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For Charles Abram Lockwood and Elizabeth Hunt Harmon, young researchers
whose creativity, resourcefulness, energy, and ideas remain with us through
their work.



Charlie at breakfast at the Ledi-Geraru field camp, and showing his strength (with pumice). Photos by Kaye Reed.

E (as we called her) driving a field vehicle while surveying near the Omo, and smiling—although she had stepped in mud in her only shoes.
Photos by Michelle Drapeau.



Preface

Australopithecus holds a special place in the study of human evolution. From the initial
description of the genus by Dart in 1925 through the present, there has been ongoing
discussion and debate about whether this genus is best viewed as an ape with some
human features or an old, somewhat primitive version of modern humans. How much
like modern humans was Australopithecus in its locomotion, its social behavior, and its
life history? As the hominid fossil record has expanded, indeed exploded, over the nearly
nine decades since Australopithecus was first described, it has become the most speciose
genus of human ancestors with no consensus regarding how many species should
actually be recognized. Similarly, there is ongoing debate about the distinctions,
boundaries, and phylogenetic relationships between Australopithecus and related genera,
including Homo, Paranthropus, and Kenyanthropus. What kinds of biogeographical sce-
narios can best explain the evolution of Australopithecus?

In order to address these and other issues regarding the biology of Australopithecus,
we organized the Fourth Stony Brook Human Evolution Workshop in 2007 with the
title of “Diversity in Australopithecus: Tracking the Earliest Bipeds”. A group of scholars
and students from all over the world assembled in Stony Brook New York between
September 25 and September 29, 2007 for five days of presentations, discussions, and
collegiality in an informal setting. This volume is derived from that workshop.

The workshop was sponsored by Stony Brook University and the Turkana Basin
Institute, and was generously hosted by the President of Stony Brook, Dr. Shirley Strum
Kenny in her home at Sunwood. The workshop and associated symposium were only
possible through the efforts and contributions of many people and institutions, including
the Provost of Stony Brook University, the LSB Leakey Foundation, Jim and Marilyn
Simons, Mrs. Kay Harrigan Woods, Mrs. Mary Armour, Elizabeth Wilson, and Law-
rence Martin. In addition to the contributors to this volume, numerous other people
attended all or part of the workshop and contributed to the discussions (Fig. 1),
including Meave Leakey, Terry Harrison, Bill Kimbel, Gary Schwartz, Fredrick Man-
thi, Francis Kirera, Jack Stern, Bill Jungers, Randall Susman, James Rossie, Kathryn
Twiss, Lawrence Martin, Aryeh Grossman, Chris Gilbert, lan Wallace, Jessica Lodwick.
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viii Preface

The chapters in this monograph were formally peer-reviewed and we thank those
reviewers for their time and effort in making this volume better. We thank Eric Delson,
senior co-editor of the Vertebrate Paleobiology and Paleoanthropology Series, for his
patience, guidance, good humor, and more patience in helping to publish this volume.
Christopher J. Campisano, David A. Feary, and William H. Kimbel were of great
support to Kaye Reed during the editorial work on this volume. In addition, we thank
Andrea Baden and Ian Wallace for providing editorial and bibliographic assistance.

Fig. 1 Workshop participants. Back row, left to right: William Kimbel, Ron Clarke, Frank Brown, Richard Leakey, Matt Sponheimer, David
Strait, Adam Gordon, Charlie Lockwood, John Shea; Middle row, left to right: Susan Larson, Terry Harrison, Carol Ward, John Fleagle, Andy
Herries, Zeray Alemseged, Fred Grine, Gary Schwartz. Front row, left to right: Meave Leakey, Elizabeth Harmon, Kay Behrensmeyer, Fredrick
Manthi, Kaye Reed, Francis Kirera, Robert Foley

Kaye E. Reed
John G. Fleagle
Richard E. Leakey
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Chapter 1

Introduction: Issues in the Life and Times of Australopithecus

Kaye E. Reed

Abstract Australopithecus species have been a topic of
debate in paleoanthropology since the original description
by Dart in 1925. The Stony Brook University/Turkana
Basin Institute sponsored workshop on this subject occurred
in September 2007. Participants designated various Austra-
lopithecus species as knowns, others as known unknowns
(i.e., those for which there was limited fossil material), and
“biological realities?” such as Australopithecus bahrelg-
hazali. The chapters in this volume address many questions
that arose from these discussions—especially those regard-
ing the paleobiology of the genus: phylogenetic validity,
dating problems, biogeography, diet and especially fallback
foods, sexual dimorphism, use of stone tools, and reconcil-
ing pattern and process in a fossil record of unequal scales.

Keywords Biogeography ¢ Fallback foods ¢ Microwear ¢
Phylogeny ¢ Paleobiology

Raymond Dart described the first Australopithecus fossil
from Taung, South Africa in 1925. Since that time,
numerous species attributed to that genus have been
recovered, deriving from southern, eastern, and north cen-
tral Africa. These species have created excitement in the
general public, as they know that one of these species was
likely ancestral to our own genus Homo. Paleoanthropolo-
gists respond in the same manner, although there is much
more scientific insight into what each species may mean in
the evolutionary history of the genus, and indeed, “dis-
cussion” as to whether various specimens belong in the
genus or not. To address some of these issues regarding
specimens and various contextual and behavioral evidence
of the genus, contributors to this volume attended a work-
shop in the fall of 2007, sponsored by the Turkana Basin
Institute and Stony Brook University and entitled Diversity

K. E. Reed (IX)

School of Human Evolution and Social Change, Institute of
Human Origins, Arizona State University, S. Cady Mall, Rm. 233
900, Tempe, AZ 85287-4701, USA

e-mail: kreed @asu.edu

in Australopithecus: Tracking the First Bipeds. Various
questions were asked in the public lecture session on the
opening day of the workshop, and potential answers and
problems were discussed in subsequent days. Contributors
were asked to provide rough drafts of manuscripts on par-
ticular topics before the workshop, and then, based on
extensive conversations at the workshop, they were asked to
revise their manuscripts for this volume.

There were lively discussions, as no one actually pre-
sented a paper except at the public session, but all present
were asked to discuss the various questions. Ron Clarke told
everyone that at Wenner-Gren workshops, formerly held in
the Burg Wartenstein castle in Austria, there were often
suggestions to “get out the swords.” That set the tone for
our discussions, with contributors often beginning a contra
argument with, “Bring out the swords!” At the time, there
was no extensive knowledge of Ardipithecus ramidus
(White et al. 2009), nor were there any recovered specimens
of Australopithecus sediba (Berger et al. 2011), but many of
the authors here have added references to those taxa to their
manuscripts, and the discoverers of A. sediba provided a
chapter.

The questions that the participants of the workshop asked
fell into four major groups: phylogeny, dating, paleobiology
(including diet, fallback foods, sexual dimorphism, use of
stone tools, and biogeography), and reconciling pattern and
process in a fossil record of unequal scales. Phylogenetic
questions ranged from how many species might be found at
the sites of Sterkfontein and Makapansgat to what can
phylogeny tell us about fallback foods? Dating questions
and current problems involved emphatic statements
regarding what was seen as a mistake, trying to date South
African sites using only East African fauna, that is, other
methods should be used and developed to help clarify the
sequence of events in South Africa. Another focus was to
urge understanding the tectonic patterns and their influence
in the East African fossil record. Paleoecological and
paleobiological questions were numerous, although many
participants were interested in fallback foods and their

K. E. Reed, J. G. Fleagle, R. E. Leakey (eds.), The Paleobiology of Australopithecus, 1
Vertebrate Paleobiology and Paleoanthropology, DOI: 10.1007/978-94-007-5919-0_1,
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K. E. Reed

importance to the genus, and how fallback foods may have
been utilized in different regions. It was also noted that
there was a strong provinciality in the populations of vari-
ous species, which breaks down in the Pleistocene with
other hominin taxa—what might this mean paleoecologi-
cally and biogeographically? Several people wondered if
Australopithecus actually used stone tools—note that this
was long before the discovery of putative cut marked bones
at Dikika (McPherron et al. 2010). Many participants would
still wonder where the stone tools are if there are cut marks.
Scale was another issue—species or paleodemes; time-
averaging and understanding sexual dimorphism; time-
averaging within depositional environments—are we
always looking at the dry season, for example? How can we
map life history patterns onto the different species of Aus-
tralopithecus? What can better knowledge of the postcranial
skeleton—from juveniles and different Australopithecus
species—tell us about diversity in function, sexual dimor-
phism, and foraging strategies? Biogeographical questions
included whether the capability for dispersals of Austra-
lopithecus can be determined; what is the influence of large
rivers within basins for limiting dispersals; and why have no
Plio-Pleistocene hominins been recovered from Angola,
North Africa or Uganda? And finally, how can we under-
stand selection processes from patterns that are at a much
greater scale than these processes likely occur?

The participants also made lists of knowns, known
unknowns, and biological realities (the latter followed by a
question mark). The list of known taxa included Austra-
lopithecus afarensis, Australopithecus africanus, and Aus-
tralopithecus anamensis to which one could add the species
classified by many as Paranthropus: Paranthropus robustus
and Paranthropus boisei; known unknowns were those in
which only one or very few specimens are known: Paran-
thropus aethiopicus, Australopithecus garhi, and Kenyan-
thropus platyops. Finally, there were questions regarding
the biological reality of Australopithecus bahrelghazali, a
second species of Australopithecus at Sterkfontein, and,
indeed, what exactly was the species at Makapansgat—is it
actually A. africanus? Obviously, none of the participants
was aware of A. sediba in the fall of 2007, but we asked for
a contribution from its discoverers to add to the depth of the
volume. This new species may belong in the category of
known unknowns for some researchers, but that is for
another discussion and another workshop. The organizers of
the workshop limited the discussions to the Australopithe-
cus species mentioned above and decided that Paranthropus
and Kenyanthropus would be the subjects of other
workshops.

The name of this volume does not match the name of the
workshop, because as the discussion progressed and the
papers were submitted, it seemed that the incorporation of
the diversity of Australopithecus species was in reference to

their overall paleobiology. Part 1 of this volume, the context
of Australopithecus evolution, sets up the geological and
paleoecological context within which all of the Australop-
ithecus species, as well as some of the other genera, occur.
From these papers we learn that the genus ranges over about
2.3 million years, with the oldest species recovered in East
Africa and the youngest species recovered in South Africa
(Malapa). The Taung child, once thought to be among the
youngest of representatives, is now in the middle of the A.
africanus species range—with A. sediba now the youngest.
The Australopithecus specimens from Sterkfontein and
Malapa postdate the enigmatic specimen of A. garhi from
the Middle Awash of Ethiopia, as well as specimens of P.
aethiopicus. The dispersal and speciation of various species
across the landscape is thus bracketed within dates that are
not intuitive, and create more questions and some answers
about the biogeographical patterns that we see in this genus.
Within Part 1 the information we know about the paleo-
ecology of each Australopithecus site is discussed, and the
authors elucidate what is known about each species’ habitat.
In general, Australopithecus species appear to be habitat
generalists, which simply provokes further questions about
fallback foods, disparate diets among species, and apparent
lack of continuous dispersal across the landscape.

Part 2 of the volume covers site distribution and issues
regarding the phylogeny within the genus as well as its
origination. These authors also pose more questions
regarding the earliest members of the genus, such as
understanding the variation and biogeographic distribution
of A. anamensis in light of the newer recoveries in northern
Ethiopia; understanding the temporal range of A. afarensis
because there is a widespread unconformity in the northern
Awash basin that likely eliminates much of the data nec-
essary to understand its LAD there; and understanding the
phylogenetic connections to possible descendants such as
Homo and Paranthropus. Later members of the genus also
supply controversy of a sort, for example, the longevity of
what is known as the A. africanus lineage and the variation
among specimens begs the question as to how many species
of Australopithecus are represented by the individuals cur-
rently assigned to that taxon in South Africa. There appear
to be as many phylogenetic solutions to this question as
there are researchers, and there are key specimens that are
involved in this debate with StW 53 being among the most
controversial. Finally, the newest member of the genus, A.
sediba, is also discussed with regard to its relationship to
other Australopithecus and to Homo.

Part 3 examines various biogeographical perspectives
and evolutionary models and how they can be used to
examine evidence regarding ancestor—descendant relation-
ships. This section addresses questions of scale and pro-
cesses in considering the adaptive radiation of the genus—
and arrives at an interesting conclusion that



1 Introduction

Australopithecus evolution falls short of a true adaptive
radiation, and is better explained by other evolutionary
models. None of the authors in this section questioned the
hypothesis of an anagenetic lineage from A. anamensis to A.
afarensis (Kimbel et al. 2006), although there are
researchers who do not accept that view. Lockwood (2013)
asks what is the evidence for a member of the A. anamen-
sis—A. afarensis lineage as an origin for the A. africanus like
hominins in South Africa? Can one explain the many cra-
nial features present in both A. africanus and Homo through
a biogeographical model of ancestor—descendant relation-
ships? There are hints of answers to these questions in these
chapters, and Foley (2013), Lockwood (2013), and Strait
(2013) all mention the provinciality of these early species.
If we agree that evolution occurs in small, isolated popu-
lations, then some of the biogeographical patterning that we
see is necessary and, indeed, we expect to recover new
members of the genus through time in some of these insu-
lated regions, e.g., northern Ethiopia (A. garhi) and southern
Africa (A. sediba), and possibly another species now
included in A. africanus.

Part 4 considers aspects of the paleobiology of the genus.
These topics include diet (as informed by microwear and
isotopic data), locomotor adaptational and ontogenetic dif-
ferences, as well as sexual dimorphism. These chapters
explore the myriad of questions that were proposed—but
still leave questions: Why is the microwear of Australopi-
thecus so different among species recovered from East and
South Africa? What do the differences in isotopes among
species actually mean? That is, even if a taxon is mixed C3
or all C4, what does that suggest about the actual food items
ingested? Newer studies in microwear (Grine et al. 2013)
suggest that the purported A. anamensis—A. africanus line-
age varied little in the overall food properties that were
consumed and that hard-object feeding was not involved.
These authors imply that their diet may have included some
type of vegetation, but we are still not sure of the actual
food items utilized. There are differing opinions as to the
details of locomotion of some of the Australopithecus
species. Although everyone agrees the species were bipedal,
not all agree on whether their forelimbs were used for
climbing, as some contend that the relevant features are just
primitive retentions. Were there different modes of loco-
motion among species? While discovered after the work-
shop, A. sediba at least has some different, and interesting,
skeletal morphology suggesting more differences in bauplan
than previously expected.

Tragically, two of the young researchers who attended
the workshop and provided initial manuscripts have been
lost to the field of paleoanthropology since those fall 2007
discussions. Charlie Lockwood died in the summer of 2008
and Elizabeth Harmon in the spring of 2009. For me, editing

this volume was intertwined with their lives and deaths, and
having their papers, rough or not, included here was
extremely important. Elizabeth’s paper had been submitted
and reviewed before her death, and Will Harcourt-Smith
incorporated the reviewers’ comments into her manuscript.
Charlie’s paper had not been submitted in final form, but the
latest version was recovered from his computer. David
Strait and John Fleagle kindly revised his manuscript, as we
felt Charlie’s scientific viewpoint was important to incor-
porate here.

It has taken a long time for this book to see the light of
day, but the research described and the analyses discussed
are as important today as they were in September of 2007.
All of the authors provide some tentative answers to the
questions posed at the workshop, and many suggest new
research that should likely be done to answer some of the
questions posed. But what is research that does not lead to
further questions about a field? It is likely time for another
workshop and further discussion on the genus Australopi-
thecus, given all of the unique discoveries in the past
5 years.
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Geological and Paleontological Context

The chapters in this section provide the background for later parts of the volume by placing
Australopithecus fossils in a broader temporal and deposition framework. In “Age Ranges of
Australopithecus Species, Kenya, Ethiopia, and Tanzania” Francis Brown, Ian McDougall,
and Patrick Gathogo review and summarize all of the geological information about the age of
Australopithecus fossils from Eastern Africa and also the specimen of Australopithecus
bahrelghazali from Chad. They provide charts showing correlations between geological
formations and individual sites that have yielded fossils of Australopithecus and related taxa,
as well as comparing the ranges of the different species of Australopithecus. The genus
Australopithecus is found in East Africa in deposits ranging in age from 4.2 Ma to less than
2.5 Ma. Australopithecus anamensis has been described from sites ranging from 4.2 Ma to
just under 3.80 Ma. Australopithecus afarensis has a well-documented range from over 3.6
Ma to just less than 3.0 Ma. However, several associated teeth from the site of Fejej in
southernmost Ethiopia, dated ca. 4.2-4.0 Ma, have been attributed to that species, and some
authors have suggested that A. anamensis and A. afarensis are chronospecies of a single
lineage. A. bahrelghazali from Chad has an estimated date, based on faunal correlations of
between 3.4 and 3.0 Ma. Australopithecus garhi is known from a single site in Ethiopia and
has a well-constrained age of just slightly less than 2.5 Ma. Fossils attributed to
Kenyanthropus platyops from northern Kenya range in age from 3.6 to 3.25 Ma.

In “A Multi-Disciplinary Perspective on the Age of Australopithecus in Southern Africa”,
Andy Herries and colleagues review and summarize the ages of Australopithecus species
from Southern Africa and compare them with the ages of other species from Eastern Africa.
They base their results on a combination of paleomagnetic correlation, electron spin
resonance (ESR), and uranium lead (U-Pb) analyses as well as biochronological and
stratigraphic data. They find that the oldest fossils attributed to Australopithecus africanus are
from the Makapansgat Limeworks site dated to between 3.0 and 2.6 Ma. The type specimen
of A. africanus from Taung is most likely in the same age range as the Makapansgat fossils.
Australopithecus fossils from the rich but complex site of Sterkfontein are dated to between
2.6 and 2.0 Ma. However the number of contemporaneous species is a subject of debate.
Australopithecus fossils from Gladysvale are dated to between 2.4 and 1.9 Ma. Australop-
ithecus sediba from Malapa is well-dated at 2.05-1.98 Ma. Thus, Australopithecus fossils
from Southern Africa are generally much younger than Australopithecus in East Africa and
are contemporaneous with Homo and Paranthropus.
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In “Reconstructing the Habitats of Australopithecus: Paleoenvironments, Site Taphonomy,
and Faunas”, Kay Behrensmeyer and Kaye Reed review what can be reconstructed regarding
the paleoecology of each of the species of Australopithecus in the context of a broader
consideration of the many factors involved in deducing ecological information from the
geological and paleontological records. They find that as a genus, Australopithecus likely
occupied a wide range of habitats, and that there is evidence that the species A. afarensis
occupied multiple habitats. However, they also note that different types of information
sometimes yield conflicting evidence about the paleoecology of Australopithecus species.

The Editors



Chapter 2

Age Ranges of Australopithecus Species, Kenya, Ethiopia,

and Tanzania

Francis H. Brown, lan McDougall, and Patrick N. Gathogo

Abstract Australopithecus anamensis, Australopithecus
afarensis, Australopithecus bahrelghazali, Australopithecus
garhi, and Kenyanthropus platyops have all been described
from eastern Africa and Chad. Principal results presented
are the age of specimens assigned to these taxa that derive
from sedimentary formations of the Omo Group in the
Omo-Turkana Basin of Kenya and Ethiopia. Also included
are ages of relevant fossils from various sites in sediments
of similar age preserved in the Ethiopian Rift Valley (e.g.,
Hadar, Asa Issie, Aramis, Maka, Bouri), and at Laetoli in
Tanzania. All “*°Ar/*’Ar ages were recalculated to a
common age for the Fish Canyon sanidine fluence monitor
(FCs) to eliminate small differences in age caused by
different choices for this value. The value chosen for the age
of the Fish Canyon sanidine monitor (28.10 Ma) is that of
Spell and McDougall (2003). The overall effect is to
increase ages computed using 27.84 Ma for the age of the
monitor by 0.93 %, and to increase ages computed using
28.02 Ma for the age of FCs by 0.29 %. An age of
4.000 Ma using the 27.84 Ma age for FCs is thus increased
to 4.037 Ma; whereas the same age computed using
28.02 Ma is increased to 4.011 Ma. Thus the differences
in the stated ages are on the order of 0.02 Ma—up to about
twice the length of a precessional orbital cycle. Excellent
age information is available on most specimens principally
due to the efforts of Paul Renne and coworkers at the

McDougall and coworkers at the Research School of Earth
Sciences, Australian National University; some other
information (e.g., Walter and Aronson 1993) is also useful,
but less extensive than the results obtained by the workers
mentioned above.

Keywords Hominin evolution * Geology ¢ Tephrostra-
tigraphy ¢ Radiometric dating ¢ Turkana Basin ¢ Omo
Group

Introduction

The principal formations of interest are those of the Omo
Group in the Omo-Turkana Basin of northern Kenya and
southern Ethiopia, the Sagantole, Hadar, and Bouri for-
mations of northeast Ethiopia, and the Laetoli Formation
of northern Tanzania (Fig. 2.1). At other localities, such
as that at Bahr al Ghazal (KT-12), Chad, australopith
fossils are dated by faunal comparison and '°Be/’Be
determinations; in some cases it is not evident what area
or thickness of strata is included in the fauna being
compared.

For the present chapter, we use ages for magneto-
stratigraphic boundaries given in Table 2.1. These gener-

Berkeley Geochronology Center (BGC), and Ian ally follow Gradstein et al. (2004) and Horng et al.
(2002), with those of Kidane et al. (2007) used for the
Reunion I and Reunion II subchrons. Although stated
without error estimates, in many instances errors of up to
0.03 Ma are associated with each of these ages. Further,
we use ages given in Table 2.2 for dated volcanic mate-
F. H. Brown (<) - P. N. Gathogo o rials in the Omo-Turkana Basin, and ages listed in
g;f?;?:néiﬁi’%glg%g{gﬁ;?%’g:es’ University of Utah, Table 2.3 are for dated volcanic materials at sites in
e-mail: frank.brown@utah.edu Ethiopia and Tanzania, recomputed where necessary, so
I. McDougall that the Fish Canyon Tuff sanidine reference age is
Research School of Earth Sciences, Australian National identical to that used for ages in the Omo-Turkana Basin
University, Canberra, ACT 0200, Australia (i.e., 28.10 Ma).
K. E. Reed, J. G. Fleagle, R. E. Leakey (eds.), The Paleobiology of Australopithecus, 7

Vertebrate Paleobiology and Paleoanthropology, DOI: 10.1007/978-94-007-5919-0_2,
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T T3aE N 38 Table 2.2 “°Ar/*’Ar ages of dated units in the Omo-Turkana Basin
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”:‘_(\ ) T Unit Age and standard deviation
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NN o J Gele 1326 £ 0.019  Anorthoclase®
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2N I\ Jlorciel | Ebei 1.475 + 0.029  Anorthoclase
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,i;';i . + Kanapoi 200 km Koobi Fora 1.485 £ 0.014  Anorthoclase®
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% o Bin, o o . . Lower Koobi Fora 1.476 + 0.013  Anorthoclase®
S ek I e - a
i k\{x A W:,aﬁ? < \ Indian Morte 1.510 & 0.016  Anorthoclase
N g \ Lower Ileret 1.527 + 0.014  Anorthoclase®
Q e I Ocean .
b 5} . @lLaetoll - Morutot 1.607 £ 0.019  Anorthoclase
4 174 T : i
p NI}-FJ\ A L Malbe 1.843 4+ 0.023  Anorthoclase®
KBS 1.869 £+ 0.021  Anorthoclase®
Fig. 2.1 Map of eastern Africa showing locations of most of the  Kangaki 2.063 + 0.032  Anorthoclase”
fossil sites mentioned in the text. Locations are generalized because  G.3 2.188 + 0.036  Anorthoclase?
some formations (e.g., Koobi Fora Formation; Shungura Formation) b
extend over large areas Kalochoro 2.331 £ 0.015  Anorthoclase
Tuff F 2.324 £ 0.020  Anorthoclase”
Tuff D-3-2 2.443 4 0.048  Anorthoclase”
Lokalalei 2.526 & 0.025  Anorthoclase”
Table 2.1 Ages of magnetostratigraphic and stratigraphic boundaries Burgi 2622 + 0.027  Anorthoclase®
Designation Age (Ma) Alternate name® B-10 2.965 + 0.014  Anorthoclase®
Cln 0.000-0.781 Brunhes Ninikaa 3.066 4 0.017  Anorthoclase”
Clr 0.781-2.581 Matuyama Toroto 3.308 £ 0.022  Anorthoclase®
Clr.In 0.988-1.072 Jaramillo Normal Tulu Bor 3.438 £+ 0.023  Anorthoclase®
Clr2n 1.173-1.185 Cobb Mt. Normal Lokochot 3.596 £ 0.045  Anorthoclase”
C2n 1.778-1.945 Olduvai Normal Moiti 3.970 £ 0.032  Anorthoclase”
C2r.1n 2.06-2.08" Reunion Il Normal Topernawi 3.987 £ 0.025  Anorthoclase®
C2r.2n 2.15-2.20° Reunion I Normal Kanapoi Tuff 4.108 & 0.029  Anorthoclase”
C2An.1n and C2An.3n 2.581-3.596 Gauss Upper pumiceous siltstone, 4.147 £+ 0.019  Anorthoclase”
C2An.1r 3.032-3.116 Kaena Reversed Kanapoi
C2An.2n 3.116-3.207 Lower pumiceous siltstone, 4.195 + 0.033  Anorthoclase”
K .
C2An.2r 3.207-3.33 Mammoth Reversed anapol b
Pumice clasts, Apak Mb., 4.244 £+ 0.042  Anorthocl
C2An3n 3.33-3.596 “in;fga;;ff pa forthociase
Car 3.596-6.033 Gilbert Lothagam Basalt 423 +0.03  Whole rock®
C3n.ln 4.187-43 Cochiti Normal All ages calculated relative to a reference age of 28.10 Ma for the Fish
C3n.2n 4.493-4.631 Nunivak Normal Canyon Tuff sanidine fluence monitor. All results on anorthoclase are
C3n.3n 4.799-4.896 Sidufjall Normal arithme'tic mean ages with uncertainties the stapdarq deviation of the
population. Most pooled ages are based on multiple single crystal total
C3n.4n 4.997-5.235 Thvera Normal

Sources Gradstein et al. (2004) and Horng et al. (2002)

# Subchrons in italics

b Age estimates based on Kidane et al. (2007)

fusion measurements

# McDougall and Brown (2006)
® McDougall and Brown (2008)

¢ McDougall and Feibel (1999, 2003)
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Table 2.3 K/Ar and *“°Ar/*’Ar ages of dated units at Ethiopian sites other than Omo, and at Laetoli standardized to a value of 28.10 Ma for the

Fish Canyon sanidine fluence monitor

Unit

Age and standard deviation (Ma)

Sagantole, Hadar, and Bouri formations

Maoleem vitric tuff (MOVT)
Bouroukie tuff 3 (BKT-3)
Bouroukie tuff 2 (BKT-2U)
Bouroukie tuff 2 (BKT-2L)
Kada hadar tuff (KHT)
Triple Tuff (TT-4)

Kadada moumou basalt (KMB)
Sidi hakoma tuff (SHT)
Wargolo tuff (VT-3)
Cindery tuff (CT)

Moiti tuff (VT-1)

Unnamed tuff, Sagantole Fm. (94-55 °C)

Unnamed basaltic tuff (MA02-13)
Marker tuff sibabi

Kullunta basaltic tuff (KUBT)
Igida tuff complex (IGTC)

Gaala tuff complex (GATC)
Daam aatu basaltic tuff (DABT)
Unnamed tuff, Sagantole Fm. 94-58
Abeesa tuff (ABCT)

Unnamed tuff, Sagantole Fm. 94-32
Gawto basalt

Upper unit Laetolil beds

Yellow marker tuff

Tuff 8

Tuff 8

Between tuffs 7 & 8 (MM25)
Between tuffs 7 & 8 (75-7-7E)
Tuff 7A

Tuff 7

Tuff 6

Tuff 5

Tuff between 4 & 5

Tuff 4

Tuff 4

Tuff 3

Tuff 2

Tuff 2

Tuff 1

Base of upper unit, Laetolil beds
Lower unit Laetolil beds

Uppermost lower Laetolil beds

2.519 £+ 0.008
2.35 £ 0.07

2.978 + 0.038
2.971 £ 0.017
3.205 + 0.012
3.250 £ 0.010
3.311 £ 0.040
3.430 £ 0.030
3.783 £ 0.023
3.883 + 0.083
3.925 + 0.030
4.052 £ 0.060
4.128 £ 0.074
4.303 £ 0.019
4.329 £ 0.055
4.344 £ 0.011
4.430 £ 0.031
4.429 £ 0.053
4.605 £ 0.121
4.863 £ 0.073
4.895 £ 0.083
5.234 + 0.083

3.614 £ 0.018
3.46 £ 0.12
3.618 £ 0.018
3.49 £ 0.11
3.56 + 0.02
3.65 £ 0.02
3.56 = 0.19
3.77 £ 0.05
3.61 £0.19
3.78 £ 0.11
3.80 + 0.04
3.85 £ 0.02
3.71 £ 0.04
3.78 + 0.04
3.85 £ 0.03
3.74 £ 0.02
3.76 + 0.03

3.84 + 0.02

Sanidine®
Alkali feldspar®
Alkali feldspar®
Alkali feldspar®
Alkali feldspar
Alkali feldspar?
Whole rock®
Anorthoclase’
Alkali feldspar®
Plagioclase”
Sanidine"
Sanidine®
Basaltic glass'
Alkali feldspar”
Basaltic glass®
Plagioclase®
Mainly sanidine®
Volcanic glass®
Plagioclase®
Plagioclase®
Plagioclase®
Whole rock®

Alkali feldspar’
Biotite®
Alkali feldspar’
Biotite®
Biotite®
Biotite!
Biotite®
Biotite’
Biotite’
Biotite’
Alkali feldspar’
Biotite’
Biotite’
Alkali feldspar’
Biotite’
Biotite)
Biotite®

Alkali feldspar’

Most results on alkali feldspar are based upon single crystal total fusion measurements, whereas most whole rock or glass measurements are from step

heating experiments. In most cases the age and uncertainty are based upon a weighted mean calculation

% de Heinzelin et al. 1999
® Kimbel et al. 1996

¢ Dimaggio et al. 2008

4 Walter 1994

¢ Renne et al. 1993

T Walter and Aronson 1993
& Renne et al. 1999

" White et al. 1993

! White et al. 2006

) Deino 2011; preferred ages
X Drake and Curtis 1987
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Pliocene Formations of the Omo-Turkana
Basin (the Omo Group)

Hominin taxa described from sedimentary deposits of the
Omo Group in northern Kenya and southern Ethiopia include
Australopithecus anamensis, Australopithecus afarensis,
Paranthropus aethiopicus, Paranthropus boisei, and Keny-
anthropus platyops. The Omo Group was defined originally
by de Heinzelin (1983) as a general term to include tilted and
faulted sedimentary strata of Pliocene and Pleistocene age in
the Lower Omo Valley. Within the Omo Group, de Heinzelin
(1983) included the Mursi, Nkalabong, Usno, and Shungura
formations, and also what he termed the Loruth Kaado and
Naiyena Epul beds, which are now included within the
Nachukui Formation. By extension, the Koobi Fora Forma-
tion (Brown and Feibel 1986), and the Nachukui Formation
(Harris et al. 1988a, b) are now included in the Omo Group.
These formations consist dominantly of sands, silts and clays,
deposited in fluvial, deltaic and lacustrine, environments. The
Omo River, which drains the Ethiopian highlands, transported
much of the sediment to the basin but there are also important
contributions from lateral streams along the basin margin in
many places. Two lacustrine intervals are especially promi-
nent, one between ~4.3 and 4 Ma, and a second between
~2.0 and 1.6 Ma. Two of the formations of interest are
located in the Lower Omo Valley of Ethiopia—the Shungura
and Usno formations. Chronological control on formations of
the Omo Group derives principally from “°Ar/*°Ar ages
measured at the Australian National University, Canberra.
Directly measured ages are now available for 33 individual
volcanic ash layers (Table 2.2). Because of the reasonably
closely spaced direct age measurements, additional control
can be added by knowing the levels of transition from normal
to reversed paleomagnetic polarity and assigning the transi-
tions to previously established chrons and subchrons of the
Geomagnetic Polarity Time Scale.

