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ABSTRACT In this article we describe a new species
of Pseudoloris (Omomyidae, Primates) from the Robia-
cian (middle Eocene) locality of Sant Jaume de Fronta-
nyà (Eastern Pyrenees, Spain). Pseudoloris pyrenaicus is
characterized by its medium size, thickened paracristid,
absence of a distinct paraconid, and well-developed buc-
cal cingulid in the lower molars, large hypoconulid in
the M3, paraconule and hypocone reduced in the M1 and
M2 and absent in the M3. The material from Sant Jaume
de Frontanyà constitutes the most abundant sample of

the genus Pseudoloris found until now in the Iberian
Peninsula. Almost all the dental elements have been
recovered, including those teeth hardly known for other
species of the genus, such as lower and upper incisors.
The new species shows intermediate features between
Pseudoloris isabenae from Capella and Pseudoloris par-
vulus, present in different Spanish and French sites.
Therefore, we consider that Pseudoloris pyrenaicus is an
intermediate form between these two species. Am J Phys
Anthropol 143:92–99, 2010. VVC 2010 Wiley-Liss, Inc.

The family Omomyidae groups several species of
small-bodied Primates, which were very abundant and
diverse in the Northern Hemisphere during the Eocene,
with only few exceptions surviving into the Oligocene
(Köhler and Moyà-Solà, 1999). Contrary to the Omomyi-
nae and Anaptomorphinae, which are found mainly in
North America, the subfamily Microchoerinae is exclu-
sively European. Representatives of this subfamily are
scarce in the fossil record. However, very recent findings
have contributed to increase the knowledge about Micro-
choerinae (Hooker, 2007; Hooker and Harrison, 2008).
Pseudoloris is a very small microchoerine, in some

aspects morphologically similar to the living Tarsius,
sharing strong dental convergences (Szalay and Delson,
1979). Besides France and Germany, this genus is known
from several Spanish localities (Crusafont, 1967; Moyà-
Solà and Köhler, 1992; Peláez-Campomanes, 1995; Köh-
ler and Moyà-Solà, 1999), where its remains are very
scarce.
In the 1990s, several levels containing fossil Primates

were identified in the Middle Eocene series of the Bell-
munt Formation (Eastern Pyrenees), an alluvial unit
mainly formed by lutites, sandstones and conglomerates,
which also includes lacustrine and palustrine levels
(Busquets et al., 1992). The fossiliferous beds correspond
to dark marls with a high content of organic matter, pre-
senting abundant remains of plants and vertebrates.
The richest of these levels is Sant Jaume de Frontanyà-
3C (SJF-3C), which has yielded abundant mammal
remains, including dental and postcranial primate ele-
ments. In addition to Pseudoloris pyrenaicus (depicted in
this article), two other primates have been identified
from this level: Anchomomys nov. sp. and Adapis sp.
(Moyà-Solà and Köhler, 1993). The level called Sant
Jaume de Frontanyà-3D (SJF-3D), �50 cm above SJF-

3C, contains a very similar fauna, including also
Anchomomys nov. sp. and Pseudoloris pyrenaicus.
The mammal assemblage from SJF-3C is shown in

Table 1. The presence of Elfomys nov. sp., also found in
the locality of Laprade (Sudre et al., 1990), and the
similarity of Anchomomys nov. sp. to A. pygmaeus from
Egerkingen (Stehlin, 1916) allows to assign the site to
the Robiacian (MP14-15) (Moyà-Solà and Köhler, 1993).
Thus, this locality is properly correlated with the Mam-
mal Paleogene reference levels (Schmidt-Kittler, 1987,
updated by Aguilar et al., 1997), the most widely
employed biochronological scale for the Paleogene conti-
nental deposits of Europe.
The primates from Sant Jaume de Frontanyà remain

mostly unpublished. In this article we describe Pseudolo-
ris pyrenaicus, which represents the most abundant
sample of this genus described up to now from the Ibe-
rian Peninsula. In addition, we depict the anterior denti-
tion (incisors and canines) of Pseudoloris, previously
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only figured for P. parvulus from Perrière (Godinot,
1983). Thus, this new finding contributes to the knowl-
edge of the complete dental morphology of Pseudoloris
and also allows the understanding of the relationships
between the oldest and the youngest representatives of
the genus.

Dental terminology and measurement methods

The nomenclature used in the descriptions of the teeth
is that of Hooker (1986). Measurements have been taken
as defined by Godinot (2003) for all the teeth except for
the C1, in which only the maximal length and the width,
taken at right angles to the length, have been measured.

