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ABSTRACT - C.I. Forsyth Major was a pioneer of paleoprimatology as well as an extremely active field paleontologist. He collected a 
large quantity of  fossil mammal remains of Neogene and Quaternary age during his fieldwork in Italy. A previously unpublished lower fourth 
premolar of Mesopithecus from the Forsyth Major collections housed in the Basel Naturhistorisches Museum is described and illustrated 
herein. Although the locality was not recorded, the specimen is considered as being from the Casino Basin (Tuscany, Italy). The specimen is 
attributed to the Late Miocene species Mesopithecus pentelicus on the basis of morphological characters such as dental size and proportions. 
Although significant statistical differences have been noted compared with the Pliocene species, Mesopithecus monspessulanus, based only 
on the single element presented here, a clear cut distinction between the two species is not observed. 

RIASSUNTO - [Charles Immanuel Forsyth Major (1843-1923), pioniere della paleoprimatologia, e un dente di Mesopithecus proveniente 
da una località ignota (probabilmente il Bacino del Casino, Siena) nelle collezioni del Museo di Storia Naturale di Basilea] - C. I. Forsyth 
Major fu un pioniere della paleoprimatologia e un paleontologo di campagna molto attivo che, durante la sua permanenza in Italia, ha 
recuperato una grande quantità di resti mammiferi fossili in molte località italiane del Neogene e Quaternario. In questo lavoro si descrive e 
illustra un dente isolato (un quarto premolare inferiore) di Mesopithecus proveniente da una località italiana ignota (con tutta probabilità il 
Bacino del Casino, in provincia di Siena), conservato nella collezione Forsyth Major del Museo di Storia Naturale di Basilea. Il resto, sulla 
base di morfologia, dimensioni e proporzioni, è attribuito alla specie del Miocene Superiore Mesopithecus pentelicus. L’analisi statistica 
tuttavia rivela che, sebbene esistano differenze significative con la specie pliocenica Mesopithecus monspessulanus, sulla sola base di questo 
singolo elemento della dentatura non si possa osservare una separazione morfologica netta tra le due specie.

INTRODUCTION

Charles Immanuel Forsyth Major (1843-1923) was 
an eminent figure among mammal paleontologists, 
active across Europe from the 1870s to the beginning of 
the 1920s. A physician of Scottish origin who grew up 
in Switzerland, Forsyth Major graduated in Medicine 
in Basel in 1868 and started his professional practice in 
Florence (Italy), where he stayed for about a decade. Like 
many 19th-century medical doctors, however, he was 
fascinated by natural history and devoted much of his 
spare time to the study of fossil mammals. His interest in 
extinct vertebrates was distracting him from medicine, so 
that he finally decided to cease practising in the mid 1880s. 

Forsyth Major’s main interests were, generally 
speaking, Plio-Pleistocene mammals (Forsyth Major, 
1872, 1875, 1877, 1879, 1880, 1890; Forsyth Major 
& Busatti, 1882). His entire scientific production 
clearly shows how deep his attention was for Tuscan 
vertebrate fossils, and while he was active in Florence, 
he systematically searched for new material, mainly in 
Tuscany but also in other Italian regions, supported by the 
recently established Italian government. His intensive field 
survey activity resulted in hundreds of specimens being 
deposited at the Florence Museum. At the same time, 
Forsyth Major had profuse relationships with colleagues 
and institutions across Europe, and especially in Basel, 
where he was based in the early 1900s. Among others, 

Forsyth Major was a correspondent of Charles Darwin 
(Cioppi & Dominici, 2011; Dominici & Cioppi, 2012), 
who reported about their exchanges on different subjects 
in the (much improved) second edition of The Descent of 
Man published in 1874. 

