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The rodent fauna of the locality Olalla 4A is composed of Theridomorpha, Cricetidae, Gliridae, and 
Sciuridae. A new genus of Cricetidae is described: Atavocricetodon, with three new species: Atavocrice-
todon atavoides sp. nov., A. nanoides sp. nov., and A. minusculus sp. nov. Two new species of Gliridae 
are described: Gliravus olallensis sp. nov. and Bransatoglis parvus sp. nov. Comparison with Montalban 
led to the description of yet another new species from that locality: A. hugueneyae. Discussion of the 
Olalla fauna shows that it must be younger than the 'Grande Coupure' and older than the classical 
locality of Montalbán, in other words Early Oligocene. 
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Introduction 

The local i ty O l a l l a 4 w a s discovered b y M . Freudenthal a n d R. D a a m s i n 1981, 
a n d impor tant samples were taken i n 1986 a n d 1987. In 1987 a sample w a s taken just 
above the fossil i ferous b e d ; that sample was cal led O l a l l a 4B; since than I use the des-
ignat ion O L A 4 A for w h a t was p r e v i o u s l y O L A 4 . 

The local i ty has been ment ioned i n the Corre la t ion tables of the M a i n z S y m p o -
s i u m (Schmidt-Kitt ler , ed . , 1987), a n d i n a table p u b l i s h e d b y A l v a r e z Sierra et a l . 
(1987). The Sciuridae were p u b l i s h e d b y C u e n c a Bescós & C a n u d o (1992). 

A total of 5000 k g of sediment has been processed, w h i c h has y i e l d e d a col lect ion 
of thousands of rodent teeth. In this paper the Cricet idae a n d G l i r i d a e are s t u d i e d i n 
detai l . The faunal l ist is u p d a t e d as far as the T h e r i d o m o r p h a , Sc iuridae a n d E o m y i -
dae are concerned. 

The Cricet idae are compared w i t h those f r o m the classical local i ty of Montalbán. 



2 Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 

I n v i e w of the large amounts of mater ia l a n d the subtle differences between the spe
cies, this w a s done b y means of a data base of m o r p h o l o g i c a l descript ions (see F r e u 
denthal et a l . , 1994). 

M o s t of the mater ia l w i l l be stored i n the collections of the M u s e u m of Pa leonto l 
o g y of the U n i v e r s i t y of Zaragoza . 

Measurements are g i v e n i n units of 0.1 m m . 
T e r m i n o l o g y of the cheek teeth of the Cricet idae is after Freudenthal et a l . (1994), 

that of the G l i r i d a e after de Bru i jn (1967). 

Abbreviations: 
HB Hoogbutsel (Belgium) 
OLA4A Olalla 4A (Teruel, Spain) 
MLB1D Montalbán ID (Teruel, Spain) 
R G M Rijksmuseum van Geologie en Mineralogie, now National Museum of Natural History, 

Leiden, The Netherlands. 

Methods 

A data base has been created that contains the measurements a n d the m o r p h o 
logica l descr ipt ion of each one of the cricet id specimens used i n this paper. The e v i 
dent advantage of such a n approach is that at a n y m o m e n t one can v e r i f y p r e v i o u s l y 
m a d e descript ions, i m p r o v e t h e m if necessary, change t h e m if the def ini t ions of char
acter states are changed, a n d comparisons between popula t ions , or groups of p o p u 
lations are easi ly per formed. 

This m e t h o d w a s used b y Freudenthal et a l . (1994) for the genus Pseudocricetodon, 
a n d b y Freudenthal (1994) for the genera Allocricetodon a n d Eucricetodon. A t the t ime 
of those publ icat ions the data base for Eucricetodon w a s s t i l l i n a p r e l i m i n a r y stage, 
a n d def ini t ions of character states were not yet suff ic iently precise. Therefore o n l y 
part of the characters w a s used i n the 1994 paper. B y n o w the m o r p h o l o g i c a l data 
base for Eucricetodon is w e l l advanced , a n d reliable def ini t ions have been f o u n d for 
most character states. The actual descriptions of the mater ia l are g i v e n i n Tables 4-9, 
that are taken direct ly f r o m the data base; the explanat ion of the character states is 
g i v e n i n the A p p e n d i x ; this is a c o p y of the On-screen ' h e l p , avai lable d u r i n g the 
execut ion of the data base p r o g r a m . 

F o r a n u m b e r of features the definit ions are not yet reliable, a n d these features 
are not used i n the analysis . 

C o m p a r i s o n of the a p p e n d i x w i t h the one for Pseudocricetodon (Freudenthal et a l . , 
1994) s h o w s that there are a n u m b e r of differences. These are par t ly d u e to a further 
ref inement of the def ini t ions , but others are caused b y the differences i n m o r p h o l o g y 
between Pseudocricetodon a n d Eucricetodon. E .g . i n the u p p e r molars of Pseudocriceto-
don a second m e s o l o p h a n d a mesoloph-metacone connect ion are c o m m o n features, 
whereas these are absent or of n o importance i n Eucricetodon. 

I created a s imi lar data base for G l i r i d a e , the data of w h i c h are used i n this paper, 
b u t the character states are not yet f u l l y def ined. It is obvious that f u s i o n of the data 
bases for Cricet idae a n d G l i r i d a e is useless. Whether those for Pseudocricetodon a n d 
Eucricetodon s h o u l d be fused is not yet clear. So, for the m o m e n t I m a i n t a i n three sep
arate data bases, that w o r k w i t h the same p r o g r a m , but use different def ini t ions a n d 
create different k i n d s of data. 
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This entire approach is meant to get m o r p h o l o g i c a l descriptions w i t h a h i g h 
degree of objectivity, a goa l that is achieved for m a n y features, w h i l s t for other fea
tures it is not achieved at a l l . Whether g o o d results are obtained depends largely o n 
the choice of the features a n d the def in i t ion of the character states, but i n the e n d the 
h u m a n observat ion is w h a t counts. 

Taxonomic descriptions 

F a m i l y Cricet idae M u r r a y , 1866 
S u b f a m i l y Eucricetodontinae M e i n & Freudenthal , 1971 

The Eucricetodontinae, as proposed b y M e i n & Freudenthal , 1971, contained a l l 
E u r o p e a n Oligocene Cricet idae, except Paracricetodon a n d Melissiodon. F reudentha l et 
a l . (1992) reduced i t to the genera Eucricetodon, Eumyarion, a n d Mirabella w i t h a ques
t i o n m a r k for the latter t w o , the o n l y certain component of the Eucricetodontinae 
b e i n g Eucricetodon. 

The type-species of Eucricetodon is E. collatus (Schaub, 1925), w h i c h together w i t h 
the species gerandianus, infralactorensis, aquitanicus, a n d longidens forms a homogene
ous g r o u p . 

M e i n & Freudenthal (1971) h a d doubts about the generic a t tr ibut ion of the other 
Eucricetodontinae, a n d l isted t h e m as Eucricetodontinae incertae sedis. I n fact they 
f o r m at least three different groups: the atavus-group, the dubius-group a n d the huer-
zeleri-group. These groups m a y i n the e n d t u r n out to be different genera. That dec i 
s i o n is n o w taken for the atavus-group a n d I propose the n e w genus Atavocricetodon. 

G e n u s Atavocricetodon gen. nov. 

Type-species — Atavocricetodon atavoides sp. nov. 
Diagnosis — Eucricetodontinae of v e r y s m a l l to m e d i u m size, w i t h relat ively l o w -

c r o w n e d cheek teeth, w i t h t h i n enamel , relat ively s m a l l cusps, a n d l o n g crests. 
L o w e r molars w i t h or w i t h o u t h y p o c o n i d h i n d a r m . M , w i t h pro toconid h i n d a r m 
frequently connected to the metaconid. U p p e r molars general ly w i t h a posterior p r o -
to lophule a n d a n anterior metalophule . M 1 general ly w i t h o u t a complete anterolo-
phule . O l d ento loph o n M 3 frequently present, or even complete, neo-entoloph f u l l y 
deve loped . 

Other species attr ibuted: 
Cricetodon murinus Schlosser, 1884 
Cricetodon huberi Schaub, 1925 
Cricetodon atavus M i s o n n e , 1957 
Eucricetodon nanus Peláez-Campomanes, 1995 
Atavocricetodon hugueneyae sp. nov. 
Atavocricetodon nanoides sp. nov. 
Atavocricetodon minusculus sp. nov. 

Atavocricetodon atavus f r o m H o o g b u t s e l (Belgium) is the geological ly oldest c r i -
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cet id k n o w n i n Europe . It has been reported f r o m a n u m b e r of E a r l y Oligocene local 
ities l ike Montalbán ( V i a n e y - L i a u d , 1971), H e i m e r s h e i m (Bahlo, 1975), a large n u m 
ber of fissure f i l l ings i n S. G e r m a n y (Dienemann, 1987), Q u e r c y ( V i a n e y - L i a u d , 1972), 
etc. N o n e of these populat ions seems to be ident ical to the t y p e - p o p u l a t i o n (Freuden
thal , 1988). In S p a i n w e n o w have Atavocricetodon populat ions f r o m about twenty di f 
ferent localities i n the Calatayud-Teruel Bas in , f r o m Valdecollares (Cuenca), a n d f r o m 
several localities i n the Ebro Basin. 

A n a l y s i s of the m o r p h o l o g i c a l differences between the popula t ions f r o m the 
m a n y superposed levels at Montalbán m a y give some clue to the evo lut ionary 
trend(s) i n Atavocricetodon, a n d decide whether or not it is ancestral to some species 
of Eucricetodon. 

Atavocricetodon atavoides sp. nov. 
PL 1, figs. 1-12. 

Type-locality — O l a l l a 4 A (Teruel, Spain). 
Holotype — s in . , O L A 4 8, kept i n the Departamento de Ciências de la Tierra, 

U n i v e r s i t y of Zaragoza . 
Derivatio nominis — The name is based o n the resemblance w i t h A. atavus. 
Age — E a r l y Oligocene. 
Diagnosis — Atavocricetodon of large size; M , w i t h near ly a l w a y s complete ante-

r o l o p h u l i d a n d m e t a l o p h u l i d ; ec to lophid general ly l o n g i t u d i n a l (80%); general ly 
w i t h ec tomesolophid (65%); h y p o c o n i d h i n d a r m nearly a lways present. M 2 general
l y w i t h m e s o l o p h i d of m e d i u m length or l o n g (85%); ec tomesolophid absent (45 %) 
or present; h y p o c o n i d h i n d a r m frequently absent (50%). M 3 f requently w i t h ecto
m e s o l o p h i d (54%). M 1 rarely w i t h complete anterolophule. M 2 general ly w i t h l o w 
protocone-entoloph connect ion (70%); l i n g u a l border concave (50%), or straight-con
vex (50%). M 3 w i t h w e l l - d e v e l o p e d o l d ento loph (58% complete). 

Differential diagnosis — Atavocricetodon of large size, larger than A. nanoides a n d A. 
minusculus f r o m the same locality. Larger than A. nanus, a n d o n the average larger 
than A. atavus f r o m Hoogbutse l . 

Material and measurements — See Table 1, F i g . 1. 
Description — See Tables 4-9. 

C o m p a r i s o n of A. atavoides f r o m O L A 4 A w i t h A. atavus f r o m H B : 
M j — The anteroconid nearly a lways has a descending c i n g u l u m r idge o n b o t h 

sides; the a n t e r o l o p h u l i d is general ly complete, never absent; the m e t a l o p h u l i d is 
better d e v e l o p e d , general ly complete; the protoconid h i n d a r m is frequently lower , 
or detached f r o m the metaconid a n d directed backwards ; the m e s o l o p h i d is better 
d e v e l o p e d , never absent; the ec tomesolophid a n d the h y p o c o n i d h i n d a r m are better 
deve loped . 

M 2 — The pro toconid h i n d a r m is more detached f r o m the metaconid ; the s i n u s i d 
is more frequently c losed; the ec to lophid is o n the average higher ; the m e s o c o n i d is 
less d e v e l o p e d ; the m e s o l o p h i d , the ec tomesolophid, a n d the h y p o c o n i d h i n d a r m 
are better deve loped . 

M 3 — The labia l antero lophid is longer; the protoconid h i n d a r m is longer a n d 
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Fig. 1. Length/width diagrams of the Cricetidae molars from Olalla 4A. 
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more detached f r o m the metaconid ; the mesos inus id is more often closed; the meso
l o p h i d is near ly a l w a y s absent; the ec tomesolophid is better d e v e l o p e d ; the entoco-
n i d is larger; the posterosinusid is more closed. 

M 1 — The anterocone is never spli t ; the prelobe is more frequently set-off f r o m 
the rest of the tooth; the anterolophule is less frequently complete; there is h a r d l y 
ever a n anterior proto lophule ; the s inus is more closed; there is never a posterior 
meta lophule . 

M 2 — The l i n g u a l anteroloph is better deve loped , frequently c o n t i n u i n g a r o u n d 
the protocone; the s inus is more frequently c losed b y a c i n g u l u m r idge ; the lab ia l 
border is often straight or convex, whereas i t is near ly a lways concave i n A. atavus. 

The connect ion of the ento loph w i t h the protocone is c learly higher than it is i n 
A. atavus. N o t o n l y is the percentage of l o w connections h igher i n the H B mater ia l , 
but the l o w connections are c learly l o w e r i n H B than i n O L A 4 A (this difference is not 
expressed i n the character state table). 

M 3 — The l i n g u a l anteroloph is less deve loped; the mesosinus is more frequently 
c losed; the m e s o l o p h is w e l l deve loped , whereas it is general ly absent i n A. atavus. 
The o l d ento loph is general ly absent, a n d never complete, i n A. atavus; i n A. atavoides 
i t is present i n 80 % of the cases, v e r y often complete. The anterior s p u r of the axio-
l o p h is frequently present i n A. atavus, a lways absent i n A. atavoides. 

C o m p a r i s o n of A. atavoides f r o m O L A 4 A w i t h A. hugueneyae sp. nov. f r o m M L B 1 D : 
M , — The antero lophul id is better developed. The protoconid h i n d a r m is o n the 

average l o w e r ; i n M L B 1 D it is directed backwards i n o n l y one specimen, whereas a 
l o n g b a c k w a r d crest is frequent i n O L A 4 A . The s i n u s i d is more frequently c losed, 
a n d the mesos inus id more frequently open; the ec to lophid is more l o n g i t u d i n a l ; the 
ec tomesolophid a n d the h y p o c o n i d h i n d a r m are better deve loped. 

M 2 — The pro toconid h i n d a r m is more often detached f r o m the metaconid ; the 
m e s o s i n u s i d is more frequently c losed; the m e s o c o n i d , the m e s o l o p h i d , the ectome
s o l o p h i d , a n d the h y p o c o n i d h i n d a r m are better developed. The h y p o l o p h u l i d is 
more obl ique. 

M 3 — The p r o t o c o n i d h i n d a r m is longer; the ec tomesolophid a n d the entoconid 
are better d e v e l o p e d ; the h y p o l o p h u l i d is more obl ique. 

M 1 — The prelobe is more frequently set-off f r o m the rest of the tooth; there is 
h a r d l y ever a n anterior proto lophule ; the s inus is more often s trongly proverse a n d 
more c losed; there is never a connect ion between protocone a n d h y p o c o n e t h r o u g h 
the s inus ; the meta lophule is a lways anterior. 

M 2 — There is more frequently a (trace of a) posterior proto lophule ; the s inus is 
never s u b d i v i d e d i n the M L B 1 D mater ia l ; i n O L A 4 A the mesosinus is less frequently 
c losed; the entoloph-protocone connect ion is lower. 

M 3 — The s inus is o n the average s l ight ly smaller ; the m e s o l o p h is o n the average 
longer ; the centro loph is a lways present; there is less frequently a metacone cusp. 

C o m p a r i s o n of A. atavoides f r o m O L A 4 A w i t h A. nanoides sp. nov. f r o m O L A 4 A : 
Mi — The anteroconid nearly a l w a y s has a descending c i n g u l u m r idge o n b o t h 

sides, whereas i n A. nanoides the l i n g u a l c i n g u l u m is frequently miss ing . The proto
c o n i d h i n d a r m is o n the average l o w e r ; the mesoconid is less deve loped ; the meso-
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Plate 1 

Atavocricetodon atavoides sp. nov. from Olalla 4A 

Fig. 1. M , sin., OLA4 8, holotype. Fig. 7. M 1 sin., OLA4 404. 
Fig. 2. M 2 sin., OLA4 105. Fig. 8. M 2 sin., OLA4 569. 
Fig. 3. M 3 sin., OLA4 254. Fig. 9. M 3 sin., OLA4 656. 
Fig. 4. M 3 dext., OLA4 343. Fig. 10. M 3 dext, OLA4 743. 
Fig. 5. M 2 dext., OLA4 202. Fig. 11. M 2 dext., OLA4 579. 
Fig. 6. M , dext., OLA4 63. Fig. 12. M 1 dext., OLA4 427. 

The scale represents 1 mm. 
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l o p h i d is o n the average s l ight ly longer; the h y p o c o n i d h i n d a r m is better deve loped . 
M 2 — The anterosinusid is a lways large; the protoconid h i n d a r m is longer, never 

absent; the mesos inus id is more c losed; the mesoconid is less deve loped ; the meso
l o p h i d , the ec tomesolophid, a n d the h y p o c o n i d h i n d a r m are better deve loped . 

M 3 — The ec tomesolophid is s l ight ly better deve loped; the outl ine of the tooth is 
more frequently t rapezoidal . 

M 1 — The s inus is more often strongly proverse a n d more closed; the m e s o l o p h 
is a l w a y s present; the meta lophule is a lways anterior. 

M 2 — The l i n g u a l anteroloph is o n the average better deve loped , a n d runs 
a r o u n d the protocone quite frequently; there is more often a (trace of a) posterior 
pro to lophule ; the s inus is more frequently c losed, a n d is s u b d i v i d e d i n a n u m b e r of 
cases; the entoloph-protocone connect ion is o n the average l o w e r ; there is more fre
quent ly a (complete or partial) connection between protocone a n d hypocone , 
t h r o u g h the s inus. 

M 3 — The m e s o l o p h is o n the average longer, a n d m a y even reach the m o l a r bor 
der, w h i c h is never the case i n A. nanoides. The o l d ento loph appears to be better 
d e v e l o p e d , a n d connected to the protocone i n a more f o r w a r d p o s i t i o n . Q u a n t i f i 
cat ion of this latter feature has not been made. 

C o m p a r i s o n of A. atavoides f r o m O L A 4 A w i t h A. nanus f r o m M L B 1 D : 
M j — The anteroconid nearly a lways has a descending c i n g u l u m r idge o n b o t h 

sides, whereas i n A. nanus the l i n g u a l c i n g u l u m is frequently miss ing . The anterolo-
p h u l i d a n d m e t a l o p h u l i d are better deve loped; the s i n u s i d a n d mesos inus id are 
more frequently closed; the mesoconid is less deve loped ; the m e s o l o p h i d is o n the 
average longer; the ectomesolophid a n d the h y p o c o n i d h i n d a r m are better d e v e l 
o p e d . 

M 2 — The anterosinusid is a lways large; the m e t a l o p h u l i d is never connected to 
the anteroconid; the protoconid h i n d a r m is more often l o n g ; the m e s o s i n u s i d is 
more frequently c losed; the mesoconid is less deve loped; the m e s o l o p h i d , the ecto
m e s o l o p h i d , a n d the h y p o c o n i d h i n d a r m are better deve loped; the h y p o l o p h u l i d is 
more obl ique. 

M 3 — The labia l antero lophid is shorter; the antero lophul id is better d e v e l o p e d ; 
the anteros inusid is a lways w i d e ; the m e t a l o p h u l i d is less directed f o r w a r d ; the p r o 
toconid h i n d a r m is more detached f r o m the metaconid , but o n the average shorter 
than i n A. nanus; the s i n u s i d is w i d e r ; the ectomesolophid a n d the entoconid are bet
ter d e v e l o p e d ; the h y p o l o p h u l i d is more obl ique. 

M 1 — The anterocone is never spl i t ; the prelobe is more frequently set-off f r o m 
the rest of the tooth; the s inus is more often strongly proverse a n d more frequently 
c losed; there is never a connect ion between protocone a n d hypocone t h r o u g h the 
s inus; the mesosinus is more often closed; the meta lophule is a lways anterior. 

M 2 — The l i n g u a l anteroloph is better deve loped. There is more frequently a 
trace of a posterior proto lophule i n O L A 4 A , but , o n the other h a n d , the posterior 
p r o t o l o p h u l e is more frequently complete i n M L B 1 D ; apparent ly this feature does 
not g ive coherent results. The s inus is more frequently c losed i n O L A 4 A , a n d it is o n 
the average more proverse. The entoloph-protocone connect ion is s igni f icant ly 
l o w e r ; the labia l border is more frequently straight or convex. 
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M 3 — The l i n g u a l anteroloph is better deve loped , a n d frequently separates the 
protocone (partly) f r o m the l i n g u a l border. In a few specimens a deep s inus a n d a 
l o w or interrupted neo-entoloph are f o u n d , w h i c h is not the case i n Montalbán I D . 
The m e s o l o p h , the o l d entoloph, a n d the centroloph are considerably better d e v e l 
oped . 

C o m p a r i s o n of A. atavoides f r o m O L A 4 A w i t h A. nanus f r o m Valdecollares: 
M , — The m e t a l o p h u l i d is better deve loped ; the mesoconid is less d e v e l o p e d ; the 

m e s o l o p h i d is longer; the h y p o c o n i d h i n d a r m is better developed. 
M 2 — The m e s o l o p h i d is never absent. The h y p o c o n i d h i n d a r m is better d e v e l 

o p e d . 
M 3 — The pro toconid h i n d a r m is longer. 
M 1 — The m e s o l o p h is longer; the meta lophule is never directed backwards . 
M 2 — There is more frequently a (trace of a) posterior proto lophule ; the meso

l o p h is o n the average longer, but this m a y be untrue, due to a difference i n interpre
tation: Peláez-Campomanes (1995) mentions a n o v e r w h e l m i n g majori ty of short 
mesolophs , whereas I w o u l d interpret three of the f ive f igured specimens as h a v i n g a 
m e s o l o p h of m e d i u m length (1/3 to 1/2 the w i d t h of the mesosinus) . 

