l crests are very faint an ter iorly, but become more prominent
posteriorIy. There is no sagittal cres t. It is d iffi cul t to determine th e sha pe of the parietal in lateral
view, but it is very pro bable that the pa rietal is sim ilar to tha t in Kamptobaatar. Th e lambdoidal
crests med ially are comparatively faint and slightly convex anter iorIy. Lat erally they curve
to become convex pos teriorIy, mu ch more prominent and crescent-sha ped . It is impossible to
determine the co urse of the parieto-occipital sutur e, bu t it proba bly extended along the lambdo
ida l crest. It is a lso pro bable that , as in Kaniptobaatar , the squamosal is deeply inserted between
the parieta l and occ ipital.

Occ iput. T he occipita l plat e is situa ted compa ra tively low and lies obliquely with regard
to the plane of the pa late. The occipita l plate is abo ut 1.5 times wide r th an high. The border
of the foramen mag num is preserved only in the up per pa rt of the right side of the skull and the
occ ipita l con dyles are not pre served . The supraoccipital is extensive. The suture between the
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supraoccipital and exoccipital is not preserved. Lateral to the foramen magnum, there is a lon
gitudinal depression on the exoccipital, bordered laterally by a vertica I ridge, which is slightly
concave medially. The suture between the supraoccipital and tabular is probably as in Kampto
baatar (see Text-figs. 2 and 7). The sutures that separate the tabular from the squamosal and

Fig. 7
Sloanbaatar mirabilis KIELAN-JAwoRowsKA, reconstruction of the skull in occipital view. The lower part of the snout

is not shown in this figure. Abbreviations - see p, 6.

from the paroccipital process are not discernible. The post-temporal fossa is very large, roughly
oval and tapers slightly upwards. The paroccipital process is triangular, longer and more pro
minent than in Kamptobaatar. A transverse furrow extends along the upper part of the paroccipital
process from the tabular. The suture along the ventral edge of the paroccipital process is not
discernible.

Orbit and temporal fossa. The orbit is very large and widely open posteriorly. Its anterior
and lower boundaries are formed by the maxilla; the upper boundary is formed by the frontal
and the parietal. The orbit has no floor, but in the anterior part is roofed by the maxilla and
frontal, while posteriorly there is a very narrow roof formed by the parietal. The rim of bones
which form the roof of the orbit is thickened. The maxillary foramen (preserved on the right
side of the skull) lies in the lower part of the most anterior corner of the orbit. The spheno
palatine foramen is preserved on the left side and lies at the level of the middle of MI. A ho
rizontal groove, shallowing posteriorly, runs from the sphenopalatine foramen. It is impossible
to determine the extent of any particular bone in the interorbital wall. It seems probable that,
as in Kamptobaatar, the orbitosphenoid is very large and fan-shaped, and that the anterior
lamina of the petrosal occupies most of the temporal fossa. In the roof of the orbit there are
three depressions to be seen in the ventral view of the skull (Text-fig. 9). The anterior one, the
largest, lies above the sphenopalatine foramen and opposite M'. The second depression , se
parated from the first by a transverse ridge, is smaller and lies opposite M2. The most distinct
is the third depression which is, however, very small and lies below the anterior part of the post
orbital process. In the central part of the orbit, exposed in lateral view, there is a large, rounded
recess (Text-fig. 8). On the anterior margin of this recess there is an ethmoid foramen. A deep
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groove, slightly con vex anter iorly, extends from the ethmoid foramen downwards. The recess
is delimited ventrally by a ho rizontal bar. In the central part of the recess the wall of the orbit
is slightly convex again. On both sides of the skull the bone is missing from most of the recess
and is only partly preserved on the left side . Th e preserved part of bone forms a " tongue",
which extends from the anterior margin of the recess posteriorly, in a way similar to the orbit
in Kamp tobaatar . The remaining foramina in the orbit are not preserved .
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Fig . 8
S/oanbaatar mirabilis KIELAN-JAWOROWSKA. reconstr uction of the skull in lateral view. Ab breviations - see p . 6.

In the lower part of the temporal fossa there is a ridge (probably on the anter ior lamina
of the petrosal) , which extends par allel to the lambdoidal crest and tape rs ventrally.

Basicranium and ear. The basioccipit al is damaged. Along the medial border of both
petrosals there are cracks filled with calcite, which might correspond to the sutures between
the petrosals and basioccipital. Th e preserved part of the basioccip ital lies deeper than the
petrosals, No sutures are recognizable in thi s region . The promontorium has a narrow, postero
lateral basal part. Thi s pa rt is bordered on the medial side by the ju gular fossa and antero
laterally by the recess of the tymp anic cavity. As the poster ior part of the basicranium is missing,
only the lateral walls of the jugular fossae are preserved on both sides . The fenestra cochleae
lies at the base of the promontorium and faces pos tero medially (into the jugular fossa). The
fenestra vestibuli lies close to the fenestra cochleae, is separa ted from it by a na rrow tongue
of the promontorium base and faces in the opposite direction to that of the fenestra cochleae.
The recess of the tymp anic cavity becomes sha llower laterally and passes into the externa l
auditory meatus. Anteriorly, the recess of the tympanic cavity is bordered by the posterior par t
of the lateral flange, which forms a narrow, tran sversely directed ridge, and which overha ngs
the recess somewhat. In the lower part of the wall of thi s ridge, there is a poo rly preserved
foramen for the canalis pro oticus (postgleno id foramen of Pt ilodus ; SIMPSON, 1937). Antero
laterally to this for amen, the re is ano ther sma ll, poo rly recognized foramen, wh ich correspond s
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Fig. 9
Sloanbaatar mirabilis KIELAN-JAwoRowsKA, reconstruction of the skull in ventral view. Abbreviations - see p. 6.

to the supraglenoid foramen in Ptilodus (SIMPSON, 1937). Anteromedially to the fenestra vestibuli ,
there is a narrow groove which borders the promontorium anteromedially. The lateral wall
of this groove is formed by the anterior part of the lateral flange which, however, is not very
prominent. In the groove there is a poorly preserved foramen , which I recognize as the facial
foramen. Anteromedially to this groove, there is a small foramen, which might be an hiatus
canalis Fallopii. A short furrow extends from this foramen posterolateralIy. Anteromedially
of the hiatus canalis Fallopii there is a third foramen, which lies more or less in the same place
as the cavum epiptericum in Kamptobaatar. In Sloanbaatar this foramen is much smaller than
in Kamptobaatar. As thi s area in Sloanbaatar is poorly pre served , it is very difficult to venture
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an opmron as to whether the foramm a in question, in Kaniptobaatar and Sloanbaatar, are
homologous or not.

In the region of the foramina for V3 there are two foramin a and these may be comp ared
with the foramen ovale (pseudoovale) inferius and the foramen masticat orium in Ptilodus as
recognized by SIMPSON (1937). The foramen pseudo ovale inferius is very large and faces vcn
trally. It is surrounded anterolaterally by the prominent , crescent-shaped wing of bone, which
protrudes ventrally over the basicranial region. Thi s wing of bone is recognized tentatively,
by comparison with Kamptobaatar, as an alisphenoid. The foramen masticator ium is much
smaller, lies on the edge of the petrosal and faces more laterally than ventra lly. The recess on
the ventral part of anterior lamina, which is easily recognizable in Kamptobaatar, is much less
distinct here. The area which would corre spond to it and which lies to the rear of the foramen
pseudoovale inferius, is very small, almost flat and not bordered by distinct ridges on either side.

Fig. 10
Sloanbaatar mirabilis KJ ELAN-JAW OROWSKA, reco nstr uction of the lower jaw in labial view.

Lower jaw. The lower jaw is slender. The coronoid crest starts opp osite the middle of M l •

The coronoid proces s is small, triangular and strongly deflected buccally. In the right lower
jaw the coronoid process is almost complete. In the anteroventral prolongation of the coronoid
crest (beneath P4) there is a concavity. On the buccal wall, beneath P3 , there is a swelling. The
masseteric crest is very prominent. It starts opposite the anterior part of M 1 and extends pa rallel
to the plane of the teeth and reaches the lower margin of the jaw beneath the posterior edge
of the coronoid process. The dorsal edge of the stem of the condyle is strongly incurved. The
condyle is, in dorsal view, large and roughly circular. One mental for amen is discernible on the
right jaw, in the anterior part of the diastema and opposite the lower pa rt of the incisor. The
pterygoid fossa is large and deep and its anterior margin lies oppos ite the posterior margin
of M 2 • There is a single, large opening (the entrance to the dental canal) in the upp er pa rt of
the anterior wall of the fossa. The ramus separating the pterygoid and the masseteric fossae
projects lingually to form the wide, horizontal floor of the pterygoid fossa.

Dentition. Dental formul a : ~ ~ ~ ~ . The upper tooth row is slightly curved outw ards
in an horizontal plane and is concave ventrally in a vertical plane. P is single cusped, comparati-
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vely straight and sharply pointed . Only the alveoli of 12 are pre served. P' , p2 and P" are double
rooted; P' and p2 have three cu sps (one external and two internal); P" ha s 4 cu sps. P' is the
highest of the first three premolars and P" is the shortest. In occlusal view, P'' is elongated
longitudinally and is rectangular. The cu sp formula of P' is probably 2 : 4 or 5. A s P' is poorly
preserved on both sides, it is difficult to give a definite number of c.usps for the inner row.
P' is slender and becomes narrower po steriorly. The cusp formula of MI is 4 : 4 : ridge. However,
one cannot be certain if the number of cu sps in the inner row was not 5. In both rows the cu sps
increase in size po steriorly. The inn er ridge is not very prominent and extends along the two
posterior cusps of the inner row. The cusp formula of M 2 is I : 2 : 3.