Forsyth Major’s special interest was mostly focused 
on Primates. His first publication (Forsyth Major, 1872) 
was devoted to Italian fossil primates, and soon afterwards 
he reported about the mammal fauna associated with the 
fossil primate Oreopithecus bambolii (Forsyth Major, 
1873). Later on (Forsyth Major, 1880) he expressed his 
opinion on the fossil hominoid status of the Late Miocene 
“enigmatic” Oreopithecus bambolii (albeit in a paper 
dealing with fossil horses). Between 1910 and 1914, 
Forsyth Major recovered abundant fossil collections in 
Sardinia and Corsica. Among these samples, the collection 
from the locality of Capo Figari (north-eastern Sardinia), 
which he sampled through systematic excavation, 
stands out. From this site comes an extraordinary rich 
collection of primate remains (mostly housed in the Basel 
Naturhistorisches Museum), which were classified as 
belonging to the genus Macaca by Forsyth Major (1913) 
himself, although he never described these fossils in detail. 
A small sample of Macaca from Capo Figari housed in 
Florence was described about 40 years later by Azzaroli 
(1946), who named the species Macaca majori after the 
family name of its discoverer (cfr. Rook & O’Higgins, 
2005). After his Florentine experience, while working 
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in London at the British Museum (Natural History) 
collections, the interest in fossil primates brought him to 
deal with material from Madagascar (Jenkins & Carleton, 
2005). He studied both extant and extinct lemurs, which 
led to the erection of the new family Megaladapidae, the 
genus and species of extinct giant lemur Megaladapis 
madagascariensis, and some new species of the 
genera Lepilemur and Cheirogaleus (Forsyth Major, 
1893,1894a,b, 1896).

Samples collected during his Italian field surveys 
are now housed in several museums, amongst others the 
Natural History Museum in London (United Kingdom), 
the Collège Gaillard in Lausanne (Switzerland), and the 
Basel Naturhistorisches Museum (Switzerland). The 
present paper describes a previously unreported isolated 
tooth of Mesopithecus belonging to the Forsyth Major 
collection kept in the Basel Naturhistoriches Museum 
(NHMB).

THE GENUS MESOPITHECUS

Mesopithecus Wagner, 1839 is the oldest cercopithecoid 
genus from Europe. It is first recorded in a few 
putative Vallesian localities (albeit this dating has been 

questioned; cfr. Andrews et al., 1996), and subsequently 
unambiguously recorded from the early Turolian (MN11) 
onwards (Szalay & Delson, 1979; Jablonski, 2002). The 
first appearance datum of Mesopithecus thus postdates the 
divergence time between African and Asian colobines, 
which is estimated on molecular grounds at around 10.8-
9.5 Ma (Sterner et al., 2006; Ting, 2008). First tentatively 
considered to be more closely related to Asian colobines, 
mainly on biogeographic grounds (Szalay & Delson, 1979; 
Delson, 1994), most recently a closer relationship with 
the douc langurs from Southeast Asia (genus Pygathrix) 
has been favored by cladistic morphologic analyses 
(Jablonski, 1998, 2002). However, while extant colobines 
are restricted to Asia and Africa (Davies & Oates, 1994), 
Mesopithecus has been recovered from Western Europe 
to Central and South Asia during the Late Miocene 
(Szalay & Delson, 1979; Jablonski, 2002; Koufos, 2006, 
2009a,b; Harrison & Delson, 2007; Jablonski et al., 2011) 
and appears to have survived in Europe until the Early 
Villafranchian (Late Pliocene; Pradella & Rook, 2007). 

A distinction is currently drawn between two European 
Mesopithecus species, which differ in chronological 
range, overall size and dental proportions, and apparently 
the degree of terrestrial adaptation (Szalay & Delson, 
1979; Jablonski, 2002): the Late Miocene Mesopithecus 
pentelicus Wagner, 1839, and the Pliocene Mesopithecus 
monspessulanus (Gervais, 1849). Both species might have 
briefly coexisted during the latest Turolian (MN13) (de 
Bonis et al., 1990, 1997; Koufos et al., 2004; Delson et 
al., 2005). A third European species, Mesopithecus delsoni 
de Bonis et al., 1990, has also been recognized based on 
some larger remains from Greece and Bulgaria (de Bonis 
et al., 1990, 1997; Koufos et al., 2003), although several 
authors have considered it a junior subjective synonym 
of M. pentelicus (Zapfe, 1991; Delson, 1994; Andrews et 
al., 1996). This taxonomic issue is further complicated 
by the recognition of numerous purported intermediate 
forms between M. delsoni and M. pentelicus (e.g., Koufos 
et al., 2004). Pending a thorough revision of the genus, 
the former taxon is provisionally considered here as a 
valid species, whereas the purported intermediate forms 
from Bulgaria and Greece - variously referred to as M. 
cf. pentelicus, M. aff. pentelicus, M. cf. delsoni, M. aff. 
delsoni and/or M. delsoni/pentelicus (see de Bonis et al., 
1997; Koufos et al., 2003, 2004; Koufos, 2006, 2009a,b) 
- have been left unassigned as Mesopithecus sp.

