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ABRSTRACT

The earliest and most complete articulated skebetons of fossil metatherions yer known are represented by four specimens of
Pucadelpiis andinns from the Santa Lucia Fosmation (carly Paleocene) at Tiupampa in southcentral Bolivia, Two scts of what
are imterpreted o be male-female pairs were Tound in a three dimensional, life-like, snout-rump position in burmow-nests that were
apparcatly dug in a bank along a meandering river. The animals probablydie d as the result of a flood which entrapped them in
their burrows and filled the Latter with water and sediment. A detxiled comparative study of the posteranial bones revenls that the
vilst manjoraiy of characier slaes in Prcadelplrys sre regarded as mammalian, iribosphenic or metatherian plesiomaorphies (e.g. atlas
mot perforsed by transverse canal and with a persisting suture between the ossified intercentram and atlantal arch: absence of
Iransverse canal onaxis, with possible unfused rib: absence of enclosed (ransyverse canal oa CV7, robust fibula; presence of ossified
o5 marsuplunt: elc.). Character states of uncenain polarity include the presence of only one vertebra articulating with the ilium
{fuleral verehea), and a long non-prehensile 1ail. The tarses has a bicomtact upper ankle joint (LIATY as in living Dadelphidae;
morenver the cobeaneum shows a pahially plantar onientation of the cuboid Facer which cam be imerpreted as foreshadowing the
specialization of later Didelphidae; the situstion then is more advanced than in the “plestomorphic metatherian morpholype™ of
Saray (1982 a. b 1984); the only chamcters of the latter persisting in Pucadelplivs are the large peroneal process and the
“remarkably broad transverse dimensions from peroneal process 1o the medial margin of the sustentaculum™, Colbectively these
characters support the view, based on the stady of ihe skull anddentition (Marsiars & Mumos, 1995), that Pucadelphys represents
the plesiomorphic taxon within the family Didelphidae. Functional considerations of the skeletons sugpest that Pracrd sl was
essentially terrestnial, quite agile, ond possessed limited bounding and digging capabilities.

MarsHaiL, L. G, & Sicocseau-RusseLr. D, 1995.— Part 11 Posteranial skeleton, fa: Mumon, C. pe (o), Prcadelphys
ardininy (Marsupialia, Mammalia) from the carly Paleocene of Bolivia. Mém, M nam Mise, nar, 165 © 91- 164, Paris ISEN
2-B36353- 2335
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RESUME
Troisicme partic : le squelette posteranien

Les squeleties bes plus anciens et bes plus complets de métathéncns fossiles connus i ce jour 5008 Feprésenics par quatre
specimens de Pucadelphys andinus, en provenance de la Formation Samta Lucia (Paléoctne infénieur), & Tiupampa, dans be =ud
de 12 Bolivie centrale. Deux ensembles de oc que nous avons interprété comme des couples mdle-femelle ont £0é conserves en trols
dimensions, en position de vie, ct disposés téte-biche dans oe qui semble avoir 8¢ 1a berge d"un méandre Muviatile. Ces animanx
sONg appanemment meaorts & L suale 'ume inondation qui les @ pubgds dans keur termier en remplissianl o dermacr deau ot de bowe.
L dtude détnillée et comparde des o posteraniens 3 névélE que la grande majorité des caracitses de Pucadelphys peuvent £ire
considénds comme élant dams un &iat plésiomorphe pour les Mammiftres, les Tribosphenida etou les Métathériens (e.g. arlas
imperfon et gardant une suture entre I'imercentre ossifié et Iarche atlantale  axis dépourvu de canal transverse, s possédant
une cite libre persisante ; ahsence de véritable canal transverse sur CY7 : fibula robusie : présence d'un os FarsLipiam
asifid s ete. ). L existence d'use seule vertkbre fulcrale (51) et ' une longue quene non préhensile constituent. eux, des caraciernes
de polarité incenzine, L aniculation du tarse est de lype «beConlacls COMMC chez les Dadelphidae scucks @ en owtre bn [acene
cubobde du calcanéum présente une onentation en panic plantaire qui peut éire interpritée comme préfiguranl 1 apdoialisation
des Didelphidae ultéricurs ; o tarse ¢4 done plus spécialisé que celui du splesiomonphic metatherian morpholypes de SzaLY
(1982ab : 1984), ne ke rappelant que par le grand processus péronden da calcandum et la largeur remasquable qui sépans ce
processus ef 1e bord médial du susemtaculum. Prise dans son ensemble, cetie analyse du squelette soutient "opanion, basée sur
I'diude du crine et de la dentiere, selon laguelle Pieadelphys représente e taxon piésiomaonphe & 1'intéricur des Didelphidac. Les
considérations fonctionnelles résullant de I"élude de ces squelettes suggbrent que FPrcadelpliys éait un animal essentiellement
terrestee, plutdt vif el capable, dans certaines limites, de sauter aussi bien que de creuser.

RESUME DEVELOPPE

Les restes de squelettes posteriniens des mammiferes pabfogines sont extrémement rares ot qui plus est, difficiles 3 identifier
en raison de "absence d association avec les dents, organes sur lesquels est essenticllement fondée la taxonomie de ces ammaux.

O les squelettes édids dans cette iroisieme partie sont non seulement associds & des criines naunis de bewr dentune {vair Fart,
I dhe ce verlumse), meais ils sont trs complets (955 des os sonk représentés) el tris bien conservis, lls sont enfin les plus anciens
restes squeletliques connus de marsupisux, cefle posation &lanl jusqu'ics lenue par des 0% tarsiens isolés du Paldocene supdrieur
i leabsorad. Brésil.

L étude détaillée de ces squeleties est done du plus haut inténét. Les comparaisons ont &l¢ fxites, d'une pan avec bes rarcs
squelettes connus de mammiftres mésceoiques: I'éothénicn Eccostrodan, du Jurassique inférieurd” Afnque du Sud. le thérien non
iribosphénique Henkelotierinm. du Jurassique supéricur du Portugal, &t bes placentaires du Crétacd inférieur de Mongolie ; avec
d"autre parnt les petits didelphides pénéralisés actwels : Metachirus, Monodelphis, Marmosa of Didelphis, avec aussi Perameles.

La colonne cervicale de Pucadelphys andinns est celle d"un petitdidelphide actocl, s cen’est que Natlas montre [a persistance
dune sutare emre U'intercemtre et "are nevral. ef que 'axis ¢$t épourva de canal transverse et garde des ofies axiales, denx
caractires primitifs. La colonne thoracique est non moins généralisée dans son ensemble | par contre la colonne lombaire est
interprétée comme dérivée, en raison de 1 allongement progressal du corps veridbral el des apophyses transverses, el de la hauseur
des épines newrales dirigées vers I'avant : une telle morphologie ne se retroave pas chez les didelphides examinés, mais bien chez
ka forme fouisscuse Permmeles. Dans ce comexte, le sacrum est considéné comme spécaalisé, avec deux venibres dont une
seulement s appuiesur 'ilion. La longueeur e la quene reste impnécise, mais les venibres caudales conserviées ne montrent aucune
spécinlisation préhensile, contrairement & celles d' Henkelotieriiem ou de Didelphis.

La ceinture scapulaire est identique & celle des didelphides actuels les plus primitifs ; I haméns montre une vaste surface
I"insertion pour les extenseurs, comme cebui des petites formes temestres @ le cubits et le radius sont encore irés robusies. Les
os du carpe et de la main n'onl pas éé conserves,

La hassin, bien que massif, présente. comme be sacrum, des spécialisations de type péramélide, avec une grande expansion
dorse=ventrale de 1 aile antéricure de ilion, un grand foramen oblurateur, et des 05 marsupimes néduits, Au contraare, les 05 ¢
la cuisse of de la jambe sont plus primatifs que ceux des petits didelphides acwuels. Lastragale n'est pas trés bien conservé, mais
il scmble que sa maorphologie éait plus plésiomorphe que celle de Didelplis, Quant an caleanéum, il es1 dépourva de facette
fibulaire © il est dose plus Evolué que celdui définissant le “momphotype métathénien” de Szaiay (1982, b) el se rapproche du
“mawrpholvpe didelphide™ ; 1l conserve pounant un fort processus péronéen, interpaété dans ce conlexte pasticulier comme un
caraciie plésiomorphe. Un point intéressant conceme I"orientation de 1a facette cuboidienne, considérée comme annongant 1a
condition des didelphides actuels, Le pied lui-méme parail avoir i€ long ¢f relativement ngde.
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FUCADELPIYS ANDINUS: POSTCRANIAL SKELETON 03

D I'ensemible de ces caractires, les suteurs diéduizent poar Pracadedplive aadines un modede vie lemesine et pon arhoricole (une
adaplation considérée comme primitive poar les Theria Tribasphenida, Krens, 1991) : astragale et le calcanéum en pasticulier
e maminent pas les caractines reliés b une elle spécialisation ; malheurcusement laconfiguration de L jonction tibiz-astragale n'a
pu &ure précisée, nous ignorons donc s°il ¥ avait renversement du pied comme obierve par beaims & Me Lears (1984) ches
quebiues didelphides arboricoles,

Dans le déiml, ba brigveté des apophyses épincuses des verithees cervicales sugpére une bonne mobilind du cou, L troitesse
di: espace séparant radius e cubiius imposait une redation limitde de ' avant-beas. Le développement des métapophyses dorsales,
la bengueur des apophyses épincuses des venithres lombaires et la largeur de I"extrémité distale de I'huménas constituent auiant
di potentialiles Touisseuses ; de méme, [ longueur des épines lombaires ¢t la conformation du sacrum (possible mobilité de 1a
Jenction sacro-iliaque, grand angle ilko-saceé, langewr of orientation de ka surface iliaque destinée aux abducteurs el extenseurs de
In cuisse) devaient Favoriser b fouissement, sans qu'une telle spécialisation soil, chez Pucadelphys, poassée aussi loin que chez
FPerameies. Par ailleurs bes propontions relatives des membres supérieur et inférieur sont compatibles avee une bonne agilitd mads
e commespondent pasa celles d'un animal coureur ; enfin cette espioe semble avoir &6 capable d¢ sauter, mais sans &re réellement
spcaaliste dans cetle direciion.

En ce qui concerne ke mode de vie, cette forme devail Ere noctume comme la plupart dies petits didelphides. dormant e jour
dans un nid-terrier of cherchant sa nourmture duramt la auit, La connaissance des moeurs des petits didelphides actuels iqui sont
hahituellement solitaires) conduit & penser que ces quatre squelettes associés deux i deux représentent ceux de couples formés
durant la période de reproduction ; les terrers Elaient creusés dans la berge d*une rivadre, dont la crue subite a rempli ces nids de
sédimenits ayant favorisé la conservation en position nature ke, Cette conclusion et corroborée par | abondance tes fossiles trouvés
dans le giscment (componant en particulier des squelctics presque complets de grenouilles),

Peu de caraciéres du squelette permetient de préciser la position phylogénique de Prcadelphvs andinus, 51 ce n'est la
conliguration du tarse, Celle-ci, jointe aux conclusions concemant le crine et Ia denture, font considérer Prucadefmive comme le
taxan be plus plésiomorphe & lindricar des Didelphidac.

INTRODUCTION

Postcranial bones of mammals are very important in phylogenetic studies: vel these
clements are extremely rare in rocks of Cretaceous and Paleocene age, a time when the basic
branches of this class became established. Associated skeletons which provide functional and
phylogenetic information are even rarer, and those with associated dentitions and skulls are almost
non-existent. Because of a dearth of such specimens, little is known of the early posteranial
evolution of Tribosphenida (metatherians, eutherians and related forms with tribosphenic
dentitions; sensu McKEnna, 1975). In fact, the postcranial character states in the direct ancestor(s)
of metatherians and eutherians are currently inferred from the study of all too few isolated
Cretaceous and Paleocene elements, of Eocene to Pleistocene fossils, and of living taxa.

There are, to date, only two non-tribosphenid therians (both eupantotheres) for which
associated postcranial material is known. One is Henkelotherium guimarotae from the Late
Jurassic of Portugal, described by Krens (1987; 1991), and the other is Vincelestes nenguenianus
from the Early Cretaceous of Argentina, which is not yet described (see Boxaparte & RouGier,
1987 ; RouGier ef al., 1992 ; WissLE & Horson, 1993).

Eutherians are the best known of Late Cretaceous tribosphenids, and partial skeletons of
Asiorvetes, Zalambdalestes and Barunlestes have been described from the ? Late Santonian and/
or Campanian of Asia (KieLan-Jaworowska, 1977, 1978).

[n contrast, posteranial remains of metatherians from the Late Cretaceous and Paleocene are
presently known only from isolated calcanea and astragali (Szavay, 1982a and b: 1984);
associated skeletons have not been reported. The earliest nearly complete skeleton of a metatherian
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same specimen, lype of Perailerium cuvierd Fischer, 1829 X |
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SARIGUE fossile.

A

The “sarigue fossile”™ from Momtmanee (after Cuvees 1804, P1. 19), type of Peratherinm cavieri {Fischer, 1829

L saerrgue fassile de Montoarire (d 'aperés Coves T804, PL T tvpe de Peratheriuom cuvieri (Fischer, 1520)
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was long represented by the classic “sarigue fossile™ collected from the Butte Montmartre in
northcentral Paris (Figs 22, 23). The fossil is from the “Gypse de Montmartre”, assigned to the
Late Eocene (i.e. Headonian Land Mammal Age, Savace ef al, 1994). It was first described by
Cuvier ( 1804), named Didelphis cuvieri by Fiscuer (1829), and 15 now classified as Peratherinm
crvieri (CrocHer, 1980).

Hence the major interest of the four nearly complete skeletons, two of which have articulated
skulls, of the metatherian Pucadelphys andinus, from the Early Paleocene Santa Lucia Formation
at Tiupampa in southcentral Bolivia. These are currently the earliest and mostcomplete articulated
skeletons of metatherians yvet known, and they provide the first opporiunity (o securely assess
aspects of the posteranial structure of a member of this group at the “Beginning of the Age of
Mammals™.

Unless otherwise specified. all numbers cited below, in the figure captions and in the
Appendix (i.e. 6105, 6106, 6110, 6111) pertain to YPFB.

SYSTEMATIC PALEONTOLOGY

The skeleton-pairs described in this study were collected with articulated skulls, one of
which (6105) was designated the tyvpe of Pucadelphys andinis Marsuarn & Muzon, 1988, A
detailed study of the dentitions and skulls of 6105 and 61 10 (as well as numerous other specimens),
shows that both skeleton-pairs are referable to this species (MarsnaLL & Muizon, 1995). The
systematic position of the skeletons is thus as follows:

Legion TRIBOSPHENIDA McKenna, 1975
Infraclass METATHERIA Huxley, 1880
Order DIDELPHIMORPHIA (Caill, 1872) Marshall er al., 1989
Family DIDELPHIDAE Gray, 1821
CGenus PUCADELPHYS Marshall & Muizon, 1988

Pucadelphys andinus MarsnaLr & Muzox, 1988

Dnagwosis (posteranial skeleton morphology only). — Atlas not perforated by transverse
canal, and with a persisting suture between ossified intercentrum and atlantal arch; absence of
transverse canal on axis, with possible unfused rib; absence of enclosed transverse canal on CVT,;
lumbar series specialized compared to that of other didelphids (gradual lengthening of vertebral
body and transverse processes, long antenorly directed neural spines): single fuleral vertebra (S1);
specialized pelvis (ilium dorsoventrally expanded anteriorly, large obturator foramen, small
ossified os marsupium); possible movable sacro-iliac joint; long (£30 caudals) non-prehensile
tail; digging specializations of the humerus (no third distal articular surface, large areas for
extensors of forearm and carpus): robust fibula; calcaneum with bicontact upper ankle joint (UAJ)
(3zaLay, 1982a, b), large peroneal process and remarkably broad transverse dimensions from
peroneal process o medial margin of sustentaculum.
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PUCADELPHYS ANDUNUS: POSTCRANIAL SKELETON 97

DESCRIFTION

Measurements (in mm) of the individual bones of the specimens of Pucadelphys described
below are given in Tables | 1o 20 in the Appendix.

General FeaTures. — Skeleton-pairs YPFE Pal 6105 and 6106 (Figs 2, 24A and 25A). The
animals are in a snoul-rump position; 6105 faces to the right and 6106 to the lefi (referring 1o the
positions as in the photos). Pant of the dorsal surface and the entire ventral surface of both
individuals are presently visible, and the latter was presumably on the floor of the burrow when
the animals died and were fossilized. Both individuals are adults as evidenced by the facts that the
skull of 6105 has a slightly wormn adult dentition and the epiphyses, although still distinct, are all
firmly attached to the diaphyses. 6106 is slightly larger than 6105 (see Appendix).