11 is a curved tooth and has flat, inner wall. The enamel is thick and yellow on the ventro
lateral surface and is not , however, delimited by a sha rp boundary. The enamel is very thin
and white (or absent) on the dorsomedial surface. P3 is not preserved but a lveo lus is present.
P4 is arcuate and with it s highest point placed on the line of lower molars. There are 9 serra tions
on P4, all of which are provided with ridges. A very faint, basal swelling is present on the po
sterior part of the labial wall of the tooth. The cu sp formula of M I is 4 : 3. M 2 is very short ,
rectangular in occlusal view and with a cu sp formula of 2 : 2. The 4 cu sps in M 2 are arranged
symmetrically.

DISCUSSION

The systematic position of the genera Kaniptobaatar and Sloanbaatar ha s been discussed
elsewhere (KIELAN-JAWOROWSKA, 1970a). In the present paper , which. is a study of the skull
structure of these genera, the discussion that follows concentrates on the interpretation of
the structure of the multituberculate skull and on comparisons of the skull in the Multituber
culata with those in the Docodonta, the Monotremata and the Triconodonta.

INTERPRETATION OF THE SKULL STRUCTURE IN THE MULTITUBERCULATA

The nasal bones of Kamptobaatar and Sloanbaatar bear asymmetrically arranged foramina
referred to as vascular foramina by SIMPSON (1937) and others. They occur in all the Bayn Dzak
multituberculates and are probably characteri stic of the Multituberculata as a whole. Such
foramina are quite unusual for mammals, but occur in various theriodonts (ATTRIDGE, 1956;
BRINK, 1957; VAN VALEN, 1960; ESTES, 1961) and lizards (WATSON, 1931 ; OELRICH, 1956).
O ELRICH (1956) has shown that simila r foramina , perforate the nasals in recent lizards and
transmit the cutaneous branches of the lateral ethmoid nerve. These serve highly vascularized
and richly innervated skin thickenings which surro unded the cartilaginous, na sal capsule. It
is highly probable that the "vascular" foramina in the multituberculates transmitted the lateral
ethmoid nerve.

In the palatal processes of the premaxillae there are , in Kantptobaatar and S!oanbaatar,
large palatine fissures, which are characteristic of all the Bayn Dzak multituberculates. These
are the fissures for Jacobson's organ. The incisive foramen is absent. In S!oanbaatar, the
palatal vacuities are present, but thi s region is poorly preserved. In Kamptobaatar, as pro
bably in all the Taenio!abididae, the pal ata! vacuities are lacking. In Pti!odus, where the palatal
vacuities are present, there are no palatine foramina, and as shown by SIMPSON(1937), the palatal
canal extends from the choana! rim to th e posteroexternal rim of the pal atal vacuity. In Kampto
baatar, on the other hand , there are distinct palatine foramina maj ora and minora, but the course
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of the palatine can al is ob scure. In the pterygopalat ine fossa there is no op ening which might
be the dorsal orifice of the palatine cana l; it is possible that this orifice was confluent with the
sphenopalatine foramen (as is e.g. the case in Tenrec). Also it is not clear what the fissure
-like foramen which is placed on the side of the po stp alat ine torus transmitted. The presence
of such a foramen is unusual for mammals. Among multituberculates thi s for am en has not
been found in Ptilodus and, as far as I know, in any othe r Tertiary multi tuberculat e, but it
occurs in all the Bayn Dzak genera in which thi s region is preserved. It is improba ble that in
Kamptobaatar (as in Ptilodusi the palatine can al opened into the choanae, as they are divided
here by the pterygoid into two channels, and the outer channel which ends blindly, served
probably as a fossa for muscle attachment. No foramen is visible in the walls of the outer
cha nnel.

A for amen, lying in the posterio r corner of the palatine bone, either behind the last molar
or lateral to it, is characteristic of various therapsids. K OHNE (1956, Text-fig . 18, pp. 56-57)
found such foramen in Oligokypltus and recognized it as an opening of a po sterior bran ch of
the suborbital canal. TATARINOV (1963, 1964) found a similar foramen in a therocephalian
Moschowhaitsia , and later (1968), in a cynodont Dvinia pr ima AMALITZKY. He identified thi s
foramen as the po sterior, ventra l foramen of the subo rbita l can al. Recently, TATARINOV (1969
and MS) changed his opinion and now regards th is foram en as one for the palatonasal nerve,
which in theriodonts usually lies at the junction of the maxilla , the palatine , the ecto pterygoid
and the jugal. Like TATARINOV, I call the fissure-like foramen which lies at the junction of the
ectopterygoid, the palatine and the maxilla - the palat onasal for amen.

As ha s been stated above, th e pterygoid s in Kamp tobaatar are placed in the middle of
choanal channels, a po sition qu ite unusual for the therian mammals and unkno wn in the
monotremes. Between the pterygoids th ere is a lon gitudinal, single bo ne, the vomer, which
forms the middle ridge between the ridges of the pterygoid bon es, giving to thi s region a triradiate
pattern. This triradi at e structure of the choana l region is so far known only in Kamptobaatar
am ong the multitubercul ates. It mu st be, however, stressed th at th is region is extremely po orly
known and is rarely preserved in the multituberculat es, and the prominent ridges of the pt e
rygoids are not easily preserved in normal conditions of fossilization . Thus, th e trirad iat e st ruc
ture of the choana l region may also have been characteristic of othe r multituberculatcs.

The thickened , poster ior end of the pterygoid has been described here as the hamulus.
It cannot be regarded, however , as entirely hom olo gous with the hamulus of modern mammals,
where the anterior end of the ventral ext remity is turned slightly outwards and projects down
wards to form the hamulus pterygoideus. In Kaniptobaatar, it is the po steri or end of the ventral
extremity of this bone that is developed as a hamulus. There is, however , littl e doubt th at thi s
thickened, posterior margin of the pte rygoid formed a pull ey aro und which the tendon of the
tensor palatine muscule was reflected. It seems also obvio us that of the two choana l channels
on each side , onl y the inner one served as an a ir cha nnel, while the lat eral one, which ends
blindly, served as an are a for muscle attachment and was sepa ra ted from the ai r cha nnel by
a sheet of the pterygoid bone. I do no t think that the lat eral, choan al channel formed an area
of attachment for the medial pterygoid mu scle, as lat eral to the choan ae there is a sha llow fossa
(see PI. I, F ig. 2b) which has the sha pe and the posit ion of the fossa for the attachment of the
med ial pterygoid mu scle in mammals and cynodo nts . The lat eral choan al cha nnel is here
regarded entirely tentatively as an equivalent of a scaphoid fossa for the attachment of the tensor
veli palatini mu scle. The str ucture of the choan al region in Kamptobaatar corresponds more
or less to the hypothetical stage in the evolution of a mammalian palat e, figured by PARRINGTON
& WESTOLL (1940, Fig. 16D).
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The interpretation of the skull foramina in the orbit and temporal fossa in Kamptobaatar
is difficult , because thi s region is well preserved only in one specimen, Z. Pal. No. MgM-Ij33,
which is minute and the foramina are somewhat obscure. This difficulty is not helped by the
fact that in the multituberculates this region has so far been described only roughly by SIMPSON
(1937) for Ptilodus, and even there the interorbital wall was not figured. In Sloanbaatar this
region is poorly preserved. There is no doubt at all that the lacrimal bone and the lacrimal
foramen are lacking in all the studied Bayn Dzak multituberculate genera. The only multi tu
berculate, in which the lacrimal bone and a lacrimal foramen have been described, is Paul
choffa tia deldagoi K UHNE (K UHNE, 1961 , 1968; HAHN, 1969) from the Kimmeridgian of Por
tugal , where the lacrimal bone is extensive and the lacrimal foramen large. Thus it may be
presumed that the lack of the nasolacrimal duct in late Cretaceous Bayn Dzak multituberculates
is secondary: The nasolacrimal duct is lacking amongst mammals in the Cetacea, the Sirenia,
the Pinnipedia and the Hippopotamidae, but curiously enough it is also absent in some land
mammals, such as the elephants and the South American peccary - Dicotyles (BOlK et al. , 1936,
p. 978; GIERSBERG & RIETSCHEL, 1967, p. 110). There is no reason to believe that the late Cre
taceous multituberculates from Bayn Dzak were aquat ic or semi-aquatic. It seems more
reasonable to presume that, with regard to the secretion of tears and their removal , these multi
tuberculates acquired adaptations similar to those in elephants and pecari.

A peculiar feature of the structure of the orbit in Kamptobaatar (which is unusually large),
is the pre sence in that part of orbital roof, which is formed by the frontal, of a very large,
rounded fossa. In Sloanbaatar, there are three fossae in the orbital roof. Similar structures
are not known in modern mammals. Most probably the anterior fossa housed an Harderian
gland. The minute foramen in the posterior part of thi s fossa in Kamptobaatar, is placed more
or less in a similar position to that of a for amen in the interorbital wall in Ornithorhynchus,
and called by JOLLIE (1962), the orbitonasal foramen. I give the same name to the minute fo
ramen in Kamptobaatar. I pre sume that it may transmit the medial ethmoid nerve.

