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The stratigraphic subdivision of the Karoo Supergroup of South Africa has been addressed for more than a century by various
geoscience studies. A lack of good lithostratigraphic markers in the Beaufort Group and the fact that the succession preserves a rich
diversity of therapsid fossils for which there is a robust taxonomic scheme, make biostratigraphy the best option for correlation. This is
applicable both within the basin and when comparing the Karoo succession to other coeval depositional basins. Published
biostratigraphic maps of the Beaufort Group were compiled based on rough estimates of the distribution of zone-defining tetrapod
fossil genera throughout the basin. None of these simultaneously utilized all the databases of South African museum collections. The
recent application of GIS technology to integrate the vertebrate fossil databases of all South African museums has resulted in a far more
precise biozone map which can be continuously updated as new information is received. This digital map introduces an entirely new
way of representing the geographical distribution of fossil data, and thus can potentially enhance basin development and tetrapod

INTRODUCTION
Biostratigraphy

The rocks of the Beaufort Group (Adelaide and
Tarkastad subgroups) of the Karoo Supergroup cover
approximately 60% of the surface of South Africa and
comprise an approximately 3000 m thick succession of
predominantly sedimentary rocks that are richly
fossiliferous. Absolute ages for the Beaufort Group are not
well constrained, with current dates based mainly on
faunal correlations. The oldest stratigraphic units are
considered Middle Permian (Kazanian) (Rubidge 1995a)
and the uppermost strata as Middle Triassic (Anisian)
(Ochev & Shishkin 1989; Hancox et al. 1995; Hancox &
Rubidge 1996, Hancox 1998).

The global importance of the Beaufort Group is largely
due to its remarkable assemblage of tetrapod fossils repre-
senting one of the best preserved ecological assemblages
of pre-mammalian (therapsid) terrestrial vertebrates in
the world (Keyser & Smith 1979), and the succession is
held by many to be the global biostratigraphic standard
for the non-marine Permo-Triassic (e.g. Shishkin et al.
1995; Lucas 1998). Furthermore, the rocks of the Beaufort
Group preserve one of the most complete and best-
studied non-marine Permo-Triassic (PT) boundary
sequences globally (Smith 1995; Ward et al. 2000; Smith &
Botha 2005; Botha & Smith 2006). These boundary sections
preserve the terrestrial record of the Permo-Triassic extinc-
tion event — the greatest mass extinction event experienced
on Earth (Erwin 1993, 1994, 2006).

Tetrapod fossils (particularly therapsids) have long been
used for biostratigraphic subdivision and correlation of
the Group which is especially useful because of the scarcity
of basin-wide lithostratigraphic marker beds (Broom
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1907a, 1909; Haughton 1924, 1963, 1969; Kitching 1970,
1972, 1977, 1984; Keyser & Smith 1979; Keyser 1979;
Rubidge 1995b; SACS 1980). The few major lithological
boundaries that have been traced throughout the basin
have been shown to be diachronous (Keyser 1979),
whereas the biozones are considered to closely approximate
time lines (Rubidge 2005). Dicynodonts, the dominant
herbivores of the Permian and early Triassic, are the most
abundant fossil tetrapod taxon in the Beaufort Group
and for this reason they are used as index fossils for the
majority (five of the eight) of the currently recognized
vertebrate biozones (Hancox & Rubidge 1997). Moreover,
due to their abundance, dicynodonts have great potential
for global correlation and have therefore been used in
a number of previous biogeographic studies and bio-
chronological schemes (Cooper 1982; Cruickshank 1985,
1986; Lucas 1990, 1993, 1995, 1998; Shishkin & Ochev 1992;
De Fauw 1993).

Following is a summary of the history of work on the
biostratigraphy of the Beaufort Group (Table 1) since Seeley
(1892) proposed the first biostratigraphic subdivision of
the Karoo which included three zones. Broom (1907b,
1909) refined the biozonation of Seeley by recognizing six
subdivisions. Watson (1914a) agreed with Broom'’s subdi-
vision and was the first to indicate the distribution of these
units (which he termed ‘zones’) on a map. Later he replaced
the Pareiasaurus Zone with the Tapinocephalus Zone
(Watson 1914b), and an updated biozone distribution map
was published in 1940 by von Huene. Hotton & Kitching
(1963) pointed out that Procolophon occurs throughout the
Lystrosaurus Zone and suggested that a separate overlying
Procolophon Zone was not valid. Kitching (1970, 1977)
introduced the Daptocephalus Zone to encompass the
strata between the level where Cistecephalus became
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Table 1. Table showing the historical progression of Beaufort Group biozonation.

Beds Zones Assemblage Zones
Broom (1906) Watson (1914 a, Kitching (1970, 1977) Keyser & Smith (1979) Keyser (1979) Current Biozonation
modified 1914b) SACS (1980) Rubidge (1995b)
Cynognathus Cynognathus Cynognathus Kannemeyeria Kannemeyeria Cynognathus
Diademodon
Procolophon Procolophon Lystrosaurus Lystrosaurus Lystrosaurus Lystrosaurus
Thrinaxodon
Lystrosaurus Lystrosaurus
Daptocephalus Dicynodon lacerticeps Dicynodon lacerticeps Dicynodon
. . Whaitsia
Kistecephalus Cistecephalus
Aulacephalodon baini Aulacephalodon Cistecephalus
Cistecephalus
Endothiodon Endothiodon Cistecephalus
Tropidostoma microtrema Tropidostoma Tropidostoma
Endothiodon
Pristerognathus/Diictodon Pristerognathus/Diictodon | Pristerognathus
Pareiasaurus Tapinocephalus Tapinocephalus
Dinocephalian Dinocephalian Tapinocephalus
Eodicynodon

extinct and the first appearance of Lystrosaurus, and
discarded Broom'’s Endothiodon and Procolophon Zones.
Kitching (1977) also produced a map showing zone-
defining fossil localities. Keyser & Smith (1979) proposed a
more refined vertebrate biozonation (and accompanying
biozone map) for the Beaufort Group in the western part
of the basin and linked their assemblage zones to the litho-
stratigraphic scheme proposed by SACS (1980). The dis-
covery of a tetrapod fauna from below the Tapinocephalus
Assemblage Zone (Rubidge 1984; Rubidge et al. 1983;
Rubidge et al. 1994) led to the erection of the Eodicynodon
Assemblage Zone, which is currently the oldest vertebrate
biozone of the Beaufort Group (Rubidge 1990, 1995a).
Following the recommendations of the International
Stratigraphic Guide (ISSC 1976), the names of the assem-
blage zones that were accepted by SACS (1980) incorpo-
rated two genera. The most recent biostratigraphic
scheme of the Beaufort Group which recognized eight
biozones (Rubidge 1995b) follows the most recent nomen-
clatorial practice of the ISSC (1994) and uses only one
taxon name in defining a biozone. This biozonation was
represented in map form (Rubidge 1995b) and has since
been the standard reference for the biozones of the Beaufort
Group. The method used to create this map was manual
drawing by enhancing the biozone maps of Kitching
(1977) and Keyser & Smith (1979). This was essentially an
exercise in outlining diagnostic fossil localities on an
A3-sized map with a consequent low-level resolution.
Over the past 15 years many more fossils from the Beaufort
Group with quantifiable provenance data have been
accessioned into museum collections and provide the
impetus for a reassessment of biozone boundaries. In
addition, since 2007 a GIS database has been built up
incorporating data relating to all fossil specimens from the
Beaufort Group which are curated in South African

2

palaeontological collections (Nicolas 2007; Nicolas &
Rubidge 2009) and is an excellent tool to produce an
updated biozone map.

MATERIALS AND METHODS

To produce the refined biozonation map from the GIS
locality data, each biozone had to be defined in terms of
key or ‘marker” genera. Filtering for key genera allowed
for biozone boundaries from the database to be defined.
Ideally the lowermost boundary of a biozone is marked by
the first appearance datum (FAD) of a key taxon, but in
practise this is not always practical in the Beaufort
biozonation scheme, which is based on assemblage zones,
as the stratigraphic range of some biozone defining fossils
are not necessarily restricted to the Assemblage Zone
named after them. The diagnostic taxa utilized to define
the individual biozones were taken from data presented
in Rubidge (1995b), but in order to circumscribe the lower
boundary of each biozone on the map the criteria set out
in Table 2 were used.

Although ArcGIS allows for complex spatial analyses,
numerous obstacles relating to data quality were encoun-
tered that presented barriers to the generation of biozone
boundaries. These were:

1) Quality of the locality data. For older collections this
often constitutes a farm name only. These are repre-
sented on the GIS map as farm centroids (Nicolas
2007). A farm covering two or more biozones may thus
group genera from different biozones at a single point.
Problematic localities were checked and topography
examined to deduce the cause and nature of such
apparent overlaps.

2) The relationship between geology and topography. At locali-
ties of high relief, the surface area of each biozone
represented on the map is much smaller than when

ISSN 0078-8554 Palaeont. afr. (December 2010) 45: 1-5
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Table 2. Criteria used to circumscribe lower boundaries of biozones shown on the map.

Assemblage Zone

Criteria used to circumscribe lower boundary

Eodicynodon
Tapinocephalus
Pristerognathus
Tropidostoma
Cistecephalus
Dicynodon
Lystrosaurus
Cynognathus

Ecca-Beaufort boundary

Last appearance of Eodicynodon, Australosyodon and Tapinocaninus
Last appearance of dinocephalians, presence of Pristerognathus
First appearance of Tropidostoma with presence of Endothiodon
First appearance of Aulacephalodon with presence of Cistecephalus
Presence of Dicynodon, Daptocephalus absence of Cistecephalus
Last appearance of Dicynodon, Daptocephalus

First appearance of Trirachodon and Cynognathus

exposed on flat ground. The orientation of topographic
features, such as escarpments, relative to dip is also
important as this defines whether the zone remains at
a constant level or alters in height laterally. This meant
that without sophisticated three-dimensional model-
ling the accurate mapping of biozone boundaries was
not possible, evenif all locality input data was exact. As
a result, biozone boundaries were drawn digitally
utilising overlays of fossil genus localities, as well
topographic and geological maps. In areas of great
fossil abundance accuracy is highest, but for many
areas, particularly in the Free State and eastern portion
of the Eastern Cape provinces, this could not be
achieved as there is a dearth of collecting localities. In
these places, where fortuitously the strata are relatively
horizontal, biozone boundaries were established
through extrapolation by following mapped contour
lines from one locality to the next. In a few instances
where fossil localities are separated by tens of kilometres
and the topography is complex as a result of folding of
the strata or dolerite intrusions, biozone boundaries
were traced by assessing lithostratigraphic boundaries.
It should be noted that neither topography nor geology
are always reliable features to follow because of the dip
of beds and the diachroneity of lithostratigraphic
boundaries. However, in the absence of fossil data, this
method provides the best approximation.