On 6105, the seven cervical and eleven thoracic vertebrae are in a nearly straight line. The
left forelimb is extended posteriorly and parallel along the body. The left hindlimb (as scen on the
opposite surface of the block) has the femur on top of the thoracic region of 6106, the tibia and
fibula extend posteriorly over the thoracic vertebrae to T11, and the pes is on the right side of that
specimen. These features indicate that the pelvic region of 6105 was lying upon the upper thoracic,
neck and possibly head region of 6106,

On 6106, the body is in an arched position as shown by the arrangement of the articulated
Tlto CY vertebrae. The right forelimb lies along side and nearly parallel to the body and, as shown
by the humerus, was extended posterolaterally. The proximal part of the left forelimb is extended
anterolaterally under the posterior lumbar-pelvic region of 6105, with the ulna and radius flexed
sharply anteriorly along the posterolateral side of 6105. The right hindlimb is flexed anteriorly
under the abdominal area. The left hindlimb is extended laterally, with the tibia and fibula under
the thoracic region of 6105,

Skeleton-pairs YPFB Pal 61 10and 6111 (Figs 3, 4 and 26). The animals are also in asnout-rump
position; 61 10 faces to the right and 6111 to the left (referring to the positions as in the photos). The
dorsal surfaces of both individuals are visible. Both individuals are subadults as demonstrated by the
facts that the skull of 6110 has an unworn adult dentition and the epiphyses are unfused and often
separated from the diaphyses in both individuals. 61 10is slightly larger than 6111 (see Appendix) and
both individuals are nodably smaller (average about 200 ) than 6105 and 6106,

On 6110, the pelvic area is nearly horizontal. The tail bends sharply dorsolaterally to the
left and the end of the tail lies upon, and parallels, the thoracic vertebrae of 6111, Inthe posterior
thoracic region the body begins to twist to the left, with the cervicals and head completely on their
left side. The proximal end of the right forelimb is extended posterolaterally and the ulna is flexed
sharply anteriorly. The left forelimb extends parallel along the posterior side of the proximal part
of the right forelimb. The relationship of the forelimbs and cervical venebrae clearly shows that
the animal was lying on its left shoulder. The right hindlimb was extended nearly perpendicular
to the body, while the left hindlimb was in a tightly anteriorly flexed position directly under the
body.
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PUCADRELPHYS ANINNUS: POSTCRAMIAL SKELETOM a9

6111 was lying on its right shoulder with the right forelimb extending nearly perpendicular
on the left side ol the body (as seen by the position of the distal end of the humerus and proximal
ends of the ulna and radius). The left forelimb was flexed tightly against the thoracic region of the
right side of the body and the “elbow™ abuts vertebrae T8 and T9. The proximal end of the right
hindlimb extends anteriorly under the body such that the femur parallels the lumbar vertebrae and
the distal end (tibia and fibula) extends nearly perpendicular on the left side of the body. The left
hindlimb is extended anterolaterally on the left side of the body, and the distal parts of the tibia
and fibula (and pes) lie upon the lumbar region of 61 10,

Collecuvely, the four specimens include about 95% of the complete skeleton. The only
missing elements are the manus (see p.127), the first metatarsal, some tarsals and phalanges of
the pes. and an ¢stimated 17 posterior caudal vertebrae.

AXNIAL SEELETON,

G105 7 cervicals (left half of atlas, axis, CV3-CVT)
9 thoracics (T1-T9, fragments of TIO-T11)

6106 13 thoracics (T1-T13)
& lumbars (L 1-L&)
2 sacrals (S1-82)
9 caudals (C1-C9)

all0 7 cervicals (atlas, axis, CV3-CVT)
8 thoracics (T6-T13)
& lumbars (L1-L6)
2 sacrals (51-52)
9 caudals (C1-C5, C167-C177, C207-C21")

Bl T thoracics (T7-T13)
6 lumbars (L 1-L6)
2 sacrals (51-52)
9 candals (C1-C9)

CERVICAL VERTERRAE
Arlas (Figs 25B. 27 and 28A, B: Table 1).— Two elements: 6105, left half (attached to
axis), ventral and lateral views; 6110, isolated left and right halves, nearly complete.

Fic. 24, — Pucadelpiiys andimas, Stereopholos, A, specimen-pair 6105-6 106, partial view. X 1; B, 6106, right scapula, anterior
view; thoracic veriebeae and ribs, veminal view, X 3

Fre. M, — PI.H‘.'Halh:r:h -.'|rl-d:|1l.|.‘...':|'|'-|:rf‘el;|'ll'r-el-rm.H, c'r.lrd,lr."nfel'r: specraieras O F OO0, viee perinelie. X 17 B 610, 1|r!J.|:l||I'||."J["gf:.|'.l||'.|'_
vie driterienire; vertélres thoracigues of coles, viie vemirale. X 3,
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PUCALELPIYS ANDINLS: POSTCREANIAL SKELETON 1111

The dorsal arch (da) is narrow ventrally and considerably broader dorsomedially. Laterally,
the dorsal arch joins the base of the ventral arch and projects as a Mat, horizontal, ovoid transverse
process (6 105), constricted at the base. In 6110, only the root of the transverse process is preserved
on both halves (b tp): but the lateral-most surface does not appear o be broken, suggesting that
the transverse process had a different center of ossification and fused with the root only in adulis.,
Anterior 1o the transverse process, the articular facet for the occipital condyle (I of ) is wide and
distinctly concave; posterior to it, the articular facet for the atlas body (i.e. anterior part of the axis
sensn lara) is smaller and only slightly concave (ax f). The two articular facets ( for oceipital and
atlas body) are not sitwated directly opposite each other anteroposteriorly: the occipital facet
slopes posteromedially at an angle of about 40°, while the atlas body facet is more transverse and
faces mostly posterolaterally at an angle of about 33°. As for the ventral component of the atlas
(intercentrum), what must be its lateral part appears 1o be suturally joined to the lefi atlas of 6105
and directed towards the ventral surface of the dens. Supporting this interpretation is the presence
of a facet on the posteroveniromedial edge of the atlas arch of 61 10, immediately adjacent to the
articular facet for the atlas body of the axis (Fig. 27C, si): we thus assume that the intercentrum
was ossified in the adult. The groove for the vertebral artery at the anterior base of the dorsal arch
15 deep in the adult 6105 and shallower in the subadult 6110(t 5). Behind the transverse process,
a deeper sulcus (for “neuro-vascular structures” according o Jexkins & Parrmcron, 1976)
separates the latter from the axial facet. A very small canal is clearly visible on the right side of
6110 (t c?), the posterior opening of which, just behind the root of the transverse process, being
larger than the anterior one which is in front of the same process; whether this is homologous to
a transverse canal remains uncertain (see discussion p. 111). The atlantal canal for cranial nerve
I, situated on the medial side of the occipital facet, 1s not closed.

Axis(Figs 25,28C-E, 29A and 38A; Table 1). — Twoelements: 6105, ventral, medial and
left lateral views: &1 10, all surfaces visible.

The suture between the atlantal and axial component is distinct in 61 10 on the dorsal and
ventral surface of the body, while in 6105 it only appears as an elevated transverse ridge on the
ventral surface, but is stll distinet on the dorsal surface. The atlas component of the axis body is
wider than the axial part, Both components have two (pared) distinet nutrient foramina on the
dorsal face of the body. The dens is oriented anterodorsally, is slightly flattened dorsoventrally,
and transversely convex both dorsally and ventrally. A distinct medial keel extends longitudinally
along the ventral surface of the body and posteriorly forms a broad lip. Lateral to the medial keel
are two broad depressions which are bordered by the ventral root of the transverse processes (Fig.
28, 1p v). The neural arch (6105) is very long dorsally relative to its ventral base: hence the anterior

FFaa, 25, — Preadedphve audings. Siercophotos. A specimen-pair 61056106, pamial view. X 15 B, 6105, cervical vemchrae,
interciaviche and left clavicle, ventral yveew. X 3,

Fri, 25, — Pocadelphys andimus. Seéréaphotos. A, couple des spécimens 61056106, vae paritelle. X I; B, 61035, vertébres
cervicales, interclmicule el clavicule gauche, vue venfrale, X 3.
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PUCADELPHYS ANDINUS: POSTCRAMIAL SKEELETON 103

du

Pk 2. Pecadelpays arsdares, &0 T Slas; A, rghtl half, Lateral view; B, lefi hall, dorsolaternd vies; O beli hall, mesial view
X 155, Abbreviations: b ip, base of imnsverse process; d o, dorsal arch; ITof, Estens] face of oocipital foos: . surfoce

lor inlercentmim; | %, ransverse sulcus

e aarseeiehinle; O meofid o
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border is deeply concave and the atlanto-axial interventebral space is large. The posterior border
of the neural arch is straight. The spine itself is not intact but was low, long and thin; anteriorly
it overhangs the vertebral body (dens not included): posteriorly it only slightly overhangs CV3.
The anteniorly facing atlanal facets (at f) are oval, short and directed almost vertically. The
postzygapophysial facets face lateroventrally. The transverse process had two roots which, as seen
on 6105, did not unite laterally: as a result the transverse “canal” between the two roots remains
i wide sulcus (t s). The lateral extremity of the dorsal root on both sides of 6105 s uniformly
concave and does not appear to have been broken; this may have been the attachment surface for
a small cervical rib, a remnant of which may be represented by the bone f ragment located along
the anterior surface of the dorsal root of CV3 of 6105,

Cervicals 3 to 7 (Figs 25, 28D-E and 29A; Table 2). — Two series: 6105, CV3-7: 6110,
CV3-7 (fragmentary),

The epiphyses on all elements remain distinct. CV3 is notably longer than CV4 and both are
slightly larger than CV5-CV7. which are also subequal in length. The intervertebral spaces narrow
from CV 310 CV7. The zvgapophysial facets are only sli ghtly inclined lateroventrally on CV3, and
become nearly horizontal on CV4 (not preservéd on CV5 to CV7). The vertebral bodies are low
and wide, and the spine was apparently short (only the base is preserved on CV3-CV35), The two
roots of the transverse process of CV3 1o CV6 unite laterally, enclosing the transverse canal (it ¢);
together they produce a thick posterior process, while the ventral root has also an anteroventral
projection or tubercle (t). There are no free cervical ribs,

V3 has a distinct median ventral keel which broadens posteriorly and ends in a wide lip;
a nutrient foramen pierces the base of the keel. The lateral depressions are well developed, but
shallower than those on the axis. The anterior projection of the ventral root of the lrnsverse
process is reduced to a tubercle (Fig. 28E, t). The spinous process is nearly vertical, very short,
and the anterior border of the arch is closely appressed to the posterior border of the axial arch,
suggesting that there may have been some contact between the two arches.

Fici, 28, — Pucadelplivs andines. A-B, atlas: A, 6110, left half, dorsolazeral face; B, 6105, befi half, vemral face: C, 61 16, axis, kN
lateral face; D-E, 6105, cervical vertebrae CV2-CV7: D, right lmeral face: E. vemtral face. All drawn os preserved. X B
Abbreviations: at I, atlantal facer: ax [, axial facet: b nsp, base of meural spine; b ip, base of ransverse process; d, dens;
dw, dorsal arch; il, infesior lamellaof CVE; INax T, lateral face of axial Facer; ITof, Lateral face of occipital Facet: i, nearal
arch: ms, neural spine; poz. posteygapophysis: pre, precygapophysis, 2, sature between atlantal and axial camponent; i,
wbcrele. see text: (e, transverse canal; £ P ransverse process, ip-d, dors) rood of rransverse process: ip=v, vemeal ool
of ransverse process; 15, iransverse suleus: v [, vasculsr foramen: v k. weniral keel.

Fis. 28 — Pucadelphys andinus. A-B, arlas: A, 61 10, moitd ganche, frce dorso-latérale; B 6105, dmaniled gavche, fioce vendnale;
C. 6110, axis, ferce latérale gauche: D-E, 8105, veridhres cervicales CV2-0 7 D, face lntérale draite: E, face ventrale
Ihecun en 'éter de conservintfon. X & Abrédvigiions: at f, faceite atlantale; ax f, facente aviale: b n sp, base de 'épine
nenrale: bip, base du processus iranaverse: d. dens: d a, arc dorsal i lamelle infértenre de CVE; If ax f. foce Intdrale
o [ facetre aale; IFof, face kndrale de la facetre oocipitale: B @, are newrals o, dpine renrle; Pz, posizygapopiyse:
Pz prézygapophyse: 5. swiure entre les coutposcms aifantal et avial: 1, ishercile, voir texte: fe, canal transverse: i,
processus iransverse; ip-d. racine dorsale diprocessus transverse: fpey, ricinee venlnale dv processus transverse: i, sillon
rramsverse) v f, fonmmen vascidaire; vk, cardime veninale,
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CV4 has a broad, low, median ventral thickening that widens considerably posteriorly (it
15 nearly as wide as the posterior epiphysis): the lateral depressions are thus reduced and very
shallow. The anterior tubercle of the ventral root of the transverse process is quite prominent. The
neural arch is similar to that of CV3 and had probably some contact with that of CV2. The spine
itself was very short,

CV35 is flat ventrally. The anterior tubercle of the ventral root of the transverse process is
broken, but it was clearly longer than that of CV4; the dorsal root is covered by the inferior lamella
(lamina ventralis) of CV6 (Fig. 28 D-E, i 1). The left part of the dorsal arch is preserved (6105);
its anterior and posterior borders are strmght.

Between the two inferior lamellae of CV6 (the anterior part of which corresponds 1o the
elongation of the above mentioned tubercle and the posterior part to the ventral component of the
postenor process ), the vertebral body 1s slightly concave; the expansion of the dorsal root of the
transverse process is here separated from its ventral counterpart and is oriented more laterally than
posteriorly.

On CV7, the ventral surface of the centrum has a low longitudinal median ridge and very
shallow lateral depressions. The dorsal root of the transverse process is now completely laterally
oriented, the ventral root is reduced to a small spine, and the two roots are not fused (ie. the
“transverse canal™ is open laterally).

Tuorace verreseae (Figs 248, 29B, 30, 324 and 47A, B; Table 3). — Present in all four
specimens: 6105, Tl to TY9, ventral view (although TS5 to T9 are represented only by ventral pan
of centra); 6106, T1 to T13. ventral and both lateral views; 6110, dorsal views of ventral half of
Ta e T, dorsal and both lateral views of T10t0T13; 6111, T12 and T13, dorsal and partial lateral
VIEWs.

The presence of a small transverse process on the 14th dorsal (i.e. L1) demonstrates that
there are 13 thoracic veriebrae.

As seen best in 6106, the vertebral body increases slightly in length from Tl to T13, T1
to T4 have a longitudinal median keel which i1s broad and low on T1, higher and narrower on T2
to I'4. The vertebral body 1s ventrally angular on T3 10 T35, convex on T6 and T7, flat on T8 and
T%. and with a longitudinal median trough bordered by low broad lateral ridges on T10to T13
(a feature progressively developed from T10 to T13).

The neural spine is broken on all exposed vertebrae. except T1, T11 and T12 of 6106, and
T% and T10 of 6111 where it is low, narrow (it thickens at the top) and inclined slightly
posterodorsally: it arose on the posterior half of the arch and was transversely thin at the root. The
articular surfaces of the dorsal zvgapophyses become more vertical posteriorly and are widely
separated,

On T1 and T2, the transverse processes which bear the parapophyses for the ribs are
ventrally situated opposite the anterior end of the body: they are flat and project quite far laterally,
flaring slightly after a constriction at the root. Beginning on T3 they arise more medially on the
body, and are also more dorsally situated due to the ventral angulation of the body: they become
shorter Irom TS5 1o TV, and on TS (and those more posteriorly), they merely constitute a less and
less prominent facet on the lateral side of the body, 10 become undistinguishable on T11-T12.
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T8 is a transitional vertebra with the appearance of the first anapophysis (ap) and the first
metapophysis (mp). These apophyses become progressively longer from T9 10 T13; they interlock
and produce a secondary articulation at least from T10 to T13. The costal facets are not clearly
discernible on the vertebral bodies.

Ries (Fig. 24). — There are 13 pairs of nbs. The first nine pairs have mberculae and
capitulae. while the last four pairs lack tuberculae. The distal ends of all ribs are broken, so it 15
not possible 1o determine their exact length. The parts that are preserved consistently show a lack
of curvature along the ventral half. indicating the presence of a relatively deep chest cavity. They
are narrow, proximally compressed anteroposteriorly, with a fant longiudinal sulcus.

Losear virTesrae (Figs 298, 30, 31, 32 and 41; Table 4). — Complete series (L1 to L6} in
three specimens: 6106, ventral, lateral and partial dorsal views; 6110, dorsal, ventral and lateral
views (L2 and L3 are damaged): 6111, dorsal, lateral and partial ventral views.

The vertebral body of the lumbars (especially of LI} is very much like that of the last
thoracics, only deeper; its length increases from L1 1o L4. There are usually two nuirient foramina
(Fig. 328, n [} on the ventral body surface of all lumbars, but they are more irregularly situated
than those on the thoracics. The ventral surface of L1 has a shallow median longitudinal
depression bordered by low broad lateral ridges, almost identical to the condition of T13; on L2
the two ridges are closer and on L3 they meet in a median longitudinal crest; L4 to L6 are gently
convex transversely. The anterior and posterior rims curve slightly ventrally. producing an
incipient “saddle-shape™, and the body is completely platveoelous, at least posteriorly.

The neural spine, as seen on 6106, is very narrow anteroposteriorly (Fig. 31); it is dorsally
directed on L1 and L2, and sharply inclined anteriorly on L3 to L6; it increases markedly in height
from L1 to L4 {L4 to L6 are subequal). Due to bifurcation of the posterior base of the neural spine,
the latter 15 more anteriorly situated on L4 1o L6 and a basal sulcus develops along 115 posterior
border.

The zygapophyses are more robust and clearly more inclined than on the thoracics, with
articular facets almost vertical. The meta- and anapophyses are longer than on the thoracics, as are
the “trous de conjugaison™. These metapophyses are tightly interlocked with the zygapophyses
(Fig. 30C).

