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ABSTRACT 
Symmettodont mammals, generally rare and poorly represented in the fossil 
record, ate exceptionally abundant in the Mussentuchit local fauna of the 
upper Cedat Mountain Fotmation (upper Albian or lower Cenomanian), 
Emery County, Utah, USA. Hetein we describe thtee new species of symme
t rodon ts (fout or more are present in the fauna); one is referable to 
Spalacotheridium, otherwise known from the Turonian (Late Cretaceous), 
and the othet two are referred to a new genus. With the possible exception of 
Mictodon, all Not th American Cretaceous symmetrodonts are referable to the 
Spalacotheriidae. Spalacotheriids ate distinctly different from mote primitive 
symmetrodonts such as Kuehneotherium in jaw sttuctute (e.g., detachment of 
postdentary elements, ptesence of pterygoid crest) and molar morphology 
and function (e.g., development of continuous mesial and distal sheating sur
faces). To this extent, they ate mote cleatly similat to tribosphenic therians 
than are archaic symmetrodonts, although they are uniquely specialized. 
Some features of advanced spalacothetes, such as the loss of the coronoid and 
meckelian groove, developed convergently in tribosphenidans and many 
othet gtoups, and hence represent iterative themes in the evolution of 
Mesozoic mammals. Featutes of the molars and dentary suggest that the 
Family Spalacotheri idae is a monophyle t ic group, with the Eutopean 
Spalacotherium and Chinese Zhangheotherium forming successive outgroups 
to remaining genera. Within the family, Nor th American taxa appear to 
form a m o n o p h y l e t i c c lade , c u l m i n a t i n g in the h ighly specia l ized 
Symmetrodontoides of the Late Ctetaceous; Microderson, known only by a 
single uppet molat from the Ctetaceous of Morocco, is of enigmatic affini
ties. Spalacotheriids wete clearly present in North America by the Aptian-
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Albian and, assuming that North American taxa form an endemic and exclu
sive monophyletic group, their presence on the continent cannot be attribut
ed to an hypothesized mid-Cretaceous interchange with Asia. Instead, 
phylogenetic data suggest their origin from western Europe sometime in the 
Early Cretaceous, supporting the hypothesis that there was some degree of 
faunal continuity at that time between the two landmasses, based initially on 
similarities of the dinosaur assemblages. 

MOTS CLÉS 
S y m m e t r o d o n t a , 
S p a l a c o t h e r i i d a e , 

p h y l o g é n i e , 
C r é t a c é . 

RESUME 
Les symmétrodontes spalacotheriidés (Mammalia) du Crétacé (Albien supérieur 
ou Cénomanien inférieur) de la faune de Mussentuchit, Formation Cedar 
Mountain, Utah, USA. 

Les mammifères symmétrodontes, qui sont généralement rares et mal repré
sentés dans le registre fossile, sont exceptionellement abondants dans la faune 
locale de Mussentuchit du sommet de la Formation « Cedar Mountain » 
(Albien supérieur ou Cénomanien inférieur), Emery County, Utah, USA. 
Nous décrivons ici trois nouvelles espèces de symmétrodontes (il existe au 
moins quatre espèces dans la faune de Mussentuchit) ; une espèce se rapporte 
au genre Spalacotheridium, connu par ailleurs dans le Turonien (Crétacé 
supérieur), et les deux autres sont attribuées à un nouveau genre. À l'excep
tion, peut-être, de Mictodon, tous les symmétrodontes nordaméricains appar
tiennent à la famille des Spalacotheriidae. Ces derniers diffèrent nettement 
des symmétrodontes plus primitifs tels que Kuehneotherium par la structure 
de leur mâchoires (entre autres, le détachement des éléments postdentaires et 
la présence d'une crête ptérygoïde) et par la morphologie et la foncrion de 
leurs molaires (entre autres, le développement de surfaces coupantes conti
nues mésiales et distales). Sur ce plan, ils ressemblent plus à des thériens tribo-
sphéniques qu'à des symmétrodontes archaïques, bien que présentant des 
spécialisations uniques. Quelques caractères de spalacothères dérivés, tels que 
la perte du processus coronoïde et du sillon de meckel se développent de 
façon convergente chez les Tribosphenida et de nombreux autres groupes, et 
constituent des thèmes répétitifs dans l'évolution des mammifères méso-
zoïques. Les caractères des molaires et du dentaire suggèrent que la famille 
des Spalacotheriidae constitue un groupe monophylétique, le genre européen 
Spalacotherium et le genre chinois Zhangheotherium formant les extra-groupes 
successifs des autres genres. Au sein de la famille, les taxons nordaméricains 
semblent constituer un clade monophylétique qui culmine avec les formes 
hautement spécialisées comme Symmetrodontoides du Crétacé supérieur ; les 
affinités de Microderson, connu par un seule molaire supérieure du Crétacé 
du Maroc, restent énigmatiques. Les spalacothcridés étaient clairement pré
sent en Amérique du Nord dès l'Albien-Aptien et, si l'on admet que les 
taxons nord-américains constituent un groupe monophylétique endémique 
et exclusif, leur présence sur le continent ne peut être attribuée à un éventuel 
échange faunique avec l'Asie au milieu du Crétacé. En revanche, les données 
phylogénétiques suggèrent que l'origine des Spalacotheriidae se situe en 
Europe occidentale au Crétacé inférieur, renforçant ainsi l'hypothèse selon 
laquelle il existait, à cette époque, une certaine continuité faunique entre les 
deux continents, hypothèse fondée initialement sur les ressemblances obser
vées entre les faunes de dinosaures. 
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F I G . 1. — O u t c r o p m a p of t h e C e d a r Mounta in For
mation, Utah (inset), a n d field a r e a in Emery County . 
Localities a r e OMNH s i t es that p r o d u c e d s p e c i m e n s of 
Spa laco the r i idae desc r ibed in t he text ( s ee Cifelli er at. 
1999 , for s e c t i o n s s h o w i n g s t ra t ig raph ie pos i t ions of 
s i tes) . 

I N T R O D U C T I O N 

S y m m e t r o d o n t s have long been accorded a criti
cal posi t ion in m a m m a l i a n evolut ion because the 
principal cusps of u p p e t a n d lower molars form 
t h e " reversed t r i a n g l e " p a t t e r n t h a t is w i d e l y 
believed to be morphological ly in te rmedia te bet
ween the setially t r icuspid cond i t ion of t r i cono-
d o n t s a n d t h e m o r e e l a b o r a t e m o l a r s o f 
t r i b o s p h e n i c m a m m a l s (e.g. , P a t t e r s o n 1 9 5 6 ) . 
Unfortunately, their fossil record is abysmal, and 
they are p r o b a b l y the w o r s t r ep re sen t ed o f all 
Mesozoic m a m m a l "groups" (in a morphologica l , 
no t t axonomic sense) - the recent discovery of an 
except ional spec imen from the Late Jurassic or 
E a r l y C r e t a c e o u s of C h i n a ( H u et al. 1 9 9 7 , 
1 9 9 8 ) n o t w i t h s t a n d i n g . G i v e n t h e fact t h a t 
knowledge of s y m m e t r o d o n t divetsity and mor 
phology is poor, it is unsurpr i s ing that they are 
generally o m i t t e d from comprehens ive analyses 
o f m a m m a l i a n p h y l o g e n y (e .g . , R o w e 1 9 8 8 ; 
W i b l e 1 9 9 1 ; W i b l e & H o p s o n 1 9 9 3 ; Roug ie r 
et al. 1996) , no tab le exceptions being the works 
o f P r o t h e r o ( 1 9 8 1 ) a n d H u et al. ( 1 9 9 7 ) . In 

N o r t h A m e r i c a , s y m m e t r o d o n t s w e r e l o n g 
k n o w n from the Late Jurassic only, as represented 
by Tinodon Marsh , 1879 and the probably syno-
n y m o u s Eurylambda S i m p s o n , 1 9 2 9 ( see 
S i m p s o n 1 9 2 9 ; C r o m p t o n & J e n k i n s 1 9 6 7 ; 
P ro the ro 1981) . Later discoveries recorded the 
su rv iva l o f a p p a r e n t " a c u t e - a n g l e d " s p a l a c o 
ther i ids , h i t h e r t o represented on ly in w h a t was 
then considered the Jurassic of England , in the 
E a r l y C r e t a c e o u s o f Texas ( P a t t e r s o n 1 9 5 5 , 
1956) a n d the Late Cre taceous of Alberta (Fox 
1972 , 1976, 1985) and sou the rn U t a h (Cifelli & 
M a d s e n 1 9 8 6 ; C i fe l l i 1 9 9 0 ) . Mictodon Fox , 
1 9 8 4 , an a p p a r e n t l y re l ic tua l t a x o n f rom t h e 
C a m p a n i a n of wes t e rn C a n a d a , represen ts t he 
only record of an "obtuse-angled" s y m m e t r o d o n t 
f r o m t h e C r e t a c e o u s o f N o r t h A m e r i c a (Fox 
1984b) . 

Here in we describe new taxa of in te rmedia te age 
between these Early a n d Late Cretaceous records 
in N o r t h Amer ica . O n e of the taxa, at least, is 
r e p r e s e n t e d by a n u n u s u a l l y c o m p r e h e n s i v e 
ser ies , a f f o r d i n g t h e o p p o r t u n i t y to e x a m i n e 
va r i a t ion a n d pos i t i ona l changes in t h e m o l a r 
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series, a n d p r e s e n t i n g n e w i n f o r m a t i o n o n the 
den ta ry of advanced Spalacotheri idae. Finally, we 
briefly c o m m e n t on the status a n d p lacement of 
the Spalacother i idae wi th respect to o the r sym-
m e t r o d o n t s a n d t o m o r e a d v a n c e d m a m m a l 
g roups , a n d p rov ide an hypo thes i s of re la t ion
ships wi th in Spalacotheri idae. 
T h e s y m m e t r o d o n t s descr ibed here in were col
l ec t ed f rom t h e C e d a r M o u n t a i n F o r m a t i o n , 
E m e r y Coun ty , U tah . T h i s un i t was n a m e d for a 
series of terr igenous sed imentary rocks lying bet
w e e n t h e U p p e r Jurass ic M o r r i s o n F o r m a t i o n 
a n d t h e U p p e r C r e t a c e o u s D a k o t a F o r m a t i o n 
(Stokes 1944, 1952) , a n d is broadly exposed in 
central and eastern Utah (Fig. 1). Five uni ts (in 
ascending order) of the format ion are n o w reco
gn ized : t he B u c k h o r n C o n g l o m e r a t e , a n d the 
Y e l l o w C a t , P o i s o n S t r i p S a n d s t o n e , R u b y 
R a n c h , a n d M u s s e n t u c h i t m e m b e r s (K i rk l and 
et al. 1 9 9 7 ) . T h e s y m m e t r o d o n t s p e c i m e n s 
resulted from a conce r t ed col lect ing effort in a 
restricted strat igraphie interval of the u p p e r m o s t 
uni t , the Mussen tuch i t Member , 10-20 m below 
t h e c o n t a c t w i t h t h e o v e r l y i n g D a k o t a F o r 
m a t i o n . T h e spec imens descr ibed here in derive 
from eight sites (Fig. 1); the vast majori ty were 
collected from O M N H locality V 6 9 5 . T h e fossil 
ho r i zon at this locality is direct ly overlain by a 
v o l c a n i c ash . M u l t i p l e , c o n c o r d a n t 4 0 A r / 3 9 A r 
d e t e r m i n a t i o n s o n s a n i d i n e p h e n o c r y s t s f rom 
this ash, a n d from the same hor izon nearby, yield 
a date of 98 .39 ± 0 .07 M a (Cifelli et al. 1997) ; 
hence, the fauna is indis t inguishable in age from 
the A l b i a n - C e n o m a n i a n (Early-Late Cretaceous) 
b o u n d a r y , p l a c e d a t 9 8 . 5 ± 0 . 5 M a b y 
O b r a d o v i c h ( 1 9 9 3 ) a n d a t 9 8 . 9 ± 0 .6 M a by 
G r a d s t e i n et al. ( 1 9 9 5 ) . S t r a t i g r aph i e sec t ions 
showing p lacement of the pr incipal fossil locali
ties are given in Cifelli et al. (in press). 
T h e ver tebra te assemblage from the u p p e r par t 
of the C e d a r M o u n t a i n F o r m a t i o n , t e r m e d the 
M u s s e n t u c h i t loca l f auna , is k n o w n by m o r e 
than 5 0 0 0 specimens represent ing abou t 80 taxa 
(Cifelli et al. 1999) . O f the m a m m a l s , only the 
marsup ia l or nea r -mar sup i a l Kokopellia Cifelli , 
1993 (see Cifelli 1 9 9 3 ; Cifelli & M u i z o n 1997) , 
three t r i c o n o d o n t i d s (Cifelli & M a d s e n 1998) , 
a n d several mul t i tube rcu la te s (Ea ton & Ne l son 
1991) have been described thus far. 

M E T H O D S 

Spec imens were recovered us ing a c o m b i n a t i o n 
of s t a n d a r d q u a r r y p rocedu re s , t h r o u g h w h i c h 
mos t of the den tu lous jaw fragments and a few 
of the larger isolated teeth were recovered, cou
pled wi th a large-scale unde rwa te r screenwashing 
opera t ion (Cifelli et al. 1996; M a d s e n 1996) . It 
is wor thwhi le p o i n t i n g ou t tha t m o s t of the iso
lated tee th were recovered from the fine fraction 
of in ternested screen boxes, in wh ich the corres
p o n d i n g screen size was 30-mesh ; had only win
d o w s c r e e n b e e n e m p l o y e d , as is c o m m o n 
practice for Late Cretaceous rocks of the U S , few 
of these specimens (most of wh ich have a maxi
m u m d imens ion of significantly less than 1 m m ) 
wou ld have been recovered. 

M e a s u r e m e n t s were t aken wi th a Reflex mic ro 
scope, w h i c h pe rmi t s n o n - c o n t a c t r ecord ing of 
po in t coordinates in three d imens ions ; m i n i m u m 
standard errors are two microns o n the x, y-axes 
a n d five m i c r o n s o n t h e z -ax is ( M a c L a r n o n 
1989) . Reflex data are automat ical ly recorded to 
0 .001 m m , and these da ta are reproduced verba
t im here , a l t hough we p o i n t o u t t ha t this does 
n o t t ake i n t o a c c o u n t m e a s u r e m e n t e r ro r (see 
Lillegraven & Bieber 1986) . 
M e a s u r e m e n t s a r e s h o w n in F i g u r e 2 . 
Spa laco the r i id mo la r s are ex t r eme ly smal l a n d 
fragile; t he lower mola r c ingula are par t icular ly 
v u l n e r a b l e to b r eakage . In o r d e r to m a x i m i z e 
sample size for lower molars , we t ook s t andard 
length a n d w i d t h measu remen t s m i n u s the cin-
g u l u m . W e remeasured specimens of o ther rele
vant Spalacotheri idae us ing the same procedure ; 
m e a s u r e m e n t s o f Spalacotheroides bridwelli 
P a t t e r s o n , 1 9 5 5 are f r o m a n e p o x y cas t , a n d 
those of Symmetrodontoides canadensis Fox, 1976 
are from Fox (1976 , fig. 5; 1985 , fig. 1). O t h e r 
measu remen t s were taken by def ining po in t s at 
the apices of the p r imary cusps (paraconid, p ro -
toconid , metacon id) a n d calculating: (1) the dis
tances be tween them; (2) the angle (herein called 
t r igonid angle) formed between the poin ts , wi th 
the p ro tocon id at the apex. T h e t r igonid angle is 
r a the r var iable , even a m o n g t ee th of t he same 
locus. Cons ide ra t i on of t oo th m o r p h o l o g y sug
gests tha t the t r igonid angle decreases wi th wear: 
the mesial a n d distal faces of the paraconid and 
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ang le 

, p rd -med 

p a d - m e d 

FIG. 2 . — Spalacother i id molars showing m e a s u r e m e n t conven t ions ; A, right lower molar, occlusal view; B, right lower molar oblique 
occlusolingual view; C, left uppe r molar, occlusal view. Abbrevia t ions: a n g l e , ang l e formed by lines connec t ing a p i c e s of pa racon id 
to protoconid a n d me tacon id to protoconid; ANW, anter ior width (g rea tes t width of lower molars ) ; L, mesod i s t a l length; p a d - m e d , 
d i s t a n c e from a p e x of pa racon id to a p e x of metaconid ; P O W , poster ior width; p r d - m e d , d i s t ance from a p e x of protoconid to a p e x of 
me tacon id . 

metaconid (respectively) are rather vertical, where
as their o p p o s i n g faces slope d o w n w a r d toward 
each other , so tha t the a p p a r e n t centers of the 
cusps will migra te toward each o ther as wear p ro 
gresses. W e also a t t emp ted to take he ight measu
rements . However , our efforts were frustrated by 
our inabili ty to define a repeatable plane of refe
rence, a n d the fact that wear varies considerably 
f rom o n e s p e c i m e n to t h e n e x t . H e n c e , refe
rences to difference in c rown height ate quali ta
tive only. For u p p e r molars , we t ook measure 
men t s (Fig. 2) analogous to those employed for 
t r i b o s p h e n i c t h e r i a n s (see L i l l e g r a v e n 1 9 6 9 , 
fig. 5 ) . C a l c u l a t i o n s , descr ip t ive stat is t ics , a n d 
tests were d o n e w i t h Systat vers ion 7; or ig inal 
da ta are available from the senior a u t h o r u p o n 
request. 

D e n t a l t e r m i n o l o g y is s h o w n in Figure 3 . T h e 

homologies of some of the upper molar cusps of 
spalacotheri ids a n d o ther s y m m e t r o d o n t s — e.g., 
t h e p r e s e n c e o f a m e t a c o n e ( B u t l e r 1 9 3 9 ; 
Pat terson 1956) — are unclear, a n d the n o m e n 
clature is inconsis tent . M o s t workers have refer
red t o t h e t h r e e p r i m a r y c u s p s o f u p p e r a n d 
lower molars in pr imit ive m a m m a l s as A, B, and 
C; a n d a, b , a n d c, respectively (e.g., C r o m p t o n 
& Jenk i n s 1 9 6 8 ; Cass i l iano & C l e m e n s 1979 ; 
Jenkins & C r o m p t o n 1979) . C r o m p t o n (1971) 
regarded the me tacone of t r ibosphenic The r i a as 
a n e o m o r p h , and referred to the distolabial of the 
three p r imary uppe r mola r cusps as cusp "c"; we 
follow convent ion in referring to this as cusp C, 
in o rde r to avo id con fus ion w i t h lower m o l a r 
cusp c, t h o u g h we p o i n t o u t t h a t s imi lar p r o 
b lems exist w i t h this t e rm , as u p p e r molars of 
p r i m i t i v e m a r s u p i a l s a n d c e r t a i n o t h e t t r i b o -
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distal stylar c u s p 

^ s ty locone B 
paras ty le 

metas ty le metas ty le 

p a r a c o n e p a r a c o n e 

protoconid 

paracristid 

mesial cingular c u s p 

protocristid 

distal cingular c u s p 

paraconid metacon id 

FIG. 3 . — Dental terminology employed in this p a p e r ; A, upper molar (M4) of Spalacotherium (modified after S i m p s o n 1928a , fig. 34 , 
and Pa t t e r son 1956 , fig. 12); B, u p p e r molar of Spalacolestes; C, lower molar of Spalacolestes. 

s p h e n i c m a m m a l s h a v e a s t y l a r c u s p C (see 
C lemens 1979 , we t h a n k R. C . Fox for po in t ing 
th i s o u t t o u s ) . O t h e r a u t h o r s ( B u t l e r 1 9 3 9 ; 
Pat terson 1956 ; K e r m a c k et al. 1 9 6 8 ; P ro the ro 
1 9 8 1 ; H o p s o n 1997) in terpret cusp C - wh ich 
in spalacother i ids (where present) is located on 
t h e p o s t p a t a c r i s t a a b o u t m i d w a y b e t w e e n the 
paracone a n d the distolabial corner of the too th 
— as h o m o l o g o u s wi th the t r ibosphen idan meta
c o n e . F o l l o w i n g a r g u m e n t s p r e s e n t e d b y 
Sigogneau-Russell & E n s o m (1998) , we believe 
this to be probable , bu t follow H u et al. (1998) 
in re ta ining the t radi t ional nomenc la tu re for spa-
lacotheti ids. Cer ta in spalacotheri ids also have an 
unusua l cusp on the pteparacrista, abou t halfway 
between the paracone a n d the mesolabial c o m e t 
of t h e t o o t h , w h e r e a s econd cusp is general ly 
p r e s e n t . W e f o l l o w P a t t e r s o n ( 1 9 5 6 ) a n d 

Sigogneau-Russell & E n s o m (1998) in regarding 
t h e l a t t e r c u s p as t h e s t y l o c o n e ( see a l s o 
Sigogneau-Russel l 1991a) , so tha t the cusp lin
gual to it (but labial to the paracone) is a neo-
m o r p h . T h e mos t recently appl ied t e rm for this 
cusp in the midd le of the pteparacris ta is cusp Bj 
( H u et al. 1 9 9 7 ) , a n d t h i s u s a g e is a d o p t e d 
here in . S y m m e t r o d o n t uppe r molars also c o m 
m o n l y bear one or m o r e cusps placed on the sty
l a r shelf , d i s t a l t o t h e e c t o f l e x u s (if o n e is 
present) . T h a t at the corner of the too th may be 
te rmed, by convent ion , the metastyle. T h e more 
mesial ly p laced cusp has been referred to as a 
poster ior stylat cusp (e.g., Fox 1985) or, in ana
logy w i t h t h e s i m i l a r l y p l a c e d c u s p o f t r i b o 
sphen ic the t ians (e.g., S impson 1929; C l e m e n s 
1 9 7 9 ; F o x 1 9 8 4 a ) , as s t y l a r c u s p D ( e . g . , 
S igogneau-Russel l 1 9 9 1 b ; Sigogneau-Russel l & 
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E n s o m 1998) . Unfortunately, the t e rm "cusp D " 

has also been appl ied to the metastylar cusp ( H u 

et al. 1 9 9 7 ) . In o rde r to avoid confus ion w i t h 

this usage or impl ied homology wi th the similar

ly-pos i t ioned cusp of marsupia l s , placentals , or 

t h e r i a n s o f " m e t a t h e r i a n - e u t h e r i a n g r a d e , " we 

refer to the cusp placed on the stylar shelf, distal 

to the med ian par t of the t oo th bu t proximal to 

t h e m e t a s t y l e ( w i t h w h i c h it s h o u l d n o t b e 

confused), as a "distal stylar cusp." 