MESOPITHECUS IN THE LATE TUROLIAN 
OF ITALY

Rook (1999) published a review of the Mesopithecus 
record in the Turolian of Italy, where the genus occurs 
in four localities: Brisighella (Faenza, Romagna), 
Baccinello V3 (Grosseto, Tuscany), Casino Basin (Siena, 
Tuscany) and Gravitelli (Messina, Sicily). Forsyth Major 
(1877) first reported the occurrence of “Semnopithecus 
monspessulanus” from Casino, and of the 9 specimens 
known from the locality, three are kept in the Natural 
History Museum (London) labelled as “From Dr. Major’s 
room’’ (cfr. Rook, 1999). 

The collections of the Basel Naturhistorisches Museum 
keeps, among the fossil collection from the Late Miocene 

Fig. 1 - This portrait of Charles Immanuel Forsyth Major may be 
found in the portrait gallery of eminent geologists and paleontologists 
in the Earth Sciences Department, University of Florence (Photo by 
Saulo Bambi, Florence Natural History Museum).
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of Tuscany, an isolated Mesopithecus tooth associated with  
hand-written label (Fig. 2). 

This specimen was actually registered within the 
NHMB collections in 1926 and the provenance was given 
by Stehlin as “unknown provenance, maybe from the 
lignite of Casino near Siena”. Because 1923 corresponds 
to the year Forsyth Major passed away, the year notated 
on the labels may accord with the fact that just after his 
death, all Forsyth Major’s collections left in his working 
space or office in Basel were included within the Museum 
collections. Stehlin’s guess that the tooth could be from 
the Casino lignites is most probable, since this locality 
was well known to Forsyth Major (1875, 1877, 1879, 
1899) and has produced other Mesopithecus specimens. 
As a matter of fact Forsyth Major described two “new 
species” from the Casino lignites (Prolagus elsanus and 
Euprox elsanus), but these taxa are not valid because 
their original description was not accompanied by a 
formal designation of the holotype, and furthermore the 
specimens are no longer available and probably lost (cfr. 
Angelone & Rook, 2012).

Although originally described as Late Miocene in 
age, the Casino faunal assemblage has been subsequently 
considered Early Pliocene on the basis of the occurrence 
of Tapirus and Sus cf. minor (De Giuli et al., 1983; 
Azzaroli et al., 1986). However, the presence of Tapirus 
cf. arvernensis in the Messinian deposits of Baccinello V3 
seems to indicate that this genus was already present in 
Italy at the end of the Turolian (Rook & Rustioni, 1991). 
Moreover, a recent revision of the suid material revealed 
that it is better attributable to the latest Turolian species 
Propotamochoerus provincialis (Gallai & Rook, 2011). 
Furthermore, a detailed geological, sedimentological 
and paleontological study of an exposed sedimentary 
succession in the north-western sector of the Casino/Val 
d’Elsa Basin (Abbazzi et al., 2008) allowed researchers to 
recognise a very complicated tectono-sedimentary history 
of the latest Miocene and Mio-Pliocene transition within 

the Basin, with the continental fossil mammals belonging 
to units attributable to the latest Messinian.

SYSTEMATIC PALEONTOLOGY

Order Primates Linnaeus, 1758
Suborder Anthropoidea Mivart, 1864

Infraorder Catarrhini Geoffroy Saint-Hilaire, 1812
Superfamily Cercopithecoidea Gray, 1821

Family Cercopithecidae Gray, 1821
Subfamily Colobinae Blyth, 1875

Genus Mesopithecus Wagner, 1839

Mesopithecus pentelicus Wagner, 1839
(Fig. 3)

Description - The single tooth (NHMB F.P. 21) 
belonging to the Forsyth Major collection, and possibly 
from the Casino Basin, is an isolated right P4 (Fig. 3). It is 
an almost unworn tooth with a sub-oval occlusal outline. 
The trigonid is much higher than the talonid. In the former, 
two distinct cusps (the protoconid and the metaconid) are 
clearly distinguishable, being joined to one another by a 
transverse crest (the protolophid), which separates the 
small and rounded mesial fovea (trigonid basin) from the 
more extensive and quadrangular talonid basin. The distal 
fovea is closed by a marked distal marginal ridge, with 
no secondary cuspulids at the distobuccal and distolingual 
corners of the crown.