Shungura Formation

The 766 m thick Shungura Formation is beautifully docu-
mented by de Heinzelin and coworkers (see de Heinzelin and
Haesaerts 1983a, b). It crops out in a long (~ 65 km), narrow
(1-9 km), north—south trending belt west of the Omo River in
southern Ethiopia, and it is faulted, with most blocks having
been dropped down on the east and strata dip ~ 10°W. de
Heinzelin and Haesaerts (1983a) divided the formation into a
Basal Member, followed upward by members A to L
(omitting I). The base of the formation is taken as the lowest
strata exposed below Tuff A; nowhere is the contact with
underlying rocks exposed. A silicic tuff lies at the base of

each member except for the Basal Member, which is defined
as those strata which lie beneath Tuff A. Tuff A lies at the
base of Member A. de Heinzelin and Haesaerts (1983a)
divided each member into submembers on the basis of fining
upward sequences and/or erosional surfaces, and labeled
them numerically from the base upward within each member
(e.g., D-3); some submembers are divided internally, and
these too are numbered from the base upward within each
submember (e.g., D-3-2). Tuffs not used to define members
are designated by the submember or unit in which they occur
(i.e., D-3-2). Fossils are abundant from Member A to
Member L, and have provided an important set of fossil
mammals useful for biochronology in East Africa. Below
submember G-14, the formation consists principally of flu-
vial sediments arranged in fining upward cycles, commonly
with a paleosol at the top of each. Many fossils derive from
sandstones at the base of each fining upward sequence, but
others come from less energetic conditions representing
ancient floodplains. Chronological control is provided by
direct determinations on materials from the Shungura For-
mation, and also by tephrostratigraphic correlations to dated
units in other formations of the Omo Group. For example,
Tuff C-4 of the Shungura Formation correlates with the In-
gumwai Tuff of the Koobi Fora Formation, and lies below the
Burgi Tuff which has been dated at 2.62 Ma. Hence C4 is
somewhat older than 2.62 Ma. Other correlations provide
still additional information.

Usno Formation

de Heinzelin and Haesaerts (1983b) described the 172 m
thick Usno Formation that is exposed ~20 km northeast of
the Shungura Formation in several small (named) patches.
Fossils come principally from two of these exposures—
White Sands and Brown Sands—at stratigraphic levels near
the middle of the formation above tuffs U-10 and U-11,
which correlate with tuffs B-« and B-f. Like the Shungura
Formation, the fossils derive from fluvial deposits.

Koobi Fora Formation

Bowen and Vondra (1973; see also Bowen 1974) first pro-
vided a stratigraphy of Pliocene and Pleistocene deposits in
the Koobi Fora region east of Lake Turkana. Brown and
Feibel (1986) revised the stratigraphy, and defined all
Pliocene and Early Pleistocene strata as part of the 525 m
thick Koobi Fora Formation. The latter authors divided the
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Koobi Fora Formation into eight members based on chem-
ically distinct tephra marker horizons. From bottom to top
the member names are: Lonyumun, Moiti, Lokochot, Tulu
Bor, Burgi, KBS, Okote, and Chari. A major discontinuity
occurs within the Burgi Member, which has a duration of
~0.5 Ma. This separates the informal lower Burgi Member
(which extends upward to Lokalalei Tuff; 2.52 + 0.03 Ma),
from the informal upper Burgi Member (for which deposi-
tion begins approximately 2 Ma ago; McDougall and Brown
2008). Part of the interval missing in the Koobi Fora region
is preserved in exposures of the Koobi Fora Formation at
Loiyangalani (Gathogo et al. 2008), where deposits include
the Kokiselei Tuff, and the depositional break occurs after
eruption of flows of the Lenderit Basalt (2.02 £ 0.02 to
2.51 & 0.03 Ma). The Koobi Fora Formation records a
variety of fluvial, lacustrine, and deltaic environments, but
fossils of Australopithecus sp. are principally known from
fluvial channel deposits (see Coffing et al. 1994).

Kanapoi Formation and Nachukui Formation

These units lie disconformably above Miocene volcanic
rocks. In other locations in the Omo-Turkana Basin depo-
sition of Omo Group sediments began shortly before or after
eruption of basalts of the Gombe Group (Watkins 1983;
Haileab et al. 2004).

The Kanapoi Formation, located southwest of Lake
Turkana in the Kerio River Valley is 37.3 m thick in its type
section (Feibel 2003a). It records both lacustrine deposition
and deltaic deposition by a river entering the basin from the
south or southwest. Specimens recovered from this locality
led Leakey et al. (1995) to propose a new species of
hominin—A. anamensis.

At Lothagam, also located southwest of Lake Turkana
~65 km north of Kanapoi, the 37-113 m thick Apak
Member of the Nachukui Formation disconformably lies
above fluvial strata of the Nawata Formation (7.4 4 0.1 to
6.5 £ 0.1 Ma; McDougall and Feibel 1999; Feibel 2003b),
and below the 59 m thick Muruongori Member. The 94 m
thick Kaiyumung Member lies above the Muruongori
Member (McDougall and Feibel 1999). The Apak Member
records rapid deposition by a meandering river on a flood-
plain, perhaps related to that at Kanapoi (Feibel 2003b). It is
succeeded by lacustrine strata of the Muruongori Member,
and then a return to fluvial conditions recorded in the
Kaiyumung Member. Despite considerable effort, hominin
fossils from Lothagam remain scant. A mandible recovered
in 1967 is said to be from the Apak Member, and Leakey
and Walker (2003) assigned four dental specimens from the
Kaiyumung Member to Australopithecus cf. A. afarensis.

Where exposed west of Lake Turkana between ~3.75
and 4.25°N latitude (i.e., between the towns of Kataboi and
Lowarengak), the Nachukui Formation has an aggregate
thickness of 730 m (Harris et al. 1988a, b). The formation in
this region is divided into the Lonyumun (4.2-4 Ma),
Kataboi (3.9-3.4 Ma), Lomekwi (3.4-2.5 Ma), Lokalalei
(2.5-2.3 Ma), Kalochoro (2.3—1.9 Ma), Kaitio (1.9—1.6 Ma),
Natoo (1.6—-1.3 Ma), and Nariokotome (1.3-0.6 Ma) mem-
bers. Remains of Australopithecus sp. are known from the
Lomekwi Member, and those of Kenyanthropus are known
from the Kataboi Member. Facies variations occur over short
lateral distances in some parts of the Nachukui Formation,
and it records lacustrine, fluvial, and alluvial fan environ-
ments as described in previous publications (e.g., Harris
et al. 1988a, b). Remains of Australopithecus sp. were
recovered from alluvial plain environments, and those of
Kenyanthropus were recovered from lacustrine margin
deposits.

Pliocene Formations in Ethiopia Outside
the Omo-Turkana Basin

Along the Awash River in Ethiopia several paleontological
sites have yielded specimens ascribed to Australopithecus.
Geological units include the Sagantole Formation, the
Hadar Formation, and the Bouri Formation.

Sagantole Formation

With important fossils, a thickness over 200 m, and a quasi-
continuous temporal record extending over ~ 1.5 Ma, the
Sagantole Formation has received special attention. A
complete section shown in Fig. 2.2 demonstrates that sed-
imentary units extending back well over 5 Ma in age exist
in the region. Renne et al. (1999) have reviewed the geol-
ogy, dating, and magnetostratigraphy of this unit, which is
very well controlled, and later White et al. (2006) added
still more temporal information. The Sagantole Formation
has been divided into seven members (Renne et al. 1999).
From the base upward these are the Kuseralee, Gawto,
Haradaso, Aramis, Beidareem, Adgantole, and Belohdelie
members. The Kuseralee Member consists of gypsiferous
siltstones and claystones with interbedded bentonite layers
and sandstones. A sandstone with a rich vertebrate fauna is
succeeded by the lowermost flow of the Gawto Member.
Basaltic lava flows and an agglomerate make up the Gawto
Member. Fine-grained strata of the overlying Haradaso
Member are succeeded by thick, cross-bedded sandstones,
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Fig. 2.2 a Schematic stratigraphic columns for localities from which
fossils ascribed to Australopithecus anamensis have been recovered.
The column for the Sagantole Fm. is after Renne et al. (1999); those
for Aramis and Asa Issie are after White et al. (2006); that for the
Kanapoi Fm. is after Leakey et al. (1998) and Feibel (2003a); and that
for Koobi Fora is after Coffing et al. (1994). To the left of each
stratigraphic column is a column showing paleomagnetic polarity (if
known). Left of that is a small solid bar capped with “A.” showing the

and conglomerate lenses near the top. Vertebrate fossils are
abundant in the silty sandstones and coarser sandstones. The
Haradaso Member contains at least seven tephras (mainly
altered), including the Abeesa Tuff. At the base of the
Aramis Member is the Gaala Tuff Complex, which is
overlain by silt, clay, and sand with calcareous layers some
of which contain vertebrate fossils and fossilized seeds and
dung. A coarse-grained cross-bedded sandstone at the top of
the Aramis Member contains vertebrate fossils, but the
member also includes gastropod-bearing limestones. Most
of the Aramis Member probably records fluvial sedimen-
tation with shallow lacustrine environments represented

known range of fossils in each section. Dated units are identified by
name, or if a name is lacking, by sample number; YA/ Ar ages
shown with error are recalculated to an age of 28.10 Ma for the Fish
Canyon sanidine fluence standard (FCs) so that ages on all columns are
comparable. Ages assigned from paleomagnetic transition boundaries
are shown without error and italicized. b Position of the Lothagam
mandible (KNM-LT 329), and the dated tuff at Lothagam using
information from McDougall and Feibel (2003)

near the top. The Beidareem Member consists of altered
basaltic tephra and locally 2-4 m of silts and silty clays
between the basaltic tuffs enclose the Igida Crystal Tuff.
Some 80 m of strata comprise the Adgantole Member,
which is dominated by silt, clay, and sand, but also has
coarse sandstone and conglomerate near the top. It contains
several tuffs (e.g., Kullunta Basaltic Tuff, Lubaka Vitric
Tuff, Goroyya Tuff Complex). The Goroyya Tuff Complex
crops out ~3 m below Tuff VT-1 (=Moiti Tuff) which
defines the base of the Belohdelie Member. The Moiti Tuff
was defined in the Omo-Turkana Basin (Cerling and Brown
1982; Haileab and Brown 1992). Extending upward to the
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base of the Cindery Tuff, the Belohdelie Member consists
of clay, silt, and fine sand with a few thin, coarser-sand
horizons, several laterally extensive vitric tephra, and a
gastropod-bearing limestone beneath the Cindery Tuff.
Deposition in a fluctuating shallow- to deep-lacustrine
system, including swamp and lake-margin facies is sug-
gested for this member (Renne et al. 1999). White et al.
(2006) report on specimens of A. anamensis from this for-
mation at Aramis, and also at Asa Issie.

Hadar Formation

The Hadar Formation, a minimum of 280 m thick, is
exposed along the Awash River adjacent to the eastern
escarpment of the Ethiopian Plateau (Johanson et al. 1982).
The principal area (~10km?) from which fossils of
Australopithecus were collected is located north of the
Awash River. The strata are essentially flat lying, and have
been divided into four members, the Basal, Sidi Hakoma,
Denen Dora, and Kada Hadar members from the base
upwards. The sedimentary strata are generally similar to
those of the Sagantole Formation, but lack basaltic tephra
that are so prominent in the former. Like the Sagantole
Formation, the Hadar Formation contains several vitric tuffs
(e.g., the Sidi Hakoma Tuff (SHT), the Kada Hadar Tuff
(KHT), the Triple Tuff (TT), the Bouroukie Tuffs (BKT),
etc.), which have provided material for OArAr dating.
Lacustrine, lake margin, fluvial and flood plain environ-
ments are well represented, and described elsewhere (e.g.,
Taieb et al. 1972, 1976; Johanson et al. 1982). Near the base
of the formation is the Sidi Hakoma Tuff, which correlates
with the -Tulu Bor Tuff of the Omo-Turkana Basin (Brown
1982; Walter and Aronson 1993). The site is justly famous
for the discovery of many fossils now ascribed to A. afar-
ensis (e.g., Taieb et al. 1976; Johanson et al. 1978; Johanson
and White 1980). At Dikika, the Hadar Formation has a
maximum thickness of ~160 m, and many of the units
defined at Hadar itself are still recognizable (SHT, KHT,
TT-4, etc.; see Wynn et al. 2006). Below the Sidi Hakoma
Tuff, lacustrine clays resting on older basalts give way to
shoreline facies with gastropod bearing sandstones. These
are transitional to delta plain facies that contain the splendid
juvenile skeleton attributed to A. afarensis described by
Alemseged et al. (2005, 2006). Still higher in the section,
lacustrine deposition resumes, and is then once again
replaced by predominantly fluvially deposited strata in the
upper part of the formation. In addition to the juvenile
hominin, a partial mandible with associated dentition has
been recovered from the area which is also attributed to
A. afarensis (Alemseged et al. 2005).

Bouri Formation

de Heinzelin et al. (1999) named the Bouri Formation for its
location on the Bouri Horst, and divided it into three
members (the Hata, Daka, and Herto members) with a
combined thickness of 80 m. Of interest here is the Hata
Member, which is 40 m thick in its type locality. The lower
part of this member is made up of silty claystones, tuffs, and
mudstone, with sandstones and mudstones in the upper part.
These units are interpreted as having been deposited in
fluvial settings close to a shallow fluctuating lake (de
Heinzelin et al. 1999). Three tuffs were recognized—the
Maoleem Vitric Tuff (MOVT), a yellow-green zeolitized
unit, a diatomaceous tuff 14 m higher in the section, and a
bentonitic tuff with accretionary lapilli 4 m above that. This
is the site from which Asfaw et al. (1999) described the new
taxon Australopithecus garhi.

Laetolil Beds

Hay (1987) described a representative section of the Laetolil
Beds exposed in northern Tanzania, and divided it into a
lower unit (64 m), and an upper unit (59 m). His lower unit
consists principally of aeolian tuff interbedded with air-fall
and water-worked tuffs, and in some sections also contains
conglomerates and a mudflow. His upper unit consists largely
of aeolian tuff, but also contains air-fall tuffs and several
horizons of angular rock fragments, or xenoliths. As sub-
aerial deposits, probably on a grassland savanna, the Laetolil
Beds differ sharply from other units discussed previously. K/
Ar age measurements along with one “’Ar/*’Ar age deter-
mination, principally on biotite from airfall tuffs within the
sequence are the basis for the chronology of these beds
(Drake and Curtis, 1987). More recent detailed 40Ar/39Ar
age measurements on biotite and alkali feldspar by Deino
(2011) are now the basis for the age assignments. Hominin
fossils derive from the upper unit of the Laetolil Beds from
levels 7 m below Tuff 3 to 9 m above Tuff 8 (Leakey, 1987).

Temporal Distribution of Australopithecus
Species
Australopithecus anamensis

Chronologic information on this taxon is summarized in
Fig. 2.2, where all columns are drawn, insofar as possible,
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to a standard format for ease in comparison. The position of
Ardipithecus ramidus is also shown on this figure where it is
apparent that this taxon predates the earliest occurrences of
A. anamensis by at least 100 ka.

Representative fossils of A. anamensis at Kanapoi,
southwest of Lake Turkana, come principally from a lower
channel sandstone and overbank mudstone complex, and a
distributary channel associated with the Kanapoi Tuff
(4.108 = 0.029 Ma; McDougall and Brown 2008). Altered
pumiceous clasts occur in two siltstones in the lower levels
of the Kanapoi sequence, and alkali feldspar crystals from
them yielded ages of 4.195 £ 0.033 and 4.147 £ 0.019 Ma
(Leakey et al. 1995, 1998; McDougall and Brown 2008).
The oldest dated level (4.195 %+ 0.033 Ma) is below the
lowest A. anamensis specimen yet recovered. Most homi-
nins from Kanapoi occur in strata between the lowest dated
level and the Kanapoi Tuff. Fossils of A. anamensis have
also been recovered from the Koobi Fora Formation in
paleontological collecting Area 261 of the Allia Bay region.
In the latter locality the specimens lie ~5 m below the
Moiti Tuff (Coffing et al. 1994), within the Lonyumun
Member as currently defined. However, an airfall equiva-
lent of the Moiti Tuff lies lower in the section in Area 260
(Brown unpublished) to which the age of 3.970 +
0.032 Ma should most likely be attributed.

Australopithecus anamensis is also known from Aramis
and Asa Issie, Ethiopia, probably from the Adgantole
Member of the Sagantole Formation. A single specimen from
Aramis, Ethiopia, from near the base of paleomagnetic chron
C2Ar (4.18 Ma) is attributed to A. anamensis (White et al.
2006). At Asa Issie specimens of A. anamensis derive from
strata above a basaltic tephra layer for which the weighted
mean of two plateau ages is 4.128 + 0.074 Ma (recomputed
from 4.116 £ 0.074 in White et al. 2006). These strata are of
reversed paleomagnetic polarity, and assigned to chron C2Ar
(4.19-3.61 Ma). The younger age limit is more difficult to
assess, but White et al. (2006) suggest that the fossils lie
below a vitric tuff (VT-3) correlated with the Wargolo Tuff of
the Omo-Turkana Basin by Haileab and Brown (1992).
White et al. (1993) reported an average age of
3.78 4+ 0.02 Ma for this unit. deMenocal and Brown (1999)
estimated the age of the Wargolo Tuff at 3.80 &+ 0.01 Ma
from its correlate in ODP Site 721. Thus, all known speci-
mens attributed to A. anamensis lie between 3.8 and 4.2 Ma.

Australopithecus afarensis

Figure 2.3 shows the stratigraphic distribution of this taxon
in its principal occurrences: the Hadar region and Laetoli.
Some specimens from Koobi Fora, Lothagam and Fejej
have also been attributed to A. afarensis.

Specimens attributed to A. afarensis at Hadar are found
in the Sidi Hakoma and Denen Dora members of the Hadar
Formation, bounded by the Sidi Hakoma Tuff below, and by
BKT-2 above. Australopithecus specimens come from a
variety of depositional settings; the most famous (A.L. 288-
1; “Lucy”) derives from a channel fill of a small stream.
Site A.L. 333, which has yielded remains of at least 13
individuals, may have been preserved in overbank sedi-
ments related to an adjacent channel fill. Hominin fossils
have been retrieved from floodplain, delta plain and delta-
margin facies in addition to shallow lacustrine deposits in
the Sidi Hakoma Member. In the Denen Dora Member,
which has shallow lacustrine deposits in the lower part
transitional to swamp and floodplain deposits above, hom-
inins have been recovered not only from the sandy units, but
also from finer grained deposits. Chronological control is
provided not only by K/Ar and “°Ar/*°Ar dates on inter-
calated volcanic ash layers, but also by paleomagnetic
polarity transitions representing the Mammoth and Kaena
subchrons.

K/Ar data reported by Drake and Curtis (1987) establish
the general age for the Laetolil Beds, the source of the
holotype of A. afarensis (L.H. 4; Johanson et al. 1978) but
the data set is not as robust as it might be, and additional
work would be of interest. In particular, errors on the age
determinations are larger than those obtained for materials
of comparable age in the Kenyan and Ethiopian materials,
partly because biotite normally contains a much smaller
fraction of radiogenic argon than feldspars.Recently, Deino
(2011) provided new *°Ar/*’Ar ages on the entire succes-
sion at Laetoli that are in general agreement with the earlier
results of Drake and Curtis (1987), Harrison and Msuya
(2005), and Manega (1993). Deino’s preferred ages are
shown on the column in Fig. 2.3, and document convinc-
ingly that the fossils from the Upper Laetolil Beds lie
between 3.63 and 3.8 Ma in age.

Perhaps the best known specimen from Lothagam is a
mandible (KNM-LT 329) recovered by Bryan Patterson
from the lowest part of the Apak Member of the Nachukui
Formation in 1967. It derives from the lowest 3 m of this
member, so we only know that it is >4.22 4+ 0.03 Ma in
age. Leakey and Walker (2003) note that it has affinities to
both A. ramidus and A. afarensis, but attribute the specimen
to Hominidae indeterminate. Four dental specimens from
the Kaiyumung Member of the Nachukui Formation at
Lothagam were assigned to Australopithecus cf. A. afar-
ensis by Leakey and Walker (2003). On the basis of the
known paleomagnetic record, the base of the Kaiyumung
Member must be ~3.5 Ma (scaling linearly between 3.58
and 3.33 Ma), but probably greater than 3.11 Ma, as only
one reversed magnetozone has been reported (Powers 1980;
see also McDougall and Feibel 2003). Details of the
stratigraphic placement of the specimens within this
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Fig. 2.3 Schematic stratigraphic columns for localities from which
fossils ascribed to Australopithecus afarensis have been recovered.
The column for the Laetolil Beds is after Hay (1987); that for Hadar is
after Bonnefille et al. (2004); that for Dikika is after Wynn et al.
(2006); that for Maka/Belohdelie/Wee-ee is after White et al. (1993);
that for the Usno Formation is after de Heinzelin and Haesaerts
(1983b); that for Fejej is after Kappelman et al. (1996). To the left of
each stratigraphic column is a column showing paleomagnetic polarity

member are lacking, so the specimens can only be said to lie
between 3.11 and 3.5 Ma.

At Fejej, Ethiopia (Asfaw et al. 1991), there is evidence
for the existence of a species of Australopithecus older than
4.0 Ma, but probably not more than 4.2 Ma, based on fossil
material from a 25 m section below the Harr Basalt (Fleagle
etal. 1991; Kappelman et al. 1996). On the basis of worn and
fragmentary teeth they ascribed these specimens to A. afar-
ensis following comparison with similar teeth from Hadar.
The age of these specimens is nearly 400 ka older than A.
afarensis at Laetoli. Provided the taxonomic attribution is
correct (see Alemseged 2013)—and we stress that this

Harr ~ 4,06 + 0.05
Al ]

(if known). Left of that is a small solid bar capped with “A.” showing
the known range of fossils in each section. Dated units are identified by
name, or if a name is lacking, by sample number; “’Ar/*’Ar ages
shown with error are recalculated to an age of 28.10 Ma for the Fish
Canyon sanidine fluence standard (FCs) so that ages on all columns are
comparable. Ages assigned from paleomagnetic transition boundaries
are shown without error and italicized

determination should be based on morphology, not age—it
would appear that A. afarensis overlaps temporally with
A. anamensis. Thus, the temporal range of A. afarensis,
insofar as it is currently known is from ~4.1 Ma at Fejej, to
~2.9 Ma at Hadar. On the other hand, Kimbel et al. (2006),
and also White et al. (2006), argue for a linear progression
from A. anamensis to A. afarensis. If the former view is
correct, it would suggest that the two taxa were not a strictly
anagenetic lineage, but overlapped for an extended time (see
Kimbel et al. 2006). Therefore it is of the highest importance
that the taxonomic identity of the specimens from Fejej be
confirmed.



16 F. H. Brown et al.

Australopithecus/Homo
gen. et sp. indet.
(hachured is aff. Homo
215 SP.indet.)

Shungura Fm.

aff l‘_'f.

2.20
G-3 219+0.04
G
= Kenyanthropus platyops Australopithecus
== Hata Mb., garhi
= Bouri Fm.
B F 232002
= Lomekwi Member 1
Nachukui Fm.
Lokalalei Maoleem MAS6-2
. 2.53 +0.03 Ma 2.52 +0.01
E
A.
: D-3-2 244 + O,_05_
=
o D 2.53+0.03
2.58 Usno Fm.
=i 3.21
KEY TO LITHOLOGY
T E Claystone/mudstone
- Siltstone
A. - Sandstone
c I 3.33 1 Conglomerate
B-Tulu Bor
Bl 287001 o-Tulu Bor (U-10) B-Tulu Bor
o-Tulu Bor
/ 3.44 +0.02 Ma
e Vertical
e | OkoChoOt
B 3.60 EEAK scale
3 - 3 60 10.05Ma Paleomagnetic 20
g?g Topemam N R
S = : 3.99 +0.03 Ma I 5
. 3.33 = g
—
m—— B0 3444002 it




2 Age of Australopithecus in Eastern Africa

17

<« Fig. 2.4 Schematic stratigraphic columns for localities from which

fossils ascribed to Australopithecus/Homo gen. et sp. indet., Kenyan-
thropus platyops, and A. garhi have been recovered. The column for
the Shungura Formation (partial) is after de Heinzelin and Haesaerts
(1983a); that for the Lomekwi Member of the Nachukui Formation is
after Leakey et al. (2001) with additions from Harris et al. (1988b);
that for the Hata Member of the Bouri Fm. is after de Heinzelin et al.
(1999). To the left of each stratigraphic column is a column showing

One specimen from Area 117 at Koobi Fora (KNM-ER
2602) is attributed to A. afaremnsis (Kimbel 1988). As
Leakey et al. (1978) describe the specimen as lying just
above 117/TIII (the Tulu Bor Tuff) it is thus <3.438 +
0.023 Ma. No firm minimum age can be placed on this
specimen, but it is likely that it lies below the Ninikaa Tuff
(3.066 £ 0.017 Ma) exposed ~7 km to the southeast.

Australopithecus bahrelghazali

Brunet et al. (1995) reported an australopith mandible
similar in morphology to A. afarensis from site KT-12, near
Koro Toro in northern Chad. They state that the fauna from
KT-12 “shows closest resemblances to collections from
Hadar, Ethiopia with an approximate age of 3.0-3.4 Ma.”
Brunet et al. (1996) later assigned the specimen to a new
species, A. bahrelghazali. The age estimate seems reason-
able, and is consistent with placement of the specimen
above a green pelite on which Lebatard et al. (2008)
obtained a cosmogenic '’Be/’Be age of 3.58 + 0.27 Ma.

Australopithecus garhi

This taxon was described by Asfaw et al. (1999) on the
basis of remains from the Hata Member of the Bouri For-
mation in the Awash Valley, Ethiopia, lying just above the
Maoleem Vitric Tuff (MOVT), with the geology described
in an accompanying paper by de Heinzelin et al. (1999).
The age of the MOVT is very well constrained at
2.52 + 0.01 Ma, and strata below and above the MOVT are
of reversed paleomagnetic polarity. This polarity agrees
with the age determinations and places specimen BOU-VP-
112 in the lowest part of the Matuyama Reversed Chron
(2.58-2.20 Ma). The age suggested by de Heinzelin et al.
(1999; 2.45-2.50 Ma) is well supported by the primary
information. Cut marks on contemporary bone suggest that
stone tools were in use by this or another creature from this
time period.

paleomagnetic polarity (if known). Left of that is a small solid bar
capped with “A.” showing the known range of fossils in each section.
Dated units are identified by name, or if a name is lacking, by sample
number; “°Ar/*°Ar ages shown with error are recalculated to an age
of 28.10 Ma for the Fish Canyon sanidine fluence monitor (FCs) so
that ages on all columns are comparable. Ages assigned from
paleomagnetic transition boundaries are shown without error and
italicized

Kenyanthropus platyops

Specimens collected at LO-6, from the Kataboi Member of
the Nachukui Formation in the northern part of the Lome-
kwi drainage west of Lake Turkana are the only records of
this taxon. The holotype is securely bracketed between the
Tulu Bor Tuff (3.438 4+ 0.023 Ma) and the Lokochot Tuff
(3.596 £ 0.045 Ma), and has a probable age of 3.50 +
0.05 Ma. The paratype lies 17 m above the Tulu Bor Tuff,
and scaling on the basis of stratigraphic thickness between
the Tulu Bor Tuff and the Lokalalei Tuff, has a probable age
of 3.3 £ 0.1 Ma (Leakey et al. 2001). Currently there is no
additional age control within the section at Lomekwi
between the Tulu Bor Tuff and the Lokalalei Tuff, nor have
materials been found that would be of use either for direct
age measurement or correlation. Paleomagnetic stratigraphy
through this section would be of considerable use in refining
the age of the paratype.

