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synapomorphies for the dasyuromorphian order. Considcred together with temporal as well as
geographic posit ion, the prcscncc of a feature which is possibly synapomorphic with some
Thylacinidae or Dasyuridae, is trcatcd as a reasonable basis for the placement of J. ntuittni
within Dasyuromorphia.
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D A S Y U R O M O R P H I A N S  h a v c  b e e n
suggested to be structurally ancestral to the
remainder of the Australian marsupial radiation
(Bcnsley 1903, Ride 1964.Szalay 1994). Howcvcq
the f-actor often flagged to suppoft a basal position
for the clade, that is, the retention of essentially
primitive marsupial rnorphology, hinders attempts
to demonstrate a spccial relationship between
dasyu romorph ians  and  any  spec i f i c  Sou th
Amcrican clade. The discovery and interpretation
of new Australian fossil material has added new
dimensions to debate on the topic of dasyuro-
morphian cvolution (Wroe 1998. | 999a). Archer
(1976b, 1982), Wroe (l 996, 1991a, I 997b, 1999b, in
prcss), Wroe e/ al. (2000) and Wroe & Nasscr
(2001) have denronstrated that cvcn generalised
dasyurids, commonly thought to approximate the
plesiomorphic australidelphian statc for many
features,  arc h ighly  der ived in thei r  crania l
morphology. Moreover, Wroe ( 1999b) argues that
although the family Dasyuridae can not bc defined
by the presence ofdcntal synapomorphies. shared
derived basicranial features demonstrate a special
re la t i onsh ip  be tween  the  m idd le  M iocene
dasyurid, Barinl:a wungala. and all 'modern

Dasyuridae' (seir"su Wroe 1999b), with 'modern

Dasyu r i dae '  un i t ed  by  a  f u r t hc r  su i t e  o f
synapomorphic basicranial features.

Recently discovered material from early Tertiary
deposits of Murgon, southcastern Queensland
(Godthclp et al. 1999)has added further complexity
to  ou r  unde rs tand ing  o f  dasyu romorph ian
evolution. Australia's oldest marsupicamivore,
Djurthia mtu'gonensis, may bc refcrable to either
Didelphidae (sensu Marshal l  e t  a\ . ,1990) or
Australidelphia on the basis of dcntal evidence.
I f  the la t ter  is  u l t imatc ly  supported by the
unambiguous association of D. mttrgonensi.v with
australidelphian tarsal material, then it becomes
more  d i f f i cu l t  t o  de f i ne  Aus t ra l i de lph ia ,
Dasyuromorphia or Didelphidae on the basis of
dcn ta l  morpho logy  a lone .  A  conse rva t i ve
approach is required in the taxonornic placernent
ofgeneralised Australian fossil taxa, such as that
described below, particularly in the absence of
basicranial material.

SYSTEMATIC PALAEONTOLOGY

Order DASYUROMORPHIA Gill" I 872

Joculusium gcn. nov.

T1'1tt ' :pL'cit ' .s.. loctrltt.: i trnr nrtri:ttni sp. nov.

Diagno.sis. Joculusiunt muizoni differs from all
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known dasyurids and thylacinids in the following
combination offeatures: Prequal to or exceeding
P ,  do rsoven t ra l l y ;  Mr  pa racon id  l a rge ,
circumscribed by a well defined anterior cingulid;
cristid obliqua terminates just buccal to the
carnassial notch of the metacristid on Mr-o;
trigonid shorter, anteroposteriorly, than the talonid
on M,_,; metacristid almost equal to the paracristid
in length on Mr-o; postprotocristid-metacristid and
hypocr is t id  s t rongly tors ioned away f rom
transverse or ientat ion to dentary on M,_o;
posterior face of the trigonid on M,_o is anteriorly
inclined; entoconid large on M,_. and distinct on
Mo; hypoconulid notch preseni in the anterior
c ingul id  of  Mr- . ,  but  not  deeply recessed.
Joculusium muizoni can be distinguished from
known bandicoots (peramelomorphians) by the
above combination of characters and possession
ofa well defined posterior cingulid, a more buccally
positioned hypoconulid and a less l ingually
positioned cristid obliqua.