M 3 — The series of specimens f igured (Peláez-Campomanes, 1995, p l . 5, figs. 6-
17) makes it clear that i n O L A 4 A the m e s o l o p h a n d the o l d ento loph are consider
ably better deve loped. The centroloph m a y be m i s s i n g i n A. nanus f r o m V a l d e c o l 
lares, a n d is a l w a y s present i n our material . 

Atavocricetodon hugueneyae sp. nov. 
P l . 2, figs. 1-12. 

Type-locality — Montalbán I D (Teruel, Spain). 
Holotype — sin . , M L B 1 D 205, kept i n the Departamento de Ciências de l a Tier-

ra , U n i v e r s i t y of Zaragoza . 
Derivatio nominis — In honor of D r M . Hugue ne y , as a token of f r iendship a n d 

grati tude. 
Age — E a r l y Oligocene. 
Diagnosis — Atavocricetodon of large size. M ! w i t h frequently incomplete anterol-

o p h u l i d (50%) a n d general ly complete m e t a l o p h u l i d (80%); ec to lophid general ly 
obl ique (60%); general ly w i t h ec tomesolophid (80%); h y p o c o n i d h i n d a r m present 
(50%) or absent. M 2 general ly w i t h m e s o l o p h i d absent or short (80%); ectomesolo
p h i d absent; h y p o c o n i d h i n d a r m frequently absent (67%). M 3 never w i t h ectomeso
l o p h i d . M 1 never w i t h complete anterolophule. M 2 general ly w i t h h i g h protocone-
e n t o l o p h connect ion (80%); l i n g u a l border general ly straight or convex (67%). M 3 

w i t h w e l l - d e v e l o p e d o l d ento loph (44% complete). 
Differential diagnosis — Atavocricetodon of large size, larger than A. nanus a n d A. 

minusculus f r o m the same locality. Larger than A. nanoides f r o m O L A 4 A , a n d o n the 
average larger than A. atavus f r o m Hoogbutse l . 

Material and measurements — See Table 1, F i g . 2. 
Description — See Tables 4-9. 
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Fig. 2. Length/width diagrams of the Cricetidae molars from Montabán ID. 
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C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. atavus f r o m H B : 
Μι — The anteroconid nearly a lways has a descending c i n g u l u m r idge o n b o t h 

sides; the antero lophul id is better deve loped ; the protoconid h i n d a r m is l o w e r ; the 
m e s o s i n u s i d is more frequently c losed; the ec to lophid is more obl ique ; the mesoco
n i d a n d the m e s o l o p h i d are better deve loped; the ec tomesolophid a n d the h y p o c o n 
i d h i n d a r m are less developed. 

M 2 — The mesos inus id is more frequently open; the mesoconid is less d e v e l o p e d ; 
the m e s o l o p h i d a n d the ectomesolophid are less deve loped ; the h y p o l o p h u l i d is less 
obl ique . 

M 3 — The labia l antero lophid is longer; the pro toconid h i n d a r m is shorter; the 
s i n u s i d , mesos inus id a n d posterosinusid are more often closed; the m e s o l o p h i d is 
a l w a y s absent; the h y p o l o p h u l i d is less obl ique; the shape of the tooth is more often 
t rapezoidal . 

M 1 — The prelobe is more frequently set-off f r o m the rest of the tooth; the ante-
r o l o p h u l e is never complete; the s inus is more frequently c losed a n d less proverse; 
there is more frequently a connection between protocone a n d hypocone t h r o u g h the 
s inus. 

M 2 — The l i n g u a l anteroloph is better deve loped ; there is less frequently a trace 
of a posterior proto lophule ; the mesosinus is more frequently closed; the ento loph-
protocone connect ion is higher ; the labia l border is more frequently straight or con
vex. 

M 3 — The l i n g u a l anteroloph is less developed; the sinus is o n the average smaller; 
the mesosinus is more frequently closed; the m e s o l o p h is better deve loped . The o l d 
e n t o l o p h is v e r y frequently present, often complete. The anterior spur of the axio-
l o p h is frequently present i n A. atavus, a lways absent i n A. hugueneyae. 

C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. atavoides f r o m O L A 4 A : See before. 

C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. nanus f r o m M L B 1 D : 
Μ λ — The l i n g u a l c i n g u l u m of the anteroconid a n d the m e t a l o p h u l i d are more 

d e v e l o p e d ; the protoconid h i n d a r m is less frequently directed ob l ique ly b a c k w a r d s ; 
the s i n u s i d a n d the mesos inus id are less frequently open; the h y p o c o n i d h i n d a r m is 
less frequently absent, but w h e n present i n A. nanus, it is better d e v e l o p e d than i n A. 
hugueneyae. 

M2 — The anterosinusid is a l w a y s large; the protoconid h i n d a r m is less frequent
l y detached f r o m the metaconid ; the mesoconid a n d the ec tomesolophid are a l w a y s 
absent; the h y p o c o n i d h i n d a r m is better developed. 

M 3 — N o important differences have been observed; maybe the a n t e r o l o p h u l i d is 
s o m e w h a t better deve loped. 

M 1 — The prelobe is more frequently set-off f r o m the rest of the tooth; the ante-
r o l o p h u l e is never complete; there is more frequently (a trace of) a n anterior proto lo
p h u l e ; the s inus is more frequently closed; there is more frequently a connect ion 
between protocone a n d hypocone through the sinus. 

M 2 — The l i n g u a l anteroloph is better deve loped ; the s inus is more frequently 
c losed a n d more strongly proverse; the mesosinus is more frequently c losed; the 
entoloph-protocone connect ion is higher ; the labia l border is more frequently 
straight or convex. 
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Plate 2 

Atavocricetodon hugueneyae sp. nov. from Montalbán ID 

Fig. 1. M} sin., MLB1D 205, holotype. 

Fig. 2. M 2 sin., MLB1D 161. 
Fig. 3. M 3 sin., MLB1D539. 
Fig. 4. M 3 dext., MLB1D 119. 
Fig. 5. M 2 dext., MLB ID 159. 
Fig. 6. M , dext., MLB1D 5. 

Fig. 7. M 1 sin., MLB1D51. 
Fig. 8. M 2 sin., MLB1D 789. 
Fig. 9. M 3 sin., MLB1D109. 
Fig. 10. M 3 dext, MLB1D 111. 
Fig. 11. M 2 dext, MLB1D 832. 
Fig. 12. M 1 dext., MLB1D 67. 

The scale represents 1 mm. 
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M 3 — The s inus is o n the average somewhat smaller ; the m e s o l o p h , the o l d ento
l o p h a n d the centroloph are better developed. 

C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. nanoides sp. nov. f r o m O L A 4 A : 
See under A. nanoides sp. nov. 

C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. nanus f r o m M L B 1 D : See u n d e r A. 
nanus. 

C o m p a r i s o n of A. hugueneyae f r o m M L B 1 D w i t h A. nanus f r o m Valdecollares: 
M , — The m e t a l o p h u l i d is better deve loped ; the mesoconid is less d e v e l o p e d ; the 

m e s o l o p h i d is longer; the h y p o c o n i d h i n d a r m is better developed. 
M 2 — The m e s o l o p h i d is never absent, frequently of m e d i u m length. 
M 3 — The pro toconid h i n d a r m is longer. 
M 1 — The m e s o l o p h is longer; there is never a n entostyl. 
M 2 — See the remark o n the m e s o l o p h under A. atavoides f r o m O L A 4 A . 
M 3 — See A. atavoides f r o m O L A 4 A . 

Atavocricetodon nanoides sp. nov. 
PL 3, figs. 1-12. 

Type-locality — O l a l l a 4 A (Teruel, Spain). 
Holotype — M t s in . , O L A 4 28, kept i n the Departamento de Ciências de la Tierra, 

U n i v e r s i t y of Zaragoza . 
Derivatio nominis The name is based o n the resemblance w i t h A. nanus. 
Age — E a r l y Oligocene. 
Diagnosis — Atavocricetodon of m e d i u m size; w i t h general ly complete anterol 

o p h u l i d (75%) a n d m e t a l o p h u l i d (75%); ec to lophid general ly obl ique (75%); general
l y w i t h ec tomesolophid (60%); h y p o c o n i d h i n d a r m general ly present (75%). M 2 w i t h 
or w i t h o u t ec tomesolophid (57% / 43%); h y p o c o n i d h i n d a r m near ly a l w a y s absent. 
M 3 general ly w i t h ectomesolophid (80%). M 1 rarely w i t h complete anterolophule . M 2 

w i t h h i g h or l o w protocone-entoloph connection (50% / 50%); l ingua l border generally 
concave (65%). M 3 w i t h w e l l - d e v e l o p e d o l d ento loph (42% complete). 

Differential diagnosis — Atavocricetodon of m e d i u m size, smaller than A. atavoides 
sp. nov., larger than A. minusculus f r o m the same locality. O n the average smal ler 
than A. atavus f r o m H o o g b u t s e l . 

Material and measurements — See Table 1, F i g . 1. 
Description — See Tables 4-9. 

C o m p a r i s o n of A. nanoides f r o m O L A 4 A w i t h A. atavoides f r o m O L A 4 A : See u n d e r A. 
atavoides. 

C o m p a r i s o n of A. nanoides f r o m O L A 4 A w i t h A. hugueneyae f r o m M L B 1 D : 
M , — The l i n g u a l c i n g u l u m of the anteroconid is less deve loped ; the anterolo

p h u l i d is better deve loped ; the protoconid h i n d a r m is lower , a n d more frequently 
detached f r o m the metaconid ; the s i n u s i d is less frequently open; the m e s o s i n u s i d is 
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more frequently open ; the ec to lophid is more frequently l o n g i t u d i n a l ; the ectomeso
l o p h i d a n d the h y p o c o n i d h i n d a r m are better developed. 

M 2 — The anterosinusid m a y be s m a l l ; the protoconid h i n d a r m is more frequent
l y detached f r o m the metaconid ; the mesos inus id is less open ; the mesoconid , the 
m e s o l o p h i d a n d the ec tomesolophid are better deve loped ; the h y p o c o n i d h i n d a r m 
is less d e v e l o p e d ; the h y p o l o p h u l i d is more often obl ique. 

M 3 — The p r o t o c o n i d h i n d a r m is longer; the s i n u s i d is more frequently open; the 
ec tomesolophid a n d the entoconid are better deve loped ; the h y p o l o p h u l i d is more 
often obl ique ; the shape of the tooth is near ly a lways a l o n g triangle, not t rapezoidal . 

M 1 — The anterolophule m a y be complete; there is less frequently (a trace of) a n 
anterior pro to lophule ; the s inus is less frequently closed; there is never a connect ion 
between protocone a n d hypocone through the s inus; the mesosinus is more frequent
l y open. 

M 2 — The l i n g u a l anteroloph is less deve loped; the s inus a n d mesosinus are less 
frequently c losed; the m e s o l o p h is o n the average shorter; the entoloph-protocone 
connect ion is l o w e r ; there is less frequently a protocone-hypocone connect ion 
t h r o u g h the s inus ; the labia l border is more frequently concave. 

M 3 — There is less frequently a metacone cusp. 

C o m p a r i s o n of A. nanoides f r o m O L A 4 A w i t h A. atavus f r o m H B : 
Μ λ — O n the anteroconid the c i n g u l u m s are better deve loped ; the a n t e r o l o p h u l i d 

is better d e v e l o p e d ; the m e t a l o p h u l i d is less deve loped ; the pro toconid h i n d a r m is 
l o w e r a n d more frequently obl ique; the mesoconid a n d the m e s o l o p h i d are better 
d e v e l o p e d . 

M 2 — The p r o t o c o n i d h i n d a r m is l o w e r a n d more detached f r o m the metaconid ; 
the s i n u s i d is more frequently c losed; the ec to lophid is o n the average higher ; the 
ec tomesolophid is better deve loped ; the h y p o l o p h u l i d is less frequently obl ique ; the 
h y p o c o n i d h i n d a r m is less developed. 

M 3 — The labia l antero lophid is longer; the protoconid h i n d a r m is longer a n d 
more detached f r o m the metaconid ; the m e s o l o p h i d is o n the average shorter; the 
m e s o s i n u s i d is more frequently c losed; the ectomesolophid is better deve loped ; the 
entoconid is larger; the posterosinusid is more often closed; the shape of the tooth is 
more tr iangular. 

M 1 — The anterocone is a lways s imple ; the anterolophule is less frequently c o m 
plete; there is less frequently (a trace of) a n anterior proto lophule ; the m e s o l o p h is 
shorter or even absent. 

M 2 — There is less frequently a (trace of a) posterior proto lophule ; the s inus is 
never s u b d i v i d e d ; the mesosinus is more frequently open; the m e s o l o p h is shorter; 
the connect ion of the ento loph w i t h the protocone is higher ; there is h a r d l y ever a 
protocone-hypocone connect ion through the s inus; the labia l border is often straight 
or convex, whereas it is near ly a lways concave i n A. atavus. 

M 3 — The s inus is often smaller ; the mesosinus is more frequently c losed; the 
m e s o l o p h a n d the o l d ento loph are better deve loped ; the anterior s p u r of the axio-
l o p h is frequently present i n A. atavus, a lways absent i n A. nanoides. 

C o m p a r i s o n of A. nanoides f r o m O L A 4 A w i t h A. nanus f r o m Valdecollares: 
M , — The m e t a l o p h u l i d is better deve loped ; the mesoconid is less d e v e l o p e d ; the 
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Plate 3 

Atavocricetodon nanoides sp. nov. from Olalla 4A 

Fig. 1. M , sin., OLA4 28, holotype. 
Fig. 2. M 2 sin., OLA4 101. 
Fig. 3. M 3 sin., OLA4 251. 
Fig. 4. M 3 dext., OLA4 272. 
Fig. 5. M 2 dext, OLA4 125. 
Fig. 6. M 1 dext., OLA4 41. 

Fig. 7. M 1 sin., OLA4 401. 
Fig. 8. M 2 sin., OLA4 507. 
Fig. 9. M 3 sin., OLA4 653. 
Fig. 10. M 3 dext, OLA4 696. 
Fig. 11. M 2 dext, OLA4 531. 
Fig. 12. M 1 dext.,OLA4 416. 

The scale represents 1 mm. 
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m e s o l o p h i d is longer; the h y p o c o n i d h i n d a r m is longer; the labia l pos tero lophid is 
better deve loped . 

M 2 — The m e s o l o p h i d is longer; the h y p o c o n i d h i n d a r m is less deve loped . 
M 3 — The pro toconid h i n d a r m is longer a n d more detached f r o m the metaconid . 
M 1 — The m e s o l o p h is longer; the meta lophule is never posterior. 
M 2 — See the remark o n the m e s o l o p h i n the c o mpar i so n of A. atavoides w i t h A. 

nanus f r o m Valdecollares. 
M 3 — The m e s o l o p h a n d the o l d ento loph are better developed. The centro loph 

m a y be m i s s i n g i n A. nanus f r o m Valdecollares, a n d is a lways present i n O L A 4 A . 

C o m p a r i s o n of A. nanoides f r o m O L A 4 A w i t h A. nanus f r o m M L B 1 D : 
M t — The labia l c i n g u l u m o n the anteroconid is better deve loped ; the anterolo

p h u l i d is more frequently complete; the antero lophul id a n d the m e t a l o p h u l i d are 
better d e v e l o p e d ; the protoconid h i n d a r m is o n the average lower ; the s i n u s i d a n d 
the m e s o s i n u s i d are more frequently closed; the ec to lophid is more often l o n g i t u d i 
n a l ; the ec tomesolophid is better deve loped; the h y p o l o p h u l i d is less frequently 
obl ique ; the h y p o c o n i d h i n d a r m is more frequently present, b u t i n M L B 1 D , w h e n 
present, it is o n the average longer. 

M 2 — The anteroconid is less deve loped; the protoconid h i n d a r m is more fre
quent ly detached f r o m the metaconid ; the mesos inus id is less frequently open ; the 
mesoconid , the m e s o l o p h i d , a n d the ectomesolophid are better developed. 

M 3 — The anteroconid a n d the antero lophul id are better deve loped ; the labia l 
antero lophid is less deve loped ; the anterosinusid is o n the average w i d e r ; the meta
l o p h u l i d is less directed f o r w a r d ; the protoconid h i n d a r m is more detached f r o m the 
metaconid , but o n the average shorter than i n A. nanus; the s i n u s i d is w i d e r ; the 
entoconid is better deve loped; the h y p o l o p h u l i d is more often obl ique; the shape of 
the tooth is near ly a lways a l o n g triangle, not t rapezoidal . 

M 1 — The anterocone is a lways s imple ; the prelobe is more frequently set-off 
f r o m the rest of the tooth; the s inus is more often closed; there is never a connect ion 
between protocone a n d hypocone through the s inus; the meta lophule is more fre
quent ly f o r w a r d directed. 

M 2 — The s inus is more frequently strongly proverse; the m e s o l o p h is o n the 
average shorter; the entoloph-protocone connection is lower ; the labia l border is less 
frequently concave. 

M 3 — The l i n g u a l anteroloph, the mesoloph, the o l d entoloph, a n d the centro
l o p h are o n the average better deve loped ; the centrocone is m u c h less deve loped . 

Atavocricetodon minusculus sp. nov. 
PL 4, figs. 1-14. 

Type-locality — O l a l l a 4 A (Teruel, Spain). 
Holotype — M , s in . , O L A 4 48, kept i n the Departamento de Ciências de la Tierra, 

U n i v e r s i t y of Zaragoza . 
Other localities — Valdecollares ?, Montalbán I D . 
Diagnosis and differential diagnosis — The smallest Atavocricetodon k n o w n so far. 
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Material and measurements — See Table 1, Figs . 1,2. 

D e s c r i p t i o n of the mater ia l f r o m O l a l l a 4 A 
M ï — The anteroconid is s m a l l (1), w i t h a labia l c i n g u l u m r idge (2), or w i t h t w o 

c i n g u l u m ridges (3). The antero lophul id is interrupted (1) or complete (5). The meta
l o p h u l i d is interrupted (2), complete (3), or connected to the anteroconid (1). The 
p r o t o c o n i d h i n d a r m is short a n d connected to the base of the metaconid (1), short 
a n d connected higher o n that cusp (2), l o n g a n d connected to the metaconid (1), or 
l o n g a n d free (2). The s i n u s i d is half c losed (2) or closed (3), either transverse (4) or 
c u r v e d b a c k w a r d s (2). The mesos inus id is par t ly closed b y a r idge descending f r o m 
the metaconid . The ec to lophid is l o n g i t u d i n a l (4), obl ique (1), or in terrupted (1). The 
mesoconid is absent (1) or w e a k (5). The m e s o l o p h i d is absent (2), short (3), or of 
m e d i u m length (1). There is no ectomesolophid. The h y p o l o p h u l i d is transverse to 
the ec to lophid (6), or transverse to the h y p o c o n i d (1). The h y p o c o n i d h i n d a r m is 
absent (5), short (1), or l o n g (1). 

M 2 — The l i n g u a l anterolophid is long . The labia l antero lophid is short (2), or 
connected to the pro toconid (1). The antero lophul id is complete. The anteros inusid is 
large. The m e t a l o p h u l i d is connected to the antero lophul id . The pro toconid h i n d a r m 
is short a n d free (1), or l o n g a n d free (2). The s i n u s i d is half c losed (2), or c losed (1); 
either transverse (1) or c u r v e d backwards (2). The mesos inus id is o p e n (2), or par t ly 
c losed b y a r idge descending f r o m the metaconid (1). The ec to lophid is h i g h (2) or 
l o w (1). The mesoconid is absent (2) or w e a k (1). The m e s o l o p h i d is absent (1), short 
(1) , or of m e d i u m length (1). The ectomesolophid is absent (2) or w e a k (1). The h y p o 
l o p h u l i d is anterior, either obl ique (2) or transverse (1). The h y p o c o n i d h i n d a r m is 
absent. 

M 3 — The anteroconid is absent (1) or smal l (4). The l i n g u a l antero lophid is short 
(2) or l o n g (3). The labia l antero lophid is short (4), or connected to the p r o t o c o n i d (1). 
The a n t e r o l o p h u l i d is l o n g . The anteros inusid is w i d e (5). The m e t a l o p h u l i d is ante
r ior in terrupted (2), or directed to the anteroconid (3). The pro toconid h i n d a r m is 
l o n g a n d free, reaching the molar border i n one case. The s i n u s i d is o p e n (5) or 
c losed (1), either transverse (2) or directed backwards (3). The mesos inus id is closed. 
The m e s o l o p h i d a n d the ectomesolophid are absent. The entoconid is s m a l l (2) or 
large (1). The h y p o l o p h u l i d is anterior obl ique (1), anterior transverse (3), or trans
verse (1). The posteros inusid is open (2) or c losed (2). The shape of the tooth is a 
short tr iangle (1), or a l o n g triangle (5). 

A total of six M 3 f r o m O L A 4 A are attributed to this species. Some of t h e m are 
c learly smal ler than the M 3 of A. nanoides, others are as large as the s m a l l specimens 
of that species. O n e cannot be sure that the separation has been m a d e correctly. The 
smallest spec imen is complete ly w o r n a n d cannot be described. The other ones have 
either a n interrupted m e t a l o p h u l i d , or this crest is short, a n d connected to the m i d d l e 
of the l i n g u a l antero lophid . In 2 out of 6 specimens the labia l antero lophid is m u c h 
reduced, the protoconid lies near the anterior border, a n d the a n t e r o l o p h u l i d is not 
l o n g i t u d i n a l , but obl ique/ transverse towards the anteroconid that lies l i n g u a l l y of 
the central axis. In several specimens the pos tero lophid is absent or low. 

M 1 — The anterocone is s imple . The prelobe is set-off f r o m the rest of the tooth. 
The anterolophule is f o r m e d b y a protocone spur only. The l i n g u a l anteroloph bears 
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a protosty l . The protocone p l a t f o r m is absent. The anterosinus is open. The proto lo
p h u l e is posterior. The sinus is open, a n d strongly directed f o r w a r d . There is n o p r o 
tocone-hypocone connect ion t h r o u g h the sinus. The mesosinus is open. The meso
l o p h is absent. The meta lophule is anterior. The labia l border is convex. 