Australopithecus/Homo gen. et sp. indet

Suwa et al. (1996) examined 48 mandibular postcanine
teeth from members B through G of the Shungura Forma-
tion and divided them into robust and non-robust types.
They consider the robust specimens from “from Members C
through F (~2.9-2.3 Ma) to represent A. aethiopicus.”
Sometime during lower Member G (~2.3-2.0 Ma), the
derived morphology of A. boisei appears. Of course, neither
A. aethiopicus nor A. boisei are even considered to belong
to genus Australopithecus by many workers, instead being
assigned to Paranthropus. By contrast, the early non-robust
types from the Shungura Formation were considered to be
indeterminate to genus or species, but Suwa et al. (1996)
consider the non-robust types collected from stratigraphic
levels above the base of Member E (~2.4 Ma) as “aff.
Homo sp. indet.” This may be the material from the
Shungura Formation that White (2002) attributed to
A. garhi. These are included in Fig. 2.4 for the benefit of
those workers who may have interest in their age. Grine
et al. (2006) consider specimens from the Usno Formation
(fossiliferous units are within the Mammoth event; thus
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Fig. 2.5 Temporal distribution of Australopithecus species. The bar
for A. bahrelghazali is shown in gray; it is based on biochronology and
a 'Be/’Be age determination. The bottom part of the bar for
A. afarensis is shown with a dashed line for the time interval where no
specimens are known, with the record for Fejej filled in gray to
emphasize the importance of confirming the taxonomic attribution of
those specimens

3.207-3.33 Ma in age) and Member B (3.438 £ 0.023 to
~2.9 Ma) of the Shungura Formation as part of the para-
digm of Praeanthropus afarensis, although one anonymous
reviewer is “very skeptical” of these assignments. For this
reason we have placed the Usno Formation sections on both
Figs. 2.2 and 2.3.

Summary

Of the taxa considered here, A. anamensis is known to lie
between 3.8 and 4.2 Ma, A. afarensis existed from arguably
as old as ~4.1 but definitely as old as 3.65-2.97 Ma.
Whether the two species were in fact coeval critically
depends upon the assignment of the Fejej teeth to A. afar-
ensis. Kenyanthropus platyops, too, overlaps temporally
with part of this time, as does A. bahrelghazali, which
appears to be reasonably placed in the range of 3.0-3.5 Ma.
Finally, an age for A. garhi of 2.45-2.50 Ma is quite well
supported. The age range for the latter taxon is perhaps
artificially restricted because it is known from only a single
site. This information is summarized in Fig. 2.5.
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Chapter 3

A Multi-Disciplinary Perspective on the Age of Australopithecus

in Southern Africa

Andy I. R. Herries, Robyn Pickering, Justin W. Adams, Darren Curnoe, Ginette Warr,

Alf G. Latham, and John Shaw

Abstract This paper presents a review of, and new data
concerning, the age of Australopithecus in southern Africa.
Current dating suggests that Makapansgat Limeworks is the
oldest hominin deposit in southern Africa, with Australop-
ithecus africanus dating to between 3.0 and 2.6 Ma. The
Taung Child A. africanus fossil from Taung is most likely
penecontemporary with the Makapansgat material between
3.0 and 2.6 Ma. A. africanus from Sterkfontein Member 4 is
estimated to date to between 2.6 and 2.0 Ma, with the Sts 5
specimen dating to around 2.0 Ma. The A. africanus
deposits from Gladysvale are most likely contemporaneous
with the Sterkfontein group with an age between 2.4 and
2.0 Ma. The potential second species of Australopithecus,
StW 573 from the Silberberg Grotto at Sterkfontein, is most
likely dated to between 2.6 and 2.2 Ma. As such, StW 573
is contemporary with A. africanus fossils from Member 4
and suggest that two contemporary Australopithecus species
occurred at Sterkfontein between ~2.6 and 2.0 Ma. Based
on the presence of Equus the A. africanus fossils from
Jacovec Cavern also likely date to <2.4 Ma. The new
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Australopithecus sediba-bearing deposits of Malapa date to
1.98 Ma and suggests that three different species of
Australopithecus occur in South Africa between 2.3 and
1.9 Ma. Given these dates, A. africanus represents the
oldest southern African hominin species being found in two
temporally distinct groups of sites, Makapansgat/Taung and
Sterkfontein/Gladysvale, and A. sediba is the youngest
species at ~1.98 Ma. However, if StW 53 is also Austra-
lopithecus, as some have suggested, then this genus survives
to younger than 1.8 Ma in South Africa. Australopithecus
thus lasted for a significant period of time in southern Africa
after the genus is last seen in eastern Africa (Australopi-
thecus garhi at ~2.5 Ma). This new dating indicates that
the South African Australopithecus fossils are younger than
previously suggested and are contemporary with the earliest
suggested representatives of Homo (~2.3 Ma) and Paran-
thropus (2.7-2.5 Ma) in eastern Africa.

Keywords Australopithecus africanus * Australopithecus
sediba  Sterkfontein  Makapansgat * Gladysvale * Taung °
Magnetostratigraphy ¢ Electron spin resonance ¢ Uranium-
lead dating

Introduction

Remains attributed to the genus Australopithecus have been
recovered from nine deposits at five sites in South Africa
(Fig. 3.1): (1) Member 3 (MAK/M3) and Member 4 (MAK/
M4) of the western (Main Quarry) sequence of the Maka-
pansgat Limeworks; (2) Sterkfontein Member 4 (STER/
M4), the Silberberg Grotto (STER/SB) and the Jakovec
Cavern (STER/JV); (3) the Gladysvale Breccia Dumps
(GVBD); (4) the Taung Dart Deposits (TAUNG/DD); and
(5) Malapa Facies D and perhaps also Facies E (only the
fossils from Facies D have so far been classified as Aus-
tralopithecus). Taung represents the most westerly deposit
and Makapansgat the most northern and eastern with the
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Vertebrate Paleobiology and Paleoanthropology, DOI: 10.1007/978-94-007-5919-0_3,

© Springer Science+Business Media Dordrecht 2013



22

A. |. R. Herries et al.

Namibia

Kimberley @

South Africa

I:I Langebaanweg

Cape Townjf @

—J Botswana

[JTaung

Zimbabwe

Mozambique

Makapansgat [_]

Gladysvale DD Malapa
Sterkfontein [_]

® Uohannesburg

Swaziland

¢ Durban

Fig. 3.1 Location of the South African hominin-bearing sites referred to in the text (after Herries et al. 2006). Australopithecus has been
recovered from Makapansgat, Sterkfontein, Gladysvale, Malapa, and Taung

majority coming from the Cradle of Humankind World
Heritage Site karst deposits between Johannesburg and
Pretoria (Fig. 3.1). The majority of these fossils have been
assigned to Australopithecus africanus, although some
(Kimbel and White 1988; Clarke 1994, 1998; Schwartz
1997; Lockwood and Tobias 2002; Partridge et al. 2003;
Clarke 2013) consider specimens from STER/M2 (StW
573; “littlefoot™), as well as some specimens from MAK/
M3 and STER/M4, as potential members of a second, as yet
undefined Australopithecus species. Clarke (2008) suggests
that two different species exist at both Sterkfontein and
Makapansgat, while others (Crawford et al. 2004) lean
towards the idea that the Makapansgat and Sterkfontein
fossils represent different species. Recently, Berger et al.
(2010) defined a new species Australopithecus sediba from
Malapa. How the A. sediba fossils may relate to the as yet
undefined “second species” remains to be seen. If different
from the StW 573 Australopithecus fossil and the bulk of
the A. africanus fossils then three different species of Aus-
tralopithecus may be represented in southern Africa (not
including those defined by some researchers as
Paranthropus).

All of the specimens have come from ancient, relict cave
fills (paleocave deposits) and a number of fundamental
problems have hampered their age assessment (Table 3.1).
This chronological uncertainty has made their phylogeny
difficult to assess. The last decade or so has seen the
extension of the conventional age range of several dating
techniques that can be applied to caves. Recent research has
applied these methods to several paleocave sites in southern
Africa and has shown that these methods are capable of
producing internally consistent ages that are broadly similar
to independent faunal estimates. Detailed results of paleo-
magnetic, electron spin resonance (ESR)1 and uranium-lead
(U-Pb) analysis are provided in Curnoe (1999), Herries
(2003), Walker (2005), Walker et al. (2006), Pickering
(2009), Dirks et al. (2010), Pickering et al. (2010, 2011a),
Pickering and Kramers (2010), and Herries and Shaw
(2011). This paper provides an overview of these data

! All ESR age estimates in this analysis are based on a linear uranium
uptake model. Further analysis is needed, particularly (TIMS) U-series
analysis combined US/ESR age estimates, to confirm these ESR age
estimates (as per Curnoe et al. 2001).
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Table 3.1 Problems in reconstructing the depositional history and age of the southern African hominin sites

Biochronology
e Assumption of synchrony in evolutionary events among eastern and southern African species
e The vast majority of biochronological studies have been undertaken on ex situ material from miners’ dumps with unknown provenance

e Due to the calcified nature of many of the cave deposits, excavations have been concentrated on decalcified material and makondos where
mixing of different aged deposits is likely

Palaeomagnetism

e Poor understanding of the magnetic mineralogy of the deposits and acquisition of remanence, and suitability of deposits to paleomagnetic
analysis. Work by Jones et al. (1986) showed that many samples gave random directions of magnetization at some sites. This is due to the
fact the deposits are formed by collapse and so the magnetic minerals lie in randomized directions. While this is true for breccias, stable

polarities can still occur in speleothem and fluvial deposits

e Inability to measure weak remanence when the first work was done in the 1970s

e Complex cave stratigraphies and short disconnected sequences

Cave formation

e  Assumption of layer-cake stratigraphy in all the cave sytems deposits

e Poor understanding of the often short and unconnected stratigraphic sequences within the caves and over-interpretation of ambiguous

stratigraphic relationships

e The use of a member system that has been used to classify sedimentological types of deposits rather than sequential sequences (which is the

basis of a member system)

e Poor understanding of cave formation and development. The same model of cave formation and life history is used for every cave from low
to high topography karst. There is evidence for the extensive re-use of palaeokarstic conduits over vast periods of time

Radiometric dating

e Lack of dating techniques that cover the Plio-Pleistocene boundary

e Lack of material applicable to radiometric dating

coupled with up-to-date biochronological and stratigraphic
studies where possible. This study places an emphasis on
the radiometric dates (where they occur), biochronological
analysis of in situ recovered fauna, and paleomagnetic
polarity records of deposits with exposed stratigraphic
linkage. The overall aim is to produce a new chronology for
the sites independent of faunal comparisons with eastern
Africa.

The Sites

Sterkfontein

Sterkfontein Caves is one of the most complex fossil sites in
the world with deposition occurring at the site throughout
the entire Quaternary (last 2.6 Myr) and perhaps longer. It
is also one of the richest and longest excavated hominin
sites with a history of excavation spanning over 60 years.
This has caused immense confusion with regards to the age
and the stratigraphy of the deposits, as well as the prove-
nience of some of the fossils. Herries and Shaw (2011)
undertook Palaeomagnetic analysis at Sterkfontein using the
flowstone proportion of these deposits (as per Partridge
et al. 1999). This was done due to suggested problems
associated with the palacomagnetic analysis of certain
clastic deposits at Sterkfontein (Jones et al. 1986), mainly

related to brecciation and remanence acquisition of collapse
deposits (see Table 3.1). Herries and Shaw (2011) have
since done further work on the deposit including some
limited work on the clastic deposits. Prior faunal studies
have suggested an age estimate of >2.6 Ma for STER/M4
(Vrba 1982, 1988) and based in part on the assumption that
STER/M4 faunas accumulated before a period of major
global cooling at around this time (see Kuman and Clarke
2000; Vrba 2000). However, all speleothem deposits from
STER/M4 record reversed directions of polarity (Figs. 3.2,
3.3, 3.4). Moreover, fine grained siltstone deposits from the
edge of the sample blocks show consistent magnetic
polarity to both the speleothem samples and to each other,
suggesting that the clastics and speleothem were deposited
at a similar period (Herries and Shaw 2011). The period
between 3.03 and 2.58 Ma had a normal magnetic polarity
and so STER/M4 must date to >3.03 or <2.58 Ma
(Figs. 3.2, 3.3, 3.4). Few faunal estimates suggest a date of
>3.0 Ma for STER/M4; however, some have suggested a
date of <2.6 Ma (Delson 1988; Vrba 1995; Berger et al.
2002). Delson (1988) has suggested that the presence of
Papio izodi and Papio hamadryas robinsoni indicate a date
of around 2.5 Ma. The occurrence of a juvenile Metridi-
ochoerus shawi mandible (sensu Cooke 2005; White et al.
2006) in the deposits suggests an age less than 2.85 Ma,
while the occurrence of Equus implies a date <2.4 Ma
(2.41-2.30 Ma; FAD of Equus in Member F of the
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Shungura Formation; Brown et al. 1985; Geraads et al.
2004). Overall, these faunal estimates support the place-
ment of this period of reversed polarity in the beginning of
the Matuyama Chron between 2.58 and 1.95 Ma.

The occurrence of Equus and P.h. robinsoni [identified
by Clarke (2002a, b) as possibly representing Parapapio
broomi] in STER/M4 has been suggested to be due to the
intermixing of younger teeth into the deposit, perhaps from
STER/MS5 (Vrba 1982; Clarke 2002a, b). Such an inter-
pretation seems to be supported by the wide range of ESR
dates from the STER/M4 deposits published by Blackwell
(1994) and Schwarcz et al. (1994). Schwarcz et al. (1994)
obtained an average age of 2.1 + 0.5 Ma (2.6-1.6 Ma),
with major peaks in the bimodal distribution at
1.72 £ 0.31 Ma (2.03-1.41 Ma) and 2.37 &£ 0.29 Ma
(2.66-2.08 Ma). Additional ESR analysis by Curnoe (1999)
gave ages of 1.23 +0.16, 1.93 £ 0.19, 2.06 + 0.18,
2.32 + 0.28, 2.60 £ 0.22, and 3.09 + 0.27 Ma for samples
from STER/M4 (Fig. 3.3). This provided a mean weighted
estimate of between 2.80 and 1.88 Ma, slightly broader than
the older distribution of Schwarcz et al. (1994,
2.66-2.08 Ma). The broader age range is partly a product of
a single tooth from the Type Site that suggests that some of
the deposits there must be 2.8 Ma or older. This is the area
first described as having Member 3 deposits exposed on the
surface by Partridge (1978). This is slightly at odds with the
reversed polarity for the Member 4 deposits and may simply
be an issue of sampling different areas of the Member 4
deposit. Some support for an older deposit in the area of
Member 4 is shown by ages of ~2.8 Ma by Pickering and
Kramers (2010) for a deposit underneath Member 4, that
they term Member 2, but traditionally would have been
described as Member 3 by Partridge (1978, 2000).

Another tooth thought to have derived from STER/M4
gave an age of 1.16 £ 0.12 Ma (1.28-1.04 Ma). The teeth
from the earlier ESR studies of STER/M4 come from
excavated museum collections and so some anthropogenic
mixing during earlier excavations, when the stratigraphic
sequence was less well defined is likely. Moreover, the
STER/M4 faunal assemblage represents the sampling of ex
situ breccia blocks and various in situ excavations over
75 years (Reynolds and Kibii 2011). The teeth with younger
ages (<2.0 Ma) are consistent with ESR sampled teeth
securely derived from STER/MS5 (Herries et al. 2009;
Herries and Shaw 2011) and the exact relationship of
STER/M4 and STER/MS is hard to define in some areas.
The young tooth from the Curnoe (1999) study comes from
in situ excavations and apparently suggests that geological
mixing of the fossils has occurred due to erosion of
underlying deposits (STER/M4) before and during sub-
sequent deposition of STER/MS. This may have caused
intrusive pockets of breccia that may have included younger
teeth, particularly within makondoes (solutional tubes

around tree roots). Moreover, the standard practice of
excavating un-calcified deposits will further exacerbate the
problem, especially if from close association with makondo
in-fills. Such mixing processes are shown by the study of
Lincoln Cave at Sterkfontein where Acheulean style stone
tools occur within the Middle Stone Age deposits (Reynolds
et al. 2007).

If all the mixing noted in three separate ESR studies is
due to geological processes, then this has major implica-
tions for the study of all the fossils from these deposits,
including the hominins. However, the younger in situ tooth
from the Curnoe (1999) study comes from an area close to
the interface between STER/M4 and STER/MS5 and as such
it seems more likely that the tooth simply derives from
within STER/MS in an area close to the contact (Herries and
Shaw 2011). The age of the tooth (1.23 4+ 0.16 Ma) is
consistent with other teeth from this level within the STER/
M5 deposits (Herries et al. 2009; Herries and Shaw 2011),
as is the 1.16 & 0.12 Ma age from the earlier study. This
suggests that some mixing has occurred although the exact
reason, be it geological or due to excavation practices, is
difficult to access. Kuman and Clarke (2000) suggest that
such mixing is the reason for the handful of Equus fossils
that occur within STER/M4 both due to the processes of
blasting during earlier excavations and natural mixing.
While the younger ages now suggested for STER/M4 do not
necessarily rule out the occurrence of Equus, whose first
appearance date (FAD) in Africa is <2.4 Ma, the only way
to definitively solve the issue of intermixing of Equus teeth
would be to directly date these fossils. Equus certainly
occurs at Malapa soon after 2 Ma (Dirks et al. 2010;
Pickering et al. 2011a) and has also been defined in
Jackovec Cavern at Sterkfontein (Reynolds and Kibii 2011).

A younger date for STER/M4 is further supported by the
occurrence of one or perhaps two very short normal polarity
episodes in a flowstone deposit capping the majority of
STER/M4, except the area containing the Sts 5 (“Mrs. Ples™)
specimen, which formed at roughly the same time. These
short polarity periods are suggested to represent one or both
of the documented events or excursions in the magnetic field
between 2.58 and 1.95 Ma. The best documented and longest
is the Réunion event that occurs at ~2.16 Ma and the shorter
Huckleberry Ridge event at ~2.04 Ma (Carlut et al. 1999;
Kidane et al. 2007). A third is the pre-Olduvai event at
~1.98 Ma (Roberts 2006; Pickering et al. 2011a, b). The age
of these excursions remains imprecise due to their docu-
mentation in different recording mediums from sea cores to
sedimentary sequences and lava flows, each dated via dif-
ferent methods with different accuracies. Their documenta-
tion in speleothem in South Africa provides the possibility to
directly date the excursions using U-Pb and help refine their
ages. At Malapa a reversal in speleothem has been dated to
2.026 £+ 0.021 Ma (2.05-2.01 Ma) and is interpreted as
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representing the Huckleberry Ridge event at ~2.04 Ma. The
reversals in the Sterkfontein flowstone are suggested to
represent two of these events between ~2.16 and 1.98 Ma.

Recent U-Pb dating of this flowstone has provided an age
of 2.01 = 0.05 Ma (2.05-1.96 Ma; Pickering and Kramers
2010), which correlates with the Huckleberry Ridge at
~2.04 Ma. Because the flowstone formed at the same time
as the Sts 5 A. africanus fossil was deposited, an age of
~2.04 Ma is suggested for this fossil. U-Pb dating of a basal
flowstone deposit from a core into the STER/M4 deposits
gave an age of 2.65 £ 0.30 Ma (2.95-2.35 Ma) and further
confirms that the deposit is not older than 3.0 Ma. Taken
together (Table 3.2) the U-Pb ages (2.95-1.95 Ma), ESR
ages (2.80-1.88 Ma), the palacomagnetism (<2.58-2.05
Ma) and the fauna (<2.85 to <2.36 Ma) all indicate a “best fit
age” of between 2.6 and 2.0 Ma for the majority of the
STER/M4 deposit from which the A. africanus remains have
been excavated (Figs. 3.2, 3.4), with Sts 5 dating to
~2.04 Ma. There is a further suggestion that an older fossil-
bearing deposit dated to at least 2.8 Ma occurs below the
main Member 4 breccia deposits. These data would also
appear to suggest that STER/M4 formed over a very long
time period of time covering 400-800 kyr or more. This is
further indicated by the spread of ESR ages for the STER/M4
deposit compared to the very refined ages of STER/M5a,
from which the StW 53 fossil was recovered (see below).

Kuman and Clarke (2000; Clarke 2008, see also Clarke
2013) believe that STER/MSA of Partridge (1978, 2000)—
referred to by them as the “StW 53 infill”—is also part of
STER/MA4. They suggest that StW 53 is an Australopithecus
rather than Homo, as most often classified (Curnoe and
Tobias 2006; Smith and Grine 2008; Curnoe 2010). ESR
dates for STER/M5A (Fig. 3.3; Herries et al. 2009; Herries
and Shaw 2011) clearly indicate that this deposit is distinct
in age from STER/M4. When combined with the palaeo-
magentic data it provides an age estimate of between 1.8 and
1.5 Ma (Herries and Shaw 2011). Considering the reliable
age correlation between ESR, U-Pb and palacomagnetism
for STER/M4 there is little reason to discount using a linear
up-take model for ESR ages from STER/MS5. Confusion
over the reliability of ESR age estimates (see Gilbert and
Grine 2010, for an example) from this deposit have persisted
due to the inclusion of a tooth from decalcified deposits in
the study of Curnoe (1999), which gave a much younger age
than teeth from in situ breccia. Teeth from decalcified
deposits are going to have an extremely complex uranium
uptake and decay history and this is suggested to be the
reason for the discrepancy in ages of this one sample. All
other teeth from the deposit give consistent ages. An age of
<1.8 Ma is also suggested for STER/MS5 based on U-Pb
dating of a flowstone that formed before the deposition of
STER/MS at 1.812 £+ 0.064 Ma (1.88-1.77 Ma; Pickering
and Kramers 2010).

Table 3.2 Combined age estimates for the South African Austra-

lopithecus fossils

Sterkfontein Member 4 (Sts 5)

2.6-2.0 Ma ~2.04 Ma

Palaecomagnetism 2.58-1.95 Ma
U-Pb 2.95-1.96 Ma
ESR 2.82-1.88 Ma
Fauna <2.85 to <2.36 Ma

Sterkfontein SB (StW 573)

2.6-1.8 Ma (2.6-2.2 Ma)

Palaecomagnetism 2.58-1.78 Ma
U-Pb 2.44-2.06 Ma
Makapansgat Limeworks (Member 3)  2.9-2.6 Ma
Palacomagnetism 3.03-2.58 Ma
Fauna 2.85-2.50 Ma
Gladysvale 2.4-2.0 Ma
ESR 2.53-2.01 Ma
Fauna <2.36 to <1.89 Ma
Malapa DIE ~1.98 Ma
Palaeomagnetism 1.95-1.78 Ma or
~1.98 Ma
U-Pb 2.05-1.91 Ma
Fauna 2.36- ~1.5 Ma
Taung 3.0-2.6 Ma
Fauna 2.6-2.4 Ma
Palacomagnetism 3.03-2.58 Ma

As such, STER/M5A should either not be considered as
part of the STER/M4 deposit as suggested by Kuman and
Clarke (2000; Clarke 2008, see also Clarke 2013) or it
should be expressly noted that it extends the younger age of
the STER/M4 deposit to at least 1.8 Ma, if not younger. A
safer suggestion may be to classify this deposit (StW 53
infill) as its own separate entity, intermediate in age
(1.8-1.5 Ma), between STER/M4 (2.6-2.0 Ma) and STER/
M5 (1.6-1.1 Ma; Herries and Shaw 2011). The older
~2.8 Ma deposit below STER/M4 should perhaps then also
be classified as another separate entity. Partridge (1978,
2000) would consider this Member 3, while Pickering and
Kramers (2010) refer to it as Member 2. There is a potential
tisue with both of these suggestions. Both Members 2 and 3
were originally classified by Partridge (1978) based on
exposures in the Silberberg Grotto. As will be discussed
below, there is no clear evidence of the association of the
deposits in the cores and surface exposures and those
exposed in the Silberberg Grotto and so a new neutral name
should probably be adopted.

Until the 1990s, STER/M4 and STER/MS5 were the only
well-described fossil assemblages from Sterkfontein. Con-
trolled excavations in the Silberberg Grotto deposits
(STER/SB) have only recently been undertaken with the
discovery of the nearly complete StW 573 hominin (Clarke
1999; Pickering et al. 2004) and collection of other hominin
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material from the Jakovec Cavern (Partridge et al. 2003). A
number of incompatible age estimates have recently been
proposed for the StW 573 infill (STER/SB: formerly
referred to as Member 2; Clarke and Tobias 1995; McKee
1996; Tobias and Clarke 1996; Clarke 1998, 2002a, b;
Partridge et al. 1999, 2003; Kuman and Clarke 2000; Berger
et al. 2002; Walker et al. 2006). Biochronological age
estimates have varied from 3.5 to 3.0 Ma (Clarke and
Tobias 1995; Partridge et al. 2003) to an estimate of
<3.0 Ma by Berger et al. (2002), who also suggested that
the deposits might date to sometime between 1.95 and
1.07 Ma. A pre-3.0 Ma age for STER/SB has been sug-
gested on the basis of the occurrence of a specimen of
Chasmaporthetes (Turner 1997; Partridge et al. 2003) with
a primitive dental morphology similar to that of Chasma-
porthetes australis from Langebaanweg, which has been
estimated to date to ~5.0 Ma (see Hendey 1981; Frances-
chini and Compton 2004; Roberts 2006). In contrast,
McKee (1996) notes that species from the Silberberg also
occur in STER/M4, but not MAK/M3, making it unlikely
that Silberberg is as old as MAK/M3 (3.03-2.58 Ma; Her-
ries 2003; and see below). Recently, Pickering et al. (2004)
noted that ex situ fauna previously attributed to STER/SB
might have inadvertently included materials from another
deposit and they provided a much more limited faunal list,
most of which is found in STER/M4 (Kibii 2004, Reynolds
and Kibii 2011) or younger deposits.

Previous palacomagnetic analysis suggested an age
between <4.18 and >2.58 Ma for STER/SB (Partridge et al.
1999, 2000). The palaeomagnetic sequence starts with a long
period of reversed polarity at its base that was originally
estimated to date to the end of the Gilbert reversed polarity
chron between 4.19 and 3.60 Ma (Fig. 3.4). The hominin
fossil StW 573 was suggested to lie in calcified deposits
between a speleothem with a normal polarity and a block
sample with reversed, intermediate and normal polarities.
Stratigraphically above this, a reversed polarity block sam-
ple occurs and then a long period of normal polarity in what
Partridge et al. (1999) term as the base of STER/M3. This
sequence was correlated to the Gauss normal polarity period
with the reversed periods representing the Kaena
(3.12-3.03 Ma) and Mammoth (3.33-3.21 Ma) events. The
StW 573 skeleton was thus dated to between 3.60 and
3.21 Ma, with an estimated age of ~3.3 Ma based on
depositional rates (Partridge et al. 1999). However, this was
based on: (1) the original faunal age assessment of >3.0 Ma;
(2) the depth of STER/SB below STER/M4; and (3) the
assumption of a complete vertical column of deposits with a
“layer-cake”-like stratigraphy.

As stated above, the first assumption is unreliable. The
third assumption is highly unlikely for a laterally con-
strained, complex, ancient, and still active karstic system
like Sterkfontein. As there are no visible stratigraphic

sections that can be used to link the various “members”, the
interpretation of the stratigraphy has relied on borecores.
The member system that is most often utilised in South
Africa (Partridge 1978, 1979, 2000; Brain 1993) has a
tendency to record types of stratigraphic deposit (i.e., cal-
cified red silts, pink block breccia, etc.) rather than a defined
series of stratigraphically linked deposits that formed
sequentially (which is the geological basis of a member
system). In other studied systems, the different sedimento-
logical deposits (or members) are now interpreted to have
formed at the same time, with certain deposits forming
throughout almost the entire life history of the cave (Latham
et al. 1999, 2002, 2003; see below). The same paleokarstic
conduits have been reused numerous times over the last few
million years and cavities tend to form at various levels at
the same or different time periods and can even form within
earlier deposits (as at Gladysvale; see below). This is
highlighted by the fact that modern deposits are being
deposited below STER/M4 and at a similar level to STER/
SB (Herries, personal observation). Moreover, recent stud-
ies of Lincoln Cave by Reynolds et al. (2007) show that
Middle Pleistocene aged cave deposits occur at the same
elevation as STER/M4 and potentially include reworked
early Acheulean material from STER/MS.

Recently, Pickering and Kramers (2010; Fig. 3.2) sug-
gested through a re-analysis of the borecores that deposits
referred to as STER/M3 likely represent the lateral exten-
sions of STER/M4. The exact three dimensional relation-
ships of the STER/SB deposits to STER/M4 remain
unresolved but Pickering and Kramers (2010) suggest a
complex superposition of talus cones of different ages
(Fig. 3.2). Given these complications it seems that a
renaming of the various Sterkfontein deposits may be nee-
ded to avoid future confusion.

Determination of the age of STER/SB was further
complicated by cosmogenic isotope ages of around
4.2-3.8 Ma (Partridge et al. 2003; Muzikar and Granger
2006), which would be very unlikely given the original
palacomagnetic data and expected depositional rates.
Moreover, the depositional history and geomorphology of
the deposits is complex, which can have a significant effect
on the age calculation if reburial has occurred or two dif-
ferent aged sources of quartz have been mixed. It seems
likely that mixing of quartz grains of different ages has
occurred and that the cosmogenic burial ages are an over-
estimation. Similar, ~4 Ma cosmogneic nuclide burial ages
were also derived for the Jakovec Cavern fossil deposits
(STER/JC), which are, like Silberberg, deep within the
Sterkfontein system. While there are no comparative
radiometric or palaecomagnetic ages for these deposits, there
are a number of things that suggest that the Jakovec Cavern
deposits are not 4 Ma. Firstly, Clarke (2008) suggests that
the hominin remains from STER/JC represent A. africanus.
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If 4 Ma, then this would make the fossils at least 1 Myr
older than the oldest known fossil of this species and con-
temporary with Ardipithecus or A. anamensis in East Africa,
something that seems unlikely given A. africanus’ more
derived characteristics. Second, Reynolds and Kibii (2011)
note Equus as occurring in the STER/JC deposits, which
again suggests they must be younger than 2.4 Ma, despite
their depth in the system. As Partridge et al. (2003) envisage
the STER/JC material likely infilled from a separate
entrance to that which deposited STER/M4. However, it
seems the infilling was contemporary with STER/M4.
Further complications came with U-Pb ages for flow-
stones associated with the StW 573 fossil of between 2.33
and 2.06 Ma (Walker et al. 2006; Pickering and Kramers
2010; Pickering et al. 2010), which is more consistent with
the ages for STER/JC as suggested by Reynold and Kibii
(2011) data. Clarke (2007), Pickering and Kramers (2010)
and Herries and Shaw (2011) all agree that these U-Pb dated
flowstones formed after the StW 573 fossil was deposited
and so only provide a minimum age for the fossil. The fact
that one of these flowstones cuts through the middle of the
fossil confirms Clarke’s (2007) interpretation for the upper
one of these flowstones. However, the stratigraphic rela-
tionship of the other flowstones in the sequence is less cer-
tain and not all of them appear to have formed after the fossil
was deposited. This is partly confirmed by the fact that the
speleothem from the base of the sequence all record a con-
sistent reversed polarity and all those from the top of the
sequence record a normal polarity. Therefore, they cannot
have formed at the same time. Moreover, sediment samples
also indicate a reversed polarity suggesting penecontempo-
raneous deposition with at least some of the flowstones.
Herries and Shaw (2011) note that the original magnet-
ostratigraphy of Partridge et al. (1999) is invalid as the
normal polarity recorded in the lower flowstone is a more
recent overprint from the mining process, something not
seen in other samples. This work also indicates that the
normal polarity period in the upper flowstone is very short
and may only represent an excursion or short event rather
than representing a long period of deposition as suggested
by the Partridge et al. (1999) scenarios or the scenarios of
Berger et al. (2002). As such, the sequence changes from a
long period of reversed polarity at the base that contains the
StW 573 fossil to a long period of normal polarity at the top
of the sequence. Just before the reversal from reversed to
normal polarity a short normal polarity episode occurs. The
short normal polarity identified in the flowstone that caps
the StW 573 fossil correlates well with either the Réunion
or Huckleberry Ridge events at 2.16 or 2.04 Ma, respec-
tively. Recent dating by Pickering et al. (2010) of deposits
similar to those sampled by Walker et al. (2006) gave an
age of 2.45-2.25 Ma (2.35 £ 0.10 Ma) and further suggests
that the normal polarity reversal sampled in the capping

flowstone is the older Réunion event at ~2.16 Ma and
helps corroborate the age of the flowstone, if not its asso-
ciation to the fossil.

