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Abstract: The controversial taxon Colombitherium toli-

mense (Mammalia) (probably Late Eocene in age) from

Colombia, although known for nearly 40 years, still bears

much mystery. Aside from the problematic ordinal attribu-

tion of the holotype and only specimen, its determination

as an upper or lower jaw remains a highly debated issue.

New observations include the presence of a contact facet

on the distal face of the most posterior tooth, which indi-

cates that the fragmentary jaw preserves three premolars

and two molars; the M3, unpreserved but present, being

most probably reduced. This new interpretation completely

fits the morphology of the teeth. Furthermore, the shape

of these latter and the deeper wear encompassed by their

lingual part relative to the labial one is typical of upper

dentition. This is in agreement with the internal curving

of the roots of the anterior premolars and with several

other arguments that lead interpreting the holotype of

C. tolimense as a maxillary bearing P2-M2. This new

interpretation deepens the morphological gap between

Colombitherium and other pyrotherians (except Proticia)

and challenges further its referral to Pyrotheria. The pecu-

liar morphology of Colombitherium relative to other pyro-

therians is indeed striking. In fact, Colombitherium has

nothing in common with pyrotherians but bilophodont

cheek teeth, a feature largely widespread in placental mam-

mals. It is here referred to ?Pyrotheria until additional evi-

dence of its relationships is known. Associated with the

putative removal of Proticia from Pyrotheria as argued by

some authors, the hypothetical removal of Colombitherium

from the order would adjust the widely accepted assump-

tion that the pyrotherian bilophodont cheek teeth origi-

nated from bunodont cheek teeth. It would also make an

origin from lophodont forms plausible. This in turn would

have critical relevance, especially to the hypothesis that

pyrotherians are notoungulates.

Key words: bilophodont, Eocene, maxillary, ungulate, anat-

omy, systematics.

Although Colombitherium tolimense Hoffstetter,

1970 from Colombia was described four decades ago,

most about this puzzling mammal still bears much

mystery. First, its stratigraphic origin and age remain

vague: Colombitherium has been reported from an

unnamed locality from the Gualanday Group in Colom-

bia, supposedly Eocene in age (Hoffstetter 1970). Sec-

ond, the highest doubt about this taxon comes from

the nature of its holotype and only specimen MNHN-

CLB 15, a fragmentary jaw bearing five bilophodont

cheek teeth. In the original description, this jaw is

interpreted as a right maxillary with P3-M3 (Hoffstetter

1970; Kramarz and Bond 2005). On the contrary, some

recent challengers defended the hypothesis of a left den-

tary with p3-m3 (Avilla 2005; Salas et al. 2006), and no

agreement exists today on this issue. Actually, only the

taxonomic referral of this taxon to Pyrotheria appears

to be consensual (e.g. Hoffstetter 1970; Patterson 1977;

McKenna 1980; Lucas 1986; Cifelli 1993; McKenna and

Bell 1997; Salas et al. 2006), even though Hoffstetter

(1970) conceded that this attribution was tentative as

many differences exist between Colombitherium and
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Pyrotheriidae. This is the reason why he erected the

Colombitheriidae as a separate family. The Colombithe-

riidae currently include Colombitherium and Proticia

Patterson, 1977, a controversial taxon from the Eocene

or Miocene of Venezuela (Patterson 1977; McKenna

and Bell 1997; Sánchez-Villagra et al. 2000). The Pyro-

theriidae are based on Pyrotherium Gaudry, 1909, the

only well-known pyrothere, from the Deseadan South

American Land Mammal Age (SALMA; late Oligocene)

of Patagonia and Bolivia (Gaudry 1909; Loomis 1914;

MacFadden and Frailey 1984; Patterson 1977; Shockey

and Anaya 2004). The Pyrotheriidae also include Propy-

rotherium Ameghino, 1901 from the Mustersan SALMA

of Patagonia (Ameghino 1901; Simpson 1967), Griph-

odon Anthony, 1924 from the ?Eocene of Peru

(Anthony 1924; Patterson 1942), Baguatherium Salas

et al., 2006, from the early Oligocene (‘pre-Deseadan

SALMA’), of Peru (Salas et al. 2006), and with some

doubts Carolozittelia Ameghino, 1901 from the Eocene

Casamayoran SALMA of Patagonia (Ameghino 1901;

Simpson 1967).