The interpretation of the structure of the interorbital w~1I in Kamptobaatar is to some
extent tentative. The sutures that surround the large orbitosphenoid on both sides of the skull
in Z. Pal. No. MgM-Ij33 are very distinct , but the re are doubts as to whether thi s area was
entirely ossified in the multituberculates. As the missing parts of the orbitosphenoid are roughly
of the same shape on both sides of the Kamptobaatar skull (see PI. J) and on the left side of
Sloanbaatar skull (PI. V, Fig. 1), it is probable that the bone was lacking here in life and that
the part of the sidewall of the braincase, below the interorbital constriction, was membraneous
in the multituberculates. I have no doubts as to the position of the sphenopalatine and the
ethmoid foramina. In this region in Ptilodus, SIMPSON (1937.) recognized only one, large, sphen
orbital fissure , which according to him, probably transmitted cranial nerves 11, Ill, IV, Vl - 2

and VI. The optic foramen and the foramen rotundum are little or not differentiated from the
sphenopalatine fissure. The interpretation of this region in Kamptobaatar given by me is similar
to that given by SIMPSON for Ptilodus. '

I identify the exten sive bone, which forms the lower part of the braincase wall in Kampto
baatar - as the ascending part of the anterior lamina of the petrosal. SIMPSON (1937, Fig. 4)

tentatively recognized an extensive squamosal in this region in Ptilodus, but as the squamosal
in Kaniptobaatar is differently shaped and very narrow, SIMPSON'S interpretation may be doubted.
Anteroventrally to the anterior lamina I identify in Kamptobaatar an alisphenoid. In all the
Bayn Dzak multituberculate genera the alisphenoid probably forms a very characteristic, cres
cent-shaped wing, which protrudes somewhat ventrally over the basicranial region and in ventral
view, surrounds the region of the for amina for V, antero-laterally. The identification of thi s
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wing as an a lisphe no id is ten ta t ive as th e suture betwee n th e petrosal and alisphe noid is not
eas ily di st ingui shed . A no the r reason to regard thi s wing as belo ngi ng to a lisp he noid is,
tha t it is not preser ved on the detach ed petrosal s of Pti/odus (figured by SIMPSON, 1937) and on
the Bug Cree k m ultituberculates studie d by Or. MAcINTYRE. As the a lisphe noid wing is present
in the Bayn D zak multitubercul ate skulls, it is probably characteristic for the other multituber
culates. The fact th at th e wing is never found in iso lated petrosals speaks fo r the wing belonging
to the a lisphe noi d .

The lower pa rt of th e lat eral wall of the braincase in the therapsid s is formed essent ially by
two bon es: the anterior lamina of the pet rosal (per iotic) and an extensive a lisphenoid (epipte
rygoid ). The a lisphe no id is usually broad , with a concave, free, anterior margin. In front of
th e a lisp henoid is the un ossified zo ne of the orbital fissure th ro ugh which the cranial ner ves 1I,
Ill , IV , VI ' VI and possibl y a lso V2 left the bra incase. SIMPSON (1933) and BROILI& SCHROEDER
(1934) have doubts as to whethe r the crania l nerve V2 left the bra incase through the orbita l
fissure , or through the fo rame n between the a lisphe no id and the ante rior lamina of the petrosal.
PARRINGTON (1946 ) and H OPsoN (1964) a re of the opi nion th at the latt er foramen tra nsm its
both the m axilla ry and mandibular branches of the tri geminal nerve, whi le M AclNTYRE (1967)
believes that it transmits on ly the mandi bul a r branch.

T he lat eral wa ll of the brain case in the stu died m ulti tuberculates gene ra lly res em bles
tha t of the therapsid reptiles and d iffers from th em , in havin g a much more extens ive anterior
lamina of the pe t ro sa l (the a lisphe no id being reduce d to a com paratively sma ll, vent ra l element).
M oreover , the large o rb ita l fissure, which is mem braneous in the theriodonts, is, in the multi
tube rculates, partly ossified. In th e lat eral wa ll of the braincase in the ,multituberculates, there
is no open ing bet ween th e anterior lamina of the pe trosa l and the a lisphe noid, as in the cy
nodonts. The homologu e of a fo ra me n in th e cynodonts is, in the multitubercul ates, divided
into seve ra l (two or five) foramina, which face vent rally and are situated in the anterolateral
co rner of the pet ro sal , presumabl y within the vent ra l pa rt of the anterior lamina of the petrosal.

The interpretat ion of foramina is to some extent a lway s open to doubt in fo ssil materi al.
According to recent op inion (exce pt M ACTNTYRE, 1967), the m axillary and the mandibular
br anches of the tri geminal ne rve eme rge from the sk ull in quite d ifferent wa ys in the adv anced
therapsid s and in the primitive mammals, a nd thi s does not appear to me to be very convincing.
In the multitubercul at es, in my opinion, the forami na for V 2 and V, are m ost probabl y, compara
t ively wide ly separated , as is the case in the monotremes.

T he five fo ramina by which V:I leaves th e braincase are only chara cte r ist ic for Kampto
baat ar. Any attem pt at giving a detailed reconst ruct ion as to which foramen transmitted
a part icular branch of the mandibular nerve wo uld be poi ntl ess, as there a re many possible
interpretation s. The division of the mandibular nerve into severa l bran ches befo re it leaves
the sku ll appears to be charact eri stic of the Mul tituberculat a as a whole. T he fa ct that the for
am ina on the right side of the sku ll a re differentl y a rranged from those on th e left side (this does
not seem to be due to any damage), shows that there is great, individual vari ability in this respect
with in the mu lt ituberculates. In S loanbaa tar and in the other Bayn D zak multitubercul ate
genera in wh ich this region is preser ved , there are only two fo ramina for Va , as is the ca se for
Ptilodus (SIMPSON, 1937). A similar division of the mandibul a r ner ve has been de scribed in
th e therapsid Ischignathus (BONAPARTE, 1962) and in some rod en ts (HI LL, 1935). In rodents there
is great, individual va riability in the development of the cran ial forami na (BERRY & SEARLE,
1963) as in the multitubercul at es.

The basicranium of Kamptobaatar and Slo aubaatar described in the present paper is of
the same gene ra l pattern as the basicranium in Pt ilodus. Kampatobaatar differs from Ptilodus,
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in addition to the somewhat d ifferent structure of the reg ion of the foramina for V3, in that the
condylar foramen as identified in Ptilodus by SIMPSON (1937), appears to be absent in Kampto
baatar (it is not pre served in Sloanbaatar). The hiatus canalis Fallopii , named by SIMPSON th e
dehiscientia canali s faciali s, is placed in Kamptobaatar and Sloanbaatar more anteriorly with
regard to th e foramen for VII than in Ptilodus. Th e lateral flange is more conspicuous in Kampto
baatar than in Ptilodus and in Sloanbaatar. The two for amina , named by SIMPSON (1937) as
the supraglenoid foramen and the postglenoid for am en and regarded by him as the openings
of the prootic canal , occur in Kamptobaatar and S loanbaatar in a sim ilar position . The supra
glenoid foramen is recognized here tent ati vely as an anterior opening of the po stt emporal fo ssa
(see below). SIMPSON (1937) has recon structed th e ca rotid foramen of Ptilodus in the
anteromedial prolongation of the hiatus can alis Fallopii. In Kamptobaatar, 1 recognize thi s
prolongation as the anterior end of cav um epipte ricum. The cavum epiptericum is placed
too far laterally in Kanip tobaatar, to tran smit th e intern al ca ro tid a rtery . Moreover , in the
basisphenoid of Kamptobaatar there are two minute for amina, which are identified here
tentatively as th e int ern al carotid foramina . Similar minute for amina occur .in th e
ba sisphenoid of Pt ilodus, which SIMPSON ca lled : "pro bable nutritive foramina" , Not having
seen the original specimens of Ptilodus I ca nnot venture a n opinion as to whether or not
the structure described ab ove are hom ologous in Kamptobaatar and in Ptilodus. It should
also be mentioned tha t the similar, minute foramina in the anterior part of the basi
sphenoid in Diarthrognathus, have been tenta tive ly recognized by CROMPTON (1958) as the in
ternal carotid foramina . In genera l, the basicrani al region of Ptilodus reminds me more of
Sloanbaatar tha n of Kamptobaatar, but it mu st be stressed th at th e differences between th e three
genera are th ose of details and th at the bas ic pattern of th e basicran ial region is th e same in
all of them .

The occipita l plate in the mult ituberculate s (Text - fig, 11) recall s th at of Orni thorhyn chus
(WATSON, 1916) as well as that of th e therapsid rept iles, especially the tritylodonts - see
Oligokyphus (K UH NE, 1956), an d L ikhoelia (G 1NSBURG, 1961, 1962) ; Liklioelia is pr obably
congeneric with Tritylodon (HOPSON, 1964). In the tritylod onts th e occ ipita ls are not very lar ge
and most of the occipita l plate is formed by th e exte nsive ta bu lars, with large post-temporal fossae.
Ventrally to the tabular lies a paroccipita l process. All th ese elements are found in th e multi 
tuberculate skull. In the therapsids the post-t empor al fossa opens a nte riorly at th e anter ior end
of the po st-t emporal bar, where the parieta l, the petrosal and th e squamosal meet (SIMPSON,
1933). In the multituberculat es th e poster ior ope ning of th e post-t emporal fossa is placed as in
the therap sids, but th ere is no foram en at th e junction of th e parietal , th e petrosal and th e
squamosal, which would correspo nd to the anterior opening of the post-t emporal fossa . Th e
only fo ram en, which might be the anterio r opening is th e suprag leno id forarnen (SIMPSON,
1937). It lies in fron t of the glenoi d cav ity and occup ies th e same position as th e a nter ior opening
of the post-temporal foss a in the mon otremes.