M 3 — The l i n g u a l anteroloph is absent or strong. The pro to lophule is directed 
towards the anterolophule. The s inus is v e r y s m a l l or smal l . The neo-entoloph is 
h i g h . The mesosinus is closed. The m e s o l o p h is absent or of m e d i u m length. The o l d 
en to lop h is absent or complete. The a x i o l o p h is a l o n g posterior spur or f o r m e d b y 
the o l d entoloph. The centroloph is strong. The centrocone is present. The metacone 
is present. The posterosinus is closed. 

D e s c r i p t i o n of the mater ia l f r o m Montalbán I D 
M j — The anteroconid is smal l . The antero lophul id is l o w , either interrupted or 

complete . The m e t a l o p h u l i d is absent or connected to the anteroconid. The protoco
n i d h i n d a r m is short a n d connected to the base of the metaconid , or l o n g a n d con
nected higher o n that cusp. The s i n u s i d is open or half c losed; its posterior border is 
transverse. The mesos inus id is open or par t ly closed b y a r idge descending f r o m the 
metaconid . The ec to lophid is l o n g i t u d i n a l or obl ique. The mesoconid is absent or 
strong. The m e s o l o p h i d is of m e d i u m length. There is no ectomesolophid. The h y p o 
l o p h u l i d is connected to the ec to lophid. The h y p o c o n i d h i n d a r m is absent or l o n g . 

M 2 — The l i n g u a l antero lophid is l o n g , the labia l antero lophid is connected to the 
pro toconid . The antero lophul id is complete. The anterosinusid is large. The metalo
p h u l i d is connected to the antero lophul id . The protoconid h i n d a r m is l o n g a n d free. 
The s i n u s i d is open a n d transverse. The mesos inus id is open. The ec to lophid is h i g h . 
The mesoconid is absent. The m e s o l o p h i d is short. The ec tomesolophid is absent. 
The h y p o l o p h u l i d is anterior transverse. The h y p o c o n i d h i n d a r m is absent. 

M 3 — The anteroconid is smal l . The l i n g u a l antero lophid is l o n g . The labia l ante
r o l o p h i d is connected to the pro toconid , or continues a r o u n d it. The a n t e r o l o p h u l i d 
is l o n g or double . The anteros inusid is n a r r o w or w i d e . The m e t a l o p h u l i d is connec
ted to the anteroconid or to the antero lophul id . The protoconid h i n d a r m is l o n g a n d 
connected to the base of the metaconid , or it reaches the border of the molar . The 
s i n u s i d is half c losed, a n d transverse. The mesos inus id is closed. The m e s o l o p h i d 
a n d the ec tomesolophid are absent. The entoconid is smal l . The h y p o l o p h u l i d is 
anterior, either obl ique or transverse. The posterosinusid is closed. The shape is a 
short tr iangle, or t rapezoidal . 

M 1 — The anterocone is s imple . The prelobe is smoothly cont inuous w i t h the rest 
of the tooth. The anterolophule is f o r m e d b y a protocone spur a n d a n anterocone 
spur. The l i n g u a l anteroloph is complete. The protocone p l a t f o r m is absent. The ante
rosinus is c losed. The proto lophule is posterior p l u s a trace of a n anterior one. The 
s inus is open, a n d directed f o r w a r d . There is n o protocone-hypocone connect ion 
t h r o u g h the sinus. The mesosinus is open. The m e s o l o p h is short. The meta lophule is 
absent. The labia l border is convex. 

M 3 — The l i n g u a l anteroloph is w e a k or strong. The proto lophule is directed 
towards the anterolophule. The s inus is smal l . The mesosinus is closed. The meso
l o p h is absent. The o l d ento loph is a short spur o n the protocone, or it is complete. 
The a x i o l o p h is absent, or f o r m e d b y the o l d entoloph. The centroloph is strong. The 
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Plate 4 

Atavocricetodon minusculus sp. nov. from Olalla 4A Atavocricetodon minusculus sp. nov. from 
Montalbán ID 

Fig. 1. Mi sin v O L A 4 4 8 , holotype. 
Fig. 2 . M Í dext., O L A 4 9 5 . 
Fig. 3 . M 1 sin., O L A 4 4 3 4 . 

Fig. 4 . M 2 sin., O L A 4 1 4 5 . 

Fig. 5 . M 2 dext, O L A 4 1 9 5 . 
Fig. 6. M 3 dext., O L A 4 3 6 2 . 
Fig. 7. M 3 sin., O L A 4 6 5 2 . 

Fig. 8. Mj sin., MLB1D10. 
Fig. 9 . Mj dext., MLB1D 201. 
Fig. 10. M 2 dext., MLB1D 484. 
Fig. 11. M 3 sin.,MLBlD114. 
Fig. 12. M 3 dext., MLB1D 567. 
Fig. 13. M 3 sin., MLB1D 335. 
Fig. 14. M 3 sin., MLB1D 337. 

The scale represents 1 mm. 
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centrocone is absent, or present o n the o l d entoloph. The metacone is absent. The 
posterosinus is closed. 

Discussion — Peláez-Campomanes (1995) mentions that the m e t a l o p h u l i d of the 
M 3 of A. nanus f r o m Valdecollares is interrupted i n 2 out of 18 specimens. This makes 
us th ink that, maybe, besides A. nanus, A. minusculus is present i n that locality. O n e 
cannot be sure, however , because one of the larger M 3 of A. nanoides f r o m O L A 4 A 
( O L A 4 283,11.5 χ 10.2) also has a n interrupted m e t a l o p h u l i d . 

Atavocricetodon nanus (Peláez-Campomanes, 1995) 
P l . 5, figs. 1-12. 

Type-locality — Valdecollares (Cuenca, Spain). 
Holotype — M j dext., V A L RQ065, Dept. of Paleontology, U n i v e r s i d a d C o m p l u -

tense, M a d r i d . 
Characterization of the material from Montalban ID — Atavocricetodon of m e d i -

u m size; M t w i t h frequently incomplete antero lophul id (50%) a n d m e t a l o p h u l i d 
(50%); ec to lophid general ly obl ique or l o n g i t u d i n a l (50%/50%); general ly w i t h o u t 
ectomesolophid (70%); h y p o c o n i d h i n d a r m frequently absent (60%); M 2 general ly 
w i t h m e s o l o p h i d absent or short (85%); ectomesolophid general ly absent (80 %); 
h y p o c o n i d h i n d a r m generally absent (84%). M 3 frequently w i t h ectomesolophid 
(90%). M 1 rarely w i t h complete anterolophule. M 2 general ly w i t h h i g h protocone-

ento loph connect ion (88%); l i n g u a l border general ly concave (83%). M 3 w i t h p o o r l y 
d e v e l o p e d o l d ento loph (22% complete). 

Material and measurements — See Table 1, F i g . 2. 
Description — See Tables 4-9. 

C o m p a r i s o n of A. nanus f r o m M L B 1 D w i t h A. nanus f r o m Valdecollares: 
M i — The m e t a l o p h u l i d is less deve loped than i n our other populat ions , but bet-

ter than i n Valdecol lares . The p r o t o c o n i d h i n d a r m is general ly connected to the me-

taconid, l ike i n Valdecollares. The labia l postero lophid m a y be better deve loped . 
M 2 — The m e s o l o p h i d is more often present. 
M 3 — The protoconid h i n d a r m is longer. 
M 1 — The m e s o l o p h is longer. There is no entostyl . 
M 2 — The m e s o l o p h is longer, but this m a y be due to a difference i n interpreta-

t ion. 
M 3 — A m o n g our populat ions , A. nanus f r o m M L B 1 D is the o n l y one, that resem-

bles A. nanus f r o m Valdecollares i n the degree of development of the o l d ento loph, 
the m e s o l o p h a n d the centroloph. 

C o m p a r i s o n of A. nanus f r o m M L B 1 D w i t h A. atavus f r o m H B : 
Μλ — O n the anteroconid the c i n g u l u m s are better developed; the a n t e r o l o p h u l i d 

is better d e v e l o p e d ; the m e t a l o p h u l i d is less developed; the protoconid h i n d a r m is 
l o w e r a n d more frequently obl ique; the s i n u s i d a n d the mesos inus id are more fre-

quent ly open; the ecto lophid is more often obl ique; the mesoconid a n d the meso-

l o p h i d are better deve loped ; the h y p o l o p h u l i d is more often obl ique; the h y p o c o n i d 
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Plate 5 

Atavocricetodon nanus (Peláez-Campomanes, 1995) from Montalbán ID 

Fig. 1. M , sin., MLBID 268. Fig. 7. M 1 sin., MLBID 40. 
Fig. 2. M 2 sin., MLBID 162. Fig. 8. M 2 sin., MLBID 782. 
Fig. 3. M 3 sin., MLBID 115. Fig. 9. M 3 sin., MLBID 99. 
Fig. 4. M 3 dext., MLBID 113. Fig. 10. M 3 dext., MLBID 319. 
Fig. 5. M 2 dext, MLBID 170. Fig. 11. M 2 dext., MLBID 829. 
Fig. 6. M} dext., MLBID 283. Fig. 12. M 1 dext., MLBID 49. 

The scale represents 1 mm. 
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h i n d a r m is more frequently absent. 
M 2 — The p r o t o c o n i d h i n d a r m is more detached f r o m the metaconid ; the s i n u s i d 

is more frequently c losed; the mesos inus id is more frequently open; the ec to lophid is 
o n the average higher ; the mesoconid is less deve loped; the m e s o l o p h i d is o n the 
average shorter; the h y p o l o p h u l i d is less frequently obl ique. 

M 3 — The lab ia l antero lophid is m u c h longer; the anterosinusid is frequently nar
r o w ; the p r o t o c o n i d h i n d a r m is longer a n d more detached f r o m the metaconid ; the 
m e s o s i n u s i d is more c losed; the m e s o l o p h i d is o n the average shorter; the ectomeso
l o p h i d is better deve loped ; the entoconid is larger; the h y p o l o p h u l i d is less obl ique ; 
the posteros inusid is more often closed. 

M 1 — The anterolophule is less frequently complete; there is h a r d l y ever a n ante
r ior pro to lophule ; the sinus a n d the mesosinus are more often open; there is often a 
connect ion between protocone a n d hypocone t h r o u g h the s inus; the meta lophule is 
frequently transverse. 

M 2 — There is less frequently a (trace of a) posterior proto lophule ; the s inus is 
more frequently open, a n d less frequently s trongly proverse; the connect ion of the 
en to lop h w i t h the protocone is higher. 

M 3 — The l i n g u a l anteroloph is less deve loped ; the sinus is often smaller ; the 
mesosinus is more frequently closed; the o l d ento loph is better d e v e l o p e d ; the cen
t r o l o p h is often absent or weak; the centrocone is more frequently present. 

C o m p a r i s o n of A. nanus f r o m M L B 1 D w i t h A. nanoides f r o m O L A 4 A : See u n d e r A. 
nanoides. 

C o m p a r i s o n of A. nanus f r o m M L B 1 D w i t h A. atavoides f r o m O L A 4 A : See u n d e r A. 
atavoides. 

Atavocricetodon atavus (Misonne , 1957) 

This species is, u n t i l n o w , o n l y k n o w n f r o m its type-local i ty H o o g b u t s e l . F o r a 
descr ipt ion see Freudenthal (1988). It is m o r p h o l o g i c a l l y s i m i l a r to the other Atavocri-
cetodon species. It presents, however , different size relations. In the l o w e r molars it 
over laps the l o w e r half of the size range of A. atavoides a n d A. hugueneyae, a n d the 
u p p e r half of the size ranges of A. nanus a n d A. nanoides. I n M 1 it h a r d l y overlaps A. 
atavoides a n d A. hugueneyae, a n d almost complete ly overlaps A. nanus a n d A. nano-
ides. In the M 3 i t a lmost complete ly overlaps the size range of A. atavoides a n d A. 
hugueneyae, a n d h a r d l y that of A. nanus a n d A. nanoides. 

This means that the l o w e r teeth s h o w the same length relations as the S p a n i s h 
species, whereas i n the u p p e r dent i t ion the M 1 is relat ively shorter, a n d the M 3 rela
t ive ly longer. 

There are i n H o o g b u t s e l , apart f r o m A. atavus, a smaller a n d a larger species, a n d 
m a y b e the size range for A. atavus is incorrect, d u e to a n erroneous determinat ion of 
some specimens. But even this does not exp la in the different size relations, w h i c h 
separate A. atavus f r o m the other Atavocricetodon species, i n c l u d i n g the mater ia l 
descr ibed b y D i e n e m a n n (1987) f r o m Möhren 13. 

The descr ipt ion of A. atavus f r o m H o o g b u t s e l , as represented i n Tables 4-9, s h o w s 
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some differences w i t h the descr ipt ion b y Freudenthal (1988). This is due to changes 
i n the def ini t ions of the character states I made after 1988. There is one deta i l , that is 
not represented i n the tables of character states, a n d that m a y be dist inct ive for A. 
atavus: i n the l o w e r molars the metaconid a n d entoconid appear to be farther apart, 
a n d the m e s o s i n u s i d w i d e r , than i n the Spanish Atavocricetodon material . 

A n a l y s i s of character states 

In Table 2 the d e r i v e d states are l isted of those features that gave a s ignif icant di f 
ference between at least t w o populat ions . The interpretation of w h a t is the p r i m i t i v e 
state a n d w h a t is the d e r i v e d state, is based o n the f o l l o w i n g arguments: 
1. W i t h i n a dent i t ion the M 3 are the most advanced elements, a n d the M l are the 
most conservative. 
2. The c o n d i t i o n f o u n d i n populat ions of later age. O n l y Oligocene cricetids are used 
for compar i son . The M i o c e n e forms represent a complete ly different stock, a n d m a y 
s h o w other tendencies. 
3. The c o n d i t i o n expected to be f o u n d i n a n or ig ina l tritubercular tooth. The interpre
tations are l is ted a n d discussed hereafter. E v e r y paragraph begins w i t h the supposed
l y most d e r i v e d state, even if that state is not real ized i n the s tudied material . The f o l 
l o w i n g states are supposed to be der ived : 

A l l dental elements: 
C i n g u l u m ridges are interpreted as a d d e d features, a n d therefore d e r i v e d . This 

interpretat ion m a y t u r n out to be untrue, or at least too general ized. In y o u n g e r p o p 
ulat ions c i n g u l u m ridges m a y be m u c h better deve loped , or complete ly lack ing . 
P r o b a b l y b o t h directions of development exist. 

L o w e r dent i t ion : 
A n t e r o l o p h u l i d complete ( M ^ . This is a n a d d i t i o n a l element, not present i n the 

hypothet ica l ancestor, f u l l y deve loped i n younger populat ions . 
M e t a l o p h u l i d complete (M,) . The m e t a l o p h u l i d is interpreted as a n e w connec

t i o n between metaconid a n d protoconid , that replaces the o l d t r i g o n i d connect ion 
(protoconid h i n d arm). F u l l y deve loped i n younger populat ions , better d e v e l o p e d i n 
M 2 a n d M 3 than i n M ^ 

P r o t o c o n i d h i n d a r m l o w or free. The o l d t r i g o n i d connect ion is reduced, or 
m o v e d b a c k w a r d s a n d detached f r o m the metaconid. L o w or free i n younger p o p u 
lations. Progress ively l o w e r a n d more detached f r o m M , to M 3 . 

M e s o l o p h i d absent. The m e s o l o p h i d is better deve loped i n M , then i n M 3 ; a n d 
M 2 are ident ical . But, the absence i n M 3 s h o u l d probably not be ascribed to the trend 
f r o m M Í to M 3 , but to the reduced state of the posterior part of M 3 . Therefore the 
interpretat ion is not certain. In younger populat ions the m e s o l o p h i d m a y be better 
d e v e l o p e d , or less deve loped ; apparent ly both directions exist. 

M e s o c o n i d absent. Probably a d isappear ing character: absent or present i n M „ 
absent i n M 2 ; general ly absent i n younger species. 

E c t o l o p h i d l o n g i t u d i n a l ( M ^ . The obl ique ec to lophid is u s u a l l y lower , sometimes 
in terrupted ; i n M 2 the ec to lophid is higher a n d more l o n g i t u d i n a l ; some y o u n g e r 
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species have a n obl ique ec to lophid , others have a l o n g i t u d i n a l one. The interpreta
t i o n is uncertain. 

E c t o m e s o l o p h i d better deve loped. This is a n a d d e d element, less frequent i n M „ 
more frequent i n M 2 , a n d less frequent i n M 3 due to the reduct ion of the posterior 
part of that tooth. 

H y p o c o n i d h i n d a r m absent. M o s t frequent i n M u less frequent i n M 2 , general ly 
absent i n M 3 . The absence i n M 3 cannot be ascribed to the M ! - M 3 t rend, b u t is d u e to 
the reduced state of that tooth. In several younger species the h y p o c o n i d h i n d a r m is 
present, but it is a l w a y s smaller i n M 2 than i n M , . 

A n t e r o s i n u s i d smaller a n d m e t a l o p h u l i d more f o r w a r d ( M 2 a n d M 3 ) . The metalo
p h u l i d moves f o r w a r d , a n d reduces the anterosinusid; more expressed i n M 3 than i n 
M 2 . In younger species the anterosinusid m a y disappear completely. 

H y p o l o p h u l i d more f o r w a r d directed ( M 2 ) . The h y p o l o p h u l i d is s u p p o s e d to 
m o v e f o r w a r d f r o m a n or ig ina l , transverse, pos i t ion . In it is more transverse than 
i n M 2 ; it is most obl ique i n M 3 , but this m a y be due to the reduct ion of that element. 
In y o u n g e r species it m a y be more oblique. 

L a b i a l antero lophid longer (around the protoconid) . M o r e deve loped i n M 3 than 
i n M 2 . 

Shape of M 3 . There are considerable differences, but a direct ional interpretat ion 
cannot be g iven . In some younger species the M 3 is v e r y short, i n others it is l o n g . 

U p p e r dent i t ion: 
Anterocone spl i t ( M 1 ) . M o r e frequent i n younger species. C o n s i d e r e d to be a p r o 

gressive c o m p l i c a t i o n of a n a d d e d structure. 
Prelobe set-off (= l i n g u a l border between protocone a n d anterocone angular) . 

The direc t ion of this feature is not clear; bo th states (set-off a n d continuous) are 
present i n younger species. 

A n t e r o l o p h u l e complete. The protocone fore a r m gets detached f r o m the para -
cone a n d moves f o r w a r d towards the anterocone. Better deve loped i n y o u n g e r spe
cies. 

A n t e r i o r pro to lophule absent. Related to the previous character (the sh i f t ing for
w a r d of the protocone fore arm) a n d to the next one (the shape of the sinus). The 
posterior pro to lophule of M 1 is homologous w i t h the anterior proto lophule of M 2 ; i n 
the M 2 of M i o c e n e cricetids a n e w posterior proto lophule originates f r o m the c u r v i n g 
ento loph, but this s i tuat ion is mere ly indicated i n Oligocene cricetids. 

Sinus. The deve lopment of the s inus is best ana lyzed i n M 3 : the protocone rotates 
a n d the en to loph curves sharply f o r w a r d , causing the s inus to penetrate deeply into 
the center of the tooth; then a n e w connect ion arises between protocone a n d h y p o 
cone (neo-entoloph), a n d the o l d ento loph is progressively reduced. Together w i t h 
the rotat ion of the protocone the proto lophule shifts f o r w a r d . 

The same process is seen — less frequently a n d less deve loped — i n M 2 : often a 
deeply penetrat ing s inus, a n d occasionally traces of a neo-entoloph (here ca l led pc-
hc connect ion t h r o u g h the sinus). In M 1 this t ransformation is less a d v a n c e d than i n 
M 2 , a n d the pro to lophule maintains a posterior pos i t ion . 

L i n g u a l anteroloph better developed. It m a y par t ly separate the protocone f r o m 
the l i n g u a l border. Its evolut ionary direct ion is not clear. 
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Entoloph-protocone connect ion h i g h ( M 2 ) . I n younger species the connect ion is 
h i g h . 

L a b i a l border convex ( M 2 ) . The typica l s i tuat ion i n younger species. 
C e n t r o l o p h (= metalophule) a n d metacone absent. These structures disappear 

d u e to the general reduct ion of the M 3 . 

In Table 2 the f ive populat ions have been compared for those characters that 
gave a reliable difference between at least t w o populat ions . If a p o p u l a t i o n has a 
more d e r i v e d state for a character it scores t w o points ; if it is less d e r i v e d it scores 0, 
a n d if there is n o difference both score 1 point . The last l ine of the table gives the s u m 
of a l l scored points for each p o p u l a t i o n . 

A. atavus f r o m H o o g b u t s e l has the lowest va lue (209), a n d m i g h t be considered 
the most archaic p o p u l a t i o n . H o w e v e r , the table contains a mix ture of impor tant a n d 
less important , reliable a n d unreliable characters. Precisely i n some ' g o o d ' characters 
H B scores h igher than expected for the oldest p o p u l a t i o n . Therefore I made a selec
t i o n of characters that m a y be considered as more important than the rest. The 
results are presented i n Table 3. 

In Table 3 the archaic state of A. atavus f r o m H o o g b u t s e l is c o n f i r m e d b y the l o w 
va lue of 79, a n d even accentuated i n compar i son w i t h the other populat ions . T h o u g h 
the differences are not great, bo th populat ions f r o m O L A 4 A score h igher (114 a n d 
110) than the t w o f r o m M L B 1 D (92 a n d 105), w h i c h is opposed to their s u p p o s e d 
strat igraphical sequence. It is not possible to d r a w any evolut ionary relat ionships 
between these populat ions . D i s t r i b u t i o n of archaic a n d d e r i v e d characters is mosaic , 
poss ib ly d u e to a r a p i d divers i f icat ion of these Cricet idae, i n the p e r i o d i m m e d i a t e l y 
after their first a r r i v a l i n Europe . 