We provide here a new interpretation based on original

observations on the holotype of C. tolimense. This offers

critical information for the taxonomic referral of Colomb-

itherium and has relevance concerning the broader issue

of the enigmatic origin of the Pyrotheria.

Institutional abbreviations: MNHN-CLB, Colombia collection,

Muséum national d’Histoire naturelle, Paris, France.

SYSTEMATIC PALAEONTOLOGY

EUTHERIA Gill, 1872

?PYROTHERIA Ameghino, 1895

Genus COLOMBITHERIUM Hoffstetter, 1970

Colombitherium tolimense Hoffstetter, 1970

Text-figures 1–3

Holotype and only specimen. MNHN-CLB 15, a fragmentary

right maxillary with P2-M2 (Text-fig. 1) according to the new

interpretation presented in this study.

Occurrence. Lower part of the Gualanday Group (Late Eocene) of

Colombia (Hoffstetter 1970; Santos et al. 2008; see discussion).

NEW OBSERVATIONS AND
REINTERPRETATION OF MNHN-CLB 15

The fragmentary jaw MNHN-CLB 15 can be oriented

thanks to an oblique bony process, c. 9-cm long, broken

and located along one of the sides parallel to the tooth

row. The side bearing this section shall be interpreted as

the lingual one as this feature can only correspond to the

broken part of either a symphysis or a palate. The

opposed side is entirely smooth, without any process or

foramen, which argues for a labial side. The broken bony

WC

cl cl

ps

bf

A B

C

TEXT -F IG .1 . Colombitherium

tolimense, holotype MNHN-CLB 15,

partial right maxilla with P2-M2 (new

interpretation) from the Late Eocene

middle Gualanday of Colombia. A,

occlusal view. B, lingual view. C, labial

view. Hatched areas indicate damaged

parts. Grey surfaces correspond to

sediment filling still present on the

specimen. Dotted lines indicate the

putative outline of the M3. bf, frame of

bone; cl, mesial cingulum ledge; ps,

palatal section; wc, crucible wear facet.

Scale-bar represents 5 cm.
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section located on the inferred lingual side is oblique and

bow shaped. It presents one extremity lying at the level of

the alveolar line, which is interpreted as anterior, and the

other extremity running away, opposite to the occlusal

plane. The tooth size is increasing backwards until the

4th cheek tooth, while the 5th and most posterior tooth

tapers posteriorly (Text-fig. 1A).

The posteriormost tooth of the specimen presents a clear

contact facet on its distal face, which was not mentioned in

previous articles devoted to Colombitherium (Text-fig. 2;

Hoffstetter 1970; Avilla 2005; Kramarz and Bond 2005;

Salas et al. 2006). Obviously, this facet implies the presence

of a distal tooth contiguous with the distalmost one pre-

served on MNHN-CLB 15. As a consequence and consider-

ing a priori there is no supernumerary tooth, the concerned

specimen does not exhibit P3-M3 or p3-m3 (contra Hoff-

stetter 1970 and Salas et al. 2006), but rather P2-M2 or p2-

m2. This new interpretation is fully congruent with the fact

that what we interpret here as a fourth premolar – origi-

nally interpreted as a M1 ⁄ m1 – is in fact (1) rigorously

identical to the contiguous anterior tooth, i.e. the third pre-

molar, and (2) presenting great differences with the two

distalmost teeth of the specimen, which correspond to the

first and second molars, respectively. Following this

hypothesis, the third and fourth premolars are narrower

labio-lingually than the first and second molars, the latter

being more extended towards the lingual side. The first and

second molars do not present the mesial ledge formed by

the mesial cingulum (Text-fig. 1C), nor the mesial enamel

crucible of wear (Text-fig. 1A) observed on premolars. The

interpretation of the specimen MNHN-CLB 15 as a jaw

with P2-M2 or p2-m2 is much more satisfactory with

respect to the classical ungulate tooth Bauplän than previ-

ous hypotheses of a p3-m3 or P3-M3 series.

