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ABSTRACT

Oine of the carlied known comphete dentitions and skulls of a metatherian mammal are represented by Prcendefpfiys aeliveres
Mamssias & Mugeew, (198%) from the early Paleocene age Santa Lucla Formation al Tiupampa (type bocality of the Tiupampan
Land Mammal Age) in southoentral Bolivia. A detailed analysis of the dentition. demary and skull reveals hat 1he vast majogity
of states in Pucadelphys can be regarded as mammalion andfor tribosphenid plesiomorphies, while metatherian synapomorphics
include: cheek tooth formula of P23+ M4d: prootic canal reduced in bength and width, and does not open endocranially: prootic
cinus conlinues onlo squamosal side of petromastoid within a deep sulcus; presence of sphenoparictal emissary vein which
occupies deep sulcus on squamosal ssde of petromastoid. is comtinuous with sulcus for prostic sinus, and exits skull through
postglenoid foramen; lengihiwidih ratio of fenesra vestibali 1.4; and absence of stapedial artery. Prcadelphys kacks an ossified
alisphenoid bulla, but has what is interpreted 10 be a small anterior lamina of the petromastosd and a large foramen ovale (exit af
V3) which opens hetween the anterior lamina and alisphenod. The presence of an anterbor laming of the petromasioid fused 1o
the pars petrosa associated (o the presence of an anteroposteriorly expanded alisphencid in Precadeiphivs seems to contradict the
hvpothesis of PresLey & Smees (1976) and Presiey (1981) on the evolution of the tribasphenid middle ear and laeral wall of the
skullbased onontegenetic studies, Thisis the first record of an anterior Lamina ina tribospherid fossil mammal, The molar sanscture
of Pucadelyphiys is indistinguishable from members of the family Didelphidac. and it is placed in this family, within the Order
Didelphimorphia. Pucadefpfhys represents a classic example of mosaic evolution and illusirates that we have much o leam aboal
early metathesion and tribosphenid cvolution.

Magssas, L. G, Mutzon €. pe. 1995 — Part 1 The skull. fn: Murzees, C. oo (ed.), Pucadelplys amdénus { Marsupialin,
Mammalia) from the carly Paleocene of Bolivia. Mém. Mis, natm. Hist nar, 165 : 21-90. Pans ISBN : 2-85653-223.3,
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RESUME

Deuxieme partic : le crine

Les crfines et dentitions de Pocadelpivs andimus Marsiaon & Muogos, (1988) déorits dans ce travail sont parma les plus anciens
connus chez bes mélathériens, s proviennent du Paléocine inférieur de b Formation Santa Lucia 3 Tiupampa {localité-type de
I" e de mammiftres continentaws. Tiupanpien) en Bolivie centrale, Une analyse d&ailléc de ka demtiion, du demaire et du crine
révide que la gramde majonité des éoms de Prcadelpdvs peuvent re considénés comme des pléstomorphies 3u sein de mammiferes
etfon des irihosphénides. Les synapomorphies de métathénien sont - dents jugales au nombre de P 313 @1 M 48, canal prooticee
réduit en bongueur et en largeur. ne s"ouvrant pas & I'intérieur du criing; sinus prootique s¢ profongeant sur la fce squamosale dua
pétromasioide dans un profond sillen: présence d'une veine émissaire sphénoparidale cccupant un proforsd sillon sur la face
squamosale du plromasioide. cn continuité avec le sillon pour le sines proodique et sonant du crine & iravers le foramen
postghinoide: appon longucurargeur de la fenéire vestibulaire de 1,.4: absence d'anére stapéiiale. Pucadelphys ne posside pas
de processus tympanique de "alisphénotde mais posside une petite lame antéricure du péromastoide et un grand foramen ovale
{soriic du V3 ) qui s"ouvre emre | lanse américure ef alisphénoide. La présence. cher Prcadelphys, 3" une lame anténeure du
pléiromastofde fusionnde & [ pars petrosa cf associte B la présence d'un alisphénaide dilaté antéro-postéricurement, semble
contredire hypothése de Presiey & St (1981) et Prescey (198 1) sur I"évolution de oreille moyenne et de la parod crinienne
desinbosphénides, fondée surdes Cludesontogéndtiques. 1 =" agil du premier signalement d'une lame antéricu re du pétronastoide
cher un mammilere iInbosphénide fossile. La siuctune des molares de Pucadelplys est indiffifrenciable de celle des membres de
lix Farmalle des Dadelphidae ¢ oe genne est rangé dans cette famille aw sein de Mordre des Didelphimonphia. Preadelphys représente
un exemple clssique d'évolution en mosaigue et illusire bien que nous avons cncore beatooup a apprendre sur bes débuts de
I"tvalistbon des métnthériens et des tribosphénides.

RESUME DEVELOPPE

Les o criiniens e basicringens de mammilRres sont des éléments eés importants dans bes reconstructions phylogénétigues.
Toutefois, trits peu de criines de mammifres tribosphénides sont connus powr le mésozoique ot le Paldocene inférieur el aucun
crane de métathérien incontesté nlest connk au mésozoigue. Plusicurs squelcties et crines d'un marsupinl Didelphidac
(Pircadefphiyvs andinus) ont &é découverts dans be Paléoctne inférieur de In Formation Santa Lucia (Holivie) ot constiluent, avec
el de Mivndestes frrox (un borhyaenoide provenant du méme gisement ). les plus anciens crines complets connus rtachés avec
sbCunilé & ce groape de mammiines.

Dans ce fravasl nous présemons une description détailbée des crines de Pucadelplive andimes Marsiare & Mugos
{ 1988}, nows discutons ses principaux carctines criniens o les analysons dans une optique orentée vers la compréhension de la
phylogénic des tribosphénides (Marsupioux et Placeniaires). Sont décrits successivement les dents supéricures, les dents
inférbeures, le dentaine o e crine.

Famille Didelphidae
Prcadelplivs andinges Marsnalr & Moo, 1988

DESCRIPTION

La farmube demare de Procadefohvs endfons es [ S4 C1, P U3, M4, Les incisives supéricures sont disposies en séne
continue et sont jointives. Elles sont croissantes de 11 5 14 et 15 est réduite, Les prémolaires sont biradiculées of présentem une fome
aupmentation de taille de P1a P Elles ont une couronne simple constitsée d'unc grande cuspide trizngulaire et d'un minuseule
alan postéricur. La P3 est hiute ¢ sa couronne descend netlement plus bas qee |2 plan occlusal des molaires. Les molaines
supEricurcs som irsangulaires ef présement un parachne plus petit gue le métacine (o M T-M3), wne cenmocnsta en V' @l un
profocdee relativement gros avec un bord postérieur renflé. La métacrisia est petite mats Bgirement plus grande que L parscrista,
La plateforme stylaire ext développde et posside des styles bien manqués. Les incisives inféricures sont de txille eroissante de il
i34 et sont poantives. Les prémolaires inféncurnes sont semblables aux supéricures. Les molaines infésicures possédent un trigonide
ehev plus large que long. Le protoconide ex Bgbrement plus gramd gque le mélaconide. lequel est nettemen plus développd que
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le paraconide. La protocristide, droite ol iranchante. est onentée iransversalement. Le islonside posside un bassin profond el des
cuspides bien margquées. entoconide et hypoconulide &ant distinctement accolés. Le demaire présente une branche honzomale
langue et gracile, une fosse massédrine peu profonde, un vaste processis coronakde ¢l un condyle situ wu-dessus du plan occlusal.
Lecrine posside un musean oourt ¢f obtus. Les arcades rygomatiques som grandes o montrent une orbile on COmmMUnIcHn avec
la fosse lemporale. 1 posside une gene oréte sagittale paridtale et une critie lamibdofle mamgqude. Les nasaux sont albengés el
présentent un fone dilatstion de leur extrémitd postéricure. Les peémaxillabres sont graciles et sont perforés ventralement par des
foramens incisifs allongés, lesquels affectent également les maxillaires, L arc dentaire est presque semi-circulalre. Les maxillaires
possident une ouverture du canal infraorhitaire sinée au-dessas de P3. Le palatin posside un fort torus postpalatin situd en arridre
de M5, En vue ventrale, maxillaires et palating ne présentent pas de foramens palatins. Le lacrimal forme be bard amidnicur de
arbite: i1 est grand et 3"éend largement sur |2 face dorsale du rostre. Le jugal est un os gracile, sigmoide qui pamicipe &
I"élaboration de In cavité glénoide. Le fromtal occupe environ e tiers du criine en vue diorsale e latdrale, 1 porte parfods un pelit
processus supraorbitaine et participe i ka fosmation du foramen cthmobdicn, Le pariétal &5t une vaste plagque osseuse qui comstinue
la majeure partie du toit ef des parods de la cavieé crinienne. Lorbilosphénotde sl un os petit qui posside un grand foramen
sphénorhitaxire sitwd & sa jonction avec le frontal ef le palatin. L'alisphénoide forme la région anéricure o laérale de la bofie
crinienne. Cet os pasticipe & la formation de trois fornmens. Le foramen ovale est Enorme ct se situe entre ke bosd posténieur de
I'alisphénoide ¢t be bord antérieur du pétromastoide, médialement b la cavité glénoide. Antéro-médialement, le foramen
entocarotidien et bordd latéralement par 1" alisphénosde et médialement par b hasisphénoide. Un foramen rotundum bien margué
s*observe antéricurement. 11 n'existe pas de processus ympanigue de I'alisphénoide. Le squamosal présente une cavitd glénoide
peofonde et allongée transversalement, munse d'un grand processus posiglénobde ef ¢'un petit processus préghénoide. Le
squamnsal posséde quatre foramens sur sa face exteme : 1) le foramen postzygomatique, sur be bord postéricur de la mcine
postéricure de "arcade zygomatique. dorsalement  I"apex du processus postplémoide, 2) ke foramen subsquamosal qui s"ouvre
dorsalement #u méal auditif externe, 3) le foramen postglénoide, le plus grand, dont *owverture est situde sur le flanc postérieur
de In racine postérieure de "orcade zygomatique, 4) ke foramen postitiemporal qui £'ouvee entre le squamasal et ba pars masioiea
du pétromastoide. Ventralemend, ke squamosal panticipe & la formation du bord Etéral da fosamen ovale. Le péromastofte estun
os complexe formé de la pars pelrosa ¢l I pars mastoidea Cette dernigre affleure largement sur la face posténeure du crine entre
I'exoccipital, le squamosal t le supracccipital. Veniralement, ka pars mastoides panticipe i la formation de la mwatié laéeale da
petit processus exoccipital ef, [atéralement, fomme un processus masioide relativement grand. Le bord ventral de I pars miastoiden
forme une [&vne difipée antéro-ventralement qui constitae le processus tympanigue caudal (sensi WIBLE. 199}, 11 Formie une partic
du plancher du sinus mastoide Epitympanique. Uine &chancrure stylomastoidienne bien marquée s'observe lalcralement au
processus mastaide; elle donne passage au nerf facial et 3 1 veine latérale de 12 téte. Le bord labéral du processus mastotde 5" éend
antéro-dorsalement, séparant le bord latéral du sinus mastoide Epttympanique de b fossa incudis, siteée dans ka région postéricure
du récessus épitympanique. La pars pelrosa présente un grand promontoine lsse el piriforme dont I"apex est dirigé antéro-
médialement. 1l es bordé antéro-médinlement par un sinus margueé correspondant 2u passage de 1a carotide interne s dhirigeant
vers le foramen carotidien: labéralement au sinus carotidien se trouve Ea fosse du muscle lensor tympani, Le bard médial du
promonteine présente un silkon inteme marqué pour le passage du sinus petrcux infériear, Sur 1a face latérale du promontoire, la
fendtre ovale se situe b I haateur du bord postéro-dorsal du méat auditif externe; son rapport langueurflargeus est de 1.4 Arléno-
latéralement i la fendtre avale, dans le sillon qui borde latéralement le promontoire, se troave I"ouverture postérieure du canal facial
sccondaire, Latéralement & celle ouverture, se trouve un petit foramen, I"ouverure médiale du canal prootique. Le récessus
Epitympanique et une petite dépression allongde situde Latéralement au canal facial; son extrémité postéricuns est b fossa incudis.
Sur la face dorsale ou cérébelleuse du pétromastoide s observe une grande fossa subarcuata et be méan anditif interme. Quatre sillons
entourent le corps du pélrofastoide sur sa face cérébellaire : 1) ventro-médialement, be sillon pour e sipus péreux infégiewr, 2)
postény-ventralement, un sillon vertical pour be sinus jugulaine, 3) postéro-dorsalement ane petite poche représente be sillon pour
be sinus sigmaide, 4) l¢ long du bord dorso-laséral se trouve un sillon allongé pour le sinus prootigue. Antéro-laréralement  lacnsta
pelrosa, dans une aibe nsscuse se projetant antéro-dorsalement, se IMUve une dépression pour be bobe temporal du cervesu et le
ganglion trigéminé. Chez les autres Didelphidae le ganglion repose sur I"alisphénoide et il n"existe pasde projection osseuse. Cetle
aile améro-latérale du pétromastoide contrmbue au plancher ¢t au bord inlemne de la parod crimicnne, Elle représenie apparemment
une relique de ba lanse anséricune du pétreus (sens Crosseros & Jessins, 1979), Sur la face ventrale du pétromastoide. un contact
imrégulier s'observe entre ke bord antéro-Latéral du promontaine cf ka plateforme osscuse gui constitue e bord postérieur du foramen
ovale. Celte portion représente aussi probablenent une partie de la lame aniéricure du plaromastalde. Sur la Face atdrale de [Mos,
on shserve un sillon profond ot large qui recevait e sinus prootique; 3 son extrémité ventrale, un petit foramen comespond au
débouché latéral du canal prootigue.
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DISCUSSION

La comparaison des criines de Pucadelpines est problématique du fail de I"absence de criines de marsupaanx fossiles du Tertizire
ancien oa du Créencé gui soient raisonnablzmem bien connos. Asiarerinn du Créocd supéricur de Mongolie (Seaay, 195} ex
probablement un marsupizl mas sa descrption détaillée esten cours et, de surcroit, cette espaoc est loin de faire 'unanimité quamn
i soq atie bution mex ménthériens. Mayutestes ferox Moo [ 1994) du mieme Sge et du méme gisement gue Pacadelpls, st conm
par un crine remanquablement complet mads £a descrplion détaallée estL en cours. En revanche il exisie de nomboeux resies
dentaires de marsupiaux dans le Créacé supéniewr &’ Aménque du Nord et dans le Paléoctne d° Améngue du Sud. La discussion
comprendia $onc Wne premicne partic qui comparera les dents de Prcadelphys aux formes voisines d°Amériques du Nord et du
Sul, el une seconde pamic qui passera en revue bes principaux caractéres criniens de Pucadelphres afin d'en déterminer la polarisé
el qui tentera 4 analyser les modalitds de "évolution du ordne chez les Theria et plus précisément chez les Tribosphenida.

COMPARASON DENTAIRE. — Panni les Didelphidae fossiles d Amdniguedu Sud, Srermbergin tiabonmicnsis du Paléocene
“moyen” & abori (BnEsal) est Pespéce qui se rapproche be plus de Pacadelplns aodions par I taille ef o stucture de ses denls
i bel podnd gue B premaire conslitue wn apcéine morphologique idéal pour la seconde. Prucodelmliys et Srembengia, en plus de lear
simicture dentnine presdque idenligque, possident b méme mophobozie du protocdae renflé postémeurament, el be meme importan
développement des sivles B @ C. Les molaires de Sternbrergia different woutefois de celles de Pucadelpfys par leur bassin du
trigone. moins profond. leur parscdne. plus réduit, keur cemrocrista formantun V plus marqué, leur plseforme aiylare, plus petite,
beur tabonice. plus large. beur trigonide, plus bas, lewr hypoconalide ef entoconide, plus grmds et por la présence o un cingulum
kahaal.

[heux aueres Didelphidacd’ [iaborai prdsentent ' importanies ressemblances sinuctumbes avec Pucadelplien, cesont ; Wermesopsis
Jerrandod @1 Peaborardelphvs campost. Bien que dans ces cas la ressemblonce ne soit pas sussi frmppante que pour Stermbergin,
Puceadelplivs pourrail également repedsenier um bon ancdine monphologique pour ces denx genres,

Pecdeiplvs montne également 4 inbénsssanies ressemblances avec plusicursespaoesd 'Alphadon et de Prowalphadand® Amdrique
du Nord, penres classés parmi lex Peradeciadae par Mansioait, of al {(1989). Les trois genres présentent des structunes dentaines
samilaires mais Furcadelmlye dillere des deus fommess nond-améncaines par la poesession d “une centroenista en Y d 'un parachne plus
petit que le métacine (il son sub-tgaux cher Alpivaan el Prodalpfadon ] 68 O un protocns i Iand postémeur renl e, 1nons Caradling
e Didelphidse. En fai, Alpladon marsi neprésente un bom ancétre structuml pour les Didelphidae (Coisaes, 1966) ef donc pour
Precacdefphys. Cete imerprdation confirme I'hypotbise de Coesess (1966} ef de Crocer (19800 qui persent quee les Didelphidae
pourraent avedr leur ongine parmi bes Peradectidee nord-amefricains. 11 estd"adlleuss intd ressam de constater que cortains spéeimens
" Alpaiadlom mmarsid ont une centroenista en Vel un parscdne phus petit que be métacbne (Ciree, 19080 : 3155

ANALYSEDE CARACTERES. — Soal passés en revue ol disculés ci-dessous les éials de caraeténes qui parsssent impomanis
pour la coampréhensaon de 1 voluzon des mamani féoes. s seront présentés dans 1osdee sunvant : dentition, demaire, 0% do crime,
[oramens cramens, el région audive.

CARACTERES DENTAIRES
Nowrbre d'Tncisives. — Prcadelpliys présente |'&at pldsiomorphe qui est la possession de 30 incisives.
Siructirre des ircisives supdriewnes., — Pucadelpliyvs est piésiomophe par la mosphologic condgue die ses incisives qui
sont d'une hauleur subdgale.
atructine des inctstves infemeines, — Tous bes Ddelphidae acioels ont une 13 donk B racine st décalée en gquinconce
vers Uamiéne, Celie disposition est absente chex Pocadelplys qui retient donc 1'éiat plésiomonphe pour o caraciéne.
Nowmbre de molines of prémolaires, — Prcadelphys présente P co MA#, ce qui constinee I*&an plisiomonphe de cc
caraclire ou sein des massepins,
Structare des modaires ef prémolaies. — Avec une cenlmensta en ¥, un paracine plus peiit que e métacine ef un
protocone reallé posténcurement, Pucadelphys el en parfait accond aved b strociure dentaine ohservée chez les Didelphidae,
DENTAIRE
FProcesius angulmire nfTéchi. — Pucadefpfvs, qui posséde une telle struciure, preésente 1'ént plésiomorphe de ce
caractene an sein des Tribosphenada.
Silton mvlalvaidien. — La présence d"un sillon mylobyotdien chez Pucadelphys est une plésiomorphic ao scin des
mammalires,
Formmen mardibicleine labial, — L absence de oz iype de foramen chez Pacadelples représente 1'ém apomorphe de
o caracidre puisquil existe chez la plupart des mammilenes paminifs comme Kielantherinm, Prokennslesies, Oerlesies, el
Zrfanhelpleares, 5a présence chez Microblonberinm gallepoense, un Microbiolhenile du Miocene mférienr  Argenline,
constilue probablement une réversion.
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OF LT CRANE

Orbire gronde of confliente avee la fosse temperale. — Prcadelphys, qui présente la condition observée sur tous les
criines de théricns du Crétact, est plésiomarphe pour e Caraciine.

Lacrimal. — Un lacrimal possédant une grande aile faciale est un éoan piésiomonphe présent chez Precadefpliys.

Contact masal-laerimal. — Un contact maxillaire-frontal e "¢ plésiomorphe de ce caractére qui s¢ rencontre cher
les eynodonies, bes tritylodoates, bes multinsbercubés, Morgameodon, Vineelestes, et Deltatheridium. 1] exisie également chez les
Borhyacnoiden  probablement un étal piésiomorphe) et chez be vombatoide Wyayardia ( probablement une réversion). Fincadelplrys,
avee un nel contact nasal-locrimal, présente donc |*éal dénive de ce carnctire,

Contact aligiénoide-pariéial. — Pucadelphys présente un large contact entre Ualisphénodde et le pandtal, ce gui
constitue I'érm plésiomorphe de oo coraciine,

Fosses palatines. — L' absence de fosses palatines chez Pucadelphvs est un dat plésiomorphequi existe égabement chez
les cynodontes. les monolrémes, les multiiubenculés, Vincelestes, Delatheridinm, ¢1 chez de nombreux métathériens.

Processus prégléncide du fronral. — Cette plésiomorphie probahle des Tribosphenida est peésente chez Prcadelphys.

FORAMENS DU CRANE

Cimnal frangverse. — Cetie structure esl shsente cher Morgeancodon, les monotrémes, les multituberculés, et
Deliatheroida, les Borhyaenoidea, cenains Didelphidae, cenains Dasyuridse el Prcadeipfiys. et constipue 1€ plésiomorphe au
sein des mammiferes. Un canal fransverse est présent chez tous les aulres martupians,

Formmien ovale, — Le terme de foramen ovale est ici wilisd poar désigner be pasaage de [a branche mandibubaine du
erijumean (V3 indépendamment des os qu'il raverse. Le terme de foramen pseudovale utilise par plugieurs autcurs (MaclsTyen,
1967 Arcaier, 1976a) est cxtrdémement confos car souvent utilisé avee des sens diffénents.

Foramen subsquamozal. — La présence de ce foramen chez Prcadelphiys est un étal piésiomorbe retrouvé chez toas
les mdinthériens of chez les cuthériens cedincés, Asiorvefes ¢t Kenmalesies,

Faramen postzygomariqie. — La présence de ce foramen chez Prcadelphys est une plésiomorphie gua e relrouve chez
1ous les marsspiaux,

REGION AUDITIVE

Rulle tymparnique ossifide. — Pucadeiphys ne posside pas de processus tympanique de 1"alisphénoide. L'absence de
bulle tympansque ossifide représente apparemment 1'éat phésiomorphe chez bes mammifires (Novacek, 1977). L absence de
processus ympanigque de 1" alisphénoide est une plésiomorphie chee Prcadelpfivs (et non une réversion, comme cela fist sugiposé
par MarsHarn & Kmpan-Iaworowsika, 1992) ot P'étude do crine de Mayrdestes, qui ne posside pas non plus de processus
ivmpanique de ' alisphénoide, suggire que e caractire est appans plusicurs fois su cours de I"évolution des marsupiaux (Mugox,
L5RAd .

Orientatton de Uectorympanigue ef de ln membrane pympanigue. — Les avis divergent sur la position primitive de
I'ectotympanigue. Pour Novacex (1977), la position primitive est subhorizontale car cette disposithon esi présente cher les
monotrimes el cher Lambdopsalis et parce que ectolymprigque est subhorizomal dans les stades peécoces du développement
ontogénique de wous kes mammifEres. Powr Kias-Jawosowsica (1981 1 eciotympanique 52 primitivement orienic 5 45° carcest
la position de I'angulaire (= ectotympanique) chez les cynodontes et chez Morganmcodon. De plus, I'ectoympandgue des
cuthéricns Astaryctes of Kennalestes, qui fut retrouvé in sits sur certains spécimsens, présente une position 3 45° de I'horizontale.
Bicn que I'ectotympanique de Prcadelphys soit inconnu, 1o position de la fenéure ovale laisse supposer qu'il avail une positian
subverticale comme chez tous Jes autres marsupiaux. Quel que soit I'éat plésiomorphe de ce caractére. la condition de Pucadelphys
sermit donc dénvée.