Etymologt. From the Latin joculus, meaning 'a

little joke', in reference to the type locality (Gag
Site).

Joculusium muizoni sp. nov. (Fig. l)

Diagnosis. As for the genus.

Etymo logt. After French palaeontologist Christian
de Muizon, in recognition of his great contribution
to marsupial palaeontology.

Holotype. Qli{F36442, a left dentary containing
the posterior root ofP,, P, (excepting the occlusal
tip), and P.,, Mr_4.

Local i ty  and age of  mater ia l .  Gag Si te,
Riversleigh World Heritage fossil property, Lawn
Hill National Park, northwestem Queensland. The
fossil material recovered from Gag Site is
interpreted to be middle Miocene in age on the
basis of the site's stratigraphic relationships to
other Riversleigh deposits and its contained
(Dwornamor) local fauna (Archer et al. 1995,
Creaser 1997).

Description. In buccal view the dentary is roughly
uniform in depth posteroanteriorly from Mo to
beneath anterior root of M, , but tapers from M, to
beneath the posterior root of P,, and is broken
away from 2 mm posteriorofM, and I mm anterior
ofP root.
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Fig. I . Joculusium muizoni gen. et sp. nov., QMF36442,
holotype, left dentary containing the posterior root of
P1, P2 (excepting the occlusal t ip), and P3, Mt-+.
Stereopair in occlusal view. Scale bar indicates 2 mm.

The crown of P,, the anterior root, and the
lingual portion of the anterior root alveolus are
broken away. Only the posterior root remains. A
small diastema separates P, and Pr.

In P, a portion of the crown is missing anterior
to the posterior root. A clearly defined cristid
ascends the posterior face of crown, from a small
central cuspule on the heel to where the crown is
broken away. Another cristid continues from the
posterocentral cuspule along the buccal crown
margin to a point between the anterior and
posterior roots. From the distance between the
anterior and posterior roots it is inferred that P2 is
the longest premolar anteroposteriorly.

P. is wider than P, transversely and gently
recurved in lateral view. A cingulid circumscribes
the heel and is bisected by another cristid which
ascends the posterior face of the principal cusp
from the small, posterocentral cuspule. The
principal cusp and M, protoconid are of nearly
equal height. It is infened that P, probably exceeds
P, in height, but damage to P, precludes certainty.

In M, the paracristid is the main vertical
shear ing crest .  Pr inc ipal  cusps in  order  of
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decreasing height are: protoconid, paraconid,
m e t a c o n i d ,  c n t o c o n i d ,  h y p o c o n u l i d  a n d
hypoconid. Although taller than the metaconid,
the paraconid is the smaller of the two with the
protoconid the largest cusp of thc M, trigonid.
The  me tacon id  i s  l a rgc  and  pos i t i oned
posterolingually with respect to the protoconid.
A right angle is formed between the paracristid-
p rep ro toc r i s t i d  and  the  pos tp ro toc r i s t i d -
n.retacristid. An acute internal angle is formcd
between the cristid obliqua and hypocristid. Both
the metacristid and hypocristid arc oricntcd at
about forty-five degrees to the long axis of the
dentary. The cristid obliqua ten.ninates anteriorly
just buccal to the 'camassial notch' separating
the metacristid and postprotocristid. In occlusal
vicw thc surface area ofthe talonid is much greater
than that ofthe trigonid. The posterior face ofthe
tr igonid is  inc l ined.  A wel l  def lned anter ior
cingulid runs anteriorly from the buccal base of
the protoconid to beneath the carnassial notch of
the paracristid, whcrc a small notch accommodates
thc hccl of P.. The posterior cingulid is well-
developed, running from the hypoconulid to the
base ofthe hypoconid. A distinct buccal cingulid
i s  a lmos t  con t i nuous  w i th  t he  an te r i o r  and
pos te r i o r  c i ngu l i ds .  The  hypoconu l i d  i s  no t
deeply recessed into antcrior cingulid of M..