There are some spurious specimen localities in the data-
base that are aberrant compared to surrounding data
points and cannot be explained by the farm centroid
effect. Possible causes include the presence of an outlier of
another biozone, specimen misidentification, the specimen
not being in situ or incorrect cataloguing. In areas without
physical deformation and flat topography, the former
could be ruled out with confidence. Specimens with appar-
ently anomalous localities that could not be explained by
relief or physical deformation had their provenance and
description data checked. If they were incorrectly situated
then they were either moved to the correct locality or, if
their true provenance could not be determined, ignored.
Any specimens that were correctly situated but the authors
remained unconvinced of their identity, were ignored and
listed to be reidentified at a later date.

DISCUSSION

The new, GIS-based biozone map (Fig. 1) shows rela-
tively few large-scale changes compared to its published
precursors (Rubidge 1995b). The termination of the
Tapinocephalus AZ close to the town of De Aar is an edu-

4

cated estimation because of the absence of dinocephalian
fossils further north. The exact position of the boundary
here is unknown due to a lack of collecting and the
Ecca-Beaufort boundary at the nearest site to the north at
Somersfontein near Philippolis is known to be Pristerog-
nathus AZ (Welman et al. 2001). Also, small biozone outli-
ers which usually coincide with high hills, have been
acknowledged where fossil evidence illuminates their po-
sition. Previously these occurrences were too small-scale
tobe mapped, but the far higher resolution of the new dig-
ital map now makes this possible.

Despite the caveats discussed above, it is clear that the
use of GIS greatly increases the achievable accuracy and
ultimately the utility of the resulting digital map. It can be
viewed at both small-scale, for the observation of broad
overall patterns, and at large-scale for the assessment of
smaller areas. It will be useful to identify areas where
collecting has been sparse and the need for further research
is greatest, as well as those locations where the boundary
is best visible. One of the foremost applications, at least in
the early stages, will be to draw attention to misidentified
specimens, or specimens identified long ago using out-
dated characters.

This is an ongoing project. The GIS database, which is
housed and curated at the BPI Palaeontology (University
of the Witwatersrand, Johannesburg), will be updated
continuously to include nomenclatorial modifications of
existing specimens as well as the inclusion of new acquisi-
tions to collections. The map is available at http://
web.wits.ac.za/Academic/Science/GeoSciences/BPI/ .
Updating metadata will increase the accuracy of the map
and provide an accessible record in 2D and ultimately in
3D. Use of this kind of spatial modelling will revolutionize
the way biozones are mapped and will ensure thatall new
data are recorded in a systematic and centralized manner.
The final product will serve as an up-to-date representa-
tion of the surface expression of vertebrate fossil assem-
blage zones of the main Karoo Basin in South Africa.

Setting up the Karoo fossil GIS database has been a long-term project which would
not have been possible without the cooperation and enthusiasm of the curators of
all the Karoo fossil collections in South Africa. We record our gratitude to Sheena
Kaal and Roger Smith (Iziko South African Museum), Billy de Klerk (Albany
Museum), Richard, Robert and Marion Rubidge (Rubidge Collection), Elize Butler
and Jennifer Botha-Brink (National Museum), Bernhard Zipfel (BPI Palaeontol-
ogy), Heidi Fourie (Transvaal Museum) and Johann Neveling and Ellen de Kock
(Council for Geoscience). We are greatly indebted to Cynthia Kemp for the many
hours she spent painstakingly editing and updating records. We also record our
gratitude to the Palaeontological Scientific Trust (PAST), the Department of Science
and Technology (DST), and the (National Research Foundation) NRF for providing
funding. We are grateful to Jennifer Botha-Brink and an anonymous reviewer for
improving the manuscript.
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Elliot Formation, Early Jurassic.

The purpose of this article is to preserve the usage of the binomen Massospondylus carinatus by designating a neotype specimen.
Massospondylus is the most abundant basal sauropodomorph dinosaur from the Early Jurassic strata of southern Africa. This taxon forms
the basis for an extensive palaeobiological literature and is the eponym of Massospondylidae and the nominal taxon of a
biostratigraphical unit in current usage, the ‘Massospondylus Range Zone’. The syntype series of M. carinatus (five disarticulated and
broken vertebrae) was destroyed during World War II, but plaster casts and illustrations of the material survive. Nonetheless, these
materials cannot act as type material for this taxon under the rules of the ICZN Code. In order to avoid nomenclatural instability, we
hereby designate BP/1/4934 (a skull and largely complete postcranial skeleton) as the neotype of Massospondylus carinatus.

Keywords: Dinosauria, Sauropodomorpha, Massospondylidae, Massospondylus, Massospondylus carinatus, neotype, South Africa, upper

INTRODUCTION

Richard Owen described and named Massospondylus
carinatus (1854, p. 97) with carinatus as the type species of
the genus by monotypy. The original description lacked
illustrations and was based on part of a collection of
56 disarticulated fossil reptile bones that were donated to
the Hunterian Museum of the Royal College of Surgeons,
London. These bones were collected from the farm
Beauchef Abbey 215 in the Harrismith District of what is
now the Free State Province, South Africa (Kitching &
Raath 1984). Although the type stratum was not recorded
only the upper member of the Elliot Formation is accessible
at the type locality (Kitching & Raath 1984). Owen posi-
tively ascribed five vertebrae to M. carinatus (Owen 1854:
catalogue numbers 331-335), although 13 others (336-337,
349-350, 352, 354, 358-364) were referred to this taxon
with some reservations. No holotype was designated.
Consequently specimens 331-335 form the syntype series
of this taxon.

The syntype series was destroyed when the Hunterian
Museum was hit during a bombing raid on 10 May 1941,
but many of the bones were illustrated by Lydekker
(1890), Seeley (1895) and von Huene (1906), and a series of
casts of the syntypes still survive and are housed in the
Iziko South African Museum, Cape Town, South Africa
(SAM PKC 958-62), and the Natural History Museum,
London (NHMUK R3027-8).

Owen (1854) proposed two additional binomials, based
upon other bones from the same collection: Pachyspondylus
orpeni (Owen 1854, p. 99) and Leptospondylus capensis
(Owen 1854, p. 100). As noted by Seeley (1895), these taxa
were based on caudal vertebrae that may represent the
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same taxon, possibly even the same individual, as at least
some of the syntype series of Massospondylus carinatus.
Their initial separation from Massospondylus carinatus
was based on Owen’s mistaken belief that the cervical
vertebrae in the syntype series were caudals. Seeley (1895,
pp- 103-104), acting as first reviser, affirmed the priority of
Massospondylus carinatus and relegated Pachyspondylus
orpenii and Leptospondylus capensis to the status of nomina
dubia that may be junior synonyms of Massospondylus
carinatus. All subsequent works that mention P. orpenii
and L. capensis continue to treat these two taxa as nomina
dubia that cannot be distinguished from Massospondylus
carinatus (von Huene 1906; Broom 1911; Steel 1970;
Cooper 1981; Galton 1990; Galton & Upchurch 2004; Sues
et al. 2004).

Four other species in the genus Massospondylus
(M. browni Seeley 1895; M. harriesii Broom 1911;
M. schwarzi Haughton 1924; and M. kaalae Barrett 2009)
have been named subsequently; the earlier three are
based on fragmentary postcranial specimens from the
upper part of the Elliot Formation. With the exception of
M. kaalae, which is retained as a valid taxon, these taxa are
currently regarded as either nomina dubia or junior subjec-
tive synonyms of M. carinatus Owen (e.g. Cooper 1981;
Galton & Upchurch 2004). Numerous other taxa (Hortalo-
tarsus skirtopodus Seeley 1894; Aetonyx palustris Broom
1911; Aristosaurus erectus Van Hoepen 1920a; Dromico-
saurus gracilis Van Hoepen 1920b; Gryponyx taylori
Haughton 1924; and Thecodontosaurus dubius Haughton
1924), also from the upper Elliot Formation or the overly-
ing Clarens Formation, are similarly regarded as junior
subjective synonyms of M. carinatus or nomina dubia that
are indistinguishable from M. carinatus.



THE NEED FOR A NEOTYPE

Examination of the surviving plaster casts indicates that
the original syntype series is inadequate for diagnosing a
genus and species of basal sauropodomorph. All of the
diagnostic characteristics currently applied to Massos-
pondylus carinatus are features of the skull (Sues et al. 2004)
and the syntype series preserves no cranial material. A
prominent muscle scar on the lateral surface of the
midshaft of the fibula has also been proposed as an
autapomorphy of this taxon (Galton & Upchurch 2004).
However, this character is widespread amongst basal
sauropodomorphs and cannot be determined in the
syntype series, which includes only vertebrae. Indeed the
syntypes are so inadequate that it is not possible to deter-
mine with confidence whether or not they belong to the
more inclusive taxon Massospondylidae. This problem
could be solved by designating Massospondylus carinatus a
nomen dubium and re-instating the next available genus
and species name based on diagnostic material. Unfortu-
nately, only M. kaalae is based on a specimen that includes
adequate skull material and this appears to be distinctive
and unlike any of the other skulls referred to M. carinatus
to date. None of the other named taxa displays any of the
characters that are currently used to diagnose Masso-
spondylus carinatus. Although it is likely that a relatively
complete postcranium will display a unique combination
of character states, none of the available names are based
on sufficiently complete material. If Massospondylus is to
be rendered a nomen dubium the only course left in strict
accord with the code is to erect a new name for the set of
specimens universally recognized as M. carinatus and to
base this new name on one of several relatively complete
specimens that include a well-preserved skull (e.g.
BP/1/4779, BP/1/4923, BP/1/5241 or SAM-PK-K1314, for
skulls see Gow et al. 1990; Sues et al. 2004; Barrett & Yates
2006).

Massospondylus carinatus has been regarded as the domi-
nant vertebrate taxon of the upper Elliot Formation since
its description. Due to its abundance, the biostratigraphical
unit at the top of the Karoo succession in southern Africa
has been designated the ‘Massospondylus Range Zone’
(Kitching & Raath 1984), which is a term in general usage
(e.g. Smith & Kitching 1997; Barrett 2004; Bordy et al. 2004;
Sidor & Hancox 2006). Furthermore, the abundance of
high quality material has enabled numerous palaeobio-
logical studies that refer these specimens to the binomen
Massospondylus carinatus. These include general anatomical
studies (Cooper 1981; Gow 1990; Gow et al. 1990; Sues et al.
2004, Barrett & Yates 2006), detailed cranial anatomy
based on CT-scanning (Sereno et al. 2007; Holliday &
Witmer 2008), bone histology and growth trajectories
(Chinsamy 1993), feeding ecology (Raath 1974; Cooper
1981; Crompton & Attridge 1986; Barrett 2000), nesting
and possible parental behaviour (Reisz et al. 2005), egg-
shell microstructure (Zelenitzky & Modesto 2002) and
embryological anatomy and growth allometry (Reisz et al.
2005). Lastly, Massospondylus has been a mainstay of
numerical cladistic analyses of sauropodomorph dino-
saur phylogeny (Upchurch 1995; Sereno 1999; Benton
et al. 2000; Yates 2003, 2004, 2007; Yates & Kitching 2003;
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Galton & Upchurch 2004; Smith & Pol 2007; Upchurch
et al. 2007; Martinez 2009). To rename the taxon would
create widespread confusion by referring to a large set of
material, widely known as Massospondylus carinatus, to a
new unfamiliar binomen, with any new taxon name
obscuring the relationship between these specimens and
this large body of work.