Given these changes to the magnetostratigraphy of the
STER/SB deposits, none of the previous palaecomagnetic
interpretations are valid. If, as Partridge (2000) envisaged
(Fig. 3.4, Option A), the STER/SB deposits lie directly
below STER/M4, then the normal polarity identified in the
top of STER/SB (i.e., Member 3) would date to between
3.03 and 2.58 Ma. The underlying reversed polarity
deposits could then date to between 3.11 and 3.03 Ma,
making StW 573 slightly older than 3 Ma (3.1-3.0 Ma).
Some potential support for this is the identification of a
~2.8 Ma deposit below STER/M4 in the surface borecores
by Pickering and Kramers (2010). However, this scenario
seems unlikely given the length of time that the basal
reversed polarity period appears to cover based on expected
depositional rates. Moreover, the association of the surface
deposits with those in STER/SB remains unclear.

Two speleothem samples from the base of the Silberberg
Grotto also record a reversed polarity and extend the length
of the basal reversed polarity as described by Partridge et al.
(1999). Given this, the reversed polarity in the base of
STER/SB likely represents a longer period of time than
envisaged by Partridge et al. (1999), Berger et al. (2002) or
the above scenario (Fig. 3.4, Option A).

A much more likely scenario (Fig. 3.4, Option B) is that
the long reversed polarity period in the base of the sequence
dates to between 2.58 and 1.95 Ma, making it contempora-
neous with STER/M4 as also suggested by the U-Pb ages of
Pickering and Kramers (2010) and Pickering et al. (2010).
The normal polarity identified in the flowstone that caps the
StW 573 fossil would then represent the Réunion event at
2.16 and make StW 573 date to between 2.58 and 2.16 Ma,
requiring a drastic reassessment of the depositional history of
this obviously complex site. In this scenario the deep cave
deposits (both STER/SB and STER/JC) mirror those out-
cropping on the surface and must either represent material
winnowed from these deposits into deeper repositories or
contemporary deposits deposited in a lower disconnected
chamber and filled from a separate shaft. This is the exact
scenario envisaged by Partridge (1978) in his original
description of the STER/SB deposits and makes sense based
on the actual occurrence of a complete skeleton like StW 573,
which must have fallen in down a deep vertical shaft, directly
from the surface. If this is correct then all the Australopi-
thecus specimens from the site (STER/M4, STER/JC and
STER/SB) date to between 2.6 and 2.0 Ma. If prior assertions
by Clarke (2008) and Partridge et al. (2003) are correct, and
StW 573 and Sts 5 are confirmed as separate species, then it
suggests that two species were indeed present at Sterkfontein
at the same time period 2.6 and 2.0 Ma. Only more detailed
analysis of the various deposits will confirm which
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stratigraphic scenario is correct and what exactly Member 3
is as an entity or even if the various deposits classified as
Member 3 are even the same thing.

Makapansgat

The Makapansgat Limeworks is the most northerly of the
south African australopith-bearing sites being located close
to the town of Mokopane (formerly Potgietersrus; Fig. 3.1).
The Limeworks is only one of a series of fossil-bearing sites
at Makapansgat, including the ~0.99 Ma Buffalo Cave
(Herries et al. 2006) and the later Homo-bearing Cave of
Hearths (Latham and Herries 2004, 2009; Herries and La-
tham 2009). The Limeworks represents a complex series of
paleo-sedimentary deposits that were once part of a large
cave system (Fig. 3.5; Latham et al. 1999; Latham and
Herries 2004). No reliable absolute ages have been provided
for the site (Blackwell et al. 2001; Walker 2005). Palaeo-
magnetic analysis was originally undertaken by McFadden
et al. (1979) who concluded that the A. africanus deposits
were probably older than 3.03 Ma (adjusted date as per Ogg
and Smith 2004). Partridge et al. (2000) suggested that the
deposits most likely date to between 3.21 and 3.12 Ma
based on the palaeomagnetic analysis of borecores from the
Central Debris Pile (CDP; Partridge 2000; formerly known
as Member 4b; Partridge 1978) and the Archway. However,
a number of fundamental problems exist with these earlier
studies. Firstly, no direct palaeomagnetic analysis was done
on the A. africanus-bearing grey bone breccia deposits of
the Classic Section and known as Member 3 (MAK/M3)
(Partridge 1978, 2000). Secondly, a number of studies
(Maguire 1985; Latham et al. 2002, 2003) have shown that
there are problems with the composite sequence and
member system on which the original magnetostratigraphy
was based. It has now been demonstrated that the Member 4
(Partridge 2000) and CDP (i.e., Member 4b; Partridge 1979)
deposits were laid down synchronously in the central part of
the cave when Members 2 and 3 were laid down in the
Classic Section (Latham et al. 1999, 2003). The magnet-
ostratigraphy of Partridge et al. (2000) further complicated
the issue by comparing sediments of a similar sedimento-
logical character in the east of the site with the western
deposits and so defined them as the same member. This is
despite the lack of stratigraphic linkage and their substantial
horizontal separation as a result of the deposition of the
CDP and a large arc of speleothem between the east and
west repositories (Fig. 3.5). Moreover, the polarity of these
borecores was determined on the basis of just their incli-
nation (vertical field element) due to loss of horizontal
orientation during drilling. Moreover, drilling has been

shown to alter the inclination of borecore specimens at
Makapansgat (Herries 2003). As such, all borecore mag-
netic data should be discounted.

The fauna from Makapansgat has come from a variety of
in situ and ex situ sources and so likely represents a mixed
assemblage from different areas of the site. Ex situ material
from Member 2 (MAK/M?2) is perhaps the least reliable as it
has a siltstone matrix and this occurs at various deposits
throughout the east and west of the site (Fig. 3.5). More-
over, there has been little mining of the siltstone deposits of
the Main Quarry area but extensive mining of deposits in
the exit quarry above Horse Mandible Cave, where in situ
fossils can still be seen. Such deposits have no relationship
to the hominin fossil deposits. The most secure material is
that from the stratigraphically confined MAK/M3 deposit.
Although some of the fauna recovered from MAK/M3 and
MAK/M4 occur at Early to Middle Pliocene fossil sites, the
majority of the species recovered from these deposits are
most common at sites contemporaneous with Omo Shun-
gura members B and C (3.36 £ 0.04 and 2.52 £ 0.05 Ma;
Feibel et al. 1989). A suggested maximum date for MAK/
M3 and MAK/M4 of between 3.36 and 2.52 Ma are con-
sistent with previous biostratigraphic date estimates of
~3.0 Ma for MAK/M3 (Vrba 1982), 3.0-2.5 Ma (Delson
1988), 2.9-2.7 Ma for MAK/M3, 2.7-2.5 Ma for MAK/M4
(Vrba 1995), and 3.3-3.1 Ma for MAK/M3 (Reed 1996).
Many of the FADs for the fauna contained within the
hominin breccia fall within the range of 3.0-2.0 Ma (Vrba
2000). Taken together the various faunal studies suggest a
best estimate age of between 3.1 and 2.5 Ma, and perhaps
closer to 2.7 Ma. Recent comparison of the metridiocho-
erine suid remains from MAK/M3 to early remains from the
Usno Formation suggests a range for the deposits between
2.85 and 2.58 Ma (White et al. 2006).

Palaeomagnetic analysis undertaken by Herries (2003;
see also Hopley et al. 2007a; Fig. 3.6) shows that the silt-
stone deposits in the Main Quarry area [referred to as
Member 2 west (MAK/M2w)], which lie directly beneath
the A. africanus MAK/M3 deposits, record a normal mag-
netic polarity. This is consistent with the work of McFadden
et al. (1979). MAK/M3 itself, as well as two phases (vuggy
and chocolate) of capping speleothem, also records a nor-
mal polarity, with no stratigraphic breaks evident. The
uppermost layers of the chocolate speleothem record a
reversal, from normal to reversed polarity, prior to reaching
a solid dolomite roof.

Based on the entire range of faunal age estimates the
MAK/M3 and MAK/M2w deposits most likely date to the
Gauss C2An.In sub-chron between 3.03 and 2.58 Ma or
the Gauss C2An.2n sub-chorn between 3.21 and 3.12 Ma,
and therefore either represent a depositional period of 450
or 90 kyr. Some authors (Cadman and Rayner 1989;
Latham et al. 2007) have suggested a relatively short period
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Fig. 3.5 Survey of the
Makapansgat Limeworks
indicating the main localities and
features of the western deposits
(Main Quarry, Cone Mouth,
North West Quarry) and eastern
deposits (Exit Quarry, Chimney
Depository, Rodent Corner)
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of accumulation (~ 100 and 14 kyr, respectively) for the
MAK/M2w siltstone deposits based on a suggested annual
accumulation of sediments. However, the normal polarity
period is also covered by the accumulation of significant
depth and two distinct phases of capping speleothem
deposit and the MAK/M3 bone breccia, which would have
taken significant time to form. Moreover, the bone breccia
deposits were infilled from the direction of the Collapsed
Cone, rather than the Main Quarry as with the underlying
MAK/M2w. At this period red silt deposits (MAK/M2w)
had completely sealed the former entrance to the Main
Quarry area and speleothem columns had begun to grow in
the cavity above the silt deposits. It is unknown whether a
small hiatus could have occurred at this time between the
end of deposition of the siltstone and formation of the first
speleothem deposits. This makes the interpretation of
depositional rates more difficult.

Makapansgat Limeworks
Australopithecine Palaeocave,
Limpopo Province, South Africa
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Direct associations can be made to a variety of deposits
that occur stratigraphically below MAK/M3 and MAK/M2w
in the North West Quarry. These deposits were noted by
Wells and Cooke (1956) but were incorporated into larger
stratigraphic entities in later stratigraphic nomenclatures
(Brain 1958; Partridge 1978, 2000). These deposits consist
of inter-layered speleothem and clastic deposits representing
one of the original entrances to the ancient cave [Member X
(MAK/MX); Latham et al. 2007] and have been informally
referred to as the Original Ancient Entrance deposits (OAE;
Latham et al. 1999, 2002, 2003, 2007). These deposits have
been partially mined and represent a compressed record of
sedimentation and precipitation. Early work by McFadden
et al. (1979) indicated a series of intermediate polarities in
this area of the cave. Recent work suggests that the deposits
appear to record a series of alternating polarities and Herries
(2003; Hopley et al. 2007a; Herries et al. 2010) suggested
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that they were most likely deposited during the Gauss nor-
mal polarity epoch covered by the Kaena and Mammoth
events between 3.60 and 3.03 Ma (Fig. 3.6). Speleothem
below this level records a long period of reversed polarity
dating to between 4.19 and 3.6 Ma, with a short normal
polarity period estimated to be the Cochiti event at
4.30-4.19 Ma (Herries 2003; Hopley et al. 2007a). How-
ever, analysis of the OAE clastic deposits, particularly
MAK/MX, was complicated by their magnetic instability
and viscosity that makes the determination of primary
remanence difficult due to a strong overprinting remanence.
Due to the possibility of natural overprinting in samples of
such mineralogy the normal polarity samples are much less
certain than reversed polarity samples. The magnetostratig-
raphy of this area is also complicated by the potential for
stratigraphic breaks to have occurred and due to the com-
pressed complicated stratigraphy in this area of the deposits.
Work to clarify the geological and palaeomagnetic succes-
sion in this area is ongoing.

These initial data, the mixed polarity of underlying
deposits, the fact that many of the FADs for species from this
deposit fall between 3.0 and 2.0 Ma and the recent assess-
ment of M. shawi remains to between 2.85 and 2.58 Ma
strongly suggest the placement of all the A. africanus-
bearing deposits in the Gauss C2An.1n sub-chron between
3.03 and 2.58 Ma (Table 3.2; Fig. 3.6). Given the dates for
M. shawi and the formation of slowly deposited multiple
phases of speleothems over the fossil deposits and within the
same polarity chron, a date of between 2.85 and 2.58 Ma is
suggested for the Member 3 A. africanus-bearing deposits.
However, the appearance of the species in eastern Africa
is abrupt and this may suggest that, like other mammal
species, it originated in southern Africa and migrated to East
Africa (Pickford 2004). If this were conclusively demon-
strated then its use as a biochronological marker would be
less reliable and an upper age limit of 3.0 Ma should be used
for the age of STER/M3 based on the magnetostratigraphy.

Australopithecus africanus fossils (MLD37/38) were
additionally recovered from the Cercopithecoidea dump by
Kitching (Dart 1959). This dump was located between the
two main quarry mouths and is embedded in pink breccia
similar to that found at the base of and as the matrix of the
CDP. Partridge (2000) defines a pink siltstone deposit as a
separate layer (Member 4; Member 4a of Partridge 1979)
beneath the block breccia of the CDP, which has a pink
siltstone matrix. In 1963, a block (the Partridge Block) was
removed from the interface between the Entrance and Main
Quarry area where MAK/M4 (Partridge 2000) is best
exposed. The block contained baboon fossils and a femur of
A. africanus (MLD36; Reed et al. 1993). It has generally
been considered that MLD37/38 may have come from the
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Fig. 3.6 Magnetostratigraphy of the Makapansgat Limeworks wes-
tern (Main Quarry) deposits based on composite stratigraphy of
Latham et al. (1999, 2002, 2003), Herries (2003), and data of Herries
(2003; modified from Hopley et al. 2007a). The question mark
signifies the area of weak, low coercivity samples and complex
stratigraphy where the sequence of reversals is less certain and work is
ongoing

same area as there is a similarity between the fossils and
matrix. However, it is entirely possible that it comes from
another area of the CDP or Member 4. While MAK/M4
near the Partridge block is suggested to date to around
2.58 Ma (Warr and Latham 2007) the CDP likely contains
deposits covering the entire depositional history of the site
(Latham et al. 1999); although paleomagnetism by McF-
Adden et al. (1979) recorded normal polarity directions
from those deposits in the Main Quarry that would suggest
this area is also contemporary with STER/M3. The occur-
rence of the MLD 37/38 fossil in STER/M4 suggests A.
africanus may have occurred at Makapansgat until at least
2.6 Ma and its quite possible the MAK/M3 fossils are also
not much older than this.



3 Age of Australopithecus in Southern Africa

33

Gladysvale

Gladysvale is located on the John Nash Nature Reserve in
the northern portion of the Cradle of Humankind World
Heritage Site. It is a formerly mined paleocave site with
extensive fossiliferous deposits within the three main
internal chambers [Gladysvale Internal Deposits (GVID);
Pickering et al. 2007], as well as among extensively
exposed in situ calcified and decalcified sediments from
sections of the karstic system that have become de-roofed
due to erosion [Gladysvale External Deposits (GVED);
Lacruz et al. 2002]. The stratigraphy at the site is compli-
cated by the formation of a more recent cave system within
the fossil-bearing paleocave deposits (Pickering et al. 2007;
Herries and Shaw 2011). Such re-use of paleokarstic con-
duits is a feature of many of the southern African sites to
some degree and its importance in understanding the vari-
ous fossil fills at the sites has been generally overlooked or
greatly simplified. Similar processes are seen at other caves
in the world such as Jenolan and Naracoorte Caves in
Australia (Herries and Pickering, personal observations).
Here the effects are more obvious with the limestone having
been tilted vertically before the secondary phase of kars-
tification took place.

Faunal materials initially collected from ex situ GVBD
include specimens attributed to A. africanus and a number
of cercopithecoids (Berger and Tobias 1994; Plug and
Keyser 1994; Lacruz et al. 2002). Again the faunal age
estimates are unreliable due to their recovery from ex
situ breccia blocks and the unknown provenience of the
A. africanus fossils but they are assumed to have come from
the GVID. Two species of Equus (Equus burchelli and
Equus capensis) are present in the deposits, but can only
suggest a date of less than 2.4 Ma; (Geraads et al. 2004).
A range of ESR dates have been provided on the GVID with
median age estimates ranging from 0.56 & 0.78 to
2.18 £ 0.17 Ma and a maximum age of 2.34 & 0.19 Ma
for a single sample (Curnoe 1999). Given this clustering and
the potentially associated fauna, the A. africanus fossil
probably dates to a period between 2.4 and 2.0 Ma. This
suggests the fossils are most likely contemporaneous with
STER/M4 and STER/M2 (Table 3.2).

Taung

Taung is the most westerly of the southern African austra-
lopith-bearing sites being located along the eastern end of
the Ghaap Plateau escarpment. The Buxton-Norlim site, as
it is otherwise known, is a series of tufa flows of vastly

different ages that were mined for lime in the early Twen-
tieth Century. Caves formed in the tufa have yielded fossils
covering at least the span of the Quaternary (last 2.6 Myr).
The Taung hominin deposits represent some of the oldest,
and the Equus Cave hominin-bearing hyena den deposits
represent some of the youngest at <17 ka (Johnson et al.
1997). Other fossil sites are known to occur along the
escarpment at Ulco and Boetsap (Curnoe et al. 2006).
Although the Buxton-Norlim mine yielded the A. africanus
holotype (Dart 1925), subsequent mining destroyed the
fossil site and so it has received limited attention when
compared to the other australopith-bearing sites in southern
Africa. Exploration of the remaining karstic deposits by
Peabody (1954) based on interviews with lime miners
suggested that the A. africanus specimen derived from close
to two witness section pinnacles referred to as the Dart and
Hrdlicka pinnacles (TAUNG/DD and TAUNG/HD).

Geochronological and geochemical dating (Vogel and
Partridge 1984) was undertaken and suggested a ~942 ka
age for the Thabaseek tufa suggesting the skull should be
younger than this. However, these results have since been
refuted (e.g., Butzer 1974) and the open system nature of
the tufa suggests this should be seen as a minimum age
estimate (Tobias et al. 1993). Palaecomagnetic analysis has
also been attempted on borecores taken through the deposits
(Partridge et al. 2000). As with all work done on such cores
the process of coring in the Earth’s magnetic field causes
the formation of a rotational remanence as well as issues
related to a loss of orientation if the core snaps during
drilling (Herries 2003; Herries and Shaw 2011).

This may explain the random directions from the earlier
study. Recent paleomagnetic analysis indiates that deposits
from TAUNG/DD primarily record a normal polarity
direction, while those from TAUNG/HD primarily record a
reversed polarity direction.

McKee (1993a, b) divided the fossils recovered from the
Taung site into those from the TAUNG/HD, including most
of the identified fauna, and the TAUNG/DD, which he
suggested included the A. africanus holotype. McKee
(1993a) has suggested that as the tufa grew from west to east
that the deposits close to the Dart Pinnacle are older than
those of the HrdliCka Pinnacle. However, Gordon (1925) has
stated that the infill containing the skull was part of an
extensive maze cave extending ~ 100 m in a north—south
direction and laterally to the eastern margin of the Thaba-
seek tufa. Gordon (1925) suggests that remnants of cave fill
within this system were preserved in both the western Dart
and eastern Hrdlicka pinnacles. The excavations and bore-
core work by Partridge (Tobias et al. 1993) indicate that two
main phases of infill occur across the Dart and Hrdlicka
pinnacles. The first is a pale reddish brown to pink clay and
siltstone and the second is a yellowish-red sand and siltstone
deposit (Tobias et al. 1993). Tobias et al. (1993) suggested,
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based on a comparison of sedimentology of sediments at the
site and the matrix of the Taung Child skull itself that it
actually came from the Hrdlicka Pinnacle deposits, the
opposite view of McKee (1993a, b). However, given that
both the pink and red deposits occur in both pinnacles it is
not a question of which pinnacle they come from, but which
deposit. Both McKee (1993a, b) and Tobias et al. (1993)
suggest the Taung Child came from the older pink deposits.

According to McKee (1993a, b) only seven species can
be confidently associated with the Taung holotype and that
most of the fossils come from the younger red sediment.
Two of these are bovid species that are apparently novel to
Taung (Cephalophus parvus, Palaeotragiscus longiceps)
and have since gone missing from museum collections and
cannot be evaluated (Cooke 1990). McKee (1993a, b) has
noted that the two micromammalian species (Gypsorhyn-
chus darti and Gypsorhynchus minor) in the TAUNG/DD
are similar to those recovered only thus far from Maka-
pansgat, and the extinct cercopithecoid P. broomi is also
only found at MAK/M3 and STER/M4. He therefore sug-
gested an age of 2.6-2.4 Ma. Preliminary paleomagnetic
analysis by AIRH indicates that these pink deposits have a
normal magnetic polarity that, taken with faunal age esti-
mates from the younger red deposits, would suggest an age
of 3.03-2.58 Ma for the Taung Child (Table 3.2).

Malapa

Malapa is the most recently discovered australopith-bearing
site in South Africa (Berger et al. 2010) and is located near
the site of Gladysvale in the northern portion of the Cradle
of Humankind World Heritage Site (Fig. 3.1). The site has
so far yielded two partial Australopithecus skeletons from
re-fitted blocks of lime miners’ rubble. Berger et al. (2010)
assign the partial skeletons of a juvenile male and an adult
female to a new species, A. sediba. While the fossils so far
described have mainly come from ex situ blocks, their
provenience is certain as the remainder of the australopith
skeletons are still located in the exposed section of the
paleocavity. The area excavated by the lime miners is also
very small and has caused minimal disturbance to the
deposits as a whole. These fossils are encased in water-laid,
clastic sediments that were deposited along the lower parts
of what is now a deeply eroded cave system (Dirks et al.
2010). A thick flowstone deposit, the top of which becomes
interstratified with clastic deposits, divides the sediments at
the site. Below the flowstone lie two deposits, Facies A and
Facies B (MAL/FA-FB). Above the flowstone lie three
deposits, facies C-E (MAL/FC-FE), which contain the
A. sediba fossils that have been recovered so far (Dirks et al.

2010). These hominin-bearing deposits are then capped by
another flowstone (Pickering et al. 2011a, b).

Fauna at the site includes a species of Equus from MAL/
FD with an FAD of 2.4 Ma (Brown et al. 1985), and a
species of felid (Dinofelis barlowi) from MAL/FE with an
LAD of around 1.6-1.4 Ma (Dirks et al. 2010; Pickering
et al. 2011a, b). Therefore the fauna suggests the hominins
of MAL/FD and MAL/FE were deposited between 2.4 and
1.4 Ma. Double blind U-Pb dating of the deposits gives an
age of 2.03 £ 0.02 Ma for the lower flowstone dividing the
underlying MAL/FA-FB and the overlying hominin bearing
MAL/FC-FE (Dirks et al. 2010). As such the A. sediba
fossils cannot be older than 2.05 Ma. Palaeomagnetic
analysis of the flowstone helps confirm the U-Pb ages with a
short geomagnetic polarity event that most likely represents
the Huckleberry Ridge event at 2.06 + 0.04 Ma (Dirks
et al. 2010). Speleothem with both or either of the Réunion
and Huckleberry Ridge events now appears to occur at
Malapa and within STER/M4 and STER/M2. This suggests
that thick flowstone deposition was widespread in the
Gauteng dolomite paleocaves around 2.2-2.0 Ma and may
therefore serve as a potential marker horizon between the
various deposits and caves. The very top of the Malapa
flowstone has a reversed palacomagnetic signature and
suggests deposition before 1.95 Ma. The A. sediba-bearing
sediments above the flowstone records both intermediate
and normal magnetic polarities and originally suggested it
was formed at the beginning of the Olduvai Subchron
between 1.95 and 1.78 Ma, although likely closer to
1.95 Ma. Recent excavations at the site have identified an
upper capping flowstone that was subsequently dated to
2.05 £ 0.14 Ma and indicates that it cannot be less than
1.91 Ma (Pickering et al. 2011a). This flowstone also
records a reversed polarity and suggests along with the U-
Pb age that it must be older than 1.95 Ma. This was at odds
with the interpretation of the A. sediba sediments below it
being dated to the Olduvai Subchron after 1.95 Ma. The
only alternative during this time period is the “validated”
(Roberts 2006), but due to its short duration of ~3 kyr, not
often preserved Pre-Olduvai event at ~1.98 Ma. This
would suggest that all the A. sediba-bearing sediments date
to a ~3 kyr period centred on 1.98 Ma (Pickering et al.
2011a). The demagnetisation spectra of the Malapa samples
(Dirks et al. 2010; Pickering et al. 2011a) clearly show the
removal of any more recent overprinting of the magnetic
remanence and the preservation of a stable underlying
remanence. Work at other sites (Herries and Shaw 2011)
clearly indicates that the South African hominin-bearing
sites are capable of preserving these short geomagnetic field
events but this is the first time such an event has been
documented during a phase of clastic sedimentation rather
than speleothem formation.
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Discussion and Conclusions

This review suggests that MAK/M3 and MAK/M4 repre-
sent the oldest australopith-bearing deposits in South Africa
dating to the Piacenzian stage (3.6-2.6 Ma) of the Pliocene
between 3.03 and 2.58 Ma. The Taung Child Australo-
pithcus fossil may also be contemporary at 3.0-2.6 Ma but
its age is currently more difficult to assess with certainty. As
such, Makapansgat and Taung are perhaps the only Pliocene
(>2.6 Ma) hominin sites in southern Africa. Australopi-
thecus seemingly first occurs in southern Africa well over a
million years later than in eastern Africa, although the lack
of fossil sites dated between Langebaanweg at ~5.0 Ma
(Roberts 2006) and MAK/M3 (<3.0 Ma) make this cur-
rently impossible to assess. It is perhaps more likely an
artifact of geology and survival of fossils than a true
reflection of biogeography as only a few fossil-bearing cave
deposits have yet been discovered older than 3.0 Ma. These
include the Original Ancient Entrance (OAE) deposits
(~4.0-3.3 Ma) and perhaps Rodent Corner at Makapansgat
(Herries 2003; Hopley et al. 2006, 2007a), Bolt’s Farm
(Gommery et al. 2008) near Sterkfontein, and the new site
of Hoogland near Pretoria (Adams et al. 2010).

The magnetostratigraphy of the australopith-bearing
deposits at Makapansgat indicate that they cannot be the
same age as australopith-bearing deposits at Sterkfontein,
which are of a different polarity (Fig. 3.7). The geomagnetic
polarity events and U-Pb dates indicate that the STER/SB
and STER/M4 australopith-bearing deposits are younger,
dating to the Gelasian stage (2.6—1.8 Ma) of the Pleistocene
between 2.6 and 2.0 Ma. The STER/IC A. africanus fossils
are also younger than 2.4 Ma based on the presence of Equus.
This is a view supported by most faunal comparisons (Pocock
1987; McKee 1995; McKee et al. 1995; Vrba 1995, 2000).
The younger age of Sterkfontein compared to Makapansgat
may cause temporal variation in the two assemblages of
Australopithecus that could explain some anatomical differ-
ences that have led some researchers to suggest that the
Makapansgat Australopithecus fossils are a different species
to those at Sterkfontein, where a number of fossils are sug-
gested to have more Homo-like traits (e.g., Sts 19; Kimbel
and White 1988; Kimbel and Rak 1993; Ahern 1998).
Interestingly, more Homo-like australopith fossils such as Sts
19 appear to be older than the supposedly more primitive Sts
5, which is the youngest currently defined A. africanus fossil
at ~2.04 Ma. The non-A. africanus fossil StW 573 (Clarke
et al. 2003; Clarke 2008) is contemporary with the A. afric-
anus fossils of STER/M4 and STER/JC and suggests that two
species of Australopithecus were present at Sterkfontein
between 2.6 and 2.2 Ma. Moreover, the Homo-like A. sediba
fossils (Pickering et al. 201 1a) are only slightly younger than
these two specimens and similar in age to A. africanus fossil

Sts 5 at 2.0 Ma suggesting two species of Australopithecus
were contemporary at this time period and that three different
species of Australopithecus are seen in South Africa between
2.6 and 2.0 Ma. If StW 53 is also considered as Australopi-
thecus (Clarke 2008; Berger et al. 2010) then Australopi-
thecus survived until at least 1.8 Ma. The fossils from
Gladysvale seem to fall in the temporal range of those
younger specimens from Sterkfontein. The time range for
Australopithecus in South Africa can currently be estimated
to sometime between 3.0 and 1.8 Ma.