Simies auedinif, — L abgence di sinus suditifs chez Prcadelphivs, qui sont en générl abondants el vastes cher la plupan
des aulres marsupiaus, est un &at pléEstomorphe au sein du groupe.

Comtribration de i pars mastoides & Uoccipr. — Cet Gt présent cher Pucadelphys ainsi que chez de nombreus autres
mammaleres, est apparemment une plésiomorphie pour les Tribosphenida.

Mastolide ef processus paroceipital. — L obsence de processus paroccipital e 1a petite Lille du processus mastoide,
comme cela se rencontre chez Prcadelphiys, reprisenient apparesmmsent un état primitif pour kes mammifines.

Forme de la fenétre avale et de I base du sutpes, — Avec un rappon lengueur/largeur de la fenétre ovale de 1.4,
Pucadelphys est voisin de la condition plésiomorphe pour les marsupaus.

Artére stapédiale, — L antire stapédiale st présente chez les embryons de tous les mammiferes scluels mais seulement
cher bes sdulies d'Omimhorfymehus et I cuthérsens. Son parcours, margué par un profond sillon sur le proamonoane, 3 Gd mis en
dvidence cher bes multituherculés e cher de nombreux euthériens fossiles. L arnére stap&dinbe disparail chez des marsupiaax
adultes, besquels ne présentent pas de sillon sur le promontoine et sont carsclérisés par celie synapomorphic. La présence d ane
artire stapédiale chez I"adulte est une plésiomorphie chez bes mammifenes et 1" absence de sillon du promontoire (perte de 1artére
stapédiale) cher Proadelphys serait indicateur d'un é apomosphe au sein des mammifires mais plisiomorphe au sein des
MArsUpi A,
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Coners de lir carotide inrerme, — Le coars de ce vaisseau cher Pucadelpliys est siteé sur le bord médial du promantoire.
Cette disposition est également préseme chex tous les autres marsupiaux, chez les mopotrémes, chex les euthériens du Crétacé
supéricur d° Assc ¢f chez certains euthérens actuels (rongeurs, lagomorphes, ongubés) et constitue I"état plésiomorphe (PresLey,
170, 1. éat apomorphe, oi L carotide imeme est Latérale au promongoire, exisle cher tous les nuatres cuthériens el a dil apparnitne
plusicurs fos aw cours de Nésolution. Prcadelphyvs retient donc 156imt plésramaiphe POLET CC CRrCIEne,

Sillon pour le nesf facial, — La présence d"un sillon pour be nerf facial. chex Prcadedljis, est unc plésiomorphic aa sein
des mammifires.

Sinres ef frrauten péireis infirieurs, — La présence de o8 SInICIUres chex Prcadelplive constitue une plésiomorphic au
sein des mamniifEngs.

Lame antériemre, — Le ptromastoide de Prcadelphys possdde une lame antéro-latcrale qui panicipe b la formation de
1 paroi interme de la bofte criniennc, A la hauteur de cette lame. la parni exteme du criine est farmde par alisphénoide et le
squamosal. Médialement cente lame posséde une fossequi recevait trés prohablement le ganglion trigémant. Chez des mammafres
primitifs comme Morganucodon, Haldamodon, kes multitubencubis. Vircelestes ¢ bes monotimes, le pétromastaide présente une
gramde lame antéricune qui panicipe seule b a formation de la paroi latérale du erine. Elle " anicule anéricurement avec le bord
postérieur de I"alisphénosde el sa face médiale présente une fosse qui recevait e ganglion trigéminé. Chez les marsupiaux ot les
placemaires sctuels, il n'exisle pas de lame antéricure du pétromastoide ef, seul. I"alisphénoide participe i 1a construction de [
paroi latdrale du crine. WipLe {19900 a cependant noté qu'il existail parfois chez corlains marsupaus. une struciure exlremement
réduite qui pourrail représenter une relique de la lame antéricure des mamai ftres primitifs, La structure laminaine ohaerade cher
Pucadelphve, lagqueelle posside sur sa face médiale la midme fosse pour e ganglion rigéming que celle ohservie chee les
mammittres non-iribosphéaiques citds plus haut et qui oocupe b miéme posilion que chez oes Tommes, estic considérde comme
Imm-nll:lgun:-dcI:]lilm{ranl:-ﬁrin:url:-.L:lpmf-s-:mc.:h:xﬁmnﬁ'iﬂk_ﬂd'umIarn:nrﬂﬁtituﬁcmt‘bi#n#wlumﬁﬁﬂ,ql}ﬁiqm meifement
plus réduite que che les mammifEres noniribosphénigues, semble démontrer que la réductionct la disparition de lalame anidricure
du pétromastoide estune synapomorphic des Tribosphenida. comme | avait menticnné WisLe {198 Pircadelphys ceprésenicune
étape intermédiaine dans cetle réduction: chez ce genre, la lame antéricure est expulsée de ka face externe de ka pared latérale du
crine par I appagition &"une articalatbon du squamosal avee Ialisphénoide mais resie tougours présente, hien que réduite, sur la
face interne de la parod latérale ducrime. A ccstade, la pasoi katérale da crine. dans 1 région antéricurce du péromastoie, est done
une doaible lame dont I portion Latérale est formée par ke squamosal et alisphénoide et la portion médiale par la lome anbéreuns
dis pétromastosde. Le stade suivant (marsupiaux el placentaires actuelsh voit la disparition de la lame antérieure. Pucadelphys est
done 1a démanstration paléontologigue de la polasité d 'un carctére important de I"évaluion de la paroi crinienne des mammiferes
et confirme les hypothéses de Winwe (1990) et de Horson & Rovcus (159493),

CONCLUSIONS

Le erdne de Prcadefplies représente un cos classique d"évolnion en mosabque. Pucadelphys possisde de nombreux CATACIENes
plésiomorphes de marsupiaux, de Tribosphenida, dethénens o de Mammiferes, || posside néanmoins des caracibres apomaaphes
aqui tendent 4 ke ropprocher de la famille des Didelphidae. La présence d'une lame américure du pétromasiobde &5t un corscidne
plésiomorphe pour un marsupial gui tendrait & en faire le groupe Tréve de wus bes autres marsepiaux ¢t done i ke placer dans un
taxon nouvean: en il Pucadelivs présente déjh I'apomorphic des Tribosphenida consistant en une réduction de la lame
antéricure du pétromasioide, une strscture qua a pu disparafine plusicurs fois au cours de I'évolution de ce groupe. L absence de
processus tympanigue de 1" alisphénaide (structure longlemps considérde comme une synapomorphic des marsupiaux ) tendrait
dgalerent i en faire le groupe frére plésiomorphe poar ce caractire de tous bes Jubres MArUPIFUX OU I CAVISIEEr UNC FEVErSIN.
En fait, I'élude de Mavulestes ferox, un borhyoenoide du méme gisement que Pucadelplys of ne possédant pas de progessus
ivmpanigue de 1'alisphénoide. a montné que cotte structure était sans doule apparue plusieurs fois au cours de I"Cvolution des
marsupiaux et ne constitee pas un obstacle i la classification de Pucadelphys parmi les Didelphidac.

Let seuls caractbres dérivis, uu sein des marsupioux, que posséde Pucadelpiys sonl ceux de Ia structure de ses nolaires
supérieurnes qui le rangent sans dquivegque au sein des Didelphidae.

Crwren - NS Pans



PLCADELFIYS ANDINLS: THE SELUEL 27

INTRODLICTTON

Skulls and basicranial bones of mammals are very important in phylogenetic studies, yet
these elements are extremely rare in rocks of Cretaceous and earliest Paleocene Age. Because of
a dearth of such specimens, little is known of the early cranial evolution of Tribosphemda
{metatherians, eutherians and their common ancestors with tribosphenic dentitions; sensu
McKenna, 1975). In fact, the character states of skull features in the direct common ancestor of
metatherians and cutherians are unknown, yet inferences about these states have been made based
onstudy of a few late Cretaceous specimens and of Cenozoic and living taxa (Keme, 1982; [983),

To date, there are only two non-tribosphenid therians for which cranial material is Known.
One is a eupantothere from the late Jurassic of Portugal, Henkelotherium guimaratae which is
represented by a very partial skull associated with a nearly complete skeleton (HEnkEL & KrEBs,
1977: Krens, 1987; Kress, 1991), and the other is the eupantothere Vincelestes newguenianus
from the early Cretaceous of Argentina, whichis known from nearly complete skulls and skeletons
which have not yet been fully described (Bowararte & Roucier, 1987; Roucier & BoxararTe,
1988; Rousier ef al., 1992; Horson & Rouvcier, 1993).

Eutherians are the best known of late Cretaceous tribosphenids, and complete or partial
skulls of Asiorveres, Barunlestes, Kennalestes and Zalambdalestes have been described from the
Nate Santonian and/or Campanian of Asia (KieLan-Jaworowska, 1981 1984 KIELAN-JawoROwWSKA
& Trormov, 1980).

In sharp contrast, basicranial remains of metatherans from the late Cretaceous are
extremely rare. Deltatheroida, the possible plesiomorphic sister-group of marsupials (KIELax-
Jaworowska & Nessov, 1990; Marsnavy & KieLan-Jaworowska, 1992) are known by several
partial skulls and by one almost complete skull (e.g. Axonymous, 1983), although the basicranial
region has not been described. Specimens of metatherians which have been described include a
right ventrolateral corner of a skull of Eodelphis browni (Stagodontidae) from the Belly River
Formation of Alberta (Martaew, 1916); aleft ventrolateral corner of a skull of Didelphodon vorax
(Stagodontidae) from the Lance Formation of Wyoming (CLemens, 1966; a second ear region
described by CLemENS as [, vorax is a multituberculiate; see WisLE, 1990): a nearly complete left
petromastoid from the Hell Creek Formation of Montana which Arcrisacp (1979) described as
either Pediomys hatcheri, P. florencae or Alphadon riaisterbut which WisLe ( 1990) calls Petrosal
Type D (possibly A. rhaister); and ten petromastoids from the late Cretaceous of North America
which WisLE (1990) refers to as Petrosal Type A (one specimen, probably Pediomys hatcheri or
P. florencae). B (one specimen, possibly P. hatcheri or P. flarencae), and C (eight specimens,
indeterminate). Recently Trormov & Szavay (1993) gave a short presentation of a new marsupial
from the late Cretaceous of Mongolia. The specimen is an almost complete skeleton of a
Meanodelphis scalops -sized animal which has a marsupial dental formula and marsupial features
in its dental morphology. In the early Paleocene of the Santa Lucia Formation (Bolivia) another
specimen of early Metatheria is a partial skeleton of a new borhyaenoid, Mayulestes ferox,
Muizox, 1994, which includes a very complete skull. As mentioned inits preliminary description,
the skull of Mayilestesbears several features that question the traditional definition of Metatherians.
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Inthis part of the volume we describe nearly complete skulls of the metatherian Pucadelphys
andinus MarsHaLL & Muizox (1988) from the early Paleocene age Santa Lucia Formation (sensn
GAYET ef al., 1992) at Tiupampa in southcentral Bolivia (Fig. 1). With a nearly complete
undescribed skull of a deltatheroid from the late Cretaceous of Asia (Anoxnymous, 1983; KiELax-
Jaworowska & Nessov, 1990), the marsupial skeleton mentioned above (TroFvov & SzaLay,
1993), and the skeleton of Mayulestes, these are among the earliest complete skulls of metatherians
(or possible metatherians) yet known. As shown below, these skulls reveal numerous character
states which have important bearing on the phylogenetics of Metatheria, in particular, and on
Tribosphenida, in general. The postcranial skeleton is described in the part I of this volume
(MarsHALL & SiGocneEau-RusseLL, 1993).

ApprEvATIONS oF Instrrumions, — MNHN, Institut de Paléontologie, Muséum National d*Histoire
Maturelle, Paris; YPFB Pal, paleontology collection of Yacimientos Petroliferos Fiscales de
Bolivia in the Centro de Tecnologia Petrolera, Santa Cruz, Bolivia.

SYSTEMATIC PALEONTOLOGY

Serial designation for teeth follows LuckeTt (1992) contra ArcHer (1978), HERsHKOVITZ
(19827, MagrsnaLr & Murzox ( 1988) and Muizox (1992) (i.e. premolars are P1, P2, P3: deciduous
tooth is dP3; permanent molars are M1, M2, M3, M4); terminology for molar structure is shown
in Figure 5; usage of Metatheria follows MarsHaLL et al. (1989), [although we admit that the
Deltatheroida could possibly be included in this taxon as recommended by KIELAN-JAWOROWSKA
& Messov (1990) and MarsnaLL & KieLan-Jaworowska (1992): usage of Thena follows KigLan-
Taworowska ef al. (1987), and Tribosphenida follows McKexna (1975); suprageneric ranks of
Metatheria follows MarsHaLL ef al. (1989). All measurements are in millimeters (mm). Abbre-
viations of teeth are as follows: ¢, lower canine; C, upper canine: i, lower incisor; I, upper incisor;
m, lower molar; M, upper molar; p, lower premolar; P, upper premaolar.

Legion TRIBOSPHENIDA McKenna, 1975
Infraclass METATHERIA Huxley, 1880
Order DIDELPHIMORPHIA (Gill, 1872) Marshall er al., 1989
Family DIDELPHIDAE Gray, 1821
Genus PUCADELPHYS Marshall & Muizon, 19588

Tyee-Seecies. — Pucadelplvs andines Marsuav & Murzox, 1988
Diacrosis. — Same as for type and only known species.
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Pucadelphys andinus MarsnaLL & Muzow, 988

Hovoryes. — YPFB Pal 61035, a nearly complete skull (missing part of left zygomatic arch)
and associated dentaries with alveoli of 12-5, and 11 and C1-M4 present on right side; alveoli of
I1 and 13-5, crowns of 12 and C1. roots of P1, P2 missing, posterior half of P3, and M1-4 present
on left side; right dentary missing ventromedial edge of horizontal ramus with alveoli of 11 and
i4. root of 12, complete i3, complete el-m4 (p3 not fully erupted); posterior part of left dentary
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with m1-4: and associated articulated partial skeleton of neck and thoracic regions (figured by
Marsnarr & Muizon, 1988, Figs 1, 3A).

Hyrooion. — The holotype, YPFB Pal 6105; YPFB Pal 6107, greater part of skull and
articulated dentaries with root of right C1 and complete right P1-M4 and p2- m4, complete lefi
C'1-M4 and ¢ 1-m4, and palatal and basicranial part of skull crushed slightly internally: YPFB Pal
6108, greater part of dorsoventrally erushed skull with associated dentaries, with complete C1-
M4, alveoli of i1-4 and cl-md present (missing tips of p3 and m3 protoconid) on right side, and
root of C1, complete P1-M4, root of cl, alveoli of pl, p2-3 present (missing all but bases of
crowns) and m2-4 present (m2 missing tips of para-and metaconid, m4 missing tip of paraconid)
on left side: YPFB Pal 6109, rostral part of skull with right C1-P3 and trigon of M2, left P1-M4
(figured by MagsnaiL & Muizox, 1988, fig. 3B), greater part of left dentary with bases of ¢l and
pl.and p2-m4 complete { figured by Marstave & Muizox, 1988, fig. 3C); YPFB Pal 61 10, greater
part of skull and articulated dentaries with most of dentition (mussing only 11-5, left P1 and tip of
left p2) and part of articulated thoracic region of skeleton (figured by MagrsHaLL & Muizox, 1988,
fig. 2): YPFB Pal 6470, anterior part of skull (dorsoventrally crushed) with left 12 complete,
alveoli of 11 and 13-5, complete C1-M4, right C 1-M4 complete, basicranium with complete right
petromastoid and four articulated vertebrae, anterior half of right dentary with ¢l and p2-m2
complete, and alveoli of pl, and greater part of left dentary with il complete, alveali of i2-4, ¢
complete, roots of pl, and p2-md present (trigonid of m4 missing); YPFB Pal 6471, premaxilla
withright C1-P1, fragment of left maxilla with M2-4 complete and attached zygomatic arch with
alenoid fossa, exoccipital region of skull with three anticulated vertebrae, ante rior ends of left and
right dentaries with ¢1-pl in each, and posterior part of left dentary with m3-4; YPFB Pal 6472,
right maxilla and premaxilla with complete C1-M4, complete right dentary with bases of i1-4, and
complete cl-md; YPFB Pal 6473, left maxilla with complete M1-4, greater part of left dentary
with root of i1, base of i2. complete 13-4, ¢] missing tip of crown, and vinually complete pl-md;
YPFB Pal 6474, greater part of left dentary of juvenile with three incisors and alveolus of a fourth,
¢| erupting. p2 and m2 complete, and trigonid of erupting m3; YPEFB Pal 6475, right maxilla with
M 1-4 (M2 missing anterolabial corner of crown); YPFB Pal 6476, right maxilla withM2-4: YPFB
Pal 6477, right maxilla with M2-3 and parastyle of Md: YPFB Pal 6478, right maxilla with M2-
3: YPFB Pal 6479, anterior part of right dentary with ¢1-p3 complete and broken base of ml;
YPEB Pal 6480, fragment of a right dentary with posterior half of p3, complete m1, and trigonid
of m2: YPFB Pal 6481, fragment of right dentary with m3-4 (trigonids broken on both): YFFB
Pal 6482, fragment of right dentary with m1 missing trigonid and complete m2: YPFB Pal 6483
(=MNHMN Vil 118), an isolated left m2 missing tip of paraconid (figured by Muios er al., 1984,
fig. 8): YPFB Pal 6484 (=MNHN Vil 127), an isolated left m4 missing tip of metaconid and
posterior edge of entoconid (figured by Muizox er al., 1984, fig. 9): YPFB Pal 6485, fragment of
left maxilla with broken roots of C1-P1 and complete P2-M4.
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Homizon anp Locavmy, — The specimens of Pucadelphys andinus described here were
recovered from the Santa Lucia Formation (sensu Gaver esal., | 492} at Tiupampa, located about
95 km southeast of Cochabamba (see MarsHaLL ef al.. part [ of this volume).

Act. — Tiupampan Land Mammal Age (sensw Ormiz Jaurecuizar & Pascual. 1980:
MarsHaLL, 1989). early Paleocene (Van VaLen, 1988: GAvET eral.. |992: BonaPARTE eral., 1993;
Muizon & Brito, 1993; MarsHaLL ef al., part [ of this volume).

Diacrosis (skull morphology only). — [5/4 C1/1 P3/3 M4/4; 11-5 in continuous series (no
diastem): i3 not staggered; cheek teeth structure as in Didelphidae: paracone smaller in size in
occlusal view and distinctly lower in lateral view than metacone: centrocrista V-shaped with apex
of ¥ pointing labially toward stylar cusp C; stylar shelf well developed: stylar cusp B highest of
stylar cusps; stylar cusps A, C and D subequal in size and only slightly smaller than stylar cusp
B: parastyle spur-like, extends anteriorly and overhangs posterolabial edge of preceding tooth;
remnant of mylohyoid groove; large medially inflected angular process: rostrum short: secondary
palate solid (no evidence of vacuities) and extends posteriorly to point behind M4; nasals narrow
anteriorly. much expanded posteriorly with W-shaped contact with frontals; small frontal-maxilla
contact; lacrimal with large facial wing; lacrimal canal large, opens within orbit; orbit confluent
with temporal fossa; jugal participates in formation of preglenoid process; glenoid fossa situated
posteriorly opposite anterior half of promontorium; subsquamosal foramen present; tympanic
area uncovered, no evidence of ossified auditory bulla or of ossified ectotympanic; tympanic
membrane apparently oriented obliquely at 45° or more from horizontal: no auditory sinuses;
promontorium large, teardrop-shaped, inflated ventrally; sulci for facial nerve, sigmaoid sinus,
inferior petrosal sinus, prootic sinus, and sphenoparietal emissary vein; internal carotid antery
medial in position; noevidence of transverse canal; prootic canal for lateral head vein ( vena capitis
lateralis) present; petromastoid with antercanterior laminar structure which is re garded here as
homologous Lo the anterior lamina of the non-tribosphenid mammals; foramen ovale (exit for V3)
located posteriorly opposite anterior part of glenoid fossa, rimmed anteriorly by alisphenoid and
posteriorly by anterior lamina of petromastoid; external acoustic meatus very small.

DESCRIPTION

Anatomical features are described in the following order: upper dentition, lower dentition,
dentary and skull .

11-5 (Figs 10 and 12). — The right I1 is preserved in YPFB Pal 6105 and the left 12 in YPFE
Fal 6470; both teeth have small rounded crowns. As shown by the alveoli of 11-3 preserved on the
right and left side of YPFB Pal 6105 and left side of YPFB Pal 6470, a slight size increase occurs
from I1 to 14 (13 and 14 are subequal in size) and 15 is smaller than [4, being similar in size to 11.
The edges of the alveoli of 11-4 are on the same level, while that of 15 is situated more dorsally
in the anteriormost edge of a large fossa in the posterior part of the premaxilla which accomodates
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the tip ofic . 11-5 occur in a continuous sequence with no spaces between them or between the lefi
and right 11°s. A distinct diastemna (1.4 mm on left side of YPFB Pal 6105) separates 15 from
Cl.

C 1 (Figs 10 and 12). —This tooth is large, pointed and arcs ventroposteriorly such that the
tip of the crown is about ventral to the posterioredge of the crown base. In cross section C1 is ovoid,
being longer than wide (2.2 mm x 1.2 mm at the base of right C1 in YPFB Pal 6105). C1 is
consistently larger than ¢l in specimens where both are preserved. C1 15 either in direct contact
with Pl or separated from it by a very small diastema.

P1-3 (Figs 6 and 7). — These three teeth are all double-rooted; an increase in crown length,
width and height occurs from P1 to P3. Pl is considerably smaller than P2-3 (Table 1); in occlusal
view it is ovoid, a low ill-defined heel occurs posterobasally, and the crown tp lies ventral to the
posterioredge of the anterior root. P2 is slightly smaller than P3 (Table 1); the crown tip lies ventral
to the anterior edge of the posterior root, at about the same height as the occlusal surfaces of M 1-
4. A distinct cuspoccurs posterobasally and a very small cuspule occurs anterobasally. Weak basal
cingula usually occur along labial and lingual edges of crown posteriorly, and there is a distinct
posterolingual swelling of the crown, P3 is the largest of upper premolars; the crown tip lies
medially below the center of the tooth and 15 considerably higher than the occlusal surfaces of M1 -
4. There 15 a distinct posterobasal cusp, an anterobasal cuspule (which 15 larger than that on P2),
a distinct posterobasal cingulum labally, and a weaker basal cingulum lingually which extends
from the anterobasal cuspule to the posterobasal cusp.