Massospondylus is also the eponym of the family group
name Massospondylidae (von Huene 1914, p. 13) which is
in current use in dinosaur systematics (Galton 1990;
Sereno 1999; Yates 2003, 2007; Smith & Pol 2007; Martinez
2009) and renaming Massospondylus would also necessi-
tate destabilizing higher sauropodomorph taxonomy by
requiring the replacement of Massospondylidae.

One mightargue thatif all basal sauropodomorphs from
the upper Elliot Formation are referable to a single species,
then the inadequacy of the syntypes is not an issue, since
we can be confident that they belong to the same taxon
that the name is being applied to. However, this is not the
case. Although the recent literature treats the genus as
monotypic, there are now indications that several basal
sauropodomorph taxa are present in the upper Elliot
Formation (Yates et al. 2007) and more than one species is
present within the Massospondylus sample from the upper
Elliot Formation (Barrett 2009). Without an adequate type
specimen it is currently impossible to correctly decide
which of these species might represent M. carinatus as
based on its syntype series.

Sues et al. (2004, p. 240) suggested that it was advisable to
designate a neotype specimen for Massospondylus
carinatus but noted that this action would have to wait
until a “comprehensive revision of all basal sauropodo-
morphs from the ‘Stormberg Group’ of South Africa”.
However, as we note in the preceding paragraph, the lack
of a neotype is actually impeding the progress of this revi-
sion. Sues et al. (2004) suggested BP/1/4934 as a candidate
neotype specimen, but it should be noted that this pro-
posal does not qualify as a formal neotype designation as
it does not fulfill all of the requirements of Article 75 of the
ICZN Code (ICZN 1999).

The plaster casts of the syntype specimens cannot act as
type specimens under the auspices of the ICZN code,
which states clearly that type specimens must represent
actual specimens, rather than copies or illustrations
thereof (Article 72.5: ICZN 1999). As there is good docu-
mentary evidence that the syntype series of Massospondylus
carinatus has been destroyed it is necessary and appropriate
to designate a neotype for this taxon, under Article 75 of
the Code (ICZN 1999). Such designations can be made
without a formal ruling from the ICZN Commissioners
(ICZN 1999; S. Nikolaeva, pers. comm. 2009).

SUGGESTED NEOTYPE

Here, we formalize the suggestion of Sues et al. (2004)
and propose a neotype specimen for Massospondylus
carinatus. BP/1/4934 is a well-preserved articulated skeleton,
including a skull (Fig. 1). It is preserved in the collections
of the Bernard Price Institute for Palaeontological Research,
which maintains an active research collection, has adequate
facilities for preserving type specimens and will make the
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Figure 1. BP/1/4934 the proposed neotype of Massospondylus carinatus Owen. A, Skull in right lateral view; B, skull in left lateral view; C, skull in
occipital view; D, skull in dorsal view; E, skull and postcranial skeleton as displayed at the Bernard Price Institute in 2001. Scale bar in A-D = 100 mm;

scale bar in E = 500 mm.

proposed neotype accessible for study by other researchers.
The skull of this individual has been figured and described
in detail (e.g. Gow et al. 1990; Sues et al. 2004) and a figure
of the postcranial skeleton has also been published
(MacCrae 1999, p. 203). The specimen is widely acknowl-
edged to be an individual of Massospondylus carinatus in
the literature and possesses the characteristic features that
have been proposed to distinguish this taxon from other
basal sauropodomorph dinosaurs (e.g. Gow et al. 1990;
Sues et al. 2004; Barrett 2009; see also references cited
therein). Moreover, all features of BP/1/4934 are consistent
with those that have been illustrated or described for the
original syntype series of M. carinatus. No other binomen
has ever been applied to this individual. The specimen
was collected on the farm Bormansdrift, in the Clocolan
District of the Free State Province from the upper part of
the Elliot Formation and thus comes from the same stratum
as the original syntypes. Fixation of BP/1/4934 as the
neotype will solve the above-mentioned problems with
no disruption to the existing usage of either the genus
name Massospondylus or the binomen Massospondylus
carinatus.
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The early Pliocene is a relatively poorly understood period in southern Africa. Fossil deposits such as Langebaanweg (c. 5.0 Ma) and
Makapansgat (c. 2.5 Ma) have each produced large and well-documented faunal assemblages, and it is clear that a significant turnover
of fauna occurred between the early and late Pliocene respectively. However, the temporal separation between Langebaanweg and
Makapansgat represents a significant gap in our knowledge of faunal composition and evolution in the Pliocene of southern Africa. In
2007 we began a programme of excavation at an early Pliocene locality referred to as Matjhabeng (formerly Virginia) in the Free State of
South Africa. With an estimated age of 4.0-3.5 Ma, this site represents a temporal and geographic intermediate between the better
known sites to the north and south. It also represents the only well-documented, river-deposited Pliocene locality in the central interior
of southern Africa. After three years of excavation, we have recovered a diverse fauna that includes fish, amphibians, reptiles, birds and
mammals. Mammals range in size from rodents to mammoths, including an array of proboscideans, perissodactyls and artiodactyls,
alongside rare carnivores. We report here on the macromammalian assemblage recovered to date. In total, we have recognized 29 taxa,
including the oldest Ancylotherium and the oldest Megalotragus fossils in southern Africa. Some of the taxa from Matjhabeng are shared
with Langebaanweg, and others with Makapansgat, confirming the intermediate status of this locality. Isotopic analysis reveals the
earliest indication of extensive grasslands in South Africa, though these grasslands were part of an environmental mosaic that included

significant woodland, and probable wetland, components.
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INTRODUCTION

The early Pliocene of Africa represents a crucial period in
the evolutionary history of the Hominidae, and in East
Africa, numerous fossil localities in Ethiopia, Kenya and
Tanzania sample this time frame (Brunet et al. 2002;
Haile-Selassie et al. 2004; Leakey et al. 1995, 1998; White
et al. 1994, 1995, 2009). However, the same period in South
Africa is relatively poorly known. The site of Langebaanweg
in the Western Cape has produced a particularly rich,
well-documented faunal assemblage dating to approxi-
mately 5.0 Ma (Hendey 1981a,b, 1982). However, the
chronologically closest sites to Langebaanweg with signif-
icant faunal samples are the hominin-bearing caves of the
former Transvaal, such as Makapansgat and Sterkfontein,
both of which fall into the late Pliocene. With dates of less
than 2.5 Ma for these latter sites (Berger ef al. 2002; Latham
et al. 2007; Pickering & Kramers 2010; Walker et al. 2006),
the temporal separation between Langebaanweg and
Makapansgat/Sterkfontein represents a significant gap in
our knowledge of faunal composition and evolution in
the earlier Pliocene of South Africa. What is therefore
needed is a faunal sample from a locality within this time
range.

In 1955, during the course of digging operations to open
anew railway cutting near the town of Virginia in the Free
State, workers uncovered several fossils of an extinct
proboscidean, including a tusk, a molar, and a proximal
ulnar fragment. The site is located on Farm Virginia 448
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(reference map 2826BB; 28°06'39’S, 26°54'56'E), and was
originally referred to as the Virginia Railway Cut Site,
though to avoid confusion with sites outside of South
Africa we have renamed the locality Matjhabeng in honor
of the Municipality in which it resides (Fig. 1). Originally
attributed to a new species, Mammuthus scotti (Meiring
1955), these first fossils were later referred to M. subplanifrons
(Maglio 1973; Maglio & Hendey 1970). Although M. sub-
planifrons is currently poorly defined (Cooke & Maglio
1972; Maglio & Hendey 1970), there are nonetheless
several cranio-dental features that can diagnose the taxon
(Kalb & Mebrate 1993; Maglio 1973). In particular, the
presence of a characteristically curved tusk in the
Matjhabeng specimen renders it one of the most securely
identified Mammuthus individuals in Africa (Coppens
et al. 1978; Maglio 1973). Within the Free State, in fact
within the central interior of southern Africa, the site of
Matjhabeng affords the unique opportunity to examine
the composition of an early Pliocene faunal assemblage
recovered from a horizontally stratified, riverine deposit.

PLIOCENE FAUNAS OF SOUTHERN AFRICA

The remarkable fauna recovered from the site of
Langebaanweg stands in stark contrast to the faunas
recovered from such late Pliocene South African localities
as Makapansgat and Sterkfontein. Langebaanweg is
generally considered to be earliest Pliocene in age at
c. 5.0 Ma (Hendey 1981a,b, 1982), though some have
suggested an even older date of 6.0 Ma (Gentry 1980). The
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Figure 1. Map of South Africa showing the main fossil localities mentioned in the text.

faunal assemblage itself exhibits a number of taxa not
known from elsewhere in southern Africa (Hendey
1976a,b, 1982), and represents a particularly rich and di-
verse animal community (Bone & Singer 1965; Gentry
1974, 1980; Hendey 1970, 1972, 1973, 1976a,b, 1978a,b,
1981a). The majority of Langebaanweg species are extinct,
and include such exceptional taxa as the only ursid
(Agriotherium africanum), okapi (Palaeotragine) and peccary
(Pecarichoerus africanus) known in southern Africa
(Hendey 1976a,b, 1982). Approximately 2 km east of
Langebaanweg is the fossiliferous Bredasdorp Formation,
which includes two separate deposits, Anyskop and
Baard’s Quarry (Hendey, 1978c, 1982). Anyskop appears
to be later Pliocene in age, and comprises mainly land
snail and tortoise shells with rare mammalian fossils
(Hendey 1982). Baard’s Quarry contains highly frag-
mented terrestrial vertebrate fossils that are considered to
be either late Pliocene or early Pleistocene (Gentry 1980;
Hendey 1978c). The first fossil specimen recovered from
Baard’s Quarry was a proboscidean molar fragment that
was referred to M. subplanifrons (Hendey 1978c; Maglio &
Hendey, 1970; Singer & Hooijer 1958). Unfortunately the
specimen has since gone missing, and its identification as
M. subplanifrons is inconclusive (e.g. Maglio 1973). Hendey
(1978c) documented some level of mixing in the Baard’s
Quarry fauna, further complicating age estimation of the
deposit.