In the th erap sid reptiles th e paroccipital process is formed by th e opis thootic. It is difficult
to state which bone forms th e paroccipit al pr ocess in th e multituberculat es. In Kantptobaatar,
a distinct suture extends along the ventral edge of th e paroccipita l pr ocess. If th e pa roccipital
process were to be mad e by th e op isthootic, then a suture would sepa ra te th e opisthootic from
th e prootic. Thi s condit ion is very ra re in therap sids (OLSON, 1944) and quite unusual in mam
mals. In th e mon otremes the paroccipital pr ocess (crista par oti ca) is formed by th e pet rosal ,
which is overlapped in part by th e squamosal. The pa rocc ipita l pr ocess of th e mon otremes
only differs from th at .of the mul tituberculates in th at it lies somew ha t obliquely with regard
to th e long ax is of the skull, but otherwise occ up ies th e same position. It is thus highly
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F ig. II
Diagr amm at ic drawings of the occipita l plate in Ornithorhynchus (a), Oligokyphus (b) and S loanbaatar (c). The
lower part of the sno ut is not shown in thi s figure. The sutures in F ig. a afte r Watson, 1916, Fig. b after Kiihne,

1956. Not to scale.

probabl e that the paroccipital process in th e multituberculates is homologou s to that of the
monotremes.

In the studied collection, there are only single specimens of Sloanbaatar and Kampto
baatar in which the bra inca se is pres erved . In both specimens the cranial roof is complete henc e
it was impo ssible either to destroy the cranial roof in order to examine th e inner structure of
the brain-cavity or to section one of the skulls serially. Both skulls are minute and strongly
oss ified and it also proved impossible to pass a bristle through any of the foramina. Therefore,
the interp retation given above of the skull for amina in the multituberculates is based only on
the external aspect s of the studied skulls and mu st be regarded to some exten t as tentative.

COMPARISON WITH TH E MORGANUCODONTIDA E

K. A. K ERMACK (1963) has shown th at the isolated petrosal of Morganucodon 2 from
the Upper Triassic material from Wales resemble s closely the petrosals of the Jurassic trico
nodonts. Since then new information on the bra incase of the morg anucodonts has been obt ain ed
by further preparation of the complete skull of Morganucodon from China, a preliminary des
cription of which has been given by RI GNEY (1963). Thi s skull is at pre sent being described
by Dr. K. A. K ERMACK, Mrs. F. MUSSETT and Father RIGNEY in a paper that also includ es
a study of the new Welsh material. In ventra l aspect , the skull of Mo rganu codon shows a close
resemblance to those of Kamptobaatar and Sloanbaatar and the similarities concern both the

2 Morga nucodon K OHNE is regarded by P ARRI NGTON (1967) as a younger synonym of Eozostro don, As, howeve r,
there is no general agreement about thi s (see D. M. K ERMACK et al., 1968), 1 regar d, for the time being, M orga
nucodon as the valid name.
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choana l and the basicr an ial regions. The cho a nae in Morganucodon are t riradiat e as in Kampto
baatar. As the new M organu codon mat erial has not yet been described , I cannot make a detailed
compari son of the M organu codon and mul t itubercul at e braincase. It may be, however, stated
that th e main difference between the multituberculates and M organucodon concerns the
lat eral aspect of the braincase. In Kamp tobaatar the lat eral wall of the braincase is formed
essentially by th e anterior lamina of the petrosal and the alisphenoid is reduced to a small,
ventra l element. In M organucodon there is a per sistent a lisphenoid in front of the anterior
lamina. The alisphenoi d is, in Morganucodon (K . A . K ERMACK, 1967), much less broad th an
in cynodonts and is not crowded out from the lateral wall of the brain ca se as is the case in the
multituberculates and the monotreme s.

In the anterior lamina of the petrosal in M organu codon are two foramina , which are better
seen in lat eral than in ventra l view. K . A. K ERMAcK (1967) refers to them as the foramen pseudo
ovale and the foram en pseudorotundum. By compari son with the multituberculates one may
suppose that these two for amina in Morganucodon are homologous with the two foramina in
the region of th e foramina for V3 in Ptilodus and Sloanbaatar. In these multituberculates the
foramina for V3 lie eithe r with in the ventra l part of the anterior lamina of the petrosal, or in
the presumed suture between the petrosal and the a lispheno id (in the anterolate ra l corner of
the ba sicranium) and face ventra lly. In Morg anucodon these for amina lie in th e anterior lamina
on the lat eral wall of the brain case and face laterally. If the foramina in qu estion are homologous
in mul tituberculates and mor ganucod on ts, one should presume that either in M organucodon th e
foramen pseud oovale is di vided into two for am ina, or on the co ntra ry , that in th e mult itubercu
lat es on e of the foramina, referre d to by SIMPSON ( 1937) as the foramina for Va (foramen ma sti
ca to rium and foram en ova le inferius), is in fact a fo ram en pseudorotundum. The homology of
th ese fo ramina in mu ltitubercul a tes and morganucond onts does not seem to be very probable.
In the monotre mes , in the antero lateral co rner of the basicran ium there is a very large foramen
for Va , while the foramen for V2 lies comparati vely di stan t from it and much more anteriorly.
1 presume th at in Kamptobaatar V2 was prob abl y tr an smitted by the orbita l fissure. If thi s be
the case, in th e mul tit uberculat es as in the monotrem es, th e for amina for V2 a nd Va were widely
separated and the fo ra mina in the antero late ra l co rne r of th e basicranium pro ba bly passed
bran ches of Va •

The multituberculat es differ distinctly from the morganucod onts in th e st ructu re of the
lower jaw and the lower jaw suspensorium, which in all the known multituberculate s, is ent irely
mammalian , while in M organu codon both the dentary/squarnosal and a rt icu la r/q uad rate joints
a re present. CROMPTON (1964) has shown that Erythrotherium described by him from the Upper
Triassic of South Africa, sho ws much resem blance to Morganu codon. As, however , in the pre
limin ary description of th e Erythrotherium given by C ROMPTON, onl y the lower jaw with teeth
and the upper teeth a re described , the com parison of thi s genus with th e mult ituberculates
cannot be mad e.

COMPAll lSON WITH THE TRICONOOONTA

Wh ole skulls of tricono donts have not yet been fo und 3 and any knowledge of th eir
cra nia l structure is based on fragmenta ry mat erial co nsisting of two pet rosals and the sphenoid
of a specimen of Triconodon mordax and two petrosals of a specimen of Trioracodon f erox.

3 Sinoconodon rigneyi, which comes from the same beds as Morganucodon oehleri was assigned by P ATT ERSON &
OLSON (1961) to the Triconodonta. According to K. A. K ERMAC K (1967), it is a younger synonym of Morganucodon,
but now Or. K . A. K ERM AC K tells me (personal comm unicati on) that it is more likely that Sino conodon is a separate genus,
belonging, however . to the Morganucodont idae .
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Both specimens are fro m the Eng lish Upper J ur assic (Pur beck) a nd are housed in the British
Museum (Natural Hi sto ry). K. A. K ERMACK (963) gave a detailed description of this material
co mpa ring the pet ro sal of th e t ricon odonts with th at of Morganucodon. H e also mentioned
(f . C. , p. 10 1) the simi larit ies in the st ructur e of the pe trosa l in triconodonts and multituber
cula tes . I agree (see belo w) that the petrosa ls in tricono donts a nd multituberculates a re of almost
the sa me pa ttern a nd in my opinio n the similar it ies between these two gro ups a re even great er
tha n has been presumed by K . A. K ERMAC K.

K. A . K ERMACK (1963) gave a reasonable in terpretation of the iso la ted petrosal of Trio
racodon ferox (B. M. No. 477 81). A co m parison with the pet ro saIs of Sloanbaatar and Kampto
baatar ena bles me to eme nd thi s interpret at ion in some of the details (Text-fig. 12). The petrosal s
of Slo anbaatar, Katnptobaatar and Trioracodon are st rik ingly sim ila r on fir st sigh t , and the
sim ila rity concerns the sha pe of th e cochl ear housing, the position of the fen estrae vestibuli
a nd cochleae (wh ich a re somewha t larger in Trioracodon), the position of 'the paroccipital
process, th e presence of a lon gitudinal rece ss tha t exte nds a long the lat eral side of the cochlear
hou sin g. th e sha pe of the later al flange a nd the posit ion of the forarnen for V3 •

VII -',-----'
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F ig. 12

Ventra l view o f the pet rosal s o f a Kamptobaatar (Z . PaI. N o.MgM -I/33), b Sloanbaatar (Z . PaI. N o .MgM -I/20J,
c Trioracodon (B. M. No. 477 82) A bbreviat ion s - see p. 6. N ot to sca le,

In Kampt obaatar and Sloanbaatar (as in Ptilodusi the re a re tw o venous foramina in the
basicra nia l region , named by S IMPSON (1937) as the supragleno id a nd postglenoid foramina .
The supragleno id fora me n in Kampt obaatar is p laced postero latera lly with regard to the foramen
pseudoova le a nd in fro nt of the poster ior part of the la ter a lllange, wh ile th e postglen o id foramen
is placed more vent ra lly a nd is on th e in ner (poster ior) wall of the lateral flan ge. In Trioracodon
th er e a re two foramina sim ila rly placed . for which the not a tion s 3 and 5 we re given by K.A. K ER
MACK ( 1963, P I. 2, F ig. 6) . Forarncn 5 has been recognized by K. A. K ERMACK as the lateral
ope ning of the ca na lis prooti cus, while foramen 3 has been regarded by him tent atively as a n
ope ning for V1I.