T h e media l surface of the den ta ry in m a m m a l s 

c o m m o n l y bea r s a r i d g e , c res t , o r a n a l o g o u s 

s t ructure , generally near or at the inferior marg in 

a n d loca ted pos t e r i o r to t h e m a n d i b u l a r fora

m e n , for a t t a c h m e n t o f t h e m . p t e r y g o i d e u s 

medialis . W e are unable to find a s tandard ana to 

mical t e rm for this s t ructure , and various names 

have been applied to it in the l i terature. S impson 

(e.g., 1926 , 1928a) alternatively referred to this 

s t r u c t u r e as a " p t e r y g o i d cres t" or " p t e r y g o i d 

ridge," somet imes using b o t h te rms in the same 

work (e.g., S impson 1929) . Recent au thors (e.g., 

Rowe 1988) somet imes refer to it as a "pterygoid 

shelf," a n d this t e r m has b e c o m e s t a n d a r d for 

mul t i tubercula tes (e.g., M i a o 1988; G a m b a r a y a n 

& Kielan-Jaworowska 1995) , in which the infe

rior marg in of the d e n t a r y is s t rongly inflected 

lingually. In order to p r o m o t e precision in usage 

a n d to avo id c o n f u s i o n in c h a r a c t e r s t a t e o r 

i m p l i e d h o m o l o g y (see d i s c u s s i o n in M i a o 

1993) , we refer to the s t ructure in ques t ion s im

p ly as a " p t e r y g o i d c re s t , " excep t w h e r e it is 

obv ious ly d e v e l o p e d in to a shelf, as in m u l t i 

t u b e r c u l a t e s , or i n t o an in f lec ted ang le , as in 

marsupials a n d some early Euther ia (see Sanchez-

Villagra & Smi th 1997 , a n d below). At least, one 

of the species described herein is characterized by 

a p t e r y g o i d cres t t h a t bea r s a h y p e r t r o p h i e d , 

p rocess - l ike l i ngua l e x t e n s i o n t h a t is u n i q u e , 

so far as w e are aware . L a c k i n g a n y s t a n d a r d 

te rm for this feature, we refer to it as a "pterygoid 

process." 
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S Y S T E M A T I C P A L E O N T O L O G Y 

O r d e r S Y M M E T R O D O N T A Simpson , 1925 

C O M M E N T S . — This group was proposed by Simpson 
(1925a) to include then-known taxa (all thought to be 
Jurassic in age) having the three principal molar cusps 
arranged in a triangular pattern, thereby distinguish
ing them from the serially tricuspid tr iconodonts, 
with which they had been previously grouped (e.g., 
Osborn 1888, 1907). Symmetrodonta have long been 
conceived as a paraphyletic group (see, e.g., Patterson 
1956; Cassiliano & Clemens 1979, fig. 7-4), but this 
simple picture became increasingly complex with the 
discovery of geologically older taxa, par t icular ly 
Rhaeto-Liassic Kuehneotherium Kermack et ai, 1968 
(see Kermack et al. 1968) and, later, Woutersia 
Sigogneau-Russell, 1983 (see Sigogneau-Russell 1983; 
Sigogneau-Russell & Hahn 1995). Mandibles referred 
to Kuehneotherium, at least, retain a pos tdentary 
trough and attachment facets for the postdentary ele
ments seen in cynodonts and primitive mammals such 
as Morganucodon K i ihne , 1949 and d o c o d o n t s 
(Kermack & Mussett 1958; Kermack et al. 1968; 
Kermack et al. 1973; Lillegraven & Krusat 1991), and 
lack derived features (such as a pterygoid crest) found 
in other mammals, including some triconodonts (e.g., 
Rowe 1988; Wible 1991; Wible & Hopson 1993). 
Hence, either the mammalian middle ear complex or 
the "reversed triangle" pattern of upper and lower 
molars evolved independently more than once; both 
cases have been argued (see, e.g., Allin & Hopson 
1992; Rougier et aï. 1996). Prothero (1981) resolved 
this p rob lem by excluding Kuehneotherium from 
Symmetrodonta (see also Hopson 1994), but his ana
lysis did not include non-therian groups, and it is 
unclear how other, more recently described taxa (e.g., 
Woutersia, Zhangheotherium H u et al., 1 9 9 7 , 
Thereuodon Sigogneau-Russell, 1989, Shuotherium 
Chow & Rich, 1982, Kotatherium Datta, 1981, and a 
host of enigmat ic taxa from the C a m p a n i a n Los 
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Alamitos fauna of Argentina: see teferences cited 
above a n d D a t t a 1 9 8 1 ; C h o w & Rich 1 9 8 2 ; 
Sigogneau-Russell 1989; Bonaparte 1990; Sigogneau-
Russell 1991b; Prasad & Manhas 1997; Sigogneau-
Russell & Ensom 1998) would fit into this scheme. 
The situation is further complicated by the fact that 
some molats of Amphilestidae, genetally placed in the 
Tticonodonta (e.g., Simpson 1945), have theit princi
pal cusps a r ranged in an ob tuse t t i ang le , and a 
telationship to Symmetrodonta has been suggested on 
this basis (Mills 1971; see also Jenkins & Schaff 1988; 
and discussion in Kielan-Jaworowska & Dashzeveg 
1998). Fox (1985) proposed a trifold classification of 
Symmetrodonta, including Tinodontidae (containing 
Kuehneotherium and several other taxa, as well as 
Tinodon). Kuehneotherium has been shown to be high
ly similat to Tinodon (e.g., C r o m p t o n & Jenkins 
1967), but its placement in the Tinodontidae is pla
gued by the same dif f icul ty as its te fe t ra l to 
Symmettodonta in general: it retains an exttemely pri
mitive jaw sttucture, whereas in Tinodon the post-
den ta ty e lements were evident ly de tached and a 
pterygoid crest is present (see Prothero 1981). We can 
offer nothing new to solve this dilemma and thus have 
not attempted to define of diagnose Symmetrodonta. 
Howevet, there are some data to uphold integrity of 
the "cote" group, Spalacotheriidae. Pending futthet 
analysis and, hopefully, more data from the fossil 
record, we find it useful to tetain a traditional, inclu
sive concept of "symmetrodonts" (e.g., Cassiliano & 
Clemens 1979; Fox 1985). A recent, comprehensive 
d iscuss ion of the p r o b l e m in def in ing S y m m e 
trodonta, together with a thorough historical review 
of relevant taxa, is given by Sigogneau-Russell & 
Ensom (1998). McKenna & Bell (1997) distributed 
the contents of the Symmetrodonta among several 
higher groups within Mammalia, which they diagnos
ed primarily on the basis of detachment of accessory 
jaw bones (postdentary complex) from the ctanio-
mandibular joint and theit association with the cra
nium as elements of the auditory apparatus. This 
arrangement implies a tevetsal for Kuehneotherium 
which, as noted, evidently tetained a full complement 
of postdentary elements that wete well integrated with 
the dentary. 

Recently, the term "Theria" has been formally defined 
as a crown-based taxon restricted to the common ances
tor of marsupials, placentals, and all of its descendants 
(Rowe 1988). Herein we follow a more traditional, 
informal concept that also includes "Theria of meta-
therian-eutherian grade," peramurans, eupantothetes, 
and symmetrodonts (e.g., Pattetson 1956), in recogni
tion of the current instability in phylogenetic intetpte-
tation of the major groups of mammals. 

Family S P A L A C O T H E R I I D A E Marsh , 1887 

TYPE GENUS. — Spalacotherium Owen, 1854. 

INCLUDED GENERA. — The type, and Spalacotheroides 
Pa t t e r son , 1955 ; Symmetrodontoides Fox, 1976; 
Spalacotheridium Ci fe l l i , 1 9 9 0 ; Microderson 
Sigogneau-Russell, 1991; Zhangheotherium Hu et al, 
1997; and Spalacolestes, n. gen. 

D I S T R I B U T I O N . — ?Late Jurass ic t h r o u g h Early 
Cretaceous, western Europe (Clemens 1963; Clemens 
& Lees 1 9 7 1 ; Krebs 1985) ; Early t h t o u g h Late 
Cretaceous, Nor th America (Patterson 1955; Fox 
1976); Late Jutassic or Early Cretaceous, Asia (Hu 
et al. 1997) ; PEarly Cre taceous , no r the rn Africa 
(Sigogneau-Russell 1991b). Spalacotherium was first 
described from the Putbeck beds, ttaditionally regard-
ed as Uppet Jurassic (see discussion in Clemens et al. 
1979) . Recent l i t e ra tu re increas ingly refers the 
mammal-bearing part of the Purbeck to the Berriasian 
(Lower Cretaceous, see Allen & Wimbledon 1991; 
Kie lan-Jaworowska & Ensom 1994; Sigogneau-
Russell & Ensom 1994; Ensom & Sigogneau-Russell 
1998). 

REVISED DIAGNOSIS. — Symmetrodonts with lowet 
molats beating well-developed primary cusps (para
conid, protoconid, metaconid) attanged in an acute 
angle, a teduced talonid; five lower molars present in 
Zhangheotherium, incteasing to six or more, where 
known, in other taxa. Unique pattern of interlocking 
for lower molars, whereby the distal cingulat cusp of 
one molar is placed labial to the mesial cingular cusp 
of the succeeding tooth. Upper molars primitively 
with accessoty cusp (Bj) on preparacrista between 
paracone and stylocone. 

C O M M E N T S 

A m o r e de ta i l ed d iagnos i s o f S p a l a c o t h e r i i d a e 
was given by Fox (1985) , based on t h e n - k n o w n 
t a x a : Spalacotherium, Spalacotheroides, a n d 
Symmetrodontoides. T h e concept of the family is 
b r o a d e n e d he r e to i n c l u d e Zhangheotherium, 
recently described from the Late Jurassic or, more 
probably, Early Cre taceous of C h i n a ( H u et al. 
1 9 9 7 ) . By c o m p a r i s o n to r e m a i n i n g s p a l a c o -
theres, Zhangheotherium wou ld appear to be pr i 
m i t i v e in s o m e r e s p e c t s , s u c h as t h e l o w e r 
n u m b e r of m o l a r s , Plack of c o n t i n u o u s mesial 
a n d d i s ta l s h e a r i n g surfaces on m o l a r s ( u p o n 
e rup t ion ) , and , perhaps , features on the media l 
side of the den ta ry (see below). In o ther respects, 
such as the comple te lack of cingula on the lower 
molars , Zhangheotherium is s t r ik ingly a typical . 
N o n e t h e l e s s , m o l a r m o r p h o l o g y is o t h e t w i s e 
similar to that of Spalacotherium, part icularly in 
the presumably derived features cited in the dia-
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gnosis. W e tentatively follow H u et a I. (1997) in 
r e f e r r i n g Zhangheotherium t o t h e S p a l a c o 
ther i idae. C u s p Bj is present in Spalacotherium 
( e . g . , C l e m e n s 1 9 6 3 ) , Spalacotheroides (see 
Pat terson 1956) , and Zhangheotherium (see H u 
et al. 1997) , the geologically oldest and, for rea
sons detai led below, cons idered by us to o ther
w i s e b e t h e m o s t p r i m i t i v e m e m b e r s o f t h e 
family. W e therefore tenta t ively regard the p re 
sence of cusp B , to be p r imi t i ve for ( and dia
gnos t ic of) Spalacother i idae . Sigogneau-Russel l 
& E n s o m ( 1 9 9 8 ) c o n s i d e r e d t h e l o s s o f 
C t o m p t o n ( 1 9 7 1 ) ' s facet A as c h a r a c t e r i z i n g 
Spalacother i idae . It is present ly unce r t a in as to 
w h e t h e r o r n o t facet A is seen in Zhangheo
therium, a n d this feature has accord ing ly been 
o m i t t e d f rom t h e d i agnos i s , p e n d i n g d e t a i l e d 
descr ipt ion of that taxon. 

Microderson, represented by a single too th belong
ing to the type a n d on ly species, M. laaroussii 
S i g o g n e a u - R u s s e l l , 1 9 9 1 , f r o m t h e E a r l y 
Cretaceous of Morocco , was initially described as 
a spalacotheri id (Sigogneau-Russell 1991b) , bu t 
its per t inence to the family has recently been cal
led i n to ques t ion (Sigogneau-Russel l & E n s o m 
1998) . W e tentatively inc lude it here for the sake 
of completeness bu t , because it is poorly k n o w n 
a n d o f e n i g m a t i c affinities, m a k e o n l y pass ing 
reference to it in the compar i sons below. 
G i v e n t h e l o w k n o w n d i v e r s i t y o f s y m m e -
t rodon t s and their meager representat ion in the 
fossil record, it comes as somewha t of a surprise 
t h a t several species, collectively r ep resen ted by 
m o r e t h a n 2 5 0 s p e c i m e n s , are p r e s e n t in t he 
M u s s e n t u c h i t local fauna. M o s t of these speci
mens are isolated teeth, m a n y of wh ich are worn 
or incomple te . Th i s , coupled wi th the facts that 
the species are qui te similar to each o ther a n d to 
n a m e d taxa from N o r t h America , tha t the too th 
rows include m a n y molars (probably seven in the 
lower series a n d six in the upper series) tha t are 
ra ther s imple and vary in only subtle ways from 
o n e p o s i t i o n to t h e nex t , a n d t h a t n o closely 
s imi lar t axon is k n o w n by a n y t h i n g close to a 
c o m p l e t e d e n t i t i o n , m a k e s i d e n t i f i c a t i o n o f 
t a x o n a n d t o o t h p o s i t i o n less t h a n s t r a i g h t 
forward (see also Mills 1984). W e gave first consi-
d e r - a t i o n in o u r ana lyses t o t h e l o w e r m o l a r 
series for several r easons . Firs t , t h e s a m p l e of 

lower molars is comparat ively large, thus pe rmi t 
t ing statistical t r e a t m e n t a n d some appraisal of 
var iabi l i ty . S e c o n d , t h e m o s t m o r p h o l o g i c a l l y 
i n f o r m a t i v e s p e c i m e n s , b o t h f r o m t h e C e d a r 
M o u n t a i n F o r m a t i o n a n d e lsewhere (e.g., Fox 
1976) , are dent igerous m a n d i b u l a r fragments. A 
final, mos t compel l ing reason for giving p r imary 
c o n s i d e r - a t i o n t o t he lower m o l a r s is t h a t t he 
h o l o t y p e s of all spa l aco the r i id s y m m e t r o d o n t s 
(except Microderson) i nc lude lower molars , a n d 
mos t species are based on lower mola r series or 
individual teeth. 

T h e less n u m e r o u s upper molars were then assi
gned to lower mola r taxa based on size a n d m o r 
p h o l o g i c a l c o n s i d e r a t i o n s , a n d were s o r t e d to 
locus (see below). Judged from the compos i t ion 
of t h e M u s s e n t u c h i t local f auna (Cifelli et al. 
1 9 9 7 , 1 9 9 9 ) a n d c o m p a r i s o n w i t h Spalaco
therium (see S impson 1928a) , spalacotheri id pre
molars are clearly present in the existing collec
t i o n . N o a t t e m p t w a s m a d e t o s o r t t h e s e 
according to taxon, however, because of the diffi
culties posed by ass ignment to locus; hence, only 
the mola r den t i t ion is considered herein. 

L O W E R MOLARS 

F o r t u n a t e l y , o n e o f t h e t axa f r o m t h e C e d a r 
M o u n t a i n F o r m a t i o n is k n o w n by a relat ively 
e n o r m o u s sample; several jaws are included, and 
as a result the last four mola r loci of the m a n d i 
bular den t i t ion are represented by teeth in place. 
A den ta ry fragment preserving the anter ior par t 
of the molar series, inc lud ing three loci, is k n o w n 
for t he closely s imilar Symmetrodontoides cana
densis (see Fox 1 9 7 2 , 1 9 7 6 ) . T h e s e spec imens , 
together wi th compar i son to the comple te den t i 
t ion of the s o m e w h a t m o r e d ivergen t Spalaco
therium (see S i m p s o n 1928a ; C l e m e n s 1 9 6 3 ) , 
provide the foundation for evaluating posi t ion of 
i s o l a t e d t e e t h o n t h e bas is o f r e l a t ive c r o w n 
height , differences in the p ropor t ions of the lin
gual cusps (paraconid, me tacon id ) , acuteness of 
the t r igon id angle, conf igura t ion of the l ingual 
c i n g u l u m , w i d t h t o l e n g t h p r o p o r t i o n s , a n d 
o ther considerat ions . 

O n c e the lower molars were sorted to their relati
ve a n d approx imate posi t ions in the too th row, it 
became apparen t tha t three diagnosable species, 
differing in size (Fig. 4) a n d morphology , were 
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FIG. 4 . — Bivariate sca t te rp lo t s for lower molar length (L) a n d width (ANW) of Spa laco the r i idae from the upper C e d a r Mountain 
Formation by inferred tooth locus . Symbo l s : c i r c l e s , Spalacotheridium noblei n. sp . ; s q u a r e s , Spalacolestes cretulablatta n. gen . , 
n. sp . ; t r i a n g l e s , Spalacolestes inconcinnus n. gen . , n. sp . ; d i a m o n d , g e n . a n d s p . indet. 

present in the sample: the well-represented taxon 
just m e n t i o n e d , k n o w n by several jaws a n d near
ly 100 isolated molars ; a smaller species, repre
sented by a b o u t 35 isolated teeth; a n d a larger 
species, for w h i c h on ly t h r ee lower mo la r s are 
k n o w n . O n e p r o b l e m a t i c s p e c i m e n e v i d e n t l y 

represents a four th , unident i f ied taxon. For the 
species represented by the latgest sample, it was 
then possible to c o n d u c t detailed compat i sons in 
order to identify t oo th locus more precisely, eva
luate variability at each t oo th posi t ion and diffe
rences between adjacent teeth (in te rms of their 
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m e a s u r e m e n t s ) , a n d es t ima te t he m o l a r c o u n t . 
T h e s e results were t h e n used for re f inement of 
identifications for the o the r species. Descr ip t ion 
of the tesults is deferred to the individual species 
accounts , bu t some prefatory c o m m e n t s are war
ranted here because of the need to provide a basis 
for compar i son wi th previously described species, 
a n d t h e i m p l i c a t i o n s o f t h e resu l t s p r e s e n t e d 
herein for in terpre ta t ion of t oo th posi t ion a m o n g 
specimens referred to those species. 
As m e n t i o n e d , t h e b e s t - r e p r e s e n t e d s p a l a c o 
theri id of the Mussen tuch i t local fauna is k n o w n 
by the last four lower molars in place, as well as 
by a large sample of isolated teeth. Except for the 
last molar, wh ich is morphological ly distinctive, 
it is no t possible to identify posi t ions of indivi
dual pos ter ior molars w i t h cer ta in ty because of 
o v e t l a p p i n g ranges of v a r i a t i o n b e t w e e n loci . 
None the le s s , t he isolated mola r s fall i n to reco
gnizable clusters co t r e spond ing to k n o w n too th 
posi t ions, and we consider our identifications to 
be p r o b a b l e , w i t h m i s t a k e n i d e n t i t y b y m o r e 
than one too th posi t ion be ing unlikely. 
A m o n g the isolated tee th r ep resen t ing an te r io r 
molar loci, one g roup is consistently and clearly 
recognizable. Based on k n o w n trends in the dent i
t i o n o f s p a l a c o t h e r i i d s (e .g. , S i m p s o n 1 9 2 5 b , 
1928b; Clemens 1963; Fox 1976), these teeth can 
be confidently identified as m l . T h e teeth that are 
morpholog ica l ly in t e rmed ia te be tween this fitst 
m o l a r a n d the a n t e r i o r m o s t of those in k n o w n 
tooth posit ions fall into two clusters, recognizable 
on the basis of bo th qualitative and quant i ta t ive 
chatacterist ics. Again, howevet, because of over
lapping ranges of variability, individual teeth can 
be i d e n t i f i e d w i t h p r o b a b i l i t y , n o t c e r t a i n t y , 
acco td ing to pos i t ion . H e n c e the available da ta 
indicate that , in this species at least, seven lowet 
molars were present. Rather than using quota t ion 
or ques t ion m a t k s o n the n u m e r o u s spec imens 
cited below, we simply call a t tent ion to the facts 
that a comple te den t i t i on of a N o r t h Amer i can 
spalacotheriid remains u n k n o w n and that , in any 
case, identification of isolated molars (except the 
first and last, which are morphological ly dist inc
tive) canno t be established unambiguously , even 
wi th complete specimens at h a n d for compar ison. 
T h e i d e n t i f i c a t i o n s o f t e e t h to respect ive loci 
should be regarded as tentative. 

O f t h e t e m a i n i n g s p a l a c o t h e t i i d s f r o m t h e 
M u s s e n t u c h i t local fauna, compa r i son w i t h the 
t axon jus t m e n t i o n e d i n d i c a t e d t h a t a s e c o n d 
species is r ep re sen t ed by t ee th recogn izab le as 
be longing to the first six lower mola r posi t ions; 
these will be referred to as m l - 6 . It is unclear as 
to whe the r an m 7 was lacking in this species, of 
is n o t r e p r e s e n t e d in ex is t ing co l l ec t ions . T h e 
th i rd diagnosable species is k n o w n by only three 
lower molars , each recognizable as to locus wi th 
the same confidence as the mofphological ly simi
lar, best-represented species. 

A m o n g d e s c r i b e d species of N o r t h A m e r i c a n 
Spa laco the t i idae , the best k n o w n is Symmetro
dontoides canadensis, the ho lo type of wh ich (UA 
8588) consists of an incomple te jaw wi th three 
t ee th . T h e s e were ident i f ied by Fox ( 1 9 7 6 ) as 
p robab ly represen t ing m 3 - 5 . T h e basis for this 
i d e n t i f i c a t i o n w a s a r e f e r r e d s p e c i m e n , U A 
1 2 0 8 6 , a m a n d i b u l a r f r agmen t w i t h a m o l a r i -
form t o o t h cons idered to be m l . T h e t o o t h of 
U A 1 2 0 8 6 has a b road ly ob tuse t f igonid angle 
t ha t , if c o m p a r e d to U A 8 5 8 8 , w o u l d fo rm a 
graded series wi th the teeth o n the lattef speci
men , assuming tha t an unrepresented too th posi
t i o n i n t e r v e n e d b e t w e e n t h e t w o s p e c i m e n s . 
D e n t i g e t o u s jaws a n d n u m e r o u s isolated tee th 
similaf to that of U A 12086 are k n o w n from the 
C e d a r M o u n t a i n F o r m a t i o n , a n d w o r k in p r o 
gress by one of us (RLC) indicates that these are 
no t lower molars of spalacotheri ids. C o m p a r i s o n 
of U A 8 5 8 8 to t he extensive series m e n t i o n e d 
above indicates t h a t t he t ee th in this spec imen 
are m 1-3. Fox (1976) also referred an isolated 
molaf, U A 1 2 0 8 7 , to Symmetrodontoides cana
densis. As demons t r a t ed by Fox, this t oo th clearly 
r e p r e s e n t s a m o r e p o s t e r i o r t o o t h l o c u s . 
C o n s i d e r a t i o n of t h e p r o p o r t i o n a l differences 
be tween this spec imen a n d m 3 of the holotype , 
toge ther wi th t he large sample from the C e d a t 
M o u n t a i n F o r m a t i o n , suggests t h a t U A 1 2 0 8 7 
probab ly is an m 5 or, as Fox (1976) suggested, 
m 6 . 