Systematic Paleontology

Order PRIMATES Linnaeus, 1758.
Suborder HAPLORHINI Pocock, 1918.
Infraorder TARSIIFORMES Gregory, 1915.
Family OMOMYIDAE Trouessart, 1879.
Subfamily MICROCHOERINAE Lydekker, 1887.
Genus PSEUDOLORIS Stehlin, 1916.
PSEUDOLORIS PYRENAICUS, nov. sp. (Figs. 1–4).

Holotype

Fragment of a right mandible with P4-M3 (IPS46297)
from Sant Jaume de Frontanyà-3C, stored in the Institut
Català de Paleontologia (ICP), Sabadell, Spain.

Other referred material

From Sant Jaume de Frontanyà-3C. Three I1, three
C1, one P3, four P4, one mandible fragment with M1-M3,
three complete and two incomplete M1, six complete and
one incomplete M2, three complete and one incomplete
M3, six fragments of indeterminated lower molars, four
complete and three incomplete I1, two C1, three P2, one
P3, one complete and three incomplete P4, two com-
plete and five incomplete M1–2, two M3. Catalogue num-
bers IPS8448; IPS8628-IPS8632; IPS46289-IPS46296;
IPS46298-IPS46343.

From Sant Jaume de Frontanyà-3D. Four I1, two C1,
three P4, two complete and two incomplete M1, one M2,

three fragments of indeterminated lower molars, one I1,
four P2, one incomplete P3, four incomplete P4, six
incomplete M1–2, one M3. Catalogue numbers IPS46344-
IPS46377.

Type locality, age and other localities. The type lo-
cality is Sant Jaume de Frontanyà-3C, Eastern Pyre-
nees, Spain. MP14–15, Robiacian, middle Eocene. Other
localities only include Sant Jaume de Frontanyà-3D.

Diagnosis

Medium sized Pseudoloris, larger than P. parvulus,
P. isabenae and P. saalae, and smaller than P. crusafonti,
P. godinoti and Pseudoloris sp. fromWeissenburg 8. Lower
molars without distinct paraconid, but with a thickened
paracristid. Large, round hypoconulid in the M3. Very
well-developed buccal cingulid in the lower molars. P3

with an extremely reduced protocone. Hypocone and para-
conule reduced in M1-M2 and absent in M3.

Etymology

From the Pyrenees, where the type locality of the new
species is placed.

Description of the material from SJF-3C

The described isolated lower and upper incisors are
identified as central incisors on the basis of their size.
When known, the lateral incisors (or the corresponding
alveoli) of Pseudoloris and other Microchoerinae are very
small when compared with I1 and I1 (see, for example,
Teilhard de Chardin, 1921; Godinot, 1983; Hooker and
Harrison, 2008).

I1. The crown is shovel-shaped. The labial face is convex.
The lingual face is crossed by a cingulid that descends
from mesial to distal part. Labial and lingual faces are
separated by a cutting blade, which is sharper on the

Fig. 1. Holotype of Pseudoloris pyrenaicus from Sant Jaume
de Frontanyà-3C. Fragment of a right mandible with P4-M3

(IPS46297) in (a) lingual, (b) occlusal, and (c) labial views.
Scale bar 5 1 mm.

TABLE 1. Mammal faunal list of the level of Sant Jaume de
Frontanyà-3C, after Moyà-Solà and Köhler (1993)

Creodonta indet.
Perissodactyla indet.
Artiodactyla
Robiacina nov. sp.
Leptothiridium sp.
Haplobunodontinae indet.
Dichobunodontinae indet.

Rodentia
Stellomys sp.
Elfomys nov. sp.
cf. Ectropomys sp.
Rodentia indet.

Lipotyphla
Saturninia sp.
Palaeoryctidae indet.

Primates
Anchomomys nov. sp.
Adapis sp.
Pseudoloris pyrenaicus nov. sp.
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distal part. The root is wide and somewhat compressed
mesiodistally.

C1. The occlusal outline is elliptical. The posterocristid is
longer than the anterocristid, both reach the base of the
crown. A well-developed cingulid surrounds the lingual
border.

P3. The crown is lower than in the C1 and the apex is
rounder. The posterocristid is weak and does not reach
the base of the crown. The lingual cingulid is well devel-
oped and thickens at the distal end of the tooth. The
root is narrower than in the canine.