The current youngest ages for a definitive species of
Australopithecus (~2.0 Ma) in South Africa is around
0.7-0.5 Ma younger than the last representative of the genus
(Australopithecus garhi; Asfaw et al. 1999) from eastern
Africa [unless, following the suggestion of Wood and
Richmond (2000), the oldest early Homo fossils from eastern
Africa should be re-classified as Australopithecus; including
those attributed to Homo habilis and Homo rudolfensis].
Most researchers would suggest that specimens attributed to
both Paranthropus and Homo first occur in eastern Africa
from ~2.7t0 2.6 and ~2.5 to 2.3 Ma, respectively (Walker
et al. 1986; Feibel et al. 1989; Kimbel et al. 1996; Suwa et al.
1996, 1997; Ramirez Rozzi et al. 1997; Kullmer et al. 1999).
In contrast, specimens attributed to Homo (Sk 847 from
Swartkrans Member 1 and StW 53 from Sterkfontein Mem-
ber 5A) do not appear to occur in southern Africa until after
2.0-1.8 Ma (Herries et al. 2009; Pickering et al. 2011b). If
the Swartkrans Member 1 Homo fossils are older than 2 Ma
as suggested by some ESR and the U-Pb ages (Herries et al.
2009; Pickering et al. 2011b) then it makes it impossible for
A. sediba to be ancestral to Homo, as suggested by Berger
et al. (2010), unless older fossils of this species are discov-
ered. Pickering et al. (2011b) argue that the Swartkrans
Member 1 fossils are not older than 1.9—1.8 Ma based on the
fauna, but Herries et al. (2009) suggest that some fauna and
ESR ages suggest an age of at least 2 Ma for some of
Swartkrans Member 1. The U-Pb ages of capping and
underlying speleothem make both scenarios possible and
only more refinement in the dating will establish if Austra-
lopithecus, Paranthropus and Homo were on the landscape at
the same time in South Africa. So far, Australopithecus has
not been definitively identified from the same deposits as
Paranthropus and Homo in South Africa, suggesting a major
turnover in hominin species sometime between 2.2 and
1.8 Ma and perhaps suggesting they were not contemporary.
This turnover is perhaps related to a period of increasing
aridity in southern Africa at this time (Dupont et al. 2005).
However, this may also be in part a lack of identification of
these species in the various deposits that are now suggested to
be temporally very close in age.

This paper has provided a current perspective on the
formation of a regional chronology for Australopithecus in
southern Africa (Table 3.2) that is at least not entirely
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Fig. 3.7 Geomagnetic Polarity Time Scale (GPTS) and hominin age
ranges set against the stratigraphy, radiometric dates (U-Pb (uranium-
lead); ESR (electron spin resonance)) and faunal age estimates of the

dependent on faunal correlations with eastern Africa. Only
further breakthroughs in radiometric dating methods or
continued detailed U-Pb/palacomagnetic comparisons will
produce a fully independent chronology. The establishment
of an independent southern African dating framework is
needed to further clarify the differences between eastern and
southern African climate pulses, species and faunal
turnover.
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Chapter 4

Reconstructing the Habitats of Australopithecus:
Paleoenvironments, Site Taphonomy, and Faunas

Anna K. Behrensmeyer and Kaye E. Reed

Abstract Hominin paleoecology is reconstructed using
many types of evidence from fossils and their geological
context. This evidence is limited by vagaries of the fossil and
geological record. What questions can be asked regarding
Australopithecus ecology given these limitations? We
address this topic by reviewing the major issues concerning
hominin synecology and taphonomy and discuss methods for
deriving ecological information from fossil assemblages and
their geological context. We provide basic information about
the context of the six Australopithecus species known from 22
collecting sites and review their environment of deposition
and other paleoecological evidence. Using this information
we attempt to answer a series of questions, such as whether we
can determine the habitat preferences of the different species,
and whether more than one Australopithecus species shared
an ecosystem at any given place and time. We conclude that
Australopithecus as a genus was eurytopic because of the
wide range of well-documented habitat reconstructions, but
only Australopithecus afarensis, and possibly Australopithe-
cus anamensis, have enough time range and fossil material to
support the interpretation that these species were eurytopic.
The dietary differences between east and south African
species are intriguing given microwear analyses differentiat-
ing the two groups, although the carbon isotope data are
similar. Further evidence of the ecological context of these
species is needed and should be standardized using an
appropriate scale of evidence (temporal and spatial) for the
desired scale of habitat reconstruction.
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Introduction

Ecological adaptations of early hominins and how these
changed over time are fundamental to understanding human
evolution. Hominin paleoecology can be reconstructed
through various types of evidence contained in fossils and
their geological context. Basic information about hominin
autecology—diet, locomotion, body size dimorphism,
etc.—can be inferred from their anatomy and the isotope
geochemistry of the fossils themselves. Hominin synecol-
ogy, i.e., reconstructions of population structure and abun-
dance, habitat preferences and associations with other
organisms in natural communities, is more elusive, in large
part because hominins are rare components of most fossil
assemblages. Much effort has been devoted to inferring
hominin habitats based on evidence from associated
organisms (e.g., co-occurrence with arboreal mammals
indicating that they lived in a forest community) and geo-
logical evidence for the physical environments and climatic
conditions. Fewer attempts have been made to assess other
aspects of hominin paleoecology, such as population
structure or abundance relative to other taxa.

What do we want to know about the ecology of Aus-
tralopithecus, and how much of what we would like to
know 1is actually possible, given the limitations of the
geological and paleontological record? These two questions
provide the framework for this paper, which focuses pri-
marily on synecology and approaches to reconstructing the
habitats in which Australopithecus lived. We review the
major issues regarding hominin paleo-synecology and
taphonomy and discuss methods for distilling ecological
information from fossil assemblages and their geological
context. We draw upon examples from the East African
record showing how researchers address various aspects of
the ecological life and times of Australopithecus, and we
also review current interpretations of paleohabitats at
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African Australopithecus sites. Using different scales of
information ranging from documentation of paleoecological
features at individual sites to global-scale climate records
provide a secondary theme for this paper.

The study of Australopithecus synecology draws heavily
upon inferred ecological characteristics of animals, partic-
ularly mammals that were preserved with these hominins.
Information on the sedimentary environments of the sites
and taphonomic attributes of these fossil assemblages also
is necessary for credible interpretations of the associated
fauna. This three-component approach can be applied to
habitat reconstructions for particular fossil assemblages and
also to document habitat variation relating to mammalian
turnover patterns and adaptive shifts associated with dif-
ferent types of habitats. An apparent change in faunal
composition through time can be caused by a shift in
depositional environment or a change in taphonomic pro-
cesses that select for or against certain types of organisms
and skeletal parts. If these confounding variables can be
addressed and corrected for, then it is possible to assess
biological processes that caused turnover, such as the dis-
persal of species out of a region or into a region from
elsewhere, by local speciation and extinction events, and
changes in the relative abundance of persistent lineages.
Conversely, long temporal ranges, broad geographic dis-
tributions of species, or stable patterns of relative abun-
dance are useful for identifying the persistence of similar
habitats through time or across the landscape. Examination
of such patterns in the fossil record can lead to testable
hypotheses regarding the interaction of climate change,
local and regional tectonic processes, and the living com-
munities of plants and animals, thereby providing ecologi-
cal information necessary for understanding large-scale
processes driving hominin evolution.

We begin by outlining major questions regarding Aus-
tralopithecus paleoecology that, ideally, we would like to
answer. We then introduce what is known about the Austra-
lopithecus fossil record, and present three major integrated
approaches to inferring hominin habitats—taphonomy, pa-
leoenvironmental (geological) context, and faunas. This is
followed by summaries of current interpretations of Austra-
lopithecus paleoecology and recommendations for future
research to refine and test these interpretations.

Questions About Australopithecus
Paleoecology

1. What was the range of habitats associated with the genus
Australopithecus, and is it possible to discern each

species’ preferred habitat? Did this genus initially live in
forests, woodlands, or other types of closed habitats, or
was it adapted to a mix of open and closed habitats from
its beginnings?

2. What were the important limiting ecological variables
(e.g., food, water, shelter, competition with other spe-
cies, predator avoidance, intra-species interactions) for
Australopithecus?

3. Did the habitats occupied by Australopithecus species
vary across different regions? Was there more than one
Australopithecus species sharing an ecosystem at any one
place and time? How did the later species of Australopi-
thecus co-exist with Paranthropus and early Homo?

4. Was Australopithecus a maker and user of stone tools?
Did any Australopithecus species incorporate significant
meat into its diet?

5. Is there evidence of change through time in a habitat
where the same species continued to exist? Did niche
breadth increase or decrease within the genus Austra-
lopithecus as it evolved?

6. How might global or continental-scale climate change
between 4.5 and 2.0 Ma have affected the paleoecology
of Australopithecus? What was happening in the envi-
ronments of southern versus eastern versus central
Africa, and how do these regional variations compare
with later African climate changes associated with
northern hemisphere glaciation?

These questions represent both possible and impossible
goals for what we can expect to learn from the fossil record.
Answers to many of them depend on both autecological and
synecological evidence. Anatomical data, dental microwear,
and isotopic readings from the hominin fossils themselves
address some of the critical questions regarding australopith
autecology—i.e., what these hominins were functionally
capable of (morphology) and what they actually did in
terms of substrate use, resource use, and other behaviors
(microwear, isotopes, etc.). We do not attempt to review the
vast array of such autecological evidence in this paper.
Instead, we focus on geological context, taphonomic anal-
ysis, and associated fauna, which provide evidence for:
(1) the physical environments and vegetation habitats
occupied by Australopithecus, (2) taphonomic processes
that affected their skeletal remains in the transition from
biosphere to lithosphere, and (3) their distribution through
time relative to changes in paleoenvironments and other
organisms. Sampling biases, especially those relating to
differential preservation of species and time-averaging,
limit what we can know about synecology (see examples
below). One of taphonomy’s important contributions is to
indicate what questions can be realistically pursued with the
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Fig. 4.1 Map of Africa showing regions and sites in Table 4.1

evidence we have, or are likely to have, from multi-disci-
plinary field and laboratory research.

What We Know: The Basics

At present, six species of early Australopithecus have been
named from three sub-continental regions and ~22 col-
lecting sites on the African continent (Figs. 4.1, 4.2;
Table 4.1). Remains are relatively abundant in some of
these sites, including Hadar (Ethiopia) and Sterkfontein

(South Africa), fewer but relatively complete in some such
as Malapa (South Africa), and sparse and fragmentary in
many others. In some cases, fragmentary hominin remains
from the currently documented range of Australopithecus,
i.e., between ~4.2 and ~2.0 Ma, cannot be certainly
identified as belonging to this genus (see Table 4.1). Much
of what we currently know about the site taphonomy and
paleoecology of Australopithecus is based on a sub-sample
of these sites, including the greater Awash Basin (Hadar,
Maka, Asa Issie, Dikika, Woranso-Mille, Bouri), Laetoli,
and the South African cave sites (Makapansgat,
Sterkfontein).
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Ma. Age ranges of Australopithecus species by locality
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Fig. 4.2 Chronostratigraphic ranges of species of the genus Australopithecus (color coded) based on information from published hominin-
bearing deposits. Dashed lines indicate uncertainty in range limit. See Table 4.1 for references

Documented Depositional Contexts for
Australopithecus

e Volcaniclastic plains and paleosols (Laetoli)

e Fluvial channels and floodplains (Lothagam, Kanapoi,
East and West Turkana, Omo Shungura Formation, Ha-
dar, Dikika, Middle Awash)

e Lake margins (East and West Turkana, Hadar, Middle
Awash, Chad)

e Karst terrain and cave deposits (Makapansgat, Sterkfon-
tein, Taung, Gladysvale, Malapa).

Scales and Types of Evidence for
Australopithecus Ecology

The evidence from geological and fossil records includes a

wide range of temporal and spatial scales, each of which

can provide different types of information bearing on

hominin paleoecology (see also Table 4.2):

e Footprints preserve an instant in time, evidence for
hominin behavior such as foraging and social behavior,

e Excavation (1

and ecological characteristics of contemporaneous (i.e.,
within hours to days) flora and fauna.

e Partial skeleton(s) anatomically informative, represents

the life span of an individual, and if associated in a
contemporaneous death assemblage may provide infor-
mation on group structure.

0'* m?) provides detailed evidence of the
burial environment and circumstances of the hominin and
any contemporaneous associated fauna and flora, usually
within a short period of time-averaging (~10'-
10? years).

e Surface assemblage Fragmentary bones and teeth of

single individuals collected from a surface fossil assem-
blage derived from one or more eroding sedimentary
layers; each specimen represents the life and death of a
single individual but the combined (time-averaged) fau-
nal assemblage may represent ~ 10°-10° years.

e Locality (e.g., 10°-10° m?) general paleoenvironmental

context and associated fauna from a limited area and
stratigraphic thickness.

e Collecting area, stratigraphic member or sub-member

more time and space typically represented in the com-
bined fossil evidence from these entities, e.g., 10*-10°
years.
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Table 4.1 Pliocene sites in Africa with fossils assigned to the genus Australopithecus, including some for which these records are not certain
based on fragmentary remains, or are likely but not yet published

Collecting  Sites Country Habitat Lower  Upper Taxon References
area interpretation age age
Northern Hadar Ethiopia Bushland, open 3.4 29 A. afarensis Campisano (2007),
Awash woodland, Campisano and Feibel
Basin wooded (2008), Reed (2008)
grassland
Northern Dikika Ethiopia Woodland, open 3.8 34 A. afarensis Alemseged et al. (20006),
Awash grasslands Wynn et al. (2006)
Basin
Northern Ledi-Geraru Ethiopia Bushland, open 34 2.95 A. afarensis Geraads et al. (2012)
Awash woodland,
Basin wooded
grassland
Northern Woranso- Ethiopia Mix of riparian 3.8 3.57 A. anamensis, A. Haile-Selassie et al.
Awash Mille forest, open afarensis (20104, b)
Basin woodland,
grassland
Middle Asa Issie Ethiopia Closed to grassy 4.2 4.1 A. anamensis White et al. (2006)
Awash woodland
Basin
Middle Aramis Ethiopia Grassy woodland 4.2 4.1 A. anamensis White et al. (2006)
Awash savanna
Basin
Middle Maka Ethiopia Woodland- 3.78 3.42 A. afarensis White et al. (1993)
Awash bushland
Basin
Middle Bouri Ethiopia Lake margin with 2.52 2.1? A. garhi Asfaw et al. (1999)
Awash grasslands
Basin
Middle Belohdelie Ethiopia No information 3.7? 3.7? A. afarensis Asfaw (1987)
Awash
Basin
Southern Galili Ethiopia Woodland to 4.5 3.5 A. anamensis, A. Kullmer et al. (2008)
Awash bushland afarensis
Basin
Turkana Fejej S. Ethiopia ~ No information 4.2? 4.06 A. afarensis? Kappelman et al. (1996)
Basin
Turkana East Turkana  Kenya Riparian forest, wet 4.3 2.7 A. afarensis Kimbel (1988), Brown
Basin grassland, et al. (2013)
woodland
Turkana East Turkana  Kenya Mosaic of closed 4.1 3.8 A. anamensis Macho et al. (2003),
Basin — Allia Bay woodland Schoeninger et al.
and open (2003)
grasslands
Turkana West Turkana  Kenya Woodland and 4.3 2.5 A. afarensis, Brown et al. (2013),
Basin forest- edge; Kenyanthropus Leakey et al. (2001)
riparian platyops,
woodland Australopithecus sp.
Turkana Lothagam Kenya Mix of riparian 6.5 55 A. afarensis? Hill et al. (1992),
Basin forest, open McDougall and Feibel
woodlands, (1999)
grassland
Turkana Lothagam Kenya Open, seasonally 35 35 A. afarensis Leakey and Walker
Basin dry (2003)

(continued)
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Table 4.1 (continued)

Collecting  Sites Country Habitat Lower  Upper  Taxon References
area interpretation age age
Turkana Kanapoi Kenya Mix of wooded 4.17 4.07 A. anamensis Harris et al. (2003)
Basin and open
grassland
Turkana Omo Ethiopia Riparian forest 3.44 2.44 A. afarensis? A. Brown et al. (2013),
Basin (Shungura, and woodland garhi? Suwa et al. (1996),
Usno) White (2002)
Laetoli Laetolil Fm. Tanzania Mosaic of 3.8 3.5 A. afarensis Harris et al. (1987), Su
woodland, and Harrison (2008),
shrub- Kovarovic and
Land, bushland, Andrews (2007)
grassland
Bahr el Chad Open grassland 35 3 A. bahrelghazali Brunet et al. (1996)
Ghazal and lake margin
Cave Sterkfontein South Open woodland, 2.8 2.2 A. africanus, A. sp? Clarke (2013),
Africa riparian forest, Herries et al. (2013)
bushland
Cave Makapansgat ~ South Mosaic of riparian 3.5 ? A. africanus Dart (1952), Reed
Africa woodland, (1997), Herries et al.
bushland, (2013)
edaphic
grassland
Cave Taung South Dense woodland 3 2.0? A. africanus Dart (1925), Berger
Africa and Clarke (1995)
Cave Gladysvale South Closed/open 2.5 1.9 A. africanus Berger and Tobias
Africa vegetation (1994)
Cave Malapa South No information 2.1 ~19 A. sediba Berger et al. (2010),
Africa Dirks et al. (2010)

e Basin a tectonic depression that has accumulated a thick
sequence of sedimentary deposits, representing 10°~10°
years and providing information on environmental and
paleontological change through time for one sub-region.

e Region tectonic and latitudinal context, comparisons of
different hominin-bearing (and non-hominin-bearing)
habitats through time or across space.

e Continent range of environments, latitudes, habitats, first
and last appearances of hominin species.

e Global climate variation over space and trends and/or
cycles through time.

Paleoenvironments, Taphonomic Biases
and Research Strategies

The paleontological record is imperfect, and taphonomy
often has to provide “reality checks” on assumptions about
the biological fidelity of this record and what we can and
cannot know about the past. For australopiths, these limi-
tations may result from the following potential sources of
bias:

. Small samples of fragmentary remains for any given

hominin taxon may not represent the average or modal
characteristics of that taxon.

Even in large samples, selective preservation of hominin
population sub-samples, such as robust individuals and/
or body parts, could skew the range of body sizes and
anatomical features that are available for collection and
study relative to the once-living populations.

Available samples of depositional and paleogeographic
contexts where fossil remains of this large-sized primate
occur are likely only partially representative of the range
of habitats and geographic areas where it actually lived.
Available assemblages of associated fossil mammals and
hominins represent different degrees of time-averaging
and spatial sampling from the original ecosystems. This
blurs the meaning of “paleocommunity” and may bias
comparisons of diversity and other ecological properties
in faunas from different areas, depositional settings, and
time periods (including comparisons to modern faunas).

. Ecological indicator species may be unevenly preserved

in the fossil record or are difficult to interpret in terms of
their ecological requirements, either due to lack of
modern analogues or to missing body parts.
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Table 4.2 Types of evidence relating the paleoecology of Australopithecus, at increasing spatial and temporal scales, with examples of
autecological and synecological data that can be inferred from this evidence

Evidence Temporal Spatial scale Examples Autecology of Synecology of hominins
scale hominins
Trackways Seconds, 10°-10" m Laetoli footprint Presence in specific Contemporaneous fauna,
minutes layers habitat, on a specific within hours to days
substrate, behavioral
information
Single individual Lifetime of Habitat of the Sterkfontein “Little Taxonomic, Taphonomic evidence of
with associated the individual Foot”, Hadar ecomorphic, scavengers, trauma in
skeletal parts individual “Lucy”, Dikika isotopic information life (e.g., damage to
“Salem” on body size, diet, teeth)
locomotion, etc.;
burial environment
Multiple associated Combined life  Habitat of group  Hadar “First Family”,  Sexual dimorphism, Taphonomic evidence of
individuals of a span of South African demography, body scavengers, trauma in
single taxon individuals Malapa site(?) size, diet, life (e.g., damage to
in the locomotion, burial teeth)
group environment and

Single or multiple
hominin specimens
from a locality,
collecting area, or
well-defined
stratigraphic
interval

Combined sample
from a geological
formation and
region

Basin with a thick,
partially
continuous
stratigraphic record

Region with multiple
localities and
sequences

103-10° years

105-10° years

105-10° years

10°-10° years

Habitat area
sampled by
organic
remains, e.g.,
10-10° km?

Area covered by
fossiliferous
deposits and
their source
areas, e.g.,
10*-10° km?

Basin-scale

Sub-continental
scale

South African cave
sites, East Turkana,
West Turkana,

circumstances

Habitat based on
ecomorphology of
associated fauna

Community structure and
ecological preferences
inferred from co-

Lothagam, and/or co- occurring vertebrate taxa
Kanapoi, Hadar, occurrence with
Bouri, Chad, specific ecological

Laetoli, etc.
Hadar, Middle

Awash, Omo, East
and West Turkana,

indicator taxa

Persistence,
abundance,
disappearance of

Through-time patterns of
mammalian taxonomic
richness, major group

Lothagam, individual hominin dominance, evenness,
Kanapoi, taxa through a relationships to
Sterkfontein, stratigraphic interval environmental
Makapansgat parameters, evidence for

Turkana Basin,
Awash Basin (Afar
Depression)

East Africa, South
African Cave Sites

Depositional context,
taphonomy, and
ecomorphology of
hominin specimens
within a single basin
through time

Variation in
depositional
context, taphonomy,
and ecomorphology
of hominins among
regions

immigration events

Variation in time and space
of faunas and
paleocommunities,
correlation with shifting
physical environments

Variation in mammalian
diversity and community
structure in different
tectonic settings,
latitudes, climatic zones

We can address the problems above with taphonomic and

questions that can be answered with the data in hand. There

paleoenvironmental data in a variety of ways. Obviously,
more data collecting and the opening up of new areas will help
with points (1) and (3), though there will never be enough
fossils to resolve many finer-scale questions about regional
variation and hominin occupation of areas lacking a paleon-
tological record (i.e., most of the African continent). Under-
standing the limitations of the samples that we have, however,
is a big step toward learning how effectively to tackle the

are ways to calibrate the degree of bias in the preservation of
different body parts, body sizes, and taxa in order to address
Point (2) above. An “isotaphonomic” approach that com-
pares samples from specific, well-documented paleoenvi-
ronmental contexts such as fluvial channel lags or lake margin
paleosols can help to control for ecological and taphonomic
variables that differ across environments (Points (3) and (4)).
The use of “taphonomic control” taxa, i.e., species with body
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Alternative Scenarios for Fossil Assemblage Formation at Kanapoi

Australopithecus anamensis
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Fig. 4.3 Scale bar showing the different amounts of time-averaging
implied by the paleosol context of each of the two levels at the
Kanapoi Australopithecus anamensis site (left gray box) and the

size and morphology similar to hominins, such as baboons,
can help to identify variations in abundance of species that are
more likely to be biologically meaningful rather than tapho-
nomically altered (Point (5)).

The “taphonomic control” approach was used to com-
pare similar-age portions (Sidi Hakoma (SHT) and Tulu Bor
tuffs) of the Hadar and East Turkana sequences (Behrens-
meyer et al. 2004). Australopithecus is common at Hadar
and rare at East Turkana, but is this the effect of a smaller
fossil sample at East Turkana or a bias against primate
preservation in this area? In both areas, the extinct baboon
Theropithecus and Australopithecus co-occur through the
3.4-2.8 Ma time interval. Similar controlled survey fossil
samples from these two areas indicate that, relative to the
number of specimens of Theropithecus and other large
monkeys recorded in the Hadar Formation and the Tulu Bor
Member of the Koobi Fora Formation, there should be 2.5
hominin specimens in the East Turkana sample if hominins
were as common relative to baboons as they are at Hadar
(Behrensmeyer et al. 2004). However, only one hominin (a
tooth fragment) was found in the Tulu Bor Member. This
suggests (but does not prove) that Australopithecus was less
common in the East Turkana region around 3.4 Ma than at
Hadar. More tests of this kind could improve understanding

combined sample of hominins and associated faunal remains from
both levels (right gray box)

of taphonomic versus ecological causes of hominin fossil
abundance.

Two Examples of Site-Based Studies
of Australopithecus Habitats

The types of evidence that feed into habitat reconstructions,
as well as the limitations on inferences imposed by the
fossil record, are illustrated in the following two examples
of well-studied Australopithecus sites in East Africa.

Kanapoi

The Kanapoi locality in the southwestern Turkana Basin,
Kenya, provides evidence for the paleoecology of Austra-
lopithecus anamensis, primarily from fossils preserved in
fluvial sands and paleosols deposited within a time interval
between 4.17 and 4.07 Ma (Harris et al. 2003). These
deposits lie above and below a lacustrine interval, and the
fauna is a time-averaged sample from two similar alluvial



4 The Habitats of Australopithecus

49

land surfaces (paleosols) that may have been formed tens of
thousands of years apart (Fig. 4.3). Ecodiversity analysis of
the faunas indicates that the two levels are only slightly
different in terms of the percentage of terrestrial (ground-
dwelling) mammals and the percentage of fresh grass
grazers, i.e., mammals eating more water-dependent/sea-
sonal wetlands grasses (Harris et al. 2003: Figs. 32 and 33;
Behrensmeyer et al. 2007). The combined fauna is used to
characterize the paleoecology of Kanapoi at the time of A.
anamensis and is interpreted as a closed woodland habitat
based on comparisons with analogue environments using
ecological structure analysis (Reed 1997). Other lines of
evidence suggest the existence of open habitats as well,
based on stable isotopic signals in tooth enamel, possible
non-arboreal monkeys, and micromammals, and character-
istics of the paleosols (Wynn 2000; Manthi 2006). Whether
these different habitat types were associated with each other
across space, representing a persistent mosaic environment,
or changed through the interval of time-averaging cannot be
resolved with these analyses.

The amount of time represented by the Kanapoi faunal
samples is clearly long by modern ecological standards and
could include numerous habitat shifts across the areas of
fossil accumulation. Also, the characteristics of the soils are
superimposed on parent sediment that could represent
ecological circumstances different from those during the
period of pedogenesis. The Kanapoi A. anamensis remains
(Leakey et al. 1995) could have been buried (1) during the
initial sedimentary event(s), (2) during the early stages of
pedogenesis affecting this parent material, or (3) later in the
hundreds to thousands of years represented in the two fos-
siliferous units (Behrensmeyer et al. 2007).

Was A. anamensis associated with closed woodland, more
open areas, or a mix of these habitat types? This is an
important question from the standpoint of hominin evolution
because it would indicate either habitat flexibility or speci-
ficity at ~4.2 Ma. In the case of shifting habitats through
time, A. anamensis and other species could be closely tied to
one habitat versus another, but still occur as mixed-habitat
fossil assemblages. In the case of a mosaic of both closed and
open habitats, species would have more opportunities, and
perhaps also more selective pressure, to adapt to a variety of
contemporaneous resources and substrates.

The Kanapoi hominins and associated fauna provide one
of the most age-constrained and carefully documented
examples of paleoecological evidence available at present,
but it is still not possible to discriminate between alternative
habitat models because of the amount of ecological time
represented by the combined faunal sample. Mixed-habitat
faunas do not necessarily mean mixed-habitat adaptations
for the species on the faunal list. To improve temporal
resolution, we need better ways of assessing the relative
probabilities of these alternatives, such as more precise

documentation of the depositional and taphonomic history
of the fossil remains in each of the source paleosols, or
stable isotope data from hominin and associated mammals’
tooth enamel (Levin et al. 2011).

Hadar A.L. 333: Environmental Context
of the “First Family” Locality

This example shows how the combination of detailed geo-
logical analysis and information from associated faunas
contribute to reconstructing the context of an important
accumulation of at least 15 Australopithecus afarensis indi-
viduals (W. Kimbel, personal communication). The A.L. 333
locality in the Denen Dora Member of the Hadar Formation is
dated at ~3.2 Ma and has produced over 260 surface and
excavated specimens of A. afarensis (Behrensmeyer et al.
2003; Behrensmeyer 2008; Harmon et al. 2003). Most of the
hominin fossils were collected along with other faunal
remains from an area of approximately 40 m x 80 m
(3200 m?) on steep slopes up to the stratigraphic level of 19
excavated specimens. It has long been assumed that the sur-
face hominin fossils were derived from the same sedimentary
unit as the in situ remains, and that this unit was part of a
distinct, carbonate-rich paleosol (Aronson and Taieb 1981).
Further study has shown that the in situ hominin fossils were
buried prior to the formation of overlying paleosols
(Behrensmeyer 2008).

Preserved bedding structures in the fine-grained, homi-
nin-producing strata provide evidence that the abandoned
channel swale continued to aggrade before sustained ped-
ogenesis. The reconstructed paleodrainage of the DD-2
sandstone is oriented south to north with a trunk channel
~40 m wide and 3-5 m deep connecting a tributary system
south of A.L. 333 to a distributary system to the north,
which likely ended on the deltaic plain associated with the
basin’s depositional center. The burial of the hominin
remains in the upper part of the channel involved fine-
grained deposition indicating low-energy, seasonal flood
events, and there is no sedimentological evidence for a
high-energy, catastrophic flood that caused the demise of
the hominins (Behrensmeyer 2008).

Although there is no direct record of vegetation at the
A.L. 333 site, other than CaCQOj; root casts associated with
pedogenesis, palynological research in the lower Denen
Dora Member (DD-1 sub-member) suggests that the
regional habitat prior to DD-2 and A.L.333 was predomi-
nantly a dry grassland (Bonnefille et al. 2004). Researchers
(Aronson and Taieb 1981; Bobe and Eck 2001; Reed 2008)
note that fossils of the genus Kobus (waterbuck) and other
reduncines, which indicate moist substrates with “fresh
grass” forage (Reed 1997), are common in the Denen Dora
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Alternative Scenarios of Fossil Assemblage Formation for Hadar A.L.333

Australopithecus afarensis
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Fig. 4.4 Scale bar showing the different amounts of time-averaging
that would be implied by alternative scenarios for the taphonomic
origin of the A.L.333 A. afarensis assemblage. The biological and

Member. Recent geo-faunal analysis by Campisano (2007;
Campisano and Feibel 2008) indicates paleogeographic
differences in the DD-2 sub-member, with edaphic grass-
lands and marshy conditions to the east and more closed,
bush or woodland habitats to the west in the vicinity of A.L.
333. This agrees with stable isotope analysis of pedogenic
carbonates at the excavation site indicating 30-34 % C4
grassland (Hailemichael 2000), which is a relatively low
proportion of grass compared with Hailemichael’s other
samples from the Denen Dora Member.