F a m i l y G l i r i d a e M u i r h e a d , 1819 

There is a discuss ion o n whether the correct name of the f a m i l y is G l i r i d a e or 
M y o x i d a e . P e n d i n g a decis ion o n case 2928 b y the C o m m i s s i o n of Z o o l o g i c a l 
N o m e n c l a t u r e I prefer, for the moment , the f a m i l y name G l i r i d a e . 

G e n u s Glamys V i a n e y - L i a u d , 1989 

V i a n e y - L i a u d (1989) created the genus Glamys o n the basis of s k u l l characters 
observed i n Gliravus priscus Stehl in & Schaub, 1951. V i a n e y - L i a u d (1994) transferred 
a n u m b e r of species, former ly attributed to the genus Gliravus, to the genus Glamys. 
E v e n i f the s k u l l characters are not conclusive , since w e don ' t k n o w their var iabi l i ty , 
the dental m o r p h o l o g y a n d size of G. priscus m a y be g o o d reasons to separate the 
species priscus f r o m Gliravus. For Gliravus devoogdi a n d Gliravus fordi, w h o s e s k u l l 
characters are u n k n o w n , this seems less evident. 

Glamys olallensis sp. nov. 
PL 6, figs. 1-8. 

Type-locality — O l a l l a 4 A (Teruel, Spain). 
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Holotype — Μλ dext., O L A 4 A 817, kept i n the Departamento de Ciências de l a 
Tierra , U n i v e r s i t y of Zaragoza . 

Derivatio nominis — N a m e d after the type-locality. 
Age — Late Eocene - E a r l y Oligocene. 
Diagnosis and differential diagnosis — S m a l l size, smaller than G. priscus f r o m L a 

Débruge a n d the Isle of W i g h t (Bosma & de Brui jn , 1979) a n d G. robiacensis (see H a r -

tenberger, 1971), larger than Gliravus minor (Bosma & de Brui jn , 1982). M o r p h o l o g y 
s i m i l a r to G. priscus, but there is n o trace of a posterior centroloph i n the u p p e r 
molars a n d the anteroloph is general ly connected to the paracone. The anteroloph of 
P 4 is quite w e l l deve loped . I n the l o w e r molars the mesoconid is often separated 
f r o m the l i n g u a l border. 

Distribution — Besides f r o m its type-locality, G. olallensis is k n o w n f r o m several 
u n p u b l i s h e d localities i n the same area, that are considered to be older than O l a l l a 
4 A (Freudenthal , i n prep.). 

M a t e r i a l a n d measurements (see also Figs. 3,4) 

Length Width 
η min. mean max. V ' σ η min. mean max. V ' σ 

3 6.9 7.17 7.3 5.63 0.231 3 6.0 6.63 7.0 15.38 0.551 
M , 17 7.6 8.01 8.6 12.35 0.257 18 7.4 8.09 8.5 13.84 0.285 
M 2 18 7.5 8.01 8.5 12.50 0.289 18 8.1 8.46 9.2 12.72 0.301 
M 3 3 7.3 7.60 8.0 9.15 0.361 3 6.7 7.23 7.6 12.59 0.473 

D 4 1 7.2 7.20 7.2 1 8.4 8.40 8.4 
P 4 5 6.6 6.82 7.2 8.70 0.239 5 7.8 8.16 8.4 7.41 0.230 
M 1 14 6.9 7.61 8.0 14.77 0.300 14 8.5 9.00 9.7 13.19 0.328 
M 2 9 6.9 7.33 7.7 10.96 0.250 9 8.5 9.19 9.9 15.22 0.451 
M 3 1 6.2 6.20 6.2 — — 1 7.6 7.60 7.6 — — 

D e s c r i p t i o n 
P 4 — The antero lophid is interrupted. There are n o extra crests. The m e t a l o p h i d 

is connected h i g h to the metaconid. The centro lophid is absent. The mesoconid l ies 
o n the lab ia l border (2) or more central ly (1). The m e s o l o p h i d is absent, c u r v e d for-

w a r d , or directed towards the metaconid. 
M i — The antero lophid is not connected to the protoconid . There are n o extra 

crests. The m e t a l o p h i d is free (1), connected to the base of the metaconid (7), or h i g h 
to the metaconid (7). The centro lophid is absent (16) or short (1), not connected to the 
metaconid (16), or h i g h connected (1). There is a mesosty l id i n one specimen. The 
m e s o c o n i d lies o n the labia l border (4) or more central ly (12). The m e s o l o p h i d is 
short (1) or of m e d i u m length (14). 

M 2 — The antero lophid is not connected to the protoconid . There is n o extra crest 
i n the anterior valley. The m e t a l o p h i d is free (1), connected to the base of the meta-

c o n i d (12), or h i g h to the metaconid (4). The centro lophid is absent. The m e s o c o n i d 
lies o n the lab ia l border (9) or more central ly (9). The m e s o l o p h i d is of m e d i u m 
l ength (12), or longer a n d directed towards the metaconid (4), or towards the ento-
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c o n i d (1). There m a y be a s m a l l b a c k w a r d crest o n the t ip of the m e s o l o p h i d . A n 
extra crest i n the posterior va l l ey is absent (11), s m a l l (4), or of m e d i u m length (1). 

M 3 — The antero lophid is not connected to the protoconid . There are n o extra 
crests. The m e t a l o p h i d is free, connected to the base of the metaconid , or h i g h to the 
metaconid . The centro lophid is absent. The mesos ty l id is absent (2) or present (1). 
The m e s o c o n i d lies o n the labia l border (2) or more central ly (1). The m e s o l o p h i d is 
directed towards the entoconid (2), or connected to that cusp (1). P r o t o c o n i d a n d 
h y p o c o n i d m a y be connected b y a n ecto lophid. 

D 4 — The labia l border is r o u n d ; the centroloph is v e r y thick. For the rest it is 
s i m i l a r to the P 4 . 

P 4 — The labia l border is straight. The anteroloph is of m e d i u m length (1) or l o n g 
(4), not connected to the protocone. There are n o extra crests. The anterior centro loph 
is absent (1) or l o n g (4), p laced central ly i n one case. The posterior centro loph is 
absent. The postero loph is connected to the protocone i n one case, separated i n the 
others. 

M 1 — The anteroloph is l i n g u a l l y free. There are n o extra crests. The anterior cen
t r o l o p h is absent (1) or l o n g (13); it is connected to the paracone (5), free (1), or p laced 
central ly (7); i n t w o of the latter cases i t forms a mesostyl . The posterior centro loph is 
absent. The postero loph is connected to the protocone i n four cases. 

M 2 — The anteroloph is l i n g u a l l y free. There are n o extra crests. The anterior cen
t r o l o p h is l o n g , connected to the paracone (4), free (1), or p laced central ly (4); i n t w o 

Fig. 3. Length/width diagrams of the deciduous molars and premolars of the Gliridae from Olalla 4A. 
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of the latter cases it forms a mesostyl . The posterior centroloph is absent. The poste
r o l o p h is connected to the protocone i n four cases. 

Gliravus itardiensis V i a n e y - L i a u d , 1989 
PL 6, figs. 9-18. 

Type-locality — Itardies (Quercy, France). 
Holotype — S k u l l fragment I T D 140. 
Locality — O l a l l a 4 A . 
Characterization — Simi lar to Gliravus micio, but the extra crest between antero

l o p h i d a n d m e t a l o p h i d is absent. The m e s o l o p h i d of the l o w e r molars s h o w s a ten
dency of b e i n g directed to the metaconid instead of towards the entoconid. 

Remarks — I or ig ina l ly attr ibuted this mater ia l to Gliravus itardiensis V i a n e y -
L i a u d , 1989. The author herself s y n o n y m i z e d the species itardiensis i n 1994 w i t h Peri-
dyromys micio M i s o n n e , 1957, a n d transferred it to the genus Bransatoglis. I don ' t 
agree w i t h that generic at tr ibution, a n d prefer for the m o m e n t to place it i n Gliravus 
(see d iscuss ion of Bransatoglis). The reasons for s y n o n y m i z i n g G. itardiensis w i t h G. 
micio were clearly expla ined (op. cit., p . 139-140), a n d the author stated that the taxon 
itardiensis m i g h t be 'reactivated' , w h e n more abundant mater ia l became available. I 
th ink the r i c h mater ia l f r o m O l a l l a 4 A (of w h i c h o n l y a part is descr ibed i n this 
paper) fu l f i l l s this condi t ion . 

M a t e r i a l a n d measurements (see also Figs. 3,4) 

Length Width 
η min. mean max. V ' σ η min. mean max. V ' σ 

D 4 12 7.9 8.45 9.2 15.20 0.373 11 7.0 7.40 7.7 9.52 0.219 

P4 29 8.4 9.06 9.8 15.38 0.425 28 7.6 8.35 9.4 21.18 0.499 
M , 20 10.3 10.95 11.8 13.57 0.430 20 10.2 11.18 12.0 16.22 0.472 
M 2 33 10.3 11.12 11.9 14.41 0.416 31 10.5 11.67 12.7 18.97 0.511 
M 3 35 8.8 10.31 11.5 26.60 0.673 34 9.4 10.34 11.6 20.95 0.590 

D 4 5 7.6 8.16 8.7 13.50 0.404 6 8.1 8.58 9.2 12.72 0.440 
P 4 23 6.7 7.84 8.7 25.97 0.552 23 9.2 10.21 11.1 18.72 0.575 
M 1 31 9.3 10.30 11.3 19.42 0.516 31 10.3 11.62 12.4 18.50 0.492 
M 2 24 9.3 10.22 10.7 14.00 0.366 24 11.5 12.22 12.9 11.48 0.399 
M 3 24 8.3 8.79 9.6 14.53 0.353 23 10.2 10.90 12.2 17.86 0.500 

D e s c r i p t i o n 
D 4 —There is a h i g h metaconid w i t h a n anterolophid that meets the p r o t o c o n i d 

(8), or ends before that cusp (3). The m e t a l o p h i d is connected to the metaconid (8), or 
ends free (4). The m e s o l o p h i d is general ly absent. The postero lophid is h i g h , ento
c o n i d a n d h y p o c o n i d are usua l ly w e l l m a r k e d . There frequently are l o n g i t u d i n a l 
structures i n the ta lon id basin. 

P 4 — The antero lophid is interrupted (6) or cont inuous (20). The m e t a l o p h i d is 
free (2), connected to the base of the metaconid (16), or higher to the metaconid (7). 
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Fig. 4. Length/width diagrams of the molars of the Gliridae from Olalla 4A. 
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The cent ro lophid is absent (5), short (16), or of m e d i u m length (9); it is near ly a l w a y s 
free f r o m the metaconid. The m e s o l o p h i d is directed to the metaconid (4), directed to 
the entoconid (15), connected to the entoconid (7), or connected to the l i n g u a l border 
of the tooth (4). There is a n extra crest between m e s o l o p h i d a n d pos tero lophid i n 2 
out of 29 specimens. 

M } — The antero lophid is free f r o m the protoconid . There is no extra crest i n the 
anterior val ley, except for one case. The m e t a l o p h i d ends free (3), it is connected to 
the base of the metaconid (11), or higher to the metaconid (4). The centro lophid is 
absent (5), short (1), of m e d i u m length (10), or l o n g (2); i t presents a l o w connect ion 
w i t h the metaconid i n t w o cases only. The m e s o l o p h i d is of m e d i u m length (6), or 
longer; i n the latter case it is directed towards the metaconid (6), connected to the 
metaconid (1), directed to the entoconid (2), connected to the entoconid (1), or l o n g 
a n d straight, directed to the l i n g u a l border between metaconid a n d entoconid (4). 
The extra crest i n the posterior va l l ey is absent (2), v e r y s m a l l (1), s m a l l (4), of m e d i 
u m length (3), or l o n g (9). 

M 2 — The antero lophid is free f r o m the protoconid . There is no extra crest i n the 
anterior valley, except for one case. The m e t a l o p h i d ends free (11), i t is connected to 
the base of the metaconid (23), or higher to the metaconid (1). The centro lophid is 
absent (3), short (1), of m e d i u m length (18), or l o n g (8); it is free f r o m the metaconid 
(16), there is a l o w connect ion (11), or a h i g h connect ion (3). The m e s o l o p h i d is of 
m e d i u m length (4), or longer; i n the latter case it is directed towards the metaconid 
(3), connected to the metaconid (1), directed to the entoconid (13), connected to the 
entoconid (10), or l o n g a n d straight, directed to the l i n g u a l border be tween metaco
n i d a n d entoconid (2). The extra crest i n the posterior v a l l e y is absent (2), v e r y s m a l l 
(1), of m e d i u m length (15), or l o n g (14). 

M 3 — The antero lophid is lab ia l ly free (34), o n l y i n one case connected to the p r o 
toconid . O n l y i n t w o cases there is a s m a l l extra crest i n the anterior valley. The meta
l o p h i d ends free (13), it is connected to the base of the metaconid (12), or higher to 
the metaconid (5). The centro lophid is absent (3), short (2), of m e d i u m length (22), or 

Plate 6 

Glamys olallensis sp. nov. from Olalla 4A Gliravus itardiensis from Olalla 4A 

Fig. 1. P 4 dext, OLA4A 803. 
Fig. 2. M , dext., OLA4A 817, holotype. 
Fig. 3. M 2 sin., OLA4A 823. 
Fig. 4. M 3 dext., OLA4A 842. 
Fig. 5. D 4 dext., OLA4A 848. 
Fig. 6. P 4 sin., OLA4A 847. 
Fig. 7. M 1 dext., OLA4A 862. 
Fig. 8. M 2 sin., OLA4A 866. 

Fig. 9. M i dext., OLA4A 923. 
Fig. 10. M 2 sin., OLA4A 937. 
Fig. 11. M 3 sin., OLA4A 969. 
Fig. 12. D 4 sin., OLA4A 877. 
Fig. 13. P 4 sin., OLA4A 887. 
Fig. 14. D 4 sin., OLA4A 1004. 
Fig. 15. P 4 sin., OLA4A 1011. 
Fig. 16. M 1 sin., OLA4A 1033. 
Fig. 17. M 2 sin., OLA4A 1065. 
Fig. 18. M 3 sin., OLA4A 1089. 

The scale represents 1 mm. 



Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 31 



32 Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 

l o n g (4); it is free f r o m the metaconid (8), l o w connected (13), or h i g h connected (8). 
The m e s o l o p h i d is directed towards the metaconid (1), directed towards the entoco
n i d (3), or connected to the entoconid (31). A n extra crest i n the posterior v a l l e y is 
absent (2), v e r y s m a l l (3), s m a l l (2), of m e d i u m length (12), or l o n g (14). 

D 4 — The antero loph is short (1) or of m e d i u m length (5), a n d does not f o r m a 
cont inuous entoloph. There are n o extra crests. The anterior centro loph is of m e d i u m 
length (1) or l o n g (5). The posterior centroloph is absent (3), short (2), or l o n g (1). The 
centrolophs are not connected to each other. The posteroloph has a cont inuous con
nect ion w i t h the protocone (4), or it is separated (2). 

P 4 — The anteroloph is absent (1), short (4), of m e d i u m length (7), or l o n g (11); i t 
does not f o r m a cont inuous entoloph. There are n o extra crests. The anterior centro
l o p h is a l w a y s long . The posterior centroloph is absent (11), short (2), of m e d i u m 
length (5), or l o n g (4). The centrolophs are rarely connected to each other. The poste
r o l o p h never has a cont inuous connection w i t h the protocone. 

M 1 — The anteroloph is l i n g u a l l y free (25), or it has a l o w connect ion w i t h the 
protocone (3). There is n o extra crest, neither i n the anterior v a l l e y nor i n the poster i 
or valley. The anterior centroloph is near ly a lways l o n g , a n d connected to the para
cone. The posterior centroloph is frequently l o n g , but o n the average shorter than the 
anterior one, a n d the connect ion of the anterior centroloph w i t h the paracone is 
m u c h h igher than the connect ion of the posterior centroloph w i t h the metacone. 
There is a short extra crest ins ide the trigone (8), or no such crest (21); i f present it is 
genera l ly a r a m i f i c a t i o n of the anterior centro loph. The centrolophs are not connec
ted (9), connected m i d w a y (8), or connected at their l i n g u a l ends (12). T h e postero
l o p h has a cont inuous connect ion w i t h the protocone (10), or it is separated (16). 

M 2 — The anteroloph is l i n g u a l l y free (15), or it has a l o w connect ion w i t h the 
protocone (6). There is no extra crest, neither i n the anterior valley, nor i n the poster i 
or valley. The anterior centroloph is a lways l o n g , a n d near ly a lways connected to the 
paracone. The posterior centroloph is general ly l o n g , but o n the average shorter than 
the anterior one, a n d the connect ion of the anterior centroloph w i t h the paracone is 
h igher than the connect ion of the posterior centroloph w i t h the metacone. I n t w o 
cases the posterior centroloph is directed to the metacone, w i t h o u t reaching it, a n d i n 
three cases i t has a central pos i t ion between paracone a n d metacone. There is a short 
extra crest ins ide the trigone (2), or n o such crest (22). The centrolophs are not con
nected (6), connected m i d w a y (3), connected at their l i n g u a l ends (12), or there are 
t w o connections (2). The posteroloph has a cont inuous connect ion w i t h the proto
cone (3), or it is separated (13). 

M 3 — The anteroloph is l i n g u a l l y free (1), l o w connected to the protocone (2), or 
there is a h i g h connect ion (13). There is a n extra crest i n the anterior v a l l e y i n one 
case. The centrolophs are general ly l o n g , not connected (8), connected (11), or there 
are t w o connections (2). In m a n y cases they are b r o k e n u p into a complex pattern of 
l ittle cusps a n d crests. C o u n t i n g , as far as possible, the n u m b e r of transverse crests 
ins ide the tr igone, one f inds specimens w i t h t w o crests (11), a n d specimens w i t h 
three crests (8). In f ive cases there is a mesostyl . The postero loph has a cont inuous 
connect ion w i t h the protocone. 
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G e n u s Bransatoglis H u g u e n e y , 1967 

V i a n e y - L i a u d (1994) places the f o l l o w i n g species i n the genus Bransatoglis: 

Peridyromys micio Misonne, 1957 
Gliravus itardiensis Vianey-Liaud, 1989 
Bransatoglis concavidens Hugueney, 1967 
Gliravus meridionalis Hartenberger, 1971 
Paraglis fugax Hugueney, 1967 
Bransatoglis cadeoti Bulot, 1978 
Bransatoglis bahloi Bosma & de Bruijn, 1982 
Oligodyromys planus Bahlo, 1975 
Bransatoglis sjeni Ünay-Bayraktar, 1989 
Bransatoglis misonnei Vianey-Liaud, 1994 

This interpretat ion makes the genus Bransatoglis a heterogeneous g r o u p w i t h 
v e r y w i d e m o r p h o l o g i c a l a n d size ranges. It is based o n supposed phylogenet ic rela
t ionships , that, i n m y o p i n i o n , are far f r o m sure. 

In the U p p e r Eocene local i ty Aguatón 2 I have f o u n d a m e d i u m - s i z e d Bransato-
glis (about the size of B. planus), w i t h a v e r y advanced morphology , comparable w i t h 
that of B. concavidens. In subsequent U p p e r Eocene a n d L o w e r Oligocene localities 
s u c h w e l l - d e v e l o p e d Bransatoglis populat ions are frequently f o u n d , a n d they seem to 
f o r m a homogeneous g r o u p , together w i t h B. concavidens. Basically, w h a t changes i n 
this g r o u p is size, the species f r o m Coderet b e i n g m u c h larger than the one f r o m 
Aguatón. I th ink the genus Bransatoglis s h o u l d be restricted to this homogeneous 
g r o u p , a n d a l l other species s h o u l d be r e m o v e d f r o m it. 

Oligodyromys planus Bahlo, 1975 f r o m H e i m e r s h e i m m a y w e l l belong to this group, 
a n d is therefore called Bransatoglis planus as proposed b y Bosma & de Brui jn (1982). 

The beds w i t h Bransatoglis bahloi Bosma & de Brui jn , 1982 o n the Isle of W i g h t are 
equal i n age or younger than the local i ty of Aguatón, but the ment ioned species has 
b y far not yet achieved the m o r p h o l o g i c a l stage of the Aguatón species. I therefore 
remove the species bahloi f r o m the genus Bransatoglis. 

A l s o i n Aguatón 2 I have f o u n d a v e r y s m a l l g l i r i d , that is ident ica l or s i m i l a r to 
ß . misonnei. S u c h popula t ions are v e r y frequent i n the L o w e r Oligocene, a n d appear 
to f o r m a homogeneous group together w i t h Late Oligocene Microdyromys. 

The oldest occurrence of Microdyromys is n o w the one f r o m the U p p e r Eocene of 
Aguatón. Bransatoglis misonnei V i a n e y - L i a u d , 1994 s h o u l d — i n m y o p i n i o n — be 
p laced i n Microdyromys, a n d that genus is constantly present f r o m the Late Eocene 
u n t i l i n the Miocene . 

Gliravus meridionalis Hartenberger, 1971 a n d Peridyromys micio M i s o n n e , 1957 
have no apparent s imilari t ies w i t h Bransatoglis, a n d the genus Bransatoglis s h o u l d 
p r o b a b l y be restricted to the f o l l o w i n g species: 

B. concavidens Hugueney, 1967 
B. fugax (Hugueney, 1967) 
B. planus (Bahlo, 1975) 
B. cadeoti Bulot, 1978 
B. sjeni Ünay-Bayraktar, 1989 ? 
B. parvus sp. nov. 
B. sp. nov. from Aguatón 2 
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Bransatoglis parvus sp. nov. 
P L 7, figs. 1-11. 

Type-locality — O l a l l a 4 A (Teruel, Spain). 
Holotype — M 2 s in . , O L A 4 A 1127, kept i n the Departamento de Ciências de l a 

Tierra , U n i v e r s i t y of Zaragoza . 
Derivatio nominis — L a t i n p a r v u s = smal l . 
Age — Late Eocene - E a r l y Oligocene. 
Diagnosis — M o l a r s w i t h thick crests. L o w e r molars general ly w i t h seven crests, 

u p p e r molars w i t h t w o centrolophs, general ly a n accessory crest i n the first valley, 
sometimes a n accessory crest ins ide the trigone. 

Differential diagnosis — Smaller than a l l k n o w n species of Bransatoglis. 