A difference of wear stages could also have been

informative to determine the nature of the teeth present on

MNHN-CLB 15, with M1 ⁄ m1 bearing usually the most

advanced wear stage, because of the tooth eruption sequence

in placentals (Ziegler 1971; Slaughter et al. 1974; Martin

A BTEXT -F IG . 2 . Colombitherium

tolimense, detail of the right M2 of the

holotype MNHN-CLB 15. A, occlusal

view. B, disto-labial view. The black

arrow indicates the contact facet

observable on the distal side of the M2.
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TEXT -F IG . 3 . Comparative schematic drawings of anterior

views of the holotype of Colombitherium tolimense MNHN-

CLB 15 and Pyrotherium romeroi. A, C. tolimense MNHN-CLB

15 represented according to the ‘upper-jaw’ hypothesis

(privileged here). B, P. romeroi, MNHN-DES 1243,

incomplete rostrum with right and left P2-M3. C, C. tolimense

MNHN-CLB 15 represented according to the ‘lower-jaw’

hypothesis. D, P. romeroi, MNHN-DES 1238, subcomplete

mandible with tushes (right broken) and right p3-m3 and left

p3, m1–3. ps, palatal shelf; ts, tusk section; za, onset of

zygomatich arch.
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1997; Luo et al. 2004). However, no differences between the

preserved teeth can be sorted out in this purpose.

This new interpretation is especially relevant for the

long running debate about the nature of the jaw fragment

MNHN-CLB 15. As described above, the molars show a

greater labio-lingual diameter than premolars because of

their larger lingual extent. This configuration is much

more common on upper cheek teeth than on lower ones

and would be an argument for interpreting MNHN-CLB

15 as a maxillary, following Hoffstetter (1970). Actually,

several convincing arguments exist in favour of such an

interpretation and are exposed in the following sections.

In tribosphenic therian mammals (Boreosphenida sensu

Luo et al. 2001), the basin-like heel of lower molars (talo-

nid) grinds (tribein) with the large inner cusp (proto-

cone) on the upper molar and the wedge-like trigonid

(sphen) shears with the crests of the corresponding upper

tooth (Luo et al. 2001). These versatile occlusal functions

in boreosphenidans are necessarily associated with lower

molars more internal (lingual) than upper ones during

occlusion. This generally produces deeper wear on the

occluding lingual part of the upper cheek teeth and on

the labial part of the lower ones than on other parts of

these teeth. Therefore, in all boreosphenidans, upper

cheek teeth tend to present higher relief on their labial

side than on their lingual one, and consequently, the

opposite case is observed on lower ones. Hence, the

higher relief of the labial cusps in all cheek teeth on

MNHN-CLB 15 strongly supports it as a maxillary, as

already argued by Hoffstetter (1970) and Kramarz and

Bond (2005). Comparison with other pyrotherians leads

to the same conclusion. Indeed, late diverging pyrotheri-

ans such as Pyrotherium do not present any differential

relief of the labial and lingual sides of their cheek teeth.

However, in the late Eocene pyrotherian Griphodon, the

lophids of the lower cheek teeth are lingually higher than

labially (Patterson 1942). This demonstrates that the usual

pattern of differential relief between upper and lower

cheek teeth observed among boreosphenidans is also pres-

ent in some early diverging pyrotherians. Besides, the

slope observable on the lingual edge of molars of

MNHN-CLB 15 also argues for the ‘upper-jaw’ hypothesis

we stand for here.

The roots of P2–3 are made apparent by the fading

away of the overlying bone (Text-fig. 1C). This latter is

very thin in this area, a feature according well with a

maxillary bone whose thin facial portion moulds premo-

lar roots in most placentals and even sometimes breaks

away to leave roots observable. The roots of P2–3 of

C. tolimense present further evidence of the upper nature

of these teeth. As far as can be seen, the anterior and pos-

terior roots of P2 and at least the anterior one of P3 are

clearly curved inward in a way that perfectly fits with the

forward curving of the maxillary bone (Text-fig. 3A). This

curving inward of premolar roots is also typical of upper

teeth relative to lower.

Hoffstetter (1970) indicated that, at first glance, the

bow-shaped bony section present on the lingual side

evokes a mandible symphysis rather than a palatal frag-

ment. However, remaining evidences led him to conclude

that this specimen was an upper jaw representative of an

animal with palatal bones and choanae located high and

far anterior. Yet he conceded that this would imply a

rather aberrant cranial architecture. The unusual shape of

this putative palate and its better a priori correspondence

to a mandible have been used in some subsequent works

as an argument in favour of the ‘lower-jaw’ hypothesis

(Avilla 2005; Salas et al. 2006). However, we argue here

that if MNHN-CLB 15 was a fragment of lower jaw, the

morphology of the body of the mandible and of the sym-

physis would have been at least as ‘aberrant’ as if the

specimen is regarded as a putative palate. The most pos-

terior extremity of the bow-shaped bony section (mark of

the symphysis in the ‘lower-jaw’ hypothesis) is not pre-

served (Text-fig. 1B). In other words, if a section of the

symphysis, this latter would have extended at least as far

back as the level of m1 and possibly more posteriorly to

it; this would constitute a mandible with a strikingly huge

symphysis. In Pyrotherium, the posterior tip of the sym-

physis is located below the p4-m1 limit. Moreover, the

antero-posterior symphyseal profile in Pyrotherium is

oblique and straight, and then clearly differs from the

bow shaped one observed in Colombitherium.