MI-4 (Figs 6 and 7). — In average length MI=M2>M3>M4 and in average width
M1<M2<M3=M4 (Table 1). The protocone is large, broad anteroposteriorly, and inflated basally,
particularly posterolingually. The preprotocrista is slightly shorter and more rectilinear than the
postprotocrsta which has a distinct posterolingual bow on M 1-3. The tngon is distinctly basined
on M1-3, less so on M4. The para- and metacone are well developed on M1-3. The paracone is
slightly smaller in occlusal view and lower in lateral view than the larger and higher metacone on
M1-3 {on M4 the paracone is very large and high and the metacone, very reduced to absent). The
metaconule is slightly larger than the paraconule on M2-3, subequal on M1. The centrocrista is
V-shaped (dilambdodont; sensu Crocrer, 1980) with apex of V pointing labially toward stylar
cusp C. The para- and metacone are weakly V-shaped (not connate) with their apex pointing
lingually toward the para- and metaconule, respectively. The paracone, the centrocrista and the
metacone form a weak W-shaped structure in occlusal view. The paracrista is low, shon,
rectilinear, and unites the paracone with a large stylar cusp B on M1-4. The metacrista is low,
shightly longer than the paracnsta on M1-3 (particularly on M1-2) and with a posterior bow (on
M2-M3). The stylar shelf is well developed on M1-3 with an anteroposteriorly elongate basin
separating para- and metacone from the row of large stylar cups. The stylar cusp B is the largest
of stylar cusps: the stylar cusps A, C and D are also well developed, subequal in size and only
shightly smaller than the stylar cusp B on M1-2. On M3 the stylar cusp A is subequal to B, while
Cand D are more reduced; on M4 stylar cusps A and B are fused into a large parastyle (other stylar
cusps are extremely reduced or absent). There 1s no distinct evidence of a stylar cusp E on M1-
4. A prominent parastyle. formed by spur-like stylar cusps A and B, extends anteriorly and
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Fis. . — Pircadedplys qurdions. 3EM pholos of left P3-54 (A, lobiad; B, ecclusal; C, Engual viewshof YRR Fal 64705 and &
pa-md (D, abial; E. sochusal; F, lingual views) of YPFB Fal G106, X 15

Fae. . — Pocadelphys anclinus. Piotos MER de P30 pouches (A, vae bnbrale; B, viee ocelusale: C, viee lingosle )" YPFE Pal
(A ef plamd gasches (D wie fabiale; B, ve ooclusale; F, vire fongrale ) ' YPFR Pl G100 X 15,
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Fii. 7. —Pracadelplves andinis, AC, left P3-M4 (A, tabial: B, occlusal; C, lingual views), based on ¥YPFE Pal 6109 and 6470 D-
F. left p3-md (D labial; E, occlusal; F, lingual views), based on YPFB Pal 6109 and 6473,

Fia. 7. —Pucadelphys andinus. A-C, P3-M gauches (A, vue labiale; B, viee occlusale: €, vie linguale), d'aprés YPER Pal 6109
el 6470 D-F, p3and gauches (D, vae labiale: E, vae ovclisale: F, viee lingunle), d'aprés YPER Pal 6109 e 6473,
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overlaps the posterolabial edge (i.e. metastylar region) of the preceding tooth. A distinct
paracingulum extends along anterolabial edge of crown from stylar cusp A: it becomes very
narrow below the tip of the paracone (it disappears on M4) and continues lingually to disappear
below the paraconule. The ectoflexus is absent or very shallow on M1 and increases in depth from
M1 1o M3. M2 differs from M1 in being slightly wider, having a slightly deeper ectoflexus, and
a longer paracrista relative to metacrista. M3 differs from M1-2 in having a distinct ectoflexus,
an enormous spur-like parastyle on which stylar cusps A and B are large and subequal in size,
smaller stylar cusps C and D. a metastyle area reduced in size relative to the more prominent
parastyle arca, para- and metacrista more subequal in length, and a crown less bulbous and
narrower anteroposteriorly (i.e. more transversely elongate).

11-4(Fig. 8). — Aleftil is preserved in YPFB Pal 6470, aright i3 in YPFB Pal 6105, aright
4 in YPFB Pal 6472, and left i3-4 in YPFB Pal 6473, The i1-4 have simple ovoid crowns and
increase slightly in size from il to i4; i4 is in direct contact with ¢,

¢l (Fig. 8). — This tooth is large, pointed, arcs in anterodorsal direction. It is ovoid in cross-
section, longer than wide (1.5 mm x 1.0 mm in right YPFB Pal 6105). The axis of the tooth is set
at a slight oblique angle relative to the cheek twoth series (i.e. anterior edge labial, posterior edge
more lingual). ¢l is consistently smaller than C1.

pl-3 (Figs 6 and 7). — All three teeth are two-rooted. pl is very small relative 1o p2-3, and
15 separated from ¢l and p2 by small (0.5 mm) diastems. It is ovoid in occlusal view with the
highest point of the crown set above the anterior edge of the anterior root. p2-3 are subequal in
length and width (Table 1) although p2 tends to be slightly lower in height; both are distinctly
premolariform with well developed posterobasal heels. The crown tips are about same level as
protoconid tips of ml-4. The p2 differs from p3 in having the principal cusp narrower
anteroposteriorly and inclined more anteriorly so that the tip occurs above the middle of the
anterior root (on p3 the anteroposteriorly broader primary cusp is more dorsally directed so that
tip occurs dorsal to posterior edge of anterior root); p2-3 occur in close succession without spaces
separating them or p3 from ml,

ml-4{Figs 6and 7). — Inaverage lengthml<m2=m3>m4, in average widthm l<m2=m3>m4
i Table 1). The labial side of teeth is higher than the lingual side, and the trigonid is well elevated
above the talonid. The trigonid of m1 is relatively long (paraconid set anterolabially ), while those
of m2-4 are foreshortened anteroposteriorly and distinctly wider than long (paraconid set more
lingually). The protoconid is the highest of the trigonid cusps and slightly higher than the
metaconid. The paraconid 1s smaller than the metaconid and inclined anteriorly. Protoconid and
metaconid are united by a straight trenchant protocristid. The talonid is broad and distinctly
basined on m1-4, being wider than the trigonid on m1-3, and narrower on md. The hypoconid is
the dominant talonid cusp on m1-3; it is V-shaped in appearance, and considerably larger than
entoconid and hypoconulid in occlusal view. In lateral view of m1-3 all three talonid cups are
subegual in height. A short cristid obliqua contacts the trigonid at the posteromedial surface of the
protoconid, labial to the protocristid notch. The hypoflexid is well developed on m1-4. Entoconid
and hypoconid are subequal in size in occlusal view on ml-3, and the hypoconulid is “twinned”
with the entoconid (i.e. set closer to entoconid than 1o hypoconulid). On m4 entoconid and
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hypoconulid are fused basally, and the hypoconid is distinctly elevated above the much lower
entoconid and hypoconid. A precingulid is well developed on m1-4; a posteingulid (i.e. shelf
extending ventrolabially from tp of hypoconulid across posterior surface of hypoconid) is well
developed on'm1-3 but absent on md4.

Dexrary (Figs 8 and 9). — The horizontal ramus is long and slender. The ventral border of
the bone 1s relatvely flat between pl and m3, bending dorsally anterior to p2 and posterior to m3.
The deepest point occurs below m3-4, with a gentle decrease in depth from m3 to pl.

The articular surface of the symphysis is slightly rugose and covered by numerous vascular
foramina; a well-developed symphyseal ligament was apparently present. The long axis of the
symphyseal surface lies at an angle of about 407 to the horizontal axis of the dentary and extends
posteriorly to below p2. There are typically two large mental foramina, one below pl and another
below m1l. A groove on the medial surface of the dentary, about 1/3 of the way above the ventral
edge. extends from the anterior edge of the angular process to below ml, becoming shallower
anteriorly. This represents the mylohyoid groove (Bexsiey, 1902) and marks the course of a
neurovascular bundle which probably included the mylohyoid artery and nerve. The angular
process is very large and inflected medially; it is situated far posteriorly, more or less below the
condyloid process. The mandibular foramen 15 situated dorsal to the anterior edge of the angular
process and below the middle of the coronoid process. The masseteric fossa is shallow with a
posteroventral border (between the condyloid process and the point directly ventral to the middle
of the coronoid process) developed into a broad laterally directed shelf. In dorsal and ventral
vigws, the postenor part of the dentary has a broad V-shape due to the large medially inflected
angular process and the large laterally directed expansion of the posteroventral part of the
masseteric border, The condyloid process s wide transversely; the portion projecting lateral to the
vertical plane of the dentary is about three times longer (transversally) than that projecting
medially, It oceurs dorsal 1o the horizontal plane through m-4, at about the same level as the tip
of cl. Its articular surface is broadly convex dorsoposteriorly. The coronowd process of the
ascending ramus 1s broad anteroposteriorly, thin transversely with the anteroposterior axis in the
same vertical plane as the labial sides of m1-4. Its upper margin 15 rounded (convex dorsally) and
its posterior border 1s markedly concave posteriorly.

Cieneral Skui Strecture (Figs 10 -14 and 16). — There are five partial or nearly complete
skulls. The most complete and least distorted is the type YPFB Pal 6105 {Figs 10 and 18) which
i the basis for the reconstructions in Figs 10, 15 and 17 along with details incorporated from other

=

Fig. 8. — Prcadelphys ardinis, Right demary of YPFD Pal 6108 (A, Iseral; B, dorsal; C, medial views). Stereophotos X 2.5

Fr:. 8. — Pucadelphys andinus. Dentaire drois ' YPFR Pal 6108 (A, vae loidrale: B, vee dorsate; ©, voe médiale). Pholos
-..'ru'l.lu"'rllr:llrlluq'f IlI .? _"-
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specimens as indicated. In YPFB Pal 6105 the nasals and the left pan of the rostrum anterior to
the infraorbital canal are slightly crushed ventrally, but the remainder of the skull is virtually
undistorted. Specimens YPFB Pal 6107 (Fig. 14) and 6110 (Fig. 13) are crushed slightly
transversely, particularly in the basicramial and palatal areas, This crushing is most extreme in
YPFB Pal 6110 where the basioccipital is missing, the exoccipitals are in near contact and the

corpd.

BEMIA

m.g

Fig. 9. — Pucadelphys andinues, Reconstrection of right dentary of YPFB Pal 6108 (A, lateral; B. dorsal; C, medial views).
Abbrevisteons: ap. angular process of dentary: corpd, coronoid process of dentary; cpd, condyloid process of dentary;
DEN{ar), ascending ramus of dentary; DEN(hr), horizomal ramus of dentary; masf, massetenc fossa: mend, mental
foramen: mil, mandibular foramen (=infefmor alvealar fommen); mif. mylohyoid groove i=meckelan groovel; psml,
posterior shell of massetenc fossa: sd, symphysis of dentary.

Fog. 9 — Pucadelphys andinus. Reconstimurion du dentmire droitd " YPFE Pal 6108 (A, viee latérale; B, veee doriale: C. vae médiale),
Abréviations: ap, procesns angulaire du dentrive; corpd, processus coronoide du dentaire; epd, condvle articulmive di
aemicare; DEN{ar), bravnche ascendante du demizive; DEN(Ir), branche horizontale du dentaive; imasf, fosse masséiérine;
mienf, firamen mensomier; mf, foramen mandibulaire (= foramen alvéolaire infériear): mg., sillonsvlohvoidien (= silfon
e Meckell; profl. plaefnme pocrérieicee de In fosse masséénine; 5d, symplyvse du denraire,
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anterior ends of the pars petrosa of the petromastoids are in direct contact. The fourth skull, YPFB
Pal 6108 (Fig. 16). is crushed dorsoventrally and the dorsal surface is displaced to the lefi relative
to the ventral surface. The rostral portion of the fifth specimen, YPFB Pal 6108 (Fig. 11), shows
virtually no distortion on the right side, although the nasals are slightly depressed anteriorly and
the posterior part of the left maxilla is separated from the rest of the skull.

In YPFB Pal 6105 the ratio of the condylar-premaxilla length (28.5 mm) and the breadth
between the outer edges of the zygomatic arches (approx. 19.5 mm) is about 0.68. The ratio
betweenthe condylar-canine length (250 mm) and the broadest point of the braincase measured
between the outer edges of the mastoid processes (11.0 mm) is 0.44.

The most distinct aspect of the skull in dorsal view is the short rostrum and overall bilobed
appearance, with a broad area between the lacrimals and another between the posterior bases of
the large zy gomatic arches (Fig, 12). The narrowest point of the skull, excluding the nasal region,
15 just anterior to the frontal-parietal suture, the site of the interorbital constriction. The orbit is
broadly confluent with the temporal fossa,

A weak sagittal crest occurs in all specimens, but is best developed in YPFB Pal 6105 where
it begins on the posterior part of the frontals; in the other specimens the sagittal crest occurs only
on the parietals and begins at the frontal-parietal suture. In all specimens the sagittal crest becomes
higher and more prominent posteriorly. A dorsoposteriorly directed lambdoidal crest of the
postparietal 1s well developed in all specimens. In ventral view (Fig. 12) the palate, including the
dentition, and the basicranium are similar in size and shape, being broadly triangular with their
apices directed anteriorly.

In lateral view (Fig. 12) the recess for the external acoustic meatus is small, broadly U-
shaped, and bounded posteriorly by a small posttympanic process of the squamaosal; it is situated
immediately ventral to the subsquamosal foramen and dorsoposteriorly o the posiglenoid
foramen. The glenoid fossa is situated far posteriorly, opposite the anterior extremity of the
promontorium of the pars petrosa. The foramen ovale is also situated far posteriorly at the
posteroventral corner of the alisphenoid opposite the anterior part of the glenoid fossa; it is nmmed
anteriorly by the alisphenoid and posteriorly by the anterior lamina of the petromastoid: its lateral
margin touches the squamosal suture. The occipital plate slopes upwards and slightly forwards
from the occipital condyles.

Masar (Figs 11 and 12). — Anteriorly the nasals are elongate and subequal in breadth. Ata
point approximately dorsal to P2 they flare sharply laterally and posteriorly toward the frontal-
maxilla suture, where their sutures with the frontals abruptly bend medially and, before meeting,
mike a sharp bend anteriorly. The nasal-frontal suture thus has a distinct W-shape. with the base
of the W pointing posteriorly and the top anteriorly. The anterior-most edges of the nasals are
broken in all specimens, but as suggested in YPFB Pal 6105 (right side) and 6110 in which they
are most complete, they extended somewhat beyond their point of contact with the premaxilla and
were apparently slightly longer medially.

Presaxiiia (Fig. 12). — In dorsal and lateral views the premaxilla is sharply V-shaped. The
ascending process is directed posteriorly between the nasal and maxilla and its posterior extremity
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is dorsal to the middle of C1. The ascending process of the premaxilla forms the dorsolateral edge
of the nares and its lateral surface 1s slightly convex. The anterior edges of the two premaxillae
have a distinctly rounded (sharply convex) shape when viewed dorsally. In ventral view the
premaxilla-maxilla suture extends posteromedially from the anterior-most edge of the maxilla
ilateral to 14), across the fossa which receives ¢l. Medially to the anterior mid-point of C1, the
suture bends anteromedially and reaches the lateral edge of the incisive foramen inits posterior
gquarter. On the medial edge of the incisive foramen,. the premaxilla-maxilla suture runs
posteromedially from the posterior quarter of the foramen to the median plan of the skull. The
paired incisive foramina are well developed and elongate anteroposteriorly, extending from a
point medial to I3, anteriorly and to a point medial to the anterior edge of C1, posteriorly. The
anterior 75% of the bar separating the incisive foramina medially is formed by the premaxilla; the

posternor 25% is formed by the maxilla.

Maxiea (Figs 12 and 15). — A small wing of the anterolateral edge of the maxilla overlaps
the posterolateral edge of the premaxilla toa point labial to I5 and forms the lateral rim of the fessa
between 15 and C1 (Fig. 12). Posterodorsally, the maxilla s wedged between the nasal and
Lacrimial, and has a small, but clear, contact with the frontal. From the posterioredge of the frontal-
maxilla suture, the maxilla-lacrimal suture runs inan anterior direction, then anteroventrally along

I I Fracereetmbive muclinns. Bosiral et 0f 5K 1l of Y PEE Pal G009 (A, dorsal: B, rieht lateral saesas) "i'|'||_'|-i'\-|:|_l:|'-\. XI5
f ! ncadelnhivs andines, Feriion roarmale o i g YPEFR Pal G0 GA vue darsale: B oviee brrdredes drofae b Pladog
i wuies X 2
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the anterior rim of the orbit, contacting the jugal at the lower edge of the orbit dorsal to the posterior
edge of M2. From that point, as seen in lateral and ventral views, the maxilla-jugal suture extends
in a straight line posteroventrally.

The anterior (rostral) opening of the infraorbital canal is large, slightly elongate dorsoven-
trally (the ventral edge is slightly broader than the dorsal edge), and opens dorsal to P3. The
posterior (orbital) opening is also large. slightly elongate transversely. The dorsal rim is formed
by the lacrimal, the ventral and lateral rims by the maxilla, and the ventromedial rim by a sliver
of the palatine which extends anteriorly between the lacrimal and maxilla into the infraorbital
canal, as is clearly seen on left side of YPFB Pal 6105 (Fig. 15). The infraorbital canal transmits
the infraorbital branch of V2, a branch of the infraorbital artery 1o the mesial side of maxilla and
premaxilla, and a small vein in Recent metatherians (Arcuer, 1976a).

Within the orbit the maxilla forms the floor and, along its medial edge, has a broad contact
with the palatine. The large postpalatine foramen is bordered by the maxilla laterally and by the
palatine dorsally, medially and ventrally (Fig. 15).

In ventral view (Fig. 12). the posteromedial edge of the maxillaextends anteromedially from
the lateral side of the postpalatine foramen. roughly parallel 1o the lingual edges of M3-4, and
apparently has a broad transverse contact with the palatine medial to the embrasure between M2
and M3. This area of the palate is broken in all specimens and the suture itself is not visible:
however, the relatively complete palate in Y PFB Pal 6105 shows no vacuities in the palatal portion
of the maxilla.

Pavamine (Figs 10 and 12). — The palatine contribution to the secondary palate is preserved
only in YPFE Pal 6105 where it is nearly complete. The posterior edge of the palatine is a
transversely thickened bar, the postpalatine torus, which extends below the level of the palate and
which it encloses posteriorly. This torus lies posterior 1o the M4 s and its maximum thickness is
located laterally. posterior to the protocone’s of the M4's. A large ovoid postpalatine foramen
{which probably transmits the descending palatine vein, palatine artery and palatine branch of
cranial nerve V) occurs at the posterolateral comer of the palatine (as seen only on the left side
of ¥PFB Pal 6105). This foramen is clearly seen in anterior and posterior views, while in veniral
view only the anteriormost edge is visible since the foramen is tucked above the postpalatine torus
and opens vertically. The posterior surface of the postpalatine torus is ornamented by three spines:
a lateral one on either side at the medial edge of the postpalatine foramen and a medial one at the
contact of the two palatines. These spines give the ventral surface of the choanal orifice a broad
m-shaped appearance. Immediately anterior to the torus and situated medially on each palatine is
a pair of shallow parallel sulci (palatine sulci) which run anteriorly and probably extended to a
middle palatine foramen as occurs in living Didelphis, although this foramen is not preserved in
specimens of Pucadelphys. The anterior extent of the palatine i1s not fully preserved and the
presence or absence of vacuities cannot be securely established, although if vacuities were present
they were small. Given the relatively complete palate of YPFB Pal 6103, and the apparent absence
of vacuities, the palate is shown as solid in the reconstruction (Fig. 12).

Part of the orbital or laterovertical process of the palatine is preserved in YPFB Pal 6105 (left
side), 6108 (left side) and 61 10 (right side) (Fig. 15). A large elliptical sphenopalatine foramen,
which transmits the sphenopalating antery and nerve into the naso-pharyngeal space above the
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palate, has a posteriorly directed opening within the vertical surface of the palatine at the
posteromedial edge of the orbit just dorsomedial o the postpalatine foramen.

The palating makes a small contribution to the medial edge of the orbital floor, extending
medially in sutural contact with the maxilla from the lateral side of the postpalatine foramen, then
almost directly anteriorly into the ventromedial comer of the infraorbital canal (Fig. 15). Its
contact with the lacrimal 15 a broad suture extending ventrally from the anterior point of contact
with the frontal to the lower edgze of the infracrbital canal, where it turns sharply anterodorsally
into that canal. Dorsally the palatine has a broad and nearly horzontal contact with the frontal; this
suture extends posteriorly to a point above the sphenopalatine foramen where it bends
ventroposteriorly to a point just posterodorsal o that foramen, then extends posteriorly along the
ventrolateral edge of the orbitosphenoid. and has a small contact posteriorly with the anterior edge
of the basisphenoid (as seen in YPFB Pal 6105, left side) (Fig. 15).

Lacrmar (Figs 12 and 15). — This bone forms the anterior rim of the orbit. In dorsolateral
view, the large facial wing of the lacrimal has a distinet quarter-moonshape. Viewed posterolaterally
(Fig. 15). the lacrimal has a rectangular shape (long axis is dorsoventral) and contacts the maxilla
anterodorsally, anteriorly and ventrolaterally, the jugal anteroventrally, the frontal dorsoposteriorly,
and the palatine ventroposteriorly and ventromedially. The large elliptical shaped lacrimal

Fii, 12, == Pucadelpdiys andiaus. Reconstruction of the skull (A, dorsal; B, right Ineral: C, vemral views) based primarily on YPFB
Pal 6105 hadoty pe). Abbreviations: AS, alisphenoid; B0, basioccipital; BS, basisphenoid; daf, dorsal slantal facet; doc,
dorsal occipital condyle: ef, emocarotid foramen (=amerior carotid foramen, carotid canal), EX), exoccipatal: eop.
cxoccipital process: etf, ethmosd foramen; Mle. fossa for lower canines fim. foramen magnum; fo, foramen ovale; FR,
fromal; Tr, foramen romrdums gf, glenoid fossas i incisive foramen; He, infraorbiial conalz JUL jugal; 35, jugulir sulowss
LA, laceimal: le. lambadoidal crest (smechal crestl I lenmal foramen: Ipps, lateral pesipalotine spine; mp, mastoid
process: mpl. middle palatine foramen: mpps, medial postpalatine spine; MX. maxilla; NA, nosal; ool optic-orhital
foramen: opl, supraorbiial process of frostal; PA, panctal; pgfl. posiglenoid foramen: PL. palatine: PAM{pm). pars
mastoiden of peromastosd (=mastoid 5.5, PM{pp). pars petrosa of petronmosioad (=petrosal 5.0 PMX, premaxilla
pogps, posighenoid process of squamosal: PP, postparictal: ppl. postpalatine foramen: ppd. postpalatine lomus; prep)
preglenoid process of jgal, praps, preghenoid process of squamosal; ps, palatine sulcus; ple. plerygod canal; pif,
postiemporal fommen; plp. posity mpanic process: pel, postzy gomatic formmen: se, sagitial erest; SO, supraoccipital: sof,
supraoghital foramen; 30, squanwsal; ssl. subsquamosal foramen (=supramcalal, postsquamosal ).