O t h e r species are k n o w n by isolated teeth only, 
and identif ication of t oo th posi t ion is more p ro 
b l e m a t i c . T h e first s y m m e t r o d o n t t o be de s 
cribed from the Cretaceous of N o r t h Amer ica is 
Spalacotheroides bridwelli, f r o m t h e A p t i a n -
Albian of the Trini ty G r o u p , Texas. S. bridwelli 
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was b a s e d o n a m a n d i b u l a r f r a g m e n t w i t h a 
s ing l e l o w e r m o l a r ( P a t t e r s o n 1 9 5 5 ) ; several 
u p p e r mola r s were later referred to t he species 
( P a t t e r s o n 1 9 5 6 ) . P a t t e r s o n ( 1 9 5 5 ) sugges t ed 
t h a t , as w i t h Spalacotherium, Spalacotheroides 
probably had seven molars , a n d that the t oo th in 
the holo type ( F M N H P M 933) is the an tepenu l 
t imate — i.e., m 5 . Fox (1976) indicated that this 
too th best matches the second too th on the ho lo
type of Symmetrodontoides canadensis, t hen iden
tified as m 3 or 4 a n d cons ide red he re in to be 
m 2 . W e concur : in terms of size a n d overall mor 
phology, we find F M N H P M 9 3 3 to be m o s t 
s i m i l a r t o m 2 o r 3 o f Symmetrodontoides. 
However, the paraconid on F M N H P M 9 3 3 is 
lacking. For this reason, a n d because too th locus 
canno t be reasonably hypothesized w i t h o u t o ther 
s p e c i m e n s b e l o n g i n g to t h e s a m e species , t he 
lower den t i t ion of Spalacotheroides bridwelli m u s t 
be set aside from compar i sons for the t ime being. 
Th i s species is said to differ from Spalacotherium 
(see P a t t e r s o n 1 9 5 5 ) a n d all o t h e r S p a l a c o 
theri idae (Fox 1976) except Zhangheotherium in 
having an incomple te labial c ingu lum. N o other 
lower molars are yet k n o w n for S. bridwelli. A 
s o m e w h a t m o r e o b t u s e - a n g l e d t o o t h (pe rhaps 
m l ) , c o m p a r a b l e in size a n d overall gestal t to 
F M N H P M 9 3 3 , is n o w k n o w n f r o m t h e 
Clover ly F o r m a t i o n ( R L C , u n p u b l i s h e d da t a ) , 
which is approximate ly equivalent in age to the 
p a r t o f t h e T r i n i t y G r o u p t h a t p r o d u c e d 
Spalacotheroides (Jacobs et al. 1 9 9 1 ) . U n f o r t u 
nately, the labial side of this t o o t h is damaged , 
leaving open the ques t ion of whe the r or no t the 
c ingu lum was comple te . 

T h r e e species of Spalacotheri idae have been des
cr ibed from the U p p e r Cre t aceous of s o u t h e r n 
Utah . Symmetrodontoides foxi Cifelli & Madsen , 
1986 , f rom the W a h w e a p F o r m a t i o n (assumed 
to be lower C a m p a n i a n a n d approximate ly equi
v a l e n t t o t h e u p p e r M i l k R i v e r F o r m a t i o n , 
A l b e r t a , w h i c h p r o d u c e d S. canadensis), was 
based on p re sumed m 4 ( M N A 4 5 8 9 , the ho lo 
type) and a referred too th ( M N A 4522) assumed 
to represent m 7 (Cifelli & Madsen 1986) . A n e w 
specimen of this species, together wi th compar i 
son to the extensive series representing a m o r p h o 
l o g i c a l l y s i m i l a r s p e c i e s f r o m t h e C e d a r 
M o u n t a i n Format ion , suggests tha t M N A 4 5 8 9 

is an m 2 a n d t h a t M N A 4 5 2 2 is m 6 (or, less 
probably , m 5 ) ; m 4 of S. foxi is r epresen ted by 
O M N H 2 0 1 3 5 . 
T h e S m o k y H o l l o w M e m b e r o f t h e S t r a i g h t 
Cliffs F o r m a t i o n , late T u r o n i a n in age ( E a t o n 
1991) , has y ie lded two spa laco the r i ids (Cifelli 
1990) . T h e present compar i sons , wh ich include 
n e w m a t e r i a l s , i n d i c a t e t h a t t h e h o l o t y p e of 
Symmetrodontoides oligodontos C i f e l l i , 1 9 9 0 
( M N A 5789) is probably m 6 (not m 7 as origi
nally t hough t ) , and that the original referred spe
c i m e n ( O M N H 2 0 3 8 1 ) r e p r e s e n t s m 4 . 
Newly- re fe r red spec imens i nc lude M N A 6 0 4 7 
and 6 7 5 5 , tentatively identified as m 2 and m 4 , 
respectively; and 2 9 5 2 3 , a mand ibu l a r f ragment 
w i t h m 2 . T h e h o l o t y p e o f t h e d i m i n u t i v e 
Spalacotheridium mckennai Cifelli, 1990 is mos t 
p r o b a b l y m 2 ( n o t m 4 as o r ig ina l ly be l i eved) ; 
newly-referred O M N H 2 9 5 2 4 , M N A 6 0 4 6 , and 
O M N H 2 9 5 2 6 are probably m l , m 4 , and cor
roded m 6 , respectively. 

U P P E R MOLARS 

T h e uppe r molars are evidently m u c h m o r e fra
gile a n d subject to breakage d u r i n g the screen-
w a s h i n g p roces s : t h e s a m p l e f rom t h e C e d a r 
M o u n t a i n F o r m a t i o n inc ludes on ly 54 ca ta lo
g u e d u p p e r m o l a r s , as o p p o s e d to m o r e t h a n 
2 0 0 lowers. O f these, 4 5 u p p e r molars p roved 
assignable to species bu t on ly 31 were formally 
inc luded in h y p o d i g m s because of their greater 
comple teness ; statistical analysis was p rec luded 
by insufficient samples. W i t h one except ion (des
c r i b e d u n d e r P S p a l a c o t h e r i i d a e , i n d e t . ) , t h e 
upper molars readily fell in to three categories on 
the basis of size, as had been established for the 
lower molars . W i t h i n species, there is var iat ion 
that is clearly d u e to t oo th locus. Trends k n o w n 
for s y m m e t r o d o n t s r e p r e s e n t e d by d e n t u l o u s 
jaws (e.g., Spalacotherium, Zhangheotherium, see 
S impson 1928b; C l e m e n s 1963; H u et al 1997) , 
t o g e t h e r w i t h m o l a r s (Fox 1 9 8 5 ) o f a species 
s i m i l a r t o t h o s e f r o m t h e C e d a r M o u n t a i n 
F o r m a t i o n , p r o v i d e d the basis for e s tab l i sh ing 
which tee th were m o r e anter ior ly placed in the 
jaw, a n d w h i c h of t he se r e p r e s e n t e d t h e first 
mo la r . For t he m o s t a b u n d a n t species , it was 
then possible to sort molars i n to discrete m o r 
phological categories, and to d o c u m e n t progres-
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sive changes t h r o u g h the upper series. W e reco
gnize six morphologica l categories a m o n g upper 
molars of this species, a n d therefore tentat ively 
regard the upper mola r c o u n t as six. T h i s accords 
wi th the fact that , in the lower den t i t ion , where 
we believe seven molars are present , m 7 is reduc
ed a n d has a prevallid (for shear ing against the 
distal face of M 6 ) b u t n o postval l id surface. A 
d i f f e r e n t i a l m o l a r c o u n t b e t w e e n u p p e r a n d 
l o w e r j a w s is n o t w h o l l y u n e x p e c t e d , as t h e 
condi t ion is k n o w n to occur in the pr imit ive spa
l a c o t h e r i i d Zhangheotherium ( see H u et al. 
1997) . S impson (1928a) regarded the upper den
t i t i o n o f Peralestes ( w h i c h w e i n c l u d e i n 
Spalacotherium) as having seven molars . C lemens 
( 1963) later showed that on ly six were present on 
one spec imen, at least; it is possible tha t mola r 
c o u n t varied in this taxon. 

Identif icat ion of upper molars be long ing to the 
m o s t a b u n d a n t species t h e n served as t he basis 
for identifying loci a m o n g isolated teeth referable 
t o t h e less a b u n d a n t t a x a f r o m t h e C e d a r 
M o u n t a i n F o r m a t i o n , a n d for morpho log ica l ly 
similar species from elsewhere. Fox (1985) refer
red t w o u p p e r mo la r s t o t he A q u i l a n spa laco
theri id Symmetrodontoides canadensis and indicat
ed tha t one probably represents a more poster ior 
locus t h a n the other. W e find this indeed to be 
t h e c a s e , o u r c o m p a r i s o n s s u g g e s t i n g t h a t 
UALVP 16271 is M l or 2 a n d UALVP 16272 is 
M 2 or 3 of this species. N o upper molars have 
ye t b e e n d e s c r i b e d for s y m m e t r o d o n t s f r o m 
s o u t h e r n U t a h , b u t ma te r i a l s in h a n d sugges t 
t h a t t h e f o l l o w i n g a re r e p r e s e n t e d : Symme
trodontoides foxi, M 4 ( M N A V 4 6 5 3 ) ; S. oligo-
dontos, M l ( O M N H 2 9 5 2 5 ) , M 2 ( M N A 
V 6 0 4 8 , O M N H 2 9 0 4 0 ) , a n d M 6 ( O M N H 
2 9 0 3 9 ) ; Spalacotheridium mckennai, M 5 ( M N A 
V 6 7 5 6 ) . O t h e r spalacotheri ids for which isolated 
upper molars have been described are p r o b l e m 
atic because only single tee th (rather t h a n series) 
are available, a n d they are so different from the 
taxa cons ide red he re as to be n o n - c o m p a t a b l e . 
Several isolated upper molars have been referred 
to Spalacotheroides bridwelli. O f these, F M N H 
P M 1235 is relatively long mesiodistally a n d p ro 
bab ly represen t s a n an t e r i o r p o s i t i o n , as i n d i 
c a t e d by P a t t e r s o n ( 1 9 5 6 , fig. 1) . A cas t o f 
F M N H P M 1 1 3 3 , which is just a fragment of a 

too th , suggests tha t this m a y have been a more 
poster ior molar. T h e upper mola r series is k n o w n 
for Zhangheotherium; however , t he p re l imina ry 
d e s c r i p t i o n a n d ava i l ab l e i l l u s t r a t i o n ( w h i c h 
shows t he u p p e r molars in an ob l ique o r ien ta 
t ion, H u et al. 1997 , fig. 2) pe rmi t only cursory 
compar isons wi th remaining spalacotheriids. T h e 
t e m a i n i n g t a x o n p o s s i b l y r e f e r a b l e t o 
Spalacother i idae a n d represented by an isolated 
u p p e t mo la r is Microderson laaroussii, f rom the 
Eatly Cretaceous of M o r o c c o . As recognized by 
Sigogneau-Russell (1991b) , this t o o t h is so dissi
milar to upper molars of Symmetrodontoides (and, 
by i m p l i c a t i o n , t o r e m a i n i n g taxa c o n s i d e r e d 
here) tha t we c a n n o t hazard a guess as to its posi
t ion in the jaw. 

SPALACOLESTINAE n . subfam. 

TYPE GENUS. — Spalacolestes, n. gen. 

INCLUDED GENERA. — The type, and Spalacotheroides 
Patterson, 1955, Symmetrodontoides Fox, 1976, and 
Spalacotheridium Cifelli, 1990. 

DISTRIBUTION. — Cretaceous (Aptian-Albian through 
early Campanian), North America. 

DIAGNOSIS. — Distinguished from primitive spalaco
theriids (Spalacotherium, Zhangheotherium) in posses
sing the following detived features: molars more 
acutely angled; anterior upper molars with strong 
parastyle; upper molars with preparacrista lower than 
postparacrista and with distal stylat cusp ptesent , 
proximal to the metastyle. Ptetygoid crest and ptery
goid fossa, where k n o w n (Spalacolestes, Spalaco
theroides) extend antetodorsally from mandibular fora
men toward alveolar margin of dentary. 

C O M M E N T S . — As s h o w n by the c o m p a r i s o n s 
below, there is g o o d reason to believe t h a t the 
N o t t h Amer ican Cretaceous spalacotheri ids form 
a m o n o p h y l e t i c a s s e m b l a g e w i t h r e s p e c t t o 
remaining m e m b e r s of the family. W e formalize 
this relat ionship by placing the N o r t h Amer ican 
taxa in their o w n subfamily, n a m e d for the best 
k n o w n genus (described below). W i t h i n the sub
family , p o o r l y k n o w n Spalacotheroides is t h e 
oldest a n d appears to retain the greatest n u m b e r 
of p r imi t ive features. T h e r e m a i n i n g genera of 
S p a l a c o t h e r i i d a e (Spalacotherium, Zhangheo-
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therium), n o t t rea ted in detai l he re in , are rele
ga ted , by de fau l t , t o S p a l a c o t h e r i i n a e ( M a r s h 
1887) , n. rank, wh ich cur rent evidence suggests 
may be paraphylet ic (see below). 

Spalacolestes n . gen. 

TYPE SPECIES. — Spalacolestes cretulablatta n. sp. 

INCLUDED SPECIES. — The type, and S. inconcinnus 
n. sp. 

ETYMOLOGY. — Spalax (Greek), mole, and a com
monly used prefix for genera of this family; lestes 
(Greek), robber, plunderer, and a commonly used suf
fix for genera of small and presumably stealthy, preda-
ceous mammals. 

D I S T R I B U T I O N . — A l b i a n - C e n o m a n i a n , western 
United States. 

DIAGNOSIS. — Differs from Spalacotherium in having 
more acutely angled trigonids on posterior molars and 
in having lower molar paraconid much lower than 
metaconid. Differs from Symmetrodontoides in having 
proportionately narrower posterior lower molars with 
more obtusely-angled trigonids and lesset height diffe
rential between paraconid and metaconid; m l differs 
from that of Symmetrodontoides in having lower, more 
conical paraconid and lower paracristid. Lower molars 
differ from those of Spalacotheridium in having a more 
pronounced height differential between paraconid and 
metaconid. Upper molars similar, where known, to 
those of Symmetrodontoides, except that M 1 - 2 have a 
more bulbous-based paracone with a gently curving 
(not t ightly arced or folded) lingual face. Upper 
molars differ from those of Spalacotheroides and primi
tive taxa in reduction of the stylocone, lack of cusps 
B, and C, presence of an extremely low preparacrista 
(anterior loci only), and presence of an enlarged distal 
stylar cusp . Differs from the o the rwise s imi lar 
Spalacotheridium in having deeper trigon basins and, 
on posterior upper molars, parastyle reduced. 

Spalacolestes cretulablatta n . sp. 
(Figs 6-11) 

H O L O T Y P E . — O M N H 29600, right dentary with 
m4-7. 

HYPODIGM. — The holotype, and the following speci
mens: 
Jaws: dentary with m4-5 , O M N H 27421 ; dentary 
with m6, O M N H 27557. 
Lower molars: m l , O M N H 26424, 26425, 26697, 
29608, 30621, 33044, 33220; ml, O M N H 27451, 
27511, 27541, 32947, 33045, 33054, 33226, 33898; 

m3, O M N H 26698, 27591, 27631, 33047, 33217, 
33851; m4, O M N H 26419, 26420, 26422, 26704, 
26708, 27471, 27484, 27630, 30627, 30628, 30631, 
33055, 33225, 33901; m5, O M N H 26423, 26695, 
26703, 26706, 26707, 27462, 29603, 29606, 30619, 
30620, 33037, 33042, 33043, 33049, 33050, 33222, 
33905; m6, O M N H 27425, 27464, 27569, 29601, 
29767, 30622, 30625, 33040, 33046, 33048, 33218, 
33228; m7, O M N H 27463. 
Upper molars: M l , O M N H 26426 , 3 3 2 3 3 ; M 2 , 
O M N H 26686, 29611, 32897; M3, O M N H 27512, 
33060; M4, O M N H 26688, 26693, 30611, 30612, 
33057, 33231; M5, O M N H 25796; M6, O M N H 
26691, 30614, 32949. 

A D D I T I O N A L REFERRED SPECIMENS. — Incomplete 
upper molars , locus unce r t a in : O M N H 2 5 7 9 5 , 
26427, 26430, 27632, 33056, 33058, 33059, 33235, 
33237, 33906, 33907. 

L O C A L I T I E S A N D H O R I Z O N . — O M N H localities 
V235, V239, V695, V794, and V868 (Fig. 1); upper 
pa r t of C e d a r M o u n t a i n F o r m a t i o n ; A lb i an -
Cenomanian. 

ETYMOLOGY. — Cretula (Latin, dim. of creta), chalk; 
blatta ( L a t i n ) , c o c k t o a c h . A l lu s ion is to the 
Cretaceous age and remarkable, roach-like abundance 
of the species. 

DIAGNOSIS. — The smaller of the two species referred 
to the genus . Diffets from the s l ight ly smal ler 
Symmetrodontoides oligodontos in characters noted for 
generic diagnosis and in having less slender, antero-
posteriorly compressed lower molar para- and metaco-
nids. Differs from S. foxi and S. canadensis in generic 
characters and in being much smaller. 

C O M M E N T S A N D D E S C R I P T I O N 

Lower molar series 
Spalacolestes cretulablatta n . gen . , n . sp. is t he 
m o s t a b u n d a n t t h e r i a n m a m m a l o f t h e 
M u s s e n t u c h i t local fauna a n d is represented by 
94 specimens of the lower molar series. O f these, 
t he h o l o t y p e preserves t he last four m o l a r s in 
place, a n d two o the r den tu lous jaws have teeth of 
k n o w n p o s i t i o n i n t h e p o s t e r i o r p a r t o f t h e 
series. Isolated tee th n o t referable to these loci 
can be sor ted in to three groups based on crown 
height , relative height a n d posi t ion of the para
c o n i d , c u r v a t u r e of t he l ingual c i n g u l u m , a n d 
o ther characteristics. S tandard measurements for 
these t e e t h (Table 1) also g r o u p i n t o d i s t i n c t 
clusters; as n o t ed above, we therefore recognize 
seven lower molars . T h e m o s t morpho log ica l ly 
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TABLE 1 . — Descriptive stat is t ics tor lower molar m e a s u r e m e n t s (mm) of Spalacolestes cretulablatta n. gen . , n. s p . S e e Figure 2 for 
m e a s u r e m e n t abbrev ia t ions a n d conven t ions . 

ANW Pad-med Prd-med Angle 

ml 
N 2 7 2 3 2 
Range 0.989-1.016 0.750-0.856 0.730-0.750 0.559-0.716 61.771-68.440 
Mean 1.002 0.801 0.740 0.652 65.106 
CV 0.019 0.052 0.019 0.126 0.072 

m2 
N 3 4 4 3 3 
Range 0.496-0.529 0.694-0.752 0.431-0.444 0.415-0.480 45.600-50.309 
Mean 0.515 0.721 0.437 0.448 48.163 
CV 0.033 0.037 0.015 0.073 0.049 

m3 
N 8 10 8 8 7 
Range 0.562-0.705 0.809-0.975 0.369-0.552 0.498-0.663 42.738-48.260 
Mean 0.626 0.878 0.473 0.562 45.950 
CV 0.083 0.059 0.113 0.099 0.051 

m4 
N 14 16 11 12 11 
Range 0.470-0.675 0.736-0.963 0.359-0.472 0.496-0.598 29.714-40.046 
Mean 0.601 0.868 0.413 0.598 35.068 
CV 0.106 0.075 0.087 0.086 0.094 

m5 
N 18 19 12 14 10 
Range 0.387-0.612 0.742-0.876 0.362-0.469 0.501-0.610 34.071-40.857 
Mean 0.533 0.811 0.406 0.563 37.656 
CV 0.107 0.046 0.085 0.055 0.063 

m6 
N 13 14 9 8 7 
Range 0.381-0.555 0.651-0.826 0.288-0.424 0.402-0.630 31-920-37.643 
Mean 0.480 0.749 0.347 0.522 34.239 
CV 0.101 0.072 0.117 0.134 0.059 

m7 
N 2 2 0 0 0 
Range 0.383-0.410 0.484-0.487 - -
Mean 0.396 0.485 - -
CV 0.048 0.004 - -

dist inctive molars , identified as m l , have a low, 
a n t e r i o r l y p l a c e d p a r a c o n i d , s o m e w h a t lower 
c r o w n in gene ra l , low c r o w n w i d t h to l e n g t h 
ratio, and wide t r igonid angle (greater than 60°) . 
T h e second and thi rd lower molars are progressi
vely shor ter , wider , a n d tal let c r o w n e d , w i t h a 
m o r e acute t t igonid angle (Table 1 ; Figs 4-5) and 
bases of pa racon id a n d m e t a c o n i d more closely 
approx ima ted ; differences in means for d i m e n 
sions of m 2 a n d m 3 are s ignif icant at t he p = 

0 .05 level, whereas tha t for the t r igonid angle is 
n o t ( T a b l e 2 ) . T h e s e t r e n d s a r e c o n t i n u e d 
t h r o u g h t h e f o u r t h m o l a r ; t h e d i f fe rences in 
w id th and length are no t significant be tween m 3 
a n d m 4 , wheteas tha t for the t r igonid angle is: 
m 4 has a m u c h more acute angle (Tables 1 , 2 ) . 
T h e fifth lower molar is nearly as tall as m 4 , bu t 
t o o t h l eng th a n d w i d t h decrease past m 4 , a n d 
the differences be tween means are highly signifi
cant. Values for t r igonid angle overlap considera-
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FIG. 5 . — Proportional differences (length, width, trigonid angle) accord ing to tooth locus for lower molars of Spalacolestes cretula
blatta, n. gen . , n. sp . S y m b o l s : c i r c l e s , m l ; s q u a r e s , m2; u p w a r d p o i n t i n g t r i a n g l e s , m 3 ; d i a m o n d s , m4; d o w n w a r d p o i n t i n g tr i
a n g l e s , m 5 ; h e x a g o n s , m6 (m7 is omitted b e c a u s e it lacks a metacon id and the trigonid ang le c a n n o t be ca lcu la ted) . 

bly between m 4 - 6 (see c o m m e n t s above), a n d no 
consis tent pa t t e rn is recognizable. O n poster ior 
molars , there is a t endency for the paracristid to 
be slightly longer than the protocris t id, whereas 
t he reverse is t r u e for Symmetrodontoides. T h e 
sixth lower mola r is lower c rowned a n d smaller 
t h a n m 5 . T h e last l ower m o l a r , m 7 , is l ower 
c r o w n e d yet a n d is by far t h e smal les t in t h e 
series. T h e m e t a c o n i d o n this t o o t h is l ack ing 
from O M N H 2 9 6 0 0 ( the ho lo type ) a n d from 
o n e isolated, referred spec imen . We cons ider it 
u n l i k e l y t h a t p r e s e n c e o f t h e c u s p is va r i ab le 
w i t h i n the species, given the d is t inc t iveness of 
m 7 , a l t h o u g h it is c u r i o u s t h a t so few mola r s 

assignable to this locus were recovered, in view of 
the large samples of more mesial teeth. T h e lack 
of a functional postvallid surface on m 7 suggests 
that , as in Zhangheotherium (see H u et a I. 1997) , 
Spalacolestes cretulablatta had one fewer mola r in 
the upper than lower series. Changes in p ropor 
t ions and t r igonid angle t h rough the molar series 
are summar ized in Figure 5, and a compos i t e res
tora t ion is shown in Figure 6 C , D . 
All lower molars are double - roo ted . N o n e of the 
i so la ted t ee th preserves b o t h roo t s i n t ac t , b u t 
c o m p a r i s o n w i t h i n th i s s a m p l e , t o g e t h e r w i t h 
preserved alveoli on the jaw fragments assigned 
to Spalacolestes cretulablatta. ind ica tes t h a t t he 
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TABLE 2. — T w o - s a m p l e f tes t ( i ndependen t f test) compar ing m e a n m e a s u r e m e n t s for ad jacen t lower molars , Spalacolestes cretula-
blatta n. gen . , n. s p . First and last molars omitted b e c a u s e of insufficient d a t a (N for s a m p l e s a r e given in Table 1). 