M. d i f icrs  f rom M in the lo l lowing wayi :  the
metacristid is ahnost as long as the paracristid;
the trigonid is longer than the talonid; the trigonid
and talonid are about equal in width; in occlusal
vie w the internal angles fbrmed by the paracristid
and metacr is t id ,  and the cr is t id  obl iqua and
hypocristid, are more acute; the entoconid larger;
and a distinct hypoconulid notch beneath the
anterior face of the paraconid accommodates the
M, hypoconulid.

M, morphology is sirnilar to that of M. except
as  f o l l ows :  t he  t r i gon id  i s  w ide r  bu t  more
compressed anteroposteriorly, with the angle
between thc paracristid and metacristid more
acute: on the transverse axis the talonid width is
lcss in both absolute terms and relative to that of
thc trigonid; the anterior end of the cristid obliqua
terminates in a more buccal position and the
entoconid is smaller.

Thc tip of the M. protoconid is broken off. M.'
diff'ers fiom M. as follows: both the talonid width
and the hypoconid are reduced; the paraconid is
larger, the entoconid and metaconid are smaller:
unter ior ly .  the cr is t id  obl iqua tcrminatcs at  a point
Iingual to the carnassial notch of thc mctacristid;
and the angle formed between paracristid and
metacristid is more acute.

Meristic gradient,s /rom M, ,. The orientations of
the paracristid, metacristid and hypocristid are
increasingly transverse with respect to the long
axis of dentary, the angle fon.ned between the
paracristid and metacristid is increasingly acute;
protoconid height increases M, . (M, protoconid
t ip  rn iss ing) :  metuconid height  increases l iom M,
to M,, then decrcascs fbr M.,; the metaconid is
largcr  than thc paraconid on a l l  molars but
dccrcascs in sizc fcrr M,_..,: talonid width increases
from M,_,, but dccreases from M._.,.

CHARACTER STATE POLARITIES
Method. Most f-eatures considered in the present
study have been examined by Archer (1976a,
191 6b), Reig et al. ( 1987), Marshall et al. (1990),
Wroe ( 1 996, 1991 a, 1991b. I 999b). Wroe e r al. (2000)
and  God the lp  e t  a l .  ( 1999 ) .  Fu r the r  de ta i l s
regarding thei r  d is t r ibut ion among dasyuro-
morphians and re levant  outgroup taxa ( i .e .
Peradectidae, Didelphidae, Djarthia murgonensis
(Marsupialia ince rtae sedi^r), Microbiotheriidae,
Peramelemorphia) is contained therein. Systematic
nomencl ature for Dasyuror.norphi a fo I I ows Wroe
( 1996) with highcr lcvcl n.rarsupial systcmatics after
Marshal l  e t  a l .  ( l  990) .  Denta l  nomenclature
follows Flowcr ( I 867) and Luckett ( I 993) regarding
the molar-premolar boundary, such that thc adult
(unreduced) postcanine cheektooth formula of
marsupials is Pl -3 and Ml -4.

Morphologl, o/ P, A P. that equals or exceeds P.
in height is plesiomorphic fbr Marsupialia (Archer
1 976a, Muirhead & Wroe I 998, Wroe 1996, 1991 a,
1997b,1999b). Marked hyperlrophy of P., as in
some Thylac in idae ( r .e.  Thl , luc: inus)  and,
Borhyaenidae, as well as reduction or loss as in
some Dasyuridac (c.g. Dasyurus) are derived.
Joculusittm mttizoni is plesiomorphic for this
feature.

Morphologl; ol the M ,paraconid. The paraconid
i s  we l l  deve loped  on  M,  i n  unspec ia l i scd
representatives of outgroups to Dasyuromorphia
(Archer I976a, Wroe 1996, 1991a, I 997b), and many
dasyurid and thylacinid taxa. This cusp is small to
abscnt in some dasyuromorphians, especially
among carnivorous Dasyuridae (e.g. Da.svtrru.s
spp.) .  The large M, paraconid of  .1 .  muizoni
rep resen ts  a  p les iomorphy  w i th in
Dasyuromorphia.