Comparisons - From the same locality three other 
Mesopithecus P4s are documented. The specimen NHMB 
F.P. 21 does not differ morphologically from the other 
specimens, kept in the Museo di Storia Naturale e del 
Terriorio (Calci, Pisa) and attributed to M. pentelicus 
(Rook, 1999). In order to compare the size and proportions 
of the newly reported tooth with other Mesopithecus 
specimens, we relied on an analysis of variance (ANOVA) 
among M. pentelicus from Pikermi, M. pentelicus from 
other localities, and M. monspessulanus from Montpellier 
and other localities, for three standard variables of 
dental size and proportions. ANOVA results confirm the 
presence of statistically significant differences for length 
(p<0.001; F=13.323), breadth (p<0.01; F=6.573) and 
breadth/length index (p<0.05; F=3.551). Post-hoc pairwise 

Fig. 2 - Basel Naturhistorisches Museum collections, label 
associated with the tooth described in this paper. The label (Hans 
Stehlin’s writing) reports: “F.P. 21/? Semnopithecus/P1 inf. dext./
Ohne Provenienz Angabe/ob von Casino?/Sammlung Major 1923” 
[F.P. 21/?Semnopithecus/P1 inf. dext./without Provenance data/
maybe from Casino?/Collection Major 1923].

Fig. 3 - Mesopithecus monspessulanus (NHMB F.P. 21), right P4 
from ?Casino. a) labial, b) occlusal, c) lingual views. Scale bar 
represents 1 cm.
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comparisons (Bonferroni method) further indicate that 
the Pikermi sample does not significantly differ from 
the sample of M. pentelicus from other localities in any 
of the three investigated variables. On the contrary, the 
former sample displays significantly longer (p<0.001) and 
broader (p<0.05) P4 than that of M. monspessulanus, in 
spite of not displaying significant differences regarding 
occlusal proportions (p=0.083). Although a more detailed 
statistical analysis for the Casino sample is precluded by 
small sample size, the above-mentioned results suggest 
that size of the P4 is a valid criterion for distinguishing 
between M. pentelicus and M. monspessulanus. Metrically 
(Table 1; Fig. 4), NHMB F.P. 21 is merely a little bit shorter 
(and hence relatively broader) than other specimens from 
Casino. However, when the variability displayed by M. 
pentelicus is taken into account, it can be concluded 
that the new specimen perfectly fits with this species, 
since all dental measurements fall within the maximum-
minimum ranges for both the type locality (Pikermi) and 
other sites. On the contrary, the newly-reported specimen 
shows greater dimensions than the average values for 
M. monspessulanus, and in particular its buccolingual 
breadth is higher than the maximum values recorded 
for the topotypic population of the latter species and is 
exceeded by only one specimen from another locality. 
On this basis, a taxonomic attribution of NHMB F.P. 21 
to M. pentelicus is favoured here, as previously achieved 
by Rook (1999) for the rest of the Casino sample, which 
further agrees with the late Turolian age estimated for the 
Casino locality. However, it should be taken into account 

Table 1 - Descriptive statistics for three metrical variables (mesiodistal length, maximum buccolingual breadth and breadth/length index) of 
the Mesopithecus P4, comparing the newly-reported tooth from ?Casino (NHMB F.P. 21) to the various species of this genus.

Fig. 4 - Scatter diagram showing the dental proportions of 
buccolingual breadth vs. mesiodistal length of the P4 NHMB 
F.P. 21 from ?Casino compared to other Mesopithecus samples: 
Mesopithecus pentelicus from the type locality; M. pentelicus 
from Casino; M. pentelicus from other localities (Pikermi II, 
Kumanovo, Titov Veles, Maragheh, Maramena, Molayan and 
Kromidovo); M. monspessulanus from Montpellier (type locality); 
M. monspessulanus from other localities (RDB Quarry and 
Dorkovo); M. delsoni from Ravin des Zouaves 5 (type locality); 
and Mesopithecus sp. from several localities (Dytiko 1, Dytiko 2, 
Perivolaki, Vathylakkos 2, Vathylakkos 3, Ravin X, Kalimantsi and 
Hadjidimovo). Measurements were taken from the literature (de 
Bonis et al., 1990; Zapfe, 1991; Mottura & Ardito, 1992; Kullmer 
& Doukas, 1995; Rook, 1999; Koufos et al., 2003, 2004; Delson et 
al., 2005; Koufos, 2006; Pradella & Rook, 2007), measured by the 
authors, or kindly provided by Eric Delson and Nikolai Spassov.