Length Width Pad-med Prd-med Angle 

m2 vs. m3 
Difference between means 0.111 0.157 0.035 0.114 2.213 
Pooled variance t -3.514 - 5.664 - 1.111 -3.228 1.371 
Degrees of freedom 9 12 9 9 8 
Probability 0.007 0.000 0.295 0.005 0.208 

m3 vs. m4 
Difference between means 0.024 0.011 0.060 0.035 10.882 
Pooled variance t 0.911 0.437 2.935 -1.460 7.568 
Degrees of freedom 20 24 17 18 16 
Probability 0.080 0.061 0.009 0.016 0.000 

m4 vs. m5 
Difference between means 0.068 0.057 0.007 0.035 2.588 
Pooled variance t 3.195 3.238 0.487 2.135 -2.041 
Degrees of freedom 30 33 21 24 19 
Probability 0.003 0.003 0.631 0.043 0.055 

m5 vs. m6 
Difference between means 0.053 0.062 0.058 0.041 3.418 
Pooled variance t 2.685 3.899 3.554 1.887 3.097 
Degrees of freedom 29 31 19 20 15 
Probability 0.012 0.000 0.002 0.074 0.007 

roots were s u b e q u a l in size (except for m 7 , in 
which the distal root is smaller) and mesiodistally 
compressed, w i th a characterist ic subrectangula t 
cross s e c t i o n t h a t m a k e s e d e n t u l o u s s p a l a c o -
lestine mandib les easily recognized as such. T h e 
c ingu lum is comple te on all lower molars and is 
e s p e c i a l l y s t r o n g o n t h e l i n g u a l s i d e o f m l 
(Fig. 7A, B), where it shows a lmost n o flexure; 
on subsequent molars , it flexes dorsally between 
the bases of paraconid and metacon id . T h e cin
g u l u m descends cons iderably as it ex tends past 
the intetst i t ial regions of the t o o t h , so tha t the 
labial par t of the crown is m u c h higher than the 
l ingual side. Mesio l ingual a n d dis tol ingual cus-
pules are present on the c ingu lum, as they are in 
o ther N o r t h Amer ican Spalacotheri idae; these are 
v a r i a b l e b u t a re g e n e r a l l y s a l i e n t , p r o j e c t i n g 
somewha t mesially and distally (as well as dorsal
ly) from the c ingu lum. T h e pa tacon id a n d meta
c o n i d of m l (Fig. 7A, B) have con i ca l , we l l -
separated bases w h e n viewed lingually; the meta
conid is abou t two- th i rds the height of the p ro 
t o c o n i d , w h e r e a s t h e p a r a c o n i d is less t h a n 
one-half the he ight of tha t cusp w h e n the too th 

is viewed lingually. O n ml (Fig. 7 C , D ) , the tri
gon id angle is more acute, a n d the bases of para
c o n i d a n d m e t a c o n i d a r e m o r e c l o s e l y 
a p p r o x i m a t e d because the former cusp is m o r e 
posteriorly placed. T h e paraconid is relatively tal
ler t h a n o n m l , b u t lower t h a n o n succeeding 
molars . T h e m e t a c o n i d of m 2 is m o r e slender, 
wi th a less robus t base, than on m l . T h e l ingual 
c ingu lum develops a p r o n o u n c e d lingual flexure 
on m 3 (Fig. 7E , F), and this cont inues o n suc
ceeding molars. T h e labial face of the p ro tocon id 
o n this and succeeding teeth is less r o u n d e d and 
m o r e sharp ly folded t h a n o n m 1-2; t h e m e t a 
conid is neat ly as tall as the p ro tocon id , wi th the 
p a r a c o n i d b e i n g o n l y a b o u t ha l f as tall as t he 
p r o t o c o n i d , v iewed lingually. O f t he two basal 
cuspules, the distal (i.e., ta lonid) tends to be the 
more p r o m i n e n t a n d project ing; the succeeding 
too th fits in to the concavity of the distal c ingu
lum formed labial to the distal cingular cusp (see 
Fox 1976) . By m 4 (Figs 7 G , H , 8, 9), the bases 
of paraconid and me tacon id are appressed, wi th 
a m o r e s l ender , a n t e r o p o s t e r i o r l y c o m p r e s s e d 
appearance than on anter ior teeth, w h e n viewed 
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FIG. 6. — C o m p o s i t e lower molar s e r i e s in occlusal (A , C, E ) and lingual ( B , D , F ) v iews; A, B, Spalacotheridium noblei n. sp . ; 
C, D, Spalacolestes cretulablatta n. gen . , n. sp . ; E, F, Spalacolestes inconcinnus n. gen . , n. s p . Tooth s e r i e s s ca l ed to relative s ize . 
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FIG. 7. — S c a n n i n g electron micrographs , lower molars of Spalacolestes cretulablatta n. gen . , n. sp . ; A, C, E, G, I, K, M , lingual 
v iews; B , D, F , H , J, L, N , occlusal v iews; A, B, left m l ( O M N H 26424) ; C , D, right m2 ( O M N H 33226) ; E, F, left m 3 ( O M N H 33851) ; 
G, H, left m4 ( O M N H 26422) ; I, J , right m 5 ( O M N H 30631) ; K, L, right m6 ( O M N H 27557) ; M. N, left m7 ( O M N H 27463) . J a w frag
m e n t s and roots el iminated w h e r e n e e d e d to improve clarity. S c a l e bar : 1 mm. 
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lingually. Lower molars 5 a n d 6 (Figs 7I-L, 8) are 
s imilar , b u t progress ive ly smal ler , w i t h c r o w n 
height decreasing after an apparen t m a x i m u m at 
m 4 - 5 . T h e last lower mola r (Figs 7 M , N , 8) is 
dist inctive in its m u c h smaller size; a l though it is 
t w o - r o o t e d like m o r e an te r io r t ee th , t he me ta 
conid a n d protocr is t id are lacking, and the distal 
c i ngu lum is expanded . T h e pos te r iormost molar 
(m7) of Spalacotherium is also qui te small, bu t it 
retains a full c o m p l e m e n t of t r igonid cusps (see 
C lemens 1963) . 

T h e available series of lower molars of Spalaco
lestes cretulablatta encompasses a wide variety of 
wea r s tages. As wea r progresses , t he V - s h a p e d 
no tches in paracr is t id a n d p ro toc r i s t id b e c o m e 
r o u n d e d and U-shaped. O n m l , wear is heaviest 
o n the protocr is t id , wh ich develops a facet that 
dips distally. T h e wear facets on paracrist id and 
p r o t o c r i s t i d are r a t h e r o b l i q u e to t he occlusa l 
plane in early wear, progressively becoming more 
parallel to t h a t p lane . In advanced wea r stages 
(e.g., O M N H 2 7 5 6 9 , m 6 ) , t he c rown forms a 
con t inuous , concave, t r iangular wear surface that 
d ip s s l igh t ly in a mes ia l d i r e c t i o n . O b l i q u e l y 
o r i en ted s t r ia t ions are p resen t o n prevall id a n d 
postvall id faces of w o r n molars ; these are m o r e 
p r o n o u n c e d and recognizable on m 4 - 6 , where the 
mesial and distal faces of the teeth are somewhat 
more planar than on more anter ior molars, where 
they are more convex. T h e r im of the c ingulum 
forms a sharp r idge in u n w o r n teeth, especially 
mesially and distally. W i t h wear, small interstitial 
facets develop mesially and distally, and the sharp 
mesial and distal r ims are beveled off in to rather 
flat, obliquely or iented facets. 

Mandible 
A s i d e f r o m s m a l l f r a g m e n t s , t h e d e n t a r y o f 
Spalacolestes cretulablatta is k n o w n from two spe
c imens , O M N H 2 9 6 0 0 a n d 2 7 4 2 1 (Figs 8, 9) . 
O M N H 2 7 4 2 1 preserves the hor i zon ta l r a m u s 
ventral to the level of m l , the posterior alveolus 
of m 2 , the base of m 3 , m 4 - 5 intact, and paired 
alveoli for m 6 - 7 . M o s t of the a scend ing r amus 
and angular region are missing. O M N H 2 9 6 0 0 
(the holotype) includes the horizontal ramus pos
ter ior to m 3 a n d preserves m 4 - 7 in place. T h e 
crown of m 4 is broken from its base and is rota
ted a n d displaced; m i n o r p o s t m o r t e m ro t a t i on 

a n d d i s p l a c e m e n t of t he o t h e r mo la r s has also 
occurred. T h e poster ior and inferior marg ins of 
the angular region are intact, except for the loss of 
the condyle. T h e posterior marg in is intact for a 
short distance dorsal to the posi t ion of the condy
le; the coronoid process is b roken obliquely and 
its full extent canno t be de te rmined . 
T h e horizontal ramus (Figs 8, 9) has a very gracile 
appearance compared to that of Spalacotherium. 
T h e v e n t r a l m a r g i n o f t h e h o r i z o n t a l r a m u s 
appears s o m e w h a t bowed in lateral view, owing 
to a s l ight ly grea ter d e p t h b e n e a t h m 4 - 5 t h a n 
anteriorly or posteriorly. In dorsal view (Figs 8B, 
9B) , the ramus is relatively straight poster ior to 
the level of m 3 ; anter ior to tha t t oo th posi t ion, it 
c u r v e s m e d i a l l y . T h e a s c e n d i n g r a m u s ar ises 
abou t a molar's l ength poster ior to the posi t ion 
of m 7 and angles dorsally at abou t 45° wi th res
pec t t o t h e a lveolar m a r g i n of t he h o r i z o n t a l 
r a m u s . T h e p o s t e r i o r p a r t o f t h e j a w is a lso 
remarkably gracile in appearance , the b o n e being 
very th in in compar i son to the far m o r e robust 
( a n d l a r g e r ) m a n d i b l e o f Spalacotherium. 
Propo r t i ona t e ly , t h e a s c e n d i n g r a m u s is m u c h 
longe r a n t e r o p o s t e r i o r l y t h a n it is in Spalaco
therium. 

O n the lateral side of the jaw (Figs 8 C , 9 C ) , the 
masseteric fossa is well marked and, owing to the 
form of the angular region (see below) and lateral 
flexure of the an te r io r marg in of the ascending 
ramus , has the appearance of be ing qui te deep . 
T h e r e is no labial m a n d i b u l a r foramen present at 
the apex of the masseteric fossa, as there is in a 
n u m b e r o f o t h e r p r i m i t i v e m a m m a l s ( e . g . , 
Dashzeveg & Kielan-Jaworowska 1984; Marshal l 
& Kielan-Jaworowska 1992; Cifelli et al. 1998) , 
a l t h o u g h the re is an ex t r eme ly smal l n u t r i t i v e 
foramen in one spec imen ( O M N H 29600) at a 
po in t somewha t dorsal to the apex of the masse
teric fossa. 

T h e anter ior margins of the ascending ramus and 
masseteric fossa flex strongly in a lateral direct ion 
as they rise above the alveolar marg in of the jaw. 
Similarly, the inferior marg in of the den ta ry in 
the angular region has a salient lateral deflection. 
T h i s s trongly deflected angular region and lateral 
flexure of the an te r io r marg in of the ascending 
ramus , together wi th similarly s t rong features o n 
the lingual side of the mand ib le , give the dorsal 
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FIG. 8. — Dentary of Spalacolestes cretulablatta n. gen . , n. s p . holotype ( O M N H 29600) , right den ta ry with m4-7 , in lingual (A), 
occlusal (B), and labial (C) views. S c a l e bar : 2 mm. 
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FIG. 9. — Dentary of Spalacolestes cretulablatta n. gen . , n. s p . ( O M N H 27421) , left den ta ry with m4-5 , in lingual (A), occlusal (B), 
and labial (C) v iews . S c a l e bar, 2 mm. 

(Figs 8B , 9B) a n d pos te r ior views of t he m a n 
dible in Spalacolestes cretulablatta an appearance 
t h a t is u n i q u e , so far as we are aware , a m o n g 
Mesozoic m a m m a l s . 
O n the lingual side of the jaw (Figs 8A, 9A), a 
s t rong crest, wh ich we interpret as being for the 
inser t ion of t he m . p te rygo ideus medial is , des
cends posteroinferiorly from the junc t ion of the 
h o t i z o n t a l a n d a scend ing r ami , b e g i n n i n g jus t 
below the alveolar marg in . T h i s crest s t rengthens 
to a shelf as it passes just inferior to the m a n d i 

bular fo ramen , w h i c h has d o u b l e open ings for 
the m a n d i b u l a r canal on one specimen (Fig. 8B). 
T h e m a n d i b u l a r foramen is comparat ively latge 
and faces posterolabially, owing to the gteat deve
l o p m e n t of the p te tygoid crest benea th , the ante
rior a n d pos t e r i o r m a r g i n s of t he m a n d i b u l a r 
fo ramen are deve loped as lips tha t project l in
gually as they descend to the p te tygoid crest. A 
shor t dis tance poster ior to the mand ibu l a r fora
m e n , the pterygoid crest is developed as a salient 
process tha t th ickens in to a robus t t ip . A deep 
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TABLE 3 . — M e a s u r e m e n t s (mm) a n d desc r ip t ive s ta t i s t i cs for u p p e r m o l a r s of Spalacolestes cretulablatta n. gen . , n. s p . S e e 
Figure 2 for m e a s u r e m e n t definitions. 

M1 M2 M3 M4 M5 M6 

L(N) - 2 1 4 1 3 
L (Range) - 1.164-1.225 0.747 0.669-0.846 0.684 0.546-0.552 
L (Mean) - 1.195 0.747 0.745 0.684 0.549 
L(CV) - 0.036 1.000 0.103 1.000 0.006 
ANW (N) 1 2 1 5 1 3 
ANW (Range) 1.084 0.971-0.988 0.949 0.942-1.113 0.745 0.614-0.682 
ANW (Mean) 1.084 0.979 0.949 1.034 0.745 0.656 
ANW (CV) 1.000 0.012 1.000 0.065 1.000 0.056 
POW (N) - 3 2 5 1 3 
POW (Range) - 1.152-1.168 1.028-1.038 0.871-1.090 0.962 0.757-0.888 
POW (Mean) - 1.160 1.033 0.994 0.962 0.813 
POW (CV) - 0.007 0.007 0.107 1.000 0.083 

pocket is enclosed between the pterygoid process 
(lingually) and the body of the den ta ry (labially). 
W h e r e p resen t , t he p t e rygo id crest c o m m o n l y 
e x t e n d s p o s t e r i o r l y to t h e c o n d y l a r r eg ion in 
M e s o z o i c m a m m a l s ( e . g . , T r i c o n o d o n t i d a e , 
T i n o d o n t i d a e , Dryolest idae, see S impson 1928a, 
1929) ; in Spalacolestes cretulablatta, it te rminates 
at the poster ior margin of the process. T h e ptery
goid fossa is very broadly developed anter ior to 
the mand ibu l a r foramen, a n d in this respect dif
fers from tha t of Zhangheotherium. 
N o meckel ian groove or pos tden ta ry t rough are 
apparent , no r are scars for the coronoid or o ther 
pos tden ta ry bones , as c o m m o n l y seen in p r imi 
t i v e m a m m a l s ( K e r m a c k & M u s s e t t 1 9 5 8 ; 
K e r m a c k et al. 1 9 6 8 ; D a s h z e v e g & K i e l a n -
J a w o t o w s k a 1 9 8 4 ; K i e l a n - J a w o r o w s k a & 
D a s h z e v e g 1 9 8 9 ; K r e b s 1 9 9 1 ; L i l l eg raven & 
K r u s a t 1 9 9 1 ; Nessov et al. 1 9 9 4 ) . A vest igial 
trace of the meckel ian groove is present anter ior
ly o n t h e d e n t a r y o f Zhangheotherium, b u t a 
pos tden ta ry t rough is lacking. T h e condyle is no t 
preserved, b u t its pos i t ion is s h o w n by a slight 
th ickening of b o n e just ventral to the preserved 
p o s t e r i o r m a r g i n o f t h e a s c e n d i n g r a m u s in 
O M N H 2 9 6 0 0 (Fig. 8A, C ) . T h e condyle w o u l d 
h a v e b e e n s i t u a t e d a t , o r s l i g h t l y be low, t h e 
alveolar marg in of the hor i zon ta l r amus , lower 
than in Spalacotherium (e.g., B M 4 7 7 5 0 ) . 

Upper molar series 
T h e upper molars (Figs 10, 11) are two-rooted . 
T h e y lack a l ingual c i n g u l u m (a l though a faint 

basal swe l l i ng is va r i ab ly p r e s e n t ) , as seen in 
Symmetrodontoides canadensis (see Fox 1 9 8 5 ) , 
and cusps on the pre- a n d postparacrista, as seen 
on upper molars of Spalacotherium (see S impson 
1 9 2 8 a ) , Spalacotheroides (see Pa t t e r son 1 9 5 6 ) , 
a n d Zhangheotherium (see H u et al. 1 9 9 7 ) . 
Acu teness , t ransverse w i d t h , a n d he igh t of t he 
preparacrista relative to the postparacrista increase 
f rom M l to M 4 , w h i c h is a l m o s t c o m p l e t e l y 
symmetr ical . T h e parastylar lobe a n d distal stylar 
cusp are p r o m i n e n t on anter ior molars (as they 
are in Symmetrodontoides), and decrease t h rough
ou t the series. By contrast , the parastylar lobe is 
m o r e s t r o n g l y d e v e l o p e d o n p o s t e r i o r u p p e r 
m o l a r s o f Spalacotherium (see, e .g. , C l e m e n s 
1963) . T h e paracone is mos t distally r ecumben t 
on M l , decreasing in r ecumbency th rough M 4 , 
w h e r e i t is s y m m e t r i c a l a n d e r e c t . Pas t M 4 , 
molars are progressively smaller (Table 3), narrow
er l ab io l ingua l ly , a n d have a m o r e pos t e r io r ly 
p l a c e d p a r a c o n e . A c o m p o s i t e r e s t o r a t i o n is 
shown in Figure 11 ; m a n y of the t rends evident 
in the restored series are also seen in the c o m p o 
site of Kuehneotherium (see Mills 1984) . 
T h e distolabial par t of M l (Fig. 10A, B) is no t 
preserved on available specimens. T h e paracone 
is s t rongly r e c u m b e n t distally; its mesial face is 
rounded , lacking the "p inched" appearance , wi th 
relatively straight shear ing surface, of more distal 
teeth. A weak ridge, wh ich develops heavy wear 
on its occlusal surface, descends a lmost vertically 
from the apex of t he pa racone d o w n its m e s o -
labial surface; this is equivalent to the prepara-
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FIG. 1 0 . — S c a n n i n g electron mic rographs , upper molars of Spalacolestes cretulablatta n. gen . , n. s p . ; A , C , E , G , I, K, occlusal 
views; B , D , F , H , J , L, mes ia l v iews; A, B, left M 1 ( O M N H 2 6 4 2 6 ) ; C, D, left M 2 ( O M N H 2 6 6 8 6 ) ; E, F, left M 3 ( O M N H 3 3 0 6 0 ) ; 

G, H, left M 4 ( O M N H 3 0 6 1 1 ) ; I, J , left M 5 ( O M N H 2 5 7 9 6 ) ; K, L, right M 6 ( O M N H 2 6 6 9 1 ) . J a w f ragments a n d roots el iminated w h e r e 

n e e d e d to improve clarity. S c a l e bar : 1 mm. 
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FIG. 1 1 . — C o m p o s i t e upper molar s e r i e s in occlusal view. A, Spalacotheridium noble! n. sp . ; B, Spalacolestes cretulablatta, n. gen . , 
n. sp . ; C , Spalacolestes inconcinnus, n. gen . , n. s p . S e r i e s s ca l ed to relative s i ze . 