P4. The protoconid is high. The paracristid thickens at
its mesial end, but there is no distinct paraconid. This
cristid continues in a well-developed mesiolingual cin-
gulid. There is an incipient metaconid. The well-defined
talonid basin is crossed by a longitudinal cristid. There
is a thick distal cingulid.

M1. The talonid is notably wider than the trigonid.
There is no distinct paraconid, but the paracristid is
somewhat thickened at its mesiolingual end. The lingual
part of the trigonid is variable. Most specimens have a
low cristid, connecting paracristid and metaconid. In one
specimen, there is a minuscule cuspule instead of this
crest. Finally, in another specimen, the trigonid basin is
completely open lingually. The protocristid shows a well-
marked trigonid notch. The hypoconulid is low, but very

Fig. 2. Lower dentition of Pseudoloris pyrenaicus from Sant
Jaume de Frontanyà-3C. (a, b) Right I1 (IPS46289) in (a) lin-
gual and (b) distal views. (c) Left C1 (IPS46291) in lingual view.
(d) Right P3 (IPS46294) in lingual view. (e, f) Left P4

(IPS46295) in labial (e) and occlusal (f) views. (g, h) Left M1

(IPS46300) in occlusal (g) and labial (h) views. (i, j) Left M2

(IPS46309) in occlusal (i) and labial (j) views. (k, l) Left M3

(IPS46317) in occlusal (k) and labial (l) views. (m, n) Right M3

(IPS46318) in occlusal (m) and labial (n) views. (o, p) Right M2

(IPS46312) in occlusal (o) and labial (p) views. (q, r) Right M1

(IPS46302) in occlusal (q) and labial (r) views. Scale bar 5
1 mm.

Fig. 3. Upper dentition of Pseudoloris pyrenaicus from Sant
Jaume de Frontanyà-3C. (a) Left I1 (IPS46321) in medial view.
(b) Left I1 (IPS46323) in ligual view. (c) Right C1 (IPS8629) in
lingual view. (d) Left C1 (8630) in occusal view. (e) Left P2

(IPS46328) in occlusal view. (f) Left P3 (IPS46330) in occlusal
view. (g) Right P4 (IPS46332) in occlusal view. (h) Left P4

(IPS46331) in occlusal view. (i) Left M1–2 (IPS46335) in occlusal
view. (j) Right M3 (IPS46342) in occlusal view. Scale bar 5
1 mm.
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prominent. There is a very well-developed cingulid occu-
pying the mesial, buccal and distal borders. It is espe-
cially thick on the buccal part.

M2. The trigonid is shorter and wider than in M1, so the
difference in width between talonid and trigonid is less
accentuated. The protoconid is placed in a more buccal
position. There is a low crest on the lingual side of the
trigonid, connecting paracristid and metaconid. It can be
continuous or interrupted by a notch. The rest of charac-
ters are those described for the M1.

M3. The trigonid is somewhat narrower than the talonid.
There is no paraconid. The paracristid continues in a
low cristid that reaches The metaconid, closing the trigo-
nid basin. The cristid obliqua joins the trigonid near the
protoconid, more buccally positioned than in M1 and M2.
The hypoconulid is rounded, very large, and prominent.
The strong buccal cingulid starts at the mesiobuccal cor-
ner of the tooth and ends at the buccal side of the hypo-
conulid.

I1. High-crowned tooth, with the apex pointed and
upturned backwards. The lateral face is convex. The
medial face is faintly concave. A well-developed cingulum
occupies the labial border of the medial face, from the
middle of the crown height to the enamel base. There is
a sharp posterocrista that reaches a well-differentiated
talon at the lingual base of the crown. The root is long,
laterally compressed.

C1. Small, conical tooth, with elliptical outline. The apex
is pointed. There is no anterocrista. The posterocrista is
sharp and reaches the base of the crown. There is a very
thick cingulum occupying the entire border of the tooth,
which forms a small projection at the distal end.

P2. The crown is conical, with elliptical outline. The
anterocrista is weak and reaches the cingulum. The
posterocrista is even weaker and does not reach the
crown base. A strong cingulum borders the mesial, lin-
gual and distal parts. At the distal end, this cingulum
thickens and delimitates a very narrow and shallow ba-
sin.

P3. The paracone is high. The lingual lobe is broad,
showing an extremely reduced protocone. The anteroc-
rista is weak and restricted to the upper portion of the
paracone. The posterocrista is well developed. At the
middle of the crown height, it curves buccally and
reaches the distobuccal corner of the tooth. A thick cing-
ulum occupies the mesial border. There is another short,
weak cingulum in the middle part of the distal border.