Fiz. 12, — Pucadelphys andinus. Reconstinrion o ordme (A, vae dorsale; B, vire latérale draite; C, vue vertrale) principalernent
o aprés YR Pal 6003 (holotype L Abrévimions: AS, alisphénoide; B0, bastoceipital: BS, basisphdioide; daf, facene
atlantale darsele: doc, comdvle occipital dorsal; ef, foramen entocarotidien (=foramen corotidien arténicar, conal
camptiadien ); B, exoccipital; eop, processus exoccipiaed ; elf, foramen elunetdeen; fle, fosse poier by canine inféricire;
Jur, foramen sagnsm; fo, foramen ovale; FR, frontal; fr. foramen rodiendien; g foive pldmorde; i, foramen ircizil; i,
cernal infraorbitgive; JU, jugal; js, sillon jugudeive: LA, lacrimal; be, oréte lambdotde (=créte muchalep: If. foramen
Iacrimal: Ipps. dpine posgpalatine laténde; mp, processus mastobde; ampf,  foranen palmin moeven; mpps. cpioe
postpalatine médiate: MX, maxillaire; NA, rasal; oof, foramen optico-srbitaire; opf. provessus suprat-avbitaive du
froaniaed: PAL parreial: pal, foramen posngléactde ; FL, parken; PMNpr), poirs mapstoided di e | =ruritoie L1 )
PMipp). pars pefrosa du petroimasionde (mpétrey 5.5 ) PMX. prémaxillaire; pegps, processus posigléneide di
sqrammogal; PP, postparictal; ppf, foramen posipalaiin; ppd, torms posipaliiin; prepf processus prégléncite du fiigal;
preps, processas priglinide du squamosal; ps, silfon palating pre, canal prérvgoide: pif, foramen prasitemparal; pip,
jrrocetias posiympanique; pf foramen posizygomatique; S€, créle saginale; SO, supracccipial; saf, foramien
,hﬂj'lr.nr_lr.rlf[nrrq‘, :'p'{;_i '.qlr.'lr.l.h.l.'nll'.; J.:I:fl __I'i'lr'f-lllﬁ'-l'lr_'-r-III:''i|'|'.ll|'J.II'I'|"h:llI |'=.EI|'|'||"£I'|'|'JI.'-I'|'J||'|I. |Ih'l:l'l.l'-l,|'ll-ll'-'||l'-''I'I'Jll.l-
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foramen, which transmits the naso-lacnmal duct, opens within the orbit and has two distinct canals
of subequal size situated one above the other along a dorsomedial-ventrolateral axis (Fig. 15).

JucaL(Fig. 12). — Complete jugals are preserved in YPFB Pal 6105 (right side) and 647 1 (lefi
stde ). This 1s a large bone which contributes to the formation of about 60% of the zygomatic arch.
Anteriorly 1t has a broad diagonal contact with the maxilla, a small contact with the lacrimal
anterodorsally-anteromedially, and it forms the ventral edge of the orbital nm. From 11s contact
with the maxilla 1t arcs In a posterolaterodorsal direction, being dorsoventrally deep and
transversely narrow. At its dorsal and lateral greatest extent, which is approximately lateral to the
interorbital constriction, the juzal makes contact with the zvgomatic process of the squamosal
dorsally and continues ventrally along it to the anterolateral edge of the glenoiud fossa where it

forms a large preglenond process. In lateral view, the ventroposterior spine of the jugal and dorsal
zyeomatic process of the squamosal have an elongate diagonal contact (Fig. 12). A shallow sulcus
occurs along the ventrolateral edge of the jugal contribution to the zygomatic arch marking the
point of insertion of the masseter muscle (Fig. 12). The greater part of the zvgomatic arch,

including the jugal and squamosal contributions, 15 subequal in breadth and depth.

FrosTaL (Figs 12 and 15). — This bone covers all of the medial 30% of the dorsal area and
most of the medial 30% of the lateral area of the cranium. Anteriorly it has a distinet W-shaped
contact with the nasals (Fig. 12), and lateral 1o this 15 a small distinct contact with the maxilla. The
lacrimal contact is broad and nearly horizontal dorsally, and broad but nearly vertical laterally.
There 1s a broad nearly horizontal contact with the dorsal edge of the orbital part of the palatine,

and a small wedge of the frontal extends ventrally and separates the palating and orbitosphenoid
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Fig. 14, — Prcadelpins ardimes, Skull with seached mandibde of YPFR Pal 6107 (A darsal: B, ventral; C. posterior: D, left lateral
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(Fig. 15). The frontal contacts the small orbital contribution of the orbitosphenoid along 1ts
anterior and dorsal edges. More posteriorly, the frontal has a broad arcuate contact with the
alisphenoid, ventral to the interorbital constriction on the antenior surface of the cranmum. The
contact with the parietal extends from the lateral surface of the anterior part of the cranium n an
almost straight line dorso-dorsoanteriorly, just posterior o the interorbital constniction. A weak

supraorbital process is sometimes present (as in YPFE Pal 6105 and 6108) on the anterolateral

surface of the frontal, and a small anteriorly opening supraorbital foramen consistently occurs jusl
ventral to this process within the dorsal edge of the orbit. A w ell developed oval-shaped ethmaond
foramen opens anteriorly at the frontal-alisphenoid-orbitosphenoid contact. The anteromedial
and dorsal wall of this foramen are formed by the frontal, the posterolateral wall by the
alisphenoid, the anteroventral wall by the arbitosphenoid, and the posteroventral wall by the
basisphenoid as seen in YPFB Pal 6105 (right side) and 6108 (lelt side).

Pamierar (Fig. 12). — The large plate-like parietals cover the greater part of the dorsal and
dorsolateral surfaces of the cranium, They have a broad ventroposteriorly directed contact with
the frontal, a broad continnous contact with the dorsal parns of the alisphenoid and squamosal
ventrally, and a broad convex contact with the posiparetal posteriorly. The outer walls of the
parietals are distinctly convex, reflecting the presence of well developed cerebral hemispheres,

and are omamented dorsomedially by irregular scars for attachment of the iemporalis muscle
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These scars are seen Lo some degree in all specimens, but are most prominent in YPFB Pal 6105
inwhich a distinct scar-region on the left parietal extends from the frontal-parietal suure directed
toward, but not reaching, the postparietal-squamosal suture. On the right parietal of YPFB Pal
G105 and in all other specimens these scars are less distinet and are concentrated on the
dorsomedial area of this bone.

Postearieras (Figs 12 and 17). — This bone is tightly fused with the parietal and the suture
15 often difficult to identify. Nevertheless, careful study shows that the contact with the parietal
5 broadly concave and extends ventrally where it meets the dorsoposterior end of the squamosal,
then turns sharply posteriorly having a nearly horizontal suture with the squamosal, A distinct
suture separates the postparietal from the underlying supraoccipital (Fig. 17). The postparietal
overhangs the entire dorsal edge of the supraoccipital so that the lambdoidal crest is formed
entirely by the posterior edge of the postparietal. Viewed posteriorly the postparietal also overlaps
the dorsolateral edge of the pars mastoidea of the petromastoids (Fig. 17).

Ormiroserenoin (Fig. 15). — Pans of this bone are preserved only in YPFB Pal 6105 and 6108.
Viewed laterally this bone makes a small contribution to the posteroventral base of the orbital
region. It contacts the frontal anteriorly and dorsally, the palatine anteroventrally and the
basisphenoid posteroventrally. In ventral view it forms the posteromedial roof of the choanal
orifice, the posterolateral pants of the roof are formed by small wings of the palatine. Within the
orbit (Fig. 15) a large ovoid, anteriorly opening optic-orbital foramen (which transmits cranial
nerves 1L IIL IV, V1, VI, the ophthalmic artery, and a vein which drains the eye to the cavernous
sinus) has the entire medial wall formed by the orbitosphenoid, the anteroventral edges by the
palatine, the anterior and dorsal edges by the frontal, and apparently the alisphenoid posterolaterally
although the alisphenoid is broken in this area in all specimens. The posterior side of the
orbitosphenoid has a distinet convex saddle-shaped surface marking the confluence of the left and
rightoptic-orbital foramina; the posterodorsal part has the form of laterally projecting horns which
separate the upper edge of the optic-orbital foramen from the lower edge of the more dorsally
siluated ethmoid foramen.,

Aviseeno (Figs 12, 15, and 19). — This bone forms most of the anterior ventrolateral parts
of the ventral surface of the cranium. Anterodorsally it has a broad horizontal contact with the
frontal (Fig. 15); posterodorsally a broad horizontal contact with the parietal; posteriorly a broad
convex contact with the squamosal, which continues ventrally toward the base of the zygomatic
process, passes anleriorly around it, continues on the ventral surface of the skull and reaches the
posterolateral corner of the foramen ovale (which transmits V3, and possibly the MEAJOr IFANSVerse
sinus of the external jugular vein; see below) (Figs 12 and 19). The alisphenoid forms the anterior
rimof the foramen ovale and, at its contact with the petromastoid, lateral to the position of the small
medial lacerate foramen (which is located at the junction of the basisphenoid-basioccipital-
petromastoid-alisphenoid; sensi Maclxtyre, 1967) it extends anteriorly in tight sutural contact
with the basisphenoid, bisects the entocarotid foramen (alisphenoid forms lateral rim, basisphenoid

Canrrm - AAHY Pans



FUCADELPHYS ANDINDS: THE SKLLL 51

medial rim). which transmits the internal carotid artery and a small vein from the inferior petrosal
sinus, and continues anteriorly 1o the antenor edge of the basisphenod. The anteroventral exient
of the alisphenoid is not preserved in any specimen, but it probably formed the posterolateral rim
of the optic-orbital foramen as in Didelphis, and based on the size and breakage surface
ameroventrally there was clearly a wing-like structure which extended anterolaterally toward the
lateral edge of the choanal orifice (Fig. 15). On the anteroventral surface, immediately lateral and
parallel to the basisphenoid contact, is a sulcus marking the position of the pterygoid canal (for
the pterygoid or vidian nerve; see JoLue, 1962: 44) or sutural contact with the pterygoid (seen in
YPFB Pal 6105). This bone is not well preserved in any specimen. The pterygoid canal can be
followed posteriorly to the anterolateral edge of the entocarotid foramen. Immediately lateral and
slightly dorsal to this canal is a large ovoid, anteriorly opening foramen rotundum (seen only in
YPFE Pal 6108) which transmitted the maxillary branch of the trigeminal nerve, V2 (Jovuie, 1962
44) (Figs 12 and 15).

_.--AS
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Fiti, 15, — Pracadelpivs andfns. Detail of left orhital region hased primasily on YPFB Pal 6105 (holotype). Abbreviations: AS.
slisphenoit, BS, basisphenoid; co, choanal orifice; etf, ethmod foramen: fr. framen romndum: FR. fromal: ilfc.
infraorbital canal; LA, kscrimal; If, lacrimal foramen; mpps, medial posipalatine spine; MX, maxilla; NA, nasal; oof.
optic-orhital foramen; opf, supraorhital process of frontal; OS, orbitosphenoid: PA, parietal; PL, palatine ppf.
postpalatine foramen; sof, supraorbital feramen; sphil. sphenopalatine s

Fr, 15, — Pucadelphys andinus. Dérarl de fa région orbitaire ganche principalement dapres YPFB Pal 6105 fheloripe)
Abrdviations: AS, alisphéncide: BS, basisphénoide; co, ovifice de la choane; elf, foramen ethmoide; fr. foramen
ronmdim: FR. fronmal; ife, ceonal infamoriinaire: LA, Aacrrencal; If, frrmoren lacrimel; mipps, Fpine posipaliiine médiale:
MX, maxitlaire: NA, nosal; Llrljr',_ll?murrr.-|ulr:-r|iq'u-.j1-.rfl-.iMfrr,'|:h||:!||",||'.'l'ru'rﬁnljl.'ilrllhf-:mrflﬁn'.lr'n'rfl!fn'ﬁ'lkrl; 0%, orlitosplidroide:
PA, paridwl; PL. patatin; ppf, foramen poaplaring sof, foramen supraorbitatre; sphy, foramen aphniopalnrin,
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Basismenom (Figs 12and15). — Asseenin YPFB Pal 6105 and 6108, this is an anteroposteriorly
elongate bone which is broadest posteriorly along its contact with the basioccipital and narrows
anteriorly toits contact with the orbitosphenoid: sutures with the basioccipital and orbitosphenoid
are distinct. Laterally it has broad contacts with the alisphenoid; these bones are tightly fused and
the suture is, in places, difficult to identify. The posterior surface of the basisphenoid is convex
ventrally, while anterior to the entocarotid foramen itis flat. The anterior end of this bone in YPFB
Pal 6105 is broken transversely, a feature which appears to represent natural breakage but which
may mark sutural contact between the basisphenoid (s.5.) and a smaller presphenoid. However,
this bone is quite similar to that in Didelphis and appears to be the basisphenoid which is simply
lacking its anterior end.

Souasosar (Figs 12, 17 and19). — This bone has a broad concave contact with the alisphenoid
anteriorly: abroad and nearly horizontal contact with the parietal dorsoanteriorly and dorsomedially,
and with the postparietal dorsoposteriorly; an irregular vertical contact with the lateral surface of
the pars mastoidea of the petromastoid posteriorly; and ventrally its contact with the petromastoid
cxtends anteromedially from the lateral base of the mastoid process, passes along the lateral edge
of the fossa incudis and epitympanic recess, and joins the short transversely oriented squamosal
suture at the posterolateral corner of the foramen ovale,

In ventral view the glenoid fossa is deep and transversely elongate; a large postglenoid
process of the squamosal oceurs along its posterior edge and attains its greatest ventral extension
medially; a much lower, but still distinet, preglenoid process of the squamosal occurs along the
anteromedial edge of the fossa and a large preglenoid process of the posterior edge of the jugal
borders the fossa anterolaterally.

Three foramina perforate the squamosal externally. The firstand smallest is a postzy gomatic
foramen on the posterobasal surface of the zygomatic arch dorsal to the deepest point of the
posiglenoid process (Fig. 17). This foramen apparently transmits a vein from the squamosal root
of the zygomatic arch 1o the sphenoparietal emissary vein (Arcrer, 1976a). It is usually single,
transversely elongate, and opens laterally; however, it is sometimes double (as in left side of YPFR
Pal 6105) with a second smaller opening set dorsomedially to the primary one.

The second foramen is the subsquamosal which is large. oval, and opens posteroventrally
at the base of the zygomatic arch just dorsal to the external acoustic meatus (Fig. 12). It is most
clearly seen in posterolateral view, while in dorsal view it is obscured by a posterior swelling of
the squamosal along its upper edge and a similar but smaller swelling occurs along its lower edge.
Thus, this foramen opens into a shallow postzygomatic depression in the squamosal. Externally
the foramen opens within the squamosal, while internally (as seen in right side of YPFB Pal 6110)
the medial side of the canal that it transmits is formed by the petromastoid and the lateral side by
the squamosal (Fig. 19). This foramen transmits an artery from the postglenoid foramen onto the
parietal area of the cranium which supplics the temporalis muscle, and a vein from the parietal area
tothe sphenoparietal emissary vein, which exits through the postglenoid foramen { Arcyer. 1976a:
WigLe, 1990),
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The third and largest is the posiglenoid foramen which is ovoid in shape and opens
ventrolaterally along the posteromedial edge of the posiglenoid process (Figs 12 and19). The
course of the vessels this foramen transmits continues as a groove beyond the opening toward the
ventromedial edge of the posiglenoid process. The external opening occurs solely within the
squamosal, while internally (as seen on the right side of YPFB Pal 6110; Fig. 19) at a level
corresponding to the dorsal nm of the external acoustic meatus, the medial side of this canal is

formed by the petromastoid and the lateral side by the squamosal. This foramen transmits the

3 . 5 T - ’ - e T TP fereirihicil 15
i 15 Paceadelpia s aiicdfips Shull of ¥ PFE Pal 05 (A dorsal; B, vealral vidws Clereonholos, X

f L] Pucsdelnhys andins. Crdee J T FPES el G008 1A, vae dordmie) I, waie vemdreie L Plosos sidrdoscopigques, X 2



T | LARRY G. MARSHALL & CHRISTIAN pe MUIFON

sphenoparietal emissary (which externally becomes the postglenoid) vein from the prootic sinus
(WisLE, 1990}, and the postglenoid anery (Arcuer, 1976a; WisLe, 1990),

A fourth but smaller foramen. the posttemporal, opens between the squamosal and pars
mastoidea of the petromastoid directly posterior to the subsguamosal foramen and dorsal to the
mastoid process. This foramen transmits the arteria diploetica magna and vena diploetica magna
(WisLE, 1990) which pass through a canal bordered by the petromastoid medially and squamosal
laterally (Fig. 21).

Basiocommac (Figs 12,17, 19and 21). — Az seen in YPFB Pal 6105, 6107 and 6470, this bane
has the shape of an arrow-head base and the sutures with adjacent elements are well defined. The
basioceipital has a broad transverse linear contact with the basisphenoid anteriorly between the
left and rnght medial laceraie foramina. From these foramina it extends posterolaterally in contact
with the medial surface of the pars petrosa of the petromastoid to the anteromedial corner of the
posterior lacerate foramen, where it bends sharply medially forming a small but distinct convex
rim over the inferior petrosal foramen (basioccipital forms ventral and medial rims, exoccipital
forms ventromedial rim, and pars petrosa of petromastoid forms lateral rim) which transmits the
inferior petrosal sinus. On the medial side of the foramen for the inferior petrosal sinus the
basioccipital contacts the exoccipital and the suture arcs posteromedially to a point on the Lateral
side of the ventral occipital condyle, The posterior edge of the basioccipital forms the ventral rim
of the foramen magnum where a pair of well developed ventral occipital condyles are separated
by a distinet U-shaped intercondylar fossa. The foramen magnum transmits most of the sigmoid
sinus of the transverse venous system and the spinal root of nerve X1 out of cranium (Dom ef af..
1970, WisLg, 1990) and the vertebral arteries into cranium { ARCHER, 1976a).

The ventral surface of the basioccipital has a low medial keel extending anteriorly from the
middle of the intercondylar fossa to the basisphenoid suture: the lateral edges of the basioccipital
are elevated surfaces extending parallel to the petromastoid suture and they mark the floor of the
inferior petrosal sinus; between each of these lateral elevations and the medial keel is a broad fossa
for the rectus capitis muscle; the posterolateral edge of the basioccipital, between the elevated
ventral occipital condyles and the ventral rim of the inferior petrosal foramen, is distinctly convex
dorsally.

Exoccwrran (Figs 12, 17, 19 and 21). — Viewed ventrally this bone contacts the basioccipital
medially; it forms the posterodorsal rim of the inferior petrosal foramen anteromedially; and the
medial and posterior rim of the posterior lacerate foramen (which transmits nerves 1X. X. X1 and
probably a small branch of the sigmoid sinus to the internal jugular vein) anteriorly; it also makes
a small contact with the pars petrosa of the petromastoid via a septum between the inferior petrosal
and posterior lacerate foramina; and laterally it contacts the pars mastoidea of the petromastoid.

Ventrally, in the large fossa just anterior to the elevated prominence of the lower rim of the
dorsal oceipital condyle, are typically three small subequal-sized condyloid foramina (Fig. 19)
which apparently transmit branches of cranial nerve XTI as occurs in some specimens of Didelphis
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(JoLuie, 1962: 55) but may also transmit branches of the sigmoid sinus to the internal jugular vein
[ ARcHER, 19764, fig. 2B). Of these three foramina the posterior-most passes under the medial part
of the dorsal occipital condyle; a second occurs anterolaterally between the first and posterior
lacerate foramen; and the third occurs anterior to the first and opens either totally within the
exoccipital just lateral to the basioccipital suture or within the suture itself.

Viewed posteriorly (Fig. 17) the exoccipital has a broad arcuate (convex) contact with the
pars mastoidea of the petromastoid which extends from the center of the exoccipital process
ventrally to the junction with the supraoccipital dorsally, where il bends sharply medially having
a slight arcuate (convex) contact with the supraoccipital to the dorsal edge of the dorsal atlantal
facet: medially, it forms the lateral rim of the posteriorly facing and transversely ovoid foramen
magnum. On its posterior dorsomedial surface, the exoccipital has a prominent dorsal atlantal
facet at the point of contact with the supraoccipital and a large ovoid dorsal oceipital condyle
occurs ventromedially. The exoccipital contributes to the formation of the medial half of the very
small exoccipital process ventrolaterally. The exoccipital process is delimited medially by a
trough in the exoccipital separating it from the dorsal occipital condyle, and another trough
laterally in the petromastoid separating it from the larger mastoid process.
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Figs. | 7. — Pracadelphys andinns. Reconstrection of the posterior view of the skull and zygomatic arches, based primarily on YPFE
Pal G10% n!hnl'm:.-[h:.l. Abbreviatons: BL), hasssccipital; daf. dorsal atlamal facet, dog, dorsal occrpalal I.'l.'ll'!ld}'lﬁ': Ei,
exoceipital; eop, exoccipital process; I foramen; fm, foramen magnam. ke, imtercondy lar fossa: JU, jugal, Ie, lambdoédal
crest (=muchal erest): mfo, mastoid foramen; mp, mastoad process: pell, posiglenomd foramen; PR pmi), pars mastoiden
of petromastoid (=mastold s.5.); pogps, posiglenoid process of squamosal; PP. postpanictal; prepj preglencid process of
juzal; pif. posttemporal foramen; paf, postey gomatic foramen; 50, supraoceipatal; S0, squamosal: voc, ventral oceipatal
conmdyle,

Fi, 17, — Pucahelphys andinus, Recorstitition de la vue posténeure du erfiver of dles arcindes Tvgomatigues principalsonent o apres
YPER Pal 6105 (holoypel. Abréviations: BE, basioceipital; daf, faceite atlantale dorsale: doc, condvle eccipital dorsl;
EQ, exoccipital; eap, processns exocoprial; f) faramen; fin, foramen magnon,; icf, fosse imercondyiienae; JU. jopal; fe,
créte lambdotde | =eréte nuchale 1: mfi, foramen mastoide,; mp., Ir:-.m-:'r.uu'r.lnum-i-'n'r.-_p_g.lr.flr'rJr-'.'lslr.:_.'h:L-:rgl'-r"rlf:-lrIu'.' P,
paars mastaidea di pétromaztoide ( Smaioide 5.5 ); pogps, processus posiglénoide du squarosal; PF, postpartéial: prepi
processus progiénoide du jigal; pf. foramen postiempornal; paf. foramen postsypomariqee; SO, suprapccipial; S0,
sqreraesal: vac, condyle ocoyrinal ventral.
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In YPEB Pal 6105 the distance between the outer edges of the dorsal occipital condyles is
8.0 mm and 4.5 mm between the inner edges: the maximuom breadth of the foramen magnum,

dorsal 1o the dorsal occiptal ,_-q-.”li:..-h_,.:‘_ 15 5.0 mm and the maximum depth 15 3.0 mm

occipital plate and forms the dorsomedial rim of the foramen magnum. It has a broad contact with
the exoccipital ventrolaterally, a broad contact with the pars mastoidea of the petromastond
laterally. and a broad arcuate contact with the postparietal dorsally. As noted above, the contact

supRA0CCIPTAL (Figs 12 and 17). — This bone occupies most of the dorsal surface of the

with the latter occurs ventral to the lambdoidal crest which is formed entirely by the postparicetal

I'he accipital area is hidden in dorsal view by the postparietal extension of the lambedoidal erest,
There 1s no distinct vertical medial crest, but in YPFB Pal 6105 the postenor surface 1s ornamented
with small ridges. scars and shallow pits marking areas of insertion of the nuchal muscle (these
features are not seen in other specimens). There are only three small foraminain the supracccipital;
one (left and right) dorsomedial to the point of contact of the petromastoid and exoccipital; and
asingle foramen dorsomedially , between the supraoceipital and postparietal below the lambdoidal

crest al its point of contact with the sagittal crest

Perrosmastomn (Figs 12, 17, 19 and 21). This 15 the most complex bone of the skull, For
purpOses I'I|.I.:IL."""-..'|'||1'|.|1 it can be divided into two |'-|"l:1l._'i!]1ill COMmronenis: the pars mastoidea which
contributes to the formation of the lateral part of the occipital region and houses the subarcuate
tossa on the cerebellar side: and the pars petrosa which houses the inner car in 2 tea drop shaped
promontorium on the ventral side between the basioccipital and squamosal, and the internal

acoustic meatus on the cerebellar side (Maclnryre, 19723,

Fic. 18 Pucadelplres ardiins. Vet view of basicraniem of YEPFB 6105 | hololype). Sereonhoios, X 3

Fuci. 18. — Pucadelphys andinus. Vie ventrale de la base di criine d"YPEB 6105 (holatype). Photos stéréoscopiques, X §
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The pars mastoidea is best seen in posterior view (Fig. 19) where it occupies the lateral area
of the occipital region and contacts the exoccipital ventromedially, the supraoceipital dorsomedially,
the ventrolateral edge of the postparietal dorsally, and the squamosal along most of its lateral
surface. A tiny mastoid foramen typically occurs on the posterior surface of the pars mastoidea
just lateral to the supraoceipital-exoccipital-petromastoid juncture (Fig. 17), and internally opens
along the posterior side of the sigmoid sinus (Fig. 21). A small postiemporal foramen (sensu
WisLE, 1990) occurs on the lateral surface of the occiput between the squamosal and the pars
mastoidea (Figs 12 and 21; see below). A large ovoid surface facing ventrolaterally is ornamented
with muscle scars, and was probably the major area for insertion of muscles which move the head
and neck (Figs 12 and 17).

