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Mandibular ramus morphology and species
identification in Australopithecus sediba

The site of Malapa, South Africa, has produced fossil evidence from multiple individuals of Australopithecus
sediba including the partial skeletons designated as MH1 (holotype) and MH2 (paratype). A recent article
in this Journal presented the hypothesis that MH1 and MH2 are not one species but instead represent
two different genera: Australopithecus and Homo, respectively. Here we briefly evaluate this claim.
We review the evidence from across the skeleton that demonstrates that MH1 and MH2 represent a
single species, and we highlight other fossil samples that show the same pattern of mandibular ramus
variation as observed in MH1 and MH2. The evidence shows that there is no reason to separate MH1 and
MH2 into different species or genera based upon mandibular ramus morphology. This case illustrates
how misleading small fragments of anatomy can be, why researchers should not use such fragments
particularly for species and genus-level diagnoses, and why it is essential to use all available evidence.

Significance:

This study shows that the mandibular variation that is present in fossils from Malapa attributed to Australopithecus
sediba has parallels in both Australopithecus africanus and in Homo. This helps to demonstrate that mandibular
form is not sufficient to provide evidence of species diagnosis, but also that the development and adaptations to
diet in Au. sediba were overlapping with those present in other related species of hominins.

The MH1 and MH2 skeletons are among the most complete known for Australopithecus, dating to approximately
1.977 million years ago."? The preserved elements of each skeleton include portions of upper and lower limb,
thorax, pelvis, mandible, dentition and, for MH1, the face and cranial vault.'® These remains are among the
most studied of any early hominin specimens. Excavation at Malapa has recovered substantial evidence of the
burial position of each skeleton, including joints found in articulation or in close anatomical proximity, with all
recovered parts showing a low degree of post-mortem dispersion.* Additional context comes from the different
ontogenetic stages and biological sex of the two skeletons. MH2 is adult and MH1 is juvenile with postcranial and
dental elements consistent with a maturational age of between 9 and 11 years when compared to a chimpanzee
maturational pattern.’ The pelvic remains of MH1 and MH2 are closely similar in size, and similar in most aspects
of morphology, but differ in features related to sex, suggesting female sex for MH2 and male sex for MH1.57 The
slightly larger size of MH1 in many dental and postcranial measurements is consistent with this sex difference. The
metric differences between MH1 and MH2 are consistently slight in comparison to the variation observed within
other hominin fossil samples that represent single species, within living humans, and within species of other living
great apes. The mandibles of both skeletons preserve most of their mandibular dentition, and the teeth of both
individuals are very similar in size and morphology.?

Not only are these two skeletons very similar to each other across all aspects of their anatomy, together they
exhibit the same differences from other hominin species. The lateral plantar process of the MH2 calcaneus has
a dorsal position not observed in any other fossil hominin except for the immature calcaneal apophysis of MH1.°
Both MH1 and MH2 share a more human-like parasagittal orientation of the ilium, contrasting not only with other
Australopithecus pelves but also with pelvic material from Homo erectus and Homo naledi.” Both the MH1 and
MH2 proximal femora exhibit superoinferiorly short femoral neck diameters compared to other fossils attributed
to Australopithecus.'® Both MH1 and MH2 share small molar size and small mandibular corpus area compared
to samples of other species of Australopithecus."'" Both MH1 and MH2 have similar dental microwear textures,
and both have near-identical enamel carbon-13 values that are far below any other contemporary sample of
Australopithecus, Paranthropus, or Homo."? All of this evidence strongly supports the diagnosis of MH1 and MH2
as belonging to the same species, Au. sediba.

Rak et al.” claim that MH1 and MH2 belong to different genera. In their assessment, MH2 shares a generalised
mandibular ramus form with modern humans, chimpanzees, bonobos, and orangutans, which they infer to
be ancestral in hominins. In their description, MH1 shares a derived ramus morphology with Australopithecus
afarensis and Paranthropus robustus. In their opinion, these differences are best explained by the hypothesis that
MH1 is Australopithecus and MH2 is Homo.

But Rak et al.™ include only 12 fossil mandibles for comparison in addition to MH1 and MH2 in their analysis.
Only five of these are used to represent the entire variation exhibited by the genus Homo, while three represent
Australopithecus afarensis and three represent Paranthropus robustus. This tiny number omits many well-known
mandibular fossils of Australopithecus and Homo. Previous work has shown the extensive variation in ramus form
within Homo, including both variation within species and populations, as well as overlap between them.'*' In this
short comment we cannot reiterate this extensive work, but we can bring attention to a few critical omissions.