The ‘Older Gravels’ of the Vaal River Gravels have
produced a series of haphazardly collected fossils, some of
which possibly exceed 4.0 Ma in age (Butzer et al. 1973;
Helgren 1977, 1979). The majority of the fossils were
collected in the early half of the last century by amateurs
thus only minimal provenance information is available.
Today virtually all of the Vaal River Gravels have been dis-
turbed or destroyed by more than a century of active dia-
mond mining. Although there is no clear relationship
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between fossils attributed to the ‘Older Gravels’, several
important specimens have been described in the past,
including the type specimen of M. subplanifrons (Osborn
1928). On the west coast of South Africa, Kleinzee is a little
known fossil locality located approximately 400 km north
of Langebaanweg in Namaqualand, at the mouth of the
Buffels River. Originally thought to be ‘middle Pliocene’
(Stromer 1931), the site is now considered to be late Plio-
cene or early Pleistocene (Hendey 1970).

The site of Taung in the Northwest Province revealed
the first ever recovered australopith fossil (Dart 1925).
Although the initial consignment of breccia sent to Dart in
1924 included a selection of non-hominin fossils, the asso-
ciation between these fossils and the Taung Child itself is
uncertain owing to the blasting operations that originally
revealed the hominin skull (de Ruiter et al. 2010). Subse-
quent exploration in the 1920s (Hrdlicka 1925) and again
in the 1980s and 1990s (McKee & Tobias 1990) failed to
recover additional hominin remains and the composition
of the animal paleocommunity to which the Taung fossil
belonged remains unknown. The age of the site is esti-
mated at 2.8-2.4 Ma (McKee 1993), though uncertainty
over the actual make-up of the Taung faunal assemblage
makes an accurate age estimate difficult.

Bolt’s Farm is located approximately 2 km southwest of
Sterkfontein, and consists of a series of irregularly exca-
vated gravel pits that have been unsystematically sam-
pled over the past several decades. The majority of the
fossil deposits have been destroyed by gravel mining
activities, and the relationship between recovered fossils
is uncertain. Age estimates range from 4.0-2.0 Ma for
different components of the site, and it is clear that the
Bolt’s Farm complex does not represent a single depositional
unit (Cooke 1991; Senegas & Avery 1998).

Sterkfontein was intermittently excavated between the
1930s and the 1950s (Broom 1951). Beginning in 1966, exca-
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vations that continue to this day have revealed an exten-
sive collection of hominin fossils (Clarke 1998; Lockwood
& Tobias 1999, 2002; Moggi-Cecchi et al. 2006). In addition,
large and diverse faunal assemblages have been recovered
from the various members of Sterkfontein (Brain 1981;
Kibii 2007; Pickering 1999; Pickering et al. 2004; Turner
1987, 1997; Vrba 1976). Member 2 has been dated to
approximately 3.3 Ma using magnetostratigraphy
(Partridge et al. 1999, 2000) and 4.1 Ma using cosmogenic
nuclides (Partridge et al. 2003). However, more recent
estimates based on U-Pb indicate an age of 2.2 Ma
(Pickering & Kramers 2010; Walker et al. 2006), a date that
is more consistent with the fauna recovered from the site
(Berger et al. 2002). Member 4 is estimated to be between
2.0-2.5 Ma (Berger et al. 2002; Delson, 1984, 1988; White &
Harris 1977), with an ESR date of 2.1 Ma falling well within
this temporal range (Schwarcz et al. 1994). The most recent
U-Pb age estimate of 2.6-2.0 Ma for Member 4, with a
probable rapid accumulation of most fossils around
2.2 Ma, supports these latter dates (Pickering & Kramers
2010). A series of infills once collectively referred to as
Member 5, but now separated into 3 discrete deposits
within this Member, are considered Plio-Pleistocene,
aged between approximately 1.4-2.0 Ma respectively
(Kuman & Clarke 2000).

Makapansgat has produced a very large and well-
documented faunal assemblage (Ewer 1956, 1958; Reed
1996; Vrba 1987; Wells & Cooke 1956). Of the four fossil-
bearing Members, only two have produced hominins
(Members 3 and 4). With the exception of the younger and
less completely excavated Member 5, the Makapansgat
deposits can be dated to approximately 2.5 Ma (Delson
1984, 1988; Latham et al. 2007, White & Harris 1977).
Although Makapansgat and Sterkfontein have them-
selves produced several extinct taxa (Reed 1996; Wells &
Cooke 1956), it is clear that a significant turnover of fauna
occurred between the early and the late Pliocene. At the
same time, while primates tend to be relatively abundant
in the Transvaal caves, to date only a single individual pri-
mate has been recovered from Langebaanweg (Grine &
Hendey 1981).

THE MATJHABENG FAUNAL ASSEMBLAGE

In 2007 we began the first systematic excavations at the
site of Matjhabeng, and have now conducted three exca-
vation seasons. We have concentrated our activities in two
principal areas: a 14 X14 m pit on the Farm Virginia 448,
and the erosional faces of the railway cutting itself. To date
we have recovered 903 individually numbered specimens,
representing a diverse assemblage that includes 14 orders,
21 families, and at least 29 discrete taxa (Table 1). At
present the majority of taxa are not identifiable to the level
of the species, though additional materials recovered
continue to refine our taxonomic diagnoses. In this paper
we describe the macromammalian assemblage, while the
micromammalian and non-mammalian assemblages will
be described elsewhere.

Excavations at Matjhabeng follow a complete collection
strategy, as every bone, tooth, or fragment encountered is
retained. Excavation proceeds in 1 X 1 metre squares
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along 10-20 cm depths depending on the sediment being
excavated. Trowels are employed in softer sediments,
while the more heavily cemented gravels require ham-
mers and small probes to remove matrix. All fossils are
point-provenanced when recognized in situ, and are
provenanced to grid squares during sieving. Apart from
overburden sediments, all materials are sieved using
Yi-inch screens. A sample of these sieved sediments is
rescreened using 0.4 mm fine-mesh screens to search for
microfossils. Fossils are cleaned with small brushes,
accessioned, and stored at the National Museum,
Bloemfontein. Dental measurements are recorded for
complete dental specimens using digital callipers, to the
nearest 0.1 cm.

Order PROBOSCIDEA Illiger, 1811
Family ELEPHANTIDAE Gray, 1821

Mammuthus subplanifrons (Osborn), 1928

The original fossils recovered from Matjhabeng in 1955
were attributed to M. subplanifrons (Maglio 1973; Meiring
1955). The majority of mammoth fossils that we have
recovered are isolated enamel fragments, though a com-
plete molar tooth was retrieved in 2007 (MRC 138, Fig. 2).
Although individual mammoth teeth are difficult to iden-
tify, the small size of this specimen suggests it represents a
deciduous tooth, and several features of this tooth align it
with M. subplanifrons. The tooth is broad, with 6 plates.
The plates are relatively thick, with wide intervening
cementum intervals. The enamel averages 3.2 cm thick,
and is relatively unfolded. Each crown is divided into
6-9 apical digitations, with a prominent median cleft on
the first plate. Additional mammoth tooth fragments,
including several relatively complete enamel plates,
support this diagnosis. The recovery of additional M. sub-
planifrons material is important in that it confirms
we are indeed sampling the same area from which the
original Matjhabeng (= Virginia Railway Cut) fossils were
recovered.

Order CARNIVORA Bowdich, 1821
Family HYAENIDAE Gray, 1869

Three tooth fragments were recovered that are similar to
hyaenid specimens from Langebaanweg, including half
of a mandibular incisor (MRC 152), a canine enamel
fragment (MRC 137) and a partial P* (MRC 210). These
remains are too fragmentary to identify beyond the family
level, nonetheless demonstrate the existence of at least
one form of hyaenid at the site.

Family CANIDAE Gray, 1821
cf. Vulpes (A. Smith, 1833)
Two mandible fragments are identifiable as belonging to

a small canid. One fragment is edentulous (MRC 734),
while the other retains a slightly eroded premolar tooth
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Table 1. List of taxa recovered during systematic excavations at Matjhabeng between 2007 and 2009.

Class Order Family Tribe Genus and species
Actinopterygii Order indet.
Amphibia Anura Family indet.
Reptilia Squamata Agamidae Gen. indet.
Varanidae Varanus sp.
Gerrhosauridae Gerrhosaurus sp.
Elapidae Gen. indet.
Testudinata Testudinidae Gen. indet.
Crocodylia Crocodylidae Gen. indet.
Aves Podicipediformes Podicipedidae Gen. indet.
Ciconiiformes Threskiornithidae Gen. indet.
Mammalia Rodentia Bathyergidae cf. Cryptomys
Muridae Gen. indet.
Gerbillinae cf. Tatera
Murinae cf. Aethomys
cf. Euryotomys
Pedetidae Pedetes sp.
Insectivora Soricidae Gen. indet.
Lagomorpha Leporidae Gen. indet.
Proboscidea Elephantidae Mammuthus subplanifrons
Carnivora Hyaenidae Gen. indet.
Canidae Gen. indet.
Perissodactyla Equidae Eurygnathohippus sp.
Chalicotheriidae Ancylotherium sp.
Artiodactyla Giraffidae Sivatherium sp.
Hippopotamidae Hippopotamus sp.
Bovidae Alcelaphini Megulotragus sp.
cf. Damalacra sp.
Reduncini Gen. indet.
Antilopini Gen. indet.
Neotragini Gen. indet.

(MRC 390, Fig. 3). Although the small size of the mandibles
and tooth overlap with some larger viverrids, the premolar
root is robust, rounded, and straight like that seen in
canids. MRC 390 also compares favourably with the small
canids from Langebaanweg that are equivalent in size to
Vulpes (Hendey 1974).

Order PERISSODACTYLA Owen, 1848
Family EQUIDAE Gray, 1821

Eurygnathohippus van Hoepen, 1930

Numerous equid tooth fragments have been recovered,
alongside a complete LP, (MRC 1), a complete RM,
(MRC 845) and an isolated incisor (MRC 496) (Fig. 4). The
premolars are hypsodont, with clearly delineated
ectostylids, and both arms of the preflexids are short and
directed perpendicular to the mesiodistal axes of the
teeth. The incisor is large and cement filled, with an open
infundibulum. Based on these characters, all three of these
teeth can be attributed to the genus Eurygnathohippus,
though a specific diagnosis is not yet possible.

Family CHALICOTHERIIDAE Andrews, 1923

Ancylotherium (Dietrich, 1942)

Two specimens have been attributed to the Chalico-
theriidae, a right calcaneum (MRC 613) and an isolated
tooth cusp (MRC 619). The only chalicothere taxon recog-
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nized in the Pliocene of Africa is Ancylotherium hennigi
(Butler 1978). However, given the fragmentary nature of
most African chalicothere fossils, and our imperfect grasp
of morphological variability in this taxon, we refrain from
assigning our fossils to the species level at present. That
being said, the calcaneum does appear particularly diag-
nostic, as it compares favourably with calcanei assigned to
A. hennigi from Makapansgat (Butler 1978, Webb 1965).
Although itis approximately the same overall size as other
large perissodactyls, such as white (Ceratotherium simum)
and black (Diceros bicornis) rhinoceroses, it is less robustly
built with a relatively slender neck (Fig. 5). Chalicothere
fossils are quite rare in Africa, and Matjhabeng represents
the earliest record of this taxon in South Africa.