P4. The paracone is high. The anterocrista is thin and
straight. The posterocrista is thick and curved buccally.
Both cristas reach the base of the crown. The lingual
lobe is broad and nearly flat. A distinct protocone is
present only in one of the three specimens preserving
the lingual part. The mesial cingulum is well marked.
There is a small parastyle. The distal cingulum does not
reach the distobuccal corner of the tooth. There is no
metastyle.

M1–2. Paracone and metacone are similar in size. The
protocone is lower and placed mesioligually. The hypo-
cone is small and attached to the distal side of the proto-
cone. In some specimens it is a mere thickening at the
end of the distal cingulum. There is no postprotocingu-
lum. The paraconule is very reduced, as a weak protu-
berance on the preprotocrista. The metaconule is well
developed, crescentiform, bearing pre and postmetaco-
nule cristas. The mesial and buccal cingula are strong
and the distal cingulum is somewhat thinner. Parastyle
and metastyle are absent.

M3. The paracone is notably larger than the metacone.
There is neither hypocone, nor paraconule. The metaco-
nule is small but distinct, crescentiform, with pre and
postmetaconule cristas. A well-marked preprotocrista
reaches the mesiobuccal corner, bordering the paracone
and continuing in a low buccal cingulum. The mesial
cingulum is thicker than the distal one.

Description of the material from SJF-3D

The material from the level of SJF-3D is very similar
to that from SJF-3C described above. The subtle differ-
ences we have found are the following: the crown of the
I1 is notably shorter than in SJF-3C. The P4 are slightly
smaller than those from SJF-3C, and have more convex
buccal and lingual borders. The talon of the I1 is some-
what less prominent than that of the specimens from
SJF-3C. The only P3 from SJF-3D has a distinct meta-
style. The single P4 of SJF-3D, which preserves the lin-
gual part, has a high and well-developed protocone. The
single M3 from SJF-3D has less-developed cingula than
the specimens from SJF-3C.
The rest of dental elements of these two levels do not

show any morphological difference. As in SJF-3C, the

Fig. 4. Pseudoloris pyrenaicus from Sant Jaume de Fronta-
nyà-3D. (a) Left I1 (IPS46345) in lingual view. (b) Left I1
(IPS46346) in distal view. (c) Left P4 (IPS46350) in occlusal
view. (d) Rigth M1 (IPS46355) in occlusal view. (e) Left P3

(IPS46366) in occlusal view. (f) Left M3 (IPS46377) in occlusal
view. (g) Left I1 (IPS46361) in medial view. Scale bar 5 1 mm.
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trigonid basin of the lower molars from SJF-3D can be
open lingually, or have a very low crest on the lingual
border, between paracristid and metaconid.

Measurements

Measurements are given in Table 2.

Comparisons

Pseudoloris pyrenaicus is larger than P. parvulus from
Perrière, Malpérié (Louis and Sudre, 1975), Bretou (God-
inot, 1988) (see Table 3). In addition, clear morphological
differences exist between these species. The M1 and M2

of P. parvulus have a sharper paracristid than those of
P. pyrenaicus, in which the paracristid is thickened at
the mesiolingual extreme (Fig. 5). The M3 of P. parvulus
from Sossı́s (unpublished collections stored in the ICP,

Sabadell) have a much more reduced, laterally com-
pressed, hypoconulid than those from SJF-3C. The talo-
nid of the M3 is narrower in P. parvulus and the para-
cristid is lower. The buccal cingulid of the lower molars
is much more developed in P. pyrenaicus.
The protocone of the P3 and P4, small but distinct in P.

parvulus from Sossı́s and Bretou, is extremely reduced in
the P3 of P. pyrenaicus and poorly developed in all except
one P4 from SJF-3C. Nevertheless, the single P4 from
SJF-3D has a well-differentiated protocone. The M1–2 of P.
parvulus from Sossı́s and Bretou clearly differ from those
from SJF in having a much more developed hypocone,
usually prominent in the outline of the molar and sepa-
rated from the protocone by a valley, and in having a small
but distinct paraconule (Fig. 6). The M3 of P. parvulus also
have a small paraconule that is absent in P. pyrenaicus.
Pseudoloris crusafonti Louis and Sudre, 1975 and

P. godinoti Köhler and Moyà-Solà, 1999 are larger than

TABLE 2. Measurements (in mm) of Pseudoloris pyrenaicus nov. sp. from Sant Jaume de Frontanyà-3C and 3D