crista, bu t a crest as such is no t developed unt i l 
this surface approaches the parastyle , where its 
presence is only faintly suggested. T h e parastyle 
is very low, b e i n g p laced nea r t h e base o f t he 
crown, and is developed as a p r o m i n e n t , mesially 
project ing lobe. A small accessoty shelf descends 
l ingually from the parastylar lobe near the labial 
t e rminus of the preparacrista, t e rmina t ing at the 
base of the c rown; there is n o o ther h i n t of a cin
g u l u m , a l though the enamel is variably swollen 
on the lingual base of the too th . 
M 2 (Fig. IOC, D ) is generally similar to tha t of 
Symmetrodontoides, a l t h o u g h t h e paras ty le a n d 
metastyle are less developed. It differs from M l 
in having a flattened mesial (prevallum) shearing 
surface, m o r e s t rongly deve loped preparacr is ta , 
m o r e acu te angu la t i on , less r e c u m b e n c y of the 
paracone , and less p r o m i n e n t , bu lbous parastyle. 
T h e postparacris ta descends at a steep angle from 
the apex of t he p a r a c o n e , f o r m i n g a V-shaped 
n o t c h near the base of tha t cusp. T h e crest ter

minates near the distolabial corner of the too th , 
n o t q u i t e r e a c h i n g t h e smal l m e t a s t y l a r c u s p . 
F r o m the metas ty le , a faint crest descends l in
gually for a shor t dis tance a long the distal face of 
the too th , t e rmina t ing nea t the base of the too th . 
T h i s crest (pe rhaps a r e m n a n t of a c i n g u l u m ) 
evidently formed the marg in of the occlusal sur
face of the too th , pe rhaps serving as a guide for 
the cor responding lower mola r shear ing surface: 
it is or iented at the same angle as wear striations 
located h igher a n d m o r e l ingually o n the same 
s u r f a c e o f t h e m o l a r ( e . g . , O M N H 3 2 8 9 7 ; 
Fig. IOC, D ) . Mesial to a n d separate from the 
m e t a s t y l a r c u s p is a p r o m i n e n t , m e s i o d i s t a l l y 
e l o n g a t e , t r e n c h a n t s t y l a r c u s p , as s e e n i n 
Symmetrodontoides. T h i s crest l ike cusp ex tends 
mesially to the ectoflexus, where it meets a lowet 
crest descending distally from the region of the 
s ty locone . T h e la t te r cusp is n o t preserved on 
available specimens bu t , if present , it was small. 
N o n e of the M 3 s in the sample is comple te , b u t 
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a v a i l a b l e s p e c i m e n s s h o w a c o n t i n u a t i o n o f 
t rends established in the upper mola r series: the 
t r i g o n is m o r e a c u t e a n d d e e p l y b a s i n e d ; t h e 
p a r a c o n e has on ly sl ight r e c u m b e n c y ; t he p re -
paracrista is relatively higher; and the stylar cusp 
is s m a l l e r . O n e b r o k e n s p e c i m e n ( O M N H 
3 3 0 6 0 ; F ig . 1 0 E , F) p r e s e r v e s t h e p a r a c o n a l 
crests in prist ine condi t ion ; cuspules are lacking 
from these. 
M 4 (Fig. 10G, H ) is the mos t transversely deve
loped, acute-angled, nearly symmetr ical too th of 
t h e s e r i e s ; i n Spalacotherium ( i n c l u d i n g 
Peralestes), it is M 3 that appears to be m o s t near
ly symmet r i ca l (But ler 1939) . T h e p a r a c o n e is 
mesiodistally compressed, w i th a dist inct l ingual 
fold, a n d is n o t r e c u m b e n t . All spec imens are 
a lmos t perfectly symmet r i ca l , except for m i n o r 
d i f f e r e n c e s i n t h e p a r a s t y l a r a n d m e t a s t y l a r 
regions. T h e pre- a n d postparacristae are equal in 
height , enclosing a ra ther deep tr igon basin, wi th 
flat, s t rap- l ike facets (as desc r ibed for Symme
trodontoides, see Fox 1976, 1985) on their occlu
sal surfaces. T h e labial surface of the t oo th bulges 
adjacent to the labial t e rminus of the preparacris-
ta, suggest ing t he presence of a small s tylocone 
( o b l i t e r a t e d by w e a r o n avai lab le s p e c i m e n s ) . 
Mes ia l to th is , t he paras ty le is m u c h r educed , 
fo rming an inconspicuous k n o b at the mesiola-
bial corner of the too th . T h e metastyle is similar
ly developed; just mesial to it, the mesiodistally 
elongate stylat cusp is present a long the marg in 
of the stylar shelf. Th i s stylar cusp is variable in 
deve lopment , be ing largest in the figured speci
m e n ( O M N H 3 0 6 1 1 ; Fig. 10G, H ) , b u t is m u c h 
reduced in compar i son to m o t e anter ior molars . 
T h e cusp descends mesially as a crest r i m m i n g 
the stylar shelf a n d enc los ing the t r i gon bas in 
labial ly in t h e reg ion of t he ec tof lexus , w h e r e 
there is variably ( O M N H 2 6 6 9 3 , 30611 ) a small 
cuspule present. 

M 5 (Fig. 101, J) is less t ransverse a n d forms a 
m o r e o b t u s e a n g l e t h a n M 4 . I t is s o m e w h a t 
lower c r o w n e d as wel l , a l t h o u g h t h e p r e - a n d 
pos tparacr i s tae are h igh relative to t he apex of 
the pa racone , a n d enclose a deep t r igon basin. 
T h e paracone is m o r e distally placed than on M 4 
or p reced ing molars , recall ing the c o n d i t i o n in 
t r i b o s p h e n i c t h e r i a n s , w h e r e t h e p r o t o c o n e is 
more distally placed on distal molars . T h e t rend 

in the molar series toward reduc t ion of the para
style is comple te : n o trace of it remains . T h e r e is 
a faint t race of t h e metas ty le at t he dis tolabial 
corner of the too th . T h e distal marg in of the sty
lar shelf is formed by the stylar cusp, wh ich has 
tw inned apices in the single comple te specimen 
( O M N H 2 5 7 9 6 ; Fig. 101, J ) . T h i s spec imen is 
virtually u n w o r n , a n d shows (again) the lack of 
accessory cusps o n the pre- a n d postparacrista. It 
also shows that the stylocone, w o r n away in mos t 
o ther specimens available, is present a n d is deve
loped as a t renchant , mesially placed coun te rpa r t 
to the distal stylar cusp. 

M 6 (Fig. 10K, L) is smaller a n d less transverse 
t h a n M 5 . Parastyle a n d metas ty le are l ack ing , 
and the labial par t of the t o o t h is instead occu
pied by the s tylocone a n d the distal stylar cusp, 
the lat ter n o t qu i t e ex tend ing to the distolabial 
corner of the too th . T h e paracone is more pos
teriorly placed than on M 5 ; the distal face of the 
t o o t h is d i s t i n c t i v e in b e i n g c u r v e d , w i t h a 
r o u n d e d distolabial corner tha t differs from the 
more angular appearance of preceding molars. 

Spalacolestes inconcinnus n . sp. 
(Figs 6, 11-13) 

HOLOTYPE. — Right m4, O M N H 33903. 

H Y P O D I G M . — T h e ho lo type , and m l , O M N H 
33039; m3, 33897; M2, 33034; M4, 33911. 

LOCALITY AND HORIZON. — O M N H locality V868; 
tippet part of Cedar Mounta in Formation; Albian-
Cenomanian. 

ETYMOLOGY. — Inconcinnus (Latin), awkward, coarse, 
in reference to the appearance of the teeth when com
pared to the dainty, elegant morphology generally 
characterizing smaller species of Spalacotheriidae. 

DIAGNOSIS. — The larger of the two species referred 
to the genus; lower molar cingulum better developed 
mesiolabially on m l than in Spalacolestes cretulablatta, 
from which it also differs in having the trigon basin 
incompletely enclosed at the ectoflexus of posterior 
upper molars. Larger than Symmetrodontoides foxi; 
approximately similar in size to S. canadensis, from 
which it differs in having proportionately narrower 
lower molars and other generic characteristics. 

D E S C R I P T I O N A N D C O M M E N T S 

Teeth of S. inconcinnus n . sp. resemble those of 
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TABLE 4 . — M e a s u r e m e n t s (mm) of Spalacolestes inconcinnus n. gen . , n. sp . ; s e e Figure 2 for m e a s u r e m e n t abbrev ia t ions a n d 
conven t ions . 

Tooth L ANW POW Pad-med Prd-med Angle 

m l _ 1.248 _ _ — — 

m3 0.962 1.270 - 0.667 0.739 43.097 
m4 1.050 1.314 - 0.660 0.877 39.444 
M2 1.861 1.356 1.601 - - -
M4 1.033 1.608 1.564 - - -

S. cretulablatta in mos t characterist ics, differing 
chiefly in their m u c h greater size (Fig. 4) a n d in 
features p r o b a b l y related to size (such as cusp 
tobust ic i ty) . S. inconcinnus is m u c h less c o m m o n 
t h a n e i the t S. cretulablatta or Spalacotheridium 
noblei n . s p . , b e i n g r e p r e s e n t e d by o n l y five 
molars , two from the upper den t i t ion a n d three 
from the lower. 
T h e lower molars are so similar to those of S. cre

tulablatta tha t on ly a few c o m m e n t s are warran
ted . T h e c i n g u l u m is m o r e s t rongly deve loped 
t h a n in S. cretulablatta, p a r t i c u l a r l y o n m l 
(Fig. 12A, B). In a d d i t i o n , it appea r s t h a t , in 
S. inconcinnus, the paraconid is lower relative to 
the metacon id at co r responding too th posi t ions. 
Variability canno t be assessed wi th the sample in 
h a n d , however, a n d this possible difference has 
accordingly been omi t t ed from the diagnosis. 
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T h e only upper molar of S. inconcinnus in wh ich 
t h e roo t s can be seen is O M N H 3 3 0 3 4 ( M 2 ; 
Fig. 13A, B), where two are present . A faint swel
l ing o n the pos tparacr i s ta , a b o u t two- th i rds of 
the distance from paracone to metastyle, suggests 
the possible presence of a cusp on this crest, bu t 
breakage in this region prec ludes j u d g m e n t on 
this po in t . T h e crest descend ing l ingually from 
the metastyle on M 2 is s t ronger b u t shor ter than 
it is in S. cretulablatta. T h e distal stylar cusp is 

m o r e b u l b o u s , w i t h a m o r e p r o n o u n c e d labial 
bulge, t han in S. cretulablatta; a weak crest, bare
ly h in t ed at in the latter species, extends lingually 
in to the t r igon basin from the base of the stylar 
cusp. T h e presence of a small s tylocone can be 
c o n f i r m e d o n M 2 of S. inconcinnus. O n M 4 
(Fig. 1 3 C , D ) , t he parastylar region a n d distal 
stylar cusp are more bu lbous than in S. cretula
blatta, so that the ectoflexus is deeper, a l though 
the distal stylar cusp of S. cretulablatta variably 
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projects farther labially than in the single k n o w n 
M 4 of S. inconcinnus. However , t he crests des
cend ing to the ectoflexus from the stylocone a n d 
distal stylar cusp are very weak, so tha t the t r igon 
basin is no t enclosed labially, as it is in S. cretula
blatta. O M N H 3 3 9 1 1 includes the M 4 e m b e d 
d e d in a f t a g m e n t o f t h e max i l l a . T h e labia l 
marg in of the t o o t h is o r i en ted at a h igh angle 
wi th respect to the lateral side of the maxilla ( the 
patastyle is near the lateral margin of the maxilla, 
w h e r e a s t h e d i s to lab ia l c o r n e r o f t h e t o o t h is 
some dis tance from it), suggest ing tha t the ros
t r u m flared laterally in this tegion (Fig. 13C) . 

G e n u s Spalacotheridium Cifelli, 1990 

T Y P E S P E C I E S . — Spalacotheridium mckennai Cifelli, 
1990. 

I N C L U D E D S P E C I E S . — T h e type , and 
Spalacotheridium noblei n. sp. 

D I S T R I B U T I O N . — A l b i a n - C e n o m a n i a n t h r o u g h 
Turanian, Utah. 

R E V I S E D D I A G N O S I S . — Spalacotheriids differing from 
other members of the family in their small size (maxi
mum length and width measurements of molars gene
rally less than 0.75 mm). Lower molars differ from 
those of Spalacotherium in being more nearly symme
trical and acutely angled; from Spalacotheroides in 
hav ing a c o m p l e t e labial c i n g u l u m ; a n d f tom 
Symmetrodontoides and Spalacolestes in being lower 
crowned, with pataconid and metaconid subequal in 
development and of approximately equivalent height, 
only slightly lower than the protoconid, and in having 
posterior molats that are proportionately narrower 
and have more obtuse trigonid angles. Upper molars 
distinct from Spalacotheroides in the ptesence of a lar
ger distally placed stylat cusp and more prominent 
parastylar hook (anterioi loci), the lack of cusps B, 
and C, and the exttemely low placement of the prepa
racrista (anterior loci). Upper molars differ from those 
of Spalacolestes in having a shallower trigon basin, and 
in the ptesence of a prominent parastyle on M6. 

C O M M E N T S 

T h i s genus was originally based on a single molar 
of the type and then only species (Cifelli 1990) . 
T h e recovery of ano ther species, represented by a 
m u c h m o r e ex tens ive s a m p l e f rom t h e C e d a t 
M o u n t a i n F o r m a t i o n , u p h o l d s t h e m o r p h o 
log ica l d i s t i n c t i v e n e s s o f t h e s e t i n y s y m m e 
t rodon t s . Lower molars of Spalacotheridium are 

general ly s imilar to Spalacotheroides, except for 
the described lack of a labial c ingu lum in the lat
ter, bu t available materials of Spalacotheroides do 
n o t p e r m i t c o m p a r i s o n b e t w e e n t h e t w o . In 
con t ras t , the u p p e r molars of t he two taxa are 
q u i t e d i f fe ren t . By c o m p a r i s o n w i t h Spalaco
therium, Spalacotheridium appears to be pr imit ive 
wi th respect to Symmetrodontoides a n d Spalaco
lestes in the features cited in the diagnosis. 

Spalacotheridium noblei n . sp. 
(Figs 6, 11 , 14-16) 

H O L O T Y P E . — O M N H 25828, left m4. 

H Y P O D I G M . — The holotype, a n d the following isola
t e d teeth: 
Lowet molars: m l , O M N H 25609, 33038, 33205, 
3 3 2 2 1 ; ml, O M N H 30623 , 33219; m3 , O M N H 
27261, 29605, 30630, 32948, 33041, 33229, 33900; 
m4, O M N H 25794, 26421, 27424, 27441, 27593, 
29766, 30626, 30629, 32946, 33215, 33902; m5, 
27258, 27629, 29607, 29653, 33052, 33053, 33224, 
33899; m6, 29602. 
Upper m o l a r s : M l , O M N H 26429; M2, O M N H 
33061 ; M3 , O M N H 30618, 33895; M4, O M N H 
26689, 26692, 30617, 33232; M5, O M N H 27595, 
33912; M6, O M N H 27461. 

A D D I T I O N A L R E F E R R E D S P E C I M E N S . — Incomplete 
upper m o l a r s , locus unce r t a in : O M N H 2 6 6 8 7 , 
33236. 

L O C A L I T I E S A N D H O R I Z O N . — O M N H localities 
V235, V239, V240, V695, V696, V801, a n d V868; 
uppet patt o f Cedar Mountain Fotmation; Albian-
Cenomanian. 

E T Y M O L O G Y . — For the Samuel Robe t t s Nob le 
Foundation o f Ardmore, Oklahoma, i n recognition of 
i t s suppot t f o r t h e Oklahoma Museum o f Natutal 
History. 

D I A G N O S I S . — D i f f e r s from the most s i m i l a t species, 
S. mckennai, i n having smallet (especially i n l e n g t h ) 
l o w e t molars, w i t h m o t e a c u t e trigonid angle on m4. 

C O M M E N T S A N D D E S C R I P T I O N 

S. noblei is ra ther similar to S. mckennai and is 
d i s t i n g u i s h a b l e b e c a u s e t h e s a m p l e o f l o w e t 
molars is sufficient to show tha t the few k n o w n 
specimens of the latter fall ou ts ide the tange of 
s ize v a r i a t i o n in S. noblei. T h e h o l o t y p e o f 
S. mckennai ( M N A 5792) , identified as m 2 , has 
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TABLE 5 . — Descriptive stat is t ics for lower molar m e a s u r e m e n t s (mm) of Spalacotheridium noblei n. sp . S e e Figure 2 for m e a s u r e 
ment abbrev ia t ions a n d conven t ions . 

L ANW Pad-med Prd-med Angle 

ml 
N 
Range 
Mean 
CV 

1 
0.888 
0.888 
1.000 

4 
0.692-0.722 

0.710 
0.018 

0 2 
0.532-0.626 

0.579 
0.115 

0 

m2 
N 
Range 
Mean 
CV 

2 
0.447-0.482 

0.465 
0.053 

2 
0.475-0.601 

0.538 
0.166 

2 
0.359-0.398 

0.379 
0.073 

2 
0.396-0.441 

0.418 
0.076 

2 
49.781-54.643 

52.212 
0.066 

m3 
N 
Range 
Mean 
CV 

6 
0.421-0.539 

0.490 
0.087 

7 
0.633-0.795 

0.711 
0.090 

5 
0.340-0.411 

0.393 
0.076 

7 
0.416-0.511 

0.460 
0.072 

5 
42.789-47.581 

45.490 
0.042 

m4 
N 
Range 
Mean 
CV 

10 
0.411-0.559 

0.485 
0.080 

12 
0.559-0.745 

0.678 
0.073 

8 
0.318-0.389 

0.358 
0.064 

9 
0.402-0.562 

0.490 
0.093 

8 
33.018-41.155 

38.105 
0.075 

m5 
N 
Range 
Mean 
CV 

7 
0.409-0.465 

0.446 
0.043 

8 
0.608-0.720 

0.671 
0.067 

2 
0.348-0.360 

0.354 
0.024 

5 
0.424-0.492 

0.452 
0.055 

2 
37.875-39.004 

38.439 
0.021 

m6 
N 1 

0.352 
1 

0.537 
1 

0.270 
1 

0.400 
1 

36.642 

length and wid th p ropor t ions similar to those of 
m 3 in S. noblei, which is considerably larger, bu t 
the t r igonid angle of M N A 5 7 9 2 is m u c h greater. 
W h e n compared to m 2 of S. noblei, o n the o the r 
h a n d , M N A 5 7 9 2 differs greatly in its p ropo r 
t ions , falling near the m a x i m u m for w i d t h a n d 
the m i n i m u m for length (Tables 5, 6) . All molars 
of S. noblei are shorter than m 4 of S. mckennai, 
which has a relatively obtuse t r igonid angle, des
pi te its too th posi t ion. 

T h e lower molars of Spalacotheridium noblei dif
fer f rom t h o s e of Spalacolestes a n d Symmetro
dontoides in be ing propor t iona te ly lower c rown
ed, wi th somewhat more obtuse t r igonid angles at 
co r responding too th posi t ions. T h e mos t nearly 
comple te m l is O M N H 2 5 6 0 9 , which lacks only 
the t ip of the metaconid a n d parts of the cingu

l u m ad jacen t to t h a t cusp (Fig. 14A, B) . T h e 
pa racon id appears to be relatively taller, w i th a 
b roade r , m o r e r o b u s t base t h a n is t h e case in 
Symmetrodontoides or Spalacolestes, a l though it is 

T A B L E 6 . — U p p e r m o l a r m e a s u r e m e n t s (mm) of Spalaco
theridium noblei n. s p . S e e Figure 2 for definition of m e a s u r e 
m e n t s . W h e r e m o r e t h a n o n e s p e c i m e n w a s m e a s u r e a b l e a 
r a n g e is given; s a m p l e s ize for e a c h a p p e a r s in p a r e n t h e s e s . 

Tooth L ANW POW 

M1 1.175 _ 
M2 - 0.896 
M3 0.646 0.743 0.917-0.957 (2) 
M4 0.537-0.551 (3) 0.628-0.827 (2) 0.754-0.838 (3) 
M5 0.649 0.795 0.746-0.838 (2) 
M6 0.435 0.548 0.441 
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FIG. 14. — S c a n n i n g electron mic rographs , anterior lower molars of Spalacotheridium noblei n. sp . ; A , C , E , lingual v iews; B , D , F , 
occlusal v iews; A. B, left m l ( O M N H 26429) ; C, D, right m2 ( O M N H 33219) ; E, F, left m 4 (holotype, O M N H 25828) . S c a l e bar : 
1 mm. 

still lower t h a n t h e m e t a c o n i d . As in all o t h e r 
N o r t h American Spalacotheriidae, m l is m o r p h o 
logically dist inctive by vir tue of the an te t io t pla
c e m e n t o f t h e p a r a c o n i d . L e n g t h t o w i d t h 
p ropor t ions appear to change th rough the molars 
se r ies a b o u t as i n Spalacolestes cretulablatta, 
k n o w n by a m u c h latger sample ; t he tee th are 
lower c r o w n e d t h a n in Symmetrodontoides of 
Spalacolestes. T h e second molar (Fig. 14C, D) is 
considerably shorter than the fust; absolute wid th 
increases th rough m 4 , wi th m 5 - 6 being sequen
tially shor te r a n d nar rower t h a n m 4 (Table 5) . 
O n m 2 a n d succeed ing tee th , the p a t a c o n i d is 
subequal to the metaconid and b o t h cusps are tal-
lef relative to the p ro tocon id than in Spalacolestes 
or Symmetrodontoides. However , the paracr is t id 
dips slightly lower in its med ian no tch than does 
the protocrist id. T h e c ingu lum is comple te and, 
as in Spalacolestes a n d Symmetrodontoides, bears 
p r o m i n e n t c u s p u l e s at t h e m e s i o - a n d d i s t o -

lingual corners of the tooth . Also as in those taxa, 
the c rown is m u c h taller labially t h a n l ingual ly 
and as a result, the c ingulum descends noticeably 
as it proceeds labially from the intetstitial regions 
of the tooth . O n m 4 (Fig. 14E, F) , the metaconid 
is somewha t m o t e lingually placed than the para
conid , so that the p to tocr is t id is slightly longet 
than the paracristid - a condi t ion reminiscent of 
wha t is seen in Symmetrodontoides, a l though no t 
so extreme, and the posterior molars never achie
ve the remarkab le transverse expans ion seen in 
that genus. T h e dental formula canno t be establi
shed w i t h ce t t a in ty . Iden t i f i ca t ion of O M N H 
2 9 6 0 2 (Fig. 1 5 C , D ) as m 6 , however , s eems 
p r o b a b l e because o f its smal l size, l ow c r o w n 
height , a n d p ropor t ions . Th i s specimen appears 
to have an interstitial weat facet on the distal cin
g u l u m , s u g g e s t i n g t h e p r e s e n c e o f a s e v e n t h 
mola t ; we tentat ively regard the lower series to 
include seven molars. 
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F I G . 1 5 . — S c a n n i n g e l e c t r o n m i c r o g r a p h s , p o s t e r i o r lower 
mola r s of Spalacotheridium noblei n. sp . ; A , C, lingual v iews; B , 
D , occ lusa l v iews; A, B, left m 5 ( O M N H 27629) ; C, D, left m6 
( O M N H 29602) . S c a l e bar : 1 m m . 