Order ARTIODACTYLA Owen, 1848
Family GIRAFFIDAE Gray, 1821

Sivatherium Falconer & Cautley, 1835

Exploration of the eroding banks of the railway cutting
revealed two giraffid specimens, a large ossicone frag-
ment (MRC 650, found by J.S. Brink) and a partial tibia
(MRC 3). Given their close proximity it is possible that
they are derived from the same individual. The large
ossicone fragment is well preserved (Fig. 6), and can be
attributed to the extinct short-necked giraffe Sivatherium.
Since ossicones are generally absent in Sivatherium
females this is likely to be a male individual. Furthermore,
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Figure 2. Mammuthus subplanifrons deciduous molar tooth (MRC 138). Scale bar = 50 mm.

given the relative lack of adornment of the ossicone, it is
probable that this was a relatively young individual (see
Churcher 1978: 525). The tibia is highly fragmented but
appears relatively stout and long.

Family HIPPOPOTAMIDAE Gray, 1821

A single hippopotamus tooth fragment was recovered
(MRC 647), likely representing a premolar. Given the
fragmentary nature of the find, identifying the genus to
which this tooth belongs is difficult. The genus Hippopotamus
has been recognized at Langebaanweg (Hendey 1976a),
while Hexaprotodon is unknown in the earlier Pliocene of
South Africa. On this limited evidence we anticipate that

future, more complete discoveries will confirm a diagnosis
of Hippopotamus sp., though at present we assign this
specimen only to the family Hippopotamidae.

Family BOVIDAE Gray, 1821
Tribe Alcelaphini Rochebrune, 1883

Megalotragus van Hoepen, 1932.

Bovid fossils in the form of isolated teeth are relatively
common, though they tend to be badly fragmented and
eroded from water rolling, rendering identification diffi-
cult. However, one specimen in particular is well pre-
served, a hemi-mandible with RM, , attributable to

Figure 3. Mandible fragment and associated tooth of a small canid, probably Vulpes (MRC 390). Scale bar = 10 mm.
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Figure 4. Isolated teeth of Hipparion sp.: a, LP, (MRC 1); b, RM, (MRC 845); ¢, isolated incisor (MRC 496). Arrows point to clearly separated ectostylids.

Scale bar = 20 mm.

Megalotragus (MRC 605; Fig. 7). The lobes of the mandibu-
lar teeth of alcelaphines from Langebaanweg are more
pointed, with more pronounced styles, confirming that
this Matjhabeng specimen is not a late representative of
the Langebaanweg fauna. Although small relative to later

a

Pleistocene specimens from the Free State (Fig. 8), the
teeth of MRC 605 nonetheless fall within the range of
Megalotragus molar measurements recorded elsewhere
in Africa. In addition, the corpus of the mandible is
notably elongated and the angle of the ramus relative

Figure 5. Perissodactyl calcanei attributable to Ancylotherium: a, 11013M from Makapansgat; b MRC 613 from Matjhabeng; compared to a calcaneum

of Ceratotherium simum: ¢, BPI/C 684. Scale bar = 50 mm.

16

ISSN 0078-8554 Palaeont. afr. (December 2010) 45: 11-22



Figure 6. Large ossicone fragment of a probable young male Sivatherium (MRC 650). Scale bar = 50 mm.

to the corpus approaches 135°, similar to Mahemspan
specimens (Brink 2005). Alongside the relatively uncom-
plicated occlusal pattern of the molars this posteriorly
inclined ramus implies an elongated cranium such as that
characterizing Megalotragus. Most species described in
the genus Megalotragus are diagnosed on horn cores

making comparison of MRC 605 difficult. As a result,
until additional cranial material is recovered, we can
only identify this specimen to the genus level. Notwith-
standing, this mandible likely represents the oldest
recorded appearance of Megalotragus in South Africa (see
below).

Figure 7. Relatively complete hemi-mandible of Megalotragus sp. (MRC 605) in (a) lateral, (b) medial and (c) occlusal views. Scale bar = 50 mm.
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cf. Damalacra Gentry, 1980

Several tooth fragments and a badly fragmented mandible
(MRC 96) of alcelaphines were recovered, all of which
compare favourably in size and morphology with
Damalacra specimens from Langebaanweg. However,
given that none of these fragments preserve complete
teeth, the identification of Damalacra is only tentative at
present.

Additional Bovidae specimens

A single tooth of a small Reduncini was recovered
(MRC 795) and although little detail beyond a tribal level
diagnosis is available we nonetheless record the presence
of this tribe at Matjhabeng. The Antilopini are represented
by a single tooth fragment (MRC 820) that is approxi-
mately the same size as a modern springbok. The
Neotragini are represented by two post-cranial elements,
an external cuneiform (MRC 804) and a magnum
(MRC 824), both of which are consistent with being
from a single individual. These neotragine fossils are
considerably smaller than springbok (Antilopini) and are
approximately similar in size to steenbok (Raphicerus)
though they do not conform to this latter taxon. In fact
their closest comparison is Ourebia, a taxon with a poorly
documented fossil record. Post-cranial remains attribut-
able to the Bovidae are also known with several relatively
complete elements such as radii and cervical vertebrae
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present. These relatively rare post-cranial elements illus-
trate the potential for good preservation since the cervical
vertebra, for instance, is almost complete including much
of the otherwise delicate zygapophyses.

STRATIGRAPHIC ANALYSIS OF MATJHABENG

In addition to fossil recoveries our excavations have
allowed for a comprehensive stratigraphic analysis to be
completed. Results revealed a slightly more complex
sedimentological sequence than was recognized by
Butzer (1973) with 9 facies in 3 discrete facies associations.
The site represents a good aggradational sequence that
is unique in the central interior of southern Africa. Of
particular interest is facies association 1 at the base of the
sequence, which contains the fossiliferous sediments
(referred to by Butzer as Horizon 2). This predominantly
graveliferous unitincludes genetically identical interbedded
silty-sand units that together comprise between 1.0 to
3.0 m of fossiliferous deposition. The gravel component
represents a high-energy river discharge while the
silty-sand units represent abandoned-channel equivalents
formed when the paleo-river periodically changed its
course. Fossils have been recovered from both units and
tend to be concentrated near the interface between these
components. Fossil density is low relative to cave infills
such as Makapansgat and Sterkfontein. Fossils recovered
from the gravels tend to be more eroded though some
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display excellent preservation while those recovered from
the abandoned-channel, silty-sand deposits tend to be
relatively well preserved.

AGE OF THE DEPOSIT

Mammuthus subplanifrons was first named for an isolated
tooth recovered from Sydney-on-Vaal (Osborn 1928), a
fossiliferous unit of the ‘Older Gravels’ of the Vaal River
Gravels in South Africa (Helgren 1979). The oldest speci-
mens of M. subplanifrons are from Langebaanweg and are
thus dated to approximately 5.0 Ma (Hendey 1981a,b,
1982; Maglio & Hendey 1970). Maglio (1973) suggested
that the original Matjhabeng M. subplanifrons material
described by Meiring (1955) was more derived than speci-
mens known from Langebaanweg (Maglio & Hendey
1970), indicating a probable age near 4.0 Ma for
Matjhabeng. In his examination of the geomorphology of
the deposit, Butzer (1973) agreed with an estimate of
4.0 Ma for the site. Elsewhere in Africa, M. subplanifrons is
recorded from the lower Kaiso Formation, Kanam,
Chemeron locality J.M. 511, the Sinda Beds of Zaire, and
the older Stratigraphic Unit 2 of the Chiwondo Beds, all of
which are considered to be early Pliocene (>4.0 Ma)
(Bromage et al. 1995; Cooke & Maglio 1972; Coppens et al.
1978; Howell 1972; Maglio 1973; Maglio & Hendey 1970;
Yasui et al. 1992). Specimens consistent with M.
subplanifrons are also known from the Wee-ee Dora in the
Aramis Member of the Sagantole Formation (4.1-3.8 Ma)
and the Kuseralee Dora in the Kuseralee Member of the
Adu-Asa Formation (>4.4 Ma) in the Middle Awash
sequence of Ethiopia (Kalb & Mebrate 1993). There do not
appear to be any M. subplanifrons specimens in sediments
younger than 4.0-3.5 Ma in East Africa, thus this taxon can
best be ascribed an age of approximately 5.5-3.5 Ma
(Maglio 1973).

Megalotragus hasbeen recovered from both Pliocene and
Pleistocene sediments throughout Africa. In East Africa
the earliest occurrence of Megalotragus is in the Lokochot
Member of the Koobi Fora Formation, with a maximum
age estimate of 3.5 Ma (Harris 1991). Additionally
Megualotragus fossils have been recovered from elsewhere
in the Koobi Fora Formation, in the Nachukui Formation
of west Lake Turkana, throughout the Shungura sequence,
and in all four Beds of Olduvai Gorge. In South Africa
Megalotragus fossils are known from Sterkfontein,
Makapansgat, Swartkrans, Kromdraai, Coopers,
Drimolen, Bolt's Farm, Haasgat, Gladysvale and Plovers
Lake in the former Transvaal, as well as numerous sites in
the Free State such as Florisbad, Vlakkraal and Mahems-
pan, among others. As a result, the age of Megalotragus
appears to span from 3.5-0.009 Ma.

With an age estimate of 5.0-3.5 Ma for M. subplanifrons,
and 3.5-0.009 Ma for Megalotragus, we can presently
constrain the probable dates for Matjhabeng to 4.0-3.5 Ma.
This range is consistent with earlier reports of 4.0 Ma for
the site (Butzer 1973; Maglio 1973), though Matjhabeng is
likely to fall nearer the younger end of this range. Recog-
nizing the circularity of the argument (i.e. the age of
Matjhabeng is partially established based on the presence
of Megalotragus), the Megalotragus material from Matjha-
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beng nonetheless represents the oldest occurrence of this
taxon yet recorded in South Africa.

ISOTOPIC ANALYSIS OF MATJHABENG FOSSILS

Carbon isotopes derived from enamel hydroxyapatite
provide a reliable source of information relating to the
dietary behaviour of Cenozoic herbivores (Lee-Thorp &
van der Merwe 1991; Quade et al. 1992; Sponheimer et al.
2006). Variations observed in the 6"°C of carbonate
hydroxyapatite of enamel reflect differences in the rela-
tive proportions of grass (C,) and browse (C,) vegetation
consumed by the animal throughout its life. Because of
the great potential for ecological information, we selected
several samples for destructive analysis to determine their
isotopic composition. Approximately 5.0 mg of powder
was extracted per dental sample, and the samples were
pretreated with sodium hypochlorite (NaOCl) and acetic
acid (CH,COOH). The samples were then combusted and
analysed using a GasBench II system in combination with
the DeltaPlusXP isotope ratio mass spectrometer to obtain
0"C values. The results are reported against PDB (Pee Dee
belemnite), and the standard NBS-19 (National Bureau of
Standards) was used for calibration with a precision of
0.06%o. The results of this isotopic analysis are presented
in Fig. 9.