Viewed ventrally (Fig. 19) the pars mastoidea contributes posteromedially to the formation
of the lateral half of the very small exoccipital process and it forms all of the larger mastoid process
laterally. The anteroventral rim at its medial-most edge is united with the pars petrosa by a narrow
bridge of bone on the lateral side of the posterior lacerate foramen. Lateral to this bridge, the
anteroventral rim of the pars mastoidea forms an anteriorly directed lip which represents the
caudal tympanic process of the petromastoid (sensie WisLE, 1990). It underhangs a fossa located
between it and the posterior end of the promontorium of the pars petrosa which is called the
mastoid epitympanic sinus (sensu ArcHER, 1976a: 314). Lateral to the caudal tympanic process
of the petromastoid, is the well developed mastoid process, and along its lateral and medial
surfaces anteriorly is the stylomastoid notch, through which the facial nerve and lateral head vein
leave the middle ear (WieLE, 1990). The lateral exiremity of the anteroventral rim of the pars
mastoidea extends anterodorsally. uptothe medial border of the fossa incudis at the posteromedial
extremity of the epitympanic recess, lateral to the fenestra vestibuli.

The pars petrosa, viewed ventrally, is dominated by a large teardrop-shaped promontorium

(=pars cochlearis) which is broadest posteriorly and tapers anteromedially toa point at the junction
of the alisphenoid-basisphenoid-basioceipital. Inlateral view the ventral hurdn.,ml'lh:.]mﬂmmtnnum
is at a level slightly dorsal to the ventral edge of the dorsal occipital condyles. The ventral surface
of the promontorium is nearly smooth and the minor topographic variations largely reflect turns
of the cochlear duct.

Anteriorly, a broad shallow depression is located between the promontorium and the large
foramen ovale; it begins at the anteromedial edge of the large ovoid bulge of the promontorium,
extends anterior and parallel to the basioccipital suture, crosses onto the alisphenoid just lateral
to the medial lacerate foramen. and passes on the alisphenoid. to the posterior edge of the
entocarotid foramen. This depression marks the route of passage of the internal carotid artery (1.e.
sulcus for internal carotid artery) on its way to the entocarotid foramen; the passage of the internal
carotid artery is thus situated medially (sensw Presiey, 1979). The large fossa lateral to this
depression on the anterolateral surface of the promontonium is for insertion of the tensor tympani
muscle. The medial edge of the promontorium parallel and adjacent to the basicceipital suture is
elevated and rounded. a feature produced by the internal sulcus for the inferior petrosal sinus
which exits the basicranium through the inferior petrosal foramen at the posteromedial edge of the
promaontorium.
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Two openings occur on the posterior surface of the promontorium. The first and smallest
15 the fenestra cochleae which is sitwated on the posterolateral surface of the promontory
anterolateral o the lateral edge of the posterior lacerate foramen and opens laterally: it occurs at
the ventral edge of a shallow depression, the fossula fenestra cochleae. Viewed posteriorly, this
fenestra occurs immediately anterior to the small exoccipital process at the exoccipital-pars
mastoidea suture, and its ventral opening is at about the same level as the medial part of the ventral
rimof the pars mastoidea (i.e. the lowest point of the trough separating the exoccipital and mastoid
processes). The second and larger opening is the fenestra vestibuli which accommodates the
tootplate of the stapes and annular ligament: it has an oveid (anteroposteriorly elongate) shape,
a length/width ratio of 1.4 based on two specimens, and occurs dorsally on the lateral surface of
the promontorium within a shallow depression, the vestibular fossula. In lateral view., this fenestra
isseen at the posterodorsal edge of the external acoustic meatus. It thus lies anterolateral and alittle
dorsal to the fenestra cochleae, and the two fenestra are separated by a broadly rounded and
vertically oriented swelling of the posterolateral corner of the promontorium.

Fi, 19, — Pucadelphys andinus, A, reconstruction of the right side of the basicranium in ventral view. based on YPFB Pal 6103
{hrdboavped ained 61 10; 13, right car region in ventral view (YPFR Pal 61109, The foramen ovabes is restoned. Abbrevaalions:
ac, mpuacducios cochless: al, anienior famina; AS. alisphenobd; BOY, basiocciphial, B35, basisphenonk; of, condyloid
foramen: epmay, cni sia promonioni medioveninalis; elpp. casdal tympanic processof pars mastosdea of pairomastond; doc,
diorsal oeciphial comdyle: eam, extermal aooustic meatus; ef, entocaroiid Foransen (=amenor carotud Tosmmen, camlid
canaly; ED, exoccipital; eop, exoccipiial process; er, e pitympanic recess; I foramen; fie, fenesirscochlens (=rolumda); fics,
Mowar af caviinm agipracod hleang; e, fossula fencitra cochless: [, Foisa incedis; Fo, Framen ovale; firom, fossa for reclus
capitis muscle: I8, facial sulcus; fstm. fossa for stapedial muscle; Iy, fenestra vestshbuli (=ovalis); gl ghenoid fossa; icf,
ialercandylar fssn; ipll nfenor petmsal ommen [=internal jugulasr foremenk pe. laternl aperane of prootic canal; 1.
lnseral trough; mes. masioid epitympanic sinas of epilympanic recess; miL madion [ocerale fommen; mip, mastoid process;
e, prootic canal; pel, postglenoid foramen; plf, pesterior lacerate fogamen (=jugular foramen); PRI(pm), pars mastobdea
of petromastoid (=mastoid £.5.) PM{pp). pars petrosa of petromastoid (=petrosal 5.5.): pogps. posiglencid process of
squamosal; pr, promonteriam of pars peirosa of petromastoid; pip. positympanic process; pel, posizy gomatic foramen:
siT, sccombary facial foramen; sica, sulcus for imermal carond artery; sips, sulcus for infenor petrosal sinns; smn,
siylemastond motch; S0}, squamosal; s, subsquamosal foramen (=suprametal, postsquamaosal | iape, Lympanic apertuns
of prodstic canel; W, bemsor Bympani fossn; sT, westibaler Fossola: voc, ventral occipalial condyle.

Fig. 1% — Pucadelphys andinos. A, Recowstinnnon die coré droit de fo base du cnbae e vie vearrale o 'aprés FPFR Pal 6105
{hetomype ) et GFI0: B vire ventrale de fa régron auditive droire (YPFR Pal G1I0) Le foramen ovale ext recousnin,
Abréviations: e, agirednc cochldarre; of, me arférmane; AN, aligrben wte s HCY, J.hui-rn.‘n]ur'.'ﬂf - WS, Daseephidreiole; -:'j',
Jeramen consdvlien; cpmry, onisia promonieril medioventralis; opp, precessns Ivmpamigine caanenl o i pars resieidea
ol pérnomasrandes dec, condyle eocipiial dorsel; eam, méaf soonsingie externe; &f, formmen erfocarafidien [ =foramen
carsindien amdrienr, conal caroiidien); B, exoccipiral) eop. procesius execcipilal; er, recessus dpiivimpaniqee; [
Soramen; fe, fenesing cocfleae (=roumcknl; fos, plarscher du caveen supracochieare; fife. fosswla fereaing cochlene: i
e tneudis; o, froamen ovale; frem, fotse pour le muscle recius capinis; 5, sitlon facial; fohm, fosse pager e masele

sfaptdial; fv, fenestra vestibuds { =ovalis ) g, fosie plenorde; fefl fosse frereomdilienme; il fonamen pdrenn midrienr
{ mforamen ugulaire infeme | bepe, ceverure Fandrenle du canal proodigee; i, dépeession lardnnle; mes, stius epinmpaniqine
mersbodde di recessus dpimpanigree; i tron déchind moven; mp, processus mosiolde; pe, camnm proorique; pei feramen
postglénaide: pIf, wou déchivd postéricur ( = foramen fugidaire); PMipm), pars mastotdea du péiromoastoide | =masiotde
CX W L F,lf[;lp-]-, JREE peirosd i paiiroumasiofde (=pediveux S5 ) poEps, procestin ;lr:-.'u'_l.nrr:m-'iﬁn'-e' ir .'rqlrelr.u-r:-.iral'.' .
promciionre de la pars perresa i pétromasioide; plp, procesins posiympanigie p"...f'._,l":lnmjrr.l [AORERE L R ETREN T ﬂ:l"
Soramen facinl secondpire: siea, silfon pover Ia caroticde interme; sips, sillon powr le stnus prétrens mférieur; smn,
échancrure stylomastoredienine: SO, squamosal; ssf, foramen subsquamosal (=supramdéaial, postequamosall; fape,
orverTure frmpanigue dic conal prootigae: 8, fosse pour lemascle tensor tvpara; vf, fossetle vestibulire; voe, condvle
ool vemiral,
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A large ovoid secondary facial foramen, which is the opening of the facial nerve (VII) canal
into the middle ear, occurs just anterior to the dorsal edge of the fenestra vestibuli. The secondary
facial foramen opens posteriorly and a sulcus for the facial nerve (sulcus facialis) occurs
immediately posterior to this foramen and separates the fenestra vestibuli from the epitympanic
recess and the lateral trough (se¢ below); these features are clearly seen in YPFB Pal 6110
(Fig. 19).

The epitypanic recess is “the extension of the middle ear cavity that lies dorsal to the
tympanic membrane and contains the mallear-incudal articulation™ (WisLg, 1990: 138), (see also
Vanper KLaavw, 1931 73; and Arcuer, 1976a; 226). [tis also called the fossa capitis mallei. The
posterior extremity of the epitympanic recess is a deep and narrow pit where the ligament of the
crus breve of the incus attaches: it is the fossa incudis or fossa crus breve incudis. In Pucadelphiys,
the epitympanic recess is an obligue, slightly concave depression in the roof of the tympanic
cavily, approximately three times longer than wide, and bordered laterally and medially by thin
bony rims. It is limited anteriorly by the squamaosal at the anterior edge of the postglenoid foramen.
The lateral rim of the epitympanic recess forms the medial wall of the postglenoid foramen (this
15 clearly seen on the right side of YPFB Pal 6110). The fossa incudis is a small pit located at the
posteromedial extremity of the epitypanic recess.

The lateral trough is a well developed anteroposteriorly elongate slit that opens medially just
lateral to the secondary facial foramen. It 15 formed by a depression i the petromastoid
overhanging the medial rim of the epitympanic recess as clearly seen on the right side of YPFB
Pal 6110 {Fig. 19). In the posterior end of the lateral trough is a small foramen which represents
the tympanic aperture of the prootic canal which connects the lateral head vein (vena capitis
lateralis: Arcrer, 1976a: 302; WisLg, 1990) to the prootic sinus (Fig. 19). The prootic canal has
a lateral opening within the petromastond (lateral aperture of prootic canal) into the posiglenoid
canal (as seen on left side of YPFRB Fal 61 10) where the lateral head vein joins with the prootic
sinus at its juncture with the sphenoparietal emissary vemn (Fig. 21).

A small fossa for the ongin of the stapedius muscle (fossa stapedius or fossa musculans
minor) occurs on the medial side of the lateral part of the sivlomastoid notch and dorsal o, just
posterolateral to the fenestra vestibuli, posterior to the sulcus for the facial nerve. The fossa is
shallow, dorsoventrally elongated. and faces medially. It is backed on to the fossa incudis
(Fig. 19).

A tiny anteniorly directed opening foramen occurs on the lateral side of the fossa for the
tensor tympani muscle, adjacent o the promontorium between the secondary facial foramen and
the foramen ovale (Fig. 19). This foramen leads into a passage which joins with the posterior end
of the facial canal within the petromastoid.

Twotiny openings occur in the posteromedial wall of the petromasioid, within the posierior
lacerate foramen, which connect with the vestibular cavity (Figs 19, 21). The first is the
aquacductus cochleae which transmits the perilymphatic duct and a vein: it is situated in a vertical
sulcus just dorsal 1 the outer opening of the posterior lacerate foramen within the jugular sulcus,
on the medial side of the bridge joining the pars mastoidea and pars petrosa. Viewed posteriorly
this opening is at about the same level as the dorsal rim of the fenestra cochleae. The second
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opening is the aquacductus vestibuli which transmits a vein and the endolymphatic duct. It is a
smiall vertical shit deep within the postenior lacerate foramen, dorsal to the aquaeductus cochleae,
on the anternor side of the jugular sulcus at a level corresponding tothe loweredge of the subarcuate
fossa posterior o the crus commune (Fig. 21); it opens posteriorly on the back surface of the broad
crista separating the subarcuate fossa and jugular sulcus

The cerebellar surface of the petromastoid consists principally of a large broadly ovoid
central body oriented dorsolaterally-ventromedially, with two large openings (Fig. 21). The first
opening, the subarcuate fossa, is the more dorsopostenor of the two and is a deep spheroidal pocket
which opens medially: it houses the paraflocculus of the cerebellum. The second opening, the
internal acoustic meatus, 15 morg ventromedially located and 15 separated from the subarcuate
fossa by a broad honizontally oriented septum of which the posteromedial part is the crus
commune. The internal acoustic meatus is a broad shallow opening containing two deeper pits
separated by a low transverse septum. The larger of these pits is the foramen acusticum inferius
which 15 set posteromedial to the other and serves for transmilting two branches of the
vestibulocochlear nerve (VII); it has a fusiform shape and opens dorsomedially. The smaller of
the puts 15 the foramen acusticum superius which is set anterolateral to the first and is a vertical
shit which opens posteromedially and a little ventrally; it transmits the facial ( VII) and branches
of the vestibulocochlear { VI nerves. The ventral rim of the internal acoustic meatus opens onto
a large anteromedially projecting platform, which is rounded and thickened anteriorly to form a
divide which separates, onthe one hand a broad medially directed sulcus leading from the foramen
acusticum inferius on its posterior side, and on the other hand a smaller more anteriorly directed
and dorsally situated sulcus running from the foramen acusticem superius on its anterior side.

I, M1 Pracolelpdvr ailoims, View of the cenchellar (dorsamedial) surfoe of |'-.'i'|l'l'.|'\-'-'!|EI|: YPFE Pal G370 Stercophagos, X §
iz, ME Pucslciphys andinus. Ve die b surfoce ofrdbelmive (derso-mfainle) du pétromaniolde de YPFR Pal ST Phoaios
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Four principal sulei surround the central body of the petromastoid on its cerebellar surface
(Fig. 21): 1y Along the ventromedial edge is an elongate sulcus forthe inferior petrosal sinus which
15 bordered dorsally by the crista promontoni medioventralis. This sinus connects “the venous
sinus (sinus cavernosus) encasing the pituitary gland and optic chiasma with the internal jugular
vein just before it emerges from the inferior petrosal foramen™ (Maclnryre. 1972: 201). 2)
Posteroventrally, 15 a shallow and nearly vertical sulcus for the jugular sinus. 3) Posterodorsally
15 a small pocket representing the sulcus for the sigmoid sinus. A tiny medially opening foramen
in the deepest part of this sinus extends laterally and apparently connects with the canal from the
small foramen in the dorsoposterior end of the sulcus for the prootic sinus (see below). There is
also the cerebellar opening of the mastoid foramen for the occipital emissary vein. 4) Along the
dorsolateral edge is an elongate sulcus for the prootic sinus, a primary tributary of the lateral head
vein, which is walled by the squamosal laterally and by a crest of the petromastoid medially.

Anterolaterally to the crista petrosa is a large depression in an anterdorsally projecting wing
of the petromasioid for part of the temporal lobe of the cerebrum and the trigeminal (=gasserian
or semilunar) ganglion of the trigeminal nerve (V). In other didelphids the trigeminal ganglion lays
on the alisphenoid and no anterodorsally projecting wing is observed. At the anteromedial edge
of this depression along the lateral surface of the crista petrosa is a small foramen which opens
anteromedially into a groove (seen clearly in YFFB Pal 6107 and 6470); this is the hiatus Fallopii
which transmits the greater petrosal nerve, a branch of the facial nerve (VII). The anterolateral
wing makes an extensive contribution to the floor of the middle cranial fossa (Fig. 21) and the
internal side of the lateral wall of the braincase (the lateral side is formed by the squamosal and
the alisphenoid; it apparently represents the relic of a reduced anterior lamina ofthe petrosal (sensu
Cromrros & Jenkins, 1979: 71, figs 3-5B, ©) (see below for justification and discussion). In
ventral view. an irregular contact is clearly seen between the anterolateral border of the
promontorium and the flat shelf which forms the posterior edge of the foramen ovale in YPFB Pal
G105 (Fig. 19). This portion probably represents part of the anterior lamina. The anterior lamina
is covered laterally by the squamosal and the alisphenoid. Its uncovered portion, visible in ventral
view of the skull, lies medial to the squamosal. It forms the posterior rim of the foramen ovale,
extending from the squamosal suture laterally across the anterior surface of the promontorium as
a broad uneven ledge to the alisphenoid contact lateral to the medial lacerate foramen.

On the lateral (squamosal ) side of the petromastoid (Fig. 21) s abroad shallow anteroventrally
directed suleus which transmitted the prootic sinus along its greater length and the sphenoparietal
emissary vein ventrally. The lateral aperture of the prootic canal occurs at the anteroventral end
of this sulcus and this aperture approximates the boundary between the prootic sinus (dorsally)
and sphenoparietal emissary vein (ventrally). A small anteriorly directed opening foramen occurs
dorsally on the petromastoid, just posterior 1o the sulcus for the prootic sinus, This foramen
transmits a branch of the prootic sinus posteriorly within the pars mastoidea, and the canal
apparently unites medially with the small foramen in the dorsal end of the sigmoid sinus (Fig. 21).
A small shallow sulcus unites this foramen with the dorsoposterior edge of the sulcus for the
prootic sinus (Fig, 21).
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Fei. 21, — Preeadelplivs ardinas, Details of petromasiond (A, cerebeliar or darsomedial surface; B, squamosal o lateral susfsoe),
bascd on YPFB Pal 6470. Abbrevialions: ac, aquaeducius cochleae; al, anterior lamina: av. aquacductus vestibuli
(=crdolymphatic foramen ): BO, basioceipatal; ec, crus commune; of, condylodd foramen; cp. crista petrosa: cpmv, crista
promomori medioverralis; EO, exoceipital; T, foramen; Tnd, formmen scostioum inferius (=area cochleae); fas, foramen
acusticum superius (=area facialis); fe, femestra cochleas (mroqunda); Mg, fossa for rigeminal ganglion: v, fenestra
vestibuli (=ovalis); bF, hiatus Fallopii; inm, internal acoustic meatus; Ipf. inferior petrosal foramen (=intermal jugular
Tormrmsend; §s, jugular sulous; lipe, lateral aperture of prootic canal; mifo, mastoid foramen; mif, median Bacerate foranwens
mp. masionl process; plll, postenior lasceraie foramen (=jugular foramend; PM. petromastodd; pr, promamorivm of pars
peimsa of petromaseosd; pin, posttempom] notch: saf, subarcuae fossa (=floccular, parafisceular fossa); sdy, sulous for
diploetic vessels: sips. sulcus for inferior petrosal sinus; smn, siylomastodd notch; S0, suprasccipital; sps, subcus for
profic sinuas; S0, squamosal; ssev, sulcas for sphenoparielal emissary vern; ssm, subsgquamosal nolch; s, sulcws for
sigmaoid sinas; taps, Ivmpanic apertune of prootks canal; W Ensor tympani [ossa

Fug, 21, — Pucadelphys andinus, iy du pétramasielde (A, foce oérdbelloine ou dorso-médinle; B, face squamorale on
tatdrerle ), d apres YPER Pal 6470 Abrdviaitons: ac, agraadimcines cocflere; al, lame anrérieimne av, aquaediictins vestibmli
{ =frrameen ertoivrplyeigue b B hestoccipiial; ce, crms cormumane; of, foramen condvlien: op, crisiy permesn Ry,
crista promoriord medioveniraliz; B0 exoccipmital; [ foramern; fok foremen acurficien inferins (earen cochleael: fas,
Sormnen acasircim superics | =area factalisl; fe, fenezrnm cochivae (= romndal; fig, fosse poar le ganglion frigemiaal
Jv. feresina vesithuli ( =ovaliz): BF. Maras Fallopdl; lam, méar awdif interne; ipfl foramen péiress inffrieur ( = foramen
Jugickaire irerne); 55, siflon jugnlaire; lope, onverire lardnele da camal proosigue; mfe, fonmen mostodde; sl rrou
déelird moyen; mp, processus masolde; pif reou déehind postéricar (sformmen fugalaire ) PM, pérromaniolde; pr,
frrcaantaire de fa pars peleosa du pdtromianedde; pin, dchancmrs posremperele; safl foerg sulbarcmang (= fozse
[oecrlaire on paraflecaloire |; sev, sillon poar les varssean dipleenigues: sips, sillon ponr e sians poiresn agfdrieur 7 san,
dehecrire stylomasiordienae; SO, supracccpial; sps. sillon powr be stius prooifguee; S0, squamasal; szev, sillor pojer
I veine dmissaire sphénoparéale; s5n, dchancrire subsquamosale; s55. sillom power fe simas sigeeiile; fape. oiverinne
Tvepaen e dv camal prooigee; B foste pour fe muscle tensor pompani

A less well defined sulcus extends posteriorly from the sulcus for the sphenoparietal
emissary vein along the ventral edge of the pars mastoidea, then bends dorsoposteriorly. This
sulcus apparently transmitted the arteria diploetica magna and vena diploctica magna (sensu
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WisLe, 1990) which passed through the positemporal foramen at the posttemporal notch. The vena
diploetica magna united with the sphenoparietal emissary vein at a point level with the lateral
aperture of the prootic canal. The sphenoparietal emissary vein and arteria diploetica magna
passed ventrally and exited the skull through the posiglenoid foramen (WisLg, 1990).