The fora rnen fo r VII lies, in the multi tuberc ulates, 111 the poste rior part of a deep rece ss
that exte nds a lo ng the later al wa ll of th e cochlear housing. In a sim ila rly situated recess, a t the
po ste rior end ther e is a forarn en in Trioracodon, to which K . A . K ERMACK (I. c.) ga ve the no
ta t ion 4 a nd tenta tively recogni zed as a hiatu s canalis Fallo p ii. In my op inion the foramen 4
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in Trioracodon would corresp ond rather to th e for amen for VlI , while the hiatus canalis Fal
lopii - if It is as in the multituberculates, sho uld be placed mu ch more anteriorly and is not
pre served in th e specimen.

In the petrosal of Trioracodon ferox (B. M . N o. 47781), described by K. A. K ERMACK

( 1963, PI. 2, Fig. 3) - see also Text-fig. 12c in th e present paper, the foramen for V3 lies as in
the mult ituberculat es, but the crescent-shaped projection wh ich surr ounds the foramen antero
la terall y, is d irected less steeply downwards th an in the multituberculates. K. A. K ERMACK

recogni zed only one (very large) foramen for V, in Trioracodon. No certain , second foramen
is present in thi s region in th e petrosal exa mined by him . However , th e crescent-shaped wing
of the bone that surro unds the foramen for V, is broken off in its po sterior part, and there is
a slight notch in it. It is possible that , as in the multituberculat es, thi s notch corresponds to the
second for am en for Va . T his stateme nt mu st be regarded as entirely tentative. If this interpre
tati on be correct , the basicra nial region is of an essent ially similar pattern in th e triconodonts
a nd th e multituberculat es ; the only d ifference being th e presence in the multituberculates of
a distinct extern al auditory meat us, which is lackin g in Tri oracodon, K. A. K ERMACK (1963)
menti on ed th e presence of a fo rame n pt eryg op a roccipital e in Trioracodon (developed in thi s
genus as a notch). 1 have no t fou nd a foram en pterygop aroecipitale in th e multituberculates.

Fig . 13
Comparison of the region of the internal nares in a Kamptobaatar (Z.PaI.No. MgM-J/33), b Triconodon (B.M.N o.47763).

Abbreviations - see p. 6. Not to scale.

In Triconodon th ere is a middle ridge form ed by the vo mer or par asphenoid (somewhat
longer and less prominent than in Kamptobaatar), on bo th sides of which th ere are two channels,
corresponding to th e inn er choan al channels in Katnptobaatar and surrounded laterally by longi
tudinal bones, recogni zed by me as pt erygoids (Text-fig. 13). To the rear of the inn er choanal
channels in Triconodon th ere are th e foramina for th e internal ca ro tid arteries, sim ilarly situated
as in Kamp tobaatar, but much lar ger relatively th an in the multituberculate genus.

As th e spec imen of Triconodon has been somew hat compressed in fossilization, the inner
choa na l cha nnels are mu ch less deep th an in Kamptobaatar and th e pterygoids much less prom-
P nlaeo n tologlu P olon ica No . 25 3
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inent. On the right side of the Tric onodon specimen there are longitudinal ridges in the inner
channel. These are most probably due to di stortion . The posterior end of the pterygoid in
Triconodon is somewhat extended laterally, and very stro ngly resembles the hamulus of Kampto
baatar, though it is changed by the distortion. The posterior end of the pterygoid in Kampto
baatar abuts laterally against a small opening recognized by me as the anterior end of the cavum
epiptericum, as is the case in Triconodon. It seems that in Triconodon the opening of the cavum
epiptericum wa s larger than in Kamptobaatar. Unfortu nat ely, the lateral wall s of the choanae
are not known in Tri conodon and on e cannot be sure whether in thi s genus the pterygoid lies,
in fact , along the middle of the ch oana l channel - as it is the case in Kamptobaatar, but thi s
seems highly probable. The choanal region in S loanbaatar is po o rly preserv ed and one cannot
state what the position of the pterygoid was in th is genus.

CO MPA RISON WITH T HE MONOTR EM ATA

The possible affinities of the Multituberculata and the M onotremata were di scussed by
BROOM (19 14), who, on little evid enc e, ca me to the conclusion that these groups are clo sely
related and then bySIMPSON (1937 , 1938) who came to th e conclusion that th e resemblance
between the monotreme and the multituberculat e br aincase is only superficial. Consequently,
SIMPSON described the multitubercul at e skull in terms of therian mammals.

The present study of the skull stru cture of Kamptobaatar and Sloanbaatar led me to the
conclusion that th e simila rities in the braincase st ructure between th e monotreme s and multi
tuberculates are very great indeed and concern th e following im po rta n t characters . In both
groups the dent ary /squamosal joint is, in vent ra l view, lat eral to th e ear region. The sq uamosa l
is comparatively narrow and does not contribute to th e str uc ture of the lat eral wall of th e brain
case. The posterior part of th e lat eral wall of the br aincase is formed by th e an terior lamina
of the petrosal , in front of which is an extens ive, fan-shap ed orbitosphen oid . The ali sphenoid
is crowded out of the lat eral wall of the braincase and reduced to a ventra l element which is
sma ll in the monotrem es but more extensive in the multituberculates (Text-fig . 14). In Or
nithorhynchus, a wide groove extends po sterolat erall y from the ethmoid foramen towards an
extensive foramen for II a nd In. In Kamptobaat ar, the re is a sim ilar groove which extends fr om
the ethmoid forarnen towards the foramen for n. The orbitos phenoid in Kamptobaatar is not
entirely ossified , while in the monotremes the orbitospheno id is ossified . In Ornithorhynchus,
there is an orbitonasal foramen (JOLl.IE, 1962), which lies in the suture between the orbito
sphenoid a nd th e frontal. In Kamptobaatar there is a simi la r for amen in the frontal.

The jugal is absent in both the monotremes and th e multituberculates and the zygomatic
arch is formed by the maxilla and squamosal only. The lacrimal is lacking in the monotremes
but the na solacrimal cana l is present, whil e in the Creta ceou s multituberculates the lacrimal and
na solacrimal cana l are absent. The lack of a lac rimal in the Cretaceous multituberculates is
evidently secondary, as in the Kimmcridgian muItituberculates from Portugal (HAHN, 1969),
an extensive lacrima l with a large lacrima l forarnen is present. VANDEBROEK gave the notation
lacrima l (1964 , Fig . 6) to the orbital part of th e maxilla in Ornithorhyn clius, but such an in
terpretation is not commonly accepted.

In the monotreme s, the foramen for V3 is single and very large, while in the multituber
culates there are two or five foramina for V3 • In both groups th e foramen (or foramina) for V 3

is simila rly situa ted in the anterolateral corner of the ba sicranium, and face s ventrally. In the
multituberculates, there is a cre scent-shap ed wing , recognized tentatively as an ali sphenoid ,
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F ig. 14
Diagrammatic drawings of the lateral aspects of the bra incase in Kamptobaatar (a) and in Ornithorhynchus (h ) .

Abbrevia tio ns - sec p. 6. No t to scale.

which surrounds th e region of th e foramin a for V3 ante ro laterally and protrudes somewhat
ventra lly over th e basicran ial region. In the mon otr ernes, th e a lisphenoid is less conspicuous
and does not protrude ventra lly, but is similarly placed. The multitubercul at es and th e mon o
tremes are the on ly kn own groups of mammals so far , in which th e post-t emporal fossa is pre
sent. However , while in th e mu ltituberculates th e po st-t emporal fossa is assoc ia ted with a per
sistent tabular, in the mo not remes a tabular has no t been recognized . The temporal can al
in both groups p robabl y has a simila r co urse. T he po sterior opening is th e post-t emporal fossa
and the cana l opens anteriorly into the tempor al fossa (in th e multituberculat es probabl y as
a supragleno id foram en). The paroccipita l process has a similar po siti on in both groups and is
prob abl y hom ologou s (Tex t-fig. 11 ). On e more cha rac ter, which is common to th e mul tituber-
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culate and the monotreme braincase, is that the sutures in both groups a re obliterated very
early in life and therefore the identification of the bones becomes very difficult in both groups.

The above comparison s show that the braincase in the Multituberculata and the Mono
tremata is built according to the same general pattern. The po stcranial skeleton of the multi
tuberculates (GlDLEY, 1909; BROOM, 1914; SIMPSON & ELFTMAN 1928; GRANGER & SIMPSON,
1929; McKENNA, 1961) is incompletely known. In the collection of Bayn D zak multi tuber
culates there are three incomplete postcrani al skeletons (con sistin g of pelvic girdles and hind
limbs). In the most complete specimen, Kryptobaatar dasltzevegi KIELAN-JAWOROWSKA, well
preserved marsupi al bones were found in situ on both sides of the pelvis (KIELAN-JAWOROWSKA,
1969). The presence of marsupial bon es in a multituberculat e ske leton do es no t confirm their
relationship to the monotremes. Marsupial bon es have been found in tritylodonts (FOURIE,
1962, 1963) and so it is po ssible th at thi s feature was cha racte ristic also ofa11 the early mammals.
I should point out that the hind limbs associated with the pelvis of Kryptobaatar dashzevegi ,
not yet studied in detail, appear at first sight to be more of a therian pattern than of a mono
treme pattern. It will be po ssible to discuss thi s qu estion when the postcranial material of the
Bayn Dzak multituberculat es is described .