Cerling et al. (1997) hypothesized an early emergence of
C, grasslands in equatorial Africa during the late Miocene,
suggesting that these grasslands gradually expanded
both north and south over time. Sponheimer et al. (2005,
2006a,b) demonstrated considerable dietary flexibility in
the early hominins of South Africa, and hypothesized that
the ability to consume significant quantities of grassland-
based C, resources was a fundamental hominin character-
istic lacking in other African apes. The location and age of
Matjhabeng allows us to test the Cerling et al. (1997) C,
expansion model, to document if grasslands had already
become a significant component of the Free State
environment in the middle Pliocene. Carbon isotope
analysis of a sample of Matjhabeng fossils (Fig. 9) reveals
that most of the animals fall into a mixed feeder category,
with a distinct preference for grazing. Interestingly, this
includes a fragmented tooth of Ancylotherium, which is
typically considered to have been a dedicated browser.
Comparing these data to a series of average isotope values
from sites elsewhere in Africa (Sponheimer & Lee-Thorp
2009), Matjhabeng differs from the predominantly brows-
ing fauna of Langebaanweg (Franz-Odendaal et al. 2002),
and indicates more extensive C, grasslands even than
later sites such as Makapansgat and Sterkfontein. It thus
appears that the Free State was dominated by grasslands
from atleast the later—early Pliocene. These data represent
the earliest isotopic evidence for significant C, grasslands
in South Africa, and are consistent with a relatively late
grassland expansion into southern Africa (Cerling 1992;
Segalen et al. 2007).

DISCUSSION AND CONCLUSIONS

The Matjhabeng faunal assemblage is predominated by
animals considered to be largely grassland-preferring,
including mammoths, equids, hippos and ancestral
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Figure 9. Carbon isotope values for a selection of fossil mammal teeth from Matjhabeng. Comparative ‘fossil grazer” and ‘fossil browser” data
compiled from Swartkrans and Sterkfontein. Grazers are those animals with 6°C values greater than —2%o, while browsers are those animals with
6PC values less than —10%o. Animals with values between these ends are referred to as mixed feeders. Average isotope values are calculated by
averaging the isotope composition of all specimens sampled from a given site. The grey line represents the average isotope value for all Matjhabeng
specimens included in this study, which corresponds to a mixed feeder signal tending towards grazing. These data indicate that grasslands were
already extensive by the earlier Pliocene in the Free State, representing the earliest indication of significant grasslands in South Africa. Comparative
average isotope values for fossil sites other than Matjhabeng from Sponheimer & Lee-Thorp (2009).

alcelaphines. The presumed browser Sivatherium is
evident, as is Ancylotherium, thus wooded conditions are
also indicated. The reptiles and birds demonstrate rela-
tively wetter conditions than are found in the area today.
Our isotope data support a primarily mixed feeding/
grazing fauna, though the mixed feeding/grazing diet of
Ancylotherium was unexpected. At present our reconstruc-
tion of the paleoenvironment indicates relatively exten-
sive grasslands though these grasslands were part of an
environmental mosaic that included notable woodland
and probable wetland components. Given that Matjhabeng
is a river-deposited locality there is a significant potential
for reworking and mixing of materials and thus a potential
for time-averaging. We therefore interpret these environ-
mental indicators broadly at the regional scale of the Free
State in the earlier Pliocene. Combined with our isotope
analysis these data are consistent with a model of major
grassland expansion into South Africa by the early Plio-
cene c. 4.0 Ma (Hopley et al. 2007; Segalen et al. 2007). At
present Matjhabeng represents the earliest appearance of
significant C, grasslands in the central interior of southern
Africa. At the same time the Paleo-Sand river was large
enough to sustain both hippopotamus and waterfowl.
This necessitates perennial channel flow with fresh
grasslands available in the vicinity year-round. Periodic
fluctuations in river flow are indicated by the interbedded,
abandoned channel deposits which developed when the
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river channel migrated during periods of low stream
discharge. Many of the taxa recovered to date are shared
by both Langebaanweg and Makapansgat, though some
are shared only with Langebaanweg (Mammuthus), and
some are shared only with Makapansgat (Ancylotherium,
Megalotragus). These data reflect the intermediary and
perhaps transitional nature of this site and highlight the
importance of expanding our sample of early Pliocene
fossils in South Africa.
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A coprolite probably from a carnivore described in this paper was recovered from the decalcified sediments of Facies D, close to the
cranium of a hominid child, Australopithecus sediba, at Malapa, and is dated at 1.95-1.78 Ma based on a combination of faunal, U-Pb and
palaeomagnetic dating techniques. Maceration of the coprolite yielded wood fragments and pollen of Podocarpus sp. as well as phytolith
morphotypes that occur in leaves of Podocarpus and many other woody taxa. The Malapa site today is in the Grassland Biome, close to
the transition to the Savanna Biome. Podocarpus/Afrocarpus occurs about 30 km distance in the Northern Afromontane Forest Biome and
is restricted to small patches in the mountain kloofs or small canyons (altitude: 1500-1900 m). The occurrence of this vegetation at

Keywords: Podocarpus, pollen, wood, phytoliths.

Malapa in the past implies that the cooler, moister forest vegetation was more widespread.

INTRODUCTION

The late Pliocene to Pleistocene cave deposits in the
Cradle of Humankind World Heritage Site (South Africa)
represent one of the world’s most important geological
settings, hosting hominin fossils and associated faunal
and archaeological remains. The recently discovered site
of Malapa in the Cradle of Humankind, 15 km NNE of
Sterkfontein (Fig. 1), has yielded a remarkable array of
fossil hominins attributed to the species Australopithecus
sediba (Berger et al. 2010) together with remains of well-
preserved fauna (Dirks et al. 2010). The hominin fossils,
one juvenile male and one adult female, occur together
with the other faunal remains in near-articulated state in
the sedimentary remains of a deeply eroded cave system.
The hominin remains were deposited in the cave by a
single debris flow which occurred shortly after the death
of the animals. The fossils of Au. sediba are exceptionally
well preserved and represent a transitional form, maybe
the best yet found, between early australopithecines and
early members of the genus Homo, thereby replacing other
candidates such as Homo habilis as our distant ancestor
(Berger et al. 2010). A reconstruction of the full environ-
ment in which Au. sediba lived is therefore of great impor-
tance.

However, finding fossil plant remains in calcareous
hominin sites for reconstructing environments is extremely
difficult (Scott & Bonnefille 1986; Carrion & Scott 1999).
Amongst the fossils a coprolite, most likely belonging to a
carnivore, was discovered during the course of excavations
in 2009. Research by Bryant (1974), Scott (1987), Carrién
et al. (2001), Horrocks et al. (2002, 2003), Gonzalez-
Samperiz et al. (2003) and Ghosh et al. (2008) have shown

*Author for correspondence. E-mail: marion.bamford @wits.ac.za
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that coprolites may contain preserved pollen, phytoliths
and other macerated plant remains. These remains can be
from ingestion of plants directly, from ingestion of herbi-
vores by carnivores or from airborne pollen or plant litter
thatadhered to the fresh, moist faeces before being buried
rapidly and preserved. The coprolite from Malapa preserves
evidence of floral remains and provides important clues
about the local vegetation and environment in which
Au. sediba lived and died.

SITE DESCRIPTION

Geological setting

Cave deposits in the Cradle of Humankind are hosted
by stromatolite-rich dolomite of the late Archaean
(2.64-2.5 Ga) Malmani Subgroup (Eriksson et al. 2006)
which is subdivided into five formations based on
stromatolite morphology, chert content and the presence
of shale and chert-breccia horizons (Eriksson & Truswell
1974). From base to top these formations are: the Oaktree,
Monte Christo, Lyttelton, Eccles and Frisco Formations.
The Malapa site occurs in well-bedded, chert-free dolo-
mite in the stratigraphic top of the 155 m-thick Lyttelton
Formation.

Malapa is positioned within the steep-sided valley of the
Grootvleispruit, at an altitude of 1442 masl, and repre-
sents an erosion remnant of a de-roofed cave. Dating of
the land surface around the fossil site constrains the
minimum and maximum erosion rates of the land surface
to 4 m/My and 55 m/My, respectively (Dirks et al. 2010).
This illustrates the dynamic nature of the landscape and
indicates that at the time the Malapa fossils were buried,
the cave was over 30 m deep (Dirks et al. 2010).
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Figure 1. Map of locality with the vegetation biomes indicated (from Mucina & Rutherford 2006).

The fossil remains of Au. sediba and associated fauna
occur predominantly in two sedimentary facies named
Facies D and Facies E (Fig. 2 of Dirks et al. 2010) which are
positioned stratigraphically above a central flowstone.
The fauna includes an unusual abundance of carnivores,
several in near-articulated state (Dirks et al. 2010). The
coprolite described in this paper was recovered from the
decalcified sediments of Facies D, close to the child’s
cranium and probably belonged to a carnivore. The order
Carnivora is represented in Facies E and D by four fami-
lies: Canidae, Felidae, Hyaenidae and Herpestidae. The
family Canidae is represented by a single species, Lycaon
pictus; Felidae is represented by Dinofelis sp., Megantereon
whitei and Felis silvestris; Parahyaena brunnea is the sole
species representing the Hyaenidae; and Herpestidae is
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represented by Atilax mesotes and Mungos sp.

Through a combination of faunal, U-Pb and palaeomag-
netic dating techniques the age of the rocks encasing the
fossils has been determined at 1.95-1.78 Ma (Dirks ef al.
2010). Dating involved a U-Pb date for a flowstone sheet
below the hominin-bearing sediments of Facies D, and
yielded an age of 2.026 + 0.021 Ma. Paleomagnetic analysis
further constrained the age of the fossil-bearing layers
above the flowstone to the period coinciding with, or
immediately following, a palaecomagnetic reversal at
1.95 Ma (Dirks et al. 2010).

Ecological setting
The Malapa site today occurs within the grassland
biome, close to the transition to the savanna biome (Fig. 1).
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Table 1. Microbotanical remains of the Malapa coprolite.