M a t e r i a l a n d measurements (see also Figs. 3,4) 

Length Width 
η min. mean max. V ' σ η min. mean max. V ' σ 

4 8.5 8.73 9.0 5.71 0.222 4 7.6 8.13 8.7 13.50 0.450 
M , 4 10.3 10.40 10.6 2.87 0.141 4 10.0 10.23 10.6 5.83 0.287 
M 2 4 10.4 11.18 11.7 11.76 0.574 5 10.7 11.66 12.6 16.31 0.750 
M 3 8 9.5 10.34 11.0 14.63 0.558 7 9.7 10.21 10.7 9.80 0.418 

D 4 2 8.7 8.75 8.8 1.14 0.071 2 9.3 9.30 9.3 
P 4 2 7.2 7.75 8.3 14.19 0.778 2 9.0 9.15 9.3 3.28 0.212 
M ' 4 9.5 10.23 10.7 11.88 0.525 4 10.6 11.53 12.1 13.22 0.650 
M 2 2 9.6 10.05 10.5 8.96 0.636 2 11.3 11.55 11.8 4.33 0.354 
M 3 3 9.4 9.83 10.2 8.16 0.404 3 11.8 11.93 12.1 2.51 0.153 

D e s c r i p t i o n 
P 4 — Accessory crests are absent i n t w o specimens, present i n one. The antero-

l o p h i d is connected to protoconid a n d metaconid. The m e t a l o p h i d is connected to 
the metaconid , the cent ro lophid is connected or isolated. The m e s o l o p h i d is connec-

ted to the entoconid (4) or s l ight ly interrupted (1). 
M} — The antero lophid is not connected to the protoconid . The anterior extra 

crest is s m a l l or large. The m e t a l o p h i d is connected to the metaconid ; the centrolo-

p h i d is l o n g , never isolated; it is connected to the metaconid (4), or l i n g u a l l y free (1), 
a n d i t is connected to the protoconid (3), or lab ia l ly free (2). The m e s o l o p h i d is con-

nected to the entoconid (2), interrupted near the entoconid (2), or in terrupted m i d -

w a y ; the in terrupted m e s o l o p h i d m a y f o r m a l o n g i t u d i n a l connect ion w i t h the cen-

t r o l o p h i d a n d / o r w i t h the posterior extra crest. The posterior extra crest is strongly 
d e v e l o p e d , but never connected to h y p o c o n i d or entoconid. 

M 2 — The antero lophid is not connected to the protoconid . The anterior extra 
crest is s m a l l or large. The m e t a l o p h i d is connected to the metaconid (2), or ends at 
its base (2); the centro lophid is l o n g , connected to the metaconid (3), or l i n g u a l l y free 
(1); it is not connected to the protoconid or to the m e t a l o p h i d at its lab ia l e n d . The 
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Plate 7 

Bransatoglis parvus from Olalla 4A 

Fig. 1. P 4 sin., OLA4A 1111. 

Fig. 2. M Í sin., OLA4A 1121. 
Fig. 3. M 1 dext., OLA4A 1123. 
Fig. 4. M 2 sin., R G M 418103. 
Fig. 5. M 2 sin., OLA4A 1127, holotype. 
Fig. 6. M 3 dext., OLA4A 1132. 

Fig. 7. D 4 dext., OLA4A 1009. 
Fig. 8. P 4 sin., OLA4A 1135. 
Fig. 9. M 1 sin., OLA4A 1141. 
Fig. 10. M 2 dext., OLA4A 1142. 
Fig. 11. M 3 dext., OLA4A 1144. 

The scale represents 1 mm. 
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m e s o l o p h i d is connected to the entoconid; i n one case it is interrupted near the meso
c o n i d . The posterior extra crest is s trongly deve loped , isolated. 

M 3 — The antero lophid is connected to the protoconid (2) or not connected (4). 
The anterior extra crest is absent (2), s m a l l (1), or large (3). The m e t a l o p h i d is con
nected to the metaconid (7) or not connected (2); the centro lophid is of m e d i u m 
length or l o n g , connected to the metaconid, a n d i n one case connected to the meso
c o n i d . The m e s o l o p h i d is connected to the entoconid i n eight out of n ine specimens. 
The posterior extra crest is s trongly deve loped , isolated. 

D 4 — R o u n d e d teeth w i t h l o n g anteroloph, t w o centrolophs, a n d a postero loph 
that is isolated f r o m protocone a n d metacone i n one case, a n d connected to these 
cusps i n the other one. 

P 4 — R o u n d e d tooth w i t h a short anteroloph, that is connected to the protocone; 
there are t w o centrolophs, that unite into a l o n g central crest; the p r o t o l o p h is inter
r u p t e d near the protocone; the posteroloph is connected to protocone a n d metacone. 

M 1 — The anteroloph is isolated f r o m the protocone, or connected to it. There is 
a n anterior extra crest between anteroloph a n d p r o t o l o p h , w h i c h m a y be v e r y w e a k 
or fa i r ly strong, or consist ing of a series of s m a l l cusps. There are t w o l o n g centro
lophs , that m a y unite i n the center of the tooth; .they are connected to the paracone 
a n d the metacone respectively. In t w o specimens there are n o extra crests ins ide the 
tr igone, i n the other t w o specimens there are t w o such crests. The postero loph is con
nected to the protocone (3), or not connected (1). 

M 2 — The anteroloph is isolated f r o m the protocone, or connected to it. There is a 
w e a k extra crest between anteroloph a n d p r o t o l o p h i n t w o out of three specimens. 
There are t w o l o n g centrolophs, that m a y unite i n the center of the tooth; they are 
connected to the paracone a n d the metacone respectively. I n one spec imen there is a n 
extra crest ins ide the trigone. The posteroloph is connected to the protocone, or not 
connected. 

M 3 — The anteroloph is isolated f r o m the protocone, or connected to it. There is 
a n anterior extra crest between anteroloph a n d p r o t o l o p h , w h i c h m a y be one little 
cusp , or consist ing of a series of s m a l l cusps. There are t w o l o n g centrolophs, that 
unite i n the center of the tooth, where they f o r m a n intricate pattern of r a m i f i e d litt le 
crests. The paracone s h o w s a tendency to spl i t off a mesostyl , w h i c h bears the anteri
or centroloph. The postero loph is connected to the protocone (3). 

D i s c u s s i o n — The m o r p h o l o g i c a l var iab i l i ty of the l o w e r molars appears to be 
rather great: some specimens have w e l l - d e v e l o p e d straight a n d complete crests, i n 
other ones the crests are somewhat more irregular, sometimes in terrupted, a n d there 
are some l o n g i t u d i n a l structures. O n e m i g h t th ink, that w e are dea l ing w i t h t w o di f 
ferent species, but c o m p a r i s o n w i t h younger Bransatoglis popula t ions f r o m several 
levels at Montalbán m a d e it clear, that this is not the case. In the y o u n g e r p o p u l a 
tions the same differences exist, but the specimens w i t h i rregular crests are consider
ably less frequent, a n d the f u l l y achieved Bransatoglis m o r p h o l o g y w i t h w e l l - d e v e l 
o p e d straight crests is dominant . 
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Biostratigraphy 

The faunal list of O l a l l a 4 A is composed of the f o l l o w i n g taxons: 

Blainvillimys langei Vianey-Liaud, 1972 
Pseudoltinomys gaillardi Lavocat, 1951 
Elfomys sp. 
Sciuromys cayluxi Schlosser, 1884 
Palaeosciurus aff. goti Vianey-Liaud, 1974 
Oligopetes lophulus Heissig, 1979 
Eomys aff:. fahlbuschi Ünay-Bayraktar, 1989 
Atavocricetodon atavoides sp. nov. 
Atavocricetodon nanoides sp. nov. 
Atavocricetodon minusculus sp. nov. 
Glamys olallensis sp. nov. 
Gliravus itardiensis Vianey-Liaud, 1989 
Bransatoglis parvus sp. nov. 

Remark — A l v a r e z Sierra et a l . (1987) m e n t i o n Steneofiber f r o m O l a l l a 4. T h i s is 
p roba b ly d u e to a n error, since I d i d not f i n d one single spec imen of this taxon 
a m o n g the thousands of specimens f r o m this locality. 

I n the f o l l o w i n g w e w i l l compare the fauna of O l a l l a 4 A , w i t h the fauna f r o m 
several levels of Montalbán. O l a l l a a n d Montalbán are some 30 k m apart, a n d corre
la t ion i n the f i e ld is impossible . 

The presence of Cricet idae makes it clear that O l a l l a 4 A is younger than the 
' G r a n d e C o u p u r e ' , the absence of Pseudocricetodon makes it o lder than Montalbán. 

Atavocricetodon species s h o w a mosaic d i s t r ibut ion of archaic a n d d e r i v e d charac
ters, a n d d o not serve — for the m o m e n t — for a decis ion of the relative age of O l a l l a 
4 A a n d Montalbán I D . 

Blainvillimys langei V i a n e y - L i a u d , 1972 has less advanced enamel dif ferentiat ion 
than B. gregarius f r o m Montalbán, w h i c h conf irms the o lder age. 

Pseudoltinomys gaillardi Lavocat , 1951: the m a x i m u m height of u n w o r n M 1 > 2 is 
20.0. In Montalbán 3 C (lower than M L B 1 D ) this is 22.0, a n d i n M L B 1 0 (higher than 
M L B 1 D ) it is 22.8. In a level l o w e r than O L A 4 A I f o u n d a m a x i m u m of 18.0 for a 
p o p u l a t i o n p r o v i s i o n a l l y attr ibuted to Pseudoltinomys cuvieri (Pomel , 1852). These 
p o p u l a t i o n s m a y represent an evolut ionary lineage. The O L A 4 A mater ia l appears to 
have the m o r p h o l o g y of Pseudoltinomys gaillardi, b u t maybe it is less h y p s o d o n t . O n 
the w h o l e the Spanish specimens seem to be less h y p s o d o n t than the French ones 
w i t h equivalent dental morphology . If this is not due to a different w a y of measur
i n g , i t m a y m e a n that w e are dea l ing w i t h different lineages, a n d that large distance 
correlat ion o n the basis of Pseudoltinomys m a y be hazardous. 

Sciuromys cayluxi Schlosser, 1884: this species, represented b y a f e w specimens 
only, is also f o u n d i n var ious levels of Montalbán, b o t h older a n d younger than the 
classical site M L B 1 D . It does not g ive a d d i t i o n a l i n f o r m a t i o n o n the p o s i t i o n of 
O L A 4 A . 

Elfomys sp. is represented b y three d a m a g e d specimens, that are considerably 
smal ler than the corresponding elements of Pseudoltinomys gaillardi. The scarcity of 
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Elfomys i n c o m p a r i s o n w i t h M L B 1 D m a y have a biostrat igraphic significance. 
For the Sciuridae, Palaeosciurus aff. goti V i a n e y - L i a u d , 1974 a n d Oligopetes lophu-

lus H e i s s i g , 1979, see C u e n c a Bescós & C a n u d o (1992). 
The o n l y th ing that can be sa id about the E o m y i d a e is , that they are more fre-

quent i n M L B 1 D than i n O L A 4 A . 
Glamys olallensis sp. nov. does not permi t any correlation. Glamys priscus is 

present i n older levels; it is replaced b y Glamys olallensis i n O L A 4 A , a n d reappears i n 
M L B 1 D . 

Gliravus itardiensis V i a n e y - L i a u d , 1989: a Gliravus species of s imi lar size a n d m o r -

p h o l o g y is f o u n d i n M L B 1 D ; it is somewhat smaller, a n d there are quite a n u m b e r of 
m o r p h o l o g i c a l differences. I p r o v i s i o n a l l y attribute it to G. tenuis Bahlo , 1975. N o t h -

i n g can be sa id about the relationships between these t w o populat ions . 
Bransatoglis parvus sp. nov.: also i n this case there is a similar , but not ident ica l , 

p o p u l a t i o n i n M L B 1 D . Relat ionships are unclear, the more so, since b o t h popula t ions 
are p o o r i n specimens. There are quite r i c h populat ions i n var ious levels of 
Montalbán, both older a n d younger than M L B 1 D , that w i l l be s tudied i n a for th-

c o m i n g publ i ca t ion . 
C o n c l u d i n g l y w e m a y say, that the Cricet idae f ix quite rel iably the age l imi ts of 

the O l a l l a fauna, a n d that some of the other faunal components c o n f i r m this. The 
t ime s p a n between the ' G r a n d e C o u p u r e ' a n d Montalbán m a y be considerable, b u t a 
more detai led specif icat ion is for the mome nt impossible . 

A c k n o w l e d g e m e n t s 

The f i e ld campaigns w o u l d have been imposs ib le w i t h o u t the h i g h l y appreciated 
par t i c ipat ion of A n g e l i n e s Sacristan, N a c h o L a c o m b a , Javier M a r t i n e z , E l v i r a Martín 
Suarez, Joop M o l t z e r , a n d m a n y others, especially students of G r a n a d a Univers i ty . 
D r M . H u g u e n e y (Lyon) made a valuable contr ibut ion to the s t u d y of the G l i r i d a e , 
a n d b y g i v i n g access to the collections of L y o n Univers i ty . D r Ε. M a r t i n Suarez read 
the manuscr ip t critically, a n d composed the plates. 

This s t u d y w a s f inancia l ly suppor ted b y the N a t i o n a l M u s e u m of N a t u r a l H i s t o -

ry, L e i d e n , the Nether lands a n d b y a grant f r o m the 'Junta de A n d a l u c i a ' . 
The photographs were made o n the Zeiss D S M 950 Scanning Electron M i c r o -

scope of G r a n a d a Univers i ty . 
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Table 1. Measurements of Atavocricetodon species. 
+ = A. atavus, * = A. atavoides, & = A. hugueneyae, @ = A. nanoides, # = A. nanus, - - A. minusculus. 

Length Width 
η min. mean max. V ' σ η min. mean max. V ' σ 

HB + 21 14.3 15.70 16.8 16.08 0.589 22 9.7 10.49 11.5 16.98 0.419 
OLA4A * 32 15.7 16.66 18.2 14.75 0.639 30 10.4 11.19 12.4 17.54 0.457 
MLBID & 8 15.7 16.16 16.9 7.36 0.393 10 10.2 10.90 11.4 11.11 0.377 
OLA4A @ 47 13.4 14.38 15.6 15.17 0.545 49 8.6 9.59 10.6 20.83 0.440 
MLBID # 28 13.5 14.57 15.4 13.15 0.520 31 8.9 9.83 11.0 21.11 0.557 
OLA4A - 6 12.5 12.85 13.2 5.45 0.295 7 8.2 8.54 8.9 8.19 0.237 
MLBID - 2 12.7 12.95 13.2 3.86 0.354 2 8.3 8.75 9.2 10.29 0.636 

M 2 

HB + 38 12.7 13.85 14.9 15.94 0.489 38 10.2 11.47 12.7 21.83 0.561 
OLA4A * 35 14.3 14.96 16.0 11.22 0.455 35 11.1 12.28 13.2 17.28 0.523 
MLBID & 9 14.4 14.87 15.6 8.00 0.390 9 11.5 12.14 12.7 9.92 0.433 
OLA4A @ 70 11.6 12.88 13.8 17.32 0.502 68 9.9 10.70 12.1 20.00 0.489 
MLBID # 42 12.6 13.26 13.9 9.81 0.387 43 10.2 11.02 12.2 17.86 0.478 
OLA4A - 3 11.5 11.73 11.9 3.42 0.208 3 9.0 9.33 9.6 6.45 0.305 
MLBID - 2 11.8 11.90 12.0 1.68 0.141 2 9.9 10.20 10.5 5.88 0.424 

M , 
HB + 15 11.5 12.83 14.0 19.61 0.722 14 9.8 10.65 11.3 14.22 0.454 
OLA4A * 24 12.5 13.66 15.0 18.18 0.737 26 10.7 11.44 12.2 13.10 0.435 
MLBID & 10 12.8 13.21 14.1 9.67 0.387 10 10.6 11.08 11.8 10.71 0.329 
OLA4A @ 75 10.3 11.32 12.5 19.30 0.509 79 8.8 9.76 10.8 20.41 0.429 
MLBID # 44 10.5 11.42 12.4 16.59 0.455 44 8.8 9.89 10.8 20.41 0.475 
OLA4A - 6 9.7 10.28 10.6 8.87 0.319 6 8.7 9.13 9.6 9.84 0.301 
MLBID - 2 10.2 10.25 10.3 0.98 0.071 2 8.9 9.00 9.1 2.22 0.141 

M 1 

HB + 27 16.5 18.03 19.0 14.08 0.616 34 10.8 11.71 12.7 16.17 0.485 
OLA4A * 16 18.5 19.72 21.1 13.13 0.836 18 11.8 12.82 13.8 15.63 0.488 
MLBID & 6 18.6 19.25 20.0 7.25 0.539 16 12.1 13.08 14.0 14.56 0.553 
OLA4A @ 40 15.6 17.27 18.4 16.47 0.725 47 10.6 11.32 12.3 14.85 0.460 
MLBID # 18 16.1 17.26 18.3 12.79 0.663 30 10.6 11.68 12.4 15.65 0.430 
OLA4A - 1 15.4 15.40 15.4 — — 1 10.1 10.10 10.1 — — 

MLBID - 1 15.1 15.10 15.1 — — 1 10.6 10.60 10.6 — — 

M 2 

HB + 29 12.8 13.47 14.5 12.45 0.471 29 11.5 12.22 12.9 11.48 0.420 
OLA4A * 38 13.8 14.58 15.5 11.60 0.461 38 12.2 13.33 14.6 17.91 0.567 
MLBID & 14 13.6 14.34 15.7 14.33 0.613 15 12.1 13.27 14.3 16.67 0.643 

OLA4A® 77 11.2 12.25 13.4 17.89 0.555 77 10.1 11.50 12.8 23.58 0.539 
MLBID # 48 11.5 12.60 13.6 16.73 0.528 49 10.8 11.82 13.2 20.00 0.560 

M 3 

HB + 12 9.6 10.44 11.3 16.27 0.494 13 9.9 10.87 12.2 20.81 0.571 
OLA4A * 43 10.1 10.81 11.7 14.68 0.473 43 10.5 11.54 12.5 17.39 0.509 
MLBID & 20 9.8 10.41 11.2 13.33 0.410 20 11.1 11.47 12.1 8.62 0.272 
OLA4A @ 87 8.0 9.14 10.1 23.20 0.479 89 9.1 9.94 10.9 18.00 0.361 
MLBID # 35 8.4 9.04 10.2 19.35 0.382 34 9.2 9.96 10.8 16.00 0.457 
OLA4A - 2 7.9 8.10 8.3 4.94 0.283 2 8.5 8.60 8.7 2.33 0.141 
MLBID - 2 8.1 8.10 8.1 — — 2 9.2 9.40 9.6 4.26 0.283 
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Table 2. Comparison of discriminating characters. 

HB OLA4 MLB1D OLA4 MLB1D 
atavus atavoides hugueneyae nanoides nanus 

M t acd less lingual cingulum 8 
M t anterolophulid more complete 0 
M , ectolophid more longitudinal 6 
M , ectomesolophid better 4 
Mj hcd hindarm less 3 
M] mesoconid less 7 
M , mesolophid less 8 
M , mesosinusid more closed 4 
Mi metalophulid better 5 
M , pcd hindarm lower/free 0 

sinusid more closed 5 
M 2 anterosinusid smaller 4 
M 2 ectolophid higher 1 
M 2 ectomesolophid better 3 
M 2 hcd hind arm less 4 
M 2 hypolophulid more oblique 5 
M 2 mesoconid less 1 
M 2 mesolophid less 3 
M 2 mesosinusid more closed 6 
M 2 metalophulid to acd 4 
M 2 pcd hind arm lower/free 1 
M 2 sinusid more closed 1 
M 3 anterosinusid smaller 3 
M 3 ectomesolophid better 1 
M 3 entoconid smaller 7 
M 3 hypolophulid more oblique 5 
M 3 lab. anterolophid longer 0 
M 3 mesolophid less 0 
M 3 mesosinusid more closed 0 
M 3 pcd hind arm lower /free 0 
M 3 posterosinusid more closed 0 
M 3 shape more trapezoidal 4 
M 3 sinusid more closed 3 
M 1 anterior protolophule less 1 
M 1 anterocone more split 6 
M 1 anterolophule more complete 8 
M 1 mesoloph less 3 
M 1 mesosinus more closed 5 
M 1 metalophule more posterior 4 
M 1 pc-hc connection better 2 
M 1 prelobe more set-off 2 
M 1 sinus more closed 3 
M 1 sinus more proverse 5 
M 2 entoloph-pc connection higher 0 
M 2 labial border more convex 1 
M 2 lingual anteroloph better 4 

mesosinus more closed 4 
M 2 pc-hc connection better 5 

1 1 4 6 
7 3 7 3 
5 1 6 2 
7 1 6 2 
0 6 5 6 
5 3 2 3 
1 3 4 4 
4 8 4 0 
6 5 4 0 
7 2 6 5 
6 5 4 0 
2 2 6 6 
5 4 5 5 
6 2 6 3 
0 3 7 6 
6 1 6 2 
6 8 1 4 
2 5 3 7 
7 1 5 1 
3 4 4 5 
8 1 6 4 
5 4 5 5 
3 4 3 7 
8 4 3 4 
1 6 1 5 
5 3 6 1 
4 5 4 7 
5 5 5 5 
5 5 5 5 
7 3 7 3 
5 5 5 5 
5 6 0 5 
4 6 3 4 
6 1 6 6 
2 4 2 6 
3 1 4 4 
3 4 6 4 
5 5 3 2 
0 5 4 7 
2 8 2 6 
7 5 5 1 
8 6 3 0 
7 2 3 3 

2 8 4 6 
6 7 5 1 
7 5 2 2 
3 8 2 3 
5 5 1 4 
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M 2 posterior protolophule more 7 6 2 2 3 
M 2 sinus more closed 4 7 6 2 1 
M 2 sinus more proverse 5 5 5 5 0 
M 2 sinus more subdivided 5 6 3 2 4 
M 3 centroloph less 3 3 3 3 8 
M 3 lingual anteroloph better 7 4 3 5 1 
M 3 mesoloph less 7 0 3 3 7 
M 3 mesosinus more closed 0 5 5 5 5 
M 3 metacone less 4 5 2 5 4 
M 3 old entoloph less 8 1 2 3 6 

total 209 259 233 235 224 

Table 3. Comparison of selected characters. 