The narrow and thin transverse processes (tv p) increase sharply insize from L1 {where they
are only incipiently developed) o L6; they are inserted anteriorly on the body, all anteriorly
directed, and project more and more ventrally from L2 to L6 where they make a sharp angle with
the body.

Sacear verresrae (Figs 31, 32 and 41; Table 5). — Three specimens: 6106, complete in
ventral view (though slightly masked by underlying bones) and partly visible indorsal view; 6110,
ventral view of 51 and part of 52: 6111, dorsal view, but dorsal wall of veriebral body 15 broken
on posterior hall of 51 and all of 52 (thus is visible the dorsal half of the ventral vertebral body).

The sacrum consists of two vertebrae which together form a shon and wide triangle
(“apex” points posteriorly), but only 51 contacts the ilium (fulcral vertebra). The vertebral body
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of 82 is longer than that of S 1, as well as that of C1. The dorsal intervertebral foramen, elongate
between L6 and 51, is very small between S1 and 52, and $2 and C1. The suture between $1 and
52 is distinct, and so is the ossification fissure between body and epiphyses.

Fi. 30, — Schemanic represemation of thoracic and anterior lumbar venebrac, in venirodateral view {anterior is o kefi) A,
Ihdelphis (MNHN A 3293 111 545), T6 1o L3; B, Merachinus nudicoudimtes (MNHN 1988-68), T6 10 L2 C. Prcadelphys
ardimes (G106}, TT 1o L3, X SE Abbreviatons: ap. anapophysis: mp. melapophysis; pa, postzygapophysis; T, rib
aiac hment; ivp, ransverse process, The dois indicate the dinection off the newral spanes,

Fup, 30, — Reprdeenanion scliéfmanique des veriébres thoraciqies e lombaires amidrieures, em vine venfrolarérale {1 avans esr
o gt ): A, Dadelphis (MNEIN A 3203 17 5450 T6 4 L3: B Metschines nndicaudatus (MNHN JOER68L Ta 4 12 ¢
Pucadelphys andinus (6106}, T7 a L3. X 38, Abréviarions: ap, anapophyse; mp. méapopliyie; po, postzveapaphyse; r,
pariner latache des cdtes; g, processus fransverse, Les poiniillés inadigquens I dfreciton des dpines mearales,
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The ventral surface of the 51 vertebral body is almost flat; the sacral ribs (Fig.32, s r) flare
anterolaterally, and the ends bend sharply ventrally with the lowest point at about mid-length, 52
15 gently transversely convex. The transverse process of 51 flares anterolaterally and fuses with
a posterior extension of the 52 transverse process, thus closing laterally the sacral foramen (s f).

Fig, 3| Frargeelplys andivues, Stercopholos, &, G106, vertehese L6-51-52 C1-02 amd belt sidde of pelvis, dorsal view, X 3 3,
6 06, veneheae 407, dorsall view, % 3

o 31 Poucilelphys andimes. Sre recyrictos. A, Gk, verrdlves LO-S1-82, 102 o1 ot oinche dr FNTETER,
T+ K, 601G, verrélimes C4-07. vae dorele, X3
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The latter is subcircular, surrounded anteriorly and laterally by 51, and posteriorly by 52. Two
nutrient foramina occur on the ventral body surfaces of S1 and $2. The ilio-sacral an gle is
estimated to have been around 157,

Dorsally on 51, the prezygapophyses are expanded as two widely separated wings; on 52
they are smaller, slightly closer 10 each other and, above all, not so ventrally flared. Still dorsally
and behind the prezygapophyses, the base of the SI transverse process is marked by a thick ridge,
almost a step, oblique anterolaterally; lateral to it flares the thin sacral rib.

The base of the neural spine is preserved on S1 and $2: on S1 it extends along nearly the
entire length of the arch, with the main part located at the posterior end; the spine was probably
of moderate height and directed dorsally. On S2 the spine is very reduced and situated at the
extreme posterior end only. On both 81 and S2 it is very thin transversely.

Cavoar verterea (Figs 31, 33A and 34; Table 6a and b). — Represented in three specimens:
6106, C1 to C9, ventral view; 6110, C1 1o C3, ventral view, C4 to C5, lateral view, C 167, ventral
view, C1772, lateral, dorsal and ventral views, C207 and €217, lateral, dorsal and ventral views:
6111, Cl to CY, dorsal view (C1 is fragmentary).

C1 1o C35 are anterior caudals (i.e. those with zveapophyses), C6 is transitional. and C7 is
the first posterior caudal. There were no haemal apophyses.

The lengths of the vertebral body on C1 to C4 are subequal in 6106 (and are all shorter than
52); beginning with C5 there is a notable elongation. Ventrally the vertebral body of C1 1o C3 has
a broad median longitudinal sulcus bounded laterally by low broad ridges; C4 and C5 have a low
broad median ridge which flares posteriorly (on C5 it is more rounded): the longitudinal median
ridge becomes narrower on C6 and C7, and more elevated on C8 and C9. The anterior and posterior
epiphyses remain distinet ventrally and dorsally.

The neural spine of C1 (6106) is very short and narrow, located at the posterior end of the
arch, and directed posterodorsally; on C2 none is detectable; C3 is not visible; there is apparently
no spine on C4 and C5; from C6 to C9 the fused zy gapophyses form a very low but long keel. Pre-
and postzygapophyses are functional on C1 to C5, and prezygapophyses only on Ch: they remain
oblique; CT has only tubercles that do not contact the preceding vertebra; ana- and metapophyses
persist and interlock until C5 or C6.

The transverse processes (Figs. 31, 33t p) on C1 1o C3 are broad. situated at mid-length of
the body. and are nearly perpendicularto the latter; on C4 and C5 they arise posteriorly on the body
and flare posterolaterally: on C6 the body is narrow anteriorly and the transverse processes are
broad and “wing-like™ along the posterior part of the body: on C7 these posterior transverse
processes are reduced, and there appear narrower, posterolaterally directed, anterior transverse
processes: on C8 and C9, these anterior components have the lateral edges bent ventrally and they
are slightly broader than the posterior components, which are reduced to lateral expansions,

The veniebral body of C16? to C217? consists of an elongate rod with greatly reduced
antenor and postenor transverse processes; itdecreases in width (but not length) from Cl6 0 C2 1.

Discussion

Comparisons with Fozestrodon-Megazostrodon, Henkelotherium, Asioryctes and
Barunlesies are based, respectively, on the works of Jexkims & Parrincron ( 1976), Kress (1991),
and KigLan-Jaworowska (1977, 1978). These taxa were chosen as out-group comparisons.
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Among living didelphids, companson was made principally with Metachirus nudicandats
isubadult, last molar not fully erupted, Laboratoire de Zoologie, Mammifires ¢t Oiseaux, MNHN,
specimen no 1988-68), Maenadelphis domestica, Philander opossum, Didelphis virginiana (old
adulth and Perameles nasuia (this taxon is used because it shares numerous specializations of the
pelvic region with Pucadelpiys as will be demonstrated below) (specimens from the collections
in the Laboratoire d” Anatomie Comparée, MNHN, Paris, nos. 1967-330, A 3307, 1900-182 and

51

Fi. 32, — Prcadelpiys andings, 6106, thoracic, lumbar and sacral venebrae: A, T13 and L1-3 (veniral face); B, L5-6, and 51
2 [ventral fzce), X 5. All drawn as preserved. Abbreviations: ap. anapophysis; ¢. centrum; . epiphysis; s iliac surface;
i [ nulnent foramen; s 1, sacral foramen: s £, sacral fibs §p, transverse process,

Fic, 32, — Pucadelphys amdinus. 6106, vertébres thoraceques, lombaires of sacrées: A, T13 er Li-3 (face vemrale); B, L5-6, ¢t

312 {face vemrale ). X 5. Dessin en Vétat de conservation. Alvéviaiions: ap, anapophyse: ¢, centrem; €, épiplyse: i 5,
surfpce ilingue. 1 f, foramen nowrricier; 5 f, foramen saeré: 5 ¢, clie sacrde; | P, [rocessus Irmsverse,
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I880-1020, respectively): special emphasis was laid on Merachirus because this txon is one of,
if not the, most primitive extant member of this group (REiG er al., 1987). For these COMparisons,
the works by Coues (1872), Suipier (1946) and Tate (1933) were also used,

The first point to be noted is the vertebral formula: Pucadelplivs has 7 cervicals, 13 thoracics.
& lumbars, 2 sacrals and + 30 caudals, which is similar 1o that of many living didelphids (e g.
Didelphis, Metachirus, Philander).

Atlas. — No atlas is preserved in Henkelotherium. Sutural linkage of the ossified
intercentrum with the atlantal arch, as sugzested in the abave description of Pucadelphvs, was also
observed in Barunlestes, butnot Asioryveres or Eozostrodon, A persisting suture between these two
components makes the atlas of Pucadelpiiys less derived than in Merachirus, Monodelphis and
Didelphis. where synostosis is complete. The presence of a fully enclosed transverse canal (though
very narrow ) is recorded in Barunlestes and considered as a derived state: this canal is not present
in Asieryctes, Didelphis, Monodelphis or Metachirus (which means that the arteria vertebralis
ran in a groove at the base of the transverse process): it thus seems doubtful that the tinv canal
mentioned in Prcadelpliys 6110 (Fig. 28, 1 ¢7) is homologous with the transverse canal, since the
arterial sulcus is clearly visible at the base of the transverse apophysis: besides, a tiny canal similar
o that in Prucadeiphys is recorded in Caenolestes by Oscoon (1921), who does not consider it as
homologous to the transverse canal. On the other hand, the non closure of the canal for cranial
nerve [ as described in Pucadelphys is known only in three living marsupial genera (ie.
Ferameles, Marmosa and Monodelphis). Other similarities with Monodelphis and Metachirus
include the shallowness of the concavity of the axial facet and the shape of the transverse process.

In conclusion, only one character of the atlas of Pucadelphvs (persisting suture between
assified intercentrum and atlantal arch) is more primitive than in the atlas of the living non-
specialized didelphids.

Axis. — No axis is preserved in Henkelotherium. The large interveriebral space (between
atlas and axis) observed in Pucadelphys was also recorded in Eozostradon and, based on the
regular anterior concavity of the axis, was probably presentin Asioryetes and Barunlestes. Among
the examined didelphids, this space is longest in Didelphis, where the axis is very specialized
anteriorly (e. the spinous process is very deep with a ventrally protracted anteroventral edge).

The suture visible between the atlantal and axial components of the axis body (less
accentuated in the adult 6105 than in the subadult 61 10) is typical of primitive mammals as well
as living adult marsupials: it is discernible in Merachirus (but only faintly visible in Perameles,
Monadelphis and Didelphis) and is also recorded in Zalambdalestes and Asiorveres. The axial
part is shorter than the atlantal pant (dens excluded) in these last two genera; it is longer in
Metachirus, Monodelphis, Perameles and Didelphis, as in Pucadelphys.

The axis spine of Prucadelphys is not as specialized as in Asiorveres or Zalambdalestes. It
15 also not as specialized as in Didelphis or Perameles, but is very similar to that of Metachiris
and Monodelphis: as already mentioned, the anterior border of the axial arch in Pucadelphys is
indeed more similar in shape and orientation to that of Metachirus than to that of Didelphis, where
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itis more sharply inclined ventrally. As for the posterior border, it slightly contacts the arch of CV 3
as in Merachivus and Monodelphis, but not Philander.

The two roots of the transverse process, separated in Pucadelphys, are united in the living
marsupials as well as in Zalambdalestes; thus, the absence of a transverse canal in Pucadelphys
represents the plesiomorphic state. Finally, an unfused axial rib may have been present in
Pucadelpiys: among living marsupials a freely articulating cervical rib is only reported in
Perameles (GrassE, 1967: 608), Caenalestes and Phascogale (Oscoon, 1921).

In conclusion, the axis shows two characters (absence of transverse canal -only the sulcus
15 present-, unfused axial rib) less derived than in generalized living didelphids.

Cervicals 3-7. — The epiphyses of the cervical vertebral bodies are not distinet in
Henkelotherium or Eozestrodon, bul remain so in Pucadelphyvs (and in the examined marsupials
except Didelphis). In contrast, the neural-centrum suture is open in Henkelotherium but not in
Pucadelphys. The shape of the vertebral body of the latter is similar to that of Metachirus. The
neural spines are rod-like in Eozostrodon, low in Henkelotherium and Metachirus, almost non
existantin Perameles. Monodelphis and Philander (at leastuntil CV3) but high in Didefphis where
they synostose with each other (a specialization of that genus); they were reduced to tubercles in
Asioryctes and zalambdalestids, and apparently low and separated in Pucadelphys.

An enclosed transverse canal is present in CV3-CV6 of Pucadelplivs, but absent on CV7 as
in zalambdalestids, Merachirus, some specimens of Caenolestes and several other marsupials
(e.8. Perameles); this again represents the plesiomorphic state. There were no cervical ribs other
than axial in Pucadelphys (nor in Henkelotherium, but possibly some in Eozostrodeon).

The presence of an inferior lamella on CV6 is typical of all therians known in that respect,
including Asioryctes and Barunlestes; the situation is not known in Henkelotherium.

In conclusion, the cervical vertebrae in Pucadelplivs resemble those of living generalized
didelphids.

In summary, primitive characters of the cervical vertebrae of Pucadelphivs (i.e. absence of
a transverse canal on atlas, axis and CV7, possible axial rib, shape of the axis arch) are not
collectively found in any of the living didelphids examined.

Thoracic vertebrae. — In Henkelotherium the number of thoracics and even presacrals is
not known, and no certain thoracic vertebra is preserved.
The number of thoracics in Pucadelpliys (13) is the same as in living didelphids and
Perameles. TA-T9 are transitional vertebrae in Prcadelphys (Fig. 30C) and Monodelphis, T7-8 in
Didlelphis (Fig. 30A), TY in Philander and T9-10 in Metachirus (Fig. 30B).

Fri. 33, — Pucadelphys andinies. Stercophotos. A, 6106, vertebrae C4 10 C9, ventral view. X 3: B, 6105, left partial pes. dorsal
vicw, X 3

P, 33, — Pucadelphys andinus, Stfrdophotos, A, G106, veriddres CF-C0 vie ventrale, X 30 B G105, pred ganche pariicl, vue
dorsale. X 3.
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Fic. 34, — Pucadelphiys andinus. Caudal veriebeae: A, 6106, C4 108, venaral face: B, 6110.C1 T CIR?, CHT and €217,
lace, X 5. Alldrawnas preserved. Abbreviations: 3t p, anterior transverse process: eocplphysis: o centmn:
PEOCCEs] f i, posiereos IFansverse process.

veniral
L, Imnsverse

Fre. 34, — Pucadelphys andinas, Verébres coudales: A, 6106, C4-C8. face venirale; B. 6110, CIZ? CI8?. C207, ot C217, frce
ventrate. X 5. Dessing en I'étai de conservation, Abrévimions: al p, processus ransverse anlérenr; €, épiphyee; ¢,
CERTrTm. I p; (rocesins iransverse; | P, processies (Fansverse posiérier,
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InAsioryetes (only the first thoracic is preserved) and Barunlesies (the last three preserved),
the transverse processes are short; there is no spine, only a tubercle;: the vertebral body is wider
than long; and accessory processes (meta- and anapophyses) are also present.

In Didelphis, Perameles and Metachirus, the thoracic spines, longer in the anterior part of
the series than in Pucadelphys, become short and stouter posteriorly: in Monodelphis and
Pliilander, they are short and inclined more and more posteriorly, while in Didelphis they contact
cach other on the posterior vertebrae, a specialized state relative to that of the other genera, In
Pucadelphys, there is no evidence of an anticlinal spine. no more than in living didelphids, but in
Perameles the spinal orientation reverses at T11. Finally, in Pucadelphys, Metachirus and
Perameles, the epiphyses are distinct, whereas they are hardly so in Didelphis or Monodelphis,

In conclusion, the thoracic series in Pucadelphys, though not completely preserved, is
comparable to that of the living didelphids.

Liasrebar vertebrae. — The number of lumbars is not known for certain in Henkelotherium,
but is estimated 1o be at least six: there were possibly seven in Barunlestes, and there are six in
living didelphids as in Pucadelphiys. In Pucadelphys, Metachirus, Monodelphis and Perameles,
a5 In Barunlestes, the lumbars show a lengthening of the body more posteriorly in the series than
in Henkelotherium, Philander or Didelphis. The epiphyses are distinct in the latter genera, not by
a suture, but by a thickening of the ends; they remain distinct by a suture in Pucadelphys,
Metachirus and Perameles.

In Pucadelphys, the lambar spinous processes are narrow, high and dorsally or anteriorly
directed as in Perameles: in Metachirus, they are long, low and posteriorly oriented in the anterior
lumbars, then they become higher, straight and finally slightly anteriorly directed: this arrange-
ment is intermediate between that in  Pucadelphys on the one hand, and that in Didelphis or
Philander in the other, where they are all low and posteriorly directed except on L6; the same is
true of Monadelphis, but the spines are even lower, The latter were long and low in Barunlestes,
at least on L3. In Henkelotherium the spinous processes are not preserved.