Morphology of the metaconicl. Metaconids which
are well developed on M, as well as M._,, are
t reated as p les iomorphic for  Dasyuromorphia by



Archcr (1916) ancl Wroe ( 1996, I 991a, 1991b).
Both unifbrm reduction of the metaconids on M,

,  (c .g.  in  r rost  thy lac in ids) ,  and d i f ferent ia l
reduction, with reduction of thc M, metaconid
g reu t l y  cxceed ing  l hu l  o l 'M . . ,  t e .g .  i n  spec i cs  o l '
D a s I u rrt r, S a rc' o p h i I us), are derived. J o c tr I trs i tt m
rrtuizoni exhibits thc plesiomorphic state.

Or ientat ion of  the metacr is t id .  This  cr is t id
(protocristid of Marslrall et a|.1990) is oricnted
transverscly with respect to the long axis of the
den ta ry  i n  mos t  r cp resen ta t i vcs  o f
dirsyuromorphian outgroup cladcs. Anktturinia
t i raren.s i .s  and Wukamutha lossel l i  (both
Dasyuromorphia incertae sedis), and among
dasyurids, r.nost sminthopsines. Previous authors
have treated this character state as plcsiomorphic
for Marsupialia and Dasyuromorphia (Archer
1976a,1976b; Van Dyck el al. 1994: Godthelp et
al. 1999). Thc derived state for this f'eature (i.e.
obliquc orientation of thc metacristid) is prcsent
in some Peradectidac and Didelphidac (Archer
1976a). at least one taxon treated as plesiomorphic
fbr most dental characters within Dasyuromorphia
(i.e. Ke eu no v' o o d bw'ne i), thylacinids which retain
a  mc tacon id  (e .g .  Mur ibac ' i nus  gad i vu l i ,
Batllcinus turnhulli), and all Phascogalinac and
Dasyurinae. In thc present study it is accepted
that transverse orientation of thc metacristid is
plesiomorphic for Dasyuromorphia. However,
pervasive homoplasy must  be acknowlcdged
regardless of thc polarity decision taken. Thus,
within Dasyuron.rorphia, the derivcd state (oblique
al ignrnent)  must  have evolvcd independent ly
within Thylacinidae and Dasyuridae, unless the
presence of transversely aligncd metacristids in
most Sminthopsinae is trcated as an apomorphic
revc rsa l  t o  a  p r im i t i ve  s ta te .  Evcn  among
srninthopsincs oblique orientation of this cristid
is prescnt in Sninthopsi.s leucopus requiring
acccp tance  o l  a t  l eas t  t h ree  i ndepcnden t
der ivat ions of  th is  feature wi th in the order .
Jot :u lus ium muizoni  is  apomorphic fbr  th is
character  among dasyuromorphians,  which
rcpresents a possible synapomorphy with any of
three taxa within the order.

Reltttive length.s of trigonid.s and talonids. The
trigonid may be anteroposteriorly longer, equal
to. or shorter than the talonid. The distribution of
this featr.rre among polyprotodont marsupials is
considcred by Reig et al. (1987), Marshall et a/.
( 1990), Marshall & Muizon ( 1995), Springer et a/.
( 1 9 9 6 )  a n d  G o d t h e l p  e t  u l .  ( 1 9 9 9 ) .  S o m e
Peradectidac (e.g. A lphadon), Didelphidae (e.g.
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Caluront l ,s)  and a l l  Microbiother i idae havc
talonids that are clearly longer than the trigonids
on all lower molars. In many marsupials trigonid
and talonid lengths are almost equal, including in
some D idc lph idae  (e .g .  D ide lp f t i s ) ,  some
Dasyuromorphia (e.g. Ankotarin ja tirarensis) and
Perameler.norphia (e. g., P e r o r,- c' t e s), Dj nr I h i ct
mtr r go ne n s i s and .l o c' u I tt,s i u m m tt i z o n i. At-nong
these  taxa ,  s l i gh t  va r i a t i on  i n  sub jec t i ve
determination of the trigonidlalonid boundary
might result in their receiving either 'tr igonid