CONCLU SIONS

The comparisons made above between the sk ull str ucture of the Multituberculat a , the
Monotremata, the Triconod onta and the Mor ganucodontidae, show that in these four groups
the basic pattern of th e braincase is essentially the same, however , the Multituberculata are
more allied to the Mon otremata, than the y are to the Morganucod ontidae and the Triconodonta.
The pre sent study contributes new data to support the opinio n first expressed by K. A. K ERMACK
(1967), and later by HOPSON (1970) that the M organucod ontidae, the Triconodonta, the
Multituberculata and the Monotremata a re closely related and belong to one subclass the
Prot otheria which is equivalent to the Theria.

All students of the multituberculates after SIMPSON (1945) accept ed that the Multituber
culata sho uld be placed in a subclass of their own - Allotheria MARSH, proposed by M ARSH
(1880) as an order and raised to a subclass by SIMPSON (1945). Recently, HOPSON (1970) proposed
that the All otheria be reduced from the subclass to the infraclass ran k and assigned the Al
lotheria to the subclass Prototheria GILL. I tentati vely accept in this pap er, th e classification
of the Prototheria pr op osed by HOPSON (1970). When all the multitubercul ates from Bayn Dzak
ha ve been described , there will be more data to discuss both the structur e and the affin ities
of the Multituberculata and, the question of the classification of the Prot otheria in more detail.

The main difference between the two mammalian subclasses Prothotheria and Theria
concerns the structure of the braincase. In Prototheria the squa mosal is comparatively small
and do es not contribute to the structure of th e lat eral wall of the braincase. The dentaryJsqua
mosal joint lies, in lat eral view, in the po sterior part of the brain case, while in ventra l view
it lies lateral to the petrosal. The lateral wall of the braincase is formed primarily by th e ex
tensive anterior lamina of the petrosal. The allispheno id tend s to be crowded out from the lat eral
wall of the braincase. The alisphenoid is still retained in the Triassic Morganucodon (see
K. A. KERMACK , 1967, p. 243), but is reduced to a sma ll ventr al clement in the multituber
culates and in the monotremes (the ali sphenoid is unknown in the triconodonts). The anterior
part of the lateral wall of the brainc ase is not oss ified in the morganucodonts, is partly ossified
in the Cretaceou s multituberculates and is entirely oss ified in the monotremes. The
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orbitosphenoid (only known in the multituberculates and the monotremes) is very large and
fan-shaped. The cochlea is nearl y stra ight and the ear region opens ventrally. The for amen for
V3 is situated either in suture between the petrosal and the alisphenoid, or pierces the petrosal.
In all group s, except the morganucodonts, the foramen for V3 faces ventra lly and lies in the
anterolateral corn er of the basicranial region . The remnant cavum epiptericum is reta ined
in all the orders, except the monotremes. The jugal is absent in the monotremes and the multi
tuberculates. The septo maxilla is retained in the monotremes. The ectopterygoid is retained in
the monotremes and in the mul tituberculates. The occipital surface is known only in the Cre
taceous multituberculate s and in the monotremes. In the multituberculates it is therapsid-like
with a persistent tabular, a large post-temporal fossa and a conspicuous par occipital process
(in the reptilian sense). In the monotremes the tabular is unknown, but the post-temporal fossa
and the paroccipital proc ess are present.

Of the groups assigned to the Prototheria, the Morganucodontidae are the mo st similar
to the therapsids. The similarity concerns not only the structure of the lower jaw and the retention
of the quadrate/articular suspensorium, but also the structure of the lateral wall of the brain
case, the anterior part of which is not ossified, while the posterior is formed by the two bones:
the alisphenoid and the ant erior lamina of the petrosal. When stating that the morganucodonts
are the most therapsid-like of the groups discussed here , one should take into account that the
representatives of each group, on which the above comparison s ?re made, derive from very
distant geological periods. While the morganucodonts are of late Triassic age (about 195 million
years old) , the triconodonts compared with them are of late Jurassic age (Purbeck) and are
about 145 million years old. Th e multituberculates are of late Cretaceous age (Con iacian or
Santonian) and are about 95 million years old , while the monotremes are Recent. If one could
compare representatives of all the groups from the late Triassic, the differences, in their
structure would be probably much less conspicuous. The Tri assic representatives of the tri
conodonts, the multituberculates and the monotremes would be probably more therapsid-like
than the repre sentatives of the same orders from the later geological periods.

In the Theria the braincase has quite a different structure. The squamosal is more extensive
and the dentary/squamo sal joint lies, in lateral view, at the level of the middle of the braincase,
while in ventral view the joint lies in front of the petrosal. The anterior lamina of the petrosal
does not exist. The lateral wall of the braincase con sists of an extensive squamosa l, and a per
sistent alispehnoid. The anterior part of the lateral wall, in front of the alisphenoid , is entirely
ossified. The orbitosphenoid is much less extensive than in the Prototheria. The foramen for
V3 pierces the alisphenoid, faces laterally and lies on the lateral wall of the braincase. The co
chlea is spiral and the middle ear tend s to be closed ventrally. The occipit al surface is of quite
a different pattern from that in the therapsid reptile s. In the Theria the tabulars and the post
-temporal fossa are absent , a mastoid is present and a new paroccipital process, formed by the
exoccipital and not homologous with the reptil ian one (characteristic of the Prototheria) , is
developed. A jugal is present and the septomaxilla has disappeared.

All recent students of the problem of the origin of mammals, except K. A. KERMACK
(1967),Horsox & CROMPTON(I 969) and HOPSON(1970) accept that the class Mammalia is ofpoly
phyletic origin (SIMPSON, 1959; OLSON, 1959). According to SIMPSON ( I. c.) , several lines (possibly
nine and not less than four) independently crossed the reptilian-mammalian boundary in the late
Triassic. One year later SIMPSON (1960) retr acted this stating (p, 389) that: "a taxon may be
considered monophyletic if deri ved from one of the next lower rank or still lower". By thi s
definition the class Mammalia is monophyletic, as it arose from one of the lower categorical
levels - from the order Therapsida. Thi s formal definition, however, does not chan ge Simpson's
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op inio n that the majority of the Mesozo ic orders of mammals reac hed the mammal ian level
parallelly. Since 1959, thi s opinion has been regarded as a well esta blished fact, and the discus
sion on the origin of mammals th at had been go ing on, until recently was not concern ed with
the problem of whether the M ammalia were in fac t a group of polyphyletic or igin or not, but
on ho w to avo id the inconven ient situa tio n that the most important class of vertebra tes was not
c1ad e, but a grade (HUXLEY, 1958). A suggestion was mad e by VAN VALEN (1960) to incl ude
the therap sids in the M ammalia . REED (1960) proposed that not only the Therapsida, but also
the pelycosaurs imm ediat ely ancestra l to them should be removed from the Reptili a and placed
in the M ammalia. BRINK ( 1962) and CRUSAFONT-PAIR6 (1962) independ entl y sugges ted tha t
the synapsids sho uld be put in a sepa ra te class . According to MACTNTYRE'S (1967) proposal
(see a lso Fox, 1969), only the Ther ia sho uld be ca lled ma mma ls, while all the other groups
of mammals, defined by him informally as the quas i-ma mma ls, sho uld either be left incertae
sedis for the time being, or be added as famili es or subfa milies to the Therapsida . The pro
po sal to include some, or all of the synapsids into the M am malia , was rejected by SIMPSON
(1960) and ROMER (1965) as were the proposals to erect a separate class for the syna ps ids
(RoMER, 1965, 1968).

It is quite evident to me that th e Mammalia were regarded as a group of polyphyletic
or igin by most students, becau se, until recently, the skull struct ure of Mesozoic mammals was
pr actically un kn own and knowledge of these groups was based on the dentiti on. SIMPSON
(1961) , in his pap er on the class ificatio n of Mesozoic mamm als, discussed only the structure
and the homology of the teeth. K . A. K ERMACK ( 1963) was the first to draw atte nt ion to th e
cranial structure of the Mesozoic mammals. T he elements of the skull structure of the Trico
nodonta and the D ocod onta descr ibed by K . A. K ERMACK (1963) an d the new data on the skull
structure of the Multitubercul ata given in the present pap er show that there is no reason now
to regard the mammals as a gro up of polyph ylet ic origin. Two different pattern s of skull structure
are recognized within the M amm alia (Prototheria and Theria); each possesses an extreme ly
rich differentiati on of dentit ion. Recentl y HOPSON & CROMPTON (1969) came to the conclusion
that the mammals are of mon ophyletic origin. Their conclusio n is based on the study of the
molar pattern of Triassic ma mma ls. Th ey state (t. C. , p. 66) : "The Tricono do nta an d D ocodonta
were derived from lat e T riassic eozost rodont ids , and the Jurassic symmetrodo nts and panto
theres, and th rough them the lat er therian s, were derived fro m late Triassic ku ehneotheriids.
The eozostrodo ntids and kuehneotheri ids show a close similarity in den tition, sugges ting a re
latively recent sepa ra tio n from a common ancestor".

In my opinion, as long as we do not know the brain cases of the kuehneo theri ids and the
Jurassic symmetrodo nts and pantotheres, it is impossi ble to venture an opinion as to whether
the division of the M ammalia into two branches (Pro to theria and Theria) took place at the
reptilian or at the mammalian level of evo lution . The qu estion of whethe r ma mmals are a group
of monophyletic or diphyletic origin may be solved only when br ain cases of the early ancesto rs
of the therian s are found.