One critical omission is the geographically contiguous species Australopithecus africanus. Rak et al.™ claim that
a fragment of the Sts 7 mandible embedded in breccia appears to resemble the MH1 morphology, but otherwise
do not comment on this key species. We illustrate two additional mandibles in Figure 1. The holotype, from Taung,
preserves the right ramus cemented to the calvaria in anatomical position. The coronoid process is of similar height
to the condyle and the form of the mandibular notch is similar to that of SK 63, a mandible of similar ontogenetic
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age attributed to P robustus. This is intermediate in morphology between
MH1 and MH2 (Figure 1). The Sterkfontein Member 4 hominin Sts 52
has a well-preserved right mandibular ramus, with slight damage to the
superior margin of the coronoid process. The outline of the preserved
mandibular notch and anterior ramus border are very similar to MH2
(Figure 1). The break to the coronoid process is likewise similar, and a
reasonable reconstruction yields a similar coronoid height in Sts 52 as in
MH2. The Taung fossil is thought to date to between 3.0 and 2.6 million
years old while Sts 52 dates to between 2.6 and 2.0 million years ago.'®

Another critical omission is the sample of well-known mandibular ramus
fossils attributed to Homo. In Figure 1, we picture four mandibles of
Homo that were not examined by Rak et al.” One pair includes Tighenif
2 and 3 from Tighénif, Algeria'”'é, thought to date to the later Early
Pleistocene between 1.4 million and 900 000 years ago'#. The other
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pair includes AT-950 and AT-605 from Sima de los Huesos, Spain, which
date to approximately 430 000 years ago.?'-* Both pairs exhibit the same
pattern of mandibular ramus variation as the two Malapa mandibles.
Tighénif 3 and AT-605 both have tall, hook-shaped coronoid processes
that extend higher than the condyle, posteriorly positioned mandibular
notches, and anterior ramus margins that ascend smoothly with no
incurvation — all features found in MH1 that Rak et al."® suggest are
diagnostic of Australopithecus. In contrast, Tighénif 2 and AT-950 share
the anatomy seen in MH2, with low coronoid height, mandibular notch
position near the midpoint of the ramus, and an anterior ramus profile
with an incurving base. These are the features of MH2 that Rak et al."
suggest are diagnostic of Homo.

Figure 1:

Mandibles of Australopithecus sediba, Australopithecus africanus, and Homo. The difference between MH1 and MH2 noted by Rak et al.”® is

shown at upper left, with the coronoid process of MH1 in a higher position than the condyle, while the coronoid process of MH2 is lower than the
condyle and has a marked incurvation of the anterior ramus border. The same anatomical contrast is manifested in each of the other three samples
shown. At lower left, Taung and Sts 52 represent Au. africanus. Taung has coronoid and condyloid processes of similar height, intermediate
between the MH1 and MH2 morphology, while Sts 52 is similar in coronoid height and profile to MH2. At upper right, Tighénif 3 has a similar ramus
morphology to MH1, while Tighénif 2 is similar to MH2. At lower right, AT 605 has a high and posteriorly curving coronoid process like MH1, while
AT 950 is more similar to MH2. All mandibles are pictured following the procedure described by Rak et al.™, including rotation to a position where
the posterior ramus border is vertical, and scaling to equal ramus width. The Tighénif and Sima de los Huesos mandibles are shown horizontally
mirrored to allow their better-preserved left anatomy to be compared with the Malapa mandibles. The Taung right mandibular ramus is cemented to
the calvaria; this is shown in occlusion with the separate mandible fragment to demonstrate the preserved mandibular anatomy.
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Rak et al."® claim to show that ‘the differences [between MH1 and MH2]
are beyond what is expected in a trait's normal range of distribution in
a given population’ (p. 2). The three other samples that we show in
Figure 1 disprove this assertion. Each sample has the mandibular ramus
variation manifested at Malapa. The morphological features that Rak et
al.™® describe as derived exclusively in Australopithecus actually occur
widely across Homo. The form that Rak et al.™® describe as characteristic
of Homo occurs not only within Au. sediba, but also within Au. africanus.
The observation that hominin samples vary in these features is consistent
with the results of Ritzman et al.?, who found that the morphological
distance of mandibular ramus form between MH1 and MH2 is no greater
than between randomly chosen pairs within modern humans, Pan, and
Gorilla. The widespread variation of these ramus features makes them
unsuitable to be used for taxonomic diagnosis on their own.

Palaeoanthropologists have grappled with the boundary between Homo
and Australopithecus for more than 70 years. The fragmentary condition
of fossils attributed to ‘early Homo’ is one reason for a lack of consensus
about the definition of the genus. Samples that preserve more complete
skeletal material, including Malapa, demonstrate that features usually
found in later Homo do not assort with each other in the ways that
researchers once predicted based upon fragmentary remains. Human
evolution was not tidy. Hominin skeletons including MH1 and MH2 are
anatomical mosaics that do not always fit a simple evolutionary tree.
We are far from alone in recognising the homoplasy in the hominin
fossil record and the way that it can confuse phylogenetic placement
of fossils.?>?6 The field must meet these challenges by considering all
relevant data. A small sample cannot be better evidence than a large
sample. A small fragment of anatomy cannot be better evidence than
a skeleton.
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