Ecroryseanic. — There is no evidence of an ossified ectotympanic (the bone which supports
the tympanic membrane ) nor are there facets in the ear region which marked the site of aachment
of this bone.

DISCUSSION

The comparison of the skulls of Prucadelphys andinus is difficalt in spite of the good
preservation of the remains. As a matter of fact, there is no described skull of fossil marsupials
from the Cretaceous, and the skull of Mayulesres ferox from the early Paleocene of Tiupampa, with
which P. andimis could reasonably be compared, is only known by a preliminary desenption
{Murzox, 1994) and its thorough study is under progress by one of us (C. M.). However, two
undescribed probable metatherian skulls from the late Cretaceous of Mongolia have been
mentioned in the litterature. KisLan-Jaworowska & Nessov (1990) referred to the Metatheria a
complete deltatheroidan skull well known as the Gurlin Tsav Skull and TroFimov & Szavay (1993)
mentioned the skeleton of a Monodelphis scalops-sized Asiadelphia from the Barun Goyot
Formation of Mongolia. Another specimen, known from the middle Paleocene of Sao José de
Itaborai { Brazil), belongs to a polydolopid and consequently cannot be used for a comparison with
a didelphid; furthermore, its very poor state of preservation does not permit reasonable comparni-
sons. However, several well preserved skulls (or partial skulls) of primitive mammals are Known
from the Jurassic and the Cretaceous. The most important are: morganucodontids [Morganucodon,
{ Kernmack, 1963 and Kermack eral., 198 1)), Gobiconodon (Jexkins & Scuarr, 1988), Sinoconadan
(Cromeron & Luo, 1993), docodonts [Haldanodon (LiLLecraven & Krusat, 1991)], several
multituberculates, [among others: Kamptabaatar and Sloanbaatar (KipLax-Jaworowska, 1971},
Caropsbaatar and Cludsanbaarar (KieLar-Jaworowska, 1974), Catopsalis ( KIELAN-] AWOROWSKA
& Spoan, 1974), Kryprobaatar and Tugrighaatar (KieLan-laworowska & Dasnzevec, 1978).
Nemegibaatar, (KiELan-Jaworowska ef al., 1986)], eupantotheres |Vincelestes (BoNararTe &
Roucier, 1987: Rovcier & Bonararte, 1988; Rovcier er al., 1992; and Horsox & Roucier,
19931], deltatheroidans [ Deltatheriditem (KigLan-Jaworowska, 1975: a partial skull only) and the
Gurlin Tsav skull, { KigLax-Jaworowska & Nessov, 19900], and cutherians [Asiorvetes, Barunflestes,
Kennalestes and Zalambdalestes (KipLan-Jaworowska, 1981: 1984; KiLan-Jaworowska &
Trormov, 1980)]). Although not directly related to Prcadelphys they are extremely useful for
determining the primitive features of the genus. The skulls of Tiupampa (Pucadelphys and
Mayvulesies) are the oldest known undoubted marsupial skulls and, in the Future, they will represent
the best sample for the study of primitive marsupials. Pucadelpiivs 15 also one of the oldest known
didelphids and its teeth can be compared with the abundant dental remains from the “mmiddle™
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Paleocene of Itaborai which were revised by Marsuavs (1987). Consequently, the discussion will
be divided into two sections. The first section will compare the teeth of Precadelphys to those of
the Paleocene didelphids of ltaborai and of the late Cretaceous marsupial dental remains of North
America related to the Alphadon group. The second section will consider the major cranial
characters of Pucadelphys and, by comparing them to the available skulls of Mesozoic mammals,
we will try to determine their phylogenetic state and polarity,

Dexran Compamison. — Among all the fossil didelphids known in the lower Tertiary of South
America, Stermbergia itaboraiensis from the middle Paleocene (Iaboratan) of Sio José de Itaborai
(Brazil)is the closest to P. andires with respect tosize as well as totooth structure, Both species possess,
among other features, the same didelphid characters, which are the paracone smaller than the metacone
and the V-shaped centrocrista. The affinities of the two forms were noted since the first discovernies at
Tipampa by Mugzon er al. (1984) who described a tooth that they related to a “Srtembergia-like”
marsupial and that must now be referred to P. andinus. Stembergia itaboraiensis was described by
Pavra Couro ( 1970) on the basis of a mandible fragment with md and the talonid of m3. A revision
of §. itaboraiensis was provided by Magsuacl (19587) who included in the hypodigm of the species
severil other specimens of the lower and upper dentition. With the e¢xception of their dental structure.
which is almost identical, P. andinus and 5. itaboraiensis share the same morphology of the protocone,
which is long anteroposteriorly. triangular-shaped, and inflated posteriorly, and the imporiant
development of the styles B and C. However, the two species clearly differ in the different development
of several of their elements. The upper molars of Stermbergia differ from those of Pucadelphys in their
shallower trigon basin, in their more reduced paracone, in their more deeply V-shaped centrocrisia, in
their smaller conules, in their smaller stylar shelf with a shallower basin, in the reduction of the style
A which does not form a parastyle as large as in Pucadelpliys, in their very reduced style D {while it
is often the same size as style C or larger in Pucadelphiys), in the reduction of the metacone of their M4
which is fused 1o the posterolabial angle of the toath, in the loss of the posterior part of the stylar shelf
basin of M4 and in the great anterolabial projection of the parastylar region of the stylar shelf of M4
with a larger paracrista. The lower molars of Stermbergia differ from those of Prcadelphys in that the
talonids of m3 and md are always wider than the trigonids (in Pucadelphvs the talonid of these teeth
15 sometimes as wide as the trigonid but is often narrower), in the anteroposteriorly longer trigonid. in
the lower and stouter trigonid cusps, in that the metaconid and paraconid are more separated one from
the other, a condition which more widely opens the trigonid basin lingually, in the hypoconid which
has a better marked V-shaped morphology, in the larger hypoconulid and entoconid and in the presence
of well developed anterior and labial cingula (they are absent in Prcadelphys). Most of the dental
characters of Prcadelphys are more primitive than those of Stermbergia and, as already expressed by
Marsuarr & Murzos ( 1988) and Murzox (1992), the former represents a good morphological ancestor
for the latter, as far as the teeth are concemed.

Two other marsupials from Itaborai share structural similarities with Pucadelpirys andinus; they
e .ﬂ.-'_l',m'"nj_i.'ﬁp_l.'r'_l.; jﬂrﬁ'{fq’_lr- Pavra Couro (1962) and J'mf}u."m'{fr.’.llll'ﬁr_'l.'.'i COInRESE MarsHaLL &
Muizon (1984).
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M. juradoi is known by several upper and lower jaws and its hypodigm has been revised by
MarsHaLL (1987). It differs from P. andinus in its smaller size, its upper molars proportionally
slightly narrower and longer and its molar cusps sharper and less bulky. In comparison to those
of Pucadelphys, the upper molars of Marmosopsis differ in having a higher metacone relative to
the paracone, a smaller protocone, a shorter and straight preprotocrista, smaller conules, a
shallower stylar shelf basin, a much higher metacrista which is straight in occlusal and anterior
views (it is concave in Pucadelphys), aslightly shorter paracrista, reduced styles C, D, and E. The
lower molars of Marmosopsis have a higher trigonid (relatively to the talonid) with a smaller and
lower paraconid, a shorter talonid with a smaller and shallower basin, a crest-like entoconid which
links the hypoconulid to the posterior edge of the metaconid (in Pucadephvs and Sternbergia a
distinctentoconid is present) and the loss of adistinet hypoconid on md. Marmosepsis differs from
Sternbergia and resembles Pucadelplys in having arelatively little marked V-shaped centrocrista
(a primitive feature); however, it differs from both genera in having a very large and straight
metacrista, in the crest-like entoconid, and in the reduction of the talonid of the m4 which has no
hypoconid. MarsuaLL & Muizox (1988) and Muizox (1992) have suggested that Mizguedelphys
from the early Paleocene of Tiupampa could represent a possible morphological ancestor for
Marmosopsis, as far as the teeth are concerned.

The molars of lraboraidelphys campaosi are also structurally similar to those of Pucadelphys
andimus but differ from them in their size, approximately 50% larger, in their more robust
morphology and in their lower and stouter cusps. The upper molars of ltaboraidelphyvs differ from
those of Pucadelphys in being transversally narrower, in the more pronounced V-shaped
centrocrista, in the larger conules, in the smaller style C which is clearly closer in size o style B
than [y and is sometimes twinned. and in the larger and straighter metacrista in occlusal view. The
lower molars of ltaboraidelphys differ from those of Pucadelphys in their higher trigonid (relative
to the talonid) which is more open lingually, in the shallower trigonid and talonid basins, in the
stronger anterocingulid, in the shorter talonid and in the smaller hypoconulid. MarsHaLL &
Muzon (1988) and Murzon (1992) have stated that Andinadelphys from the early Paleocene of
Tiupampa could represent a possible morphological ancestor for ftaberaidelphys, although
MarsnaLL er al. (1989) regard it as a plesion of indeterminate familial attribution which could be
related to the origin of the Australian marsupials.

It is true that Marmosapsis and Itaboraidelphys differ more from Pucadelphys than does
Sternbergia, which is the reason why we have suggested a closer relationship between the latter
two (MarsHaLL & Muizow, 1988; Muizon, 1992). However. there is apparently no feature that
could exclude Pucadelphys from being a possible ancestor of Marmosopsis and ltaboraidelphys,
as the principal derived features of Pucadelphys are the V-shaped centrocrista and the larger and
higher metacone relatively to the paracone, two didelphid characters.

Pucadelphys also shows dental similarities with the various species of Alphadon and
Protalphadon of the late Cretaceous of North America, which were classified in the f amily
Peradectidae by MarsnaLL e al. (1989). The three genera present a similar dental structure with
large styles A to D, but Pucadelphys differs from the other two genera in possessing a V-shaped
centrocrista (straight in Alphadon and Protalphadon), a paracone smaller than the metacone (they
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are subequal in size in Alphadon and Protalphadon) and an inflated posterior base of the
protocone, which are didelphid characters. CLEmEns (1966) has suggested that the Tertiary
didelphids were structurally similar to species like Alphadon lulli and Alphadon marshi. As a
matter of fact, Alphadoen marshi represents a good structural ancestor for the dental morphology
of Pucadelphys andinus, an observation which confirms the hypothesis of CLemens (1966),
Crocet (1980) and RewG et al. (1987) which states that the Didelphidae may have originated from
the North American Peradectidae. Itis noteworthy that some specimens of Alphadon marshi (from
the Maastrichtian of the Scollard Formation, Alberta, Canada) have aslightly V-shaped centrocrista
and a paracone smaller than the metacone (CrirsLw, 1990: 315); the same has been observed by
Sann (1972: 383 and hig. 14p) in a molar referred to Alphadon cf. rhaister from the Campanian
of Judith River Formation (Montana). However, when present, these features are generally less
developed than in the Didelphidae.

Craracter AnaLvsis. — In this section we analyze character states in Pucadelphys which are
of potential importance in phylogenetic inference. This analysis is made in order to determine
which states are plesiomorphic or apomorphic for Metathena in particular and Tribosphenida in
general. The relevance of these states for the phylogenetic relationships of Pucadelphys are
summarized in the conclusions below. The character states are discussed in the following order:
dentition, dentary, skull bones, skull foramina, and ear region (petromastoid).

DYenriroy

Number of incisors. — Hersnxkoviz ( 1982) has shown that the ancestral metatherian (and
probably eutherian) primitively had five upper and lower incisors, although the highest number
known is 5/4 which resulted from the loss of il. Therefore, so far, the plesiomorphic number of
incisors for Tribosphenida and Metatheria is 5/4 (11, 12, 13,1 4, 1542, 13, 14, 15) (MagrstaLL, 1979,
Hersukovitz, 1982; Cremens & LiLecraven, 1986: 71). Pucadelphysthus retains the plesiomorphic
state for Tribosphenida and Metatheria.

Structure of upper incisors. — The relative size and structure of metatherian upper incisors
are discussed by Takanaswm (1974), Arcrer (1976b), and ReG er al. (1987). Metatheria were
apparently plesiomorphic in having 11-5 conical in shape, while the spatulate shape as occurs in
Microbiotheriidae and Australian taxa is the derived state (Arcuer, 1976b: REiG er al., 1987).
Many Didelphidae (Takanasui, 1974) and Dasyuridae (Arcuer, 1976b) have the 11 hypsodont
and semiprocumbent relative to 12, and a small space (diastema) separated 11 and 12. Archer
(1976b) regarded both states as plesiomorphic for Metatheria, and Hersukovirz (1982) suggested
that these states evolved subsequent to loss of the i1 and are associated with grooming. Although
hoth states occur in many generalized metatherians, some taxa have one state but not the other.
In addition, Dromiciops has 11-5 equally spaced and 11 is not hypsodont (see ReiG eral., 1987, fig,
49) as also occurs in some Dasyuridae (Arcuer, 1976b, Table 1). The states in Pucadelphys in
which 11-5 are conical, subequal in height and equally spaced (no diastema) are apparently
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plesiomorphic for metatherians because it is possible to derive all the variations seen in
Didelphidae, Dasyuridae, Microbiotheriidae and other groups from a Pucadelphys-like ancestor,
The states in Pucadelphys probably also occurred in the ancestral tribosphenid.

Struecture of lower incisors. — Hersukovirz (1982) illustrated that all fossil metatherians
except Microbiotheriidae have what he termed a staggered i3 (i.c. the second incisor of the four
occurring in generalized metatherians) which has ““a bony alveolar buttress on labial surface,
greater root exposure on lingual surface and medially staggered position of root and alveolus™
(p. 191). In addition, the staggered 13 is larger than the i2, i4 or i5. Given the nearly universal
occurrence of this staggered i3 in metatherians, Hersukovirz concluded that this state was
plesiomorphic for this group. He also demonstrated that this state occurs in an edentulous dentary
from the Albian of Texas (see his fig. 5) which places a minimum age for the metatherian-eutherian
dichotomy. However, the lower incisors in Pucadelphys (YPFB Pal 6107), Microbiotheriidae
(MarsnaLL, 1982) and generalized eutherians (HersukoviTz, 1982) are arranged in a linear series
and have no staggered i3. This state was thus probably plesiomorphic for Tribosphenida and was
retained in eutherians and in a few metatherians (Pucadelphys, Microbiotheriidae). The staggered
i3 is here regarded as a derived state which appears to be synapomorphic for metatherians except
Pucadelplivs and Microbiothenidae.

Number of premolars and molars. — The plesiomorphic number of permanent premolars and
molars in Tribosphenida was probably P5/5 and M4/4, while loss of one molar would account for the
plesiomorphic state in eutherians of P5/5 and M3/3 and loss of two premolars for the p[l:'-:inmurphi:.
state in metatherians of P3/3 and M4/ (Dasizeves & KiELan-Jaworowska, 1984, pp. 225-226). The
loss of deciduous incisors, canines and premolars (only the P3/3 has a predecessor, the HDP 3/3) is also
a derived state for metatherians (Arcier et al., 1985). Pucadelphys thus retains the plesiomorphic
metathenian dental formula of P3/3 and M4/4.

Structure of premolars and molars. — The structure of the cheek teeth in generalized
metatherians is discussed by Archer (1976b), RuG eral, ( 1987). Marsuary { 1987) and MARSHALL
et al. (1989). Based on these studies, Pucadelphys has a cheek tooth structure which agrees
perfectly with members of the family Didelphidae (i.e. paracone smaller and lower than metacone:
V-shaped (dilambdodont) centrocrista; well developed stylar shelf with large stylar cusps A, B,
C and D; posteriorly expanded protoconal base: trigonid shorter than talonid: cristid obliqua
contacts posterior wall of trigonid labial to protocristid notch; entoconid tall and spire-like;
hypoconulid lower than entoconid: well developed pre- and posteingulids). The cheek tooth
character states of Didelphidae relative to other metatherians are listed in MarsuaLL efal. (1989,
figs 1, 2).

Denrary

Inflected angular process. — The angular process of the dentary is strongly inflected
medially in all metatherians except the living Tarsipes where it is absent, and in Phascolarctos
and Myrmecobins where itis weakly developed. The angular process is inflected medially in mosi
late Cretaceous eutherians from Asia (i.e. Kennalestes, Asiorvetes and Barunlestes: Kigian-
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Jaworowska, 1981, 1984 KiELan-Jaworowska eral | 1979) and in some species of Gypsoniclops
and Cimalestes from North America, in Didymoconidae from the late Eocene-middle Oligocene
of Asia, and in various groups of living and fossil rodents (MarsiarL, 1972 and references
thercin). One is also present in the early Cretaceous age pantothere Vincelestes from South
America (BoxaparTE & RouciEr, 1987) and in some triconodonts, symmetrodonts, and
Multituberculata (Miao, 1988: 878). The distribution of an inflected angular process suggests that
it 15 a plesiomorphic state for Tribosphenida. Pucadelphys is thus plesiomorphous in this feature,

Mylohyeid groove. — The mylohyoid groove marks the course of a neurovascular bundle
which includes the mylohyoid artery and nerve, and presumably in early taxa the persistent
Meckel'scartilage (Kregrs, 197 1). Itis present in Jurassic dryolestids (Krens, 1971); indocodonts,
triconodonts and eupantotheres { KiELan-Jaworowska, 1981: 61); inthe early Cretaceous triconadont
Gobiconodon ostromi (JExkixs & Scuarr, 1988: 5); inthe early thenan Kielanihe rivm ( DasHZEVEG
& KieLan-laworowska, 1984: 221); inthe Cretaceous eutherians Prokennalestes and Kennalestes
(KiELan-Jaworowska, 1981: 61 and KieLan-Jaworowska & Dasuzevec, 1989); in some living
adult eutherians [insectivorans, edentates, cetaceans: (Bensiiey, 1902)]: and in embryos of
monotremes { Wartsox, 1916). [t is absent in multituberculates, some dryolestids (1.¢. Crusafontia;
Kress, 1971), paurodontids (Amphitherivum, Peramus); and some early eutherians (Asioryetes;
KieLan-Jaworowska, 19812 61). Itis absent in the Deltatheroida { KisLan-Jaworowska & Nessov,
1990), but present in Prucadelphys, embryos of some living marsupial taxa and. sporadically, in
some adult specimens of Didelphis, Trichosurus, Phalanger, Perameles and Perawroides (BensLEY,
1902). The presence of a mylohyoid groove is thus the plesiomorphic state for Mammalia, and
Pucadelphys retains the primitive condition. The presence or absence of a mylohyoid groove
appears (comtra ARCHER ef al., 1985, fig. 3, point 14) to be of dubious value in phylogenetic
inference.

Labial mandibular foramen. — KigLan-Jaworowska & Dasnzevec (198%) named labial
mandibular formen a small foramen on labial side of the dentary at the base of the coronoid process
present in many primitive mammals, This small foramen oceurs in Kielantherium (aegialodontid)
from the early Cretaceous of Asia, in Prokennalestes (otlestid) from the Aptian-Albian of Asia,
in tlestes (otlestid) from the late Cenomanian of Ugzbekistan and in Zalambdalestes
(zalambdalestid) from the Campanian of Mongolia (Dasuzevec & KiLan-Jaworowska, 1984
and KigLan-Jaworowska & Dasuzevec, 1989), and in the microbiothere metatherian
Microbiotherium gallegosense fromthe early Miocene of Argentina{MarsHaLL, 1952). DASHZEVEG
& KigLan-Jaworowska (1984) and KigLan-Jaworowska & Dasizeved (1989) regard the presence
of this foramen as a therian plesiomorphy. There is no trace of this foramen in Prcadelphys.

BoNEs OF SKULL

There are numerous states in Pucadelphys which, as shown by previous workers,
apparently represent Tribosphenida plesiomorphies. These include: nasals flared posteriorly
(GreGory, 1920: 139); alisphenoid and squamosal have major component in lateral wall of
braincase (Kermack eral., 1981: 135; Kemp, 1982: 305, 1983: 372); glenoid fossa sel posteriorly
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opposite anterior half of promontorium (KieLan-Jaworowska, 1981: 65); occipital plate slopes
upwards and shightly forwards from condyles (KieLan-Jaworowska, 1981: 65); and lambdoidal
crest sharp. sagittal crest weak or absent (KieLan-Jaworowska ef al., 1979: 227).

Chebit large, conflient with temporal fossa. — This state occurs in Vincelestes (BosaparTe &

Rovcm, 1987), Deltatheroida (KieLan-Jaworowska, 1975), Zalambdalestes (KiELan -Jaworowska,
1984: 113). Asiorvetes and Kennalestes (KiELan-Jaworowska, 1981: 56), Prcadelphys, and in
gencralized Cenozoic and living metatherians and eutherians. This is apparently the plesiomorphic
state for Theria.

Lacrimal. — The lacrimal has a large facial wing in cynodonts, Morganucodeon ( KErRMACK
etal., 1981). Vincelestes (Bonararte & Rovcier, 1987), Deltatheridium (KIELAN-JAWOROWSK A
1973), Pucadelphys and in generalized living and fossil metatherians (Grecory, 1920), In
Vincelestes, Deltatheriditum, Pucadelphys and in generalized living and fossil metatherians the
lacrimal forms a prominent antorbital rim and the lacrimal foramen occurs within the orbital rim.
The structure of the lacrimal and position of the lacrimal foramen in Pucadelphvs apparently
represents the plesiomorphic state for Tribosphenida.

Nasal-lacrimal contact.— A broad nasal-lacrimal contact occurs in cynodonts,
tritylodontids, multituberculates, Morganucodon (Kermack etal., 19811, Vincelesres (BoNAPARTE
& Rouvcier, 1987, fig. 2A), Deltarheridium (Kielan-Jaworowska, 1975- 122, fig. 3A). and among
metatherians only in South American Borhyaenoidea (MarsHALL, 1978; MarSHALL ef al., 1989)
and in the Australian Wymyardia (Grecory, 1920). A broad nasal-lacrimal contact is the
plesiomorphic state for mammals (Grecory, 1920). Living and other fossil metatherians (including
Pucadelphys) are derived in having no nasal-lacrimal suture but a clear frontal-maxilla contact
(Grecory, 1920; Marsnall & KieLan-Jaworowska, 1992). An intermediate condition within
metatherians occurs in some Didelphidae (Didelphis, Chironectes) which have only a narrow and
variable frontal-maxilla contact (Gresory, 1920: 139). Most eutherians are also derived in havin g
a broad frontal-maxilla contact (Novacek, 1986: 27).

Contact of alisphenoid and parietal. — A broad contact between the alisphenoid and
parietal on the outside of the skull occurs in the early eutherians Asiorveres and Kennalestes
(KiELan-Taworowska, 1981), in Pucadelphiys, and in many Cenozoic and living metatherians (i.e.
all Didelphidae, Myrmecobiidae, most Dasyuridae, some Borhyaenoidea; Arcuer, 1976a: 309).
There is no contact in Thylacinidae, Peramelidae, Vombatidae, some Phascolarctidae, some
Borhyaenoidea, and some Dasyuridae (Arcuer, 1976a: 309). A broad alisphenoid-parietal
contact is regarded as the plesiomorphic state in Tribosphenida.