The in situ hominin remains at A.L. 333 can be related to
a death—and possibly life—association of multiple hominin
individuals with an abandoned channel swale that crossed
an alluvial plain several kilometers from a paleolake to the
north or northeast. The combined evidence indicates that
both wooded and open grassland habitats were present in
the DD-2 sub-member (Reed 2008), with a gradient from
more closed in the west to more open edaphic grasslands to
the east (Campisano 2007; Campisano and Feibel 2008).
Hominins and other animals may have moved along linear
depressions left by abandoned channels when they ventured
across open savanna environments or used such areas for
foraging and shelter. Therefore, as in the Kanapoi example,
it is difficult to specify either open grassland or more bush

behavioral meaning of this as a population sample depends on which
scenario is supported by paleoenvironmental context and taphonomic
evidence

to woodland as a “preferred” habitat for the A.L. 333 A.
afarensis; the conservative interpretation is that they were
associated with a mix of these types of vegetation.

Paleoenvironmental context provides only part of the
history of the A.L. 333 hominin assemblage, and ongoing
research is investigating alternative scenarios for the accu-
mulation of the hominins based on taphonomic evidence
from the fossils themselves, their spatial patterns of pres-
ervation, and co-occurring organisms (Behrensmeyer et al.
2003; Harmon et al. 2003). These scenarios cover a range of
temporal scales and processes of death and burial (Fig. 4.4)
and additional taphonomic analysis likely will shed new
light on the paleoecology of this unusual fossil hominin
accumulation.

Using Faunas to Infer Hominin Habitats

Today African habitats range from rain forests to deserts.
The amount of rainfall, temperature, sunlight, evapo-tran-
spiration, soil type, landscape physiography, and weather
patterns/seasonality are the abiotic factors that cause dif-
ferentiation in habitats. Floras and faunas are sensitive
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indicators of these environmental conditions, even on a
relatively small spatial scale. Thus, ecological analysis of
fossils provides a window into past habitats, which in turn
can be used to reconstruct climatic conditions (Archibold
1995; Andrews 2006). In the tropical belt, the seasonal
pattern and the amount of rainfall are the most important
determining factors of the vegetation physiognomy (Haw-
kins et al. 2003). Habitats of various types often occur
together in a particular spatial region because of changes in
soil types, subterranean water, etc. For example, it is pos-
sible to have forests along rivers adjacent to near desert-like
habitats, a condition that occurs where the present-day
Awash River flows through the Afar hominin fossil beds in
Ethiopia. These habitats are either called ecotonal or
mosaic. Often mosaic habitats are indicated by ecological
analysis of fossil assemblages; if this is due to time aver-
aging of shifting habitats then the reconstruction of a con-
temporary mosaic of habitats could be incorrect. On the
other hand, varying faunal compositions from time-syn-
chronous collections over a broad spatial area, would lend
support to the interpretation of a mosaic habitat structure.
Occasionally, it is possible to reconstruct the habitat asso-
ciated with hominin remains in a small spatial region and
arrive at an interpretation for a non-mosaic (homogeneous)
habitat at this scale (e.g., White et al. 2009).

Patterns of species occurrence at particular sites and their
persistence and turnover through stratigraphic successions,
combined with ecomorphic features of these species, pro-
vide evidence for ecological characteristics of hominin
species and even for different populations of the same
species (e.g., A. afarensis at Laetoli and Hadar; Su and
Harrison 2008). Regional patterns can be combined in
studies of larger-scale biogeographic and ecological pat-
terns across the African continent. When compared with
independently documented habitat shifts, species turnover
patterns at individual sites may provide information on the
eurytopic (“adaptable”) and stenotopic (“specialized”)
nature of lineages, including hominins. One might expect
that eurytopic species would occur consistently through
time, despite habitat shifts, and across the landscape in a
variety of habitats. In contrast, stenotopic species may only
be recovered if particular habitats are sampled and may be
consistently fewer in fossil assemblages, perhaps suggesting
movement in and out of regions through time in response to
habitat fluctuations. Over time stenotopic lineages may
exhibit higher extinction and diversification rates (Vrba
1980; Badgley et al. 2008).

Because of collection practices, time-averaging, and
spatial restrictions, it is probable that most fauna-based
habitat reconstructions of Pliocene hominin localities rep-
resent a temporal (time-averaged) scale of 10°~10° years, as
illustrated in the Kanapoi example above, a relatively
coarse level of resolution that may incorporate numerous

shorter-term ecological shifts. On the other hand, recon-
structions based on paleosols and pollen from specific sites
may signal habitats of small area or short duration that may
or may not be associated with the place and time where the
sampled vertebrate fauna or hominins actually lived.

Paleoecological Evidence and Current
Interpretations of Australopithecus Sites

The following section reviews various Australopithecus
taxa (Table 4.1) and the information that is known about the
paleoecological context of each locality.

Sites with Hominins of Uncertain Taxonomic
Assignment

o Lothagam Hill, Kenya. There is abundant fauna from
Lothagam, but hominins are very rare throughout the
7.0-3.5 Ma time span. Only two teeth are known from
~6.5-5.5 Ma in the upper Nawata Formation and one
poorly preserved mandible from the overlying Apak
Member of the Nachukui Formation (Leakey and Walker
2003). The bovid fauna of the upper Nawata is dominated
by aepycerotins, alcelaphins, and reduncins, indicating a
mix of gallery forest, open woodlands and grasslands.
Fewer alcelaphins and more tragelaphins in the Apak
Member as well as an increase in colobines provide
evidence for a more closed habitat at ~5.0 Ma (Leakey
and Harris 2003), although 6'°C analysis of Apak
Member bovid tooth enamel indicates a significant
component of C, vegetation (Cerling et al. 2003). The
loss of Etheria (oyster) reefs in the Apak Member indi-
cates a change to an ephemeral flow regime. Carbon
isotope analysis of pedogenic carbonates and tooth
enamel through the Lothagam succession indicates “a
mosaic ecosystem with stands of pure C; vegetation
interspersed with mixed C3/C, floras” but no pure C4
grasslands (Cerling et al. 2003). Given the number and
excellent preservation of other mammalian fossils, the
scarcity of hominins throughout the Nawata Formation
indicates this group was rare to absent in Lothagam’s late
Miocene paleocommunity (Leakey and Harris 2003).

e Omo (Shungura Formation), Ethiopia. There are thousands
of faunal specimens from this locality, largely consisting of
isolated teeth, including some attributed to Australopithecus
(Suwa et al. 1996) or more recently to Australopithecus
garhi (White et al. 2002). Through the 1.2 Myr of likely
Australopithecus occupation of this environment, the fossils
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derive from fluvial depositional settings associated with the
paleo-Omo River. The habitats associated with the hominins
include riparian forest and woodland habitats from 3.2 to
2.0 Ma; alcelaphins and antilopins are a notably small
component of the fauna during this time, indicating that open
grassland habitats were limited in extent in the paleo-Omo
River Valley (Bobe and Eck 2001; Bobe et al. 2002;
Alemseged et al. 2007).

West Turkana, Kenya. A number of hominin remains are
identified as A. afarensis (Leakey et al. 2001), and at least
42 catalogued, but unpublished, specimens are assigned
to Australopithecus (E. Mbua, personal communication).
The fossils are mostly teeth from above the 3.4 Ma Tulu
Bor Tuff, in the Lomekwi Member of the Nachukui
Formation. Kenyanthropus platyops also occurs in the
Lomekwi and underlying Kataboi Member, indicating the
presence of two contemporaneous hominin genera. Based
on the bovid fauna, the habitat of the lower through upper
Lomekwi members has been interpreted as a mosaic
dominated by woodland and forest-edge vegetation
(Harris et al. 1988; Leakey et al. 2001). This is supported
by abundant Theropithecus brumpti, a species regarded as
indicating more closed habitats than 7. darti, which is
common in the contemporaneous Hadar Formation in
Ethiopia (Leakey et al. 2001).

A. bahrelghazali

Bahr el Ghazal, Chad. This site is dated between 3.0 and
3.5 Ma and is the only central African site from which
any Australopithecus species has been recovered. The
fauna associated with this hominin lacks tragelaphins and
aepycerotins but has abundant alcelaphins, reduncins, and
antilopins, indicating open grassland and lake margin
habitats (Geraads et al. 2001).

A. anamensis

Allia Bay, Kenya. Hominin remains consisting mostly of
isolated teeth are preserved in a fluvial channel lag con-
text associated with the base of the Moiti Member at
~4.0 Ma. Based on analysis of stress lines in the enamel
of fossil herbivore teeth from this channel deposit, Macho
et al. (2003) suggest that the habitat of A. anamensis was
quite seasonal and similar to Masaai Mara in Kenya
today. Schoeninger et al. (2003), using carbon and oxy-
gen stable isotope analysis of tooth enamel, infer a
mosaic habitat of closed woodland and grasslands with
higher rainfall than the region receives today.

e Kanapoi, Kenya. A total of 59 specimens of A. anamensis

have been reported from this locality. The abundant
associated fauna is derived from floodplain paleosols and
distributary sands that span an estimated total time period
of about 100 kyr (see earlier discussion about Kanapoi
time-averaging and habitat reconstruction) (Harris et al.
2003). Faunal eco-diversity analyses of these two levels
are similar and indicate either wooded habitat or a mosaic
with wooded and more open areas, while stable isotopes,
the possible non-arboreal monkeys, and micromammals
indicate presence of open grasslands. Wynn (2000) sug-
gests, based on the characteristics of the paleosols where
hominin remains were recovered in situ, that A. anam-
ensis at least occasionally was associated with open
conditions within a spatially variable ecosystem, typified
by a mosaic of habitats, ranging “from forb-dominated
edaphic grassland to gallery woodland, providing a larger
view of the mixed ecosystem in which A. anamensis
lived.”

e Aramis and Asa lIssie, Ethiopia. White et al. (2006)

recovered A. anamensis from two localities near Aramis
in the Middle Awash. The Asa Issie fauna has high per-
centages of colobine monkeys and tragelaphine bovids as
well as forest-adapted avifauna and micromammals
leading these authors to interpret the habitat as closed to
grassy woodlands. The Aramis A. anamensis locality
lacks other fauna but stable carbon analysis of pedogenic
carbonate provide an average of ~25-35 % C,, inter-
preted as indicating a “humid, grassy, woodland savan-
nah environment.” (White et al. 2006: 885).
Woranso-Mille, Ethiopia. Haile-Selassie et al. (2010b)
report a sample of 26 hominin remains of Australopi-
thecus, recovered from the northernmost locality in the
Afar thus far and dated to ~3.57-3.8 Ma. These fossils
consist of isolated teeth and partial mandibles and max-
illae that exhibit features of both A. anamensis and A.
afarensis, thus a possible transitional form. The fauna
from four collection sites indicates a mix of riverine
forest, open woodland and grassland habitats, based on
relatively abundant Theropithecus oswaldi aff. darti and
tragelaphin, aepycerotin, and bovin bovids, which Haile-
Selassie et al. (2010a) note is more similar to the older
Kanapoi fauna than that of age-contemporaneous Laetoli
(see below).

Galili, Ethiopia. This site has produced Australopithecus
teeth and a femur (Kullmer et al. 2008; Viola et al. 2008)
identified as most similar to A. anamensis. The fauna
suggest a comparable date with Kanapoi, and the Kataboi
Member of the Nachukui Formation, although there are
some similar fauna with the younger lower Hadar For-
mation. Galili proboscideans are primarily grazers, but
browsing rhino (Diceros) and giraffe also are present, and
bovids are dominated by tragelaphins followed by bovins
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and reduncins. The habitat is reconstructed as primarily

woodland to bushland, although open grassland is indi-

cated by the grazing proboscideans and equids (Kullmer

et al. 2008).

e Fejej, Ethiopia. Although originally described as A.
afarensis, Van Couvering (2000) suggests that these
specimens may be A. anamensis, but only based on their
age (Kappelman et al. 1996).

A. anamensis summary. Faunal and other paleoecologi-
cal evidence from seven different areas indicate a range of
habitats from closed woodland (Assa Issie) to open grass-
land (Kanapoi). Wynn’s (2000) assessment that this homi-
nin “thrived in varied ecosystems” seems appropriate based
on current evidence. As discussed in Haile-Selassie et al.
(2010a), the mammalian species recovered in the Woranso-
Mille are different from those at Kanapoi, Allia Bay, and
other deposits of the approximately the same age. Whether
this is due to differences in environment or reflects a larger-
scale biogeographic phenomenon requires further study.

A. afarensis

e Lothagam, Kenya. Four isolated teeth found in the flu-
vially deposited Kaiyumung Member of the Nachakui
Formation, dated at ~3.5 Ma, have been attributed by
Leakey and Walker (2003) to Australopithecus cf. A.
afarensis. The dominant bovid tribes of this member,
aepycerotins, alcelaphins, and bovins, indicate relatively
open and seasonally dry conditions (Harris et al. 2003).
This interpretation is supported by a decrease in Colo-
binae and an increase in Theropithecus relative to the
underlying Apak Member.

e Laetoli, Tanzania. Australopithecus fossils are relatively
rare in the Laetolil deposits in Tanzania. According to Su
and Harrison (2008), the Laetoli environment during
Austrolopithecus’ times was a mosaic of woodland,
shrubland, and grassland with ephemeral streams and/or
ponds. In contrast, Kovarovic and Andrews (2007)
reconstruct it towards the wooded end of the savanna
spectrum, i.e., a mosaic of dense woodland and bushland.
In either case, there are no aquatic animals, and thus no
evidence of permanent water, which may have contrib-
uted to low numbers of A. afarensis on the landscape as
well as in the fossil assemblages.

e Woranso-Mille, Ethiopia. Haile-Selassie et al. (2010a)
describe a partial skeleton of A. afarensis from the Korsi
Dora vertebrate locality that has an estimated age of
~3.58 Ma. Additional fragmentary hominin remains are
assigned to A. afarensis but also bear traits of A. anam-
ensis. Over 1500 vertebrate specimens from this

paleontological study area (Haile-Selassie et al. 2010b)

indicate a mix of riverine forest, open woodland and

grassland habitats (see discussion under A. anamensis).

e Dikika, Ethiopia. This locality has sediments of the Basal
and lower Sidi Hakoma members of the Hadar Forma-
tion. Wynn et al. (2006) suggest that the fossils of A.
afarensis are associated with a delta and a wooded
environment, although certain species indicating open
grasslands were also present. This site may have cut
marked bones, which are controversial but if confirmed
would show that this species incorporated meat or animal
products into its diet (McPherron et al. 2010; for alter-
native viewpoint see Dominguez-Rodrigo et al. 2010).

e Hadar, Ethiopia. A. afarensis occurs in three successive
members of the Hadar Formation, persisting through
~500 kyr in spite of shifts in the fauna and vegetation
(Bonnefille et al. 2004; Campisano 2007).

— Sidi Hakoma Member. The Sidi Hakoma deposits
range in time from ~3.42-3.26 Ma (Campisano 2007).
The deposits in the lowermost part of the unit indicate
higher annual rainfall and less seasonal environments
than found in any other Hadar sub-member (Reed
2008). The rest of the Sidi Hakoma Member fluctuates
between bushland and open woodland with a riverine
component until the top of the member when there is a
transgression of paleolake Hadar into the collection
areas.

— Denen Dora Member. The entire Denen Dora Member
encompasses only about 56 kyr (Campisano 2007).
There is a major increase in the abundance of redun-
cine bovids in the middle part of this time period,
indicating extensive wetland and floodplain habitat.
After this episode, there is faunal evidence for open
wooded grassland (Campisano et al. 2004; Behrens-
meyer 2008; Reed 2008) (see earlier discussion of the
A.L. 333 locality).

— Kada Hadar Member. There are two collection units
that encompass ~ 3.2-2.94 Ma separated by the Bou-
roukie Tuff 1 (BKT-1) at ~3.12 Ma (Campisano
2007). The separation is important as the habitats shift
from open woodland with some edaphic grassland to
more arid and scrub woodland habitats. The KH-2
fauna also has high proportions of antilopin and alc-
elaphin bovids, which indicate more arid environments
(Vrba 1975), especially when contrasted with other
Hadar Formation sub-members (Reed 2008).

e Ledi-Geraru, Ethiopia. Two A. afarensis molars were
recovered from the Denen Dora Member of the Hadar
Formation (Wood 2011). They were recovered with re-
duncin bovids indicating a lakeshore environment, as
well as antilopins and alcelaphins that indicate more
shrubland and grassland habitats (Reed et al., in
preparation).
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e Maka and Belohdelie, Ethiopia. White et al. (1993)
conclude from faunal evidence that there was woodland-
bushland at the time of deposition of the Maka material,
which is similar to the faunal interpretation for the Denen
Dora Member of the Hadar Formation. A. afarensis has
also been assigned to the frontal from Belohdelie, but no
information is available for the ecological context of the
find (Asfaw 1987).

e East Turkana (Koobi Fora), Kenya. The older deposits
(Tulu Bor and Lokochot members) have a moderately
large faunal collection but Australopithecus is rare. The
Tulu Bor Member of the Koobi Fora Formation is con-
temporaneous with the entire Hadar Formation in time
(3.4-2.7 Ma) but has yielded only a few A. afarensis
specimens (Kimbel 1988; Campisano et al. 2004). Feibel
et al. (1991) described the depositional environment
during Tulu Bor times as fluvial with floodplain lakes.
Harris (1991) suggested that the habitat at this time
included gallery forests amid floodplains, wet grasslands
and woodlands. Controlled paleontological surveys of the
Lokochot and Tulu Bor members at East Turkana support
the comparative scarcity of Australopithecus fossils at
East Turkana (Behrensmeyer et al. 2004), suggesting that
the pattern is ecological or paleobiogeographic rather
than taphonomic.

o West Turkana, Kenya. As mentioned previously, at least
42 catalogued but unpublished specimens are assigned to
Australopithecus, and at least some of these are assigned
to A. afarensis. These derive from above the Tulu Bor
Tuff and other fauna indicates gallery forest and wood-
land (Leakey et al. 2001).

e Fejej, Ethiopia. Hominin specimens from this site were
the oldest assigned to A. afarensis at 4.0-4.2 Ma
(Kappelman et al. 1996), although some are now regar-
ded as A. anamensis (Delson et al. 2000), but this is based
solely on the age of the remains. There is no available
information on the associated fauna or paleoenvironment.
A. afarensis summary. White et al. (1993) suggested

broad habitat tolerance for A. afarensis, and the geological

and faunal evidence from ~ 12 different localities from
northern Ethiopia to Tanzania supports this earlier assess-
ment; the fossil remains of this species are associated with
habitats ranging from relatively open grassland to wood-
land, shrubland and riparian forest. There is no evidence
that A. afarensis preferred any particular habitat, although
low relative abundance at Laetoli and scarcity at East

Turkana suggests some limits on its ecological flexibility.

Given that this species was widespread and ecologically

eurytopic (Reed 2008), then what caused its disappearance

or extinction at ~2.7 Ma? This question could possibly
further examined if: (1) the parameters of the reconstructed

habitats could be refined in terms of abiotic factors (e.g.,

seasonal extremes in temperature and moisture), (2) patterns

indicating competition or niche-partitioning could be
reconstructed for other eurytopic mammalian species
coexisting with A. afarensis (e.g., via stable isotope analy-
sis) and (3) morphological changes within the lineage
(Lockwood et al. 2000) could be associated with responses
to habitat change.

Australopithecus or Paranthropus aethiopicus

e Omo (Shungura Formation), Ethiopia. Suwa et al. (1996)
assign 19 isolated hominin teeth from a total sample of 48
to this species between 3.0 and 2.0 Ma. These occur from
members C-F, i.e., between 2.9 and 2.3 Ma; later rela-
tively robust teeth are assigned to Australopithecus
(Paranthropus) boisei. This species co-occurs with a
“non-robust” hominin, represented by teeth that could
belong to A. afarensis, A. africanus, or early Homo. The
environment was predominantly riparian forest and
woodland based on associated faunas, which lack a strong
open grassland-adapted component until after 2.0 Ma
(Bobe and Eck 2001; Bobe et al. 2002; Alemseged et al.
2003; see earlier section).

A. africanus

e Makapansgat, Member 3, South Africa. This deposit
contains an extremely large number of mammalian
specimens (greater than 30,000), of which 24 are A. af-
ricanus. The deposit was accumulated in the cave by
fossil hyaenid and porcupine species (Maguire et al.
1980). Mammalian community structure suggests that
this region was a habitat mosaic that contained riparian
woodland, bushland, and edaphic grassland (Reed 1998).
Other habitat reconstructions range from woodland (Vrba
1980) to forest (Cadman and Rayner 1989).

o Makapansgat, Member 4, South Africa. A. africanus is
represented by only three out of a total of 257 mamma-
lian specimens. Cercopithecine monkeys make up 80 %
of the collection; and the likely accumulators were birds
of prey and leopards (Reed 1996). Member 4 fossil
deposits suggests a more wooded habitat than Member 3,
but this could be a function of sample size and predation
bias rather than an actual change of habitat at the site. As
Members 3 and 4 are roughly contemporaneous, both
assemblages probably represent a similar woodland—
bushland habitat mosaic.

o Sterkfontein, Member 2, South Africa. The skeleton of
Stw 573 has been attributed, thus far, to Australopithecus
sp. but is still embedded in rock, preventing thorough
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taxonomic analysis (Clarke 1999). Dating for the locality

ranges from 2.8 to 2.6 Ma (Pickering and Kramers 2010).

The fauna recovered with Stw 573 thus far is mostly

cercopithecoids and carnivores with very few ungulates

(Pickering et al. 2004). These researchers suggest an open

woodland habitat in a valley setting surrounded by rolling

hills covered with rocks and shrubs. A riverine forest is
also proposed based on the presence of numerous mon-
keys and a leopard. The fauna, other than the hyaenid

Chasmaporthetes, is also present at Sterkfontein Member

4 and other younger localities in South Africa. Thus, if

the deposit overlaps in time with Sterkfontein Member 4

(see below), there may be two Australopithecus species

present at roughly the same time. It is worth noting that

Pickering et al. (2004) state that most of the fauna

recovered are “climbers” and this may have implications

for Stw 573 as well.

o Sterkfontein, Member 4, South Africa. This member has
been dated to between 2.2 and 2.6 Ma (Herries et al.
2013). The faunal community suggests a habitat of open
woodland, with bushland and thicket areas (Reed 1997).
Other habitat reconstructions of this member at Sterk-
fontein have indicated medium density woodland (Vrba
1975) and an ecotone between dry sandy highveld
grassland and Kalahari thornveld (Avery 2001). Bamford
(1999) notes the presence of lianas, which indicate fairly
dense riverine forest.

e Taung and Gladysvale, South Africa. The single speci-
men of A. africanus from Taung was likely incorporated
into a meal of a bird of prey. The eagles suggested as the
predator range in their hunting regions from forests
through deserts (Berger and Clarke 1995). The other
fauna associated with this deposit suggests a habitat that
is fairly dense woodland (e.g., Tragelaphus, Cephalo-
phus, Panthera, cercopithecoids). The hominin teeth
recovered from Gladysvale are associated with other
fauna recovered from the ex situ material that indicate
deposition during a period of relatively wet climate and
closed vegetation (Berger and Tobias 1994; Plug and
Keyser 1994).

A. africanus summary. Although there is some evidence
for closed forest habitats (e.g., fossil wood, lianas), the
associated fauna recovered with this species indicates a
mosaic of habitats ranging from forest to open grassland.
Certainly the higher latitude of these deposits means
important climatic differences compared with those nearer
to the equator, especially with respect to seasonal temper-
ature fluctuations. Also, the irregular upland terrain of the
South African limestone plateau contrasts with the lower,
more even topography of the aggrading rift basins in East
Africa

A. sediba

This species, recently discovered at the site of Malapa in
South Africa, is represented by relatively complete remains
of a number of juvenile and adult specimens from a cave fill
dated to ~1.9 Ma. Thus far, no other fauna has been
published from the locality, but remains of other species are
present, and information on the paleoecology will no doubt
be forth-coming (Berger et al. 2010; de Ruiter et al. 2013;
Dirks et al. 2010).

Kenyanthropus platyops

This taxon was recovered from the Nachukui Formation on
the west side of Lake Turkana (Leakey et al. 2001).
According to these researchers, fauna recovered near the
specimens suggest a habitat that is more wet and closed than
habitats at Hadar. We include this taxon because, though
not placed in the genus Australopithecus, it is from the same
time interval as early Australopithecus in East Africa.

A. garhi

e Bouri, Ethiopia. This species has been recovered from the
Hata Member of the Bouri Formation, and is a late East
African (2.5-2.17 Ma) representative of the genus (As-
faw et al. 1999). The fauna associated with A. garhi
indicates the presence of a shallow lake surrounded by
grasslands (de Heinzelin et al. 1999). Cut marked bones
were found in the same strata as A. garhi, and meat-eating
behavior is attributed to this species (de Heinzelin et al.
1999). White (2002) has suggested that some of the teeth
from the Omo Shungura Formation are A. garhi and as
such would be found in the more closed woodland hab-
itats of the region (Bobe and Eck 2001; Bobe et al. 2002;
Alemseged et al. 2003).

Discussion: Australopithecus Paleoecology

Returning to the questions that were posed at the beginning of
this paper, what can we say about the paleoecology of aus-
tralopiths in light of current taphonomic, paleontological, and
geological information from the many known occurrences of
Australopithecus in the African fossil record?
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1.

What was the range of habitats associated with Austra-
lopithecus, and is it possible to discern each species’
preferred habitat? Even the earliest records for the genus
include evidence for diverse habitats, from forests and
woodlands to more open vegetation, suggesting eury-
topic ecological adaptations from the beginning. This
evidence is time-averaged over ecologically long time
intervals, thus limiting what we can infer about habitat
preferences within the available vegetation mosaics. We
also do not yet know whether any of the species in this
genus preferred one of these habitat types or a mix of
open and closed habitats. However, Campisano (2007)
has shown that across similar time intervals at Hadar, A.
afarensis is more abundant in drier regions. The docu-
mented existence of Australopithecus from Chad to
Ethiopia to South Africa indicates continent-scale dis-
tribution, considerable seasonal temperature tolerance,
and adaptability to different topographic settings.

. What were the most important limiting ecological vari-

ables (e.g., food, water, shelter, competition with other
species, predator avoidance, intra-species interactions)

for the australopiths? There is a possibility that the

genus was limited by climatic conditions and associated
vegetation types that disappeared at Hadar during the 2.8
—2.35 Ma interval of increased aridity, when it went
locally extinct. Relative scarcity of A. afarensis fossils at
Laetoli suggests dependence on water sources and veg-
etation associated with water. Otherwise, understanding
of these variables remains unknown.

. How did habitats vary among australopith species and

across different regions? There is evidence from regional
faunal differences for some degree of either habitat
variability or biogeographic isolation among the differ-
ent species. Contrary to the hypothesis that hominin
evolution is linked with retreating forests and expanding
grasslands, the habitats of the earliest species, A.
anamensis have been reconstructed as rather open, fol-
lowed by a mosaic of open and closed habitats for A.
afarensis. A. bahrelghazali appears to have existed in the
most open grassland habitat, which is interesting con-
sidering its location in a lake basin in central Africa. A.
africanus appears also to have been associated with
mosaic habitats, although the habitats contributing to the
mosaic change through time in southern Africa. There is
as yet no overlap in species between South and East
Africa during the temporal range of Australopithecus,
evidence that this hominin genus was one of the most
widely distributed members of the Pliocene mammalian
fauna of Africa. Differences in its patterns of occurrence
among basins within East Africa and, indeed, among
localities on the west and east side of Lake Turkana, also
suggest that Australopithecus was a eurytopic genus.
These observations and supporting data provide a

foundation for developing and testing hypotheses
regarding responses to climate change experienced on
local and regional scales. New research to obtain high
resolution drill core records of environmental change
from Plio-Pleistocene paleolakes along the East African
Rift can also be applied to these hypotheses.

4. Was there more than one Australopithecus species
sharing an ecosystem at any given place and time? This
appears possible given the evidence from West Turkana,
Omo, Galili, Woranso-Mille, and Sterkfontein
(Table 4.1), but at present there is hard evidence for only
one species at any one stratigraphic level and site. Time-
averaging of hominin remains from different time peri-
ods may create the appearance of co-occurrence in a
paleocommunity. Further fieldwork and taxonomic
research are needed on deposits that may include dif-
ferent hominins.

5. Was Australopithecus a maker and user of stone tools?
There are tantalizing occurrences of purported cutmarks
on bones at two Australopithecus sites, Dikika and Bo-
uri, but these finds are contested. More in situ evidence is
needed, including the artifacts themselves, to provide a
definitive answer to this question.

6. Was there change in habitat use through time? Did niche
breadth increase or decrease within individual lineages
as Australopithecus evolved? We do not know the
answers yet, but higher resolution paleoecological
research, additional hominin sites, and stable isotope
studies of hominin enamel through sequences such as the
Hadar Formation could provide new information bearing
on these questions.

7. How might global or continental-scale climate change
between 4.5 and 2.0 Ma have affected the paleoecology
of Australopithecus? Some degree of climate forcing is
probable, but understanding this will take careful study
of regional variability in paleoclimates in southern ver-
sus eastern versus central Africa and comparisons with
deep sea and continental lake records of global and
continental-scale climate change. These data, in turn, can
be used in paleoclimatic models of more localized
regions to arrive at better models of climatic change
through the Pliocene.

Habitats

The localities where the different species of Australopithe-
cus have been documented provide evidence for varying
amounts of closed woodland to forest as well as open
grassland and shrubland habitats. This evidence is based
primarily on associated fauna and stable isotopes, with
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some input from the paleobotanical record. The genus
Australopithecus can be characterized as eurytopic because
its species are found in deposits that have faunal and iso-
topic evidence for a wide range of habitats. It is not clear,
however, whether individual species were eurytopic or
stenotopic with respect to the inferred spectrum of vegeta-
tion types because hominin sample sizes are generally too
small to show statistically significant associations with
particular ecological indicator taxa (e.g., Bobe et al. 2002).
The one exception where there is enough hominin fossil
material at one locality to begin to examine this questions is
A. afarensis at Hadar, which persists for ~500 kyr though
changing environmental conditions, indicating eurytopy
with respect to these conditions (Bonnefille et al. 2004;
Reed 2008). That the microwear of A. afarensis indicates
little variability in diet (Grine et al. 2006a, b), however,
may indicate that although the species inhabited different
environments, it ate something similar in all of them (see
below).