longer than ta lonid '  or  ' ta lonid shor ter  than
trigonid' status. Bccause of variation among
ou tg roup  taxa  and  d i sag reemen t  be tween
authorit ies, Godthelp et ul. ( 1999) were non-
committal regarding the assignment ol polarity
for this f'eature among Marsupialia. However, the
prcsence oltrigonids and talonids of 'sub-cqual'

lcngth in the least dcrived Australian marsupial
(Diarthia murgonensis) as well as othcr gcnerally
unspec ia l i scd  foss i l  t axa  (e .g .  Anko ta r i n j a
tirarensis, Keeunu v,oodburnei), supports thc
v iew that  th is  reprcsents the p les iomorphic
condition for Dasyuromorphia. Consequently, J.
ntuizoni is treated as plesiomorphic within the
order for this f-eature.

Anterior point o./ '  termination o./ ' the cri.stid
cth l iqua.  The d is t r ibut ion of  th is  featurc is
considered by Archer ( 1976a, 197 6b), Marshall et
a/. ( 1990), Muirhead & Filan ( 1995) and Godthelp
et al. (1999). Termination of this cristid bencath
the carnassial notch of the metacristid is probably
plesiomorphic for metatherians and thc presence
of  both buccal  (c .g.  Djar th ia rnurgonensis,
.J o c' u I us iunt m u izo n i, most Di delph imorphia and
Dasyuromorphia) and lingual placcment (e.g. nrost
Peramclemorphia) are derivcd (Godthelp et a/.
1999). Termination ofthe cristid obliqua just buccal
to the carnassial notch. evident in Joculusiunt
nuizoni ,  rcpresents a l ike ly  dasyuromorphian
plesiomorphy.

Positictn of'the h-vpoconttlid. Placement of thc
hypoconu l i d  s l i gh t l y  pos te robucca l  t o  t he
entoconid is plcsiomorphic for Dasyurornorphia
and Didclphimorphia. Presencc of a hypoconulid
d i r cc t l y  pos te r i o r  t o  t he  en tocon id  i s  a
peramelemorphian synapomorphy (Muirhead &
Filan l 995). Joculttsiunt muizt.nri shows the
ples ior lorphic condi t ion.

Development of'the anterior cingulid. A distinct
anter ior  c ingul id  is  present  in  peradect ids,
microbiotheriids, peramelemorphians, Dj arthio
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n ru rgonens i " i ,  and  mos t  Amer idc lph ia  and
Dasyuromorphia. This feature is oftcn poorly
developcd or absent in large carnivorous taxa (e.g.
Bo rhvuena ,  Thy laT ' i r t , . t r .  I n  a  number  o f
omnivorous taxa the anterior cingulid is markedly
hypert rophied (e.g.  Didelphis .  Wukumatha
ta.s se I I i, and Peramelcmorphia). Both hypeftrophy
and hypotrophy of this feature, rclative to that
cviderrt in peradcctids. are apomorphic fbr both
Metather ia and Dasyuromorphia.  . Ior :u lus iunt
muizoni is plesiornorphic for this f 'eature.

Morphologt; ofthe M,talonid. A well dcveloped
M, talonid with thc hypoconid, entoconid. and
h y p o c o n r r  l i d  c a c h  p t ' e s e n l .  i s  c o t n t t t o t t  t t r
P e r a d e c t i d a e ,  m o s t  D i d e l p h i d a e ,  s o m e
Peramclcrnorphia. Djurthio mLtrgonensis, some
Dasyuridae and Thylacinidae, and Joctrlttsitrnt
ntuizotti. Reduction of one or more of thcsc cusps
is evident in microbiotheriids. son.re didelphids
and peramelemorphians, and most dasyurids and
thylac in ids.  Presence of  a wcl l  developed M.
ta lon id  has  con rmon ly  been  t rea ted  as  a
dasyuromorphian plcsior.norphy (Archer 197 6a,
1 9 7 6 b ) .  R e d u c t i o n  h a s  c l c a r l y  o c c u r r e d
independently within several marsupial l ineages
and at least twicc within Dasyuromorphia (i.e.
Dasyur idac and Thylac in idae) .  .Jot ' t t lus i tu t t
n t u i z o n i  i s  p l e s i o r n o r p h i c  a m o n g  d a s y u r o -
morphians for this featurc.