Tooth Locality

Length Width Height

N Min Mean Max N Min Mean Max N Min Mean Max

I1 SJF3D 4 1.07 1.195 1.32 3 0.82 0.93 0.98 4 0.69 0.78 0.87
SJF3C 2 1.23 1.33 1.43 2 0.99 1.01 1.05 2 0.74 0.77 0.81

C1 SJF3D 2 1.34 1.37 1.40 2 0.76 0.765 0.77 1 1.04
SJF3C 3 1.47 1.50 1.54 3 0.76 0.78 0.80 3 0.97 1.00 1.04

P3 SJF3C 1 1.50 1 0.87 1 0.79
P4 SJF3D 3 1.22 1.24 1.27 3 0.92 0.98 1.04 1 0.89

SJF3C 3 1.35 1.38 1.44 5 1.06 1.12 1.17 3 0.97 1.01 1.05
M1 SJF3D 2 1.61 1.615 1.62 2 1.20 1.245 1.29

SJF3C 4 1.67 1.70 1.74 4 1.28 1.33 1.38
M2 SJF3D 1 1.21

SJF3C 6 1.52 1.57 1.66 7 1.29 1.35 1.41
M3 SJF3C 4 1.85 1.945 2.03 5 1.13 1.20 1.23
I1 SJF3D 1 1.49 1 0.72 1 1.05

SJF3C 4 1.30 1.485 1.72 4 0.70 0.74 0.81 4 1.06 1.11 1.25
C1 SJF3C 2 1.06 1.09 1.12 2 0.80 0.81 0.82 2 1.08 1.09 1.10
P2 SJF3D 4 0.93 0.98 1.03 4 0.60 0.62 0.64

SJF3C 3 0.93 1.01 1.07 3 0.68 0.72 0.77
P3 SJF3D 1 1.24

SJF3C 1 1.32 1 1.32
P4 SJF3D 2 1.26 1.30 1.34

SJF3C 2 1.32 1.335 1.35 1 1.64
M1–2 SJF3C 2 1.52 1.525 1.53 2 2.01 2.04 2.07
M3 SJF3D 1 1.27 1 1.71

SJF3C 2 1.32 1.325 1.33 2 1.74 1.745 1.75

TABLE 3. Mean lengths and widths (in mm) of the teeth of several species of Pseudoloris

M1 M2 M3 P4 M1–2 M3

N L W N L W N L W N L W N L W N L W

P. godinoti, Fonollosa 13 1 1.77 1.44 – – – – – – 1/0 1.53 – 1 1.71 2.02 – – –
Pseudoloris sp., Weissenburg 8 – – – 1 2.20 1.76 – – – – – – 1 1.59 2.30 – – –
P. parvulus, Malpérié 1 1.37 1.20 1 1.32 1.25 1 1.62 1.10 – – – – – – – – –
P. parvulus, Perrière 2 1.55 1.24 2 1.50 1.25 2 1.80 1.10 2 1.165 1.49 4 1.39 1.80 2 1.225 1.70
P. parvulus, Bretoub 1/0 1.37 – 1 1.47 1.11 5/3 1.59 0.98 4 1.13 1.41 12 1.31 1.73 9 1.11 1.57
P. parvulus, Bretoua 1 1.22 1.05 1 1.20 1.10 1 1.48 0.95 – – – – – – – – –
P. crusafonti, Grisolles 1 1.78 1.25 1 1.65 1.29 1 2.00 1.33 1 1.45 1.78 6 1.75 2.27 1 1.40 2.05
P. pyrenaicus, SJF-3C 4 1.70 1.33 6/7 1.57 1.35 4/5 1.945 1.20 2/1 1.335 1.64 2 1.525 2.04 2 1.325 1.745
P. isabenae, Capella 1 1.63 1.17 1 1.43 1.21 – – – – – – – – – – – –
P. saalae, Geiseltal-Obere Mittelkohle 1 1.63 0.99 1/2 1.54 1.12 2 1.90 0.98 – – – – – – – – –
Pseudoloris sp., Casa Ramón – – – – – – – – – – – – 1/2 1.33 1.875 1/0 1.16 –