Micro remains

Wood

Palynomorphs

Phytoliths

Outer layer (? local plant debris)

2 Podocarpus/Afrocarpus sp.
1 dicot wood

1 Podocarpus sp.
1 unidentified

Not tested (insufficient material)

Core (? ingested material)

1 piece conifer charcoal
1 larger piece with cross-fields
12 woody fragments (indeterminate)

barren

12 orbicular nodulose

6 sub-orbicular nodulose
5 orbicular psilate

3 orbicular rugulose

2 lanceolate psilate

2 tabular psilate
1irregular nodulose

The hilly region features heavily degraded vegetation due
to human activities. Precipitation is around 600 mm per
annum (Avery 2001; Mucina et al. 2006). The remains of
the cave lie within the Carletonville Dolomite Grassland.

Figure 2. Microbotanical remains from the Malapa coprolite photographed under light microscope. A, B, cf. Podocarpus sp., tracheid with bordered
pits on the radial wall. C, D, unidentified pollen grain (contaminant?). E, Podocarpus sp. pollen, bisaccate, length 52 um. E, sub-orbicular irregular
phytolith (fossil). G, modern Podocarpus leaf orbicular psilate phytolith. H, orbicular, rugulate fossil phytolith. I, orbicular, psilate fossil phytolith.

(Scale bar on images A-E is 10 um; images F-I is 2um.)
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Poaceae are dominant and species-rich, Anthospermum
rigidum subsp. pumilum, Rhus Magalismontana and
Ziziphus zeyheriana are typical shrubs (Mucina et al. 2006).
To the south Egoli Granite Grassland can be found on



undulating plains and low hills. The grassland is domi-
nated by Hyparrhenia hirta, trees and shrubs such as Rhus
pyroides, Vangueria infausta and Anthospermum hispidulum
grow on rocky slopes. Soweto Highland Grassland appears
in a broad band south of Krugersdorp. Themeda triandra is
the most important member of the Poaceae; woody
species include Berkheya annectens, Ziziphus zeyheriana and
Anthospermum species (Mucina et al. 2006). At the precipi-
tation-rich southern slopes of the Magaliesberg the
Waterberg—Magaliesberg Summit Sourveld features few
small trees and shrubs, e.g. Englerophytum magalismontanum,
Protea caffra subsp. caffra, Brachylaena rotundata, as well as
grassland. To the north of the grassland a narrow band
of Gauteng Shale Mountain Bushveld appears where
trees like Acacia caffra, Dombeya rotundifolia, Celtis africana
and Cussonia spicata as well as a variety of Poaceae are
common (Rutherford et al. 2006). Andesite Mountain
Bushveld, forming small patches to the south of the site
and a band north of the Gauteng Shale Mountain
Bushveld, are characterized by Acacia caffra, A. karroo,
Celtis africana, Protea caffra and grasses, e.g. Themeda
triandra. The vegetation of the Gold Reef Mountain
Bushveld, found on east-west trending ridges and close
to Krugersdorp, consists of Acacia woodland. The herba-
ceous layer is dominated by Poaceae. The valley of the
Magalies River and the region around Magaliesburg is
dominated by Moot Plains Bushveld (Rutherford et al.
2006, Fig. 1). Acacia nilotica, A. tortilis subsp. heteracantha,
Rhus lancea and Buddleja saligna grow on stony soils; grass
is common in the herbaceous layer.

Northern Afromontane Forest is restricted to small
patches in the mountain kloofs or small canyons (altitude:
1500-1900 m) of Magaliesberg to the north of the site and
completely surrounded by Gold Reef Mountain Bushveld.
Two patches border the Waterberg—Magaliesberg Summit
Sourveld. In comparison the forest is species-poor:
Podocarpus latifolius, Olinia emarginata, Halleria lucida,
Afrocarpus falcatus and llex mitis are typical trees (Mucina &
Geldenhuys 2006).

MATERIALS AND METHODS

A single, whitish coprolite of a rather undiagnostic,
slightly flattened shape (29 mm X 21 mm X 11mm;7.71 g
after cleaning, catalogue no. UW88-0905-B020) has been
macerated in the palynology laboratory of the Bernard
Price Institute for Palaeontological Research as a test for
botanical remains. More coprolites from the Malapa site,
which hopefully will be discovered in the future, will be
analysed. The coprolite was first thoroughly cleaned with
a brush, soap and distilled water to remove modern dust
contamination and it was then weighed. To differentiate
between ingested plant matter and external accumulation
after expulsion of the faeces by the animal, the cleaned
outer layer was dissolved in hydrochloric acid (10% HCI)
for 2 minutes and the solution was retained for analysis.
The outer layer dissolved in HCl had a thickness of
1-2 mm. The remaining inner core of the coprolite and the
dissolved surface layers of the coprolite were processed
separately for palynomorphs using a standard procedure
which includes the addition of HCl, HE, KOH and heavy
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liquid separation in a saturated ZnCl, solution. Two
Lycopodium spore tablets were added to the samples
before processing.

A sub-sample of 1.83 g of the coprolite’s inner core was
set aside for phytolith processing. The sample was
processed in 10% HCI to remove carbonates and 30%
H,0, to remove organic matter. The remaining residue
was mounted onto one slide. There was insufficient outer
surface material for phytolith processing and analysis.
The pollen and phytolith slides were studied under a
Zeiss Axiophot petrographic microscope and photo-
graphs taken with a digital camera at X400 and Xx1000
magnification.

RESULTS

The coprolite dissolved easily in HCI and hence was
calcium carbonate-rich. Although not rich in plant
remains some identifiable microbotanical remains were
found and these are described below. Both the inner and
outer layers of the coprolite were productive (Table 1);
however, only the inner part of the coprolite was tested
for phytoliths, a number of which were found and are
described. Observed microfossils including wood, pollen
and phytoliths are shown in Fig. 2.

Wood fragments

Fragments of tracheids and fibres of conifer and dicot
woods respectively were visible in the sample from the
outer layers of the coprolite but the dicot fragments are
not diagnostic beyond this level of identification. How-
ever, there were two pieces of conifer tracheids with
bordered pits arranged in a single vertical line along the
length of the tracheid. The pits are well spaced, round in
outline with a diameter of 20 um and circular areole of
5 um (Fig. 2A,B). Such tracheids are water-conducting
tissues typically of conifers and the form and arrange-
ment of the bordered pits are indicative of the family.

In order to identify the fragments of conifer wood that
have very few features and are missing the key feature for
identification, that of the cross-field pits, a survey of the
southern hemisphere taxa was done (Phillips 1941;
Greguss 1955; IAWA Committee 2004). Araucariaceae
have 2-3 rows of pits, alternately arranged and in contact.
The Cupressaceae and Podocarpaceae have uniseriate to
biseriate and opposite, well-spaced bordered pits on the
radial walls of the tracheids. The Pinaceae bordered pits
are similar but the pits tend to be more crowded. Of these
families only two are represented in southern Africa today
with seven species. Widdringtonia (Cupressaceae) has
three species and Podocarpus (Podocarpaceae) has four
species (Germishuisen & Meyer 2003). Widdringtonia
species have round, separate tracheid bordered pits that
range in size from 8-20 um. The pits in Podocarpus species
have the same arrangement but tend to be larger,
20-35 pm in diameter. The fossil fragments have round,
separate bordered pits that are 20 um wide.

The three species of Widdringtonia (commonly called
cedars) have disjunct distributions (Coates Palgrave
2002): Widdringtonia cedarbergensis Marsh is restricted
to the Cederberg Mountains in the western Cape;
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W. nodiflora (L.) Powrie occurs north of Zimbabwe, in east-
ern Zimbabwe, northern South Africa and inland along
the eastern margin of the Cape and southern KwaZulu
Natal; and W. schwarzii (Marloth.) Mast. occurs in the East-
ern—Western Cape junction. The Podocarpaceae (yellow-
woods) also have a disjunct distribution (Coates Palgrave
2002). Podocarpus elongatus (Ait.) L=Hérit. ex Pers. occurs
in the western Cape, Podocarpus falcatus, or Afrocarpus
falcatus (Thunb.) C.N. Page is more widespread, along the
eastern side of the Cape, Natal and Mpumalanga.
Podocarpus henkelii Stapf is restricted to KwaZulu Natal
and Podocarpus latifolius (Thunb.) R.Br. ex Mirb. has a
similar distribution to P. falcatus but also occurs in eastern
Zimbabwe.

Based on the recorded distributions of these conifers
none of them occurs naturally today in the Cradle area; so
it likely that in the past at least one of the taxa was more
widespread. To the north of the site are relict patches of
Northern Afromontane Forest (Fig. 1) that includes
P. latifolius and P. (A.) falcatus. Coates Palgrave (2002) notes
that these conifers are not pioneers and most of these
species grow to large trees in sheltered or protected areas
(W. cedarbergensis, W. nodifolia, W. schwarzii, A. falcatus, P.
latifolius). Most of the species also occur in moist montane
or coastal forest or evergreen forest so it is very likely that
the fossil trees did too. P. falcatus, for example, occurs at
1500-2400 m in East Africa but grows at lower altitudes in
South Africa and it prefers an annual rainfall of (800-)
1200-1800(-2200) mm and a mean annual temperature of
13-20°C (Aerts 2008). P. latifolius prefers even higher rain-
fall (1000-2000 mm per annum; Okeyo 2008). Today the
Cradle area (altitude 1300-1600m) has 650-750 mm
summer rainfall per annum with temperatures varying
between the recorded extremes of -12°C and 39°C with an
average of 16°C (Bredenkamp & van Rooyen 1998). This is
not very different from the preferred altitude and temper-
ature range of P. falcatus or P. latifolius but the rainfall is
much lower at the fossil site today.

Pollen

The sample from the core of the coprolite is barren with
the exception of a few fragments of AOM (amorphous
organic matter) and the sample from the outer layers of
the coproliteis very poor in palynomorphs. One unidenti-
fied pollen grain features four apertures (colpi?) and a
microreticulate sculpture. A clearly visible interior struc-
ture is reminiscent of cytoplasm, so it cannot be excluded
that this pollen grain is a contaminant (Fig. 2C,D). Other
evidence for contamination, for example pine pollen, is
absent from the sample. A second pollen grain belongs to
Podocarpus sp. (Fig. 2E). The well-preserved palynomorph
has no obvious cell contents, is 52 um wide and is
vesiculate-bisaccate (see Erdtman, 1957). Although it
seems rather unlikely that the Podocarpus pollen is a
contaminant, we cannot exclude this possibility. Podocarp
or yellowwood pollenis produced in abundance and they
have an excellent dispersal mechanism because the air
sacs give them some buoyancy. Consequently, yellow-
wood pollen is often overrepresented in pollen diagrams
(Coetzee 1967). Since it is not possible to easily differentiate
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between the pollen of different Podocarpus species this
was not attempted in the current study.