Length (mm) N Mean SD 95% CI Range

NHMB F.P. 21 1 5.8
M. pentelicus (type locality) 42 5.9 0.56 5.7 6.1 5.0 7.1
M. pentelicus (other localities) 13 6.3 0.76 5.9 6.8 5.4 8.0
M. pentelicus (Casino) 3 6.4 0.31 5.6 7.1 6.1 6.7
M. monspessulanus (type locality) 7 4.9 0.71 4.2 5.5 4.0 6.1
M. monspessulanus (other localities) 3 5.5 0.55 4.1 6.8 5.1 6.1
M. delsoni (type locality) 2 5.8 0.81 -1.5 13.1 5.3 6.4
Mesopithecus sp. 21 5.8 0.61 5.5 6.1 4.8 7.3

Breadth (mm) N Mean SD 95% CI Range

NHMB F.P. 21 1 4.8
M. pentelicus (type locality) 42 4.6 0.28 4.5 4.6 4.0 5.2
M. pentelicus (other localities) 13 4.8 0.68 4.4 5.2 4.1 6.6
M. pentelicus (Casino) 3 4.6 0.21 4.1 5.1 4.4 4.8
M. monspessulanus (type locality) 7 4.1 0.11 3.9 4.2 4.0 4.3
M. monspessulanus (other localities) 3 4.6 0.30 3.8 5.3 4.4 4.9
M. delsoni (type locality) 2 5.0 0.04 4.7 5.3 5.0 5.0
Mesopithecus sp. 17 4.6 0.42 4.4 4.9 3.8 5.4

Breadth/length index (%) N Mean SD 95% CI Range

NHMB F.P. 21 1 82.8
M. pentelicus (type locality) 42 77.6 7.66 75.2 80.0 63.6 94.5
M. pentelicus (other localities) 13 76.5 9.15 71.0 82.0 61.6 95.3
M. pentelicus (Casino) 3 71.8 1.97 66.9 76.6 69.8 73.8
M. monspessulanus (type locality) 7 84.3 11.06 74.0 94.5 70.5 99.8
M. monspessulanus (other localities) 3 83.4 2.69 76.7 90.1 80.3 85.3
M. delsoni (type locality) 2 86.3 12.65 -27.4 200.0 77.3 95.2
Mesopithecus sp. 17 80.0 10.16 74.8 85.2 64.4 101.9
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that the maximum-minimum ranges for both length and 
breadth of the P4 largely overlap between the two species, 
so that a clearcut distinction between them on the basis of 
this single tooth is not possible.

SUMMARY AND CONCLUSIONS

Charles Immanuel Forsyth Major was a Scottish 
physician turned mammalian paleontologist of the late 
1800’s and early 1900’s, with special interest in fossil 
primates. He collected mainly in the Italian later Cenozoic 
and gave his collections to museums in Florence, London 
and Basel. One specimen that he apparently collected, 
perhaps in the Casino Basin (Siena, Italy) is a previously 
unreported P4 of the colobine monkey Mesopithecus, 
housed at the Basel Naturhistorisches Museum. It is 
described here. Like previously described remains of the 
same provenance (Rook, 1999), the newly reported tooth 
fits well with the sample from Pikermi (the type locality 
of M. pentelicus) as well as from other localities where 
this taxon has been reported. On this basis, and further 
taking into account the probably late Turolian age of the 
specimen, it is here attributed to M. pentelicus. It should 
be noted, however, that a clearcut distinction between the 
latter taxon and the Pliocene species M. monspessulanus 
is not possible on the basis of P4 size and proportions 
alone. Thus, although we show here that the two species 
statistically differ in this regard, with M. monspessulanus 
distinguished by smaller dental dimensions, both species 
considerably overlap, thus precluding a conclusive 
assignment on the basis of a single, isolated lower fourth 
premolar.
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