Wear o n m o l a r cusps a n d crests, preval l id a n d 
postvallid surfaces, and cingula is similar to that 
seen in Symmetrodontoides a n d Spalacolestes (see 
Fox 1976; Cifelli & Madsen 1986; a n d descrip
t i on above , see also C r o m p t o n et al. 1994 for 
d i s c u s s i o n of t h e r e l a t i o n s h i p b e t w e e n ap ica l 
wear, shear ing surfaces, and enamel micros t ruc
ture) . Strap-l ike facets develop a long the dorsal 
surfaces of paracrist id (where it develops earliest 
a n d m o s t s t rong ly ; e.g. , O M N H 2 7 4 2 4 ) a n d 
protocr is t id , j o in ing at the p ro tocon id ; as wear 
p r o c e e d s , t h e s e g r a d u a l l y f o r m a t r i a n g u l a r , 
concave facet w i th an emarg ina ted base (corres
p o n d i n g to the no tch between the bases of para
c o n i d a n d m e t a c o n i d ) . A n u n u s u a l v a r i a n t is 
O M N H 3 3 8 9 9 , a heavi ly w o r n m 5 in w h i c h 
wear is s t ronger o n the labial t han lingual side of 
the too th , w i th the result tha t the paraconid and 
me tacon id are taller than the p ro tocon id . 
U p p e r molars (Figs 11 , 16) are generally similar 

to those of Spalacolestes cretulablatta and will be 
described only where they differ or provide addi 
t ional informat ion . M l (Fig. 16A, B) is slightly 
w o r n , b u t shows t h a t t he s t y l o c o n e was l i t t le 
developed or absent . T h e parastylar shelf, wh ich 
descends lingually from the mesolabial corner of 
t h e t o o t h , has a m o r e p l a n a r sur face t h a n in 
Spalacolestes cretulablatta. Th i s may be related to 
differ ing wear o n t he available s p e c i m e n s : t he 
parastylar shelf bears a wear facet tha t is con t i 
guous wi th the preval lum shearing surface, sug
gesting that the shelf may have served as a guide 
for the occ lud ing lower molar. N o comple te or 
l ightly w o r n specimens of M 2 - 3 (Fig. 16C) are 
available; as far as can be de te rmined , they show 
the progressive n a r r o w i n g of the p a r a c o n e a n d 
r e d u c t i o n o f p a r a s t y l e a n d m e t a s t y l e seen in 
S. cretulablatta (Fig. 11); the metastyle appears to 
be less developed on cor responding teeth than in 
t h a t species . T h e t r igon bas in is n o t near ly as 
deep as in S. cretulablatta or Symmetrodontoides; 
this is part icularly noticeable o n M 4 - 5 (Fig. 16F-
I), in wh ich there is little relief on specimens that 
a re o n l y l i g h t l y w o r n (e .g . , O M N H 2 6 6 9 2 , 
2 7 5 9 5 ) . As w i t h Spalacolestes a n d Symme
trodontoides, M 4 is t he m o s t transversely deve
loped of the upper molars, a n d is a lmost perfect
ly symmet r ica l . M 6 (Fig. 16J) is impressive by 
vir tue of its minuscu le size, p robably being smal
ler relative to M 5 than in Spalacolestes. It is s imi
lar in having a curved distal surface a n d r o u n d e d 
metastyla i region, bu t differs in being less t rans
verse a n d in having a m o r e p r o m i n e n t , projec
t ing parastyle. 

PSpalacotheriidae gen. & sp. indet . 
(Fig. 17) 

S P E C I M E N S . — Anterior lower molar, probably m2, 
O M N H 33896 ( O M N H locality V868); posterior 
upper molar, perhaps M6, O M N H 29612 ( O M N H 
locality V695). 

C O M M E N T S A N D D E S C R I P T I O N 

Two specimens (one upper mola r a n d o n e lower 
m o l a r ) f r o m t h e u p p e r C e d a r M o u n t a i n 
Forma t ion canno t be referred to any of the three 
species described herein, and thus d o c u m e n t the 
p r e s e n c e o f at least o n e m o r e species o f n o n -
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FIG. 16 . — S c a n n i n g electron mic rographs , u p p e r molars of Spalacotheridium noblei n. sp . ; A, C, D, F, H, J, occ lusa l v iews; B, E, G, 
I, mesial v iews; A, B, right M1 (OMNH 26429) ; C, right M2 (OMNH 33061) ; D, E, right M3 (OMNH 3 3 8 9 5 ) ; F, G, left M4 (OMNH 
26692) ; H, I, left M5 (OMNH 27595) ; J , left M6 (OMNH 27461) . S c a l e bar : 1 m m . 

t r i b o s p h e n i c T h e r i a in t h e M u s s e n t u c h i t local 
fauna. If locus is correctly interpreted, the teeth 
appear to c o m e from animals of rather different 
size; hence, they c a n n o t be referred to the same 
species based on ptesent knowledge . 
T h e lower molar (Fig. 17A, B), tentatively iden
tified as m 2 , is in termedia te be tween m l a n d m 2 
of Spalacolestes or Spalacotheridium in t e rms of 
l eng th-wid th p ropor t ions and general appearan

ce: the paraconid is somewha t displaced anter ior
ly a n d in this tespect is reminiscent of a spalaco
theri id m l (a l though it is n o t nearly so anteriorly 
p l a c e d as in m l o f all t axa k n o w n f r o m t h e 
N o r t h A m e r i c a n C r e t a c e o u s ) , yet th is c u s p is 
bet ter developed, the crown is taller, and the tri
gon id angle more acute than is generally seen on 
tha t t oo th . These featutes suggest that it is m 2 , 
i m p l y i n g t h a t t h e s p e c i m e n m a y r e p r e s e n t a 
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FIG. 17. — Spa laco the r i idae g e n . a n d s p . indet.; A, B, left m 2 ? 
(OMNH 33896) in occ lusa l (A) a n d lingual (B) v iews ; C, right 
M6? (OMNH 29612) in occ lusa l view. S c a l e bar : 1 mm. 

more pr imit ive species than others k n o w n from 
t h e m e d i a l a n d L a t e C r e t a c e o u s o f N o r t h 
America . 
T h e upper molar ( O M N H 2 9 6 1 2 ; Fig. 17C) is 
s trongly dissimilar to those of Symmetrodontoides, 
Spalacotheridium, and Spalacolestes. T h e absence 
of a metastylar project ion, curvature of the post
paracrista and r o u n d i n g of the metastylar region, 

mesiodistal b read th a n d low height of the para
cone relative to the rest of the crown, a n d pos
sible p ro j ec t i ng paras ty lar reg ion ( the t o o t h is 
b r o k e n ) , sugges t t h a t it r ep resen t s a pos t e r i o r 
locus, probably the last ( M 6 , if the dental formu
la was as h y p o t h e s i z e d for Spalacolestes). T h e 
m e t a s t y l a r c u s p is p r o m i n e n t , a n d t h e r e is a 
s e c o n d c u s p (C) o n t h e p o s t p a r a c r i s t a , a b o u t 
m idway between the paracone a n d the metastylar 
cusp , a n d separa ted f rom the lat ter by a sl ight 
no tch . A weak crest extends in to the t r igon basin 
from the base of the paracone. T h e preparacrista 
is s l i gh t ly lower t h a n t h e p o s t p a r a c r i s t a , a n d 
bears a cusp (Bj) tha t is somewha t closer to the 
s tylocone (which is b roken) t h a n the paracone . 
Distal to the stylocone is a small b u t t renchant , 
mesiodis ta l ly e longate cusp tha t r ims the labial 
marg in of the t r igon basin. A crest ex tending dis
ta l ly f r o m th i s c u s p d o e s n o t q u i t e reach the 
metas ty la r cusp , leaving the t r igon basin o p e n 
distolabially. 

T h e presence of cusps Bj and C on the pre- and 
postparacristae suggests that the upper molar (like 
the lower) represents a more primitive taxon than 
n a m e d species of Spalacotheriidae from the medial 
and Late Cretaceous of N o r t h America, a n d are 
resemblances to taxa such as Spalacotheroides (see 
Patterson 1956, fig. 1), Zhangheotherium (see H u 
et al. 1 9 9 7 , fig. 2 ) , a n d Spalacotherium (see 
Simpson 1928a, fig. 34) ; bu t it clearly differs from 
upper molars of these as well. Indeed, the presence 
of a crest extending labially from the paracone is a 
similarity to dryolestoids. Lacking any reasonable 
basis for compar ison, we defer further c o m m e n t 
on these puzzling specimens pend ing recovery of 
addit ional materials. 

G e n u s Symmetrodontoides Fox, 1976 

T Y P E S P E C I E S . — Symmetrodontoides canadensis Fox, 
1976. 

I N C L U D E D S P E C I E S . — The type, S. foxi Cifelli & 
Madsen, 1986, and S. oligodontos Cifelli, 1990. 

D I S T R I B U T I O N . — T u r o n i a n t h r o u g h early 
Campanian, western North America. 

R E V I S E D D I A G N O S I S . — Large spalacotheriids differing 
from other members of the family in having propor
tionately broad, acutely-angled posterior lower molars 
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(m4-6). Differs from Spalacotheridium in having lin
gually placed paraconid and height differential bet
ween p a r a c o n i d and m e t a c o n i d ; differs f rom 
Spalacolestes in having more pronounced height diffe
rential between pataconid and metaconid; differs from 
both in having taller pataconid on m l , with taller 
paracristid. M1-2 differ from those of Spalacolestes and 
Spalacotheridium in having a patacone with less bul
bous base and lingual face tightly atced or folded, not 
gently curving. 

C O M M E N T S 

Symmetrodontoides is n o t p resen t in t he C e d a r 
M o u n t a i n Format ion ; its con ten t s a n d diagnosis 
are i nc luded here in on ly to prov ide a basis for 
c o m p a r i s o n . M o r e e x t e n d e d d i a g n o s e s o f 
Symmetrodontoides we re g iven by Fox ( 1 9 7 6 , 
1985) , based on compar i son wi th Spalacotherium 
a n d the single lower m o l a r of Spalacotheroides. 
T h e d i s c o v e r y o f a d d i t i o n a l t a x a f r o m t h e 
Cretaceous of N o r t h Amer ica shows that certain 
f e a t u r e s c i t e d i n t h e e a r l i e r d i a g n o s e s o f 
Symmetrodontoides, s u c h as t h e p r e s e n c e o f a 
labial c i n g u l u m a n d the progressive c h a n g e in 
t r igonid angle of the lower molars series, have a 
broader d is t r ibut ion than previously k n o w n . 

D I S C U S S I O N 

Fragmenta ry as they are, n e w materials from the 
C e d a r M o u n t a i n F o r m a t i o n of U t a h a d d s u b 
stantially to knowledge of s y m m e t r o d o n t diversi
t y a n d m o r p h o l o g y in t h e N o r t h A m e r i c a n 
Cretaceous . Because m a n y taxa are based on frag
mentary, often non -comparab l e remains; because 
their teeth (upon which mos t taxa are based) are 
of ra ther s imple cons t ruc t ion ; and because they 
r e m a i n p o o r l y k n o w n in g e n e r a l , w e d o n o t 
believe tha t exist ing da ta are sufficient for syn
thet ic considera t ion of s y m m e t r o d o n t phylogeny 
in t h e c o n t e x t o f ea r ly m a m m a l r a d i a t i o n s . 
Accordingly , we restr ic t o u r t r e a t m e n t o f rela
t ionships to discussion of character d is t r ibut ions 
a n d the i t possible impl i ca t ions for affinities of 
a n d w i t h i n t he Spa laco the r i idae , s u m m a r i z i n g 
these data in a t radi t ional hypothesis of relat ion
ships wi th in the family. 

Sigogneau-Russell & Ensom (1998) have present-
ed a detai led t r ea tmen t of mo la r characterist ics 

in S y m m e t r o d o n t a ( i nc lud ing m a n y e n i g m a t i c 
taxa n o t t reated here in) , a n d we have relied o n 
their w o r k in compi l ing the following compar i 
s o n s . T h e s e a u t h o r s also p o i n t o u t t h a t , in a 
n u m b e r o f r e spec t s , m o l a r s o f s p a l a c o t h e r i i d 
s y m m e t r o d o n t s are difficult to dis t inguish from 
t h o s e o f c e r t a i n d r y o l e s t o i d e u p a n t o t h e r e s ; 
indeed, it is possible that dtyolestoids are more 
closely related to spalacother i ids t h a n has been 
geneta l ly bel ieved (see, e.g., S igogneau-Russe l l 
1 9 9 1 a ) . In fu l f i l l i ng o u r i n t e n t t o f ocus o n 
Spalacotheri idae, we c a n n o t a t t e m p t c o m p r e h e n 
sive c o m p a r i s o n s he re in . W e a c k n o w l e d g e the 
e x i s t e n c e o f a n u m b e r o f s i m i l a r i t i e s in t h e 
molars of advanced spa lacother i ids and cer ta in 
dryolestids, such as the presence of a distal stylar 
cusp a n d a hookl ike parastylat lobe, mesodistal 
c o m p t e s s i o n of t h e c r o w n , a n d o t h e r features 
cited by Sigogneau-Russell & E n s o m (1998) , as 
well as the marked ly lower p l acemen t of lower 
molar labial c ingu lum than lingual c ingu lum. At 
the present state of knowledge , we believe tha t 
referral of t he taxa cons ide red here in from the 
N o r t h A m e r i c a n C r e t a c e o u s (Spalacotheroides, 
Symmetrodontoides, Spalacotheridium, Spalaco
lestes) t o S p a l a c o t h e r i i d a e is m o r e c o m p e l l i n g 
t h a n to D t y o l e s t i d ae , based o n features of the 
den ta ry (e.g., peculiar deve lopment of the ptery
goid crest and masseteric flange) and lower den
t i t ion (e.g., ext reme reduct ion of the ta lonid a n d 
cha rac t e r i s t i c s o f t h e roo t s , see Bu t l e r 1 9 3 9 ) . 
Based o n size, m o r p h o l o g i c a l a p p r o p r i a r e n e s s 
and dissimilarity to o the t k n o w n elements of the 
M u s s e n t u c h i t local fauna, a n d (especially) rela
t ive a b u n d a n c e a n d d i s t r i b u t i o n a m o n g t h e 
k n o w n localities, we believe there is vanishingly 
l i t t l e d o u b t as to t h e re fe rence o f u p p e r a n d 
lower dent i t ions to the respective species describ
ed herein. 

D E N T A R Y 

T h e s t ructure of the den ta ry and associated post
den ta ry bones has figured p r o m i n e n t l y in discus
s ion of t he o r ig in a n d ear ly d i f f e ren t i a t ion o f 
m a m m a l s ( e .g . , C r o m p t o n & J e n k i n s 1 9 7 9 ; 
K e m p 1 9 8 3 ) . M a n d i b l e s ascr ibed to Kuehneo
therium suggest t h a t a full c o m p l e m e n t of a t 
tached pos tden ta ry bones was retained (Kermack 
et al. 1968) , as they were in Morganucodon (see 
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Kermack et al. 1973) , Docodon Marsh , 1881 (see 
K e r m a c k & M u s s e t t 1 9 5 8 ) , a n d Haldanodon 
K i i h n e & K r u s a t , 1 9 7 2 (see L i l l e g r a v e n & 
Krusa t 1991) . In these taxa, the pos t e romed ia l 
face of the den ta ry bears a p r o m i n e n t pos tden t 
ary t rough , ove rhung by a ridge, ex tend ing ante
riorly from the condyle . T h e pos tden ta ry t rough 
housed the articular, prearticular, surangular, and 
angular; a t t a chm en t facets for the co tono id and 
splenial are generally also visible, m o r e anteriorly 
on the den ta ry (e.g., Kermack et al. 1973 , fig. 7; 
Lillegraven & Krusat 1 9 9 1 , fig. 14). T h e mecke
lian groove extends anteriorly from the m a n d i b u 
l a r f o r a m e n a n d is c o n f l u e n t w i t h t h e 
pos tden ta ry t rough ; in Morganucodon it housed 
the an t e r i o r p a r t of t he p rea r t i cu la r ( K e r m a c k 
et al. 1973) , whereas a splenial is associated wi th 
(or overl ies p a r t of ) t h e m e c k e l i a n g roove in 
Haldanodon (see Li l legraven & Krusa t 1 9 9 1 ) . 
Several o ther poor ly unde r s tood or archaic m a m 
m a l s r e t a i n an e s s e n t i a l l y s i m i l a r c o n d i t i o n , 
a l t h o u g h t h e t r o u g h a n d r idge are n o t as well 
d e v e l o p e d (e .g . , Shuotherium C h o w & R i c h , 
1 9 8 2 ; Ausktribosphenos R i c h et al., 1 9 9 7 ) . In 
mos t r emain ing m a m m a l s , the meckel ian groove 
(where present) is separated from the mand ibu la r 
foramen and the pos tden ta ry t rough and corres
p o n d i n g ridge are lost, suggesting d e t a c h m e n t of 
the ma in body of pos tden ta ry e lements from the 
den ta ry , a l t h o u g h a t t a c h m e n t at the i r an t e r i o r 
ex t t emi ty evident ly persis ted in s o m e e u p a n t o -
theres , such as Amphitherium Blainvi l le , 1 8 3 8 
and Peramus O w e n , 1871 (see Allin & H o p s o n 
1992) . T h e cond i t ion may be similar in the Late 
J u r a s s i c o r E a r l y C r e t a c e o u s s y m m e t r o d o n t 
Zhangheotherium, which has a p r o m i n e n t mecke
lian groove and scars for the coronoid a n d sple
n ia l ( H u et al. 1 9 9 7 ) , a n d , poss ib ly , a n o t h e r 
e lement in add i t ion to the den ta ry (R. C . Fox, 
pers. c o m m . ) . A small co rono id apparent ly per
s is ted in n u m e r o u s m a m m a l i a n g r o u p s . Firs t 
repor ted a m o n g "pantotheres" by Krebs (1969) , 
facets suggest ing presence of the co rono id have 
been reported in the dryolestoid Henkelotherium 
Krebs, 1991 (see Krebs 1991) , various t r i cono
d o n t s i n c l u d i n g Phascolotherium O w e n , 1 8 3 8 
(BM 112) a n d Gobiconodon Trofimov, 1978 (see 
J e n k i n s & S c h a f f 1 9 8 8 ) , t h e e u t h e r i a n 
Prokennalestes Kielan-Jaworowska & Dashzeveg, 

1 9 8 9 (see K i e l a n - J a w o r o w s k a & D a s h z e v e g 
1989) , paulchoffa t i id mu l t i t ube rcu l a t e s ( H a h n 
1 9 7 7 ) , a n d t h e s p a l a c o t h e r i i d Spalacotherium 
(BM 4 7 7 5 0 ) . Persistence of the meckelian groove 
(or a r e m n a n t of i t ) , w h i c h m a y have h o u s e d 
r emnan t s of one or more pos tden ta ry e lements , 
is even m o r e w i d e s p r e a d (see d i s c u s s i o n s in 
Bensley 1902; S i m p s o n 1 9 2 8 b ; K e r m a c k et al. 
1 9 7 3 ) . A m o n g s y m m e t r o d o n t s , t he mecke l i an 
g r o o v e is p r e s e n t i n Kuehneotherium ( see 
K e r m a c k et al. 1 9 6 8 ) , Tinodon (see S i m p s o n 
1 9 2 9 ) , Zhangheotherium (see H u et al. 1 9 9 7 ) , 
Shuotherium (see C h o w & R i c h 1 9 8 2 ) , a n d 
Spalacotherium (see S i m p s o n 1928a) . T h e pre 
sence a n d fo rm of t h e m e c k e l i a n g roove have 
b e e n u s e d in i n t e r p r e t i n g t h e p h y l o g e n y o f 
Mesozoic m a m m a l s (Luo 1994; see also H u et al. 
1 9 9 8 ) . A m o n g t h e a f o r e m e n t i o n e d taxa , t h e 
meckel ian groove is reduced anteriorly in all; in 
Zhangheotherium, wha t remains is subparallel to 
t h e axis o f t h e d e n t a r y , w h e r e a s in Kuehneo
therium, Tinodon, Spalacotherium, Tinodon, a n d 
Shuotherium t h e m e c k e l i a n g r o o v e c o n v e r g e s 
toward the ventral marg in of the d e n t a r y an te 
riorly. T h i s lat ter state is p r e sumed to be m o r e 
derived (Luo 1994) , bu t the significance of this 
d is t r ibut ion for s y m m e t r o d o n t s is unclear. Both 
the co rono id and meckelian groove are lacking in 
Spalacolestes, and available evidence suggests that 
t h e m e c k e l i a n g roove , at least, was l ack ing in 
Symmetrodontoides. H e n c e , bo th of these features 
w e r e los t w i t h i n S p a l a c o t h e r i i d a e , a s s u m i n g 
m o n o p h y l y of the family. 