Accessory processes are recorded on the lumbars of Eozestrodon; in Henkelotherivm the
anapophyses seem to be well developed; in Metachirus and Prcadelphys they are better developed
than on the thoracics. They remain discrete in Monodelphis, where only metapophyses are
developed, but they are stout in Didelphis. Their development seems to be related to a reduction
of lateral flexion. :

The short transverse processes of the lumbars of Henkelotherium do not seem to show an
elongation towards the sacrum. They are also short in Barunlestes “as in Didelphis” (KigLax-
Jaworowska, 1977); those of Metachirus and Pucadelphys form a very similar gradual series,
being anterolaterally directed (as in Perameles), while those of Philander and Monodelphis are
more discrete and those of Didelpfis are more robust and form a more rigid ensemble,

In conclusion, the lumbar vertebrae of Pucadelphys form a rather specialized series (within
didelphids at least), with a gradual lengthening of the body and transverse processes, and long
neural spines anteriorly directed; this situation 15 comparable to that of Perameles.
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agacral vertefrae. — The sacrum is relatively much longer in Barunlestes than in
Pucadelphiys, due principally to elongation of 52. But in both genera, it is made of two vertebrage
and there is only one fuleral vertebra. According to Kiean-Jaworowska (1978 this situation is
primitive for Eutherians (the mean number of sacral vertebrae being 3). However, Lessertisseur
& Saban (in Grassg, 1967: 624) state: “le nombre total de vertébres soudées en un sacrum est
variable et ne permet guere d'envisager une ligne claire d'évolution”. Besides, Henkelotherium
has two true sacrals (with two robust sacral ribs). Evzostrodon two to three; in addition, cynodonts
commonly had four to five (Jexkins, 1971), the Early Cretaceous triconodont Gebiconodon
probably had three (Jexkins & Scuarr, 1988) and monotremes do have three. This would seem to
contradict KieLan-Jaworowska's statement. Among didelphids, the sacrum is made of two
veriebrae; but whereas the two are almost equally apposed 1o the ilium in Monodelphis and
Didelphis, thereis only one and a half in Philander and only one in Metachirus (which incidemally
covers less than 50% of the auricular surface of the ilium as opposed to more than 50% in
Pucadelphys). moreover in Metachirus, 52, which has even a smaller contact with S1 than in
Pucadelplrys, has short transverse processes, shorter even than those of C1: elearly, in this taxon
considered as primitive on other grounds, there is practically no differenciation of 52 towards a
sacral status. But Perameles, which shows numerous specializations in that area, has the same
sacral structure as Merachirus and Pucadelphys, with an even smaller auricular surface,
To conclude, if our interpretation of the lumbar vertebrae of Pucadelphys as derived is
correct, it would seem coherent to consider its configuration of the sacrum as also derived., at least
within didelphids.

Caudal veriebrae. — Comparison of the four distal caudals of 6110 with Metachirus
indicates that they apparently correspond to C167 + C17?, and C207 + C217. Assuming that the
subsequent caudals were similar to those of the living didelphids (see below), the number of
caudals for Pucadelphys is estimated 1o be about 30, The number in some living didelphids is as
follows: Monodelphis, 187 Didelphis, 26 1o 29; Chironectes, 29 { FLowER, | B85 ); Phulander, 32:
and Metachirus, 32. Also, Pucadelphys resembles Monodelphis and Didelphis in having 5
anterior caudals, a transitional C6, and the posterior caudals begin with C7: in Metachirus C5 is
transitional while in Philander it is C4.

In Didelpdiis, the candal vertebrae have specializations associated with a prehensile tail
(Krause & Jenkins, 1983: 242): e.g. tail long, commonly twice or more the length of the precaudal
vertebral column; a median sulcus for abductor muscles and tendons crosses ventrally all the
vertebrae, zygapophyses are more vertical, transverse processes are broad and robust for muscle
attachments and present even in most distal caudals: moreover, haemal apophyses, that enclose
abductor tendons and muscles, are large and developed along nearly entire length of 1ail; finally,
sacral spinous processes are relatively well developed, commonly subequal to the height of the
spinous processes of posterior lumbar vertebrae. No such specializations except high sacral
spinous processes and a very slight ventral sulcus on caudals exist in Philander and Metachirus,
haemal apophyses in Monodelphis; none of them were found in Pucadelphvs, The caudal
vertebrac of Henkelotherium also show prehensile specializations: hacmapophyses, ventral
sulcus, and mostly considerable elongation from C6.
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The “evolution” of the candal transverse processes observed along the tail is different in the
examined didelphids: in Didelphis and Menadelphis the long transverse lamina divides into an
anterior and a posterior component persisting together for a distance; in Metachirus the wide
transverse process also divides, but the posterior component practically disappears on the veniebra
following this division; in Pucadelphys, the situation is more complex than in this genus (see
p. 109), As stated above, the transitional vertebra is C6 in Pucadelplivs, Didelphis, Monodelphis
and Caenolestes, and C5 in Merachirus.

Spinous processes are tolally absent on the caudals of Caenolestes and Monadelphis, very
faint in Metachirus and Didelphis, high on anterior caudals in Perameles, while rather low in
Pucadelphys.

In conclusion, there is no indication that the tail was prehensile in Pucadelphys.

APPENMHCULAR SEELETON,
Snovener GreoLe

Scapula (Figs 24B, 358, 36 and 38A; Table 7). — Four elements: 6105, left, external and
partial internal views; 6106, partial right, internal and external views - distal extremity of left,
internal view; 6110, distal fragment of left, internal view; 6111, proximal fragment of left,
exlernal view.

Notable features are the straightness of the posterior border (Fig. 36, pb), the relative
anteroposterior narrowness of the scapular plate (s p), the slight anteropostenior convexity of the
internal face along the posterior border, the anteromedial protrusion of the large coracoid process
{¢), and the depth of the supracoracoid incisure (s i). The plate nsell is very thin and the
suprascapular border (s b) is not thickened. The spine (s). for which we have only partial views
{the best being on 6105), is very thin, relatively highand probably deflected; it decreases in height
proximally. The acromion (a) (as preserved only on 6106, right) is a thin triangular (apex directed
posteriorly) plate-like process, set perpendicular on the anterior part of the spine and parallel to
the scapular blade. Iis anterior edge extends slightly beyond, but parallels, that of the glenmd
cavity (g c); ils anterior-most projection lies nearly dorsal to the tuber scapulae (t s5). The
supraspinous fossa (s [) seems to have been slightly wider than the infraspinous fossa (1 f)
(testifving to a robust supraspinous muscle which itself contributes to a good shoulder mobility
{Jenkixs & Weus, 1979: 408). The glenoid cavity 1s ovoid in shape, very shallow, and the tuber
scapulae high but not prominent {for insertion of the coraco-humeral ligament). The margin of the
glenoid fossa is only slightly thickened. What may be the scapulocoracoid suture is visible only
in 6106 (left).

Clavicle (Figs 25B, 26B, 35A, 3TA and 38; Table 8). — Three elements: 61035, nearly
complete left, anterior view - sternal extremity of right, posterior view: 6110, almost complete
right. posierior view - incomplete left, anterior and dorsal views.

The clavicle has the form of a very elongate S, The scapular extremity (Fig. 37, sc ¢) 15
slightly oblong and was probably thickened. but it is flattened as preserved; the sternal extremity
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FiG. 3. — Pucadelphys andinns. Left scapula, reconstnacted (6105 and 6106 combined): A, external face: B, intermal face: C.
anteros Lransverse section; D, posterior transverse section, X 3. Abbrevistions: 1, acromion: a b, anterior border: ¢ p.
corcoul process; o8 5, coraco-scapular suture; g ¢, glenoid cavity: i L infraspinous fossa: n. neck: p b, posterior border:
8. spine: s b, suprascapular I:-un:lfr'.:il'.:-ur:mpinwsI-:ImJ:5I.supms.tapularirrcimmsp_sr.-apularph:;ls.mmm-upulna:.

Fui. 36, — Pucadelphys andinus. Omoplare gauche reconstitude (basée siur 6105 er 6106): A, fioce externe: B, firce imlerme;
section transversale antévieure; I, secrion transversale postéricire, X 5, Abréviations: a. acromion: a b, bord antérieir:
€ P processis coracoldien; €35, sutivre coraco-scoapralaire; g ¢, cavitd glénoide; if, fosse sous-dpinense: n, col: p b, bord
prostértenr: 5, fpine: 8 b, bord supra-scapulatre; s f, fosse sus-Spineiuse; 51, dincisire suprascapidaice; £ p, lume seaplaine;

f 5, ruber scaprdae,

Fu. 35. — Pucadelphys ardins, Sicreophotos. A, 6105, left clavicle, scapula, humerss, uln and radivs, Venuopostenion view.
X 3 B, 6106, distal extremity of left scapula, humerus, ulna and radius, posterotateral view. X 3,

Fig. 35, — Pucadelphys andinus. Stéréoplotos. A, 6105, chrvicule paucke, omoplale, hundrus, cubits of rodiug, vue venin.
poastérieire, X 3: B, 6106, extrémité distale de Uomoplate gouche, lunnérs, cabis er radiis, vae postéro.daiérale, X 3
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{st e} is much flatter and expanded, concave anteriorly (for the omostermnal cantilage linking it to
the interclavicle) with a raised and thickened posterior border:; it is situated at aright angle relative
to the shaft; its posterior Face is relatively flat. The anterior face of the shaft shows a spiral-like
transverse convexity, while the posterior face is flaner.

Interclavicle (Figs 25B and 37B; Table 9). — Preserved only in 6105, very slightly
distoried, ventral and partial dorsal views.

The interclavicle is well ossified and relatively long; the anterior process (which supports
anteriorly the clavicle) and the posterior process (which supports the first rib laterally) are only
slightly unequal in breadth, but the anterior part is shorter than the posterior one. Ventrally it bears
a long and high keel which heightens distally, where the bone 15 as high as i 15 wide. The short
triangular arms face laterally and terminate with a “costal tubercle” (Fig. 37, ¢ t). A broad
anteroposterior sulcus occurs at the base of the arms between the median ridge (m r) and costal
tubercle. Dorsally the bone seems 1o have been shightly concave.

e pl b
5 ]
]
e Y
y 34
gm b _!
ste
A

Fia. 37, — Prcadedpines andinus. 6103: A_leltclavicle and B, imerelavicle, ventril face, X 5. Drawn as preserved. Abbreviations:
a, ransverse arm; am b, anteromesial border; ¢ e, cephalic extremity; ¢ 5, casdal surfsoe; o t, costal berche: £, groove:
mi r, imedian fdge; pl b, posterokateral bornder; s¢ e, &capulir extremaly; st e, sternal extremaiy.

Fa, 37, — Pucodelphys andinus, &105: A, clavicile ganche o B inrerclmvicnle, e ventrale. X 5 Dessios en U de
|Ihr|.::|-|'r'1'|:-lr4'rllr. Abrévimnions: a; branche trmsversele: am b, bord amtére-mésml: © & exirémilé cephaligwe; © 5, nface
coucnle; e o, twbercnle costal; g, sillon; vt . cote mediane; pt b, bord postéro-latéral; sc e, exirdmité scopulaive; si e,
wafremile sternle,

ForeLme

Humerus (Figs 35. 38 and 39 Table 10). — Six elements: 6105, nearly complete left,
anterior view - distal half of right, all views: 6106, most of right diaphysis, anterior view -
complete left, posteromternal view; 61 10, nearly complete right. posterior view - nearly complete
lefi, internal view: 6111, distal half of lefi, posterointernal view - a small fragment of the distal
end of the right.

The humerus is stoul. The head (Fig. 39, h) covers about 50% of the width of the proximal
end, and extends only slightly beyond the level of the tuberosities; it is transversely narrow and
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Py n'l..l.-,ul.._l.-. i dtrcdrriny. Nie |,\_-|-.|-};|.:|... A G axix, kefi |_|;:..r_|: wiew: fraemsents of lede scapula and humenis, iniermial
view: left clavicle, amterior view, X3: B, 6110, right humenss. posterior view, left uina and radius., inemal view: lefl

clavicle, POSIETOF view, & 1

Pucadelphys andinus. Srérdopharas. A, 6110, axis, viee latérale pauche; fragmenrs o ‘wenaplare garche et o Trauméug,
vre tnterne; clavicnle ganche, vue antéieure, X 3: B, 61 10, lueméns droir, o in® PrRadlErTeanne; cubiing of rodides pruclies.

: . I 3
Ve [ e, CIAavECile pancive, vae posidrieure, X 3
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curves sharply posteroventrally, The greater tuberosity (g t)1s subequal in breadth, but is overall
larger, than the lesser berosity (1 t); it is separated from the head by a slight sulcus, and grades
distally into a long deltopectoral crest (dp ¢) which extends half the length of the diaphysis. The
large deltopectoral surface is triangular (apex points distally), planar, and somewhat tumed down
internally; it bears only small rugosities. The lesser or internal tuberosity is not sharply demarcated
from the head (only a narrow sulcus is visible on the left side of 6106). A wide and deep bicipital
groove (b g) separates the two tuberosities anteriory and continues distally between the deltoid

2 | -:El'_
§o
E - dp ¢

Fi. 39, — Pracadelphys andinus, Humenss: A, 6105, lefl. anterior face: B, 6106, lefi, posteromesial face: €. 6110, right, posterior
fwe. X 5 Alldrown as preserved. Abbrevistions: b g, hicipital geoove: e, capilmbum; dp ¢ deltopectoral crest; ect,
cctepicondyle; ent, entepicondybe: en [ emepicondylar foramen: @ £, greater luberosity; b, head; § @ 5, internal articular
subcus: |, lesser inberosiiy; o [, olecranon fossa) s ¢, supinator ridge; €, trochiea,

Fig. 39, — Pucadelphys andinus. Humérms: A, 8105, pache, foce antéricure; B, 6106, ganuche, foce postéro-mésiale; C, 6110,
drofl, face posterieiere. X 5. Dessing en U'étar de conservation, Abréviaions: b g, sillon bicipial! ¢, capitelem: dp e, créte
defie-pectorale: eer, ectdpicondyle: ent, entépicondyle; en [ foramen emidpicandvlien: B, gramde fuberecid; I, idie;
fax, sillva artcilmre oterne; T petite labérosiid: o f fosse olécrantenne: 5 F. erdie di sgariarenr; 1 rochiée,
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crest and the posteroexternal border of the bone. Distal to the deltopectoral crest, the diaphysis is
narrow, subcylindrical in cross-section; but the bone rapidly flattens anteroposteriorly and flares
transversely: at that level, it is limited externally by a broad and thin supinator ridge (s r) that
cxtends along about 30% of the diaphysis. Internally this expanded part is limited by the
entepicondylar “crest™ which consists of two ridges that border a pronounced sulcus, itself
perforated by an elliptical entepicondylar foramen (en f): the anterointernal ridge ascends
obliquely toward the deltopectoral crest. The suture between the proximal epiphysis and the
diaphysis remains distinct in adults.

The distal end is transversely wide, but the articular surfaces are low and occupy only a
narrow part of this width, The small ectepicondyle (ect) is not thickened ante roposteriorly; the
entepicondyle (ent) is ovoid, slightly convex, and protrudes internally. External to it is a broad
sulcus, sharply delimited posteriorly on its external side, less sharply anteriorly, and obliquely
oriented (this is the internal articular sulcus of Oscoon (1921), which in Caenaolestes receives the
inner upper lip of the sigmoid cavity of the ulna). The capitulum (¢) is wide anterior] v; posteriorly
itis reduced to a crest reaching the level of the base of the entepicondylar foramen. Anteriorly the
trochlea (1) and capitulum grade into one another without delimitation: posteriorly and above the
capitulum, the bone is depressed by a deep and short fossa which receives the olecranon during
flexion of the forearm (o f). The measurements effected on the humerus of 6110 according to the
method proposed by KieLan-Jaworowska & Gamearyas (1994) indicate that there was practi-
cally no twisting of the bone.

Ulna (Figs 35, 388, 40A-D and 45C; Table 11). — Six elements: 6103, left, complete
except for distal epiphyses, anteroexternal view - isolated proximal half of right, internal, external
and posterior views; 6106, proximal half of left, internal view (olecranon incomplete); 6110, left,
internal view - right proximal part, external view; 6111, median fragment of left diaphysis -
isolated proximal half of right, anterointernal view.

In length. the ulna is equal to or slightly greater than the humerus. It is wider than the radius,
hence stout. The olecranon process is long, with a convex upper border (6111 right): it is slightly
inclined internally; there is no terminal tbercle. The anterior margin of the olecranon appears (o
be slightly concave. Its internal face is depressed by a longitudinal sulcus, while its external face
s practically flat. The “beak™ of the olecranon is directed externally, with no internal projection.

The greater sigmoid cavity (g s¢)is narrow, high. oblique dorsoventrally and externointernally,
convex transversely on the internal part for the humerus, and flat on the external part, also
apparently for the humerus. The lesser sigmoid cavity (s s ¢) for the radius is apparently small and
only shightly excavated. There is a well developed coronoid apophysis (¢ a), but there is no internal
coronoid tubercle: this apophysis is strongly protruding internally, anteriorly underlain by a
depression with an orifice, and limited laterally by a strong ridge. The diaphysis is very
compressed laterally so as 1o form a ridge posteriorly: distally it becomes more ovoid, slightly
arched and shghtly narrower. No distal extremity is preserved; the most complete specimen
(105) did not have the distal epiphysis fused, and it was lost during fossilization.