Furthermore, a bony shelf located lingual to P2 is pres-

ent on MNHN-CLB 15. It reaches the level of the alveolar

line (Text-fig. 3A, C). This horizontal surface in the lin-

gual vicinity of the second premolar fits much better with

a maxillary palatal surface than with a symphysis (Text-

fig. 3A, C, palatal shelf), especially when compared to

Pyrotherium (Text-fig. 3B, D). Indeed, the mandible of

this latter does not exhibit such a horizontal bony surface

lingual to p2 (Text-fig. 3D). Besides, the symphysis of

Pyrotherium is deeply excavated and presents a U-shaped

transverse profile (Text-fig. 3D). Kramarz and Bond

(2005) already pointed out that this shelf in Colombih-

terium was incompatible with a true symphysis.

The labial face of the jaw MNHN-CLB 15 is slightly

sloping laterally, in the direction opposite to the occlusal

plane. This lateral sloping may correspond to the onset of

the zygomatic arch. Neither foramen nor canal can be

detected on MNHN-CLB 15. It is conceivable that the

facial opening of the infra-orbital foramen would have

opened more dorsally than the portion of the maxilla pre-

served on the specimen.

The frame of the bone is detectable by tiny parallel

lines regularly marked on the labial face of MNHN-CLB

15 (Text-fig. 1C). Oppositely to the framed bone observed

on a mandible (parallel to the occlusal plane), these lines
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orientate obliquely in the part adjacent to the premolars

with an angle of 45� relative to the occlusal plane. Actu-

ally, the distribution pattern of these lines is characteristic

of the onset of the maxillary root of the zygomatic arch,

as can be seen for instance in the extant wild boar (Text-

fig. 4, arrow 2). In the remaining distal part of this face,

these lines are oriented more parallel to the occlusal plane

(Text-fig. 4, arrow 1).

Finally, the combination of all the arguments exposed

above strongly favours the ‘upper-jaw’ hypothesis and

undoubtedly discards the ‘lower-jaw’ one. Therefore,

MNHN-CLB 15 is interpreted as a right maxillary bearing

P2-M2.

The missing M3 must have been reduced relative to

other teeth as indicated by the small and unique contact

facet observed on the latero-distal edge of M2 (Text-

fig. 2), especially given that M2 is somewhat smaller than

M1 and tapers backwards (i.e., the metaloph is narrower

than the protoloph). In fact, it can be reasonably hypoth-

esized that the M3 may have resembled a minor version

of the M2, with a similar triangular occlusal outline

(Text-fig. 1A).

DISCUSSION

Taxonomic referral of MNHN-CLB 15

Until now, Colombitherium tolimense has always been

referred to the Pyrotheria (e.g. Hoffstetter 1970; Patterson

1977; Cifelli 1993; McKenna and Bell 1997; Salas et al.

2006), independently from the nature of its interpretation

(maxillary or dentary). Hoffstetter (1970) yet pointed out

some striking differences between Colombitherium and

Pyrotherium. He noted, among others, the retention of P2

in Pyrotherium but not in Colombitherium as a major dif-

ference. The new interpretation provided here invalids

this difference, as P2 is actually present in Colombithe-

rium. However, many other differences previously noted

still subsist. Most of the characters unique to pyrotherians

are absent in Colombitherium: wrinkled enamel, fully

lophodont cheek teeth with indistinct cusps, crenulated

cingulae and crests (Hoffstetter 1970). In the meantime,

Colombitherium exhibits unique features absent in pyro-

therians, which indicate a very original morphology: the

deep palatal excavation and the dental wear characterized

notably by a crucible wear facet in the valleys between

lophs. Particularly, the deep and anterior palatal excava-

tion is striking. This implies a very high opening of the

choanae, far anterior in the skull, which, beyond its puz-

zling aspect, evokes a highly specialized anatomy.