In p r imi t ive m a m m a l s such as m o r g a n u c o d o n -
tids and Kuehneotherium, the ventral marg in of 
the den ta ry is emarg ina ted posteriorly (as it is in 
advanced cynodonts ) , where the pos tden ta ry ele
m e n t s are p o s i t i o n e d (see, e.g., K e r m a c k et al. 
1968 , 1973 ; G a m b a r a y a n & Kielan-Jaworowska 
1995) . T h e evolu t ion of an angular region a n d 
process on the den ta ry of more derived m a m m a l s 
is uncer ta in because of d i spu ted homologies a n d 
differing criteria o n w h i c h recogni t ion of these 
characters are based (see excellent discussion in 
Wib le 1991) . A n anter ior ly placed process is pre
sent in cynodon t s (Sues 1986) and certain p r imi 
t i v e m a m m a l s , s u c h as Morganucodon ( see 
Kermack et al. 1973) , Docodon (see Kermack & 
Musset t 1958) , a n d Haldanodon (see Lillegraven 
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& Krusa t 1 9 9 1 ) . Rowe ( 1 9 8 8 ) cons ide r ed t he 
loss o f t he an te r io r ly p laced process as an ad
vanced feature charac ter iz ing mu l t i t ube rcu l a t e s 
a n d t h e r i a n s . Pa t t e r son ( 1 9 5 6 ) d i sagreed w i t h 
iden t i f i ca t ion o f this feature as a t r u e a n g u l a r 
p rocess , p o i n t i n g o u t t h e d i f ferences in b o t h 
posi t ion and inferred function (see also Pro thero 
1981) . In Dinnetherium Jenkins et al, 1983 (see 
Jenkins et al. 1983) , this anter ior ly placed p ro 
cess occurs together wi th one tha t is m o r e poste
riorly p l a c e d , n e a r t h e c o n d y l e , s u p p o r t i n g 
Pat terson (1956) 's suggest ion tha t the former is 
no t h o m o l o g o u s wi th the angula t process found 
a m o n g ther ian m a m m a l s (Jenkins et al. 1 9 8 3 ; see 
also C r o m p t o n & Luo 1993) . Sues ( 1 9 8 6 ; see 
also G a m b a r a y a n & Kie lan-Jaworowska 1995) , 
however , suggested tha t t he angu la r process of 
t r i t y l o d o n t t h e r a p s i d s a n d c e r t a i n t h e r i a n s is 
homologous , indicat ing that the c o n t i n u o u s ven
tral margin of the dentary as seen in taxa such as 
s y m m e t r o d o n t s could have been formed th rough 
f u s i o n o f t h e t w o p r o c e s s e s s e e n i n Dinne
therium. W e can offer n o t h i n g in the way of new 
data to resolve this issue. It is wor th po in t ing out , 
howevet, tha t all s tudents w h o have c o m m e n t e d 
on the mat te r have observed that s y m m e t r o d o n t s 
(e.g., Kuehneotherium, Tinodon, Spalacotherium, 
Zhangheotherium) lack an angular process or, for 
that matter , any ventral or posteroventral expan
sion of the d e n t a r y in the angular region (e.g., 
S impson 1928a, 1929; Pro thero 1 9 8 1 ; H u et al. 
1997); an angular process is also lacking in t r ico-
nodon t id s a n d gob iconodon t ids . Th i s is dis t inct
ly different from the c o n d i t i o n (where k n o w n ) 
a m o n g e u p a n t o t h e r e s a n d p e r a m u r a n s (e .g . , 
Amphitherium, Peramus, D r y o l e s t i d a e : see 
P ro the ro 1981) a n d a m o n g t r ibosphen ic m a m 
mals . W e tentatively recognize the deve lopmen t 
of a poster ior ly placed angular process as a de
rived feature cha rac te r i z ing e u p a n t o t h e t e s a n d 
t r i b o s p h e n i d a n s ( T t e c h n o t h e r i a o f P r o t h e r o 
1981) . T h i s feature is absent in Spalacolestes, as it 
is i n Spalacotherium a n d al l o t h e r s y m m e 
t rodonts . 

A pterygoid crest or p terygoid shelf (Miao 1988; 
Rowe 1988; G a m b a r a y a n & Kielan-Jaworowska 
1995) o n t h e med ia l surface o f t he m a n d i b l e 
m a y be related to increased i m p o r t a n c e of t he 
p t e r y g o i d m u s c l e in m a n d i b u l a r a d d u c t i o n , 

t t a n s l a t i o n , a n d r o t a t i o n ( e . g . , O r o n & 
C r o m p t o n 1985) . T h e pterygoid crest is lacking 
in p r i m i t i v e t axa s u c h as Morganucodon ( in 
which the medial pterygoid muscle is interpreted 
to h a v e b e e n s m a l l , C r o m p t o n & H y l a n d e r 
1 9 8 6 ) a n d Kuehneotherium. P r o t h e r o ( 1 9 8 1 ) 
cited the presence of a pterygoid crest as a synapo-
m o r p h y o f S y m m e t t o d o n t a ( i n c l u d i n g 
Spalacother i idae a n d A m p h i d o n t i d a e ) , b u t this 
crest enjoys a considerably broader dis t r ibut ion, 
b e i n g p re sen t in e u p a n t o t h e r e s (e.g., Laolestes 
Simpson , 1927; Amblotherium O w e n , 1 8 7 1 ; see 
S i m p s o n 1 9 2 9 : 6 3 , 6 8 ) , t r i c o n o d o n t i d s 
(S impson 1928b) , g o b i c o n o d o n t i d s (Jenkins & 
Schaf f 1 9 8 8 ) , m u l t i t u b e r c u l a t e s ( M i a o 1 9 8 8 ; 
G a m b a r a y a n & Kie lan-Jaworowska 1995) , a n d 
r r i b o s p h e n i d a n s ( K i e l a n - J a w o r o w s k a & 
D a s h z e v e g 1 9 8 9 , fig. 2 0 ; San ch ez -V i l l ag r a & 
Smi th 1997) , as well as s y m m e t r o d o n t s (except 
Kuehneotherium). Rowe (1988 , 1993) s The r i i o -
m o r p h a includes a pterygoid shelf as a diagnost ic 
c h a r a c t e r ( see d i s c u s s i o n i n M i a o 1 9 9 3 ) . 
A l t h o u g h the pterygoid crest (and its con t inua 
t ion o n t o the angle, where present , of the ther ian 
d e n t a r y ) m a y b e d e v e l o p e d as a m e d i a l she l f 
( e . g . , m u l t i t u b e r c u l a t e s , M a r s h 1 8 8 0 ; 
G a m b a r a y a n & K i e l a n - J a w o r o w s k a 1 9 9 5 ) o r 
i n t u r n e d p r o c e s s ( e . g . , s o m e C r e t a c e o u s 
E u t h e r i a , K ie l an - Jaworowska et al. 1 9 7 9 ) , t h e 
cond i t ion a m o n g marsupials ( co mmo n l y t e rmed 
an inflected angle) has been suggested to be a 
derived chatacte t un ique to the g roup (Sanchez-
Vi l l agra & S m i t h 1 9 9 7 ) . H o w e v e r , u s i n g t h e 
d e f i n i t i o n t he se a u t h o r s p r o v i d e ["a m e d i a l l y 
inflected angular process may be defined as one 
t h a t p r o j e c t s i n w a r d ( l i n g u a l l y ) a t a b o u t 
90 degrees wi th respect to the dorsoventral plane 
of the m a n d i b u l a r r a m u s , " Sanchez-Vil lagra & 
Smi th 1997: 120] , we observe an inflected angle 
to be present in Prokennalestes (e.g., G I P S T 10-
5 C , 10-6). 

In Spalacotherium, the p te tygoid ctest originates 
just below the mand ibu l a r foramen. T h e crest is 
incomplete ly preserved in available specimens, so 
t h a t i t s fu l l e x t e n t c a n n o t b e d e t e r m i n e d . 
However, it was greatly expanded and, perhaps , 
developed a medial process in the region of the 
mand ibu l a r foramen, an unusua l feature a m o n g 
early m a m m a l s . T h i s clearly was t he case w i t h 
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Spalacolestes. He re the p terygoid crest begins just 
below the alveolar margin at the junc t ion of hori
zontal a n d ascending rami , descend ing pos tero-
v e n t r a l l y t o t h e r e g i o n o f t h e m a n d i b u l a r 
foramen, where it is developed as a large, curving 
process tha t encloses a small pocket . T h e s t rong 
deve lopmen t of the pterygoid crest in to a process 
near the mand ibu l a r foramen is unusual a m o n g 
early m a m m a l s ; it is lacking in o ther symmet ro 
d o n t s such as Tinodon a n d Zhangheotherium. 
T h e c o n d i t i o n in Spalacolestes, in w h i c h the re 
clearly is a large, reflected process and the ptery
goid crest con t i nues anterodorsal ly , is u n d o u b 
tedly u n u s u a l a n d a p o m o r p h i c . A n e d e n t u l o u s 
den ta ry that we refer to Spalacotheroides bridwelli 
( F M N H P M 1 0 2 5 ) p r e s e r v e s s o m e l i m i t e d 
informat ion on the medial side of the jaw in this 
species . T h e p t e r y g o i d crest clearly o r i g i n a t e d 
j u s t b e l o w t h e a lveo la r m a r g i n a n d e x t e n d e d 
posteroventrally, as in Spalacolestes. T h e specimen 
is c o n s i d e r a b l y a b r a d e d in t h e v i c in i ty o f t he 
m a n d i b u l a r fo ramen, a n d it is unclear w h e t h e r 
the pterygoid crest was developed into a process, 
as in t he taxon from Utah . To ou r knowledge , 
the only o ther Mesozoic m a m m a l wi th a ptery
goid crest tha t extends anterodorsal ly a n d nearly 
r eaches t h e a lveolar m a r g i n o f t h e d e n t a r y is 
Prokennalestes ( s ee K i e l a n - J a w o r o w s k a & 
Dashzeveg 1989, fig. 20) . 

A related and n o t e w o r t h y feature on the medial 
side of the den ta ry in Spalacolestes is the great size 
of the pterygoid fossa (we are indeb ted to Z . Luo 
for s u g g e s t i n g th i s t o u s ) . In m o s t M e s o z o i c 
m a m m a l s , such as t r i conodon t id s (see S impson 
1 9 2 8 a ) a n d g o b i c o n o d o n t i d s (see J e n k i n s & 
Schaff 1988) , the p te rygoid fossa extends an te -
riorly to abou t the level of the mand ibu l a r fora
men ; in Spalacolestes, the pterygoid fossa extends 
well anter ior to the mand ibu l a r foramen. A m o n g 
spa laco ther i ids , t he p r e s u m e d p r imi t ive c o n d i 
t ion (pterygoid fossa te rminates anter ior ly adja
cen t t o t he m a n d i b u l a r fo ramen) is p resen t in 
Spalacotherium ( s ee S i m p s o n 1 9 2 8 a ) a n d 
Zhangheotherium (see H u et al. 1997) , whereas 
the p terygoid fossa extends farther anteriorly in 
Spalacotheroides ( F M N H P M 1 0 2 5 ) . T h e pos 
terior par t of the den ta ry is no t k n o w n in o ther 
taxa; none the less , this d i s t r ibu t ion suggests the 
possibility tha t the derived cond i t i on may tepre-

sent a shared, derived feature of N o r t h Amer ican 
Spalacotheri idae. 
T h e ventral margin of the den ta ry in the angular 
region of Spalacotherium is reflected laterally in to 
a "wide, efflected, flange-like masseteric crest," as 
S impson (1928a: 102) no ted . T h e same is t rue, 
to a greater degree, in Spalacolestes. A l though the 
pos terovent ra l m a r g i n of the d e n t a r y has some 
lateral reflection in certain t r i conodonts ( H o p s o n 
1994) a n d g o b i c o n o d o n t i d s (Jenkins & Schaff 
1988) , it is no t significantly developed in o ther 
s y m m e t r o d o n t s or o t h e r M e s o z o i c m a m m a l s , 
a n d t h e d e g r e e o f r e f l ec t ion seen in Spalaco
therium and (especially) Spalacolestes is unusua l . 
T h e masse te r m u s c l e inser ts a l o n g t h e ven t ra l 
and lateral side of the den ta ry in this region, and 
the unusual cond i t ion in spalacotheri ids is likely 
related to the d e v e l o p m e n t or conf igura t ion of 
this musc l e ( the masse ter ic fossa is also r a the r 
d e e p in Spalacotherium a n d Spalacolestes). 
L a c k i n g the skul l , f unc t iona l i n t e r p r e t a t i o n is 
l imited. However, the mand ibu l a r symphysis was 
p robab ly unfused, as suggested by B M 4 7 7 4 8 , 
r e fe r red t o Spalacotherium. T h e m a n d i b l e o f 
Zhangheotherium was also unfused (see H u et al. 
1997) , as is the case wi th m o s t early m a m m a l s 
( C r o m p t o n & Hy lande r 1986) . It is likely tha t 
mas t i ca t ion in spa laco ther i ids involved signifi
c a n t c o m p o n e n t s o f m a n d i b u l a r r o t a t i o n a n d 
lateral t rans la t ion: the masseter serves to invert 
the dorsal border of the h e m i m a n d i b l e on which 
it inser t s , a n d t h e p t e r y g o i d serves to evert it 
( O r o n & C r o m p t o n 1 9 8 5 ; C r o m p t o n 1 9 9 5 ) . 
H e n c e , there is reason to believe tha t the unusual 
cond i t i on of the p te rygoid crest a n d the lateral 
ref lec t ion o f t h e p o s t e r o v e n t r a l m a r g i n o f t he 
den ta ry in spalacotheri ids are functionally related 
features, a n d t h a t they m a y ind ica te s o m e u n 
usua l aspec t ( p e r h a p s s t r o n g d e v e l o p m e n t ) o f 
lateral t ranslat ion or rotat ional m o v e m e n t in the 
mast icatory cycle of these m a m m a l s , as suggested 
by cons ide ra t ion of the i r shear ing surfaces (see 
a l so P a t t e r s o n 1 9 5 6 : 5 7 ; C r o m p t o n 1 9 7 1 ; 
Sigogneau-Russell & E n s o m 1998) . As has been 
descr ibed for lower molars of N o r t h A m e r i c a n 
Spa laco ther i idae (Fox 1976 ; Cifelli & M a d s e n 
1 9 8 6 ) , u p p e r m o l a r s of Spalacotheridium a n d 
Spalacolestes bear obl iquely o r i en t ed wear stria-
t ions on bo th preval lum and postval lum surfaces 
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FIG. 1 8 . — Microwear s t ruc tu res in Spalacolestes cretulablatta 
n. gen . , n. sp . ; bot tom, mesial view showing prevallum shea r ing 
s u r f a c e on left M4 (OMNH 3 0 6 1 1 ) ; box i n d i c a t e s locat ion of 
e n l a r g e d p h o t o , a b o v e . S c a l e b a r s : t o p , 0,1 m m ; b o t t o m , 
1 m m . 

(Fig. 18) . T h e relative c o n t r i b u t i o n s of lateral 
t rans la t ion a n d ro ta t ion of the m a n d i b l e in the 
masticatory cycle cannot be de termined, a l though 
it is likely that bo th played significant roles. 

L O W E R M O L A R S 

W e bel ieve it h i g h l y p t o b a b l e t h a t t h e l o w e t 
t o o t h se t ies o f Spalacolestes ( a n d , t en ta t ive ly , 
Spalacotheridium) i n c l u d e d seven mola t s , as in 
Spalacotherium (see S i m p s o n 1 9 2 8 a ; C l e m e n s 

1963) ; four are present in Tinodon (see S impson 
1 9 2 9 ) , six in Zhangheotherium ( t he de sc r ibed 
spec imen is a juvenile and it is possible tha t no t 
all molars were e rupted , see H u et al. 1997) , and 
three to six in Kuehneotherium. Based on s tudy of 
eden tu lous jaws, the lower par t of this range was 
t h o u g h t to be mos t probable for Kuehneotherium 
(see Kermack et al. 1968) . S tudy of isolated teeth 
suggests t h a t as m a n y as six m o l a t s m a y have 
been present in some individuals (Mills 1984) ; 
the m o s t comple t e alveolar row k n o w n for the 
genus shows tha t at least five were present on this 
s p e c i m e n (Gi l l 1 9 7 4 ) . As n o t e d b y P a t t e r s o n 
( 1 9 5 6 ) , t he m o l a r c o u n t in s y m m e t t o d o n t s is 
c o t r e l a t e d w i t h a n g u l a t i o n b e t w e e n p r i n c i p a l 
cusps: "acute-angled" s y m m e t r o d o n t s are charac
te r ized by a h i g h n u m b e r o f m o l a r s . O n th i s 
basis, r emain ing taxa from the N o r t h Amer ican 
Cre taceous [Spalacotheroides, Symmetrodontoides) 
probably also had a high n u m b e r of lower molars, 
seven being the likely n u m b e r Judged by compa
rison to Kuehneotherium and o the t ou tg roup taxa, 
the acute angulat ion and high molar coun t of spa
lacotheriids represents the derived condi t ion . 
Ind iv idua l m o l a r character is t ics also set N o r t h 
A m e r i c a n C r e t a c e o u s taxa a n d Spalacotherium 
apart from Kuehneotherium, Tinodon, and certain 
o t h e t s y m m e t r o d o n t s . In Kuehneotherium (and 
p r o b a b l y Woutersia as wel l) , as in m o r g a n u c o -
dont ids , precise occlusion is d e p e n d e n t on deve
l o p m e n t o f e x t e n s i v e w e a r face ts o n c o r r e s -
p o n d i n g u p p e r a n d lower m o l a r s . In spa laco 
the r i ids , however , m a t c h i n g m o l a r surfaces fit 
m o r e precisely ( C r o m p t o n & H y l a n d e r 1 9 8 6 ; 
C r o m p t o n 1995) , as they do in t r ibosphenic the
rians. In Tinodon, as in Kuehneotherium, separate 
wear facets develop on occ luding suifaces of the 
p r i n c i p a l c u s p s , w h e r e a s in s p a l a c o t h e r i i d s , 
s t rong crests are developed be tween the p ro toco
n id a n d l ingual cusps, a n d these form con t inuous 
p r e v a l l i d a n d p o s t v a l l i d s h e a r i n g s u r f a c e s 
( C r o m p t o n & Jenkins 1967; C r o m p t o n 1971) . 
T h e cond i t ion in Zhangheotherium is uncer ta in , 
bu t it has been described as differing from o the t 
spalacotheriids in having rounded , conical cusps 
t h a t l ack c o n n e c t i n g crests ( H u et al. 1 9 9 7 ) , 
s trongly suggesting that it is similar to Tinodon 
or Kuehneotherium in lacking c o n t i n u o u s shear
ing surfaces. 
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T h e c i n g u l u m a n d c i n g u l a r c u s p s a l s o a r e 
va r i ab l e a m o n g s y m m e t r o d o n t s . In Kuehneo
therium and Tinodon, only a lingual c ingu lum is 
p r e s e n t o n t h e lower m o l a r s , t h e d i s t o l i n g u a l 
(talonid) cusp is modera te ly well developed, and 
two mesial cingular cusps are present ( C r o m p t o n 
& J e n k i n s 1 9 6 7 ) . A c i n g u l u m is l ack ing from 
lower molars of Zhangheotherium (see H u et al. 
1997); it is incomple te Iabially, at least, in mos t 
o ther primit ive m a m m a l s , such as Woutersia (see 
S i g o g n e a u - R u s s e l l & H a h n 1 9 9 5 ) , Morgano-
codon (see K e r m a c k et al. 1 9 7 3 ) , a n d A m p h i -
don t idae (see S impson 1929; Trofimov 1980) . In 
spa laco the r i ids , a single mesial cusp is p resen t 
and the ta lonid is somewha t smaller than it is in 
Tinodon a n d Kuehneotherium ( C r o m p t o n & 
Jenkins 1967) . In addi t ion , all spalacotheriids — 
wi th the except ion of Zhangheotherium and the 
apparent exception of Spalacotheroides (see above) 
- have a comple te labial c ingu lum on the lower 
molars . In all of these features, Spalacotheri idae 
appear to be derived wi th respect to r ema in ing 
s y m m e t r o d o n t s (see Sigogneau-Russell & E n s o m 
1998 for discussion of the d is t r ibut ion and varia
bility in the deve lopment of the lower molar cin
g u l u m a m o n g symmet rodon t s ) . 
S p a l a c o t h e r i i d a e a l so a p p e a r t o be u n u s u a l 
a m o n g M e s o z o i c m a m m a l s in t h e m a n n e r in 
which their lower molars inter lock (we are grate
ful to Z . L u o for p o i n t i n g th is o u t to us) . In 
m o r g a n u c o d o n t i d s a n d d o c o d o n t s , t h e d is ta l -
m o s t mo la r cusp , cusp d, fits be tween cusps b 
a n d e o f t h e s u c c e e d i n g t o o t h ( s e e , e . g . , 
C r o m p t o n & Jenkins 1968) ; p resumably m o d i 
fied a r rangements are present in o ther taxa, such 
as Kuehneotherium, gob i conodon t i d s , a n d tr ico-
nodon t id s (see Luo 1994; Kielan-Jaworowska & 
Dashzeveg 1 9 9 8 ) . In spalacother i ids , the distal 
cingular cusp (which appears to be h o m o l o g o u s 
wi th cusp d) is placed lingual to the mesial cin
gular cusp (which occupies a similar posi t ion to 
cusp e a n d m a y be h o m o l o g o u s wi th it) of the 
following too th , a n d the mesial cingular cusp fits 
in to an e m b a y m e n t of the c ingu lum tha t is labial 
to cusp d of the preceding too th . 
W i t h i n Spa laco the r i idae , taxa from the N o r t h 
Amer ican Cretaceous appear to be advanced with 
respect to Spalacotherium in having more acutely 
angled , h igher c r o w n e d lower mola r t r igon ids ; 

Spalacotheridium is t h e least e x t r e m e in th i s 
r e g a r d ( t h e c o n d i t i o n is u n c l e a r in Spalaco
theroides, b u t it is p r o b a b l y safe to say tha t its 
lower mola r s are m o r e acute ly angled t h a n are 
those of Spalacotherium). In species of Spalaco
lestes a n d Symmetrodontoides, the pa racon id a n d 
paracr i s t id are d i s t inc t ly lower t h a n the m e t a 
conid and metacrist id on all lower molars (except 
m 7 , wh ich in Spalacolestes at least, lacks a meta
c o n i d ) ; in spec ies o f Symmetrodontoides, t h e 
height differential is accentuated. T h e cusps are 
s u b e q u a l l y d e v e l o p e d in Spalacotheridium, 
Spalacotherium (see S impson 1928a) , and Tino
don, except on m l , where the paraconid is slight
ly smaller (e.g., U S N M 2 1 3 1 ) . In Woutersia (see 
Sigogneau-Russel l & H a h n 1995) , by contras t , 
t h e p a r a c o n i d is t h e t a l l e r o f t h e t w o ; in 
Kuehneotherium (see Kermack et al. 1968; Mills 
1984) , the c o n d i t i o n is variable a n d the cusps 
shou ld be considered subequal in deve lopment . 
W e c o n c u r w i t h S igogneau -Russe l l & E n s o m 
( 1 9 9 8 ) in be l iev ing t h a t p a r a c o n i d a n d m e t a 
c o n i d w e r e p r i m i t i v e l y s u b e q u a l in S p a l a c o 
theri idae (as they ate, for example, in Zhangheo
therium), a n d c o n c l u d e t h a t t h e c o n d i t i o n in 
Spalacolestes a n d Symmetrodontoides is der ived . 
Both of the las t -ment ioned geneta are characte
rized by the presence of poster ior lower molars 
that are labiolingually expanded, owing to a rela
tively e longa te paracr is t id a n d l ingual ly p laced 
paraconid . 