HB OLA4 MLB1D OLA4 MLB1D 
atavus atavoides hugueneyae nanoides nanus 

Mj anterolophulid more complete 0 7 3 7 3 

metalophulid better 5 6 5 4 0 
Mj pcd hind arm lower/free 0 7 2 6 5 
M 2 anterosinusid smaller 4 2 2 6 6 
M 2 ectolophid higher 1 5 4 5 5 
M 2 hypolophulid more oblique 5 6 1 6 2 
M 2 pcd hind arm lower/free 1 8 1 6 4 
M 3 anterosinusid smaller 3 3 4 3 7 
M 3 entoconid smaller 7 1 6 1 5 
M 3 hypolophulid more oblique 5 5 3 6 1 
M 3 mesosinusid more closed 0 5 5 5 5 
M 3 pcd hind arm lower/free 0 7 3 7 3 
M 3 posterosinusid more closed 0 5 5 5 5 
M 1 anterior protolophule less 1 6 1 6 6 
M 1 anterocone more split 6 2 4 2 6 
M 1 anterolophule more complete 8 3 1 4 4 
M 1 pc-hc connection better 2 2 8 2 6 
M 1 sinus more proverse 5 7 2 3 3 
M 2 entoloph-pc connection higher 0 2 8 4 6 
M 2 labial border more convex 1 6 7 5 1 
M 2 pc-hc connection better 5 5 5 1 4 
M 2 sinus more proverse 5 5 5 5 0 
M 3 centroloph less 3 3 3 3 8 
M 3 metacone less 4 5 2 5 4 
M 3 old entoloph less 8 1 2 3 6 

total 79 114 92 110 105 
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Table 4. Character states of M v 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 anteroconid 21 32 9 48 30 
2 small 10 47.6 0 0.0 1 11.1 1 2.1 2 6.7 
3 broad 11 52.4 31 96.9 8 88.9 36 75.0 15 50.0 
4 labial cingulum 0 0.0 1 3.1 0 0.0 11 22.9 13 43.3 

2 prelobe 22 33 9 50 31 
2 short 1 4.5 5 15.2 1 11.1 7 14.0 6 19.4 
3 long 21 95.5 28 84.8 8 88.9 43 86.0 25 80.6 

3 anterolophulid 22 32 9 49 31 
2 absent 3 13.6 0 0.0 0 0.0 1 2.0 1 3.2 
3 interrupted 5 22.7 1 3.1 0 0.0 1 2.0 1 3.2 
4 low 8 36.4 4 12.5 4 44.4 11 22.4 14 45.2 
5 complete 6 27.3 27 84.4 5 55.6 36 73.5 15 48.4 

4 anterosinusid 21 33 9 49 29 
2 narrow 3 14.3 7 21.2 2 22.2 11 22.4 12 41.4 
3 wide 18 85.7 26 78.8 7 77.8 38 77.6 17 58.6 

5 metalophulid 22 33 10 51 33 
2 absent 3 13.6 2 6.1 1 10.0 5 9.8 11 33.3 
3 anterior interrupted 5 22.7 1 3.0 1 10.0 5 9.8 5 15.2 
4 anterior complete 14 63.6 30 90.9 8 80.0 38 74.5 16 48.5 
5 to anteroconid 0 0.0 0 0.0 0 0.0 3 5.9 1 3.0 

6 pcd hind arm 23 33 12 52 35 
3 short free 0 0.0 0 0.0 1 8.3 3 5.8 1 2.9 
4 trans to med low 4 17.4 9 27.3 4 33.3 23 44.2 11 31.4 
5 trans to med high 18 78.3 9 27.3 6 50.0 7 13.5 10 28.6 
6 long free 0 0.0 9 27.3 0 0.0 12 23.1 2 5.7 
7 bent to med low 1 4.3 3 9.1 1 8.3 6 11.5 8 22.9 
8 bent to med high 0 0.0 3 9.1 0 0.0 1 1.9 3 8.6 

7 sinusid 23 31 11 52 34 
2 open 2 8.7 3 9.7 4 36.4 3 5.8 16 47.1 
3 half closed 6 26.1 3 9.7 1 9.1 8 15.4 8 23.5 
4 closed 8 34.8 24 77.4 6 54.5 31 59.6 8 23.5 
5 ectostylid 7 30.4 1 3.2 0 0.0 10 19.2 2 5.9 

8 sinusid 23 33 11 50 34 
2 forward 0 0.0 0 0.0 0 0.0 0 0.0 1 2.9 
3 narrow transverse 2 8.7 0 0.0 0 0.0 0 0.0 2 5.9 
4 broad transverse 9 39.1 18 54.5 6 54.5 30 60.0 17 50.0 
5 narrow backwards 0 0.0 0 0.0 1 9.1 0 0.0 1 2.9 
6 broad backwards 12 52.2 15 45.5 4 36.4 20 40.0 13 38.2 
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HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

9 mesosinusid 22 33 12 49 34 
2 open 0 0.0 0 0.0 0 0.0 4 8.2 13 38.2 
3 closed 3 13.6 1 3.0 1 8.3 0 0.0 2 5.9 
4 med ridge open 12 54.5 25 75.8 4 33.3 37 75.5 10 29.4 
5 med ridge closed 6 27.3 5 15.2 7 58.3 6 12.2 9 26.5 
6 mesostylid 1 4.5 2 6.1 0 0.0 2 4.1 0 0.0 

10 ectolophid 24 34 12 52 34 
2 longitudinal 20 83.3 28 82.4 5 41.7 39 75.0 15 44.1 
3 oblique 4 16.7 5 14.7 7 58.3 12 23.1 17 50.0 
5 interrupted 0 0.0 1 2.9 0 0.0 1 1.9 2 5.9 

11 mesoconid 22 32 11 51 34 
2 absent 13 59.1 17 53.1 4 36.4 8 15.7 6 17.6 
3 weak 7 31.8 11 34.4 4 36.4 25 49.0 15 44.1 
4 strong 2 9.1 4 12.5 3 27.3 18 35.3 13 38.2 

12 mesolophid 23 33 12 51 36 
2 absent 11 47.8 0 0.0 2 16.7 2 3.9 1 2.8 
3 short 4 17.4 6 18.2 3 25.0 20 39.2 16 44.4 
4 medium 8 34.8 22 66.7 5 41.7 23 45.1 15 41.7 
5 long 0 0.0 4 12.1 2 16.7 6 11.8 4 11.1 
6 border 0 0,0 1 3.0 0 0.0 0 0.0 0 0.0 

13 ectomesolophid 22 33 11 51 36 
2 absent 12 54.5 11 33.3 9 81.8 21 41.2 25 69.4 
3 weak 6 27.3 11 33.3 1 9.1 17 33.3 8 22.2 
4 strong 4 18.2 11 33.3 1 9.1 13 25.5 3 8.3 

14 hypolophulid 21 33 12 51 34 
2 anterior oblique 0 0.0 1 3.0 2 16.7 4 7.8 8 23.5 
3 anterior transverse 20 95.2 32 97.0 10 83.3 47 92.2 25 73.5 
4 transverse 1 4.8 0 0.0 0 0.0 0 0.0 1 2.9 

15 hypoconid branch 22 33 11 49 35 
2 absent 5 22.7 1 3.0 5 45.5 12 24.5 21 60.0 
3 short 7 31.8 3 9.1 2 18.2 8 16.3 3 8.6 
4 long 9 40.9 24 72.7 4 36.4 24 49.0 3 8.6 
5 long connected 1 4.5 5 15.2 0 0.0 5 10.2 8 22.9 

16 posterosinusid 21 33 11 48 34 
2 open 5 23.8 2 6.1 0 0.0 3 6.3 5 14.7 
3 closed 16 76.2 31 93.9 11 100.0 45 93.8 29 85.3 

17 lab. posterolophid 20 29 11 45 27 
2 absent 5 25.0 5 17.2 2 18.2 8 17.8 6 22.2 
3 small 8 40.0 15 51.7 6 54.5 19 42.2 9 33.3 
4 strong 7 35.0 9 31.0 3 27.3 18 40.0 12 44.4 
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Table 5. Character states of M 2 . 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 anteroconid 30 35 8 54 40 
2 absent 15 50.0 18 51.4 2 25.0 29 53.7 9 22.5 
3 small 13 43.3 14 40.0 5 62.5 25 46.3 22 55.0 
4 large 2 6.7 3 8.6 1 12.5 0 0.0 9 22.5 

2 ling, anterolophid 35 36 9 69 43 
2 absent 2 5.7 0 0.0 0 0.0 0 0.0 0 0.0 
3 short 1 2.9 2 5.6 0 0.0 5 7.2 1 2.3 
4 long 32 91.4 34 94.4 9 100.0 64 92.8 42 97.7 

3 lab. anterolophid 34 35 9 67 44 
2 short 5 14.7 1 2.9 0 0.0 10 14.9 0 0.0 
3 to pcd 29 85.3 31 88.6 8 88.9 55 82.1 41 93.2 
4 around pcd 0 0.0 3 8.6 1 11.1 2 3.0 3 6.8 

4 anterolophulid 23 34 8 54 42 
5 complete 23 100.0 34 100.0 8 100.0 54 100.0 42 100.0 

5 anterosinusid 35 36 9 69 40 
2 absent 1 2.9 0 0.0 0 0.0 0 0.0 1 2.5 
3 small 2 5.7 0 0.0 0 0.0 9 13.0 8 20.0 
4 large 32 91.4 36 100.0 9 100.0 60 87.0 31 77.5 

6 metalophulid 35 37 8 72 41 
3 anterior interrupted 0 0.0 0 0.0 0 0.0 0 0.0 1 2.4 
4 to anteroconid 2 5.7 2 5.4 0 0.0 3 4.2 10 24.4 
5 to anterolophulid 31 88.6 35 94.6 7 87.5 69 95.8 30 73.2 
6 to protoconid 2 5.7 0 0.0 1 12.5 0 0.0 0 0.0 

7 pcd hind arm 35 37 9 73 43 
2 absent 0 0.0 0 0.0 1 11.1 4 5.5 0 0.0 
3 short free 5 14.3 2 5.4 1 11.1 27 37.0 7 16.3 
4 trans to med low 15 42.9 7 18.9 5 55.6 15 20.5 13 30.2 
5 trans to med high 3 8.6 0 0.0 1 11.1 0 0.0 0 0.0 
6 long free 4 11.4 23 62.2 1 11.1 22 30.1 14 32.6 
7 bent to med low 8 22.9 4 10.8 0 0.0 5 6.8 8 18.6 
8 bent to med high 0 0.0 1 2.7 0 0.0 0 0.0 1 2.3 

8 sinusid 34 34 8 68 40 
2 open 17 50.0 7 20.6 3 37.5 24 35.3 13 32.5 
3 half closed 10 29.4 6 17.6 0 0.0 15 22.1 7 17.5 
4 closed 6 17.6 20 58.8 5 62.5 27 39.7 20 50.0 
5 ectostylid 1 2.9 1 2.9 0 0.0 2 2.9 0 0.0 

9 sinusid 34 37 9 73 43 
3 narrow transverse 5 14.7 12 32.4 5 55.6 29 39.7 21 48.8 
4 broad transverse 17 50.0 5 13.5 1 11.1 20 27.4 8 18.6 
5 narrow backwards 7 20.6 11 29.7 3 33.3 13 17.8 13 30.2 
6 broad backwards 5 14.7 9 24.3 0 0.0 11 15.1 1 2.3 
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HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

10 mesosinusid 36 36 9 68 43 
2 open 13 36.1 15 41.7 7 77.8 40 58.8 41 95.3 
3 closed 1 2.8 1 2.8 0 0.0 0 0.0 0 0.0 
4 med ridge open 20 55.6 12 33.3 1 11.1 28 41.2 2 4.7 
5 med ridge closed 2 5.6 8 22.2 1 11.1 0 0.0 0 0.0 

11 ectolophid 24 22 6 40 33 
2 high 6 25.0 10 45.5 2 33.3 19 47.5 15 45.5 
3 low 18 75.0 12 54.5 3 50.0 20 50.0 15 45.5 
4 interrupted 0 0.0 0 0.0 1 16.7 1 2.5 3 9.1 

12 mesoconid 35 36 8 67 40 
2 absent 19 54.3 30 83.3 8 100.0 39 58.2 35 87.5 
3 weak 12 34.3 5 13.9 0 0.0 26 38.8 3 7.5 
4 strong 4 11.4 1 2.8 0 0.0 2 3.0 2 5.0 

13 mesolophid 36 37 9 74 43 
2 absent 2 5.6 0 0.0 3 33.3 11 14.9 4 9.3 
3 short 12 33.3 6 16.2 4 44.4 27 36.5 33 76.7 
4 medium 20 55.6 26 70.3 2 22.2 27 36.5 6 14.0 
5 long 2 5.6 5 13.5 0 0.0 9 12.2 0 0.0 

14 ectomesolophid 36 37 9 74 42 
2 absent 31 86.1 16 43.2 9 100.0 42 56.8 33 78.6 
3 weak 4 11.1 15 40.5 0 0.0 25 33.8 8 19.0 
4 strong 1 2.8 6 16.2 0 0.0 7 9.5 1 2.4 

15 hypolophulid 36 36 9 70 42 
2 anterior oblique 29 80.6 27 75.0 2 22.2 44 62.9 19 45.2 
3 anterior transverse 7 19.4 9 25.0 6 66.7 25 35.7 23 54.8 
4 transverse 0 0.0 0 0.0 1 11.1 1 1.4 0 0.0 

16 hypoconid branch 35 35 9 68 43 
2 absent 28 80.0 17 48.6 6 66.7 64 94.1 36 83.7 
3 short 4 11.4 7 20.0 3 33.3 1 1.5 4 9.3 
4 long 3 8.6 11 31.4 0 0.0 3 4.4 3 7.0 

17 posterosinusid 33 35 8 71 41 
2 open 13 39.4 1 2.9 0 0.0 3 4.2 3 7.3 
3 closed 20 60.6 34 97.1 8 100.0 68 95.8 38 92.7 

18 lab. posterolophid 34 35 8 65 42 
2 absent 23 67.6 22 62.9 6 75.0 37 56.9 22 52.4 
3 small 9 26.5 9 25.7 2 25.0 23 35.4 19 45.2 
4 strong 2 5.9 4 11.4 0 0.0 5 7.7 1 2.4 

19 greatest width 34 34 9 65 42 
2 anterior 0 0.0 4 11.8 0 0.0 7 10.8 2 4.8 
3 equal 8 23.5 6 17.6 8 88.9 11 16.9 28 66.7 
4 posterior 26 76.5 24 70.6 1 11.1 47 72.3 12 28.6 
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Table 6. Character states of M 3 . 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 anteroconid 10 27 10 60 38 
2 absent 5 50.0 10 37.0 3 30.0 14 23.3 18 47.4 
3 small 5 50.0 17 63.0 5 50.0 46 76.7 18 47.4 
4 large 0 0.0 0 0.0 2 20.0 0 0.0 2 5.3 

2 ling, anterolophid 15 27 10 77 41 
2 absent 0 0.0 0 0.0 0 0.0 1 1.3 0 0.0 
3 short 0 0.0 0 0.0 2 20.0 2 2.6 7 17.1 
4 long 15 100.0 27 100.0 8 80.0 74 96.1 34 82.9 

3 lab. anterolophid 14 27 10 79 43 
2 short 1 7.1 0 0.0 1 10.0 10 12.7 2 4.7 
3 to pcd 13 92.9 23 85.2 7 70.0 63 79.7 26 60.5 
4 around pcd 0 0.0 4 14.8 2 20.0 6 7.6 15 34.9 

4 anterolophulid 12 27 10 70 38 
2 absent 0 0.0 0 0.0 0 0.0 0 0.0 1 2.6 
3 interrupted 0 0.0 1 3.7 0 0.0 0 0.0 4 10.5 
4 short 1 8.3 0 0.0 0 0.0 0 0.0 6 15.8 
5 long 11 91.7 26 96.3 10 100.0 70 100.0 26 68.4 
6 double 0 0.0 0 0.0 0 0.0 0 0.0 1 2.6 

5 anterosinusid 14 27 10 78 40 
2 absent 0 0.0 0 0.0 0 0.0 1 1.3 2 5.0 
3 narrow 0 0.0 0 0.0 2 20.0 2 2.6 10 25.0 
4 wide 14 100.0 27 100.0 8 80.0 75 96.2 28 70.0 

6 metalophulid 13 27 10 74 37 
2 absent 0 0.0 0 0.0 1 10.0 0 0.0 2 5.4 
3 anterior interrupted 2 15.4 0 0.0 0 0.0 1 1.4 1 2.7 
4 to anteroconid 2 15.4 1 3.7 1 10.0 3 4.1 9 24.3 
5 to anterolophulid 9 69.2 26 96.3 7 70.0 67 90.5 22 59.5 
6 to protoconid 0 0.0 0 0.0 1 10.0 3 4.1 2 5.4 
7 double 0 0.0 0 0.0 0 0.0 0 0.0 1 2.7 

7 pcd hind arm 15 27 10 80 43 
3 short free 0 0.0 3 11.1 4 40.0 6 7.5 4 9.3 
4 trans to med low 2 13.3 0 0.0 2 20.0 0 0.0 0 0.0 
5 trans to med high 1 6.7 0 0.0 0 0.0 0 0.0 1 2.3 
6 long free 7 46.7 17 63.0 1 10.0 61 76.3 8 18.6 
7 bent to med low 5 33.3 2 7.4 1 10.0 6 7.5 14 32.6 
8 bent to med high 0 0.0 0 0.0 0 0.0 1 1.3 1 2.3 
9 long to border 0 0.0 5 18.5 2 20.0 6 7.5 15 34.9 

8 sinusid 13 26 9 78 43 
2 open 7 53.8 10 38.5 2 22.2 44 56.4 17 39.5 
3 half closed 2 15.4 3 11.5 0 0.0 13 16.7 9 20.9 
4 closed 4 30.8 13 50.0 7 77.8 21 26.9 15 34.9 
5 ectostylid 0 0.0 0 0.0 0 0.0 0 0.0 2 4.7 



Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 

Table 6. (continued). 

49 

HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

9 sinusid 14 26 10 75 42 
3 narrow transverse 2 14.3 1 3.8 4 40.0 5 6.7 13 31.0 
4 broad transverse 1 7.1 9 34.6 2 20.0 33 44.0 23 54.8 
5 narrow backwards 4 28.6 4 15.4 2 20.0 3 4.0 3 7.1 
6 broad backwards 7 50.0 12 46.2 2 20.0 34 45.3 3 7.1 

10 mesosinusid 14 27 10 80 42 
2 open 3 21.4 0 0.0 0 0.0 2 2.5 1 2.4 
3 closed 11 78.6 27 100.0 10 100.0 78 97.5 41 97.6 

11 mesolophid 13 27 10 80 42 
2 absent 5 38.5 26 96.3 10 100.0 75 93.8 38 90.5 
3 short 3 23.1 1 3.7 0 0.0 4 5.0 3 7.1 
4 medium 4 30.8 0 0.0 0 0.0 1 1.3 0 0.0 
5 long 1 7.7 0 0.0 0 0.0 0 0,0 1 2.4 

12 ectomesolophid 13 26 10 80 41 
2 absent 12 92.3 14 53.8 10 100.0 63 78.8 36 87.8 
3 weak 1 7.7 11 42.3 0 0.0 15 18.8 5 12.2 
4 strong 0 0.0 1 3.8 0 0.0 2 2.5 0 0.0 

13 entoconid 13 26 9 58 37 
2 absent 3 23.1 0 0.0 3 33.3 0 0.0 9 24.3 
3 small 9 69.2 13 50.0 5 55.6 37 63.8 20 54.1 
4 large 1 7.7 13 50.0 1 11.1 21 36.2 8 21.6 

14 hypolophulid 12 27 10 71 41 
2 anterior oblique 8 66.7 22 81.5 3 30.0 52 73.2 7 17.1 
3 anterior transverse 4 33.3 5 18.5 7 70.0 19 26.8 33 80.5 
4 transverse 0 0.0 0 0.0 0 0.0 0 0.0 1 2.4 

15 hypoconid branch 11 24 9 67 39 
2 absent 10 90.9 24 100.0 8 88.9 67 100.0 39 100.0 
3 short 1 9.1 0 0.0 1 11.1 0 0.0 0 0.0 

16 posterosinusid 11 23 10 69 40 
2 open 1 9.1 0 0.0 0 0.0 3 4.3 1 2.5 
3 half closed 8 72.7 9 39.1 5 50.0 25 36.2 4 10.0 
4 closed 2 18.2 14 60.9 5 50.0 41 59.4 35 87.5 

17 shape 14 24 10 75 43 
2 short triangle 0 0.0 0 0.0 0 0.0 1 1.3 6 14.0 
3 long triangle 7 50.0 9 37.5 2 20.0 71 94.7 13 30.2 
4 trapezoid 7 50.0 15 62.5 8 80.0 3 4.0 24 55.8 
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Table 7. Character states of M 1 . 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 anterocone 27 15 6 42 20 
2 simple 24 88.9 15 100.0 5 83.3 42 100.0 15 75.0 
3 half-split 3 11.1 0 0.0 1 16.7 0 0.0 3 15.0 
4 bifid 0 0.0 0 0.0 0 0.0 0 0.0 2 10.0 

2 prelobe 31 17 11 44 28 
2 narrow set-off 0 0.0 1 5.9 1 9.1 5 11.4 1 3.6 
4 broad set-off 18 58.1 14 82.4 7 63.6 30 68.2 12 42.9 
5 broad continuous 13 41.9 2 11.8 3 27.3 9 20.5 15 53.6 

3 anterolophule 30 17 10 45 29 
2 absent 2 6.7 1 5.9 0 0.0 3 6.7 2 6.9 
3 ac-spur 4 13.3 1 5.9 1 10.0 3 6.7 4 13.8 
4 pc-spur 0 0.0 3 17.6 1 10.0 7 15.6 4 13.8 
5 ac + pc spurs 12 40.0 11 64.7 7 70.0 30 66.7 14 48.3 
6 complete 9 30.0 1 5.9 0 0.0 2 4.4 3 10.3 
7 double 3 10.0 0 0.0 1 10.0 0 0.0 2 6.9 

4 anterolophule 33 18 13 52 36 
2 irrelevant 7 21.2 2 11.1 1 7,7 6 11.5 6 16.7 
3 longitudinal 4 12.1 0 0.0 1 7.7 1 1.9 2 5.6 
4 oblique 22 66.7 16 88.9 11 84.6 45 86.5 28 77.8 

5 ling, anteroloph 31 18 13 48 34 
2 incomplete 4 12.9 0 0.0 0 0.0 0 0.0 0 0.0 
3 complete 23 74.2 18 100.0 8 61.5 42 87.5 25 73.5 
4 protostyl 4 12.9 0 0.0 5 38.5 6 12.5 9 26.5 

6 protocone platform 32 18 15 49 33 
2 absent 8 25.0 3 16.7 4 26.7 14 28.6 13 39.4 
3 small 7 21.9 8 44.4 2 13.3 18 36.7 11 33.3 
4 large 5 15.6 2 11.1 4 26.7 9 18.4 8 24.2 
5 crest 12 37.5 5 27.8 5 33.3 8 16.3 1 3.0 

7 anterosinus 27 17 12 42 28 
2 open 4 14.8 0 0.0 3 25.0 3 7.1 8 28.6 
3 closed 23 85.2 17 100.0 9 75.0 39 92.9 19 67.9 
4 anterostyl 0 0.0 0 0.0 0 0.0 0 0.0 1 3.6 

8 protolophule 33 18 15 52 35 
3 anterior 2 6.1 0 0.0 0 0.0 1 1.9 0 0.0 
4 anterior plus 1 3.0 0 0.0 0 0.0 0 0.0 0 0.0 
5 transverse 2 6.1 0 0.0 0 0.0 0 0.0 1 2.9 
6 double 5 15.2 1 5.6 4 26.7 4 7.7 1 2.9 
7 posterior plus 9 27.3 0 0.0 3 20.0 5 9.6 0 0.0 
8 posterior interrupted 1 3.0 0 0.0 0 0.0 0 0.0 0 0.0 
9 posterior 13 39.4 17 94.4 8 53.3 42 80.8 33 94.3 
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Table 7. (continued). 

HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

9 sinus 31 17 15 52 34 
2 open 13 41.9 3 17.6 4 26.7 26 50.0 27 79.4 
3 half closed 10 32.3 5 29.4 6 40.0 9 17.3 7 20.6 
4 closed 6 19.4 9 52.9 5 33.3 13 25.0 0 0.0 
5 entostyl 2 6.5 0 0.0 0 0.0 4 7.7 0 0.0 

10 sinus 33 18 14 50 34 
2 strong forward 12 36.4 8 44.4 2 14.3 14 28.0 4 11.8 
3 forward 13 39.4 9 50.0 10 71.4 33 66.0 19 55.9 
4 subdivided 3 9.1 0 0.0 1 7.1 0 0.0 0 0.0 
5 transverse 5 15.2 1 5.6 1 7.1 3 6.0 11 32.4 

11 pc-hc connection 32 18 14 51 36 
2 absent 32 100.0 18 100.0 7 50.0 51 100.0 29 80.6 
3 weak 0 0.0 0 0.0 2 14.3 0 0.0 5 13.9 
4 interrupted 0 0.0 0 0.0 5 35.7 0 0.0 2 5.6 

12 mesosinus 29 17 14 47 31 
2 open 17 58.6 8 47.1 8 57.1 35 74.5 23 74.2 
3 closed 10 34.5 9 52.9 5 35.7 10 21.3 8 25.8 
4 mesostyl 2 6.9 0 0.0 1 7.1 2 4.3 0 0.0 

13 mesoloph 32 18 15 53 35 
2 absent 1 3.1 0 0.0 0 0.0 7 13.2 3 8.6 
3 short 10 31.3 10 55.6 6 40.0 22 41.5 10 28.6 
4 medium 19 59.4 7 38.9 7 46.7 22 41.5 20 57.1 
5 long 2 6.3 1 5.6 1 6.7 2 3.8 1 2.9 
6 border 0 0.0 0 0.0 1 6.7 0 0.0 1 2.9 

14 entomesoloph 33 18 15 51 35 
2 absent 30 90.9 18 100.0 15 100.0 51 100.0 35 100.0 
3 short 3 9.1 0 0.0 0 0.0 0 0.0 0 0.0 

15 metalophule 32 13 13 43 29 
2 anterior 28 87.5 13 100.0 7 53.8 32 74.4 15 51.7 
3 anterior interrupted 0 0.0 0 o.o 0 0.0 1 2.3 1 3.4 
4 anterior plus 4 12.5 0 0.0 0 0.0 0 0.0 0 0.0 
5 transverse 0 0.0 0 0.0 5 38.5 10 23.3 11 37.9 
7 posterior plus 0 0.0 0 0.0 1 7.7 0 0.0 0 0.0 
8 posterior 0 0.0 0 0.0 0 0.0 0 0.0 1 3.4 
11 to posteroloph 0 0.0 0 0.0 0 0.0 0 0.0 1 3.4 

16 posterosinus 33 17 13 48 27 
2 large open 14 42.4 1 5.9 3 23.1 5 10.4 0 0.0 
3 large closed 19 57.6 16 94.1 10 76.9 43 89.6 26 96.3 
5 small closed 0 0.0 0 0.0 0 0.0 0 0.0 1 3.7 

17 labial border 29 17 13 41 24 
2 concave 2 6.9 0 0.0 0 0.0 0 0.0 0 0.0 
3 straight 2 6.9 1 5.9 0 0.0 2 4.9 1 4.2 
4 convex 25 86.2 16 94.1 13 100.0 39 95.1 23 95.8 
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Table 8. Character states of M 2 . 

HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 ling, anteroloph 31 35 15 71 51 
2 absent 0 0.0 0 0.0 0 0.0 2 2.8 0 0.0 
3 weak 11 35.5 4 11.4 4 26.7 32 45.1 26 51.0 
4 strong 20 64.5 22 62.9 6 40.0 35 49.3 22 43.1 
5 around pc 0 0.0 9 25.7 5 33.3 2 2.8 3 5.9 

2 protolophule 32 34 15 72 54 
3 anterior 12 37.5 13 38.2 8 53.3 47 65.3 36 66.7 
4 anterior plus 18 56.3 20 58.8 4 26.7 19 26.4 9 16.7 
5 transverse 0 0.0 0 0.0 1 6.7 0 0.0 0 0.0 
6 double 2 6.3 0 0.0 2 13.3 5 6.9 6 11.1 
7 posterior plus 0 0.0 1 2.9 0 0.0 1 1.4 3 5.6 

3 sinus 32 38 15 71 53 
2 open 12 37.5 11 28.9 4 26.7 42 59.2 38 71.7 
3 half closed 8 25.0 5 13.2 1 6.7 9 12.7 9 17.0 
4 closed 8 25.0 22 57.9 8 53.3 18 25.4 6 11.3 
5 entostyl 4 12.5 0 0.0 2 13.3 2 2.8 0 0.0 

4 sinus 33 36 15 74 52 
2 strong forward 18 54.5 18 50.0 9 60.0 43 58.1 16 30.8 
3 forward 7 21.2 13 36.1 5 33.3 31 41.9 33 63.5 
4 subdivided 5 15.2 5 13.9 0 0.0 0 0.0 1 1.9 
5 transverse 3 9.1 0 0.0 1 6.7 0 0.0 2 3.8 

5 mesosinus 30 38 15 74 52 
2 open 18 60.0 25 65.8 5 33.3 64 86.5 35 67.3 
3 closed 12 40.0 11 28.9 10 66.7 10 13.5 16 30.8 
4 mesostyl 0 0.0 2 5.3 0 0.0 0 0.0 1 1.9 

6 mesoloph 32 38 15 75 53 
2 absent 0 0.0 1 2.6 1 6.7 2 2.7 1 1.9 
3 short 6 18.8 9 23.7 3 20.0 33 44.0 13 24.5 
4 medium 20 62.5 25 65.8 10 66.7 39 52.0 37 69.8 
5 long 6 18.8 2 5.3 1 6.7 1 1.3 2 3.8 
6 border 0 0.0 1 2.6 0 0.0 0 0.0 0 0.0 

7 entoloph-pc conn. 24 17 10 30 34 
2 high 2 8.3 5 29.4 8 80.0 16 53.3 30 88.2 
3 low 21 87.5 12 70.6 2 20.0 14 46.7 4 11.8 
4 interrupted 1 4.2 0 0.0 0 0.0 0 0.0 0 0.0 

8 pc-hc connection 31 37 15 73 53 
2 absent 23 74.2 26 70.3 8 53.3 70 95.9 43 81.1 
3 weak 1 3.2 2 5.4 5 33.3 1 1.4 1 1.9 
4 interrupted 4 12.9 6 16.2 1 6.7 0 0.0 5 9.4 
5 low 2 6.5 1 2.7 1 6.7 2 2.7 4 7.5 
6 complete 1 3.2 2 5.4 0 0.0 0 0.0 0 0.0 
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Table 8. (continued). 

53 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 metalophule 31 36 14 75 50 
3 anterior 28 90.3 36 100.0 13 92.9 74 98.7 44 88.0 
5 transverse 3 9.7 0 0.0 1 7.1 1 1.3 3 6.0 
7 posterior plus 0 0.0 0 0.0 0 0.0 0 0.0 1 2.0 
10 absent 0 0.0 0 0.0 0 0.0 0 0.0 1 2.0 
12 curved backward 0 0.0 0 0.0 0 0.0 0 0.0 1 2.0 

ι posterosinus 27 37 15 76 46 
2 large open 6 22.2 13 35.1 1 6.7 15 19.7 2 4.3 
3 large closed 21 77.8 24 64.9 14 93.3 61 80.3 44 95.7 

shape 29 37 15 74 51 
2 subrectangular 16 55.2 14 37.8 3 20.0 18 24.3 4 7.8 
3 trapezoid 13 44.8 23 62.2 12 80.0 56 75.7 47 92.2 

\ labial border 30 38 15 74 46 
2 straight or convex 1 3.3 19 50.0 10 66.7 26 35.1 8 17.4 
3 concave 29 96.7 19 50.0 5 33.3 48 64.9 38 82.6 
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Table 9. Character states of M 3 . 

HB OLA4A MLBID OLA4A MLBID 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

1 ling, anteroloph 13 42 18 82 34 
2 absent 0 0.0 4 9.5 3 16.7 10 12.2 2 5.9 
3 weak 4 30.8 19 45.2 9 50.0 29 35.4 22 64.7 
4 strong 8 61.5 12 28.6 6 33.3 40 48.8 10 29.4 
5 around pc 1 7.7 7 16.7 0 0.0 3 3.7 0 0.0 

2 protolophule 13 41 18 75 36 
3 to anterocone 3 23.1 7 17.1 2 11.1 21 28.0 9 25.0 
4 to anterolophule 10 76.9 34 82.9 15 83.3 54 72.0 26 72.2 
6 double 0 0.0 0 0.0 1 5.6 0 0.0 1 2.8 

3 sinus 13 43 18 80 34 
2 absent Ö 0.0 2 4.7 1 5.6 1 1.3 1 2.9 
3 very small 0 0.0 8 18.6 8 44.4 25 31.3 9 26.5 
4 small 13 100.0 30 69.8 9 50.0 53 66.3 24 70.6 
5 deep 0 0.0 3 7.0 0 0.0 1 1.3 0 0.0 

4 neo-entoloph 11 37 18 83 35 
2 absent 0 0.0 0 0.0 0 0.0 1 1.2 0 0.0 
3 interrupted 0 0.0 1 2.7 0 0.0 0 0.0 0 0.0 
4 low 0 0.0 2 5.4 1 5.6 0 0.0 0 0.0 
5 high 11 100.0 34 91.9 17 94.4 82 98.8 35 100.0 

5 mesosinus 11 43 18 87 35 
2 open 4 36.4 6 14.0 2 11.1 7 8.0 2 5.7 
3 closed 7 63.6 37 86.0 16 88.9 80 92.0 33 94.3 

6 mesoloph 13 42 18 85 36 
2 absent 10 76.9 4 9.5 6 33.3 27 31.8 22 61.1 
3 short 2 15.4 17 40.5 4 22.2 26 30.6 10 27.8 
4 medium 1 7.7 10 23.8 7 38.9 28 32.9 3 8.3 
5 long 0 0.0 9 21.4 0 0.0 4 4.7 1 2.8 
6 border 0 0.0 2 4.8 1 5.6 0 0.0 0 0.0 

7 old entoloph 13 43 18 83 36 
2 absent 9 69.2 8 18.6 3 16.7 18 21.7 19 52.8 
3 short spur 2 15.4 2 4.7 1 5.6 8 9.6 6 16.7 
4 curved spur 1 7.7 1 2.3 3 16.7 4 4.8 1 2.8 
5 long spur 1 7.7 7 16.3 3 16.7 18 21.7 2 5.6 
6 complete 0 0.0 25 58.1 8 44.4 35 42.2 8 22.2 



Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 

Table 9. (continued). 
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HB OLA4A MLB1D OLA4A MLB1D 
atavus atavoides hugueneyae nanoides nanus 
Ν % Ν % Ν % Ν % Ν % 

8 axioloph 12 43 18 85 36 
2 absent 1 8.3 10 23.3 7 38.9 25 29.4 10 27.8 
3 anterior spur 4 33.3 0 0.0 0 0.0 0 0.0 1 2.8 
4 post, spur short 0 0.0 4 9.3 1 5.6 14 16.5 11 30.6 
5 post, spur long 5 41.7 3 7.0 2 11.1 11 12.9 3 8.3 
6 two spurs 0 0.0 0 0.0 0 0.0 0 0.0 1 2.8 
7 complete 2 16.7 1 2.3 0 0.0 0 0.0 2 5.6 
8 = old entoloph 0 0.0 25 58.1 8 44.4 35 41.2 8 22.2 

9 centroloph 12 43 18 86 36 
2 absent 0 0.0 0 0.0 1 5.6 1 1.2 7 19.4 
3 weak 0 0.0 0 0.0 2 11.1 1 1.2 3 8.3 
4 strong 3 25.0 32 74.4 10 55.6 57 66.3 16 44.4 
5 = metalophule 9 75.0 11 25.6 5 27.8 27 31.4 10 27.8 

10 centrocone 12 40 18 83 35 
2 absent 10 83.3 31 77.5 11 61.1 65 78.3 18 51.4 
3 present 0 0.0 0 0.0 4 22.2 6 7.2 14 40.0 
4 isolated 1 8.3 4 10.0 0 0.0 4 4.8 1 2.9 
5 on old entoloph 1 8.3 5 12.5 3 16.7 8 9.6 2 5.7 

11 metacone 10 42 19 79 33 
2 absent 8 80.0 36 85.7 13 68.4 69 87.3 25 75.8 
3 present 2 20.0 6 14.3 6 31.6 10 12.7 8 24.2 

12 posterosinus 11 41 18 72 36 
2 open 0 0.0 5 12.2 1 5.6 9 12.5 1 2.8 
3 closed 11 100.0 36 87.8 17 94.4 63 87.5 35 97.2 



56 Freudenthal. The Early Oligocene rodent fauna from Olalla 4A. Scripta Geol., 112 (1996) 

Appendix: Description of character states 

M l inf. 

1: anteroconid 
- 2 small: anteroconid is called small, when there are no descending cingulum ridges, or when such 
ridges are set off from the cusp. 
- 3 broad: descending cingulum ridges are continuous with the anteroconid. 
- 4 labial cingulum: the lingual wall of the anteroconid is round, the labial wall bears a continuous cin
gulum. 

2: prelobe 
- 2 short: the distance from protoconid to the anterior border of the tooth is smaller than the antero
posterior length of the protoconid. 

- 3 long: the distance is clearly greater than the length of the protoconid. 

3: anterolophulid 

- 2 absent: there is no connection between protoconid and anteroconid. 
- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between me
talophulid and anteroconid. 
- 4 low: the entire crest, or part of it, is clearly lower than the anteroconid. 
- 5 complete: the crest is continuous and (almost) as high as the anteroconid. 
4: anterosinusid 
- 2 narrow: the antero-posterior length is smaller than the a-p length of the anteroconid. 
- 3 wide: its length is equal to or larger than the length of the anteroconid. 

5: metalophulid 
- 2 absent: no anterior metalophulid; the anterolabial wall of the metaconid is smooth and round. 
- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur 
indicates the anterior metalophulid. 
- 4 anterior complete: the anterior metalophulid is complete. 
- 5 to anteroconid: complete, and connnected to the anteroconid. 

6: protoconid hind arm (posterior branch of the protoconid) 
- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid. 
- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connec
ted to the metaconid. 
- 4 trans to med low: transversely connected to the metaconid at less than half its height. 
- 5 trans to med high: transversal and at least half as high as the metaconid. 
- 6 long free: oblique backwards, surpassing the width of the valley between protoconid and metaco
nid. 
- 7 bent to med low: directed obliquely backward, and then curved and connected to the metaconid at 

less than half its height. 
- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec
tion seems to be composed of a protoconid branch and a crest descending from the metaconid. 

7: sinusid 
- 2 open: not a trace of a cingulum ridge. 
- 3 half closed: an interrupted cingulum ridge, no ectostylid. 
- 4 closed: a generally low cingulum ridge is present. 
- 5 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge. 
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8: sinusid 
- 2 forward: the anterior or the posterior border of the sinus is directed forward. 
- 3 narrow transverse: the length is less than 1/4 of the molar length; the posterior limit is transverse. 
- 4 broad transverse: the length is about 1/4 of the molar length or more; the posterior limit is trans
verse. 
- 5 narrow backwards: the length is less than 1/4 of the molar length; the posterior limit is curved 
backwards. 
- 6 broad backwards: the length is about 1/4 of the molar length or more; the posterior limit is curved 
backwards. 

9: mesosinusid 
- 2 open: not a trace of a cingulum ridge. 
- 3 closed: a generally low cingulum ridge is present. 
- 4 med ridge open: a ridge descends from the metaconid, and does not reach the entoconid. 
- 5 med ridge closed: the ridge from the metaconid meets the entoconid. 
- 6 mesostylid: a (small) distinct cusp. 

10: ectolophid 
- 2 longitudinal: a more or less longitudinal crest, parting from the lingual part of the protoconid. 
- 3 oblique: running straight from the labial part of the protoconid towards the lingual tip of the hypo
conid. 
- 4 curved: from the labial part of the protoconid, curving towards lingual, and then connecting to the 
hypoconid. 

- 5 interrupted: either not connected to the protoconid, or not connected to the hypoconid. 

11: mesoconid 

- 2 absent: the ectolophid is not swollen 
- 3 weak: the ectolophid is swollen and the base of the mesolophid broad. 
- 4 strong: there is a marked cusp. 
12: mesolophid 
- 2 absent: no trace of a mesolophid. 
- 3 short: length less than 1/3 of the width of the mesosinusid. 
- 4 medium: length between 1 /3 and half. 
- 5 long: more than half the width of the mesosinusid. 
- 6 border: reaching the border of the molar. 

13: ectomesolophid 
- 2 absent: no trace of a labial sput on the ectolophid. 
- 3 weak: some crest is visible on the labial wall of the ectolophid. 
- 4 strong: the crest continues into the horizontal part of the sinusid. 

14: hypolophulid 
- 2 anterior oblique: oblique and placed in front of the hypoconid. 
- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point. 
- 4 transverse: connected to the lingual wall of the hypoconid. 

15: hypoconid branch (hypoconid hind arm) 
- 2 absent: there is no crest branching of from the posterolophid. 
- 3 short: not longer than two times the enamel thickness. 
- 4 long: longer, but not connected to the entoconid. 
- 5 long connected: connected to the base of the entoconid. 
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16: posterosinusid 
- 2 open: the posterolophid does not meet the base of the entoconid. 
- 3 closed: the posterolophid meets the base of the entoconid. 

17: labial posterolophid 
- 2 absent: the posterior wall of the hypoconid is smooth. 
- 3 small: the posterior wall of the hypoconid is irregular. 
- 4 strong: there is a clear crest that may even enclose a tiny valley. 

M2inf. 

1: anteroconid 
- 2 absent: no trace of a cusp. 
- 3 small: the anterolophid is swollen at the junction with the anterolophulid. 
- 4 large: a distinct cusp, that is higher than the anterolophid. 

2: lingual anterolophid 
- 2 absent: the anterolingual wall of the tooth is formed by the metaconid. 
- 3 short: the lingual anterolophid occupies less than half of the lingual part of the anterior border. 
- 4 long: it reaches the metaconid at the anterolingual corner of the tooth. 

3: labial anterolophid 
- 2 short: it does not reach the protoconid. 
- 3 to protoconid: it reaches the protoconid base. 

- 4 around protoconid: it separates the protoconid from the labial border, at least partly. 

4: anterolophulid 

- 2 absent: there is no connection between protoconid and anteroconid. 
- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between me
talophulid and anteroconid. 
- 4 low: the entire crest, or part of it, is clearly lower than the anteroconid. 
- 5 complete: the crest is continuous and (almost) as high as the anteroconid. 
5: anterosinusid 
- 2 absent: no valley between anterolophid and metaconid. 
- 3 small: the valley is shorter than half the distance between anteroconid and anterolingual corner of 
the tooth, or narrower than the enamel thickness. 

- 4 large: the valley separates the metaconid from the anterior border almost completely. 