Radires (Figs 35, 388, 40D-F and 45C: Table 12). — 6105, left, complete except for distal
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cpiphysis, anteroexternal view - isolated, proximal half of right, anterior, external and internal
views; 6106, left proximal third, internal view; 6110, left, internal view: 6111, fragment of lefi
diaphysis - isolated proximal half of right, anterointernal view,

The anteroposterior curvature of the bone is gentle, the lateral one is more pronounced
distally. The proximal articular surface (Fig. 40, p as ) is ovoid and compressed with a transverse
long axis, and noticeably concave. Under the thickened proximal border, there follows a neck (n),
itsell immediately followed by a strong bicipital tuberosity (b t). rather highly situated. The
anterior face of the bone is convex proximally, becomes flat distally, the anterior ridge quickly
disappearing; the external face, wide proximally, becomes more convex distally, where a median
sulcus is discernible, presumably for the ulnar crest; the internal face narrows to a ridge distally.
The diaphysis is triangular in cross-section at mid-length. No distal extremity is preserved.

Ineachcase, the ulna and radius are, as preserved, in contact along nearly theirentire length:
only under the bicipital tuberosity is there a very narrow interosseous space. This testifies toa very
limited capacity of rotation. Proximally the bones are situated anteroposteriorly relative to each
other, but soon torsion brings the radius in an internal position relative to the ulna.

Manus. — Nothing is unguestionably preserved of the hand, but see cautionary remarks
under pes (p. 139).

Dtcosion

Scapela, — In Megazostrodon, there is no distinet supraspinous fossa. In Henkelotherium,
the scapula remains more primitive than in Prcadelphys with a massive coracoid component, but
the supraspinous fossa is said to cover almost two-thirds of the external surface.

No scapula is preserved in Asioryeres. In Barunlestes, where the ventral part is preserved,
the extensive tuber scapulae and the coracoid process were developed in a way more reminiscent
of metatherians than of modern elaviculate cutherians. In Pucadelphys, the tuber scapulae is
smaller than the coracoid process, as in Mefachirus. In Barunlesies, the spine starts at about the
same level as in Pucadelpliys, that is, slightly higher than in Didelphis. In the latter. the two fossae
are subequal (as in Perameles), the spine is thicker than in Prcadelphys, the posterior border more
convex, the glenoid cavity flatter and more complex, and the internal face regularly concave; there
15 no overhang of the coracoid process, and the plate itself is relatively thicker.

In Philander, the infraspinous fossa remains very slightly larger than the supraspinous

Fa. #). — Prcadelphys amdinue. A-C. 6105, proximal part of right ulna: A, internal face; B, posterior face: C., exiernal face. D,
isolared, proximal end of articul#ted right ulna and radius, anterior view: E- F. proximal end of left radius: E. 6105, inemal
Face: F, 61140, anteroextemal face, X 5. All drawn as preserved. Abbreviations: b 1. bicipital tuberosity: ¢ . coronodd
apophysissext. external, [e | fossa forexienior ligameni: g se. greater sigmoid cavity; int, imemal; m, neck: o b oleceanon
beak: a p. olecranon process: p a 5. proximal anicular surface; R, radius; 8 % ¢, lesser sigmoid cavity: U, ulna

Frz. 40— Pucadelphys andinus. A-C, 6105, partie proxumale du cubities drofii: A, face interne; B, face posiérieure: C, face externe;
1), spdeimen isold, exirésité proximale du cubirus e du radius en articalation, viee artértewre; E-F, extrémiid proximale
e rarclius gauche: E 6103, face interne; F, 61 1) face antéro-caterne, X 5, Dessing en " étar de conservation, Abrdviations:
Bt rubérosicé bicipirale; ¢ a. apoplyse coronotde; ext. exterme; fe I, fosse pour e igament externe; g5 e, grande cavieé
sigrmaicle; Bnd, anterne; an, col; 0B, beo de laléoraune; o p. processus slécranten; P a g, surface arficilpine procimale:; K,
rerelfans; £ £ €, petite cavird sigmotde; U7, crlrinus,
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fossa; otherwise the bone 15 comparable to that of Merachirns; but in the latter as in Monodelphis,
it is the supraspinous fossa which is slightly larger than the infraspinous, the spine is very thin.
the posterior border straight. and the acromion not thickened, all character states as in Pucadelphys.
However, in Metachirus the mber scapulae i1s lower, and the coracoid process less recurved
internally than in the other two genera; the coracoscapular suture remains distinct, at least in the
subadult specimen which we used for comparisons. Finally, the scapula of Manadelplis has a
deflected spine as in Pucadelpfiys.

It thus appears that Prcadelphys has an unspecialized scapula, combining all primitive
character states found isolated in living didelphids.

Clavicle. — The assignment of this bone to Eozasfrodon is only tentative. The clavicle of
Henkelotherium, which must have been quite long, is rounder than that of Pucadelphys and not
widened sternally. No clavicle 1s preserved in the Mongolian eutherians.,

The clavicle of Didelphis shows the same general features as that of Pucadelphys (but the
torsion is more accentuated relative at least to the preserved state in Precadelphys, which may be
the result of some flattening during fossilization) and the interclavicularextremity more flattened;
also the scapular extremity does not make an angle on the long axis: finally it is relatively shorter
(112 of length of the scapula, compared to 2/3 in Pucadelphys).

In Metachirus, the clavicle is not as clearly S-shaped as in Pucadelphys, and there is no
posterior spiral convexity; but the stemal extremity is hollowed venirally with a raised medial
border as in Pucadelphys. The clavicle of Monodelphis is more similar to that of Pucadelphys, but
its sternal extremity, though less angled relative to the shaft, is relatively wider; the same is true
of Merachirus. In Perameles, the clavicle is absent or rudimentary.

In conclusion, the clavicle of Pucadelphys is that of a typical non specialized didelphid.

Interclavicle. — The homologies of this bone have been widely disputed; it seems logical
to consider it as homologous to the episternum of monotremes and (o the “manubrium™ of
Caenolestes (OsGoon, 1921). No interclavicle is known in Cretaceous therians, and, according to
Kness (1991), none was developed in Henkelotheriion. As for Eozostrodon, the same remarks
noted for the clavicle apply to the interclavicle.

In Didelphis, the interclavicle is shorter than in Pucadelphys and the arms divide o
longitudinally into two equal parts; it is also more concave dorsally, and the ventral keel
completely disappears distally. Similarly in Perameles, this keel becomes considerably lower
distally. In Merachirus the bone is very similar to that of Pucadelphys. In Monodelphis, the
anterior and posterior parts are also quite unequal as in the latter two genera, but there is practically
no ventral keel.

Overall, the interclavicle of Pucadelphys is typically didelphid.

Huwmerus. — In Henkelotherium, the bone is long and robust; a peculiarity is a strongly
marked muscular insertion on the mesial face of the shaft not found in Pucadelphys, which
presumably would represent the derived state for this character: in Eozostrodon the bump is even
more accentuated than in Henkelotherium. Also in the latter, the deltoid crest is robust but
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relatively shorter (1/3 of the bone against 1/2 in Prcadelphys), The entepicondyle is prominent.
Compared to Barunlestes, 6105 has a less curved diaphysis, the deltopectoral crest is more
prominent; there is the same groove between both berosities. But most notable is the difference
concerning the distal extremity, which is much wider in Pucadelphys; also the entepicondyle is
better developed and there is no supratrochlear foramen; finally, the susepicondylian crest is
lacking in Barunlestes. and the supinator ridge is not as wide and sharp,

In Metachivus, the bone is relatively more slender than in Pucadelphys, the deltopectoral
surface is as smooth and long but not deflected as in Pucadelphys, and the supinator ridge is
relatively shorter. There is no third distal articular surface; such a feature, described above in
Pucadelpiiys, is mentioned by Oscoon (1921) for Caenolestes as being exceptional for marsup-
1als, and he considers it as more indicative of digging than cursorial habits. The humerus of
Didelphis 1s more similar to that of Pucadelphys than to that of Metachirus: the proportions of
the bone are slightly different and the head is relatively wider, but dorsally the latter does not
extend beyond the tuberosities any more than in Pucadelplivs: the deltopectoral ridge extends over
half of the length of the bone and the deltopectoral surface is turned downward as in Pucadelphys;
finally. a clear sulcus also separates the entepicondyle and trochlea, without however articulating
with the upper lip of the ulna. The situation 1s the same in Philander and Monodelphis, whose
humerus is very close to that of Pucadelphys in every aspect: proportions, triangular and deflected
deltopectoral surface, high supinator ridge, and distal width with a third articular surface, That of
Perameles also shows a deflected deltopectoral surface, but the bone is even stouter, the supinator
ridge less high and a supratrochlear foramen 1s present.

Aninteresting feature in the humerus of Pucadelphysis the great development of the areas
for the extensors of the forearm and the carpus, although it is relatively no greater than in terrestrial
didelphids such as Monodelphis or Metachirus. To be noted is the difference between the humeri
of these last two forms, both terrestrial, but with some saltatorial capabilities in Merachirus,

Ulna - Radins. — The ulna and radius of Henkelotherium are slightly longer than the
humerus: the proportions are not clearin Prcadelpliys since the distal epiphyses of these two bones
are not preserved, but they appear to have been subequal: the two elements are about equal in
Didelphis and Merachives. In Henkelotherium, the ulna and radius were more slender and closely
appressed over the whole length: another notable difference is the stronger olecranon and the
deeper sigmoid incisure than in Prcadelphys. In Barundestes the two bones have proximally an
anteroposterior position relative o each other, a position more typical of metatherians than of
eutherians. The olecranon is “slightly bent forwards” (KieLax-Jaworowska, 1978) like in
Prcadelpliys, but it is shorter, notched anteriorly and terminated by a whercle; the beak of the
olecranon 15 extended internally in a lip which is absent in Pucadelphys.

In Metachirus the ulna is more gracile and the olecranon shorter than in Pucadelphys. and
there is an even more developed upper internal lip above the greater sigmoid cavity, as in
Barunfestes: also the lesser sigmoid cavily is more distinct and hollow. The same remark
concerning the upper lip applies to Didelpiis; on the contrary, in Monodelphis the internal lip is
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reduced: it thus seems that, contrary 1o Oscoon’s statement, there is no relationship between the
presence of an internal articular surface on the distal extremity of the humerus (present in
Monodelphis) and the presence of an internal upper lip on the ulna; the latter may also correspond
10 an extension of the surface for the digit flexor muscles. In Monodelpiiis, the bone is again more
gracile than in Pucadelplys. but the olecranon is as high and the morphology very similar. The
olecranon is particularly high in Philander, but the bone is rather stout.

In Barunlestes, the proximal surface of the radius is much more complex than in Pucadelphys,
this time in 2 cutherian fashion. In Metachirus, Monadelphis and Didelphis, this surface is similar
to that of Pucadelphys but more rounded. In the latter, the diameter of the radius relative (o that
of the ulna comes closer to that of Merachivus and Monodelphis than to Didelphis, but the bones
are relatively more stout.

In Metachirus and Didelphis, the ulna and radius remain slightly apart for the whole length
in the latter and for the upper third in the former, Mefachirus being thus closer in this respect to
Pucadelphys. The two bones remain somewhat more apart in Monodelphis, the radius being more
curved, Perameles is very specialized in this area and not comparable to the other forms examined
here.

Inconclusion, the general stoutness of the ulna and radius in Pucadelplys can be considered
as primitive, and no particular morphological specialization distinguishes these bones from those
of living terrestrial didelphids.

Pervie Grork (Fies S1A, 41, 42 amd 478; Table 13)

Three elements: 6106, complete, ventral view: 6110, left ilium (all views) and ischium
{external view) - part of right ilium and ischivm (internal view): 6111, nearly complete, left and
right ilium and ischium, dorsal view.

The suture between the ilium and ischium is clear dorsally. that between the ischium and
pubis clear ventrally, but that between ilium and pubis is less distinct.

HNiwm. —The ilinm forms a little more than half the length of the pelvis, which makes it
relatively short; its main characteristics are the strong anterior eversion, the thinness and the
dorsoventral expansion of the anterior part. It is an elongated, spatula-shaped bone, with a deep
dorsoventral iliac wing, and a long but not so deep iliac body. The iliac wing flares anterolaterally;
the dorsal border is acute. the ventral border even more 30 and the iliac crest which unites them
anteriorly is rounded and thin, The lateral { gluteal) surface is concave laterally in the longitudinal
direction; more laterally and dorsoventrally, the wing is divided by an oblique crest into aconcave
lateroventral (iliac) surface (Fig. 42, i s) and a convex lateral surface. The internal surface is
uniformly concave for veriebral muscles (anterior half) and for the sacral rib more distally
(auricular half); the entire iliac wing remains thin.

The much thicker iliac body is narrower dorsoventrally, but flares somewhat distally in front of
the acetabulum (a c); its ventral (iliac) face (i £) 15 well delimited and rounded. The dorsolateral face
is slightly concave, and the endopelvic face deeply concave. The dorsal border joins the iliac wing by
adeepnotch, the great sciatic (g s n). Details of the acetabulum are not observable, the cavity being filled
in all cases with the femoral head: the majority of the cavity is ischiatic.

Ischitm.— The ischium is nearly as long as the ilium, extending posteriorly from the ilium
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as a thick longitudinal branch which flattens distally. In dorsal view this branch is twisted, the

medial border becoming dorsolateral (long sciatic spine (s ) plus weakly concave sciatic notch)
and at the same time the medial face becomes dorsal. The ventral face of the same branch is slightly

convex immediately behind the acetabulum and the cotyloid notch: it becomes flat posteriorly on

Foi. df Pucodeiphys andinus, Sréndopfaotos. 106, pedvis of [3-C0, viee vemirale! dnbia, peérone of faree droafs, vae evieme, A8
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both sides: the distal branch is wide and flat and makes a right angle with the longitudinal branch.
The ischiatic participation to the symphysis is not known since the suture between pubis_ and
<chium is not visible at that level. The ischiatic tuberosity (i 1) is little pronounced. There is no
obturator tubercle.

Pubis. — The two branches of the pubis make an obtuse angle one with the ather; the acetabular
branch is relatively narrow and the longitudinal branch even narower. There is only a weak pectineus
tubercle (pt) at the ilio-pubic junction. The obturator foramen (o 1) is obliquely elongated and the pubic
symphysis (s) relatively long. There is no pubic tubercle at the anterior junction of the two !mhm.

Os marsupinm —The os marsupium (nearly complete left and right in 6106; proximal part
of rightin 611 1) is along. thin, flatand relatively short bone that is broad basally, wtmn: Il occupies
only about 40% of the anterior pubic border: it tapers proximally and bends slightly laterally
(Fig. 41; Table 14).

Fai. 42, — Pucadelplivs andims, 6106 and 6111 combined, left lateral face of pelvis, restored. X 5. Abbreviations: 1, ilium:; 15,
ischivm; P, pubes. ac, acetabulun aor, anberior cnest; € b my contact border for o5 marsupium; € n. ooty lawl nalch; § 5
m, great sciatic notchs § F ikiac face: i Ux inferior posterior spine: § 5, iliac surfaces § L ischinlic uberosity: o [, oblurator
foramen: 5, symiphysis 5 I sscnl Beed = 5, s0alic spinc. 4 2 i, srnall seiate notch.

Fr, 42 — Pucadelphys andinus. Face larénnle gosche du bassin (reconstrsclion basée sier 6106 er 6/ 11), X 3. Abréviarions: I,
ilian; IS, ichton; P, pubas; ae, scetabulion; @ o, créte anvdéricire; ¢ b mr, bord de contact poar Ues marsupial; € o, imcisure
colvlmide: g £ m, prande oreiiure sciatgue; |f, fvce iloqgue: | 5. &pine inférieire posténieure; § 5, surface ilague; 11,
fafsérasitg Brchiatigee; o f, foramen obiiraienr; 5, svmplivse; 5 foe sacnde; 5 5, dpine sciatigue; § 5 m, pelile rcisure
SCRATRGE.

Fio. 43, — Pucadelplns aodinns. Siereophoios, A, 6106, right femur, posterior view; parial tibia and fibuka, external view, X 3.
B, 6105, left famur, tibia and fibula. external view, X 5,

Fr: 43, — Pucadelphys andinus. Stérdophoros. A, 6006, fGuinr drofl, vae postérieare: iihin ef péromés. vae externe, X 32 8. 61035,
feirrrane et {ifia oF peroné, viee externe. X 5,
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HinpLisg

Femur (Figs 43, 44, 45C and 47A; Table 15). — Seven elements: 6105, left, missing
proximal end, anterior and external views: 6106, complete left, posteroexternal view - complete
right, posterior view; 6110, complete right, posterior and both lateral views - complete left,
anterior and partly posterior views; 6111, complete left, anterior, posterior and external views -
complete right, anterior and external views.

The femur is slightly longer than the humerus; it is practically straight, and greatly
expanded proximally.

The head (Fig. 44, h) is wide. hemispherical, and its base is circumseribed by a suture line,
A very shallow fovea capitis for the ligamentum teres is visible, inan excentric position. The neck
is very short, making an angle of 40° with the diaphysis. The greater trochanter (g 1) is slightly bent
anterainternally: it does not reach the level of the top of the head but only that of its sutural base;
it is broad and borders externally the deep trochanteric fossa (Uf); a marked and short ridge delimits
the latter externally: but no clear intertrochanteric ridge delimits it internally, only a marked bump
{tc¢). The lesser trochanter (11) is panticularly large, lamellar and V-shaped with the apex directed
internally; a notch joins it with the base of the head. The third trochanter (1 1) is represented by
amodest swelling on the external face of the diaphysis situated across from the distal edge of the
lesser trochanier.