Palaeozoological Institute
of the Polish Academy of Sciences

Warszawa. February 1970



SKU LL STRUCTURE OF MULTlT UBER CUL ATA

REFER ENC ES

39

ATIRIDGE, J. 1956. T he morphology and relationships of a complete theroceph alian skeleton fro m the Cistecepha lus
Zone of S. Africa. - Proc. Roy. Soc. Edinburgh, 66, 4, 59-93, Edinb urgh.

BERRY, R. J. & SEARLE, A. G . 1963. Epigenetic polymorphi sm of the rodent skeleto n. - Pro c, Z ool. Soc. London, 140,
577-615, Lon don.

BOLK, L., GOPPERT, E., KALLlUS, E. & LUIJOSCH, W. 1936. Handbueh der vergleichenden Anatom ie der Wirbeltiere,
4, 1-1016, Berl in, replica ed . 1967, Amsterdam .

BONAPARTE, J . F. 1963. Description de Isch ignathus suda mericanus n. gen. n. sp. nuevo cinodo nte gonfodonte del
Tri asico med io superior de San Ju an, Argentina . - Acta Geol. L illo ana, 111-128, Tucum an .

BRINK, A. S. 1957. Speculations on some advanced mammalian characters in the higher mamm al-l ike reptiles. - Pala eont.
Africana, 4, 79-96, Johannesburg.

- 1962. The taxonomic position of the Syna psida. - S. Afric . J. Sci., 59, 153-159, Johannesburg.
BR01Ll, F. & SCHROEDER, J. 1934. Zur Osteo logic des Kopfes von Cynognat hus. - Sber. Bayer. Ak ad. Wiss., 2, 95-128,

Munchen .
BRooM, R . 1914. On the str ucture and affinities of the Multituberculat a. - Bull. Amer . Mu s. Na t. Hist ., 33, 115-134,

New York .
CLEMENS, W. A. 1963. Fossil mamma ls of the type Lance Formatio n Wyom ing. Part I : Int roduction and Multituber

eulata. - Univ, Calif. Publ. Geol. Sci., 48, 1-105, Berk eley.
CLEMENS, W. A. & R ussELL, L. S. 1965. Mamm alian fossils from the upper Edmo nto n Forma tion. Ill: Vertebrate Pa

leontology in Alberta . - Univ, Alberta Bull . Geol., 2, 32-40, Edmo nton.
CROMPTON, A. W. 1958. The cranial mor phology of a new genu s and species of Ict idosau ran . - Pro c, Z ool. Soc. London,

130, 2, 183-215, London .
- 1964. A prelim ina ry description of a new mam mal from the Upper Triassic of South Africa. - Ibidem, 142,441-452.

CRUSAFONT-PAIRO, M. 1962. Con stituci6n de una nueva c1ase (Ambulatilia) par allos lIamad os " Reptiles mamiferoides", -
No tas Comun . Inst. Mill . Espand, 66, 259-266, Madrid .

Esl ES, R. 1961. Cran ial ana tomy of the cynodont rep tile Thrinaxodon liorhinus. - Bull. Mu s. Comp, Z ool. Ha rvard
College, 125, 6, 165-1 80, Cambridge.

FOURIE, S. 1962. Notes on a new tri tylodont id fro m the Cave Sandstone of South Africa . - Res. Nas. Mu s., 2, 2, 7-19,
Bloemfontein.

- 1963. A new tritylodontid from the Cave Sand stone of South Africa. - Nature, 4876, 201, London .
Fox, R . C. 1968. Th erian and quasi-mammals. - Evolution, 22, 4, 839-840, Lanca ster.
GIDLEY, J. W. 1909. Notes on the fossil mammalian genus Pt ilod us, with descript ions of new species. - Proc. U. S.

Na t, M IIS., 36, 611-626, Washington .
GIERSBERG, H. & RIETsCHEL, P. 1967. Vergleichende Anatomie der Virbeltiere, Bd. I. Jena.
GINSB URG, L. 1961. Un nouveau Tritylodont e du Trias superieur du Basutoland (Afrique du Sud). - C. R. Acad. Sc i.,

252, 3853-3854, Pa ris.
- 1962. Likhoelia ellenberge ri, Tritylodonte du Tri as superieur du Basuto land, - Alln. Paleont., 48, 179-193, Pari s.

GRANGER, ,W. D. & SIMPSON, G . G. 1929. A revision of the Tert iary Multituberculata. - Bull. Amer. Mus. Nat , Hist. ,
56, 601-676, New Yor k.

HAHN, G. 1969. Beitr age zur Fa una der G rube G uimarota Nr. 3. Die Multituberculata. - Palaeontographica, 133, 1-100,
Stuttgart.

HILL, J. E. 1935. Th e cran ial foramina in rod ent s. - J. Ma mmal., 16, 121-129, Balt imo re.
HOPsoN, J. A. 1964. The braincase of the advanced mamm al-like rep tile Bienotherium . - Postilla , 87, 1-30, New Haven .

- 1970. The classification of non -the rian mammals. - J . Ma mma l., 51,1 ,1-9, Baltimore.
HOPSON, J. A. & CROMPTON, A. W. 1969. Origin of mammals. - Evolut ionary Biology , Ill, 15-71.
HUXLEY, J. S. 1958. Evo lutio nary processes and taxonomy with special refere nce to grades. - Uppsala Univ, Arsskr.,

6, 21-39, Uppsala.
JOLLIE, M. 1962. Chordate mor pho logy. - R einhold Books in the Biological Scie nces, 1-478, Pittsbu rgh.
KERMACK, D. M., K ERMACK, K . A. & M USSETI, F. 1968. T he Welsh panto there Kuehneoth erium praecursoris.

J. Linn. Soc. Z ool. , 47, 407-423, London.
KERMACK, K. A. 1962. Structure cranienne et evolution des Mammiferes rnesozotques. - Coli. Int , C. N. R. Sci., 104,

311-317, Paris.
1963. The cranial structure of the tricon odon ts. - Phi. Trans. Roy, Soc. London, 246, 83-103, London.
1967. The interrela tion s of early mam mals. - J. Linn. Soc. (Zoo l.), 47, 311, 241- 249, London .



40 ZOFli\ KI ELi\ N-.I i\ WOROW SK i\

KERMACK, K. A. & MUSSETT, F. 1958. T he jaw a rt iculation of the Docod on ta and the classificat ion of Mesozoic ma m
mals. - Proc. Ray. Soc ., 148, 204-215, London.

KI ELAN-.IAWOROWSK A, Z. 1968/69. Preliminary dat a on the Upper Cretaceous eut her ian mam mals fro m Bayn D zak,
Gobi Desert. Result s Polish-Mon gol. Palaeont. Expe d., r. - Palaeont, Pol., 19, 171 -197, Warszawa.
1969. Di scovery of a multitubercu lat e marsu pial bon e. - Nature, 222, 5198, 1091-1092, Lo ndo n.
19700. Ne w Upper Cretaceous mu ltituberculate genera from Bayn Dzak, Gobi Desert. Result s Polish-Mongol.
Palaeon t. Ex ped ., 11.- Palaeont, Pol., 21, 35-49, War szawa .
1970b . Unknown st ructures in mul tituberculat e sku ll. - Na ture, 226, 5249, 974-976, Londo n.

K UH NE, W. G. 1956. The Liass ic therapsid Oligokyp hus . - Brit . Mus. ( Not. Hist .) , 1-149, Lond on .
1961. Eine Mammalian faun a au s dem Kimer idge Portugals, - N . l b. Geol. Paliiont . , 7, 374-381, Stuttgart.

- 1968. Kimeridge ma mma ls and their bearing on the phylogeny of the Mammalia. - Evol. Environm., 109-123,
New Haven.

LILLEGRAVEN, J . A . 1969. Latest Cretaceous mammals of upper par t of Edmonto n Format ion of Alber ta, Cana da, and
review of ma rsupial-placent al dichot omy in mammal ian evo lutio n. - Univ, Kansas Palaeont, Contrib., 50, 1-122,
Law rence.

M AcINTYRE, G. T . 1967. F or am en pse udova le and quasi-mam mals. - Evolution, 21, 4, 834-841, Lan caster.
MARSH, O. C. 1880. Notice of Jurassic mammals representing two new orders . - Am er. J, Sci., 3, 20, 235-239, New

Haven.
McDoWELL, S. B. J r. 1958. T he greater Ant illean insect ivore s. - Bull . Amer. Mu s. Not . Hist., 115, 117-214, N ew York.
McKENNA, M . C. 1961. On the sho ulder girdle of the mamm al ian subc lass Allot her ia . - Amer. Mu s. Novit., 2066,

1-27, New York.
1969. The origin a nd ea rly differen tiation of therian ma mmals. - AIIII . N. Y. Acad. Sci ., 167, 1, 217-240,
New York.

OELRICH, T . M . 1956. The anato my of the head of Cte nosaura pectinata (lguanidae) . - M ise. Publ. Mu s. Zool. Univ,
Michigan, 94, 1-122, Ann Arbor.

OLSON, E. C. 1944. Origin of mam mals based upon crania l morphology of the thera psid subo rders. - Geol. Soc . Amer .
Spec. Papers, 55, 1-136, Baltimore.

- 1959. Th e evolution of mammalian characters . - Evolution, 13, 3, 344-353, Lancaster.
PARRINGTON, F. K. 1946. On the cranial ana to my of cynod onts. - Proc. Zool. Soc. London, 116, 181-197, London.