Given limited samples of hominins and known biases
introduced by taphonomic processes, pinning down an
association of a particular hominin species with a “pre-
ferred” habitat may be possible using quantitative analysis
associations with ecological indicator taxa. Progress in this
approach will require more data points consisting of care-
fully controlled associations of hominins and faunal or other
proxies to allow higher temporal and spatial resolution of
the consistency of these associations. Growth in under-
standing ecological indicator species associated, or not
associated, with hominins will also help this approach.
Autecological investigations including expanded stable
isotope analysis of hominin tooth enamel using minimally
destructive laser-ablation technology could also provide
direct evidence of dietary preferences and variability. Mi-
crowear and anatomical traits indicating adaptation for
climbing, walking, etc., could also support higher resolution
inferences about preferred habitats.

Diet and Food Procurement

There has been recent research that sheds light on the diet of
some Australopithcus species but also brings up further
questions. It has long been known that A. africanus mi-
crowear indicates a variable diet, but not as variable as
Paranthropus robustus recovered from the same geographic
region. In contrast, A. anamensis and A. afarensis appear to
have been more limited in their selection of foods due to the
low variation in the fine scratches that appear on their teeth
through time (Grine et al. 2006a, b). Stable isotopes of
Australopithcus taxa are discussed in Sponheimer (2013)
and Grine et al. (2012), but indicate both C; and C,4 plants

were consumed. Finally, evidence suggests that some of
these hominins may have been consuming meat or marrow
(de Heinzelin et al. 1999; McPherron et al. 2010). Thus,
while there is interesting autecological evidence provided
for many of these taxa, there are still many questions as to
how they were utilizing their habitats.

Conclusion and Future Research

We know much more about the paleobiology of Austra-
lopithecus than we did 30 years ago, and in spite of taph-
onomic and time-averaging caveats, the large number of
documented sites now provides convincing evidence that
the genus had an impressive breadth of tolerance for varied
habitats and climates. Better-coordinated research in faunal
analysis, habitat reconstruction, spatial distribution, and
taphonomic biases of the hominin fossil record at local,
regional, continental, and global scales, as well as addi-
tional new sites, should greatly expand this knowledge in
the coming decades.

Used in conjunction with species turnover patterns and
evidence for abiotic environmental change, the evidence
provided in this paper can serve as a baseline for continuing
research on the ecological context of hominin evolution.
Further advances in habitat reconstruction for Australopi-
thecus will depend on careful attention to the scale of the
evidence (temporal and spatial) versus the scale of the
desired reconstruction. Particular caution is needed to avoid
interpreting ecological features of a time-averaged faunal
list as a “snapshot” (single time-plane) sample of the
habitat of Australopithecus or any other hominin.

In a succession of fossiliferous strata, we usually are
dealing with varying proportions of different habitats (e.g.,
closed vs. open, or wetter vs. drier habitats) rather than the
extremes of one or the other. How these habitat “mosaics”
are recorded in the fossil record depends on the spatial scale
of the sample as well as the amount of time represented.
Shifts of an ecotone across a depositional area through time
can also result in a similar mixed habitat signal (Behrens-
meyer et al. 2007). There is no simple solution to the
problem of time-averaged ecological signals, but in some
fossil-bearing sequences there are ways to calibrate the
scale of habitat patches and evaluate the adaptations of
individual species. These include:

1. Higher resolution sampling and morphological analysis
of faunas associated with Australopithecus-bearing
strata, including intra- and inter-basin comparisons of
mammalian species associated most commonly with
Australopithecus. What are the morphological and
abundance similarities and differences among species
that co-occur, or do not co-occur, with Australopithecus?
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To the same end, analyses of tooth wear patterns and

stable isotopes in the same species across space and/or

through time at individual localities will give us infor-
mation regarding diets that may be consistently different
in particular basins.

2. Coordinated lateral sampling of faunas and paleoenvi-
ronmental variables in Pliocene sequences where Aus-
tralopithecus is common versus uncommon or absent
(e.g., Hadar vs. Turkana Basin, Omo Shungura vs. Tugen
Hills vs. Lothagam).

While pursuing increased resolution and refinement of
taphonomic and ecological evidence, it also will be
important to adjust the spatial and/or temporal scale of
paleoecological interpretations to take account of the
inevitable limitations of the record. Much remains to be
learned about resolving ecological information in the fossil
record of Australopithecus, or any other intriguing extinct
mammalian genus.
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Part Il
Sites and Species

The articles in this section provide descriptions and discussions on the species of
Australopithecus in different areas or different individual sites. They provide the critical
systematic background for the broader discussion on paleobiology in later sections.

In Chap. 5, “Australopithecus in Ethiopia”, Zeresenay Alemseged reviews the distribution
and documented ages for the three species of Australopithecus found in Ethiopia: Austra-
lopithecus anamensis, Australopithecus afarensis, and Australopithecus garhi. Fossil attrib-
uted to Australopithecus are found in many parts of Ethiopia from the north to the
southernmost part of the country. The first appearance of the genus in Ethiopia is slightly
over 4 million years ago, and does not seem to be associated with any major climatic or
geological event. He reviews what is known about each of the species, and then focusses on
many of the critical, unknown aspects of the biology and relationships of the different taxa.

In Chap. 6, “The Alpha Taxonomy of Australopithecus africanus” Fred Grine reviews
the long, complex, and convoluted taxonomic history of fossils commonly attributed to
A. africanus from Makapansgat, and especially Sterkfontein. For decades, researchers have
debated how many different taxa are present at these sites and which specimens are likely
males and which are females, with little consensus. Much of the debate, he notes, centers on
immature specimens, and often lacks quantification of the anatomical features under dis-
cussion. He emphasizes the need to resolve basic issues of taxonomy at the species level
before broader questions of adaptation and biogeography can be properly considered, and
suggests that new technologies may help to settle the ongoing debates about what constitutes
A. africanus.

In Chap. 7, Ronald Clarke offers his interpretation of “Australopithecus from Sterkfontein
Caves, South Africa.” He argues that two species of Australopithecus can be identified at that
sitte—A. africanus and Australopithecus prometheus. The second species, originally de-
scribed from Makapansgat is now known from a nearly complete skeleton found in Member
2 in the Silberberg Grotto. A wide range of conflicting dates between 4 and 2 Ma have been
reported for these deposits, but he suggests that it seems likely that they date to roughly 3 Ma.
Both species are present in Member 4 between 2.5 and 2.14 Ma. He also asserts that the StW
53 cranium, often identified as Homo habilis, belongs to A. africanus. He reviews the
taphonomic situation that led to the accumulations of hominin remains and also the likely
environments during which the different members were deposited.

In Chap. 8, “Australopithecus sediba from Malapa, South Africa”, Darryl deRuiter,
Steven Churchill, and Lee Berger report on the most recently described species of Austra-
lopithecus. They review the history of the discovery of the fossils, the geology and recon-
structed taphonomy of the site, and details of the bony elements preserved. They then outline
how A. sediba can be distinguished from other species of Australopithecus, and the philo-
sophical choices involved in placing a fossil taxon with intermediate morphologies in either
Australopithecus or Homo. The discovery of A. sediba with a precise date of between 2.0 and
1.95 Ma has important implications for the taxonomic identification and phylogenetic
placement of numerous early hominin fossils of similar age in both southern and eastern
Africa.
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In Chap. 9, “Variation in Mandibular Postcanine Dental Morphology and Species
Diversity in Australopithecus”, Fred Grine, Marcia Delanty, and Bernard Wood address the
question of whether multiple species are found in the deposits of Member 4 at Sterkfontein,
discussed in earlier chapters by Grine and by Clarke. They find that compared with a sample
of teeth from the lowland gorilla, Gorilla gorilla, the samples of mandibular premolars and
molars from Member 4 at Sterkfontein are slightly more variable, but the differences are
significant for only a few cusp dimensions. While their analyses suggest great variability in
the fossil sample, they do not identify any specimens as distinct outliers in all features. Thus,
they do not reject the null hypothesis of a single taxon, A. africanus, in Member 4.

The Editors
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Chapter 5
Australopithecus in Ethiopia

Zeresenay Alemseged

Abstract Australopithecus in Ethiopia is currently repre-
sented by three species: Australopithecus anamensis, Aus-
tralopithecus afarensis and Australopithecus garhi ranging
in age from about 4.2 to 2.5 Ma. The genus is encountered
from Hadar and environs in the North to Fejej in the
southernmost part of the country. The relationship among
the three species appears to be an anagenetic link going
from the oldest to the youngest, but there is not enough
evidence to relate the genus directly to any known ancestral
species, which renders its origin difficult to pinpoint. Of the
three, A. afarensis is by far the best known in terms of its
paleobiology and paleoecology, and further research is
required to reconnoiter the paleobiology of A. anamensis
and A. garhi as well as to shed light on the ancestor of the
genus in general.

Keywords Australopithecus afarensis * Australopithecus
anamensis * Australopithecus garhi

The Genus Australopithecus

The genus Australopithecus is the first fossil hominin genus
named from Africa (Dart 1925). The type species, Austra-
lopithecus africanus, recovered from many South African
cave sites, represents one of the best documented and rela-
tively well known early hominin species and was the only
“gracile” Australopithecus taxon widely recognized until
1978, when it was joined by Australopithecus afarensis
(Johanson et al. 1978). The proliferation of fieldwork in dif-
ferent parts of Africa over the past four decades has shown
that the genus was not only diverse but also had greater
antiquity than previously thought (Brown et al. 2013). The
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spatial and temporal distribution of its species reveals that
Australopithecus was successful in occupying a wide range
of environments and geographic areas in southern, eastern
and northern parts of Africa for over 1.7 Myr between ca. 4.2
and 2.5 Ma (Brown et al. 2013). Currently, Australopithecus
comprises six species though authors have differing views on
this: Australopithecus africanus, Australopithecus afarensis,
Australopithecus bahrelghazali, Australopithecus anamen-
sis, Australopithecus garhi, and Australopithecus sediba,
when the “robust” forms are assigned to Paranthropus.'
Three of these species—A. anamensis, A. afarensis, and
A. garhi—are found in Ethiopia (Fig. 5.1). The earliest
evidence for Australopithecus in Ethiopia comes from the
sites of Asa Issie and Aramis in the Middle Awash dated to
~4.1-4.2 Ma, and from 4.0 to 4.18 Ma site of Fejej in the
south (Kappelman et al. 1996; White et al. 2006). The
fragmentary nature of the Fejej remains does not allow firm
taxonomic attribution, but in their announcement the
authors noted that the Fejej teeth are virtually identical in
their preserved anatomy to A.L. 198-1 (Fig. 5.2), which
belongs to A. afarensis (Fleagle et al. 1991). Yet, the
recently discovered fossils from the Middle Awash assigned
to A. anamensis, though fragmentary, document a more
secure first appearance datum (FAD) of the genus in Ethi-
opia, and are nearly as old as the material from Kanapoi in
Kenya (Leakey et al. 1995). Evidence for the last appear-
ance datum (LAD) of the genus comes from the Hata Beds
at Bouri in the Middle Awash region of Ethiopia and is
represented by A. garhi fossils at about 2.5 Ma (Asfaw et al.
1999). The temporal range of the genus can therefore be
bracketed between ca. 4.2 and 2.5 Ma in Ethiopia, and
geographically the genus occupied the whole range of the
Ethiopian Great Rift Valley region from Hadar and environs
in the north to Fejej in the southernmost part of the country.

! The robust species are placed in the genus Paranthropus for
convenience. The author does not think that there is adequate evidence
or consensus to accept or reject Paranthropus monophyly.
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Fig. 5.1 Schematic map of
Ethiopia noting sites from which
Australopithecus has been
recovered. The Middle Awash
area includes the subareas of
Aramis, Asa Issie, Belohdelie,
Bouri, Maka, and Wee-ee

Sudan

The three Australopithecus species encountered in Ethi-
opia have generalized morphologies differentiating them
from species of the genus Homo, including a prognathic
face, small brain, megadont postcanine teeth, relatively
large canines and primitive upper limbs (not known for
A. anamensis). Moreover, they can be differentiated from
Paranthropus species because they lack the derived dento-
gnathic features of those taxa, such as enlarged post-canine
dentition, reduced anterior teeth, etc. They can also be
readily distinguished from the earliest putative hominins
species (Ardipithecus, Sahelanthropus and Orrorin) because
they possess many derived features, including larger molars,
smaller canines and undoubted bipedalism, shared with
other later hominins.

It is apparent that the masticatory apparatus of the first
representatives of the genus appears better adapted to a
more heavily chewed and/or abrasive diet (Teaford and
Ungar 2000; but see also Sponheimer 2013). This might
point to a shift in dietary adaptation of the earliest members
of the genus Australopithecus and their venturing into more
open environments, though they lived mainly in rather
closed and wooded settings (Reed 1997; White 2006). Yet,
the emergence of the genus just prior to 4.0 Ma does not
seem to correspond to any known global climatic change.
Understanding the external causes for the adaptive shift
toward early hominin megadontia therefore deserves further
investigation. As to their locomotor repertoire, there is no
question that the three Ethiopian species of this genus were
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bipedal; however, they retained many primitive and ape-
like features, particularly on the upper part of the skeleton,
that are difficult to interpret from a functional point of view
(Larson 2013; Harmon 2013). Some propose that members
of the genus included arboreality in their locomotor
behavior, particularly A. afarensis (Senut and Tardieu 1979;
Stern and Susman 1983; Alemseged et al. 2006; Green and
Alemseged 2012) while others suggest that these primitive
characters were retentions from the common ancestor
without any significant relevance to the locomotor adapta-
tion of these species (Lovejoy 1981; Latimer 1991; Ward
2013). Reconciling these differing interpretations will
require further research into the functional anatomy of the
“primitive” features within the context of extant primate
morpho-functional diversity.

Questions About the Genus

Several important questions concerning Australopithecus in
Ethiopia are not fully answered because of the fragmentary
nature of the fossil evidence and small sample size.
As shown by Kimbel et al. (2006: 148), “currently available
character-state and stratigraphic data are consistent with the
hypothesis that Early Pliocene A. anamensis was ancestral
to Middle Pliocene A. afarensis, and further suggest that
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Fig. 5.2 Occlusal view of the Fejej mandibular teeth (FJ-4-SB-1
(a—e, g); FS-4-SB-2 (g)) compared with a cast of A. afarensis (A.L.
198-1) from Hadar. Reprinted with permission from Wiley-Liss

these taxa constituted an anagenetically evolving lineage.”
This claim appears to be supported by the available data
coming from Kenyan, Tanzanian and Ethiopian fossil sites.
What’s more, based on new fossils from the site of Wo-
ranso-Mille, in Ethiopia, Haile-Selassie (2010) suggests that
there is no compelling evidence to falsify the ancestor—
descendant relationship between A. anamensis and A.
afarensis. Further these temporally and morphologically
intermediate fossils are interpreted to indicate that the
species names A. afarensis and A. anamensis do not refer to
two real species, but rather to earlier and later representa-
tives of a single phyletically evolving lineage (Haile-
Selassie 2010). The ca. 4.1 Ma fragmentary Fejej fossil
material from locality FJ-4 is sometimes discussed as
possibly attributable to A. anamensis (Kappelman et al.
1996; White 2002), though it cannot be morphologically
distinguished from the 3.2 Ma A.L. 198-1 (A. afarensis)
(Fleagle et al. 1991). The taxonomic attribution of the Fejej
fossil is critical in light of questions pertaining to the mode
of speciation in the A. anamensis—A. afarensis lineage. If
indeed the FJ-4 fossil belongs to the latter, it would mean
that the two species overlapped in time and that A. afarensis
was the result of a cladogenetic speciation event. However,
given the results obtained by Kimbel et al. (2006) on the

polarity of characters among the two species’ different site
samples, and in the absence of diagnostic features, it is more
reasonable to consider the FJ-4 fossils as part of the A.
anamensis hypodigm pending a more firm taxonomic
identification or further discovery.

Yet, resolving whether there was in situ anagenesis in the
A. anamensis—A. afarensis lineage in Ethiopia requires
additional evidence. Given that the Kenyan and Ethiopian
A. anamensis site samples are close to each other in age, and
that the A. afarensis hypodigm is encountered in Tanzania,
Kenya and Ethiopia, one cannot establish precisely where
and from which ancestor Australopithecus emerged as a
genus, and where the transition between A. anamensis and
A. afarensis occurred.

As pointed out by White et al. (2006, 2009), there is
a clear difference between Ardipithecus ramidus and
A. anamensis, in their dentognathic configurations as well as
their paleoenvironmental settings among many other dif-
ferences, which reflects adaptations for different diets and
probably different ecological niches. If the two taxa are
directly related, the emergence of these new adaptations
must have happened within a relatively short geologic time,
because Ar. ramidus and A. anamensis are encountered in
sedimentary layers dated to 4.4 and 4.2 Ma, respectively.
There is no evidence for major paleoenvironmental or
paleoclimatic changes around this time explaining these
major morphological and dietary shifts. Factors that trig-
gered the possible transformation from the thinner-enameled
putative ancestors (Ar. ramidus; White et al. 2006) to the
megadont and thick enameled Australopithecus just before
4.0 Ma remain unclear. Though, additional research at sites
dated to around 4.0 Ma could help answer these questions,
the striking contrast between Ar. ramidus and Australopi-
thecus (White et al. 2009) in terms of their feet morphology
and overall locomotor repertoire, dental and cranial anat-
omy, environmental and dietary adaptation and patterns of
sexual dimorphism in addition to their temporal proximity
makes their ancestor—descendant relationship less likely
rendering the direct ancestor of Australopithecus and its
origin elusive.

The Three Species

Australopithecus anamensis

Diagnostic remains of this species were found at the sites of
Allia Bay and Kanapoi in Kenya (Leakey et al. 1995),
though the first discovery of fossils of this taxon occurred in
the Kanapoi region in 1965 by a Harvard University
expedition (Patterson and Howells 1967). The suite of
dentognathic features observed on these fossils, including
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the morphology of the mandibular symphysis, orientation of
the dental row, size and form of the upper canine and traits
on the lower third premolar clearly demonstrate the integ-
rity of the species, and show that the FAD for genus Aus-
tralopithecus was earlier than previously thought (Laetoli
3.7 or Belohdeli: ca. 3.8 Ma). A. anamensis was not known
from Ethiopia with certainty until 2006, when its presence
in the Middle Awash was reported (White et al. 2006). The
contribution of the Ethiopian A. anamensis material was
that in addition to increasing the size of the species’ hyp-
odigm, which is critical for a poorly sampled species such
as this one, it also expanded its known geographical range
further by about 1,000 km to the north in the Afar, and
added new paleoenvironmental and paleoecological infor-
mation about the species. At the Ethiopian sites the species
was a regular occupant of a wooded biome, which differs
from the mosaic environmental settings reconstructed at
Allia Bay and Kanapoi, increasing the known ecological
range of the species (Leakey et al. 1995; White et al. 2000).

Questions About A. anamensis

In addition to some dental features, the Middle Awash
maxilla (ARA-VP-14/1) is anatomically similar in preserved
parts to the KNM-KP 29283, with straight tooth rows and
vertically implanted canines (White et al. 2006). But the
authors point out that the Asa Issie canine size relative to
molar size and canine shape is intermediate between
Ar. ramidus and known A. anamensis conditions. These
observations probably indicate geographic variation within
A. anamensis, which could be related to differences in eco-
logical niches in Ethiopia and Kenya. Paleoenvironmental
reconstructions show that the species lived in different types
of settings. Given that the two site samples are dated to
around the same time, one cannot establish the patterns of
dispersal or paleobiogeography of this ancient species.
Among the important questions regarding the Ethiopian
A. anamensis sample are: (1) What does it tell us about
variation and the biogeography of the species? and (2) What
do we learn from the apparent differences in the type of
biome occupied by the Ethiopian A. anamensis compared to
the Kenyan sample? (3) Is A. anamensis an earlier repre-
sentative of an already known species (Haile-Selassie 2010).
More fossils are required to elucidate these issues.

Australopithecus afarensis

Australopithecus afarensis is one of the best-known Plio-
cene hominin species along with A. africanus. Its earliest
occurrence (FAD) is documented at the site of Belohdelie,

Ethiopia, dated to ca. 3.8 Ma (Asfaw 1987). It is also
encountered at the site of Laetoli, dated to ca. 3.7 Ma, in
Tanzania, where the holotype (L.H. 4) was found and
recently at the site of Woranso-Mille, Ethiopia at around the
same time (Haile-Selassie et al. 2010). However, the last
occurrence (LAD) of this species is problematic. A. afar-
ensis has been found at all levels of the Hadar Formation
that span from just over 3.4 Ma up to ca. 2.9 Ma (Kimbel
et al. 2004; Alemseged et al. 2005; Kimbel and Delezene
2009). However, in the lower Awash, there is a widespread
unconformity between ca. 2.9 and 2.7 Ma, after which the
Busidima Formation, distinct from the Hadar Formation
(Fig. 5.3), is deposited in a different geotectonic setting
(Quade et al. 2004; Wynn et al. 2006). So it is not obvious
whether ca. 2.9 Ma is the actual LAD for the species or is
an artifact of missing sediments. The 2.9-2.7 Ma interval is
represented in the Shungura Formation of the lower Omo
basin (Brown and de Heinzelin 1983), but the “A. afarensis-
like” hominin remains from there are fragmentary and not
diagnostic (Suwa et al. 1996). Future field research in this
time interval will shed light on this important problem.
The morphology of A. afarensis is reasonably well
known from fossils that come from the sites of Hadar,
Dikika, Maka and Belohdelie (Johanson et al. 1978; Asfaw
1987; White et al. 1993; Kimbel et al. 2004; Alemseged
et al. 2005, 2006), and exhibits substantial cranial and
dental variation accompanying significant sexual dimor-
phism (Kimbel et al. 2004; Fig. 5.4). The seemingly high
degree of variation has led some researchers to suggest the
presence of multiple species within the Hadar sample
(Senut 1983). Yet, the single species hypothesis has not
been demonstrably rejected. In addition to the fact that A.
afarensis is a sexually dimorphic species mainly in regards
to body size, it is probable that the relatively large sample
size from Hadar, spanning ca. 500 kyr, would result in a
high degree of observed variation. Equally important in this
regard is the observation on temporal trends by Lockwood
and others (Leonard and Hegmon 1987; Lockwood et al.
2000) whereby the overall mandibular size increased
through time, particularly with specimens from the last
temporal rank of the Hadar Formation becoming larger.
This pattern shows that time also contributed to the range of
variation. But other visible variations such as the mor-
phology of the lower P3 (uni- vs. bi-cuspid) and the man-
dibular symphysis (angled vs. vertical) do not show a clear
temporal trend and are observed throughout the sample.
Fossil evidence from Hadar and other sites shows that
A. afarensis was a habitual biped, and most researchers
accept this. However, there is still heated debate as to the
importance of arboreality in the species (Ward 2002, 2013).
Most of the questions arise from the fact that A. afarensis
retains several ape-like features including primitive limb
proportions, long and curved fingers, gorilla-like scapulae
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Fig. 5.3 Reconstructed skulls of a male (A.L. 444-2 (cast), lefr) and female (A.L. 822-1 (actual skull), right) A. afarensis. Photographs by

W. H. Kimbel

and ape-like wrist bones, among others (Susman and Stern
1991; Stern 2000; Alemseged et al. 2006; Tocheri et al.
2007; Green and Alemseged 2012). The issue is further
complicated by the difficulty in interpreting primitive char-
acters, and by the lack of clear understanding of the function
of many postcranial elements (and muscle attachments and
inferred muscle configuration and function) in comparative
extant primates.

Despite the abundant A. afarensis fossil material from
Hadar, the proportion of juvenile specimens is very small
and fragmentary, notwithstanding the sample of immature
remains from the A.L. 333 locality at Hadar (see Harmon
2013). Moreover, up to now most investigations looking at
development and growth patterns in early hominins have
been conducted on South African fossils mainly because of
problems of “fossil material availability” to researchers
using recently developed techniques that are often
employed to explore internal structures and juvenile denti-
tion. As a result, compared to the wealth of knowledge that
we have about the adults in the Ethiopian Australopithecus,
little is known about the infants of A. afarensis and nothing
about those of A. anamensis and A. garhi. The discovery of
an almost complete skeleton of a juvenile A. afarensis,
DIK-1-1, has shed fresh light on questions pertaining to
ontogeny, and further detailed studies promise to add an
unprecedented amount of data to investigate growth and

development in early hominins (Fig. 5.5) (Alemseged et al.
2006).

At Hadar, the species A. afarensis is generally found in
wet woodland habitats (Reed 1997, 2008), and in the
adjacent site of Dikika the vertebrate fauna indicates the
presence of a woodland-grassland landscape close to water
and with frequent flooding (Alemseged et al. 2005; Wynn
et al. 2006). In addition, the Maka mandible is associated
with fauna similar to that encountered in the Denen Dora
Member of the Hadar Formation (White et al. 1993). Thus,
it could be concluded in general that A. afarensis lived in a
wooded environment within the proximity of water, at least
in Ethiopia. The diet of A. afarensis can be described as
generalist-herbivore, however recent reports show that A.
afarensis may have at least sporadically included animal
tissue (meat and bone marrow) in its diet (McPherron et al.
2010). Cutmarked bones from the site of Dikika are cur-
rently the earliest evidence for meat eating and tool use in
the species. Because the current evidence is fragmentary,
further fieldwork and additional experimental research will
be required to acquire new data and elucidate the tempo and
mode of tool use and meat consumption in our family.

Finally, the general consensus on the phylogenetic position
of the Ethiopian A. afarensis hypodigm is that it represents a
morphologically generalized but variable basal early hominin
species which is ancestral to all subsequent hominins,
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Fig. 5.4 Composite
stratigraphic section of the Hadar
Formation (courtesy of Chris
Campisano). Sidi Hakoma,
Denen Dora, and Kada Hadar
Member section adapted from
Campisano and Feibel (2008),
Basal Member section adapted
from Wynn et al. (2006).
Preliminary Basal Member
paleomagnetic interpretation
provided by Mark Sier
(unpublished)
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Fig. 5.5 DIK 1-1, a juvenile A. afarensis, nicknamed “Selam”, skull
and partial vertebral column and the glenoid cavity of the right scapula
shown

including the genus Homo (Johanson et al. 1978; Strait et al.
1997; Kimbel et al. 2004; Strait and Grine 2004, Kimbel and
Delezene 2009), although Leakey et al. (2001) have presented
fossil evidence for Kenyanthropus platyops representing a
possible second Pliocene hominin species. In addition to
abundant morphological evidence that supports this hypothe-
sis, its temporal and spatial placement is consistent with this
proposition. Some researchers, however, argue that this species
could not be ancestral to our genus because it is too derived in
its general morphology (Senut 1983) and in some aspects of its
ramus morphology (Rak et al. 2007).

Questions About A. afarensis

(1) What is the temporal range of A. afarensis (FAD and
LAD) considering the widespread unconformity in the lower
Awash Basin after 2.9 Ma and the taxonomic uncertainty
about the Fejej material? (2) How valid is the suggestion that
there are multiple species at Hadar? (3) Which features
clearly relate A. afarensis to the robust clade? (4) What are
the features linking A. afarensis to Homo? (5) What is the

evidence to argue that A. afarensis is too derived, and thus
must represent a dead-end branch? (6) Why do we see many
primitive features on the upper part of the skeleton? What
was the function of these features and how arboreal was
A. afarensis? (7) What is known about ontogeny, life history
and social structure in this species? (8) How is this species
related to K. platyops? (9) What was the pattern and extents
of tool use and meat eating in the species?

Australopithecus garhi

Australopithecus garhi is the youngest species of the genus
from Ethiopia and is known so far only from the Hata
sediments dated to ca. 2.5 Ma at the Bouri Peninsula of the
Middle Awash research area (Asfaw et al. 1999). The extent
of its temporal and spatial distribution will remain unclear
until more fossils are recovered (White 2002). Its cranial
and dental morphology are intriguing. This species differs
from its putative ancestor, A. afarensis, by absolutely larger
but morphologically similar postcanine teeth and a less
asymmetric upper P3. On the other hand, its small cranial
capacity, prognathic subnasal region, presence of sagittal
crest and frontal trigon, convex clivus and canine fossa are
shared with A. afarensis, though differing in some details.
A. garhi can be distinguished from A. africanus and Par-
anthropus by its primitive facial, palatal and subnasal
morphology (Asfaw et al. 1999). These authors suggested
that this species is placed in the right place and time to be
the ancestor of early Homo; and contemporary (but not
associated) postcranial remains display a derived human-
like humeral/femoral (intermembral) ratio and an ape-like
forearm/upper arm (brachial) ratio. The shape of the pre-
molars and the size ratio of the canines to the molars
resemble early Homo. Moreover, close spatial and temporal
association between A. garhi and behaviors such as stone
tool use and exploitation of animal resources, thought to
characterize Homo, provide additional circumstantial sup-
port (de Heinzelin et al. 1999). A. garhi was found in a lake
margin environment, frequented by open grazers and water-
dependent species. However, in a cladistic analysis Strait
and Grine (2004) found no support for the hypothesis that
A. garhi is specifically ancestral to Homo.

Questions About A. garhi

There are more questions about A. garhi than answers! Many
important aspects of this species remain completely unknown,
including variation, temporal and spatial distribution, cranial
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and postcranial association, stone tool use, to mention some.
The only thing that seems to be clear, based on phenetic sim-
ilarity, is that the species descended from A. afarensis.

(1) It was claimed that A. garhi shows that a non-robust
species persisted in East Africa until at least 2.5 Ma, but can
we say that it is any less robust than we can say it is robust?
And could A. garhi be linked to megadont early Homo
specimens such as ER 1590, 1470, 1802, UR 501 or Omo
75-14 (White 2002). (2) The behavioral evidence and
postcranial material are implicitly associated, but what is
the impact of this on our interpretation of the species’
paleobiology? (3) Meat-eating is inferred for the species (de
Heinzelin et al. 1999), but megadontia is often associated
with a hard and abrasive diet, so how do we explain this
apparent conflict? (4) Is it likely that A. garhi could be the
ancestor of Homo? How accurate is this suggestion (Asfaw
et al. 1999; Strait and Grine 2004; Strait et al. 2007)?