On the anterior face, the bone is extremely concave under the crest of the greater
trochanter, then convex except for a sulcus along the edge of the external border. Further down,
the diaphysis is ovoid in cross-section, with an anterior flatiening.

On the distal end, the condyles protrude posteriorly as usual; the external condyle (¢ ¢} is
wider transversely and the internal condyle (1 ¢) longer anteroposteriorly: but they reach about the
same level distally. Anteriorly, the patellar fossa is high, wide and shallow. The external trochlear
crest is slightly sharper than the internal one. The susepicondylar tubercles (s ¢ t) are modest but
distinct.

Patella. — There is no evidence of an ossified patella,

Tibia (Figs 41, 43, 45, 46, 47A and 48; Table 16). — Six elements: 6105, complete left,
external view: 6106, complete right, external view - complete left (except for small part of
diaphysis), internal view; 6110, proximal half of left. external view: 6111, left, external view -
right, posterior view.

The tibia is slightly longer than the femur. The diaphysis is nearly straight (at least as
preserved), although in anterior view the tibial crest has a slight sigmoidal curve. On the proximal
surface, the interarticular spine is higher than the two lateral articular facets, of which the external
one (Fig. 46, e f) is the larger. The anterior, external and internal tuberosities are not very
prominent; a distinet fibular facet (f f) occurs on the posteroexternal surface, just below the
external articular facet which overlaps the shafi. Proximally, the diaphysis is tnangular in cross
section (apex anterior), while distally it is flattened externointernally, but it remains relatively
wide anteroposteriorly. The external surface is flat proximally, then transversely concave distally;
the internal surface, barely convex proximally, becomes flat distally. Posteriorly and proximally,
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pa f
Fic. 44, — Pucadelpiys andines. Femur, panly restored: A, anterior face of right (combined beft and right 6106 and 6110); B,
postersor Face of ight (combined befi and right 6106 and &1 105 C, exiemal face of right proximal end (6110461 115 D,
external face of kel distall end (beft 6011 ard right &1 10 reversed); E, 6110, distal surface af right; F, 6106, mternal view
of lefidestaliend. X 5. Abbreviations: e coexternal condyles et g, extemnal trochamteric crest: # L greater trochanter; b, head,

i o, imemal condyle: i m, imercondylar noich; § e, intenmochanteric crest; 1o, igne dprc: |1 besserirochamer; pf, poplieal
Tossa; pa [, patellar fossa; s e £, sus-condylar iubercle; te e, bump (voir iexiel; ©F, irochanteric fossa; @ £ third irochanber,

Fiii, §4. — Pucadelphys andinus. Fémuer parriellemens restmirds A, free amidrieare di fémuer drol { recovaiiranion basde sue &Nk
erdil 1 B, face postéeieane digémir drotr fbasde sur 6008 er 1100 C, fince extermede Uexirdmind proofimale droite (basde
suréd Mberaf I F); O, face exterme de Uextsémund disiele gavche fhasée swr be spécimen 68 1 geache er be apécionen 6 10
drevit remversél; £, 6110, surface distale di i drois; F, 6106, vue interme de Uexerémitd disale gauche. X 5,
Abreévianions: ¢ ¢ condyle exterme: £ 6, crcie iroclaiériemae exterse; g 5 grond frochanier: B, i6kes F e, condyle inferme;
£ ar; dctmcniere tercondy ere, § e, orfte inrerirachanidrienne: La, Mgne dore; T peai rrochaniers; pf. fosse poplinde:
par f fesse parellaie; 5 ¢ &, fubercule sus-cordylien; [ ¢ ¢, bosse (voir fexte); & f, fosse frochanifrmenne; I L brotsiéme
troncTamier,

Cruroer AR Pang



LARRY G. MARSHALL & DENISE SIGOGNEAU-RUSSELI




PUCARELPHES ANINNUS: POSTCRANIAL SKELETOMN 137

there is a wide and deep vertical depression; a faint “ligne oblique”, which separates the popliteal
surface from that for the flexor digitorum, continues to the mid-length of the bone. Distally, the
bone widens somewhat: the internal malleolus (i m) projects slightly more distally than the
external malleolus (e m) of the hibula. The distal articular surface itself is not accessible.

Fibula (Figs 41,43, 45, 46A, 47A and 48; Table 1 7). — Six elements: 6105, complete left
(except for distal epiphysis). posterior and external views; 6106, complete right, posteroexternal
view - left, anteroextemal view; 6110, proxima

left, anterointernal view - nearly complete nght (lacking only distal epiphysis), intermal view.

The tibula is slightly shorter and more slender than the tibia. The two bones are complete
separated. The fibula flattens somewhat proximally and distally, while remaining relative
robust at mud-length; at that level, it 15 sem-circular in cross-section. Proximally the sivloid
apophysis (Fig. 46. s a) is prominent; a distinet tibial facet occurs on the internal face muk-in:__: a
salient lip, and the bone is strongly concave posteroexternally for a short distance, At the distal
end, there is a broad internal facet for the astragalus (a f) and the external malleclus (e m) is well
developed.

y
v

Fii. 45, — Prcodelplive ardirues, Stercophotos A, G106, left tibia and fibals, tarsals and teo metatarsals, internal sses, X 4
B. G108, lefi ibin and Gbula, lateral view, X 3 C, 6106, lefi femor, proxinel past of tibia and Dbula (fopk, mbermal

view: uina and radies (bouom). anterior view, and ight fool, deesal view, X 3

Fie, 45, — Pucadelphys andinus, Siéndophoios, A, 6006, fbia of pérond garcies, dorsiens o deio méiamersiens, viee inreme. X 3;
B 1S, tibiaer pénoné ganches, vie bnidrale. X 3; C, 6006, Emucr gerac e, parite proximale du iibie enda péroeed | en Do ),

1 VINE RN ciehiras of radius fem bas ), @ vie emife e, 1'I'|l=.'|'|.I aronl, @0 vie dorsale. X

half of left, external view; 6111, greater part of
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Fro. 46. — Pucadelphys andinns. A, 6106, right 1ihia and fibula, anteroexternal face; B, 6106, right tibin, anterior face; C, 6106,
right proximal surfzce. X 5. All drawn as preserved. Abbreviations: a f, astragalar facet; e [, external facel; ¢ m, external
nialleolus; [ e, femoral comdyle; [T, fibuksr Facel; i b, imerosseous border; i £, internal facet: | gs. interglenoid spine; i m,
indernal malleodus; £ a, stvloid apophyio; g, tibial onest.

Fi, 46. — Pucadelphys andinus. A, 6106, ribin et fibrla drofrs. face antéro-externe; B, 6106, ribia droir, fece antéreire; C, 6106,
ribice dvodr, surfitee proximale. X 5. Desstus en Uérar de conservarion. Abréviarions: a f. focette astragalienne; & f, focene
externe; € m, malléole externe: [ e, condyle fémoral: [ F. facetre fibulaire: § b, bord imterossenx; i f, facette interme;
i s, dpive imerglénorde; §wr, malléole intenre; 5 @, apopleie srploide; 1 e, eréte tibiale,
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Pix

Elements of the pes that include some tarsals and associated metatarsals are represented
on the left and right sides of 6106. Reference of these elements to the pes is certain because the
tarsals remain articulated with the tibia and fibula. Two other element groupings (6105 left, 6110
left} are also cautiously assigned to the pes because of their possible relationships with tibia and
fibula, although in these cases they are not directly articulated with these bones. The elements
common to these two last groupings are indistinguishable, but the ?cuboids of 6110 are not
identical to those of 6106 and the ?metatarsals of 6105 are generally shorter and more robust than
in 6106. We attribute these differences o individual variation, but because the cuboid of the pes
and unciform of the manus are very similar in didelphids, we are unable to state decisively that
the elements in 6105 and 6110 are not, in fact, of the manus.

Astragalus (Figs 41, 45A and C, and 48). — Three clements: 6106, left, dorsal view—right,
partial ventral view: 6111, left, ventroposterior view. All three specimens are displaced and
squeczed between the distal ends of the tibia and fibula on one hand, and the calcaneum on the
other, and thus are distorted and give only partial views of the bone,

It appears that no neck separated the “head™ from the “body™: the former is only partly
visible. Dorsally, a continuous ridge (the medial trochlear erest) separates the inner malleolar
facet (Fig. 48, im ), deep and elongated, from the tibial or trochlear facet (1 £); the latter 1s shallow.
A ridge essentially parallel to the first but weaker and shorter (the lateral trochlear crest) isolates
a concave libular facet (f f) on the external side of the astragalus. For the plantar face, and if one
interprets correctly 6111, the concave surface comesponding to the calcaneum (CaA of SzaLay,
1982) is high and narrow, and limited distally by a condyle: a wide interosseus sulcus separates
the CaA from the distal condyle, where the surfaces for the sustentaculum tali, and for the
navicular more distally, are practically continuous one with the other,

Calcanenm (Figs 41, 45A and C, 48, 49, 50 and 51; Table 18). — Five clements: 6105,
complete left, isolated, all views: 6106, nearly complete right, external view - nearly complete lefi,
ventral view; 61 10, nearly complete right, isolated, all views; 6111, incomplete lefi, external view.

The following description is based on 6105 left (Fig. 49). The posterior half or heel accounts
for almost 50% of the total length of the caleaneum; it curves internally at the posterior end. It is
high dorsoventrally and narrow from side-to-side; the dorsal border is even narrower than the
ventral one. It terminates with a robust tuber calcanei (t c), the posterior face of which slopes
anteroventrally; the medial side 1s more bulbous than the lateral. The anterior half of the calcaneum
is subequal in length and breadth. The dorsal surface is dominated by a high, ovale whberosity for
one of the two calcaneo-astragalar facets (CaA): medial o it is a broad shelf, the sustentaculum
tali (s t). supporting the small and ill-defined second calcaneo-astragalar facet; close 1o the CaA
i5 the narrow, anteroposteriorly elongate sulcus calcanei (s ¢), pierced by a tiny vascular foramen.
The long axis of the CaA is oblique relative to the axis of the heel (=457 ); its surface itself is convex,
more soon the external side, and no clear fibular surface (CaFi) is discernible (unless the external
border of this facet is for the fibula?). Anteriorto the CaA is a notable expansion, the distal process
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(d p), which is slightly convex dorsally, a convexity limited internally by a strong concavity, but the
sulcus forthe tendon of the peroneus brevis is poorly defined ( gtpb). The concavity is limited externally
by a rounded rim corresponding to a well developed peroncus process (p p) (somewhat incomplete on
the specimen). The edge of the distal and peroneal processes limit dorsally the cuboidal Facet (c f).

Fii, 48. — Pucadelphys andimes, A, 6106, right pes. dorsal face; B, 6106, left pes, ventrolateral face; C, 6110, left metatarsal TII,
proximal extremity, extemnal face. X 5. Drawn as preserved, Abbreviations: A, astrgnbus; CA. calcameum; CU, cubaid;
F. fibula; MT. metmarsal; NA. navicular; T, tibia; ¢, cavity for adjacent metatarsal: e m, externsl malleolus: TT. fbalar
Facet:im. internal lnnlltv:ll‘.u:i'_lrIII',lll:ru.-r||:|.:-|IIm,:.l:u'|','-|-p|;'|_;pp.mmnml|'|r|:|-_-t-.qg;r,ridp;,5.;-.:-[-.::;,1-_5“.5..;_-:|_¢n:i|.;u|;rm|-|.;|:,-|n:-_
i I wrochlear facetr.

Fi. 48, — Pucadelphys andinus. A, 8106, pied droir,foce dorsale; B, 6100, picd gawche, face ventro-latérale; C. 6110, mérararsien
NI pouche, extrémité proximale, face externe. X 5. Dessing en I'éiar de conservation. Abréviarions: A, asirapale: CA,
caleanéun: CU, cubolde; F, péroné: MT, métatarsien; NA, maviculaire: T, ibia: ¢, cavité destinde an métalarsien
adjacent; e m, malléole externe; ff, focene fibulaire; im, malléole interne; m f, facette malléolaire interne: pp, processis
PEroncen; I, ciie, Wir fexte: su, condyle suntentacrleive: ¢ f, facette rochiéaire,
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In plantar (ventral) view, the peroneal process forms a tnangular point antenorly; it 15 quite
protruding and is bordered internally by a bump (b). the distal plantar twbercle; between the two is a
groove, presumably for the digit V abductor. The cuboidal facet is vaguely diamond-shaped and quite
challow: it is inclined from anterior to posterior and external to internal, and nearly perpendicular to the
long axis of the bone.

Mhe caleaneum 61 10 is smaller than 61035, as is the entire specimen; it is also somewhat abraded.
Its main difference concemns the cuboidal facet, which is oriented more internally than distally.

T, 49, — Precadelmiys aadiracs, 6105, lef calcaneam: A, external faos; B, ventril Faoe: L, dorsal Face X 15, Abbreviations: b

hump (see text): CaA, astragalar condvie: o £ cuboidal facer d p. distodateral process; g ph, groove for temdon of peroneds

heeviss b, heels pp, peroneal process: ¢, suloas calcamen: ® € sustentaculam Ll 1, luber calcanct

i EL Pucadelphys andimus. S50, « fafeardie Fanche: A, fooe Sherme B face verirrale: C, fce dorsale. X 15 Abréviations;
|I!- [ 21 VR IERieE ) f'“- 1_ i .-I__ll-_|| :.'\-_'|.|',\_.i.ll| ;! et || P NE |'J'-'|'||'|I|'I'||.'|I ] I'II-'. FAFEM ERIRLE |II-"!|' lllll.' rl"‘- _l.:rll'ﬂh "I'III"". .“'"'“.

L renclo die perorees brevies e ralon; pp, procesius peroaen; 5 ¢, ainlons calcane s £ §, S alieen il 0, raber
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Navicwlar (Figs 4, 41, 45C and 48). — One element: 6106, right. complete but partly
hidden by adjacent bones.

Cuboid (Figs45A and C, 48 and 52; Table 19). — Two certain elements: 6106, right, dorsal
view—Ilefl, plantar view. Two uncertain elements: 6110 right, all views except ventral: and 6105
left, dorsal and external views.

The cuboids of 6106 show a triangular dorsal face (Fig. 52C), with a distal base articulating
with the whole surface of metatarsal IV and a small part of metatarsal V (su IV-V). This dorsal
face is almost flat; its internal border is slightly indented for the cuneiform. Proximally a crest
separates the internal and external surfaces: the former is deep. flat and quadrangular. The external
face (Fig. 52B), articulated for more than the proximal half with the calcaneum (c ). and dorsally
with the navicular (n ) seems to be almost flat; the distal half of this external face bears two
tuberculae separated by a deep pit for the tendon of the peroneus longus muscle (1 p 1). Finally,
the ventral face seems to be narrow and convex from side-to-side.

The cuboid? of 6110 differs essentially in its proportions, being stouter, and also in the
calcancar facet. which is clearly convex proximodistally. The dorsoexternal bump is much more
protruding than the ventral one. These differences may be attributed to better preservation of the
bone in 6110, Onthe distal face, the facet for metatarsals IV and V forms a broad trian gle: norelief
delimitates the respective facets for these two metatarsals: however, that for metatarsal ¥ must
have been very narrow. A very small astragalar facet is discernible on the proximal corner.

Cuneiform IV? (Figs 5 and 52A, C; Table 19). — One element: 6110, left, dorsal and internal
ViEwWs.

It is transversely narrow, short, concave and recurved mesially for contact with cuneiform
11, convex laterally for the cuboid. It seems to bear a proximal bump ventrally.

Fic. 3. — Prcodelphys andines. 6110, right cabeaneumc A, plantar views: B. imemal view: C. dorsal view; I3, external view.
X 9. Draowm s preserved. Abbreviations: see caption 1o Fig. 49,

Fre. 5, — Pocadelphys andinus. 67110, caleandurm drais A, vue plarrarre; B, viee inrerme: O vee dorsale: . vie exterme. X 9
fhessing en Uit de convervation. Abréviations: voir (gende Fig. 49

Ceuwed - A Pang



144 LARRY G. MARSHALL & DENISE SIGOGNEAU-RUSSELL

Meratorsals (Figs 4B, 33B, 45A and C, 47B and 48; Table 20). — Represented in four
specimens: 61057, left, II-V, dorsal view: 6106, right, -V, dorsal view - left, IV and proximal half
of V. dorsal views: 61107, left. 11, 11T and distal part of 1V, dorsal view.

As mentioned above, the relative robustness of the left metapodials of 6105 compared 1o the
undisputable metatarsals of 6106 (though of lesser amplitude than the discrepancy observed between
the foot and hand of Didelphis) led us to suspect the reference of these metapodials to the manus rather
than pes. Nevertheless, we cautiously choose to interpret this difference as individual varation.