Our new interpretation deepens the morphological gap

between Colombitherium and pyrotherians. The presence

in Colombitherium of an oblique lingual face on M2 is

associated with the weak development of the distal loph

(Text-fig. 1A). This clearly differs from other pyrotherians

whose M2 is strictly squared, with a distal loph equal to

the mesial one. Moreover, as argued above, the M3 of

Colombitherium must have been reduced and triangular

which further differentiates this taxon from other pyro-

therians, with squared and unreduced M3; it is even the

largest tooth of the series with M2 in pyrotherians.

It is also worth noting that the orientation of the labial

roots of P2 are strongly curved inward in Colombitherium

and rather straight in other pyrotherians, which is

another difference between both taxa (Text-fig. 3A, B).

Hence, there are many differences between Colombithe-

rium and other pyrotherians – this comparison does

not include Proticia, whose referral to Pyrotheria is also

highly controversial (Sánchez-Villagra et al. 2000). In fact,

Colombitherium has nothing in common with pyrotherians

but bilophodont cheek teeth, a feature largely widespread

in placental mammals. This feature is also present in the

Xenungulata, a Palaeocene group of South American

endemic ungulates unrelated to Pyrotheria (Paula Couto

1952; Cifelli 1993; Shockey and Anaya 2004). Actually,

the development or acquisition of bilophodonty presents

much convergence in placental mammals, both intra-

ordinally (e.g. Barytherium ⁄ Numidotherium ⁄ Deinotherium

within Proboscidea (Delmer et al. 2006); tapirs and

paleotheres within Perissodactyla (Cuvier 1822)) and inter-

ordinally (xenungulates, perissodactyls, suid artiodactyls,

pyrotherians, proboscideans, coryphodontid pantodonts,

dinoceratans). The referral of Colombitherium to Pyrothe-

ria is therefore weakly supported, and it must be consid-

ered as highly hypothetical. However, according to our

TEXT -F IG . 4 . Detail of the facial portion of the maxillary near

the anterior root of the zygomatic arch, in the extant wild boar

Sus scrofa. Arrow 1 indicates frame bone marked by horizontal

lines, arrow 2 indicates frame bone marked by oblique lines.
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current knowledge of Colombitherium, this genus does

not appear to fit better within any other placental

order (except perhaps Tethytheria?). Hence, we recom-

mend to refer Colombitherium to ‘?Pyrotheria’, until

additional evidence of its phylogenetic affinities has been

encountered.

The age of Colombitherium

The middle Gualanday in the Gualanday area, where

Colombitherium tolimense was found, has been poorly

dated. A pollen sample from the upper part of the middle

Gualanday indicates an age of Late Eocene to Oligocene

(Pollen zones T07 to T-11 of Jaramillo et al. 2009) based

on the presence of Verrucatosporites usmensis and Cicatri-

cosisporites reported by Porta and Porta (1962). The last

occurrence of Echitriporites trianguliformis orbicularis from

the Gualanday formation in the Gigante area (about

150 km south) indicates that the upper part of the Gualan-

day formation contains the Eocene ⁄ Oligocene boundary –

boundary between pollen zones T07 and T08 of Jaramillo

et al. (2009). This upper segment also has marine influence

(Santos et al. 2008). Therefore, a tentative correlation

would suggest that the middle Gualanday in the Gualanday

area is most probably Late Eocene in age.

CONCLUSION

According to our new observations, the holotype of Co-

lombitherium tolimense (MNHN-CLB 15), which is tenta-

tively referred here to the Late Eocene, is a right

maxillary bearing P2-M2. This new interpretation deepens

the morphological gap between Colombitherium and other

pyrotherians (except Proticia) and challenges further its

referral to Pyrotheria. This new issue provides new

insights into pyrotherian origins. Associated with the

putative removal of Proticia from Pyrotheria as argued by

Sánchez-Villagra et al. (2000), the hypothetical removal of

Colombitherium from the order would adjust the widely

accepted assumption that the pyrotherian bilophodont

cheek teeth originated from bunodont cheek teeth. It

would also make it plausible an origin from lophodont

forms. This in turn would have critical relevance espe-

cially on the hypothesis that considers pyrotherians as

notoungulates (Patterson 1977; Billet 2008, 2009); this

latter group containing exclusively lophodont forms.

Therefore, in a roundabout way, these new considerations

on Colombitherium and its dubious referral to Pyrotheria

raise major issues about the relationships between Pyro-

theria and Notoungulata. It allows more hypotheses about

the enigmatic origins of the South American endemic

Pyrotheria.
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