Palate. — The bony palate is solid (without vacuities) in cynodonts, monotremes, some
multituberculates (Kamptobaatar), the eupantothere Vincelestes (BoNAPARTE & Roucier, 1987),
the late Cretaceous eutherians Zalambdalestes ( KieLan-Jaworowska, 1984: 108), most living and
Cenozoic eutherians, the deltatheroidan Deltatheridinm (KieLan-Jaworowska. 1975 122), and
many metatherians (Borhyaenoidea, Sparassecvnus, Caluromys, Dasycercus, Dasyuroides,
species groups of Antechinus and Sminthopsis, Myrmecobius, Dactvlopsila, Petaurus and
Dactylonax) (MarsnaLy, 1979 and references therein). In contrast, the palate is perforated by
large vacuities, often two pairs, in some multituberculates (i.e. Sloanbaatar. Nemegthaatar,
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Bulganbeatar and Prilodis), some eutherians (rabbits, some rodents, macroscelidids, hedgehogs,
Carpolesies), some Deltatheroida (KiLax-Jaworowska & Nessov, 1990), and many living and fossil
metatherians (MarsHaLL, 1979; RexG eral., 1987). Because of the wide occurrence of palatal vacuities
among metathenans, their presence has generally been regarded as plesiomorphic for this group.
However, when vacuities are present they are generally quite variable within families and even within
species. Ontogenetic studies of metatherian embryos have shown that the palatal plates of the maxilla
and palatine bones are at first solid and develop vacuities by gradual resorption of bone. These and other
observations favor the view that a solid palate was the plesiomorphic state for mammals (MarsHALL,
1979 and references therein). Preadelphys is thus plesiomorphic for this state.

Preglenoid process of jugal. — The jugal is deep. long and extends posteriorly to form a
preglenoid process along the anterolateral edge of the glenoid fossa in the late Cretaceous
metatherian Didelphodon vorax (CLemens, 1966: 72), in Cenozoic and living metatherians, in
Deltatheroida (KiELan-Jaworowska & Nessov, 1990), in the early Cretaccous cupantothere
Vincelestes (Bonaparte & Rouvcier, 1987), and in some living eutherians (elephants, some
hyraxes, some rodents; MarsHaLL, 1979). Insome late Cretaceous eutherians from Asia (Asioryeres,
Kennalestes, Barunlestes) the jugal is long, extends to the anterior edge of the glenoid fossa, but
does not form a preglenoid process (KieLan-Jaworowska, 1981; 1984), The presence of a
preglenoid process of the jugal is clearly a plesiomorphic state for metatherians, and the presence
of this state in Vincelestes and some eutherians suggests that it is plesiomorphic for Theria as well.
Pucadelphys thus retains the plesiomorphic metatherian (and therian) state.

Fogasiva oF SKULL

Pucadelphys retains two states which are regarded by some workers as plesiomorphic for
Tribosphenida: V2 exits skull through foramen rotundum in alisphenoid (Kermack e al., 1981:
135), and presence of a foramen lacerum medium (MaclnTyre, 1967; ArcHer, 1976a). However,
a foramen rotundum does not occur in Kennalestes or Asioryetes, and KieLan-Jaworowska (1981
65) regarded a “foramen rotundum confluent with sphenorbital fissure™ as the plesiomorphic
therian state. The earliest known foramen rotundum in a eutherian occurs in the middle
Campanian age Barunlestes (KieLan-Jaworowska & Trormov, 1950).

Transverse canal. — There is no transverse canal in Morgamucodon (Kermack et al.,
1981), monotremes (Watsox, 1916), multituberculates (KieLan-Jaworowska ef al., 1986),
Deltatheroida (KiELan-Jaworowska & MNessov, 1990), Borhyaenoidea (except for a possible
vestige in Lycopsis: MarsHaLL, 1977: 415). Pucadelphys, some didelphids (i.e. Caluromys) and
some dasyurids (some Planigale) (Archer, 1976a) or in late Cretaceous eutherians from Asia
(Asioryetes, Barunlestes, Kennalestes, Zalambdalestes; KieLax-Jaworowska, 1981; 1984; KiELan-
Jaworowska & TroFimov, 1980). Among metatherians a transverse canal occurs in thylacinids,
myrmecobiids, peramelids, most didelphids and most dasyurids (Arcuer, 1976a). .

ArcHER ( 1976a) regarded a transverse canal as a plesiomorphic state for metatherians, yet
the distribution of this feature suggests that its absence was the plesiomorphic state for mammals.
If this polarity is true, then a transverse canal evolved multiple times within metatherians, a
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position supported by data in Arcuer (1976a: 307). For example, when present, the transerse
canal, which transmits a major venous sinus that drains the base of the brain around the pituitary,
varies considerably in size and morphology: “in dasyurids, thylacinids, some didelphids (e.g.
Marmosa and Monodelphis) the canal passes not only into endocranium but also transversely
through the basisphenoid”, sometimes *via more than one canal”™. In these taxa the transverse
venous sinus “may enter the endocranium via the sulei for the entocarotid canals™, while in other
taxa (e.g. peramelids and other didelphids) “both ends of this canal lead anteriorly for a
considerable distance before communicating transversely through the basisphenoid”.

ArcHER (1976a: 30T) stressed that taxa which lack this canal have a venous drainage pattern
considerably different from those taxa in which it is present. In some species of Planigale, for
example, the “venous sinus passes transversely via the anterior edges of the enormous foramina
pseudovale [sic, see below] which are so large that they incise the alisphenoid in the normal
position of the transverse canal”. Given the arrangement in some species of Planigale, we
speculate that in metatherians like Pucadelphys which lack this canal, part of the venous drainage
around the pituitary may leave the skull through the large foramen ovale. Pucadelphys, which
lacks a transverse canal, retains the plesiomorphic metatherian (and mammalian) state.

Foramen ovale. — This term is used (sensu KIELAN-Taworowska et al., 1986: 584) to
designate the foramen which transmits the mandibular branch of the trigeminal nerve (V3). Within
this definition is included the foramen “pseudovale™ of earlicr workers, a term which KigLan-
Jaworowska eral. (1986: 584) “rejected as prejudicial to possible homology of anterior lamina
of petrosal with part of mammalian alisphenoid (Presey, 1981; Keme, 1983)". This move took
nto consideration the fact that the shape of this foramen and detailed relations with surrou nding
bones vary within mammals, and that MacIstyre's (1967) use of “pseudovale” is not consistent
regarding these relationships since the foramen may either be totally surrounded by the anterior
lamina or be in the junction between two or more bony elements. Because of this, “pseudovale™
was regarded as not being a clear-cut alternative to ovale and its use implies a false impression of
precision of definition (PresLEY, personal communication, 1989). Thus, the term ovale is used in
preference for homology regarding transmittal of the V3 and gives no weight 1o the bones
surrounding the V3 in different mammal groups.

A greal deal of confusion regarding the term ovale and “pseudovale”has resulted from the
studies of Maclsryee (1967) and Arcuer (1976a). Maclntyre, for example, recognized a
“pseudovale™ in some living eutherians (i.e. some perissodactyls, artiodactyls, rodents) which
formed as a result of the disappearance of a true foramen ovale (which was surrounded entirely
by the alisphenoid) by its union with the foramen lacerum medium, which primitively in mammals
15 located at the junction of the alisphenoid-basisphenoid-basioceipital-petrosal (Maclntyre,
1967: 834). Inthis sense, Maclsryee's™ pseudovale” is derived from an ancestral ( plesiomorphic)
state in which a true foramen ovale was surrounded by the alisphenoid which in turn is derived
from yet another ancestral state in which a “pseudovale™ was located between the anterior lamina
of the petrosal and the alisphenoid. Maclxtyee's “pseudovale” is thus used in two significantly
different non homologous contexts: true “pseudovale” (as incynodonts, tritylodonts, monotremes)
- true ovale (a derived state in generalized tribosphenids) - and “pscudovale” (=true ovale +
foramen lacerum medium), (another derived state, in some living eutherians).
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ARCHER (1976a) recognized a foramen ovale and “pseudovale” in the taxa he studied. and
in some cases identified both on the same side of the same specimen (i.e. most Didelphidae: 307).
He defined (p. 219} his “pseudovale” as: “Transmits cranial nerves. Sometimes carries very small
arterial or venous anastomoses linking internal cranial and external cranial vessels and sometimes
near its posterior edge, carries small branch of internal carotid artery into eustachian canal”, In his
Flate | where he labels this foramen on specimens, what he calls the “pseudovale” is in reality the
medial lacerate foramen as evidenced by its position at the alisphenoid-basioccipital- basisphenoid-
petrosal junction (MacInTvre, 1967: 834). In other instances, ARCHER uses “pseudovale” sensu
MacInTvre (1967) in part, meaning the foramen formed by union of the medial lacerate foramen
and ovale. ArchEr thus uses “psendovale” in reference to two different nonhomologous foramina.
However, ARcHER"s use of foramen ovale appears to be correct (i.e. foramen in alisphenoid which
transmits V3) and it is interesting that he regards (p. 307) its absence as a dasyurid plesiomorphy.
Because ArcHer used the presence, absence and structural variation of his “pseudovale” and ovale
in phylogenetic inference, his conclusions based on these features need reconsideration,
Subsquamosal foramen. — This foramen occurs in Pucadelpiys, in all metatherian groups
studied by Arcrer (1976a: 314) and in the late Cretaceous eutherians Asioryveres and Kennalestes
(RE an-Jaworowska, 1981 61). Arcuer (1976a) noted that this foramen is variably developed: in
SOME specimens it occurs on one side of the skull but not the other, while in other specimens it lies
adjacent to the posiglenoid foramen and is separated from it by only a splint of bone. The presence of
this foramen represents a plesiomorphic state within Theria (KiLan-Jaworowska, 1981: 65).
Posizygomatic foramen. — This foramen occurs in Pucadelplvs and in all metatherian
groups studied by Arcuek (1976a: 314). It is a plesiomorphic feature within Metatheria.

Ear Recioxn

Pucadelphys retains the following states which are plesiomorphic for Tribosphenida: a
triossicular middle ear mechanism (Miao & Liiecraves, 1986; Keme, 1983); an inflated
promontorium to house the spiral cochlea (Maclxryre, 1972; ProTHero, 1983: 1044); a fully
coiled cochlea (380°) (Miao & LiLLEGRAVEN, 1986; WisLE, 1990); a fossa incudis with prominent
lateral wall formed by the squamosal {WisLE, 1990); a true aqueductus cochleae ( Kermack eral.,
1981: 137; WisLg, 1990); the internal acoustic meatus is a broad shallow pit with foramina which
transmit a branch of the facial nerve (VI and two branches of the acoustic nerve ( VIID { ProThERO,
1983: 1041}): the presence of a posttemporal foramen (WigLg, 1990); and the presence of a lateral
head vein (absence of this vein is a eutherian synapomorphy; Marsuary, 1979; WisLg, 1990). It
also has three states which are metatherian synapomorphies: the prootic canal is reduced in length
and width, and does not open endocranially (absence of this canal is a eutherian synapomorphy:
WisLE, 1990); the prootic sinus continues onto the squamosal side of the petromastoid within a
deep sulcus (WisLg, 1990); and the presence. on the squamosal side of the petromastoid, of a
sphenoparietal emissary vein which occupies a deep sulcus continuous with the sulcus for the
prootic sinus, and exits skull through the posiglenoid foramen (WisLg, 1990).
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Ossified auditory bulla. — In Pucadelphys there is no evidence of an ossified auditory
bulla. This same state occurs in monolremes, soricids, some talpids, and some fossil eutherians
(i.e. Asiorveres, Kennalestes, Palaeorvetes) and apparently represents the plesiomorphic mam-
malian state (Novacex, 1977: 141). *A condition similar to that in the monotreme Tachyglossus,
where the tympanic cavity was bordered ventrally by a thin connective tissue (dense fibrous and/
or areolar) membrane located between the ventromedial surface of the nearly horizontal tympanic
ring and the ventral surface of the petrosal, was the most primitive condition in monotremes,
marsupials, and placentals” (Novacek, 1977: 144) (however, see below for discussion on the
arientation of the typmanic ring).

Based on an authoritative study of fossil and living metatherians, Archer (1976a: 310)
concluded that, among living taxa, didelphids were most plesiomorphic in aspects of their bullar
morphology. ReG er al. (1987: 22) suggested that, among living didelphids, Metachirus and
Philander were the most generalized. In these taxa the ossified bulla is incomplete: a small
tympanic process of the alisphenoid occurs antenorly, a small tympanic process of the pars petrosa
of the petromastoid occurs posteriorly, and much of the middle ear in macerated skulls is open
ventrally. This same architecture was regarded as the plesiomorphic metatherian bullar state by
Novacek (1977) and apparently occurred in the late Cretaceous stagodontid Didelphodon vorax
(CLEMERS, 1966: 55). There are thus two features (both absent in Pucadelphvs) which warrant
special consideration in the evolution of the metatherian bulla: the ossified tympanic process of
the alisphenoid and the tympanic process of the pars petrosa.

An ossified tympanic process of the alisphenoid occurs in the vast major of metatherians and
is generally regarded as a synapomorphy of that group (KieLan-Jaworowska & Nessov, 1990),
although its phylogenentic value has been recently questioned by Muizow (1994). This feature is,
however, absent in borhyaenoids [with the exception of Cladesictis and Sipalocyon (Murzox,
19941], in vombatids (PaTreErsox, 1965), and in what appears 1o be a late Cretaceous metatherian
that was figured but not discussed by Maclvtyre (1967, fig. 3). KieLan-Jaworowska (1981: 61)
suggested that “the marsupial alisphenoid bulla originated from the enlarged quadrate ramus of
the alisphenoid of early therians™ and that in late Cretaceous eutherians (Asiorvetes and probably
Kennalestes) “a strongly inflated quadrate ramus of the alisphenoid occupies the same position
as the alisphenoid bulla in marsupials and is probably homologous to it”. However, in eutherians
the alisphenoid rarely contributes to the formation of the ossified bulla and in those taxa where
it is developed (i.e. macroscelidids, some insectivores; Novacek, 1977; SecacL, 1970) it has a
different shape and occurs in adifferent location than in metatherians (KieLan-Jaworowska, 1981
61-62). Furthermore, in insectivores “the tympanic process of the basisphenoid takes the place of
the tympanic process of the alisphenoid of marsupials™ (SEGaLL, 1970: 169). These observations
clearly suggest that the ossified tympanic wing of the alisphenoid in metatherians and eutherians
are nonhomologous and evolved independently in each group. This view is supported by the fact
that an ossified alisphenoid bullais absent in monotremes (Watson, 1916}, inthe carly Cretaceous
cupantothere Vincelestes (BonaparTeé & Roucier, 1987, Roucier & Bonaparte, 1988), in
Pucadelphiyvs, in Mayulestes (Muizon, 1994) and in some late Cretaceous eutherians (KIELAN-
Taworowska, 1981; 1984). Furthermore, Muizox (1994) has shown that the absence of tympanic
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process of the alisphenoid in Mayulestes and in most other borhyaenoids is a symplesiomorphy
within the superfamily [not a reversal as stated by others (MarsHALL & KIELAN-JAWOROWSKA.
19592)] and that its presence in Cladosictis and Sipalocyon is a synapomorphy of this clade. The
absence of a tympanic process of the alisphenoid in the didelphid Pucadelphys reinforces
Muizon's statement that this structure must have appeared several times during marsupial
evolution and should not be used to diagnose this group of mammals.

The tympanic process of the pars petrosa (sensu ReiG ef al., 1987: =rostral Lympanic process
of the petrosal, WisLE, 19%M0; ectotympanic process of the periotic, Arcuer, 1976a: 230) is
“intimately related” to the posteroventral end of the ossified ectotympanic; these bones are
typically in contact but never fused (ArchEr, 1976a: 230). A tympanic process of the pars petrosa
15 absent and the promontorium is smooth in Sinoconedon, morzanucodontids, triconodontids,
Vincelestes, many metatherians (Deltatheroida, Pucadelphys, most Borhyaenoidea; living
Phalangenidae, Vombatidae, and possibly Phascolarctidae), and many eutherians (late Cretaceous
taxa from Asia, many Cenozoic and living goups) (WisLE, 1990). A low ridge which may represent
an incipient state of this structure occurs in the metatherian Didelpiodon vorax and in Petrosal
Types A-D of Wible (1990). This feature is well developed in living metatherians (except those
mentioned above), in some eutherians (euprimates, erinaceomorphs), possibly in some
multituberculates, and monotremes (although in this group it is not clearly homologous with that
in metatherians and eutherians; WisLe, 1990). The distribution of this structure among various
groups thus suggests that mammals primitively had a smooth promontorium and lacked a
tympanic process of the pars petrosa. WisLe ( 1990) concluded that the absence of this feature was
a plesiomorphic state for Eutheria, but was uncommital about the plesiomorphic state in
Metatheria, suggesting only “that ridges and processes have been added to and lost from the
promontorium anumber of times in marsupials”. We believe that metatherians (as in Pucadelphys)
primitively lacked this structure and that it evolved independently in various lineages, possibly
in association with the development and enlargement of an ossified auditory bulla.

Crrientation of ectotympanic and tympanic membrane. — In living metatherians and
cutherians (except soricids and some talpids) the ossified ectotympanic and tympanic membrane
are oriented in a nearly vertical plane, and this state has been regarded as a therian synapomorphy
(REMP, 1983: 375). However, this view is not corroborated by fossil or ontogenetic evidence which
suggests two other possibilities. First, Novacek (1977) suggested that the ectotympanic was
primitively subhorizontal in position. This possibility is supported by the horizontal position of
the ectotympanic in the living monotreme Tachyglossus (Novacex, 1977: 144, Fig. 6), in the late
Paleocene multituberculate Lambdopsalis (Miao & LitLecraves, 1986), and the knowledge that
the ectolympanic is oriented horizonially in the early ontogeny in all mammals and remains in this
position in monotremes but rotates to an inclined position in most therians (pe Beer, 1937) which
thus represents a derived state (Rowe, 19588). Second, KiELan-Jaworowska (198 1) suggested that
the ectotympanic was primitively inclined at an angle of 45° from horizontal. This possibility is
based on the observations that in cynodonts and some early mammals with a double jaw joint (i.c.
Merganucedon) the angular (=ectotympanic) is sharply inclined (KiELan-Taworowska, 1981:
38). Support for this possibility came with the discovery of the late Cretaceous eutherians
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Asiorvetes and Kennalestes in which the in sitee ectotympanic was released from the lower jaw but
still retains its primitive anterior position opposite the posterior part of the dentary and is roughly
parallel to it at 45° from horizontal. If this does indeed represent the primitive therian state, then
both the subhorizontal state in Tachyglossus and the near vertical state insome living metatherians
and eutherians are derived conditions.

Yet, the same data base has been interpreted by some workers to support both possibilities
(i.e. subhorizontal is pnmitive and inclined at 45° is primitive), suggesting that differences
between the two are relative and in part semantic. The best example is Novacek's (1977: 145)
paper in which he argues that “the last common ancestor of marsupials and placentals... and the
most primitive members of each group... had a simple tympanic ring only slightly inclined to the
horizontal plane of the skull” which resembled the monotreme-like state. In his fig. 7a he
illustrates this plesiomorphic state with the ectotympanic inclined at 35° from horizontal, while
on p. 141 he notes that “the simple ring-shaped ectotympanic lies at a low angle (less than 50%)
o the horizontal plane of the skull”, a stale seen in monotremes, sorcids, some talpids, and
possibly in Asiervetes and Palacoryetes.

In Pucadelphys there 18 no evidence of an ossified ectolympanic, nor are there facts to
demonstrate that one was present. [ts absence is attributed to destruction during fossilization. The
tympanic membrane was apparently subvertical or shightly obliquely oriented at an angle much
larger than 45° from horizontal, because this is the general orientation of the fenestra vestibuli (see
YPFB Pal 6110} and the ectotympanic parallels it in Recent mammals (J. WisLE, wrilten
communication, 1990). Therefore, whatever the primitive condition is {either sub horizontal or at
45%) the mferred subvertical position of the ectotympanic of Pucadelplys would represent a
derived condition.

Auwditory sinuses. — “Auditory sinuses... are cavities within or between bones in the
auditory region of the skull {other than the epitympanic recess) which communicate directly with
the epitympanic recess” (Arcuer, 1976a: 226). Such sinuses are absent in Morganucodon
(Kermackeral, 1981), monotremes (Watson, 1916), Vincelestes (BonararTe & Roucier, 1987).
late Cretaceous cutherians (Asioryetes, Barunlestes, Kennalestes, Zalambdalestes; KigLAN-
Jaworowska, 1981; 1984; KieLan-Jaworowska & Trommov, 1980), and generalized living
cuthenans (Van Kampex, 1905; Novacek, 1977). Among Cenozoic and living metatherians,
auditory sinuses are primitively absent, although a small alisphenoid hy potympanic sinus appears
in all groups studied by Archer (1976a) except some borhyaenoids. The absence of auditory
sinuses in Pucadelphys thus represents the plesiomorphic state for mammals.

Pars mastoidea contribution to occipur. — The pars mastoidea has an extensive exposure
on the occiput in monotremes (Tachyglossus), in late Cretaceous eutherians (Asioryeres,
Kennalestes; KIELan-Jaworowska, 1981, fig. 2), and among metathenans in Didelphodon vorax,
Eadelphis browni, Petrosal Types A and B from the late Cretaceous (WisLE, 1990), in Mavelestes
(Muizox, 1994) and in many taxa studied by Arcrer (1976a). Anextensive contribution of the pars
mastoideatothe occiput also occurs in Prcadelphys, and this apparently represents the plesiomorphic
state for Tribosphenida.
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Mastoid and paroccipital processes. — These processes are either absenl or only
incipiently developed in Morganucodon, monotremes, Vincelestes (Bonaparte & RouGier,
19871, in late Cretaceous Asiatic eutherians (Asioryeres, Barunlestes, Kennalesies, Zalambdalestes:
KigLax-Jaworowska, 1981; 1984; KipLan-Jaworowska & TroFmvov, 1980), and in most gener-
alized metatherians (Mayulestes; Myrmecobiidae; most Dasyuridae; Caenolestidae;
Microbiotheriidae: some Didelphidae. Lestodelphys, Monodelphys) (Arcuer, 1976a; REG er
al., 1987). A well developed masioid and/or paroccipital process does occur in various late
Cretaceous (WigLE, 1990), Cenozoic and Recent metatherian groups (ArcHer, 1976a; REic eral.,
1987}, where they are derived and apparently evolved independently in vanous lineages { ARCHER,
1976a). The absence of a paroccipital process and small size of mastoid process as oceur in
Pucadelpliys, apparently represent or approximate the plesiomorphic state for mammals.