In length, the middle metatarsals (I1 111, V) are about one third the length of the tibia-fibula:
metatarsals 11 and TV are subequal in length, 11 is slightly shorter and V is the shortest. On I to
[V. the distal end is broader than the proximal; ¥ differs in having, proximally, a broad laterally
directed flanze (extending well beyond the cuboidal articulation) while its distal end is narrower.
The shape of these distal ends is similar for IITand IV; but on 11 the mesial side is expanded and
on V the lateral side is expanded: this end is strongly convex with a deflection on each side, and
adepression dorsally and ventrally. On 1101V the diaphysisis subrounded in cross-section at mid-

Fus, §1.— Didelphis. Lefl colcaneum: A, plantar view (with cuboid); B, dorsal view. X 3. Abbreviations: Cad. asiragalar condyles
cu, cuboid process: milV, surface for metatarsal 1V; p p. peroneal process; 5 €, sulcus calcane; =i, suspemacubum tali,

Fic. 51, — Didelphis, Calcaréion ganche: A, vue plantaire favee cuboidel; B, viee dorsale, X 3. Abréviations: Cad, condyle

astrapalion; cur, processis cubordien; milV, surface pour le métatarsien IV; p p. processus péronden: s©, sulens caloamed;
s, ucsrentaculum drle
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length. Internally and proximally each metatarsal is encased in a pit of the previous one (Fig. 48C,
¢). thus making the pes a rather rigid unit. This arrangement and preservation of the digits [T V
stiggest that digit | was, at least, partly divergent, hence possibly opposable.

Phalanges (Fig. 33B). — One proximal phalange in 6105 (left). It is about half the length
of the metatarsals. The proximal extremity is wider than the distal, which is convex with no lateral
deflection; only a pit borders this convexity on each side.

i
Eulll

su IV 'V

Fi, 532, — Pucadelphys andinus. 6110, left Teuboid and Teuneiform 1V: A, proximal face af both; B, external face of Teuboid:
C. dorsal face of hoth: D distal face of Teuboid. X 9. All drawn as preserved. Abbrevintions: ¢ 5. caleanear surface; CL,
cuboid: CUN, cuneiform: ext, external; ink. internal; ns, naviculor surface; sul 11, surfsce for metatarsal 1: sulV. surface
lor metatarsals IV-V; ¢ p . pat for tendon of peroneus longus.

Fu. 32, — Pucadelphys andinus, 6110, Peubobde et Pcumdiforme IV ganches: A, foce prroximale des deux o3: B, face externe du
Yenbotde; C, surfiece dorsale des dewy os; D, fice distale du Peubolde, X9, Dessinsen ! frar de conservation. Abrévianions:
¢ 8, surface calcandenne; CU, cuboide: CUN, cunéiforme: ext, externe; inl, interme: n s, surfiece navicielaire; sualfl,
surface pour e métatarsien HI; sufV, surfiece pour les mésararsiens IV-V: I i, fevese pour B festdont di peromeies fomgs,

Lhiscusson

Pelvis. — In Henkelotherium, the pelvis is very similar to that of Pucadelphys, with an
elongate ilium and symphysis, a clear incisura acetabuli, and a small participation of the pubis to
the acetabulum; however, in Henkelotherium, the ilium is relatively longer. apparently not as deep
and somewhat thicker, and no posterior iliac spine is developed. The ischium is more robust
distally, the obturator foramen relatively smaller, and the stout os marsupium occupies the whole
anterior border of the pubis: there is no ilio-pectineus tubercle, which we interpret as the primitive
state.
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In Rarunlestes. the main differences with Pucadelphys concern the iliac wing, which is
relatively longer and narrower, and the wider obturator foramen; the ilio-pectineus tubercle is
developed as well as a sciatic spine. There may have been an os marsupium in that genus, as
suggested by the presence of a concavity on the anterior margin of the pubis { KIELAN-JAWOROWSKA,
1975).

In Metachirus, the ilium is not as everted as in Pucadelphys: it is also relatively longer, with
4 thickened anterior border and a not so deep ventral wing. But the ischium and pubis are very
similar to those of Pucadelphys, with a similar limitation of the os marsupium to the medial half
of the anterior border of the pubis, and an open symphysis angle. Perameles also resembles
Pucadelphys inthe high, thin, everted iliac wing, though itis relatively longer; but the ventral face
of the ilium is wider, and there is practically no incisure in the acetabulum; the os marsupium is
narrower than in Pucadelphys, being reduced to a rod; the distal ischiatic branch is also wider,
hence the obturator foramen is smaller and the ventral puboischiatic carina is not salient. This
carina is, on the contrary, very salient in Monedelphis. where the ilium is longer relative to the
ischio-pubic part than in Pucadelphys and thicker than in Metachirus. Finally, the pelvis of
Didelphis is more different, with a much longer and thicker ilium; the lateral ridge is very thick
and the ventral face is ventroexternal; it has a relatively longer sacral surface for the two sacral
vertebrae; the os marsupium is much wider distally. The pelvis of Philander is close to that of
Didelphis, with a lower ilium and a short puboischium, but the very short os MArsUpium occupies
only half of the anterior pubic border. The sutures between the three pelvic components are clear
only in the subadult specimen of Metachirus used for comparison.

We conclude that Pucadelphys has a peramelid-like ilium, the dorsoventral anterior
expansion of which we regard as a specialization, as well as the large size of the oblurator foramen
and the smallness of the os marsupium. But the relative shortness of the ilium and the massiveness
of the ischio-pubic ensemble conform to what we infer to be the primitive state.

Femur. — In Henkelotherium, the femur is very similar to that of Pucadelphys; but the
angle between the head and diaphysis is only 30° and there is no third trochanter. Barunlestes
shows more differences: angle 60°, neck longer, greater trochanter higher, lesser trochanter less
expanded proximodistally but more internally, internal condyle larger.

The femur of Merachirus is, as the humerus, more slender than that of Pucadelpliys, with
also a longer neck: the tuberosity internal to the trochanteric fossa is much more prominent, the
greater trochanter reaches higher and there is hardly any third trochanter (the latter is said to be
rare in marsupials: only three genera are mentioned by Oscoon, 1921); finally, the slope of the
distal border is quite steep, the medial condyle extending distally beyond that of the lateral
condyle. The same remarks apply to Didelphis, where these features are more accentuated. The
femur of Philander is robust and particularly wide distally: the neck and lesser trochanter are well
developed, and the greater trochanter reaches the top of the head. The femur of Monodelphis
resembles that of Pucadelphys in its proportions, its low greater trochanter and the quasi-absence
of a neck, but the intertrochanteric fossa is less deep. the lesser trochanter is not so well developed
though of the same shape and there is no third trochanter, no more than in Perameles: in this genus
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the lesser trochanter is even more reduced, and shows again some specializations, particular] y
distally, that are probably related to fossorial adaptations. The fovea capitis occupies the same
position in Pucadelplrys and Metachirus, but it is better delimited and deeper in the latter; it is also
faint in Manodelphis and poorly delimited, but situated higher on the head; it is eccentric in
Eozastrodon oo, less so in Didelphis and Perameles. but clearly circular.

Overall, the femur of Pucadelplys appears somewhat more generalized than those of the
living didelphids.

Tibia-Fibula. — From the figurations, the tibia of Henkelotherium seems o have been more
curved than in Pucadelphys; in any case this is true of Merachirus, where the bone narrows more
in the distal half. But in the latter genus, the general morphology is  very close to that of
Pucadelphys, including details of the proximal surface and those of the internal face of the internal
malleolus, One difference concerns the medial proximal facet, which is narrower. longer and
deeper: these characters are even more accentuated in Didelphis and Perameles. The tibia of
Manodelplis is also sigmoidal, narrower anteroposteriorly, but otherwise again very similar 1o
that of Pucadelpiiys.

In Barunlestes the tibia and fibula are partly fused (an apomorphy found in some
eutherians). and the tibia is more curved and narrower distally than in Pucadelphyvs.

In Henkelotherinm, the fibula remains quite thick as in Pucadelphys. In Metachirus {and
Monaodelphis) the fibula is at the same time much more slender and more cxpanded proximally,
and the tibial articular surface is less salient medially and distally. The specialisations toward
fossorial adaptations observed on the femur of Perameles apply 1o the tibia-fibula. In all
didelphids the two bones are completely and widely separated,

The hibula of Pucadelphys is clearly not as specialized as in living didelphids, being
mtermediate between those of the latter and that of Henkelotherium.

Astragalus. — The astragalus of Pucadelphys differs from that of Didelphis, where a short
neck separates head and body: the condition in FPrcadelphys, also present in Caenolestes, is
considered to be primitive by Oscoon (1921). The confi guration of the two tibial facets suggesis
that the tibia of Pucadelphys was well locked with the astragalus so as to allow only slight lateral
mavements. Morcover, in Didelphis the CaA is more crescent-like. the interosseous relatively
narrower and the condyle for the sustentaculum tali is more distinct. Dorsally the trochlear is even
shallower but wider.

Only a very partial astragalus is preserved in Henkelotherium. That of Barunlestes is very
different. with a distinct neck, and a medial ridge shorter than the lateral ridge. The astragalus of
Deccanolestes, a placental from the late Cretaceous of India, is of interest in our COMpParisons
because it has been shown by Gopivot & Prasan (1994) 1o display arboreal specializations, in the
trochlen (lateral crest higher than the medial crest, a condition opposite to that of Pucadelpivs),
in the angulation of the navicular facet relative to the sustentacular Facet {again contrary 1o the
situation of Pucadelplivs).

Calcanewm. — The preserved part of the calcaneum of Henkelotherium is reduced 10 the
twber calcis. That of Zalambdalestes lacks a peroneal tubercle and the cuboidal facet is
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perpendicular to the long axis of the bone, both states being more derived than those of
Pucadelphys, In Didelphis (Fig. 51), the calcaneum has a relatively shorter heel, the sustentacular
fucet is clearly delimited (not in Pucadelphys) but there is no deep sulcus between it and the CaA;
the long axis of the CaA (which is relatively less salient) is not so oblique relative to that of the
heel. An important specialization of the calcaneum of didelphids is the plantar indentation which
extends the cuboidal facet. itself completely terminal; the distoventral orientation of the cuboidal
facet in Prucadelpivs would thus seem to foreshadow the didelphid state.

The calcaneum of Pucadelphys is thus different from that of Szavay’s “metatherian
morphotype” (1982a and b): in particular, the apparent absence of a fibular facet (CaFi, SzaLay,
1982) corresponds rather to his “didelphid morphotype tarsus™, with a bicontact upper ankle joint
(UAJ); however, this calcaneum resembles the plesiomorphic metatherian morphotype in having
a large peroneal process and “remarkably broad transverse dimensions from peroneal process 1o
the medial margin of the sustentaculum’ (SzaLay, 1982a: 626). The presence of a large peroneal
process is also mentioned in Peccanolestes (Prasap & Gopisor, 1994) but is there interpreted as
“related to powerful movements of inversion and eversion™, hence to a very mobile foot; this
character is indeed associated, in this genus, with other indicators of such a condition, for instance:
difference in the size of the astragalar and calcanear caA, well rounded astragalar navicular facet.

Cuiboid. — The cuboid of Didelphis is indented distally, and the articular surface for
metatarsal V is better delimited. The greatest difference occurs ventrally, with the development
of the proximal longitudinal process directed towards the secondary facet on the calcaneum. The
intermeshing of cuboid and cuneiform 1T occurs in Didelphis and also in Philander.

Pes. — No tarsus of Metachires, Philander or Monodelphis was available for comparison.
The pes of Perameles is very specialized for digging, with a narmow tarsus and metatarsus.

In Henkelotherium, the metatarsals represent about 1/3 of the length of the tibia-fibula. In
Monodelphis, the metatarsals equal less than 1/4 the length of tibia-fibula and the digiis are
interlocked proximally asin Pucadelphys. In Philander, the metatarsals are short (1/6th the length
of tibia-fibula) and not linked 1o one another; 1I=111 =IV>V. In Didelphis, the metatarsals,
independent from one another, are only 1/5th the length of the tibia-fibula; =11 =IV>V.

Thus, the foot of Pucadelphys (where the metatarsals represent more than 1/3 the length of
the tibia-fibula) was relatively long and rigid.

The proximal phalanges are almost as long as the metatarsals in Henkelotherium and
Philander, slhightly more than half as long in Monodelphis and Didelphis (and about half in
Pucadelplivs).

HABITS

About 22 species of mammalsare known from Tiupampa, of which 50% are eutherian and 50%
metatherian. As demonstrated by all skeletal and dental remains thus far collected. Pucadelphys
andinus is the most abundant species of mammal in this fauna (Marsna & Muizon, 1988).
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Based on the adult specimens (6105 and 6 106), Pucadelpiiys andinus measured about 135
mm from tip of snout to base of tail, and about 270 mm from tip of snout to tip of tail (assuming
the presence of 230 caudal vertebrae). In size it compares with some living species of Marmeosa
and with Lestadelphis halli (MarsiaL, 1977), and thus weighed about 50 grams.

Locomomon. — Many living didelphids are terrestrial (e.e. Lurreoling, Lestodelphis,
Metachirus, Monodelphis, some Marmosa) and those that have arboreal capabilities (e. g. some
Marmosa, Philander, Didelphis) are often found on the ground. Perameles is specialized for
digging and lives in burrows. From the above description, what can be deduced about the
locomotion in Prcadelphys?

HiLoesrano (1961) concluded from his study of body proportions in didelphids that the
measurements of the various long bones did not yield any significant results: “the more arboreal
animals differ from the semi-arboreal and terrestrial animals in behavior patterns but not in
morphology™. Also, Jenking (1971) insisted justly on the importance of physiological factors in
locomotion : “even if biomechanical conditions are similar, there may be profound differences ..
in, for example, agility, in ratio or intensity of locomotor activity™; and in 1974, the same author
noted: “the differences between arboreality and terrestriality of tree shrews is al times only
behavioral™. Finally, Barnert & Narer (1953) wrote that “there is remarkably little morphologic
difference between the form and mobility of the fibula in the ccologically distinct species
(arboreal, unspecialized terrestrial and aguatic)”. However, Granp (1983) remarked that,
whereas Metachirus and Manodelphis are both terrestrial, the hindlimb elongation in the former
genus comncides with its agility and bounding locomotion; Monodelphis, with his subequal
anterior and posterior limbs, remains effectively slower,

Before proposing locomotion capabilities of Pucadelphys, we shall summarize its skeletal
charactenstics:

I. Short spinous processes of the cervicals, are compatible with good flexibility of the neck.

2. Large dorsal metapophyses, long lumbar spinous processes as well as broad distal end of
humerus are suggestive of digging abilities, while the same long and widely distant lumbar spines
favor leaping capabilities (SLurer, 1946; GAMBARYAN, pers. comm., 1992),

3. The smallness of the space between ulna and radius suggests a very limited rotation of the
torearm: the relation between the 1wo bones seems to indicate a slight anteroexternal proximal
superposition, a side-by-side position along the diaphyses and a slight anterointernal superposi-
tion distally.

4. The pelvis usually reflects locomotory specializations: leaping or digging forms have recog-
nizable features on the bone, but these are extreme cases; for less specialized forms. interpretation
is not so clear. Also, the shape of the pelvis not only depends on function but also on its relation
1o the viscera, as indicated by ELrrman (1929). In Pucadelphys we have noted a possible mobility
of the sacro-iliac joint (as in Perameles); the broadness of the sacrum and the large ilio-sacral angle
(both as in the digging form Perameles); the wide, flat and laterally flaring surfaces for the ercctor
spinae and gluteus medius (abductor and extensor of the thigh), again as in Perameles; similarly
the pronounced downward curvature of the transverse processes of lumbar vertebrae corresponds
to powertul erector spinae (ELFiman, 1929). The propulsive part part of the pelvis (behind the iliac
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blade} is short, though not as short as in Perameles. The ischia are elongated to provide leverage
for the hamstrings and increase the power of the adductors as extensors of the thigh as in leaping
ordigging forms: measurements for isfil ratio are: Perameles, 0.67: Pucadelphys, 0.53; Didelphis,
0.36: Metachirus, 0.47: Monodelphis, 0.37. All of these observations suggest digging capabilities
for Pucadelphvs. However, the posterior border of the ischium is slightly inclined forward and
downward (while it is more vertical in Perameles): this can be interpreted as giving less strength
1o the extensors: also there is no strong buttress on the acetabulum. anteriorly or posteriorly (such
a buttress is strong in digging forms), and finally the iliac muscle (which extends from the ventral
surface of the ilium to the smaller trochanter and prevents the body from falling forward when
digging) is esteemed to have been modest in Pucadelphys. Butit should be kept in mind that there
are many ways of digging and thus adaptive sirategies can be different.

5. Relative limb proportions of Pucadelphys, with subequal fore- and hindlimbs, are intermediate
between those of Metachirus and Monodelphis, and testify to a good agility (JuLien-LArerRIERE,
19491).

6. A tibia locked to the astragalus corresponds to a relatively rigid hindlimb (as opposed to an
arboreal form); the relatively strong fibula (as in generalized marsupials: BArNeTT & NAPIER,
1953) has only a limited distal contact with the tibia. Finally. the well developed internal and
external malleoli usually indicate saltatorial capabilities (Barnert & Narier, 1953)

7. The astragalus and calcaneum of Pucadelphys do not show arboreal specializations such as
mentioned above (GopinoT & Prasap, 1994), though the large peroneal process may indicate good
mobility. The pes is relatively long, and it is deduced from the preservation of 6106 that the 1st
digit (itself missing on the specimen) was at least slightly divergent: if not, one would assume that
metatarsal I would have been preserved along with 11 and 11 (the big toe is only slightly divergent
in Monodelphis, more so in Metachirus; note that divergence does not necessarily mean
oppasability, and simple opposability does not mean arboreality). Moreover, the united metapodials
suggest a rigid pes: united digits and long metapodes are usually related to digitigrady, but the
latter normally accompanies at least a reduction of digit 1, a situation unknown in Prcadelphys.
Finally, the configuration of the tibio-astragalus joint is not known; we thus ignore if it was such
as 1o allow reversal of the foot, as observed by Jeskins & McLears (1984) in some arboreal
didelphids.