Data from Casa Ramón after Peláez-Campomanes (1995). Data from Geiseltal-Obere Mittelkohle after Thalmann (1994). Measure-
ments from Capella taken from the holotype, stored in the Institut Català de Paleontologia (Spain). Data from SJF-3C (in bold
type) from this paper. Data from Grisolles, Bretoua, Perrière and Malpérié after Louis and Sudre (1975). Data from Bretoub after
Godinot (1988); from this site, measurement of undifferentiated M1–2 have not been taken into account. Data from Weissenburg 8
after Schmidt-Kittler (1977). Data from Fonollosa 13 after Köhler and Moyà-Solà (1999).
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P. pyrenaicus (Table 3). In addition, several morphologi-
cal differences can be observed with these species. The
upper molars of P. crusafonti differ from those of P. pyre-
naicus in the asymmetry between paracone and meta-
cone and in the lack of mesial cingulum. The lower
molars of P. crusafonti are differentiated by the presence
of a tubercular paraconid. The only upper molar of P.
godinoti can be distinguished from those of P. pyrenaicus
by the reduced trigon basin, the large and well-individu-
alized hypocone and the prominent metastyle. The upper
premolars of P. godinoti are higher-crowned than those
of P. pyrenaicus. The single M1 of P. godinoti has a dis-
tinct paraconid.
The species P. reguanti, described by Crusafont (1967)

based on a single M1–2, was considered as a nomen
nudum by Schmidt-Kittler (1977) because of the lack of
illustrations of the holotype. In addition, this specimen
was lost in the 1970s in the collections of the Institut de
Paleontologia de Sabadell (Köhler and Moyà-Solà, 1999).
Therefore, this species is no longer valid. Schmidt-Kittler
(1977) attributed the scarce material (three specimens)
from Weissenburg 8 to Pseudoloris sp., and considered
this form as a synonym of P. reguanti. Pseudoloris sp. is
clearly larger than P. pyrenaicus (Table 3). Morphologi-
cally, it differs from P. pyrenaicus in the short and low
paracristid and the lack of cingulid in the M2, the asym-
metrical P3, with the paracone close to the mesial border,
and the wide and short M2, with well-differentiated par-
aconule and hypocone.
Three upper molars from the middle Eocene (Geiselta-

lian) locality of Casa Ramón were attributed to Pseudolo-
ris sp. by Peláez-Campomanes (1995). These teeth are
clearly smaller than P. pyrenaicus, and show a less-
developed metaconule.
Recently, another species was defined from the Upper

Eocene of China: Pseudoloris erenensis Wang, 2008. The
holotype and unique material is a M2, which differs from
P. pyrenaicus in its smaller size and in the absence of a
buccal cingulid. However, the validity of this species and
its attribution to Pseudoloris are doubtful due to the
scarcity of the material.

The genus Pivetonia was erected by Crusafont (1967)
on the basis of a single mandible with P3-M2, described
as Pivetonia isabenae. Later on, a second species also
represented only by lower teeth was included in this ge-
nus, Pivetonia saalae Thalmann, 1994. However, most
authors have considered Pivetonia to be a synonym of
Pseudoloris (Szalay, 1971; Godinot, 1983; Gunnell and
Rose, 2002). We agree with this synonymy, because the
differential characters listed by Crusafont (small size,
low crowned teeth, open trigonid basin) are not exclusive
of the species P. isabenae and P. saalae.
The molars of P. isabenae and P. saalae are smaller

than those of P. pyrenaicus (Table 3). Morphologically, P.
isabenae differs from P. pyrenaicus in having a perfectly
distinct, tubercular-shaped paraconid in the M1 and M2

(see Fig. 5). In addition, the buccal cingulid of the lower
molars is much more developed in P. pyrenaicus than in
P. isabenae. Pseudoloris saalae differs from P. pyrenaicus
in the distinct, isolated paraconid in the M1, the more
buccal cristid obliqua in M1 and M2, and the less-devel-
oped hypoconulid in the M3.

Fig. 5. Line drawings and pictures comparing the M1 of P. isabenae, P. pyrenaicus and P. parvulus. (a) Fragment of a right man-
dible with P3-M2 of P. isabenae from Capella (holotype, IPS2529). (b) Fragment of a right mandible with P4-M3 of P. pyrenaicus
from SJF-3C (holotype, IPS46297). (c) Fragment of a right mandible with P4-M1 of P. parvulus from Sossı́s (IPS4316). Scale bar 5
1 mm.

Fig. 6. Line drawings comparing the upper molars of P. pyr-
enaicus and P. parvulus. (a) Left M1–2 of P. pyrenaicus from
SJF-3C (IPS46335). (b) Left M1–2 of P. parvulus from Sossı́s
(IPS4356). Scale bar 5 1 mm.
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Melaneremia bryanti Hooker, 2007 is similar in size to
P. pyrenaicus but shows clear morphological differences:
the teeth are lower crowned, the lower molars have a
distinct paraconid, the trigonid basin of the M3 is open,
and the M1 is more elongated transversely. The rest of
genera of Microchoerinae (Microchoerus, Necrolemur,
Nannopithex, and Vectipithex) can be distinguished from
P. pyrenaicus mainly by their much larger size and the
presence of enamel wrinkling in the cheek teeth. Other
differences are the larger hypocone in the upper molars
of Microchoerus and Necrolemur, and the lack of P2 in
Vectipithex.