U P P E R M O L A R S 

As wi th the lower molars , t he u p p e r molars of 
S p a l a c o t h e r i i d a e a re m o r e a c u t e - a n g l e d t h a n 
those of pr imi t ive taxa such as Kuehneotherium 
(see K e r m a c k et al. 1 9 6 8 ) a n d Tinodon (see 
S i m p s o n 1 9 2 9 ) . U p p e r molars of Spalacolestes, 
Symmetrodontoides, a n d Spalacotheridium, at 
least, are m o r e acute-angled (assumed to repre
s e n t t h e d e r i v e d c o n d i t i o n ) t h a n t h o s e o f 
Spalacotherium or Zhangheotherium. T h e single 
u p p e r m o l a r of Spalacotheroides i l lus t ra ted by 
Patterson (1956 , fig. 1) probably represents one 
of the mesial loci; o the r specimens (e.g., F M N H 
P M 1 1 3 3 , 1 2 3 6 ) a re d i s t i n c t l y m o r e a c u t e . 
Microderson (see S i g o g n e a u - R u s s e l l 1 9 9 1 b ) , 
which resembles N o r t h Amer ican taxa in several 
o ther respects, is also rather acutely angled. T h e 
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paracone on upper molars of Spalacotherium and 
Zhangheotherium, l ike t h a t of N o r t h A m e r i c a n 
Spalacotheri idae, is extfemely tall relative to the 
c o n d i t i o n s e e n in m o s t o u t g r o u p t axa (e .g . , 
Tinodon, Kuehneotherium). W e suspect tha t para
cone he ight will prove to be a useful character for 
or w i th in Spalacotheri idae w h e n its d is t r ibut ion 
becomes be t te t k n o w n . 

Recent studies (e.g., H u et al. 1997; Sigogneau-
Russell & E n s o m 1998) have followed Pat te tson 
( 1 9 5 6 ) in iden t i fy ing the mes io lab ia l cusp o n 
u p p e t m o l a r s o f Spalacotherium ( l a c k i n g a t 
mesial loci, see Butlet 1939) as the stylocone, or 
cusp B; hence , the more lingually placed cusp on 
the preparacr is ta is a n e o m o r p h by compar i son 
to o u t g r o u p taxa such as Kuehneotherium. T h i s 
cusp ( t e tmed Bj by H u et al. 1997) is also pre
sen t in Zhangheotherium a n d Spalacotheroides 
( excep t t h e mes i a l m o l a r , F M N H P M 1 2 3 5 , 
figured by Pa t t e r son 1956) : is it p r i m i t i v e for 
Spalacotheri idae, or a derived feature characteri
zing these three genera? O t h e r features, such as 
the presence of fewer t h a n six upper molars and 
the Flack of con t inuous shear ing surfaces, suggest 
tha t Zhangheotherium represents the sister-taxon 
to remain ing Spalacotheri idae, in tu rn provid ing 
some tentat ive evidence tha t the presence of this 
cusp m a y be primit ive for the family. U n d e r this 
in te tpfe ta t ion, the absence of cusp Bj in N o r t h 
A m e r i c a n S p a l a c o t h e r i i d a e ( e x c e p t Spalaco
theroides) w o u l d r e p r e s e n t a loss . P a t t e r s o n 
(1956) also suggested tha t the mesia lmost stylar 
cusp of Spalacotheroides, wh ich lies mesial to the 
p t e p a r a c r i s t a , is a n e w c u s p n o t p r e s e n t in 
Spalacotherium, a n d t h a t it r e p r e s e n t s o n e of 
several, i n d e p e n d e n t acquisi t ions of a parastylar 
cusp in thefian m a m m a l s . In terpre ta t ion of this 
feature is p roblemat ic . A parastylat cusp is lack
ing in Zhangheotherium (see H u et al. 1997) . T h e 
s ing le k n o w n u p p e r m o l a r o f Tinodon ( Y P M 
13637) lacks the parastylat fegion of the too th , 
a l t h o u g h C f o m p t o n ( 1 9 7 1 ) r e s to red Tinodon 
wi th a parastylar cusp. A cusp in this posi t ion is 
pfesent in Kuehneotherium (see K e r m a c k et al. 
1968) . Regardless, the p r o m i n e n t , hookl ike para
s t y l a r r e g i o n s e e n o n a n t e f i o r m o l a r s o f 
Symmetrodontoides (see Fox 1 9 8 5 ) , Spalaco
theridium, a n d Spalacolestes w o u l d appear to be 
an advanced cond i t ion by compar i son to remain

ing taxa (see Sigogneau-Russell & E n s o m 1998) . 
O f the r emain ing upper molar cusps, cusp C is 
w e l l m a r k e d i n o u t g r o u p t a x a s u c h as 
Kuehneotherium a n d Tinodon, a n d is present in 
Zhangheotherium, Spalacotherium, Microderson, 
a n d Spalacotheroides. T h i s s u g g e s t s t h a t t h e 
absence of cusp C in taxa from the medial and 
Late Cretaceous of N o r t h Amer ica represents an 
advanced c o n d i t i o n . As descr ibed by Pa t t e t son 
( 1 9 5 6 ) , Spalacotheroides has t w o d i s to l ab i a l l y 
placed stylar cusps (a metastyle a n d one tha t is 
more mesially placed at the mafgin of the stylaf 
shelf) , whereas on ly one is p resen t in Spalaco
therium (see C l e m e n s 1963 : 3 7 6 ) . A single dis to-
labial cusp (metastyle) is seen in Kuehneotherium 
(see K e r m a c k et al. 1 9 6 8 ) , Microderson (see 
Sigogneau-Russell 1991b) , a n d Zhangheotherium 
(cusp " D " of H u et al. 1997) . Positional evidence 
favors h o m o l o g y of the d i s ta lmos t cusp (meta
style; see above) o n upper molars of these taxa, 
s u g g e s t i n g t h a t t h e m o r e m e s i a l c u s p o f 
Spalacotheroides is a neomorph. - Taxa f rom the 
media l a n d Late Cre t aceous of N o r t h A m e r i c a 
have the distolabially placed metastylat cusp and, 
m o r e mesially, a mesiodistally expanded cusp at 
t he m a r g i n o f t h e s tylar shelf. W e t en t a t i ve ly 
regard the latter as h o m o l o g o u s wi th the mesial 
of the two distal stylaf cusps in Spalacotheroides 
( w h i c h we i n t e r p r e t t o be s ty lar c u s p " D " of 
Sigogneau-Russell & E n s o m 1998) , and its pre
s e n c e as a n a d v a n c e d f e a t u r e c h a r a c t e r i z i n g 
N o r t h Amer ican Spalacotheri idae. T h e cond i t ion 
i n Spalacolestes, Spalacotheridium, a n d 
Symmetrodontoides, in w h i c h the mesial of the 
t w o c u s p s is s t r o n g l y d e v e l o p e d o n m e s i a l 
molars , represents a m o r e der ived cond i t i on . A 
strongly developed distal stylaf cusp is also pre
sent in the en igmat ic Thereuodon from the Early 
Cre t aceous of M o r o c c o a n d Eng land , w h i c h is 
othefwise so different as to be n o n - c o m p a r a b l e 
(see Sigogneau-Russel l 1989 ; Sigogneau-Russel l 
& E n s o m 1998) . 

I n Spalacotheroides, as i n r e m a i n i n g N o r t h 
A m e r i c a n Spa laco ther i idae , the preparacr i s ta is 
markedly lower than the postparacrista, par t icu
larly o n mesia l mo la r s . J u d g e d by c o m p a r i s o n 
wi th Tinodon a n d Kuehneotherium, this appears 
to be a derived condi t ion , bu t the d i s t t ibu t ion of 
the character is difficult to de t e rmine from avail-
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able l i terature. T h e preparacrista is clearly lower 
t h a n the postparacr is ta in Microderson, whereas 
the crests appear to be subequal in deve lopment 
in Spalacotherium (see S impson 1928a, fig. 34) 
and Zhangheotherium (see H u et al. 1997 , fig. 2) . 
As no ted by Fox (1985) , the stylocone is so small 
in Symmetrodontoides tha t it is indis t inguishable 
in teeth that have been subject to even modera t e 
wear. T h e stylocone is also small in Spalacolestes 
and Spalacotheridium. C o m p a r i s o n wi th remain
ing Spa laco the r i i dae {Spalacotherium, Spalaco
theroides, Zhangheotherium), as well as Kuehneo
therium, Woutersia, a n d Tinodon (in w h i c h the 
stylocone is p r o m i n e n t ) , indicates that the stylo
cone has p robab ly u n d e r g o n e r educ t i on in the 
taxa f r o m t h e m e d i a l a n d La te C r e t a c e o u s of 
N o r t h A m e r i c a (see also S igogneau-Russe l l & 
E n s o m 1998) . 

C o m p a r i s o n of uppe r mola r shape a n d p ropo r 
t ions in Spalacotheri idae is p rob lemat ic because 
series are k n o w n for so few taxa and because, as 
shown above, coronal profile a n d degree of sym
me t ry varies according to t oo th pos i t ion . M l / 1 
of Spalacotherium is cons ide rab ly smal ler t h a n 
succeeding molars , whereas in Spalacotheridium 
and Spalacolestes, M l / 1 is relatively m u c h larger 
(e .g . , Figs 6, 1 1 , c o m p a r e w i t h B u t l e r 1 9 3 9 , 
fig. 7) . Insufficient basis for compar i son leaves us 
unce r t a in as to the significance a n d polar i ty of 
t h i s f e a t u r e . Spalacotheridium, Symmetro
dontoides, a n d Spalacolestes have an M 4 tha t is 
remarkably symmetr ical . Past this t oo th posi t ion, 
molar size decreases, and the last molar is signifi
cantly smaller than its predecessor. C o m p a r i s o n 
to Spalacotherium sugges t s t h a t these m a y be 
advanced c o n d i t i o n s . In Spalacotherium, pos te 
rior molars sequential ly develop a parastylar lobe 
that , o n the last too th , projects strongly. A small 
parastylar lobe is present o n poster ior molars of 
Spalacotheridium bu t lacking in Spalacolestes and 
Symmetrodontoides, suggest ing r educ t i on in the 
latter two taxa. All three N o r t h Amer ican genera 
differ f rom Spalacotherium in hav ing the para 
cone progressively placed m o r e distally on poste
rior molars (vaguely recall ing a s imilar shift in 
the p ro tocone of poster ior upper molars in t r ibo-
s p h e n i c m a m m a l s ) . In t e r m s o f c r o w n relief, 
Spalacolestes a n d Symmetrodontoides differ f rom 
Spalacotheridium in having a relatively deeper tri

gon bas in . Microderson also a p p e a r s t o have a 
deep t r igon basin, b u t this appearance is due to 
the fact tha t the paracone is extremely tall in this 
taxon. In remain ing Spalacotheri idae, the t r igon 
is m u c h s h a l l o w e r t h a n in Spalacolestes a n d 
Symmetrodontoides, so we interpret a shallow tri
gon basis as mos t p robably represent ing the pr i 
mitive condi t ion . 

R E L A T I O N S H I P S A N D C O N C L U D I N G R E N I A R K S 

To summar ize , the l imi ted data in h a n d suggest 
that recently described Zhangheotherium is p r imi
tive in several respects, a n d represents the sister-
t axon to r e m a i n i n g Spa laco ther i idae (Fig. 19) . 
Spalacotherium, in t u r n , ev ident ly is the sister-
taxon to N o r t h Amer ican Spalacotheri idae. (We 
have o m i t t e d Microderson, k n o w n by a s ingle 
u p p e r m o l a r , f r o m o u r p h y l o g e n y . As n o t e d 
above , th is M o r o c c a n t axon r e sembles o n e or 
ano the r of the N o r t h Amer ican spalacotheri ids in 
several r espec t s , b u t t h e s ign i f i cance of these 
resemblances c a n n o t be evaluated wi th da ta in 
h a n d ; see d i s c u s s i o n i n S i g o g n e a u - R u s s e l l 
1991b.) O f the N o r t h Amer ican spalacotheri ids, 
the geologically oldest, Spalacotheroides bridwelli 
f rom the A p t i a n - A l b i a n , appears to re ta in t he 
mos t n u m b e r of pr imi t ive features, such as the 
presence of cusps B, and C on the upper molars 
(assuming that the presence of these cusps is pr i 
mit ive for Spalacother i idae) . S. bridwelli is u n 
u s u a l w i t h i n t h e f a m i l y in t h a t t h e l a b i a l 
c i n g u l u m of lower molars is apparen t ly i n c o m 
plete (see Fox 1976) . If this cond i t ion is correctly 
in terpre ted and n o t s imply a mat te r of preserva
t i on ( the h o l o t y p e , F M N H P M 9 3 3 , inc ludes 
the only k n o w n lower mola r of this species, and 
it m a y be abraded) , t hen we believe S. bridwelli 
to be a u t a p o m o r p h i c in this respect. O f remai
n i n g g e n e r a , n e i t h e r Spalacotheridium n o r 
Spalacolestes ( two species each) is characterized by 
k n o w n synapomorph ies , unless the slight elonga
t i o n o f t h e p a r a c r i s t i d o n l o w e r m o l a r s o f 
Spalacolestes cretulablatta a n d S. inconcinnus 
represents a shared derived character. Symmetro
dontoides ( t h r e e s p e c i e s ) is t h e g e o l o g i c a l l y 
y o u n g e s t a n d m o s t a d v a n c e d m e m b e r o f t h e 
family, characterized by labiolingually expanded 
poster ior lower molars . 

Some member s of the Mussen tuch i t local fauna, 
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FIG. 19. — Hypothes i s of relat ionships a m o n g Spa laco the r i idae ; Kuehneotherium included a s ou tgroup, Microderson omitted b e c a u 
s e of insuff ic ient d a t a ; a d d i t i o n a l Nor th A m e r i c a n s p e c i e s (Symmetrodontoides oligodontos, Spalacotheridium mckennai, 
Spalacolestes inconcinnus) not included b e c a u s e they a r e poorly known and , b a s e d on p r e s e n t knowledge , a d d no detail to t he phy
togeny p r e s e n t e d . C h a r a c t e r s at n o d e s ( s e e d i scuss ion in text); 1, (Spa lacother i idae) molars acutely ang led ; ?gain extra c u s p (B1 of 
Hu elal. 1997) on u p p e r molars ; s ingle mesial cingular c u s p on lower molars ; r e d u c e distal cingular c u s p (talonid) on lower molars ; 
un ique tower molar interlocking m e c h a n i s m , w h e r e b y the distal cingular c u s p of o n e molar is p laced labial to t he mesial cingular 
c u s p of the s u c c e e d i n g tooth; 2 , six or more upper and lower molars p re sen t ; ?pterygoid c res t strongly d e v e l o p e d in region of mandi 
bular fo ramen (known only for Spalacotherium a n d Spalacolestes); c o n t i n u o u s preval lum a n d pos tva l lum s h e a r i n g s u r f a c e s on 
molars ; ?posteroinferior border of den ta ry efflected (known only for Spalacotherium a n d Spalacolestes); ?labial cingulum c o m p l e t e 
on lower molars (lacking in Spalacotheroides); 3 , (Spa laco les t inae ) meckel ian g roove lost; pterygoid c res t e x t e n d s anterodorsa l ly to 
n e a r o c c l u s a l m a r g i n of d e n t a r y , wi th p t e r y g o i d f o s s a e x t e n d i n g wel l a n t e r i o r to m a n d i b u l a r f o r a m e n ( k n o w n on ly for 
Spalacotheroides. Spalacolestes); molars higher c rowned , more acutely ang led ; upper molars with pa ras ty le ( s e e Pa t t e r son 1956) , 
distal stylar c u s p , a n d p reparac r i s t a lower than pos tpa rac r i s t a (anterior loci); 4, uppe r molars with r e d u c e d s ty locone , distal stylar 
c u s p en la rged , s t rong, hooklike paras ty le (anterior loci), M4 strongly symmetr ica l , C c u s p lost; M6 reduced , with p a r a c o n e posteriorly 
p l a c e d ( c o n d i t i o n u n c e r t a i n in Spalacotheroides, Symmetrodontoides); 5 , ? c o r o n o i d f a c e t los t ( c o n d i t i o n u n k n o w n in 
Spalacotheroides, Spalacotheridium, Symmetrodontoides); uppe r molars with d e e p trigon bas in , r educed pa ras ty le (distal loci; condi
tion unknown in Spalacotheroides); lower molars with pa racon id a n d paracrist id lower than metacon id a n d protocristid, respectively; 
paraconid of distal lower molars lingually p laced, with paracrist id distinctly longer than protocristid; uppe r molars with cingulum com
plete lingually; 6 , height differential b e t w e e n pa racon id a n d metacon id on poster ior lower molars p r o n o u n c e d ; poster ior lower molars 
b r o a d e n e d ; ml with taller pa racon id and paracrist id; M1-2 more acu te ly-angled , with l ess bu lbous p a r a c o n e b a s e and more tightly 
a r c e d or folded lingual face to p a r a c o n e . 

n o t ab ly several g r o u p s of d inosau r s , appea r to 
represent e lements of a mid-Cre taceous immigra
t ion event from Asia (Cifelli et al. 1997) . Or ig in 
o f o t h e t t a x a is m o r e p r o b l e m a t i c . N o r t h 
A m e t i c a n C r e t a c e o u s t t i c o n o d o n t i d s , for 
e x a m p l e , a p p e a r to r e p r e s e n t a m o n o p h y l e t i c 
g roup , bu t the i t origin wi th in the k n o w n Jurassic 
d i v e r s i t y o f t h e f a m i l y ( b o t h N e w a n d O l d 

W o r l d ) is unce r t a in (see Cifelli et al. 1998) . If 
N o r t h A m e r i c a n S p a l a c o t h e r i i d a e are m o n o 
phyletic, as we suggest, then their b iogeographic 
ties a n t e d a t e the hypo thes i zed m i d - C r e t a c e o u s 
in terchange, as they would represent a g roup that 
was established on the con t inen t by the Apt ian-
Albian, at least. Prel iminary studies of somewha t 
o l d e t ( B a t r e m i a n ) d i n o s a u r s f r o m U t a h 
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(Ki rk land et al. 1997) a n d elsewhere in N o r t h 
America ( N o r m a n 1998) suggest a l ink wi th the 
p e n e c o n t e m p o r a n e o u s or slightly older Wealden 
assemblage of wes te rn E u r o p e . Spalacotherium, 
t h e sugges ted s i s t e r - t axon to N o r t h A m e r i c a n 
s p a l a c o t h e r i i d s , occu r s in t he Late Ju rass ic or 
earliest Cre taceous (Purbeck, see C l e m e n s et al. 
1 9 7 9 ; A l l e n & W i m b l e d o n 1 9 9 1 ) t o E a r l y 
Cre t aceous (Wealden) of E n g l a n d ( C l e m e n s & 
Lees 1971) a n d Spain (Krebs 1985) , p rov id ing 
c o r r o b o r a t i v e s u p p o r t for t h e s u g g e s t i o n o f 
faunal c o n t i n u i t y be tween N o r t h A m e r i c a a n d 
E u r o p e p r i o r t o t h e A p t i a n - A l b i a n (see, e .g. , 
N o r m a n 1998) . 

T h e Mussen tuch i t local fauna includes the mos t 
d iverse a s s e m b l a g e of s y m m e t r o d o n t s k n o w n 
from N o r t h Amer ica , w i th at least four species 
p r e s e n t . T h e r e is n o c lear t e m p o r a l t r e n d in 
N o r t h A m e r i c a n s p a l a c o t h e t i i d d ivers i ty : o n e 
s p e c i e s is k n o w n f r o m t h e A p t i a n - A l b i a n 
( P a t t e r s o n 1 9 5 5 , 1 9 5 6 ) , o n e f r o m t h e 
C e n o m a n i a n (J. G . E a t o n , pers . c o m m . ) , two 
from the Turonian (Cifelli 1990) , a n d o n e each 
from two local faunas of t he early C a m p a n i a n 
(Fox 1976; Cifelli & Madsen 1986) . In view of 
the t iny size of mos t k n o w n species, par t of this 
m a y well be d u e to co l lec t ing biases, b u t it is 
notable that spalacotheriids are no t only diverse 
b u t e x t r e m e l y a b u n d a n t in t h e M u s s e n t u c h i t 
local f auna , w h e r e t h e y vas t ly o u t n u m b e r all 
o t h e r m a m m a l s except m u l t i t u b e r c u l a t e s : evi
dent ly they were a ra thet successful g roup in the 
m i d - C r e t a c e o u s o f cen t ra l U t a h . In teres t ingly , 
t h e d i s t r i b u t i o n o f spec ies is d e c i d e d l y n o n -
r a n d o m in t h e u p p e r p a r t o f t h e C e d a r 
M o u n t a i n F o r m a t i o n . O f t h e t h i r t y - t w o sites 
s a m p l e d extensively for mic rove r t eb ra t e s , o n l y 
e i g h t ( F i g . 1) y i e l d e d r e m a i n s o f S p a l a c o 
ther i idae . T h e ove rwhe lming major i ty of speci
m e n s referable to Spalacolestes cretulablatta was 
recovered f rom a s ingle , h e a v i l y - s a m p l e d si te, 
w i t h f ewer n u m b e r s f r o m t h r e e o t h e r s i t e s . 
Spalacotheridium noblei, t h o u g h less a b u n d a n t , is 
fat m o r e extensive in d i s t r i bu t i on : it is k n o w n 
from seven sites, a n d is qu i t e rare at the major 
local i ty t h a t p r o d u c e d such a wea l th of speci 
mens referable to S. cretulablatta. S. inconcinnus, 
on the o ther hand , is a rare species k n o w n from a 
single, poorly sampled locality - it is no t present 

at the mos t heavily sampled site or, for that ma t 
ter, anywhere else. Given the fact that all sites are 
located in a nar row strat igraphie interval and are 
be l ieved to be essent ia l ly i s o c h r o n o u s (Cifelli 
et al. 1997 , 1999) , we consider it unlikely that 
these differences are t empora l in na tu re . All of 
t h e s i tes o c c u r in f luvia l o v e r b a n k d e p o s i t s . 
A l though the deposi t ional set t ing appears to be 
rather similar be tween sites, we a t t r ibu te the dis
t r ibu t ion of Spalacotheri idae in the upper part of 
the Ceda r M o u n t a i n Format ion as being d u e to 
differences in habi ta t preference a m o n g species, 
w i th Spalacolestes cretulablatta and , part icularly, 
S. inconcinnus, being characterized by a far greater 
degree of hab i t a t specificity t h a n was evident ly 
the case for Spalacotheridium noblei. 
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