6: metalophulid 

- 2 absent: no anterior metalophulid; the anterolabial wall of the metaconid is smooth and round. 
- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur 
indicates the anterior metalophulid. 
- 4 to anteroconid: the anterior metalophulid is complete and connected to the anteroconid. 
- 5 to anterolophulid: complete, and directed to some spot between anteroconid and protoconid. 
- 6 to protoconid: complete, and connected to the (anterior corner of) the protoconid. 
7: protoconid hind arm (posterior branch of the protoconid) 
- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid. 
- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connec
ted to the metaconid. 
- 4 trans to med low: transversely connected to the metaconid at less than half its height. 
- 5 trans to med high: transversal and at least half as high as the metaconid. 
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- 6 long free: oblique backwards, surpassing the width of the valley between protoconid and metaco
nid. 
- 7 bent to med low: directed obliquely backward, and then curved and connected to the metaconid at 
less than half its height. 
- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec
tion seems to be composed of a protoconid branch and a crest descending from the metaconid. 

8: sinusid 
- 2 open: not a trace of a cingulum ridge. 
- 3 half closed: an interrupted cingulum ridge, no ectostylid. 
- 4 closed: a generally low cingulum ridge is present. 

- 5 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge. 

9: sinusid 

- 2 forward: the anterior or the posterior border of the sinus is directed forward. 
- 3 narrow transverse: the length is less than 1/3 of the molar length; the posterior limit is transverse. 
- 4 broad transverse: the length is about 1/3 of the molar length or more; the posterior limit is trans
verse. 
- 5 narrow backwards: the length is less than 1/4 of the molar length; the posterior limit is curved 
backwards. 
- 6 broad backwards: the length is about 1/4 of the molar length or more; the posterior limit is curved 
backwards. 
10: mesosinusid 
- 2 open: not a trace of a cingulum ridge. 
- 3 closed: a generally low cingulum ridge is present. 
- 4 med ridge open: a ridge descends from the metaconid, and does not reach the entoconid. 
- 5 med ridge closed: the ridge from the metaconid meets the entoconid. 
- 6 mesostylid: a (small) distinct cusp. 

11: ectolophid 
- 2 high: the pcd-ectolophid connection is continuous. 
- 3 low: the ectolophid meets the protoconid at mid-height of the posterior wall. 
- 4 interrupted: the ectolophid is separated from the protoconid. 

12: mesoconid 
- 2 absent: the ectolophid is not swollen 
- 3 weak: the ectolophid is swollen and the base of the mesolophid broad. 
- 4 strong: there is a marked cusp. 

13: mesolophid 
- 2 absent: not a trace of a mesolophid. 
- 3 short: length less than 1/3 of the width of the mesosinusid 
- 4 medium: length between 1/3 and half. 
- 5 long: more than half the width of the mesosinusid. 
- 6 border: reaching the border of the molar. 

14: ectomesolophid 
- 2 absent: no trace of a labial spur on the ectolophid. 
- 3 weak: some crest is visible on the labial wall of the ectolophid. 
- 4 strong: the crest continues into the horizontal part of the sinusid. 

15: hypolophulid 
- 2 anterior oblique: oblique and placed in front of the hypoconid. 
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- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point. 
- 4 transverse: connected to the lingual wall of the hypoconid. 

16: hypoconid branch (hypoconid hind arm) 
- 2 absent: there is no crest branching of from the posterolophid. 
- 3 short: not longer than two times the enamel thickness. 
- 4 long: longer, but not connected to the entoconid. 
- 5 long connected: connected to the base of the entoconid. 

17: posterosinusid 
- 2 open: the posterolophid does not meet the base of the entoconid. 
- 3 closed: the posterolophid meets the base of the entoconid. 

18: labial posterolophid 
- 2 absent: the posterior wall of the hypoconid is smooth. 
- 3 small: the posterior wall of the hypoconid is irregular. 
- 4 strong: there is a clear crest that may even enclose a tiny valley. 

19: greatest width 
- 2 anterior: the posterior part of the tooth is considerably broader than the anterior part. 
- 3 equal: the tooth is almost rectangular. 

- 4 posterior: the anterior part of the tooth is considerably broader than the posterior part. 

M3 inf. 

1: anteroconid 

- 2 absent: no trace of a cusp. 
- 3 small: the anterolophid is swollen at the junction with the anterolophulid. 
- 4 large: a distinct cusp, that is higher than the anterolophid. 
2: lingual anterolophid 
- 2 absent: the anterolingual wall of the tooth is formed by the metaconid. 
- 3 short: the lingual anterolophid occupies less than half of the lingual part of the anterior border. 
- 4 long: it reaches the metaconid at the anterolingual corner of the tooth. 

3: labial anterolophid 
- 2 short: it does not reach the protoconid. 
- 3 to protoconid: it reaches the protoconid base. 

- 4 around protoconid: it separates the protoconid from the labial border, at least partly. 

4: anterolophulid 
- 2 absent: there is no connection between protoconid and anteroconid. 
- 3 interrupted: the crest is interrupted, either between protoconid and metalophulid, or between me
talophulid and anteroconid. 
- 4 short: the crest is not longer than the width of the metalophulid. 
- 5 long: the crest is longer than the width of the metalophulid. 

- 6 double: there is a second crest, more lingual, between metalophulid and anterolophulid. 

5: anterosinusid 

- 2 absent: there is no anterosinusid. 
- 3 narrow: the valley is not wider than the enamel thickness. 
- 4 wide: the valley is wider than the enamel thickness. 
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6: metalophulid 
- 2 absent: no anterior metalophulid; the anterolabial wall of the metaconid is smooth and round. 
- 3 anterior interrupted: either from the metaconid, or from the anterolophulid, or from both, a spur 
indicates the anterior metalophulid. 
- 4 to anteroconid: the anterior metalophulid is complete and connected to the anteroconid. 
- 5 to anterolophulid: complete, and directed to some spot between anteroconid and protoconid. 
- 6 to protoconid: complete, and connected to the (anterior corner of) the protoconid 

7: protoconid hind arm (posterior branch of the protoconid) 
- 2 absent: the posterior corner of the protoconid continues smoothly into the ectolophid. 
- 3 short free: not longer than the width of the valley between protoconid and metaconid, not connec
ted to the metaconid. 
- 4 trans to med low: transversely connected to the metaconid at less than half its height. 
- 5 trans to med high: transversal and at least half as high as the metaconid. 
- 6 long free: oblique backwards, surpassing the width of the valley between protoconid and metaco
nid. 
- 7 bent to med low: directed obliquely backward, and then curved and connected to the metaconid at 
less than half its height. 
- 8 bent to med high: idem, but higher than half the height of the metaconid. In some cases the connec
tion seems to be composed of a protoconid branch and a crest descending from the metaconid. 
- 9 long to border: connected to the cingulum ridge between metaconid and entoconid. 

8: sinusid 
- 2 open: not a trace of a cingulum ridge. 
- 3 half closed: an interrupted cingulum ridge, no ectostylid. 
- 4 closed: a generally low cingulum ridge is present. 

- 5 ectostylid: a (small) ectostylid is present instead of a cingulum ridge, or on the cingulum ridge. 

9: sinusid 

- 2 forward: pointing obliquely forward. 
- 3 narrow transverse: there is no longitudinal part in the protoconid-hypoconid connection; the pos
terior limit is transverse. 
- 4 broad transverse: the connection between protoconid and hypoconid is — at least partly — a longi
tudinal crest; the posterior limit is transverse. 
- 5 narrow backwards: there is no longitudinal part in the protoconid-hypoconid connection; the pos
terior limit is curved backwards. 
- 6 broad backwards: the connection between protoconid and hypoconid is — at least partly — a lon
gitudinal crest; the posterior limit is curved backwards. 
10: mesosinusid 
- 2 open: the cingulum between metaconid and entoconid is interrupted. 
- 3 closed: the cingulum between metaconid and entoconid is high and complete. 

11: mesolophid 
- 2 absent: no trace of a mesolophid. 
- 3 short: length less than half the distance between ectolophid and lingual border. 
- 4 medium: length about half this distance. 
- 5 long: length more than half this distance. 
- 6 border: reaching the border of the molar. 

12: ectomesolophid 
- 2 absent: no trace of a labial spur on the ectolophid. 
- 3 weak: some crest is visible on the labial wall of the ectolophid. 
- 4 strong: the crest continues into the horizontal part of the sinusid. 
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13: entoconid 
- 2 absent: no trace of an entoconid. 
- 3 small: a triangular swelling at the lingual end of the hypolophulid. 
- 4 large: there is a cusp that rises above the level of the cingulum. 

14: hypolophulid 
- 2 anterior oblique: oblique and placed in front of the hypoconid. 
- 3 anterior transverse: transverse, and placed in front of the hypoconid, or on its foremost point. 
- 4 transverse: connected to the lingual wall of the hypoconid. 

15: hypoconid branch 
- 2 absent 
- 3 short: not longer than two times the enamel thickness. 
- 4 long: longer, but not connected to the entoconid. 
- 5 long connected: connected to the base of the entoconid. 

16: posterosinusid 
- 2 open: the posterolophid does not meet the entoconid. 
- 3 half closed: the posterolophid is low, before reaching the entoconid. 
- 4 closed: the posterolophid meets the entoconid. 

17: shape 
- 2 short triangle: lingual border straight, hypoconid smaller than protoconid. 
- 3 long triangle: lingual border straight, hypoconid almost as large as protoconid. 
- 4 trapezoid: lingual border concave. 

M l sup. 

1: anterocone 
- 2 simple: no trace of subdivision. 
- 3 half-split: a slight incision in the wall of the anterocone. 
- 4 bifid: two distinct cusps. 

- 5 deeply split: split at least at half height of the anterocone. 

2: prelobe 

- 2 narrow set-off: half as wide (or less) than the tooth width; the lingual border between anterocone 
and protocone is angular. 
- 3 narrow continuous: half as wide (or less) than the tooth width; the lingual border between antero
cone and protocone is smooth. 
- 4 broad set-off: more than half as wide as the tooth width; the lingual border between anterocone 
and protocone is angular. 
- 5 broad continuous: more than half as wide as the tooth width; the lingual border between antero
cone and protocone is smooth. 
3: anterolophule 
- 2 absent: the protocone fore arm is reduced, or completely fused to the paracone, no ac-spur. 
- 3 ac-spur: there is a backward spur on the anterocone. 
- 4 pc-spur: there is a forward spur on the protocone, with at least a tendency to be separated from the 
paracone. 
- 5 ac + pc spurs: there are spurs on anterocone and protocone, but no continuous central crest. 
- 6 complete: a complete crest between the anterolabial corner of the protocone and the (labial part of 
the) anterocone. 
- 7 double: two posterior crests on the anterocone, either complete or incomplete. 
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4: anterolophule 
- 2 irrelevant: protocone fore arm absent or connected to paracone. 
- 3 longitudinal: from the anterolabial corner of the protocone, longitudinally forward. 
- 4 oblique: from the anterolabial corner of the protocone, obliquely towards the labial part of 
anterocone. 

5: lingual anteroloph 
- 2 incomplete: the anteroloph does not close the protosinus. 
- 3 complete: the anteroloph closes the protosinus. 
- 4 protostyl: the lingual anteroloph bears a cusp. 

6: protocone platform 
- 2 absent: no flat surface in front of the protocone. 
- 3 present: a flat surface in front of the protocone, lingually of the cingulum, either small or large. 
- 4 crest: a crest on this platform, that may partly surround the protocone. 

7: anterosinus 
- 2 open: labial anteroloph absent or interrupted. 
- 3 closed: labial anteroloph continuous towards the paracone. 
- 4 anterostyl: the labial anteroloph bears a cusp. 

8: protolophule 
- 2 anterior interrupted: the anterior branch of the protocone skims the paracone. 
- 3 anterior: paracone connected to the anterior branch of the protocone. 
- 4 anterior plus: anterior connection plus a trace of a posterior one. 
- 5 transverse: paracone connected to the centre of the protocone. 
- 6 double: anterior and posterior connection complete. 
- 7 posterior plus: posterior connection plus a trace of the anterior one. 
- 8 posterior interrupted: no anterior connection; the posterior one incomplete. 
- 9 posterior: paracone connected to the posterior corner of the protocone or to the entoloph. 
-10 absent: no connection 

9: sinus 
- 2 open: cingulum absent. 
- 3 half closed: cingulum interrupted. 
- 4 closed: cingulum complete. 

- 5 entostyl: cingulum complete or incomplete, there is an entostyl cusp. 

10: sinus 

- 2 strong forward: the tip of the sinus lies lingually of the paracone. 
- 3 forward: pointing forward, but not entering between protocone and paracone. 
- 4 subdivided: strong forward, and the foremost part tends to get separated by a crest. 
- 5 transverse: sinus more or less symmetrical. 
- 6 backwards: pointing backwards. 
11: pc-hc connection 
- 2 absent: not a trace of a connection through the sinus. 
- 3 weak: a vague crest crosses the sinus from the posterior wall of the protocone to the hypocone. 
- 4 interrupted: the crest is clearly visible, but not complete. 
- 5 complete: the crest connects protocone and hypocone. 

12: mesosinus 
- 2 open: cingulum absent or interrupted. 
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- 3 closed: cingulum complete. 
- 4 mesostyl: cingulum complete or incomplete, there is a mesostyl cusp. 

13: mesoloph 
- 2 absent: no mesoloph. 
- 3 short: shorter than 1/3 the distance between entoloph and labial border. 
- 4 medium: between 1/3 and half this distance. 
- 5 long: longer than half the distance between entoloph and labial border. 
- 6 border: reaching the labial border. 

14: entomesoloph 
- 2 absent: no entomesoloph. 
- 3 short: some trace of an entomesoloph present. 
- 4 long: the entomesoloph is more than a mere trace. 

15: metalophule 
- 2 anterior: either oblique, transverse, or curved towards the anterior tip of the hypocone, or towards 
the entoloph. 
- 3 anterior interrupted: idem, but interrupted. 
- 4 anterior plus: anterior plus a trace of a posterior connection. 
- 5 transverse: towards the centre of the hypocone. 
- 6 double: both an anterior and a posterior connection. 
- 7 posterior plus: posterior plus a trace of an anterior connection. 
- 8 posterior: towards the posterior tip of the hypocone. 
- 9 posterior interrupted: towards the posterior tip of the hypocone, interrupted. 
-10 absent: no connection. 
-11 to posteroloph: towards the posterior branch of the hypocone. 
-12 curved backward: longitudinal towards the posteroloph. 

16: posterosinus 
- 2 large open 
- 3 large closed 
- 4 small open 
- 5 small closed 
large: wider than the thickness of the posteroloph. 
small: narrower than the thickness of the posteroloph. 
open: the posteroloph does not meet the metacone. 
closed: the posteroloph meets the metacone. 

17: labial border 
- 2 concave: the labial border of the paracone lies lingually of a line connecting the labial borders of 
anterocone and metacone. 
- 3 straight: the borders of the three cusps lie on a straight line. 
- 4 convex: the labial border of the paracone lies labially of a line connecting the labial borders of ante
rocone and metacone. 

M2 sup. 

1: lingual anteroloph 
- 2 absent: no anteroloph on the anterior wall of the protocone. 
- 3 weak: there is a crest, but no protosinus. 
- 4 strong: the anteroloph encircles an anterosinus. 
- 5 around pc: it is long and separates the protocone from the lingual border. 
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2: protolophule 
- 2 anterior interrupted: the anterior connection is interrupted, there is no posterior one. 
- 3 anterior: paracone connected to the anterior branch of the protocone, or to its anterior corner. 
- 4 anterior plus: anterior connection plus a trace of a posterior one. 
- 5 transverse: paracone connected to the centre of the protocone. 
- 6 double: anterior and posterior connection complete. 
- 7 posterior plus: posterior connection plus a trace of the anterior one. 
- 8 posterior interrupted: no anterior connection; the posterior one incomplete. 
- 9 posterior: paracone connected to the posterior corner of the protocone or to the entoloph. 
-10 absent: no connection 

3: sinus 
- 2 open: cingulum absent. 
- 3 half closed: cingulum interrupted. 
- 4 closed: cingulum complete. 

- 5 entostyl: cingulum complete or incomplete, there is an entostyl cusp. 

4: sinus 

- 2 strong forward: the tip of the sinus lies lingually of the paracone. 
- 3 forward: pointing forward, but not entering between protocone and paracone. 
- 4 subdivided: strong forward, and the foremost part tends to get separated by a crest. 
- 5 transverse: sinus more or less symmetrical. 
- 6 backwards: pointing backwards. 
5: mesosinus 
- 2 open: cingulum absent or interrupted. 
- 3 closed: cingulum complete. 
- 4 mesostyl: cingulum complete or incomplete, there is a mesostyl cusp. 

6: mesoloph 
- 2 absent: no mesoloph. 
- 3 short: shorter than 1/3 the distance between entoloph and labial border. 
- 4 medium: between 1 /3 and half this distance. 
- 5 long: longer than half the distance between entoloph and labial border. 
- 6 border: reaching the labial border. 

7: entoloph-pc connection 
- 2 high: entoloph is connected to the top of the protocone, either horizontally, or ascending smoothly. 
- 3 low: the entoloph is connected to the protocone at mid- heigth. 
- 4 interrupted: the entoloph is not connected to the protocone. 

8: pc-hc connection 
- 2 absent: no trace of a connection through the sinus. 
- 3 weak: a vague connection between protocone and entoloph or hypocone, through the sinus. 
- 4 interrupted: there is a backward spur on the posterior wall of the protocone. 
- 5 low: the connection is complete and lower than the entoloph. 
- 6 complete: the connection is complete and almost as high as the entoloph. 

9: metalophule 
- 2 anterior: either oblique, transverse, or curved towards the anterior tip of the hypocone, or towards 
the entoloph. 
- 3 anterior interrupted: idem, but interrupted. 
- 4 anterior plus: anterior plus a trace of a posterior connection. 
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- 5 transverse: towards the centre of the hypocone. 
- 6 double: both an anterior and a posterior connection. 
- 7 posterior plus: posterior plus a trace of an anterior connection. 
- 8 posterior: towards the posterior tip of the hypocone. 
- 9 posterior interrupted: towards the posterior tip of the hypocone, interrupted. 
-10 absent: no connection. 
-11 to posteroloph: towards the posterior branch of the hypocone. 
-12 curved backward: longitudinal towards the posteroloph. 

10: posterosinus 
- 2 large open 
- 3 large closed 
- 4 small open 
- 5 small closed 
large: wider than the thickness of the posteroloph. 
small: narrower than the thickness of the posteroloph. 
open: the posteroloph does not meet the metacone. 
closed: the posteroloph meets the metacone. 

11: shape 
- 2 subrectangular: the postero-lingual corner of the tooth is not reduced. 
- 3 trapezoid: the postero-lingual corner of the tooth is reduced. 

12: labial border 
- 2 straight or convex: the border of the mesosinus lies in line with, or labially of a line connecting the 
labial borders of paracone and metacone. 
- 3 concave: the labial border of the mesosinus lies lingually of a line connecting the labial borders of 
paracone and metacone. 

M3 sup. 

1: lingual anteroloph 
- 2 absent: no anteroloph on the anterior wall of the protocone. 
- 3 weak: there is a crest, but no protosinus. 
- 4 strong: the anteroloph encircles an anterosinus. 

- 5 around pc: it is long and separates the protocone from the lingual border. 

2: protolophule 

- 2 absent: no connection between protocone and paracone. 
- 3 to anterocone: connected to the anterior border. 
- 4 to anterolophule: connected to the crest between anterocone and protocone. 
- 5 transverse: paracone connected to the centre of the protocone. 
- 6 double: anterior and posterior connection complete. 
3: sinus 
- 2 absent: protocone and hypocone connected along the border of the tooth. 
- 3 very small: neo-entoloph slightly curved. 
- 4 small: about half the transverse width of the protocone. 
- 5 deep: neo-entoloph absent or incomplete. 

4: neo-entoloph 
- 2 absent: protocone and hypocone separated by the deeply protruding sinus. 
- 3 interrupted: posterior spur on protocone or anterior spur on hypocone or both. 
- 4 low: continuous connection lower than protocone and hypocone. 
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- 5 high: continuous connection as high as protocone and hypocone. 

5: mesosinus 
- 2 open: cingulum absent or interrupted. 
- 3 closed: cingulum complete. 

6: mesoloph 
- 2 absent: no individualized mesoloph. 
- 3 short: shorter than half the distance between entoloph and labial border. 
- 4 medium: about as long as half this distance. 
- 5 long: longer than half the distance between entoloph and labial border. 
- 6 border: reaching the labial border. 

7: old entoloph 
- 2 absent: no crest parting from the labial wall of the protocone. 
- 3 short spur: spur on the labial wall of the protocone. 
- 4 curved spur: spur bent backwards to form a posterior axioloph. 
- 5 long spur: extends transversally beyond the position of the axioloph. 

- 6 complete: curved crest between the labial wall of the protocone and hypocone or neo-entoloph. 

8: axioloph 

- 2 absent: no axioloph. 
- 3 anterior spur: backward spur on protolophule, or old entoloph bent forwards. 
- 4+5 posterior spur: forward spur on hypocone or neo-entoloph or centroloph (old entoloph absent). 
In some cases this is identical to the centrocone. 
- 4 posterior spur short: shorter than half the longitudinal width of the mesosinus. 
- 5 posterior spur long: longer than half the longitudinal width of the mesosinus. 
- 6 two spurs: both anterior and posterior spur are present (old entoloph absent). 
- 7 complete: spurs are connected. 

- 8 = old entoloph: the axioloph is part of the complete entoloph. 

9: centroloph 

- 2 absent: no metalophule-like structure. 
- 3 weak: a weak crest sprouting from the neo-entoloph or anterior tip of the hypocone in any direc
tion. 
- 4 strong: a clearly visible crest, that may contain (part of) the mesoloph, metalophule, and/or ancient 
entoloph. Difference with the next item is, that it presents some complication, or doubt about its 
homology. 

- 5 = metalophule: the centroloph is identical to the metalophule, without any complications. 

10: centrocone 

- 2 absent: no cusp in the central valley. 
- 3 present: a cusp in the centre of the molar, connected to the centroloph. 
- 4 isolated: a central cusp without any connections. 
- 5 on old entoloph: isolated from centroloph, bulge on old entoloph. 
11: metacone 
- 2 absent: at the position of the metacone the cingulum is a continuous ridge, not forming a cusp. 
- 3 present: there is a (small) cusp. 
12: posterosinus 
- 2 open: the posteroloph does not meet the metacone. 
- 3 closed: the posteroloph meets the metacone. 
N.B. also defined if there is no centroloph or metalophule. 
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