Based on the above, we prudently infer that Pucadelphys was essentially terrestrial, guite
agile but neither cursorial nor saltatorial; it appears 1o have been capable of bounding and also of
some digging, these two abilities being less developed than in Metachivis and Perameles
respectively.

Wav oF Lirk. — Pucadelphys was probably nocturnal as are most living didelphids, sleeping
in a burrow-nest during the day and foraging for food at night. Most living didelphids are solitary
except during the breeding season (WaLker, 1964); McMaxus (1970) stresses the poor social
behavior of Didelphis. However, it is not uncommon that one individual would share a burrow
with a congenere (or even a “forcigner”. Smrer & Frron, 1970), especially in cold weather
(didelphids with their naked ears, tail and paws are ill adapted to cold weather: Frrcn & SHIRER,
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1970) and also depending on the population density (Crawrey ,1973). Yel, there are no records
that two males would huddle wogether (McManus, 1970; Surer & Fiten, 1970). These
observations suggest iwo interpretations for the specimen-pairs of Pucadelphys andinus: 1) they
were male-female pairs that bonded for a restricted breeding season: or 2) that they were two
females that shared the same burrow. For females of Didelphis, Fricn & Swirer (1970) have
observed that, “from time 1o time, two individuals were staying together in the same den
simultancously: on some occasions it seemed that the animals must have been side- by-side and
in actual contact™. A definitive choice between these two interpretations is not possible, as there
are no features in either the skull or skeleton of didelphids which permit secure sexual
identification [although in small mammals, females are often larger than males: WooLLes ef al.,
195 1; butin Trichosurus, males are only 1% larger than females (CrawLEY . 1973)]. Nevertheless,
the occurrence of two specimen-pairs (i.e., a repeated association) of Pucadelphys at Tiupampa
suggests the most natural and simplistic relationship (i.e. male-female pairs), rendering the first
mterpretation as most likely.

Ground nests of all of the mentioned didelphids have been found in hollow logs, under rocks
or in burrows (Wavker, 1964). Didelphis curls in a den when it is cool. limbs close to the bodv,
head under body; when very hot it lies on its back (McMawnus, 1970). Thus, the “died-in-a-burrow”
hypothesis (see above), and the three dimensional life-like position of the fossilized specimens are
consistent with observed behavior and habits of some living didelphid taxa.

COMNCLUSIONS

The vertebrate fauna from Tiupampa accumulated in channels of meandering rivers on a flat
alluvial plain. The presence of several groups of crocodiles attests toa warm, probably subtropical
climate. The fauna is from the middle member of the Santa Lucia Formation which. based on a
detailed magnetostratigraphic study, would be between 59.5 and 59.0 Ma (Semper eral., in prep. ).

The four specimens of Pucadelphys andinus described here represent the carliest and most
complete articulated skeletons of metatherians yet known. The two sets of what are interpreted
o be male-female pairs were found in a three dimensional, life-like, snout-rump position in
burrow-nests that were apparently dug in a river bank. The animals probably died as the result
of a flood which entrapped them in their burrows and filled the latter with water and sediment,
Functional considerations of the skeletons suggest that Pucadelplivs was essentially terrestrial,

quite agile, and possessed limited bounding and digging capabilitics. The vast majority of

characier states in the skeleton of Pucadelphys are regarded as mammalian, tribosphenic and
metatherian plesiomorphies (i.c. atlas imperforate and with a persisting suture between ossified
intercentrum and atlantal arch: absence of transverse canal on axis, with possible unfused rib;
absence of enclosed transverse canal on CV'7; strong fibula; presence of ossified os marsupium).
The plesiomorphic states of the cervical vertebrae are not collectively found in any living
didelphid examined.

Numerous other skeletal feawres of Pucadelphys also do not occur as a suile in any of the
didelphids examined. These include: 1) a single fulcral vertebra (52); 2) a long, non-prehensile
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tail: 3) specialized lumbar series (gradual lengthening of vertebral body and transverse processes,
and long anteriorly directed neural spines): 4) specialized pelvis (ilium dorsoventrally expanded
anteriorly, large obturator foramen, small os marsupium); 3) possible movable sacro-iliac joint:
and 6) digging specializations of the humerus [no third distal articular surface (Oscoop, 1921),
large areas for extensors of forearm and carpus]. Except for feature 2 and a small os marsupium
(part of 4). the others are specializations reflecting the bounding and digging capabilities noted
above.

The only posteranial element that reflects the phylogenetic position of Pucadelphys
within Metatheria is the calcaneum. This bone has a bicontact upper ankle joint (UAJ) which is
diagnostic of the family Didelphidae; moreover, the partially plantar orientation of the cuboidal
facet can be interpreted as foreshadowing the state in living Didelphidae where the calcaneum has
a distinct ventral indentation of the cuboidal facet. The calcaneum of Pucadelphys also
approaches the “plesiomorphic metatherian morphotype™ of Szaray (19824, b; 1984) in having
a large peroneal process and remarkably broad transverse dimensions from peroneal process o
the medial margin of the sustentaculum. This combination of tarsal states supports the interpre-
tation based on the study of the skull. dentary and dentition (MarshnacL & Muizox, this volume)
that Prcadelphys represents the most plesiomorphic taxon within the family Didelphidae.
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APPENDIX: measuréments

In the following tables, all measurements (in mm) are of specimens of Prucadelplys. The abbrevialion ca.

ix used in the sense of “estimated™. But it should be made clear that
the figures obtained depending on the orientation and focus choosen by the operator.

all measurentents are to be taken with caution,

Dians les rableaus swivants, loutes les mesures (en mm) soRt celles de Pucadelphys andinus. L abréviarion

caindiguee gu'il s agit d"imne estimation. Mais tontes

Tasik 1. — Measuremenis of atlas and axis.
TamLial |, — Mesnres de milas e de Faxis.

APECEMEN ai0s IR
Milaz (CY K
Widih of axoidian facel I 1.3
#ix e lemgth of ach 20 24
Ventral keagth LR i.2
A (CV 2
Lengih af peural asch 4.1 A2
M lengih 54 47
Height af dens T L1
Wldih of dens 12 1A |
Hietghi of nearal arch iy ca 19
M widih o atlantal aniculmion 50 4.4
Wikdih ef tv proc. fdorsal rot) as preseed B
Fersterior widih of oeatnam 2.4 P

Tanee 2. — Mexsurements of cervical vertebrae 3 1o 7.
Tigeean 2 — Mesures des veriébres cervicales 3 & 7.

specimen G105
Cv 3 Cemrum: Lengih T4
Aptenior width 24
Postegior width a0
V4 Cenbrum:  Leagih 2.0
Anierior widih iz
Pastertos widik P
Cv 5 Cemrume  Length 1.8
C¥ 6 Cenlfus:  Length 1.7
CW T Centnem: Lempth 165

cer mesnres doivent fire considérdes avec prudence, les valeurs
obtemies dépendant en pariie de ['orientation ef de lax mize au point choisies par Uopérateur.
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Taniy %, = Measutensents of 1horasic vertehoe,
Taneay 3, — Mesures des verrebres thonmoiques,

specinen 6105 e LRL Gl
Tl Cemirumc  Length =3 i
Anterior width .9 1.9
Posterios width 3 fal
Widih of oransverss presesses 4 HiE
T Centrum:  Length T4 i
Argorar wedih 2%
Posserior wikih 28
Witk af rransverse proceses ca. 50
T3 Cemnam: Lemgth el 7
Widrh of iraseverse prooesies ca. 5.0
T4 Cemtrumc  Length Firk ] 27
TS  Cemimunic  Lengih 16 a1,
Th  Comtum:  Lengih 155 28 22
Anberies wideh ca, 1.6
Pasierion width ca. 1.B
T7 Ceniruns:  Length 20 a0 ca, 22
Angerior width ci G
Postgens widkh ca. 1.7
T& Cenuen:  Length 2.4 Ao 2.2
Antcior widib o 20
Poicrior widih i 20
T9  Centram: Longlh ca. LB X (] 23 . e
Anierior width ca 21
Pasterior width ca 2.2
TIh Cemrumc  Lengih 3l 23 oo 19
Til Cemtrum:  Length il 2 2 X0
TI2 Centruns:  Leagth 32 245 24
TI3 Cemrum:  Length EX Pl 215

157
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TanLe 4. — Measorements of lumbar verichoe,
Tisrgan &, — Mesures des vertéhres Iombaires,

SpoCinen L L1 LiRREL] Gl
L1 Centrum:  Length a7 S0 5
Anberios wiilth £ 2.0
Posterioe wiihb 6 ¢ 24
Widhth of Iransverse proceses a0
L2 ©Cemrumc lLengih 4.5 10 ca 29
Anterior widik 29
Postenor wadih 28
Widih of Irantverse procesics L0
L%  Cenrumc  Lengih 49 1B ca il
Anterior widib 18 a4k
Posienor widik 30
Width of Iramsveri procesices 54 :
L4 Cemtrume Lengih 53 iB 33
Anrerior widik b
Posterior widih i1
Wisdth of tremsverse procesacs [+ 8]
ILength of spinous procces 4.1
L% Centrumc Longlh L0 LR 7
Anterior wilih X0
Posteror wadih 44 51
Width of Irssveese proesses 64
LLength of spinous process 420
Lt  Cestram:  Lengih 43 in ca, 2.9
Anterior widib
Paosierior wadib KR ri. s
Width of Irsssveric procesies £
Length of spinoes process 490

Tantk 5. — Measurements of sacral vertebrae,
Tanrraw 5. = Mesures des veriébres sacrées,

£1+82 Length 74 4 5.3
51 Centnam;  Length a4 A | = R
Amdersor widih e
Possorior widih i ot ca .
Width of transverss proceescs betwesn pelves 10k} 24 ity
52 Cenénam:  Lemgth 4.0 34 [ k]
Anterior wadih 1o ca X3
Pedersor wadih 10
Eacral loramen [} ir}
Lengih 1.0 1405
Witk 1.0 1.0
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Tasie . — Measorements of candal vertebeae (1 - C9),
Tasieser ter, — Mesirres des vertélires coudates (CF = 8,

APECITN ta ik TN Gl
L | Centrum: Longih i ca. 23
Anterior widik 15
Postonior wadih P
C2  Cenouen: Lenpih E ) ea. 13
Amierior widib 2% r
Pasterior widik 2.3 ca 225
Width of inmsverse procescs ca. 100
C3  Centram: Lengih il B
Anterior width
Posterior width Xl
Width of iransverse procesees ca. .8 < 5.5
C4  Cemrumc Length EE ca LA rlL
Arterior widih 19
Posterios width in .7 24
Wiith of iransverss processes &0 ca b 36
Ci Cemtrume 1ength 4.0 15 13
Anterior width P 15 Lo
Posterior width Fy | 22
Width of transverse procciec: A 54 &0
Cé  Comrum: Length L 4%
Ao wadih 205 .l |
Poraereor widih k] 25
Widih of cransverse processes a 1.0 44
cC1 Centrum: Lemgth TAF S0
Anicrior widil .7  Lr]
Posterior wadih Ak e
Wikdih of bransverse processcs:  anberion 4.1 48
paslenor Gl
CB  Centrus: Leagih i) 6.9
Anterioe widih 26 2.5
Posteiinr widil 21 2.3
Widik of transverse processes:  anberion 5.8
poshcnos 4
C%  Centnem: Lengih 8.0
Antenos width 24 . |
Posterior width 23
Width of imscverse processes.  anionon 4.6
postErTioe 4.0

159
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Tasie 6. — Mesuremenss of caudal venebrae (C167, C1T7, C207, C217).
Tanreas b, — Mesnres des vertélres caudates (C 162, CITE CHOF, CHZ)

Spoinn L)
C 16 Cenlrumc  Leagth i b5
Antertor wadih L]
Widih of transvors: procowecs:  anloEor 3
CITY  Cemimume  Lomgth 0
Antenor wedih 1.4
Postcriar widih 1.4
C2r*  Ceontrum:  Lesgth &
Antenor widih 1.4
Pesdersar widih 1.6
C21Y  Cenirumc  Loagth i
Antenor widih .3
Pesdcumar adth 1.2

Tamy 7. =— Mexsurements of scapula.
Tagean 7, — Mesures de Iomaplare,

specinmen H10E 0%

il (11} irh
Leagth co. 1516 ca I
Ml e peosimal widih LE A
Wil nl'i;l-:u:u'd firssn 20 2o

Tapie 8. — Measuremems of clavicle.,
Tarieair 8 — Mesures de Ia clavicile.

S nsen G105 LI RLE

Al il i}
Lengih 105
Width of slcrmall end Ak ca. 1.8
Wideh of scapular cnd 1.1 .2
Bubeulan wishih UL 0z o7
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TapLg 9. — Measurements of imerclavicle.
Tamein B — Mesieres de [interclavicule,

pecimen G105
Toeal bength B9
Lengik anierion 1o costal tuberculze Al
Lengih perstersor ko ooslal iuberosla: 5.0
Width of end cephalic 1.2
cauninl 1.4
Wik Bétwoen oostal iuberculae 17

Tapee 10, — Measurements of humends.
Tamteans M — Mesures de {'kumdrus.

specimen GI0S Gk Gl 10

il i 1 irl
Lengih 175 i B a1y 170
Transverse widih proximal end iz
And-posl. widih proximal emd arT 375 14
Transverse widib distal eml 4.3 .0 4.5

Tanee 11, — Measurements of ulna
Tapreawr I, — Meswres dhe canhrlres,

specIERn 6105 6106 SII0 mew specimen
i LA ] irl
Lengihk of clecranon + sigmaid cavily i, 4.6 5400
Lengih of signoid canvity 14 1.8 2.5
Depth of olecramon af mid-kengh 1.5 zl 20
Drepth of sigmosd cavity s mid Jengih 1.9 1.9 1.¥ 1.7

TaBLE 12, = Measurenments of radiss.
TanpEnir [ 2 — Meswres dir i,

Epocmen G105 &I

il L]
Length ca. 14.0
Width of proximal snscelar seiface |65

Mintmuns width of diaphysis .1
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TanLe 13, = Measunements of pelvis,
Tapiean 13, = Mesures die Inassin,

specimen B0 AR Gl
(1] (L1 L] {r)
Length {ant. edgpe of ilium ta post. edge of ischiunm) X0 150
Widih between iliac wings (ant. widih) 17.0 ca 100
Widih between Laberal edpes of ischium (post. widih] 130 ca 100
Length of puble symphysis L] w2 B0
Length of iliam ca. 100 00 ca 90
Lengsh of ixchism caki L] 00
Wikdih of post, end of ischium cadd 4%
Oburator leeamen Length 6.8
Widih 43
TabLE 14, — Mexsurements of os marsupium.
Tapiear 14, — Mesures de los marsupial.
specimen BI0G
(1 (]
Length 9.3
Width af contac wilh pelvis il < Fr
TasLE 5. — Mexsurements of femur,
Tasieap 15, — Mesures du ffamur,
Apecimen G106 &l 1o Gl
[11] irh il L[] iy irh
Length 2500 245 ca 0 2.0 1% 2.0
Proximal 1ransverse width 57 58 5.6 4.5
[Hansd trassverss width ca 44 4% 4.1 4.0
Haa] st -post. widih EN i35 b cail E]




PUCADELPHYS ANINNUS: POSTCRANIAL SKELETON

Tang I, — Mexsurements of Libia
Fanceaer M, — Mesrres du iibia,

163

SPECHTIEN aliA [0 &l 10 Glin
L] il ir) L] ir}
Length et I s ca 19,0
Proxiensd trsfeves widih L) 38 4.0
Proximal sed -post widib 13 X4 15 L N |
Transverss diskal widib 33 o Xl o Xl 2.3
Tapse 17. — Measurements of fibula.
Tasiear 17, — Mesires du péroné.
specimen G108 60 CIRL GIll
il il (Kl (L] (1]
Lengih ca XS ca. 245
Fromimal tranaverse width 30 ca 10 L
Frosemal anl.-posd. width 19
Transverse distal wideh pbi ] 24 2.0
Apd,-post. distal widik 20 1.7
TanLe 18. — Measurements of calcaneum,
Tapieawr I8 — Mesures die calogndom,
spevimen 6106 GIRL GlIN
L] irh {r) il
Length 53 56 42 ca. 4.4
Width of tuber s Lh
Distal width 4.0
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TanLe 19 — Mexsurements of larsals.
Tanrear M — Mesures des parsiens,

—

SpCCITIKE GI0% ik &110
L {F) i1y
Cubdd:
Lengih fdorsal lengih) Lt 23 LA
[hagal waihb 1655 1.5 &
Cuseiform 1V:
Lengih (dorsal lengihk) 1.0
Disaal widik 06

Tante M. — Measurements of metapodials,
Taseear 20, — Mesures des métapodes.

Specimen 6105 108 &1 10
il irh i
Meiapodial 11
Lengh ki ca B8
Proximal widdh (11 g
Dhatal widib 1.5 ca 1.25
Mdetaposdial 111
Length T.5 o &0 a 7.0
Proximal widih .1 1.1 0s
Deiwianl wideh 1.5 14
Shetapodinl 1V
Length o 1.5 R.Ab ca 7.0
Proxmal wadihs 1.1
[hstal widhh 1.6
Metapodial %:
Length a0 3
Proaimal width 213 15
Dhztal wadik 1.2
Praximal phalans- 14

T - AAHY Pans
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