- 1947. On a coll ect ion of Rh aet ic mamm alian teet h. - Ibidem, 116, 707-728.
- 1967. The origin of mammals. - Advance me nt 0/ Sc ience, 24, 165-173, London.

PARRINGTON, F. R. & WESTOLL, T. S. 1940. On the evo lutio n of the ma mmalian pa late . - PIJil. Trans. Ray. Soc ., 230,
305-355, London .

PATTERSON, B. 1956. Early -Cretaceous mammals and the evo lution of mammali an mo lar teeth. - Fieldiana (Geol. ) ,
13, 1, 1-105, Chica go .

PATTERSON, B. & OLSON, C. E . 1961. A triconodontid mam mal fro m the Triassic of Yu nnan. - Int , Cull. Evol, Mamm.,
I, 129-191, Bru ssel.

REED, C. A. 1960. Pol yph ylet ic or mon ophylet ic a ncest ry of mammals, or : wha t is a class? - Evo lutio n, 14, 3, 314-322,
Lancaster.

RIGNEY, F . H . W. 1963. A specimen of Mo rganu cod on fro m Yunna n. - Nature , 197, 4872, 1122-1123, London.
ROMER, A . S. 1965. Possible pol yph ylety of th e ver tebra te cla sses. - Z ool. l b. Syst., 92, 143-156, Jena.

- 1968. Notes and comment s on ver tebrate paleontology . 1-304, Chicago.
RUSSELL, L. S. 1952. Cretaceou s mammals of Alb erta . - Ann. Rept. Nat. Mu s. Canada, 126, 110-119.

- 1962. Mammal teeth from th e St. Mary River Formati on (U pper Creta ceous) at Sca bby Butte, Alberta. - Nat .
Hist. Papers Nat . Mu s. Canada, 14, 4, Ottawa.

SAHNI, A. MS. The vertebra te fauna of the Ju dith R iver Forma tion, Montan a. - Un publ. doctor 's thesis submit. Fac.
of the Grad. School Univ. Minnesot a, 1968.

SIMPSON, G . G . 1928. A catalogue of th e Me sozoic Mammalia in the Geolog ical Depart ment of the British Museum. 
Brit . Mus. ( Nat . Hist. ) , 1-21 5, London.
1937. Skull structure o f th e Multituberculat a . - Bull. Amer. Mu s. Nat. Hist ., 73, 8, 727-763, New Yo rk .
1938. Osteography of the ear region in Monotreme s. - Amer. Mu s. Novit ., 978, 1-15, New York .
1945. The principles of cla ssificat ion an d a classifica tion of mammals. - BIIIl. Amer . Mus. Nat. Hist. , 85, 1-350,
New York .
1959. Mesozoic mammals and the polyph ylet ic or igin of mammals. - Evo lution, 13, 3, 404-414, Lan caster.
1960. Diagnosis of the cla sses Reptilia and Mammalia. - Ibidem, 14, 3, 388-391.
1961. Evolution of Mesozoic mammals. - Int. Call. Evol. Marnm ., I, 57-95, Bru ssel,



SK ULL STR UCT UR E OF MULTIT U13ERCULATA 41

SIMPSON, G. G . & ELFTMAN, M. O. 1928. Hind limb musculature and habit s of a Paleocene mult itube rculate. - AlIler.
Mus. Novit., 333, 1-19, New York .

SWAN, R. E. & VAN VALEN, L. 1965. Cretaceous mammals from Montana. - Science, 148, 3667, 220-227, Washington.
TATARINOv, L. P. 1968. Morphology and systematics of the Northern Dvina cynodonts (Reptilia, The rap sida: Upper

Permian). - Posti/la, 126, I-51, New Haven.
TATARINOV, L. P. - see TATAPllIIOB, J1. n.
VAN VALEN, L. 1960. Therapsid s as mamm als. - Evolution, 14, 3, 304-313, Lancaster.
VANDENBROEK, G. 1964. Recherches sur l'origine des Marnmiferes, - Ann. Soc. Ray. Zool. Belgique, 94, 117-160, Liege.
WATSON, D. M. S. 1916. The monotreme skull: a cont ributi on to mamm alian morphogenesis. - Phil. Trans. Ray. Soc.

London, 207, 311-374, Lond on.
- 1931. On the skeleton of a bauri amorph reptile. - Proc. Zool. Soc. London, 1163-1205, London.

TATAPllHOB, JI. IT. 1963. HOBbIH noazmenepacxan repouerpan. - Ilaneoum, )j(YPHa /l, 4, 76-94 , M OCI<Ba.
1964. K anaronna rOJIOBbl Tep0I.\e<paJIOB. - Ibidem , 2, 72-84.
1969. ITp06JIeMbI 3BOJIlOI.\IUI TepllOtlOHTOB. Aaroperpepar naccepraua n. ITaJICOIIT. I1I1CT. A. H. CCCP, Mo
CI<Ba.
MS. ITp06JICMbl 3BOJIlOI.\1l1l TCpIlOAOHTOB. Ilncceprauna. ITaJICOHT. I1HCT. A. H . cc ep, Mocrcaa.





PLATES



Palaeontologia Polonica, No . 25, 1971

Z. KI ELAN-JAWOROWSKA: SKULL STR UCTURE OF MULTlTUBERCULATA

PLATE I

Sloanbaatar mirabilis KIELAN-JAWOROWSKA .

(see also Plate V)

Upper Cretaceous, Djadokhta Formation . Bayn Dzak, Ruins, Gobi Desert, Mongolia

Fig. I. Stereo-photograph of the skull in occipital view (2 . PaJ. No. MgM-I/20) ; X 3.

Kamptobaatar ku czynskii K IELAN-JAWOROWSKA .

(see also Plates Il, Ill , and IV)

Upper Cretaceou s, Djadokhta Formation, Bayn Dzak, Main Field, Gobi Desert, Mongoli a

Fig. 2a. Stereo-pho tograph of the skull in occipital view. Type specimen (2 . Pal. Nor.MgM-I/33) ; X3,5.
Fig. lb. Stereo-photograph of the same in ventral view; X 7.

Photo: M. Czarnocka
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PLATE 11

Kamp tobaatar k uczynskii KI ELAN- J AWOROWSKA

(see also Plates I, II I and IV)

Upper Cretaceous. Dja dokhta Format ion, Bayn D zak, Main Field, G obi Desert, Mongolia

Fig. I ll , Ib. Stereo-photographs of the skull in obl ique views. Type specimen (Z. Pal. No. MgM -lj33) ; X 7.

Photo : .\1 . Csornoctca
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PLATE III

Kamptobaatar kuczynskii KIELAN-J AWOROWSKA .

(see also Plates I, 11 and IV)

Upper Cretaceous, Djadokhta Formation, Bayn Dzak, Main Field, Gobi Desert , Mongolia

Fig. I Q. Stereo-photograph of the skull in right lateral view. Type specimen (Z. Pal. No. MgM-I /33) ; x 7.
Fig. I b. Stereo-photograph of the same in left lateral view; x 7.

Photo: AI. Czamo cka
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PLATE IV

Kamptobaatar k uczynskii K IELAN-J AWOROWSKA •

(see also Plates I, II and Ill)

Upper Cretaceous, Djadokhta Formation, Bayn Dzak, Ruins, G obi Desert, Mo ngolia

Fig. la. Stereo-pho tograph of the par tial skull with root of left P , alveolus of 12, PI, damaged P", damaged P",
alveoli of P., and M!; alveo lus of right P , PI, damaged P', dam aged p3, P' , placed obliquely M' and M2,
in ventral view (Z. Pal. No . MgM-I(38) ; X 3.

Fig. 1b. The same specimen in dorsal view; X 3.
Fig. 1c. The same specimen in left lateral view; X3.
Fig. 1d. Incomplete left lower jaw of the same specimen , with P' in labial view; X5.
Fig. I e. The same in lingual view; x 5.
Fig. tf . Stereo-photograph of the same specimen in ventral view; X5.
Fig. Ig . Right P" M, and incomp lete M2 of the same specimen, mounted on a piece of plast ic in labial view; X 5.
Fig. 111. The same specimen in lingual view; X 5.
Fig. I i. Stereo-photograph of the same specimen in ventral view; / 5.

Photo : AI. Cearnock:c
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PLATE V

Sloanbaatar mirabilis KI ELAN-JAWOROWSKA .

(see also Plate I)

Upper Cretace ous, Djad okhta Formation, Bayn Dza k, Ru ins, Gobi Desert , Mongolia

Fig. I a. Stereo-photograph of the skull in left lateral view. Type specimen (Z. Pal. No. MgM -I/20) ; x 4,5.
Fig. I b. Stereo-photograph of the same in ventral view; X4,5.

Photo: M . Czarnock a

Page

18



Palaeontologia Polonica. No. 25. 1971 PI. V

Ib

Z. KIELA N-JAWOROWSKA: SKULL STRUCTURE OF MUlTlTUBERCULATA


	00009
	00010
	00011
	00012
	00013
	00014
	00015
	00016
	00017
	00018
	00019
	00020
	00021
	00022
	00023
	00024
	00025
	00026
	00027
	00028
	00029
	00030
	00031
	00032
	00033
	00034
	00035
	00036
	00037
	00038
	00039
	00040
	00041
	00042
	00043
	00044
	00045
	00046
	00047
	00050
	00051
	00054
	00055
	00058
	00059
	00062
	00063
	00066
	00067