DISCUSSION
Many  resea rche rs  i n  t he  f i e l d  o f '

dasyuromorphian phylogeny have treated the
ordcr  as indef lnablc on the basis  of  denta l
rrorphology (Ride 1964, Archer 1916b, Szalay
1994), with the possible exception of a reduction
in incisor fonrrula to 4/3. Marshall et al. (1990)put
fbrward two addi t ional  denta l  t -eatures as
synapomorph i c  f o r  t he  c l ade ,  t ha t  i s ,  M ,
preparacr is ta e longated and ta lonids reduced
relative to thc trigonids. Nonc of these putative
synapomorph ies  a re  uncqu i voca l  w i t h i n
Marsupialia. Four upper and thrce lower incisors
a re  f ound  i n  some  bo rhyaeno id  and
pe rame lemorph ian  taxa ,  as  we l l  as  a l l
Dasyuromorphia. While there can bc l itt le doubt
that loss of I5 occurred independcntly in each o1'
thesc three clades, this is not necessarily truc with
rcspect to loss of I,. The fburth lower incisor is
absent  in  a l l  Austra l ian taxa and thcrefore
represents a possib le synapomorphy fbr  the
Aus t ra l i an  rna rsup ia l  r ad ia t i on .  Po la r i t y
determinat ions for  the addi t ional  f -eatures
proposcd by Marshall et al. (1990') are debatable.

) /

Hypcrlrophy of the Ma preparacrista, although
certainly derived within Marsupialia and common
l( )  most  dasyuronrorphians.  is  not  present  in  somc
generalised dasyurid taxa (e.g. lVeophascogule).
However, it is present in some possible sister taxa
to Dasyuronrorphia (i.e. Djarthitt murgonen.sis,
Peramclemorphia). Regarding the relative size s of
thc trigonid and talonid, there is disagrccrnent
ove r  wh i c l . r  cons t i t u tes  t he  p l cs io rno rph i c
nrarsupial condition (Godthelp et al. 1999).

W i th in  a  phy logene t i c  f r amcwork  t he
elucidation of higher level relationships fbr J.
muizctni is problematic at both the familial and
ordinal levels. In ten.ns of overall similarity, this
species could bc placed within Dasyuridae. but
only on thc basis of symplesiomorphy. Whilst
some dasyurids retain a dcntit ion that may bc
p l e s i o m o r p h i c  f o r  a  h i g h e r  c l a d e  w i t h i n
Dasyuromorphia, ifnot Dasyurornorphia itself, all
Dasyur idae can be dcf ined by a number of
basicranial synapomorphies, as demonstratcd by
Wroe ( 1996, 1997a, 1999b) and Wroc c1a1. (2000).
The singlc derived dasyurouorphian feature
identif ied tnJ. ntuizoni, oblique orientation of thc
metacristid, is sharcd with some tlrylacinids and
dasyurids. Clonsequcntly, in the absence ofcranial
rrraterial, it is ir lpossible to position J. muizoni
wi th in the ordcr .  Even at  the ord inal  level
circurnspection is required. Loss of Is remains the
only wcll sr,rpported dental synapor.norphy for
Dasyuromorphia, a fcature not yet known in .,/.
ntuizoni. Howevcr, the presence of a derived
f-eature that may indicate special relationship with
ei ther  sorne Thylac in idae or  Dasyur idae,  in
conjunction with stratigraphic and geographic
position. arc together treated as a rcasonable basis
for  thc p lacement  of  .J .  mt t izorz i  wi th in
Dasyuromorphia.
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