Phytoliths

Thirty one phytoliths were counted on the slide from the
core of the coprolite. None of the morphotypes was dis-
tinctive to family level. Characteristic short-cell phytoliths
from Poaceae (grasses) were absent. The majority of
morphotypes (29) were spheres with nodulose, psilate or
verrucate surfaces (Fig. 2F-I). Verrucate spheres have not
been isolated in grasses (Piperno 2006); however, spheri-
cal morphotypes are most commonly observed in arbo-
real and herbaceous monocots and eudicots (Kindo et al.
1994; Kealhofer & Piperno 1998; Piperno 2006). A single
unsegmented hair and various undiagnostic, irregularly
shaped bodies were also observed. Comparing the fossil
phytoliths with those from the modern reference collection
housed at the Bernard Price Institute (Pereira 2009) we
observed that psilate spheres in the size range 10 to 15 um
are also common in the leaves of Podocarpus latifolius.
However, it should be noted that they are by no means
exclusive to the species.

DISCUSSION

If we assume that the botanical material in the core of the
coprolite represents plant material that was ingested by
the animal then it was a browser, or a carnivore that ate a
browser. The outer layer plant material is either ingested
material or debris that adhered to the coprolite before
preservation so it could indicate the local environment.

Both pollen and wood microbotanical remains in the
coprolite indicate the presence of conifer trees. The
phytolith morphotypes do not contradict this interpreta-
tion but indicate the presence of some woody species. The
conifer is most likely a species of Podocarpus/Afrocarpus. All
the living southern African species prefer higher rainfall
than occurs in the area today. Such trees form a stable
forest with medium light levels. It is not possible to deter-
mine the extent or height of the forest from these data.
On the other hand it seems likely that Northern
Afromontane Forests with Podocarpus also existed in the
early Pleistocene, and were perhaps more widespread
than today. Generally the genus Podocarpus must have
been prominentin southern Africaaround 2 Ma asitslong
distance-transported pollen occurs in marine sediments
of this age off the Namibian coast (Dupont 2006). Out of a
series of modern pollen surface samples from the 1980s in
the Sterkfontein/Kromdraai area adjacent to Malapa, it
only occurs rarely (0.4%) in one count from September
1988 (Scott 1995). Therefore it is remarkable that only one
of the two pollen grains in the Malapa coprolite was a
Podocarpus. Its apparent prominence in the study area
might be a consequence of higher rainfall in the past and
suppressed fire. Today the Afromontane Forest in the
Magaliesberg is restricted to mountain kloofs. In strong
summer rainfall regions forests can only grow if precipita-
tion is greater than 725 mm. Today the distribution of
Afromontane Forest is also limited by fire and is limited to
areas protected from the wind (Mucina & Geldenhuys
2006). Therefore the borders to fire-prone ecosystems, e.g.
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grassland and savannas, are naturally sharp. A more
humid climate might have lead to the expansion of
Podocarpus forest beyond Magaliesberg in the past. This
trend has been noted from other Quaternary pollen
archives from the same region in the Holocene (e.g. Scott
& Vogel 1983) and in the Late Pleistocene where
Podocarpus were quite prominent in certain periods before
the last Glacial Maximum (Scott 1999). Apart from a
slightly contaminated travertine sample from Kromdraai
Member 3 (0.6%), it was only found in a very low concen-
tration (0.4%) in a more reliable travertine sample from
Sterkfontein Member 5 suggesting it was not a prominent
part of the vegetation, which included Proteaceae at the
time (Scott 1995).

The Pleistocene topography of the Malapa area was not
static (Dirks et al. 2010). There may have been significant
Karoo remnants remaining on top of the dolomite, the
valleys in the area would have been less deep, the
Magaliesberg was probably less pronounced and the
overall altitude could have been lower, considering
postulated rapid uplift in the late Pliocene (Partridge &
Maud 2000). Direct comparisons with the current settings
need some qualification and the past vegetation may well
have been richer and more diverse.
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INTRODUCTION

The high value of rare fossil specimens results in some
fossil dealers and collectors purchasing these specimens
from dubious and even illegal sources. Complete verte-
brate fossils in particular are rare, and are therefore more
easily sold at relatively high prices. As a result there is a
demand for the production of fake fossils particularly in
developing countries where the trade in fossils represents
a means to economic survival (Mateus et al. 2008). Most
dealers, however, have little or no scientific knowledge on
the fossils they purchase and may therefore inadvertently
purchase fake fossils. Both China and Morocco, for example,
are known to produce both genuine and fake fossils
(Dalton 2000, 2004a, b; Milner et al. 2001; Padin 2000). As a
result, China, among many other countries, including
South Africa, has instituted very strict legislation regarding
the trade and export of fossils. Fraudulent fossils do not
just affect dealers and collectors, but have also embarrass-
ingly deceived scientists. The best known of these is the
famous ‘Piltdown Man’ from England, a forgery merging
the cranium of a modern human and the mandible of an
orangutan. This forgery was put forward as an early human
ancestor that confused the scientific community for decades
(Weiner 1955), whilst the first genuine early hominin, the
now famous ‘Taung Skull’, holotype of Australopithecus
africanus from South Africa (Dart 1925, 1929; Dart & Craig
1959; Hrdlicka 1925), was forced to take a ‘back seat” for
many years. More recently, the famous Archaeoraptor
specimen from the Lianoing Province of China received
coverage by a number of publications including National
Geographic and Nature (Sloan 1999; Rowe et al. 2001) but in
reality the specimen represents at least two and perhaps
up to five separate individuals of two or more different
species fraudulently merged into a single specimen (Zhou
et al. 2002).

Invertebrates from Morocco, for example trilobites have
been skillfully carved out of rock and sold as genuine
fossils. As most trilobites from Morocco are genuine, and
the trade in these invertebrates from that country is legal,
it is understandable that a fossil trader may be deceived.
In other cases, a genuine fossil of a common living species,
such as the tooth of a great white shark (Carcharodon
carcharias), may be sold as a representative of a similar, but
extinct species such as a megalodon (Carcharocles
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megalodon). Fossil frauds are therefore committed not only

for profit, but also for publicity (Mateus et al. 2008).

Mateus et al. (2008) suggest a number of methods of
fraud recognition and describe three kinds of hoaxes:

1) Those that contain no original fossil material, such as
shapes carved in rock;

2) Those that contain original fossil material, but are en-
tirely or partially altered in order to give the appear-
ance of a more complete specimen, for example, a skull
carved from a limb bone.

3) Those that are true fossils but a combination of multi-
ple individuals, mostly from the same species.

Here we report on a specimen that was brought to the
Bernard Price Institute for Palaeontological Research,
University of the Witwatersrand by a fossil dealer for
identification. The specimen had been obtained illegally
in Madagascar by the fossil dealer, reportedly from the
vicinity of known dinosaur localities in the Cretaceous
Maevarano Formation of the Mahajanga Basin (Depéret
1896; Besairie 1936, 1972), with the intention of having it
prepared in South Africa. The fauna of this formation is
well known and is the subject of ongoing research
programmes (e.g. Forster et al. 1998; Krause & Hartman
1996; Sampson et al. 2001; Krause et al. 1999; Buckley et al.
2000; Curry-Rogers & Forster 2001; Rogers 2005; Fanti &
Therrien 2007).

DESCRIPTION

The specimen initially appeared to consist of two articu-
lated vertebral centra in a nodule of matrix. It measured
approximately 23 cm by 15 cm. A superficial resemblance
to a small skull could be seen. After removal of the ‘matrix’
it became apparent that the specimen was a forgery using
genuine pieces of dinosaur bone that attempted the
construction of a vertebrate skull (Fig. 1). The ‘matrix’
proved to be crushed rock, probably from the Maevarano
Formation mixed with commercial cement covering inner
layers of resin and plaster of Paris (Fig. 2). The construc-
tion of the skull consisted of an ‘orbit’, a pig-like ‘snout’,
crude ‘teeth’ a lower jaw’ and a ‘post-orbital’ region. The
snout and post-orbital region were constructed from
genuine fossils of dinosaur vertebral centra (Fig. 2). These
are most probably from a titanosaur sauropod; however,
this is purely speculative as there is not enough material to
be diagnostic. The teeth were constructed with a series of
roughly shaped stones cemented to the upper and lower
‘jaws” (Fig. 2).

DISCUSSION

Clearly, this forgery was a poor attempt at creating what
seemed to have been intended to resemble a vertebrate
skull. As the ‘skull’ was bound by matrix, it appears that
the intent of the forgery was probably not to convince
anyone that this was a genuine fossil assemblage, but
rather to give a vague impression that the matrix block
was indeed fossiliferous and superficially gave the
impression that it potentially contained what seemed to
be a vertebrate skull. This resulted in the sale of the specimen
before the complete contents of the matrix could be deter-
mined by the purchaser. According to the classification of
fossil forgeries by Mateus et al. (2008), this forgery would
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Figure 1. Fossil forgery from Madagascar: a, left view; b, right view; ¢, inferior view.

fallinto the second group; being one that contains original
fossil material, but is entirely or partially altered in order
to give the appearance of a more complete specimen. As
long as fossils are permitted to be legally traded by some
countries, it appears that fossil forgeries and similar
frauds will occur. Where fossils are purchased for both

private and public collections, the legality of the purchase
in the absence of formal heritage agency approval, will
remain doubtful. A recent debate highlights this where
fossils in private collections of questionable origin sub-
jected to scientific study were not accepted for publication
in reputable peer-reviewed journals. A controversial new

5cm

Figure 2. Key to main components of the fossil forgery from Madagascar: a, left view; b, right view; ¢, inferior view. Hatched area represents
artificially ground or cut surfaces of fossil bone, grey areas represent areas of resin or plaster. Abbreviations: bf, fossil bone fragment; 1, rock; v, fossil

vertebra.
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‘amateur’ journal, the Journal of Paleontological Sciences, has
angered academic researchers who fear that the project
will give some scientific legitimacy to the dealings of
commercial fossil hunters (Hopkin 2007). The organizers
of the Journal of Paleontological Sciences said that they will
publish details of privately held fossils, bringing them in
from the ‘scientific darkness’. Traditional palaeontologists
feel that this undermines the field and could fuel the black
market in fossil specimens. Triebold (2007) counters this
argument and explains that the journal’s submission
guidelines state that the JPS will not publish fossils that
cannot be legally exported from their home country, or
where ownership cannot be verified.

It appears that to date South Africa has no obviously
overt illegal fossil trade. This, however, by no means indi-
cates that such a trade may not exist. South African legisla-
tion (National Heritage Resources Act 25 of 1999) is
primarily concerned with the protection and preservation
of national heritage resources which allows for the trade
of foreign fossils, provided that they were obtained legally
in the country of origin. This is often difficult to prove, as
was the case with the fossil forgery presented here.

CONCLUSION

Here we have reported the first published fossil fraud
from Madagascar of which we are aware. Although this
crude forgery was easily identified, the possibilities of
more sophisticated forgeries of this nature are possible.
This serves to draw attention to the potential problem and
encourage palaeontologists to report such cases when
they occur.

Our thanks go to an anonymous reviewer for helpful comments.
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