DISCUSSION

The genus Pseudoloris is known from several Euro-
pean localities (Table 4) ranging in age between the mid-
dle Eocene (Geiseltalian, MP11) and the early Oligocene
(Suevian, MP22). Out of Europe, the only mention to
this genus is P. eremensis from China (Wang, 2008) but,
as explained above, its attribution to Pseudoloris is
doubtful.
The oldest record of the genus is Pseudoloris sp. from

Casa Ramón (MP11), only represented by one complete
M2, and two fragments of M1 and M3 (Peláez-Campo-
manes, 1995), which are small and have reduced metaco-
nules. Apart from that, the oldest species ascribed to the
genus are P. saalae from Geiseltal-Obere Mittelkohle
(MP13) and P. isabenae from Capella (MP14), both of
them known only by their lower molars. Godinot (1983)
ascribed to P. isabenae a single M2 from Lissieu. The
same author indicated that three teeth from Aumelas
(P4, M3, and M2) probably belonged to P. isabenae, but a
definitive attribution was not made. Therefore, the old-
est sites where abundant material of both lower and
upper teeth of Pseudoloris has been recovered are SFJ-
3C and 3D (MP14-15).
The best represented species of the genus is P. parvu-

lus, known from several middle and late Eocene (MP16-
17) sites of Spain and France. Stehlin (1916) and Thei-
lard de Chardin (1921) described some specimens of P.
parvulus from the phosphorites of Quercy. Later, this
species has been identified in Sossı́s, Euzet (Crusafont,
1967), Perrière, Malpérié (Godinot, 1983) and Bretou
(Godinot, 1988). The material from Grisolles (15 isolated
teeth) was attributed to P. crusafonti by Louis and Sudre
(1975). This finding revealed the existence of two differ-
ent lineages of the genus in the latest middle Eocene,
since Grisolles is contemporaneous to Bretou, a site con-
taining P. parvulus (Godinot, 1983).

The latest Eocene mentions of the genus are P. reg-
uanti from Sant Cugat de Gavadons (a single lost tooth),
and the three specimens of Pseudoloris sp. from Weis-
senburg 8 (Schmidt-Kittler, 1977), both sites correspond-
ing to MP19. Finally, P. godinoti, known only by six com-
plete teeth and two fragments, is recorded in the Oligo-
cene localities of Santpedor-2 and Fonollosa-13 (MP21
and 22, respectively, Köhler and Moyà-Solà, 1999).
Till now, morphological or biometrical changes in suc-

cessive populations of this genus were very difficult to
observe, because of its very discontinuous record, and to
the scarcity of material in almost all the localities in
which it has been found. Thus, no clear trend has been
described in the evolution of Pseudoloris. In this context,
the finding of P. pyrenaicus from SJF-3C and 3D is par-
ticularly interesting. The abundance of material, with
almost all the dental elements represented, and its inter-
mediate position between the oldest species of the genus
and the well-known P. parvulus, allows us to recognize
several directional changes in the early evolution of the
genus.
In the lower molars, the paraconid becomes less devel-

oped through time, changing from a distinct tubercule in
P. saalae and P. isabenae to a sharp cristid in P. parvu-
lus. Pseudoloris pyrenaicus represents an intermediate
step between these two stages. Godinot (1983) examined
several populations of P. parvulus and indicated the pos-
sibility of a trend to the closing of the trigonid basin
from oldest (Bretou) to youngest (Perrière and Malpérié)
populations of this species. After direct comparison, we
have observed that the morphology of the trigonid is
quite variable in P. pyrenaicus and P. parvulus from Sos-
sı́s. Some lower molars have a crest connecting paracris-
tid and metaconid, closing completely the trigonid. In
other teeth, this crest is interrupted by a notch. Other
specimens have the trigonid open lingually. Finally,
some molars have a tiny tubercule in the lingual part of
the trigonid. So, we think that the variability of this
character in all the samples with a high number of speci-
mens does not allow observing clear changes through
time.
The upper dentition of P. saalae and P. isabenae

remains unknown. When comparing the upper molars of
P. pyrenaicus and P. parvulus, an increase on the size of
the hypocone can be observed. The metaconule and para-
colule are also larger in the most recent species.
The trends observed in the oldest species of the genus

are difficult to evaluate in the most recent ones. The pro-
gressive reduction of the paraconid seems to continue in
Pseudoloris sp. from Weissenburg 8, since the only lower