Shape of fenesira vestibuli and stapedial footplate. — The ratio of length to width of the
fenestra vestibuli approximates or represents that of the stapedial footplate. In the monotreme
Tachyelossus this ratio is 1.0 (SecaLr, 1970: 203, fig. 26); in Merganucodon 1.1, triconodontids
and Bug Creek multituberculates 1.3, Vincelestes 1.0 (WisLe, 1990): and the late Palecocene
multituberculate Lambdopsalis bulla 1.0 (Miao & Liiecraves, 1936). Among metathenans,
living Didelphidae have ratios ranging from 1.3 - 1.5 (Secaws, 1970), Didelphodon vorax 1.4
[ ARCHIBALD, 1979), late Cretaceous taxa studied by WisLe ( 1990) range from 1.3 - 1.6, while living
Dromiciops and Macropus have 2.1 (Secar, 1970). Bug Creek eutherians range from 2.0 - 2.4
(ArcHigaLD, 1979) and living eutherians 1.8 - 2.9 (Secavt, 1970). These data suggest that: a
circular fenestra vestibuli with a ratio of 1.0 is plesiomorphic for Mammalia (ArcriBaLp, 1979;
SEGaLL, 1970; Promiero, 1983; Miao & LiLecraves, 1986; WisLg, 1990); a slightly ovoid
fenestra with a ratio of 1.3 is a synapomorphy of metatherians and possibly Tribosphenida;
Pucadelphys with a ratio of 1.4 approximates the plesiomorphic state for metatherians; and an
elliptical fenestra with a ratio of 1.8 is a synapomorphy of eutherians (WisLg, 1990).

Stapedial artery. — The stapedial artery, a branch of the intemal carotid artery, occurs in
embryos of living monotremes, metatherians and eutherians, butonly in adultsof Omithorfrynchies and
some eutherians (PresLEY, 1979). As evidenced by a groove which marks the course of this artery on
the pars petrosa of monotremes and some eutherians, it is believed 1o have been present in
multituberculates (KL as-Jaworowska eral., 1986), late Cretaceous cutherians from Asia( Barunlestes,
Zalambdalestes: KipLan-Jaworowska, 1984: 108) and North America (WisLE, 19%0) and various
Cenozoic cutherians (PresLEY, 1979). In metatherians, a stapedial antery is absent in adults of all living
taxa( TANDLER, 1 800: Presiey, 1979) and the groove is absent in fossil taxa (ArcHER, 1976a; ARCHIBEALD,
1979: CLesEns, 1966; WisLE, 1990). The presence of astapedial artery in adults isthus a plesiomorphic
state for mammals (PresLey, 1979: 241, fig. 3), while the absence of this artery in adult metatherians
represents a synapomorphy of that group (WisLe, 19940). Pucadelphys, which lacks a groove for this
artery, has the plesiomorphic state for metatherians.

Course of internal carotid artery. — The course of the internal carotid antery, which is
derived from the embryonic dorsal aorta, has two basic states in mammals which “arise by a
process of differential growth affecting the relative positions of the dorsal aorta and cochlear
promontory” (PresLEY, 1979: 238). WisLe (1986) cautions that the position of the internal carotid
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artery with regard to the cochlear promontory cannot be inferred from the location of the
entocarotid foramen alone. The probable plesiomorphic state for mammals (ArRCHIBALD, 1979,
PresLEY, 1979) is called the medial internal carotid artery (MICA) where the vessel passes medial
to the cochlear promontory on its way to the entocarotid foramen and leaves little or no trace on
the bone. This state occurs in monotremes, all metatherians (Maclstyre, 1972: 291), in late
Cretaceous Asian eutherians ( KipLan-Jaworowska, 1981: 58-59; 1984: 115; KiELAN-JAWOROWSKA
& Trormov, 1980), and in some living eutherians [e.g. rodents, rabbits, ungulates (PresLey, 1979;
KiELan-Jaworowska, 1981: 571]. The apomorphic state is called the promontory internal carotid
artery ( PICA) where the vessel passes upon or lateral to the cochlear promontory. often in a sulcus.
This state occurs in some primates, insectivores and some camivorans, and may have evolved
multiple times (PresLey, 1979). Pucadelphys thus retains the plesiomorphic MICA state, where
the course of the internal carotid is marked by a shallow sulcus.

In addition, the presence of a large entocarotid foramen between the alisphenoid and
basisphenoid which transmits the internal carotid as in Pucadelphys appears to be the plesiomorphic
state in metatherians (Arcuer, 1976a), eutherians (KiELan-Jaworowska, 1981), and their
tribosphenid ancestor.

Sulcus for facial nerve. — A sulcus for the facial nerve on the petromastoid has been
regarded as a synapomorphy of metatherians and eutherians (i.e. MacIntyre, 1972); yet, this
feature also occurs in morganucodontids, triconodontids, multituberculates, monotremes and the
cupantothere Vincelestes; itis therefore a plesiomorphy for mammals (WisLg. 1990). Pucadelpliys
retains the plesiomorphic state.

Inferior petrosal sinus and foramen. — The inferior petrosal sinus joins posteriorly with
the internal jugular vein and exiis the skull through the inferior petrosal (=internal jugular)
foramen { ARCHIBALD, 1979). The term internal jugular foramen (=canal) was proposed by ArRCHER
( 1976a) 1o replace the posterior carotid foramen of Grecory (1910: 233) and PatTeERSON (1965:
2) which they erroneously believed transmitted a branch of the internal carotid artery: this error
was perpetuated by CLEmens (1966: 73) and MarsuaLl (1977, 1978).

A sulcus for the inferior petrosal sinus occurs in Morganucodon, monotremes, and in many
metatherians and eutherians, and apparently represents a plesiomorphy (nectherian synapomorphy
of Maclntyre, 1972) within mammals. An inferior petrosal foramen occurs nearly universally in
metatherians (ArcHER, 1976a: 309) but is apparently absent in some {microbiotheres, Acrebares,
possibly Plascolarctos; Patrerson, 1965: 6), and is widely distributed among fossil and living
eutherians (Parrersox, 1965). Its presence apparently represents the plesiomorphic state for
Tribosphenida, Pucadelphys retains both an inferior petrosal sinus and foramen.

Antertor laminag. — The anterior lamina is a bony blade located at the anterodorsal border
of the petrosal in several primitive mammals: Adelobasilens, Haldanodon, Megazostrodon,
Morganucodon, Sinoconodon, Trioracodon, multitbberculates, Vincelestes, and monotremes
(see WisLe & Horson, 1993 for onginal references). The anterior lamina is perforated by a
foramen (foramen ovale) for the V3 (mandibular branch of the tngeminal nerve), inMeorganucodon,
Sinoconodon, Adelobasilews, most multituberculates, Vincelestes, and Ornithorhynchus, However,
there is a single trigeminal foramen between the anterior lamina and alisphenoid in Megazosirodon
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and Haldanodon (WisLe & Hoeson, 1993). The V2 (maxillary branch of the trigeminal nerve) is
also enclosed in the anterior lamina in Morganucodon, Sinoconodon, Adelobasilens, and
Vincelestes. g

In the non-tribosphenic taxa mentioned above “the anterior lamina contributes to the lateral
wall of the cavum epiptericum, the extradural space within which the trigeminal ganglion lies™
(WisLE & Horsoxn, 19932 47). Kermack et al. (1981: 119), in their authoritative study of the skull
anatomy of Morganucodon, state that the trigeminal ganglion (= semilunar ganglion) lies ina deep
pocket of the medial side of the anterior lamina, lateral to the medial opening of the aqueductus
Fallopii for the facial (VII) cranial nerve. A similar condition is observed in Trioracodon
(Kermack, 1963: 87), in multituberculates { KiELax-Jaworowska ef al., 1986), in Haldanodon
(LiLLesravEN & KRusaT, 1991: 97) and in Ornithoriomchus (ZELLER, 19893, b). The medial aspect
of the anterior lamina of Vincelestes has not been described. In the recent didelphid Monodelphis
domestica, the tnigeminal ganglion lies anterolateral to the hiatus Fallopii in a shallow fossa of the
alisphenoid and the anterior border of the petrosal (MaEg, 1987; Horson & Rovcier, 1993). In
Pucadelphys, the fossa observed on the medial side of the lamina of the pars petrosa anterolateral
to the hiatus Fallopii, is interpreted here as the Gasserian fossa or fossa for the trigeminal ganglion,
Since this ganglion is located in the anterior lamina of the petrosal in Morganucodeon, Trioracodon,
Haldanodon, multituberculates, and Omithorhynchus, the anterior wing of the pars petrosa of
Prcadelpiys is interpreted here as a structure homologous to the anterior lamina of these early
mammals. Furthermore, the anterior lamina of Pucadelplys occupies the same position as the
anterior lamina in early cynodonts (Kemp, 1983: 375), morganucodonis (Kermack er al,, 1981),
triconodonts (Kermack, 1963; Cromeron & JTenkins, 1979, fig. 3-5 A-C), and Vincelestes (Horson
& Rovaier, 1993). The anterior lamina of Pucadelphys is greatly reduced when compared to that
of Morganucodon, Sinoconodon, multituberculates and Vincelestes but it is larger than in any
other marsupials, However, this feature does not constitute a true novelty for the group since
WisLe (1990: 200) and WisLe & Hopsox (1993: 60), stated that the great reduction or absence of
the anterior lamina of the petrosal is a synapomorphy of the marsupials and eutherians, therefore
implicitly accepting the presence of a reduced anterior lamina in some Tribosphenida.

The presence of an anterior lamina in Pucadelphys confirms WiBLE's assertion that “the
anterior lamina...may not be entirely absent in marsupials™ (WisLg, 1990: 200). As explained by
this author, “the prootic canal runs through the anterior lamina of the petrosal in Sinoconodan,
morganucadontids, triconodontids, multituberculates, and Vincelestes”. The occurrence of a
prootic canal in some marsupials seems to confirm that the structure it passes through may
represent a reduced anterior lamina (in peramelids, dasyurids and some didelphids). However,
WisLE & Horsox ( 1994) have recently shown that the prootic canal of marsupials is probably not
homologous to that in moerganucodonts, triconodonts, multituberculates, and Vincelestes. If they
are correct, therefore, the prootic canal should not be used for homologies of the anterior lamina.

The anterior lamina of Pucadelphys differs from that of the non-tribosphenic mammals
mentioned above, because it does not participate in the closure of the lateral wall of the skull; it
15 covered laterally by the squamosal and the alisphenoid which articulate together and replace the
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anterior lamina in that function. At the level of the anterior lamina of Prcadelpliys, the lateral wall
of the skull is thus duplicated; it is formed by the alisphenoid and the squamosal laterally and by
the petrosal {anterior lamina) medially. This condition demonstrates that the anterior lamina was
expelled from the lateral wall of the skull before it totally regressed. As a consequence of the
reduction of the anterior lamina, in marsupials, the mandibular branch of the trigeminal nerve (V3)
exits the skull (via the foramen ovale) between the alisphenoid and the anterior border of the
petrosal (this condition 1s very clear in the early diverging borhyaenoid marsupial Mavulesres).
In Pucadelphiys. however, the anterolateral border of the petrosal (the posterior edge of the
foramen ovale) probably retains part of the anterior lamina; therefore, the foramen ovale of
Pucadelphys 15 located between the alisphenoid and the antenor lamina of the petrosal. In
cutherians the foramen ovale is located in the alisphenoid.

In morganucodonts, triconodonts, Sinoconadon and Adelobasilens the anterior lamina is
large and the alhisphenod 1s relatively short anteroposteriorly but tall dorsoventrally { KErmack,
1963; and Kermack et al., 1981; Lucas & Luo, 1993; Croveron & Luo, 1993). Monotremes have
alarge anterior lamina posterodorsal to a reduced (anteroposteriorly and dorsoventrally) alisphenoid
and posteroventral to the orbitosphenoid. In most multituberculates the anterior lamina is large,
posterodorsal (or posterior) to a large orbitosphenoid and posterodorsal to the alisphenoid
(KiELan-Jaworowska, 19715 1974; Kesmp, 1988). The alisphenoid of multituberculates is gener-
ally small { KisLan-Jaworowska, 1971 Kemp, 1982), but in the multituberculate Lambdopsalis it
15 large. 1otally separates the antenor lamina from the orbitosphenoid, and has tribosphenid
proportions (Miao, 1988). Large anterior lamina and alisphenoid also occur in Vikcelestes
(Roucier & Bonaparte, 1988; Horsox & Roucier, 1993).

The homologies of the anterior lamina and alisphenoid in monotremes and in the other non-
tribosphenic mammals mentioned above have been discussed by Presiey & SteeL (1976),
PresLey (1980; 1981), and Horson & Rovcier (1993). The status of the anterior lamina of
monotremes has been abundantly studied in order to elucidate whether or not it is homologous to
the anterior lamina of the other non-tribosphenic taxa mentioned above. The anterior lamina in
living monotremes is an intramembranous ossification called the “lamina obturans™ which fuses
secondarily to the pars petrosa (Vanpesrogk, 1964; WisLe, 1990). PresLey (1981) has confirmed
that the “lamina obturans™, in living monotremes, is an independent center of intramembranous
ossification within the sphenobturator membrane. This author also states that “there seem to be
no fundamental difference between therians and monotremes in the early development of this
bone. Difference arise only when it fuses with its neighbours. ... Cynodonts may have had an
anterior part contributing to the broad blade of the epipterygoid and a posterior forming the smaller
anterior process of the petrosal™. The proportions of these two parts of the lamina obturans may
have varied since in triconodonts (Kermack, 1964) and morganucodonts (Kermack ef al., 1981)
the anterior lamina of the petrosal is large and the epipterygoid blade small. In multituberculates,
given the extreme reduction of the alisphenoid (epipterygoid) the lamina obturans may have
coniributed extensively to the petrosal, approaching the monotreme condition (PresLeEy, 1981).
These studies suggest that the anterior lamina fused to the pars petrosa as in early cynodonts,
morganucodonts and triconodonts is derived from the posterior part of the “lamina obturans™,
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which apparently was an ossilication independent from the pars petrosa; while the anterior lamina
in monotremes, multituberculates represents some combination of posterior and anterior part of
the “lamina obturans™. Miao (1988) has suggested that the “lamina obturans™ has an apparent
plasticity for alliance within itself and with adjacent bones, and this could explain the within group
variability of the anterior lamina in multituberculates. Considering that the blade of the alisphenoid
and the anterior lamina of the petrosal are probably equivalent, Presiey (1981) concluded that a
simple change in the fusion of these elements during development could produce a therian pattern
of the lateral wall of the braincase. This was ratified by Keme( 1983: 374), who noted: “the sidewall
of the non-therian braincase is apparently homologous [s.1.] with the sidewall of the modem
therian braincase, and the two groups differ only in the relatively trivial matter of which bone the
anterior lamina [s.1.] finally fuses with towards the end of entogeny™.

Recently, Horson & Roucier ( 1993) have questioned the imerpretation of PResLEY & STEEL
(1976), PresLEY (1981), and Kemre ( 1983). Prescey (1981) and ZELLEr (1989 a, b) have demon-
strated that in Qvmitheriynchus the lamina obturans (anterior lamina) ossifies within the spheno-
obturator membrane. entirely separate from the otic capsule and only in later development
becomes synostosed to it{ Horson & Rovucier, 1993; 278). The lamina obturans of Ornithoriynchiis
begins to ossify in the dorsal part of the spheno-obturator membrane, quite distant from the ala
temporalis (the endochondral portion of the alisphenoid) and only late in ontogeny it expands
anteroventrally to contact the small alisphenoid (Horson & Roucier, 1993: 282), Maer (1987)
described the development of the alisphenoid of Monodelphis domestica. He demonstrated that
the intramembranous portion of this bone 15 imitiated adjacent to the ala temporalis and only at a
fairly late ontogenetic stage expands posteriorly to contact the otic capsule. Horson & RouGiEr
(1993: 283-284) therefore conclude that: “even though both elements form in the spheno-
obturator membrane, the developmental evidence indicates that they are distinct, therefore non-
homologous, ossifications™. The monotreme lamina obturans is presumably homologous with the
anterior lamina (Hopson & Rouciir, 1993: 284) and therefore, contrary to Presuey & SteeL (1976)
and Presiey (1981), the anterior lamina is not homologous with the intramembranous portion
(formed within the spheno-obturator membrane) of the alisphenoid. Furthermore, the alisphenoid
ol Vincelestes is similar to that of modern therians in its great anteroposterior expansion and its
position relative to the otic capsule. It is noteworthy that in Oraithorfiynchus the rigeminal
ganglion lies in a fossa of the medial side of the lamina oburans (ZeLiex, 1989b). Therefore, the
homology of the monotreme lamina obturans with the anterior lamina (which we accept here)
reinforces the interpretation of the anterior lamina of Pucadelphys, since the tngeminal ganglion
appears 1o lie constantly in the same structure, the small fossa on the medial side of the anterior
lamina lateral to the hiatus Fallopii.

The occurrence of a reduced anterior lamina in a marsupial is by no mean a surprise since
the evolution of the therian ( Vincelestes + marsupials + placentals) lateral wall of the braincase
is characterized by the development of an anteroposteriorly elongated alisphenoid (observed in
all therians) and the reduction and loss of the anterior lamina of the petrosal in the Tribosphenida.
The presence, in Pucadelphys, of an anterior lamina, large for a marsupial but reduced when
compared to that of Vincelestes (the sister group of the Tribosphenida), demonstrates that the
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morphology of the lateral wall of the braincase of Prucadelphys is intermediate between that of
Vincelestes and that observed in the other marsupials. Therefore, it may approximate the condition
of the ancestral Tribosphenida. The morphology of the lateral wall of the braincase of Pucadelplivs
corroborates WisLe (1990) and WisLe & Hopsows (1993) synapomorphy of the Tribosphenida
(marsupials + placentals): reduction or absence (interpreted here as loss) of the anterior lamina of
the petrosal. It is also in agreement with the interpretation of Vincelestes as the sister group of
marsupials + placentals (Tribosphenida) (Row, 1993; and WisLe & Horsown, 1993). Furthermore,
it corroborates the interpretation of Horson & Rouvaier (1993) who have refuted the hypotheses
of PRESLEY & 5TEEL (1976) and Presiey (1981) on the homologies of the elements of the lateral
wall of the mammalian braincase.

CONCLUSIONS

The skull of Pucadelplys represents a classic example of mosaic evolution. It has a
commonly observed combination of plesiomorphic and apomorphic staies which, collectively,
complicates its placement in recent phylogenies (i.e. MarsHaLL er al., 1989; MarsHaLL & KigLan-
Jaworowska, 1992) although recent discoveries have shed some light to its interpretation
(Muizon, 1994). However that may be, it illustrates that we still have much to learn about carly
metatherian and tribosphenid evolution.

The vast majority of structures in the skull and demary of Pucadelphys represents
plesiomorphic states for Tribosphenida andfor Mammalia. A few features represent metatherian
synapomorphies (1.e. cheek tooth formula P3/3 and M4/4: prootic canal reduced in length and
width, and does not open endocranially; prootic sinus continues onto squamosal side of
petromastoid within a deep sulcus; presence of sphenoparietal emissary vein which occupies a
deep sulcus on squamosal side of petromastoid, is continuous with sulcus for prootic sinus, and
exits skull through posiglencid foramen; length/width ratio of fenestra vestibuli: absence of
stapedial artery) which securely demonstrate that Pucadelphys 1s a member of this group, as
presently defined.

The remaining structures suggest contradictory affinities within Metatheria. The derived molar
features agree perfectly with members of the Didelphidae (senste MarsHaLL ef al., 1989) and for this
reason Pucadelphys has been assigned to this family (Marsyars & Muzos, 1988). However,
Pucadelpfrys retains the plesiomorphic state of a non-staggered i3, while all other metatherians (except
Microbiotheriidae) have the derived state of a staggered i3. It is also plesiomorphic in having I1-5
conical. equally spaced and 11 not hypsodont, while most other metatherians are derived in either
having spatulate 11-5 (asynapomorphy of Australidelphia; Marsiars etal. , 1989)or[ 1 hypsodont and
separated from 12 (many Didelphidae and Dasyuridae).

The plesiomorphic mammal state of aclear nasal-lacrimal contact occurs among metatherians
only in Borhyaenocidea, Deltatheroida (if they actually are metatherians) and the Australian
Wynyardia, while all other known taxa (including Prcadelphys) have the derived state of a frontal-
maxilla contact,
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Pucadelphys lacks an ossified alisphenoid bulla, a feature present and traditionally regarded as
asynapomorphy { KigLax-Jaworowskca & Nessov, 1990) in all other metatherians, The Deltatheroida,
which apparently possess a tympanic process of the alisphenoid, are classified by KiEpan-Jaworowska
& Nessov { 1990) within the metathenans. The absence of a tympanic process of the alisphenoid in some
Borhyaenoidea has been interpreted as representing a derived state from an ancestor which had an
alisphenoid bulla (Archer, 1976a; Marshall & KieLan-Jaworowska, 1992). However, the morphol-
ogy of the skull of Mayulestes ferax, a borhyaenoid from the early Paleocene of Tivpampa indicates
that the lack of atympanic process of the alisphenoid is the plesiomorph condition for the borhyaenoids
(Murzon, 1994). Furthermore, the absence of a tympanic process of the alisphenoid in Prcadelphys,
an early Paleocene didelphoid may indicate its independent acquisition in the other members of the
superfamily. It is noleworthy that a tympanic process is probably present in the late Cretaceous
stagodontid, Didelphodon (CLemexns, 1966) and in a probable marsupial ( Asiadelphia) from the Barun
Goyot Formation (middle Campanian) of Mongolia (Tromwov & Szavay, 1993). This reinforces the
idea that the tympanic process of the alisphenoid appeared several times independently within
marsupials (Mugzon, 1994) and should not be used 1o diagnose this group, which, therefore, partially
gquestions the inclusion of the Deliatheroida within the Metathena (KiELan-Jaworowska &
Nessov, 19900,

The presence of an anterior lamina fused to the petromasioid. and a foramen ovale (exit of
V3) which opens between the anterior lamina and alisphenoid represent the most peculiar
structures in the skull of Pucadelphys. These features have not been reported as such in other
tribosphenids, although their presence has been predicted in the tribosphenid ancestor because
these states occur in non-tribosphenid mammals, Comparnsons of Pucadelphys with Vincelestes
(the sister group of the Tribosphenida) and with the other marsupials indicates that il represents
a morphological stage of the structure of the lateral wall of the braincase, intermediate between
the primitive (Vincelestes) and modern (tribosphenid) therians and therefore allows a better
understanding of character states and evolution. It is probable that Pucadelphys represents or
approximates the plesiomorphic state in the morphology of the Lateral wall of the braincase of early
Tribosphenida.

Pucadelphys thus appears to represent the paleontological confirmation of the hypothesis
of Horsox & RovaiEr ( 1994) who have refuted that of PresLey & STeeL (1976) and PresLey (1981)
for the evolution of the tribosphenid ear region. If the skull of Pucadelphys was of carly-late
Cretaceous age and had a generalized tribosphenid molar structure, then it would probably be
celebrated as the long sought “missing-link™ and be readily accommodated and accepted into the
current scheme of early tribosphenid evolution. However, Pucadelphys is a metatherian, has a
derived didelphid molar structure, and is early Paleocene in age. Thus the predicted anterior
lamina and foramen ovale bordered by it and the alisphenoid occur in a dentally derived and
geologically recent metatherian.

Considering the major differences existing between Pucadelphys and the other didelphids
(especially concerning the ear region and the lateral wall of the braincase), one could be tempted
toclassify it in anew family. However, as mentioned above. all the cranial features of Pucadelphys
are plesiomorphic for marsupials and the only clearly derived features within marsupials concern
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the dental morphology and relate Pucadelphys to the Didelphidae. We regard Pucadelphys as a
primitive Didelphidae, member of the order Didelphimorphia {sensie MarsuaLL ef al., 1989)
because its molar structure (which is currently the foundation of metatherian systematics) is
indistinguishable from that family. We thus give preference (o molar structure in classifying
Pucadelpfiys within Metatheria.
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