TABLE 4. European sites containing remains of Pseudoloris, referred to the corresponding European Land Mammal Ages
(ELMAs) and MP units

ELMA MP unit Locality Species

Suevian MP22 Fonollosa 13 Pseudoloris godinoti
MP21 Sant Pedor-2 Pseudoloris godinoti

Headonian MP19 Weissenburg 8 Pseudoloris sp.
MP19 Sant Cugat de Gavadons Pseudoloris reguanti
MP17b Perrière, Malpérié Pseudoloris parvulus
MP17a Sossı́s, Euzet Pseudoloris parvulus

Robiacian MP16 Bretou Pseudoloris parvulus
MP16 Grisolles Pseudoloris crusafonti
MP15-16 Mazaterón Pseudoloris sp.
MP14-15 Sant Jaume de Frontanyà-3C, 3D Pseudoloris pyrenaicus
MP14 Capella, Lissieu Pseudoloris isabenae

Geiseltalian MP13 Geiseltal-Obere Mittelkohle Pseudoloris saalae
MP11 Casa Ramón Pseudoloris sp.
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molar presents a very thin, low paracristid. In contrast,
the single M1 of the most recent species of the genus, P.
godinoti, shows a thick, individualized paraconid. This
feature may indicate a different origin for these two spe-
cies, maybe related to the existence of two lineages in
the late Robiacian. Probably, P. sp. from Weissenburg 8
is a descendent of P. parvulus, since both forms share
the absence of a distinct paraconid, and P. godinoti
would be related to P. crusafonti, which also shows an
individualized paraconid. However, more material would
be necessary to distinguish clear relationships between
these species.
With respect to the upper molars, the trend towards

the enlargement of the hypocone observed in P. pyrenai-
cus and P. parvulus continues in the youngest species of
the genus. The only upper molar of Pseudoloris sp. from
Weissenburg 8 has a well-individualized hypocone, and
this cusp is even larger in the single M1 of P. godinoti
from Fonollosa-13.
In summary, the changes observed from the oldest spe-

cies of the genus (P. saalae and P. isabenae) to P. pyre-
naicus, and finally P. parvulus, suggest that those spe-
cies form part of an anagenetic lineage with gradual
morphological modifications. Relationships between the
most recent forms of the genus are difficult to establish
but, according to the available data, at least two differ-
ent lineages existed at the end of the middle Eocene,
represented by the small-sized species P. parvulus and
the large-sized P. crusafonti. More material would be
required to determinate clear relationships between spe-
cies and to understand the evolutionary trends for the
youngest representatives of the genus.

CONCLUSIONS

A new species of Pseudoloris, P. pyrenaicus, is
described from the middle Eocene levels of Sant Jaume
de Frontanyà-3C and 3D (Eastern Pyrenees, Spain). The
new taxon can be distinguished from the rest of species
of the genus by its medium size and by several morpho-
logical features, such as the absence of a distinct paraco-
nid in the lower molars, the large hypoconulid in the M3,
the small hypocone and paraconule in the M1 and M2,
and the absence of these two cusps in the M3.
The population from Sant Jaume de Frontanyà-3C

represents the most complete sample of genus Pseudolo-
ris recovered from the Iberian Peninsula, and has
allowed the description of almost all the dental elements,
including lower and upper incisors, which are not avail-
able for many of the described species of Pseudoloris.
The new species is established as an intermediate form

between P. isabenae and P. parvulus. The progressive reduc-
tion of the paraconid in the lower molars and the increase in
size of the hypocone, metaconule and paraconule in the
upper molars suggest that the species P. saalae-P. isabenae-
P. pyrenaicus-P. parvulus constitute an anagenetic lineage
which evolved in the middle-late Eocene in Europe.
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F, Checa L, Köhler M. 1992. La Formación de Bellmunt
(Unidad del Cadı́. Pirineo oriental): aportaciones bioestrati-
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gènes d’Europe. Systématique, locomotion, Ph.D dissertation,
University of Montpellier.

Godinot M. 1988. Le gisement du Bretou (Phosphorites du
Quercy. Tarn-et-Garonne, France) et sa faune de vertebres de
l’Eocene superieur. Palaeontographica A 205:113–127.
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