Conclusion

The genus Australopithecus in Ethiopia contains three spe-
cies that probably have an ancestor—descendant relationship,
but diverse morphological, locomotor and behavioral attri-
butes. All three have a primitive cranium with a prognathic
face, small brain size, large canines and megadont postcanine
teeth. The geographic origin of the genus is currently hard to
establish as is it difficult to link it to any know ancestral
species. Whether the transition from its ancestor occurred in
Ethiopia is not clear, because A. anamensis is primarily
known from Kenya. More fossils from the time periods of
3.5-4.5 and 2.5-3.0 Ma, and further comparative investiga-
tion of the whole hypodigm will shed light on these important
questions. Moreover, additional fossils from A. garhi or from
the 2.5 Ma time period are crucial to understanding the role
of this species in our evolutionary history.
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Chapter 6

The Alpha Taxonomy of Australopithecus africanus

Frederick E. Grine

Abstract The identification of species in the fossil record
has long vexed paleontologists because of its inherent
difficulty, and it has long preoccupied them because of its
fundamental significance. Australopithecus africanus exem-
plifies this difficulty and importance. This species, as
commonly defined, is viewed by some as having played a
role in the evolution of the genus Homo, while others
consider it to have been uniquely related to Paranthropus.
A third opinion places it near the base of the evolutionary
divergence of the “robust” australopith and human lin-
eages. Various analyses find A. africanus to be phyloge-
netically unstable, and this is almost certainly owing to its
craniodental variability. This has led to questions concern-
ing the taxonomic homogeneity of the assemblages from
Taung, Sterkfontein, and Makapansgat that comprise its
hypodigm. Initial discoveries at these sites were attributed
to different species and possibly genera, but subsequent
studies suggested that these fossils represent a single, albeit
variable taxon. This paradigm has become current conven-
tional paleoanthropological wisdom, but observations about
the degree and pattern of variability evinced by these fossils
have raised anew the possibility that the A. africanus
hypodigm is taxonomically heterogeneous. Various workers
have proposed that at least some of these fossils belong to a
different taxon, but there is notable lack of agreement over
the manner in which they should be sorted. Morphometric
studies tend to find little, if any, support for taxonomic
heterogeneity, but they may not have directly addressed
those features that have been suggested to differ. Novel
innovative technological and quantitative approaches are
required to adequately address the possible taxonomic
heterogeneity of the A. africanus hypodigm.
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Introduction

The identification of species in the fossil record has long
vexed paleontologists because of its inherent difficulty, and
it has long preoccupied them because of its fundamental
importance. Ghiselin (1974) and Hull (1976, 1978) have
presented cogent arguments that the key attribute of a
species is that it be a fully individuated historical entity.
Moreover, this entity should be diagnosably distinct from
other such entities (Eldredge and Cracraft 1980; Wiley
1981; Cracraft 1987; Nixon and Wheeler 1990). There are a
number of operational criteria by which species might be
delimited empirically (Sites and Marshall 2004), but
because paleontologists deal almost exclusively with mor-
phological characters, most alpha-level taxonomic studies
are concerned with character distribution and the determi-
nation of seemingly fixed diagnostic differences (Eldredge
and Cracraft 1980; Wiley 1981; Nixon and Wheeler 1990;
Davis and Nixon 1992).

Of course, what determines “diagnosable” in a paleon-
tological context is commonly problematic because popu-
lation character limits must be inferred from numerically
restricted and/or temporally heterogeneous samples. Indeed,
Wiens and Servedio (2000) have demonstrated that deter-
mining character fixation is generally impossible with
samples comprising fewer than hundreds or even thousands
of individuals. Accordingly, a more realistic and practical
criterion for character based species delimitation would
recognize at least some frequency of polymorphisms in the
diagnostic characters.

Measures of character variability (e.g., the coefficient of
variation, or CV) are commonly employed in assessments
of the taxonomic homogeneity (versus heterogeneity) of
fossil samples (e.g., Cole and Smith 1987; Kimbel and
White 1988; Donnelly and Kramer 1999; Skinner et al.
2006; Humphrey and Andrews 2008; Lague et al. 2008;
Macaluso 2010). Unfortunately, simulation experiments
with neontological data have shown that these methods may
fail to detect the presence of multiple species in a sample
(Cope and Lacy 1992; Cope 1993; Plavcan 1993). More-
over, the notion that excessive variation in a fossil sample
may serve to falsify a single-species hypothesis is rooted in
the assumption that extinct taxa were no more variable than
the modern ones employed as references. This supposition
has been challenged both theoretically and empirically
(Kelley and Plavcan 1998; Plavcan and Cope 2001).

Generally, the choice of extant reference taxa has been
based on phylogenetic propinquity, since degree of evolu-
tionary relatedness will potentially serve to constrain mor-
phology. Although this is neither the only nor even a
necessary criterion by which extant reference species
should be chosen (Aiello et al. 2000; Plavcan 2002), most

researchers have employed extant hominids and, in partic-
ular, the most sexually dimorphic of them—Gorilla and/or
Pongo—to assess variation among fossil hominins (Johan-
son and White 1979; Wood 1985; Richmond and Jungers
1995; Grine et al. 2013). However, elevated levels of var-
iation in fossil samples may simply suggest an even greater
degree of sexual dimorphism in some species in the past
(Scott and Lockwood 2004; Skinner et al. 2006). As such, it
has been argued that any living catarrhine primate that is the
most sexually dimorphic or perhaps polymorphic might
provide a better alternate model (Baab 2008; Scott et al.
2009). Of course, this might be extended to suggest that any
mammal species, regardless of its degree of relatedness,
could be employed to explore the limits of variability. As
such, the rationale for including papionins but excluding
miroungins (elephant seals) as comparators in the study of
fossil hominins is rather obscure.

Another potential problem with the use of extant species
as models is that they represent an instant in geological
time, whereas most paleontological assemblages have
accumulated over many millennia. The consequences of
time-averaging on phenotypic variation in fossil samples
have been examined for a variety of taxa. Bell et al. (1987),
MacFadden (1989), and Bush et al. (2002) found compa-
rable levels of morphometric variation in time-averaged
fossil assemblages and recent samples of the same or clo-
sely related species of fish, horses, and bivalves. Cronin
(1985) and Hunt (2004a) found only slight increases in
morphometric variance with respect to samples of marine
crustaceans that derived from a single stratigraphic horizon
and those that were time averaged across different horizons.
The temporal spans over which averaging was sampled
ranged from 100 yr to 500 kyr (Cronin 1985; Hunt 2004a).
Hunt (2004b) found that variance observed in time-aver-
aged samples of Quaternary mammals is typically only
slightly inflated (approximately 5 %) relative to extant
population-level values. Of course, comparison of variance
in modern and fossil samples of closely related species is
bedeviled by the fact that the former have been used to
establish morphological and/or morphometric variability
that define the latter. As such, the results of such studies are
perhaps not wholly unexpected. Put simply, fossil assem-
blages that differ by more than a given amount from other
such samples may be referred to different species.

As an interesting alternative, Wood (1991a) has sug-
gested that extinct species might be used to model intra-
specific variation in other fossil assemblages. In particular,
he used Paranthropus boisei to assess the degree of varia-
tion exhibited by assemblages from South Africa held to be
attributable to Paranthropus robustus and Australopithecus
africanus. Paranthropus boisei is a reasonable choice for
comparison for several reasons: it is characterized by a
number of distinctive apomorphies, it has a reasonably deep
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temporal record (c. 1.0 Myr), and there is relatively little
disagreement about its hypodigm. Similarly, the abundant
Pliocene record for Australopithecus afarensis might sug-
gest itself as a reasonable choice for comparison with other
paleontological assemblages. Although there has been
considerable debate over the taxonomic homogeneity of its
hypodigm (Olson 1981, 1985a, b; White et al. 1981; Senut
and Tardieu 1985; Kimbel et al. 1985; Falk 1988; Kimbel
and White 1988), the weight of evidence has led to a gen-
eral (if not universal) consensus that a single species is
represented by these fossils (Kimbel and Delezene 2009).
At the same time, however, arguments that stressed the
fundamental similarity of the earlier (Laetoli) and later
(Hadar) assemblages (e.g., White et al. 1981; Kimbel et al.
1985) have given way to those that view the former as
morphologically intermediate between fossils attributed to
Australopithecus anamensis and those from Hadar (Kimbel
et al. 2006; Haile-Selassie 2010; Haile-Selassie et al. 2010;
Ward et al. 2010).

Although there are undoubted and perhaps inescapable
problems associated with the use of one fossil species
assemblage to assess the range of variation in another (e.g.,
the possibility that such comparisons can become wholly
circular), paleontological samples provide a unique oppor-
tunity to incorporate temporal depth in the assessment of
variation. As such, they provide a valuable source of
comparative information. In a word, P. boisei and A. afar-
ensis may inform A. africanus.

The Status of Australopithecus africanus

The initial period of discovery of hominin fossils from the
South African sites of Taung, Sterkfontein, and Maka-
pansgat saw them attributed to three species partitioned
between two or possibly three genera (Dart 1925a, 1948a;
Broom 1936, 1938, 1950). This was followed by a period of
rationalization, wherein all were regarded as representing a
single taxon, A. africanus. This view gained ascendency
through the influential work of Robinson (1954), Le Gros
Clark (1955, 1964), Tobias (1967), Brace (1973) and
Wolpoft (1974), and has become conventional paleoan-
thropological wisdom (e.g., White et al. 1981; Rak 1983;
Wood and Richmond 2000; MacLatchy et al. 2011). Nev-
ertheless, questions persist about the degree and pattern of
craniodental variability exhibited by the fossils that con-
stitute its hypodigm. The possibility that the A. africanus
assemblage subsumes two (or more) species has significant
implications for the interpretation of hominin evolution.
Phylogenetic (i.e., cladistic) analyses have concluded
variously that A. africanus, as conventionally defined,

occupies one of three positions: (1) it is the sister taxon to
Paranthropus (Chamberlain and Wood 1987), (2) it is the
sister of a clade containing both Paranthropus and Homo
(Strait et al. 1997; Strait and Grine 2004), or (3) it is a
member of an unresolved trichotomy involving Homo and
Paranthropus (Kimbel et al. 2004). Indeed, A. africanus is
one of the least stable species in such studies (cf. Skelton
et al. 1986; Chamberlain and Wood 1987; Skelton and
McHenry 1992; Strait et al. 1997; Strait and Grine 2004;
Kimbel et al. 2004). This is largely owing to the fact that it is
variable in so many craniodental characters (Strait et al.
1997), which has enabled this species to be viewed in quite
different ways, depending upon the features that are chosen
for emphasis. Thus, Robinson (1967) and Olson (1981,
1985a) argued that A. africanus lacks features that are dis-
tinctive of Paranthropus, and that its more generalized
morphology is consistent with it being a member of the Homo
lineage. On the other hand, White et al. (1981), Rak (1983),
and Kimbel et al. (2004) focused on features they regarded as
indicating nascent masticatory specialization to proclaim A.
africanus as a being uniquely related to the “robust” aus-
tralopiths. Clarke (1988a, b, 1994a, 2008, 2013) has argued
that these seemingly contradictory phylogenetic conclusions
result from the presence of two species in the A. africanus
hypodigm; one being more closely related to Homo and the
other to Paranthropus. The question of whether the A. af-
ricanus hypodigm is taxonomically heterogeneous revolves
principally (though not wholly) around the interpretation of
specimens from Sterkfontein.

Because of the pivotal role that A. africanus plays in all
interpretations of hominin evolution, a review of the history
and evidence for the taxonomic composition of the Sterk-
fontein and Makapansgat assemblages seems a worthy
undertaking.

Australopithecus africanus: A Taxonomic
History

In 1924, Raymond Dart obtained the fossilized skull of a
juvenile hominoid from the Buxton lime quarry at Taung
(then Taungs), in the Northern Cape Province of South
Africa. Dart (1925a) recognized that it represented a hitherto
unknown “extinct race of apes intermediate between living
anthropoids and man,” for which he proposed the name
Australopithecus africanus. Robert Broom (1925a, b) was an
early and ardent supporter of Dart’s claims for the Taung
fossil. In 1936, Broom, who had recently taken a scientific
post at the Transvaal Museum, Pretoria, was given a small
collection of fossils (including several baboons) by two of
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Dart’s students, G. W. H. Schepers and H. le Riche, who had
obtained them from the lime-mine at Sterkfontein. Broom
immediately visited the site with Schepers and le Riche, and
asked the manager of the lime-quarrying operation there to
“keep a sharp look out” for any fossils that might resemble
the Taung skull. A week later (August 17), Broom was
handed the “blasted out natural brain cast of an anthropoid,”
and after “much further hunting” he recovered the base of the
skull to which it belonged together with the associated
maxillae and upper postcanine teeth. This specimen, cata-
logued as TM 1511 (TM refers to “Transvaal Museum,” the
original name for what became the Northern Flagship Insti-
tution and is now known as the Ditsong National Museum of
Natural History), was described by Broom (1936) under the
name Australopithecus transvaalensis. The specific distinc-
tion from the Taung skull was based in part on his observation
that “the brain cast ...is considerably wider, especially in the
frontal region, and the [upper first permanent] molar teeth
differ in a number of important details.” This differentiation
was supported by Broom’s assessment that “the associated
animals found at Taungs are all different from those found at
Sterkfontein” and his conclusion that Sterkfontein was
geochronologically younger.

Two years later, Broom (1938) transferred the Sterk-
fontein species to a new genus, Plesianthropus, following
the discovery of a juvenile mandibular symphysis that he
considered to differ in shape from that of Taung. This fossil
is catalogued under two numbers: TM 1516 (the mandibular
fragment together with the mesial part of a Ldm;) and Sts
50 (an unerupted LC crown that fits into TM 1516). Over
the course of the next year, that is, until the suspension of
work at Sterkfontein with the onset of World War II, Broom
recovered a few more fossils which added to the collection
that he had assembled from the “Type Site.” The dozen or
so specimens uncovered by this first phase of activity
(1936-1939) at Sterkfontein were described and illustrated
by Broom (1946).

Broom renewed work at Sterkfontein in 1947 with the
assistance of J. T. Robinson. This second phase of activity
continued until 1949 and resulted in the recovery of the bulk
of material (c. 54 specimens) from the “Type Site” curated
by the Ditsong Museum. This collection includes a number
of significant cranial specimens (e.g., Sts 5, Sts 17, Sts 19,
Sts 71 and Sts 52) (Sts, or STS, refers to “Sterkfontein Type
Site””). Broom and Robinson (1950) and Robinson (1956),
who described these fossils, were of the opinion that they
belonged to one species.

The fossils recovered at Sterkfontein by Broom
(1936-1939) and subsequently by Broom and Robinson
(1947-1949) derive from excavation (generally feather and
wedge, but also explosive excavation) or from the mine
rubble-dumps of what was referred to variously as the “old
red sand breccia,” “pink breccia,” “lower breccia,” and the

“Type Site breccia” of the Type Site deposit (Robinson 1952,
1962). This clastic sedimentary unit was designated Member
4 of the Sterkfontein Formation by Partridge (1978). The vast
bulk of hominin material recovered from Sterkfontein comes
from these sediments in the Type Site deposit. As such, dis-
cussions over potential morphological differences among the
majority of australopith fossils from Sterkfontein have not
involved issues of their stratigraphic derivation.

In some instances, however, the derivation of particular
specimens, either from other karst catchments (e.g., Silberberg
Grotto or Jacovec Cavern) that are potentially older or espe-
cially from contiguous deposits that are potentially younger
(e.g., Member 5 Extension Site), has entered into taxonomic
discussions. Where the issue of stratigraphic derivation of the
fossils is germane to questions of hominin alpha taxonomy at
Sterkfontein, this will be discussed more fully.

Also in 1925, a few fossils were found in the rubble
dumps at the lime-mine at Makapansgat by Wilfred Eitz-
man, a schoolteacher in the nearby town of Mokopane
(formerly Potgietersrus). Soon after the announcement of
the Taung skull, Eitzman sent them to Dart. In the first
published reference to the site, Dart (1925b) described the
bones, most of which were very fragmentary and uniden-
tifiable. Some 20 years later (1945-1946) a series of
research expeditions to the Makapansgat Limeworks were
undertaken by Dart’s students (the first being led by P.
V. Tobias), which resulted in the recovery of additional
fossils from the rubble dumps left behind by the miners.
These discoveries led the Bernard Price Foundation to
provide Dart with funds to begin systematic survey and
excavation at the cave complex. This work was initiated in
1947 under the field leadership of J. W. Kitching, A.
R. Hughes, and G. Gardiner. In September of that year,
Kitching discovered a hominin occiput in a block of “grey
breccia” among the dumps. This specimen (designated
MLD 1, where MLD refers to “Makapansgat Limeworks
Dumps”) was described by Dart (1948b) as representing a
novel species of Australopithecus, Australopithecus
prometheus.

Dart (1948b) cited several differences between Sts 5 and
MLD 1, but doubted Broom’s proposed generic separation
of the Sterkfontein assemblage (as Plesianthropus) from
Australopithecus. Dart (1948b: 278-279) opined that “the
Taungs infant had an uncomplicated occipital sutural sys-
tem and it seems more probable that the Australopithecus of
Makapansgat, although closely akin, was a different spe-
cies...; he certainly hunted bigger game and had a more
varied dietary [sic]. Even if there were none of these dif-
ferences the locality and the novel evidence it affords would
justify reference of the specimen to a new species.” An
additional two-dozen craniodental fossils were subsequently
recovered from the “grey” and “pink stoney” breccia
deposits at Makapansgat; all were described by Dart (1949a,
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b, 1954, 1959, 1962a, b, 1965). A few postcranial fragments
have also been recovered from these same deposits (Dart
1949c, 1958, 1962c; Reed et al. 1993). Partridge (1979)
designated the “grey” or “Lower Phase I” breccia of Brain
(1958) as Member 3, and the “pink stoney” or “Upper
Phase I” breccia as Member 4 of the Makapansgat For-
mation. To date, the issue of their stratigraphic derivation
has not played any role in discussions concerning the pos-
sible specific heterogeneity of the hominin assemblage from
Makapansgat.

While Dart envisioned the Makapansgat and Sterkfon-
tein fossils as representing distinct species, Broom (1950)
suggested that they could be separated at the subfamilial
level owing to differences in the ischial tuberosities of Sts
14 and MLD 8. The former was seen to be “a little like that
of a chimpanzee” and the latter “almost exactly as in Man.”
On the other hand, Robinson’s (1954) analyses suggested
strongly that the specimens from Makapansgat and Sterk-
fontein represented the same species—indeed, even the
same subspecies (A. africanus transvaalensis)—and that
these samples differed at most at the subspecific level from
the Taung skull (A. africanus africanus). Robinson’s view
of the conspecificity of the australopiths from these three
sites gained support from his subsequent detailed assess-
ment of the teeth (Robinson 1956), and Tobias’s (1967)
analysis of the cranial remains.

At the same time, however, Tobias (1967: 244) drew
attention to some “robust” australopith features in the
fossils from Makapansgat, stating that “in these respects,
the Makapansgat specimens seem to show a somewhat
nearer approach to A. robustus than do the Sterkfontein
specimens.” Aguirre (1970) took this further, suggesting
that at least some of the Makapansgat fossils attested to
the presence of two species—A. africanus and P. robu-
stus—at the site. With regard to the latter, he argued that
the MLD 2 mandible represented an “adolescent male of
Paranthropus.” Aguirre (1970) also speculated that the
presence of two species might apply to the Sterkfontein
assemblage. As such, he presaged Clarke’s (1988a) inter-
pretation by nearly two decades, but his proposal received
little, if any support. Tobias (1967) had earlier concluded
that those traits reminiscent of the “robust australopithe-
cines” at Makapansgat simply attest to polymorphism
within A. africanus.

Although Broom (1950) argued “the case of the splitter
of the South African ape-men,” recognizing three taxa to
accommodate the fossils from Taung (A. africanus),
Sterkfontein (Plesianthropus transvaalensis), and Maka-
pansgat (“Australopithecus” prometheus), he nonetheless
recognized no taxonomic distinction among those from
Sterkfontein, or among those from Makapansgat. Rather, he
saw sexual dimorphism as accounting for at least some of
the variation in these samples.

The issue of sexual dimorphism is an important aspect of
morphological and morphometric variation within the A.
africanus hypodigm (and especially the Sterkfontein
assemblage) that has been discussed or at least alluded to by
a number of workers. Thus, for example, Kimbel and White
(1988), noting that greater facial prognathism and robus-
ticity are expected for males in sexually dimorphic homi-
nids, argued that the comparatively gracile, but highly
prognathic facial skeleton of Sts 5 is unlikely to be
explained on the grounds of sexual dimorphism alone.
Because Sts 71, a comparatively orthognathic cranium, was
regarded by them as male on the basis of “facial robusticity
and postcanine tooth size,” they observed that “if Sts 5 is a
female, as is commonly thought, then the differences in
facial prognathism between these specimens is opposite that
which characterizes the sexes in great apes” (Kimbel and
White 1988: 185).

Sexual Dimorphism and Species
Identification

Broom and Robinson (1950: 26) noted that some of the
Sterkfontein crania differ “very considerably” from one
another. Sexual dimorphism was held to account for at least
some this variation, with specimens such as TM 151 1,1 ™
1512, Sts 5, Sts 17, Sts 71, and Sts 19 being regarded as female,
and TM 1514, TM 1516/Stw 50, Sts 7, and possibly TM 1515
as male (Table 6.1). The principal grounds for sexual attribu-
tion were overall specimen size and especially canine size.
Thus, according to Broom and Robinson (1950: 39),

skull No. 7 [i.e., Sts 71] has the canine socket measuring
9.7 mm by about 7 mm. There thus seems to be little doubt that
the skulls No. 1, No. 5, No. 6 and No. 7 [i.e., TM 1511, Sts 5,
Sts 17 and Sts 71] are all female skulls. In No. 8 [i.e., Sts 19] we
have no front teeth, but the brain is not much larger than in
these others, and it is thus probably also a female skull. We
have thus at present no good male skull.

With reference to the purported male specimens, Broom
(1946) had earlier recognized the TM 1516/Sts 50 man-
dibular fragment as that of a juvenile male, and the TM
1514 maxilla as an “old male.” He also considered the
poorly preserved TM 1515 mandible as possibly that of an
“old male” on the basis of canine size. Broom and

' Broom (1946) initially regarded TM 1511 as being not improbably a
young male, but following the discovery of an “excellent upper canine
of a male,” Broom and Robinson (1950) came to view TM 1511 as
female because of the size of its canine alveolus. However, this
“excellent upper canine” (Sts 3) of Broom and Robinson (1950:
Fig. 14), was later identified by Robinson (1956) as a mandibular tooth.
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Table 6.1 Sexual attribution of cranial and mandibular specimens from Sterkfontein and Makapansgat

Specimen Remains Sex Reference Notes
Sterkfontein
T™ 1511 Cranial Male Broom (1946) Specimen S1
Female Broom and Robinson (1950) Skull 1
Male Rak (1983, 1985)
Male Lockwood (1997, 1999)
Male Clarke (2008)
Male Grine et al. (2012)
™ 1512 Cranial Female Broom (1946) Specimen S2
Female Rak (1983, 1985)
Female Kimbel and White (1988)
Female Lockwood (1997, 1999)
Female Clarke (2008)
™ 1514 Cranial Male Broom (1946) Specimen S3
™ 1515 Cranial ? Male Broom (1946) Specimen S4
TM 1516/Sts 50 Mandibular Male Broom (1946)
Sts 5 Cranial Female Broom and Robinson (1950) Skull 5
Female Wolpoff (1975)
Male Rak (1983, 1985)
Indeterminate Lockwood (1997, 1999) See text (female)
Male Thackeray (2000)
Female Clarke (2008)
Female Grine et al. (2012)
Sts 7 Mandibular Male Broom and Robinson (1950)
Sts 17 Cranial Female Broom and Robinson (1950) Skull 6
Male Rak (1983, 1985)
Female Lockwood (1997, 1999)
Female Grine et al. (2012)
Sts 19 Cranial Female Broom and Robinson (1950) Skull 8
Sts 36 Mandibular Male Wallace (1972)
Sts 52 Facial Male Wallace (1972)
Male Wolpoft (1975)
Female Rak (1983, 1985)
Male Clarke (2008)
Male Grine et al. (2012)
Sts 53 Cranial Female Rak (1983, 1985)
Female Kimbel and White (1988)
Female Lockwood (1997, 1999)
Female Grine et al. (2012)
Sts 63 Cranial Female Lockwood (1997, 1999)
Sts 71 Cranial Female Broom and Robinson (1950) Skull 7
Male Wallace (1972)
Male Wolpoft (1975)
Male Rak (1983, 1985)
Male Kimbel and White (1988)
Female Lockwood (1997, 1999)

(continued)
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Table 6.1 (continued)

Specimen Remains Sex Reference Notes
Female Clarke (2008)
Female Grine et al. (2012)
Sts 73 Cranial Female Lockwood (1997, 1999)
Stw 13 Cranial Male Rak (1983, 1985)
Indeterminate Lockwood (1997, 1999) See text (female)
Female Grine et al. (2012)
Stw 53 Cranial Male Clarke (2008)
Female Thackeray et al. (2000)
Stw 73 Cranial Female Grine et al. (2012)
Stw 183 Cranial Male Grine et al. (2012)
Stw 252 Cranial Male Clarke (2008)
Male Grine et al. (2012)
Stw 369 Cranial Male Grine et al. (2012)
Stw 391 Cranial Male Clarke (2008)
Stw 573 Cranial ? Male Clarke (2008)
Stw 505 Cranial Male Lockwood (1997, 1999)
Male Lockwood and Tobias (1999)
Male Clarke (2008)
Makapansgat
MLD 1 Cranial ? Female Dart (1948b)
Male Dart (1962b)
MLD 2 Mandibular Male Dart (1948a)
MLD 6 Cranial Female Dart (1949a)
Female Lockwood (1997, 1999)
MLD 9 Cranial ? Female Dart (1949b)
Male Lockwood (1997, 1999)
MLD 18 Mandibular Female Dart (1954)
MLD 22 Mandibular ? Female Dart (1962a)
MLD 29 Mandibular ? Male Dart (1962a)
MLD 37/38 Cranial Female Dart (1962b)
MLD 40 Mandibular Male Dart (1962a)
MLD 45 Cranial Male Lockwood (1997, 1999)

? = the determination is indicated as being ‘probable’

Robinson (1950) identified the Sts 7 mandible as male on
the basis of its overall “massive” size.

The problem of sexing the craniodental remains from
Sterkfontein and Makapansgat has been addressed by a
number of workers. For the most part they have followed
Broom and Robinson in using overall specimen and espe-
cially canine (or inferred canine) size to assign sex. How-
ever, other criteria, such as the differential expression of
structures considered to be derived and the timing of dental
development, have been relied upon as well. Thus, Wallace
(1972) argued that Sts 52 is a male based on the relative
timing of canine emergence, and Rak (1985) suggested
that specimens exhibiting “fewer structures interpreted as

derived [e.g., anterior pillars, a flat nasoalveolar clivus] are
regarded as females.” According to this criterion, TM 1512,
Sts 52 and Sts 53 were identified as female. Rak’s (1983,
1985) descriptions of TM 1511, Sts 5, Sts 17, Sts 71 and
Stw 13 would see them classified as male. However,
Lockwood and Tobias (1999) argued that males of A. af-
ricanus do not preferentially evince derived “robust” aus-
tralopith-like features. Lockwood (1997, 1999) also noted
that while the males of two dimorphic species likely differ
from one another to a greater degree than the females of
those species, the infraorbital region of the Sterkfontein and
Makapansgat fossils does not support Rak’s (1983, 1985)
inference. This is because specimens as disparate in size as
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Sts 17 and Stw 505 (small and large respectively) possess
anterior pillars, and the face of the latter is heavily but-
tressed despite its comparatively diminutive size.

Lockwood (1997, 1999) used two quantitative approa-
ches—a CV-based method and a bootstrap method—in the
assessment of sexual (size) dimorphism in the Sterkfontein
and Makapansgat samples. He found that both approaches
yielded estimates of the degree of dimorphism in linear
dimensions to be about 13.2 %—being less than in gorillas,
but more than in chimpanzees and humans. Lockwood
(1997, 1999) found Sts 5 and Stw 13 to be indeterminate on
the basis of probability of assignment because of inferential
disagreements between metrical and non-metrical features.
However, he also observed that his estimate of 13.2 % size
dimorphism in the sample was maintained when Sts 5 and
Stw 13 were interpreted as females rather than males. As
such, he was inclined to the view them both as female.

Over 30 fossils from Sterkfontein and Makapansgat have
been assigned sex by at least one worker, and 11 of these
(nine from Sterkfontein and two from Makapansgat) have
been addressed by more than one researcher (Table 6.1). Of
these, there is consensus of opinion over only five (ignoring
Broom and Robinson’s (1950) attribution of TM 1511,
based on the misidentification of Sts 3 as an upper canine).
There has been a notable lack of consensus over Sts 5, Sts
17, Sts 52, Sts 71, Stw 13, and MLD 9; all but Stw 13 and
MLD 9 have featured prominently in discussions over the
alpha taxonomy of the A. africanus assemblage.

Because of its state of preservation, the sex assignment
of Sts 5 has implications for other specimens. It has tradi-
tionally been regarded as female following Broom and
Robinson (1950: 14), who argued primarily from the size of
its canine alveoli that “there is no reasonable doubt that the
skull is that of a female.” Hence the sobriquet “Mrs. Ples.”
Dart altered his view of the sex of the MLD 1 occipital from
probable female (Dart 1948b) to male (Dart 1962b) on the
basis of comparisons with it.

The well-buttressed facial skeleton of Sts 5 was cause for
Rak (1983, 1985) to suggest that “Mrs. Ples” is more likely
male. Rak’s suggestion has been taken up by Thackeray and
colleagues in a series of publications (Loth et al. 1995;
Thackeray 1997a, 2000; Prat and Thackeray 2001; Thack-
eray et al. 2002; Potze and Thackeray 2010) that posit Sts 5
to be a juvenile male. Thackeray’s arguments have been
refuted by Grine et al. (2012). Not only is his “evidence”
for a developing sagittal crest on Sts 5 wholly imaginary,
there is no evidence from the third molar roots for its pur-
ported immaturity. Moreover, it is clear that the dimensions
of the right canine alveolus of Sts 5 are a reasonable proxy
for those of its canine root, and these are among the smallest
recorded for any Sterkfontein australopith (Grine et al.
2012). If maxillary canine roots and their alveolar dimen-
sions were sexually dimorphic among the Sterkfontein

australopiths, as they are in A. anamensis and A. afarensis
(Ward et al. 2010; Manthi et al. 2012), the diminutive
canine socket of Sts 5 provides strong support for Broom’s
initial identification of this specimen as female.

As noted above, the identification of Sts 5 as an adult
female has taxonomic implications. Thus, for example,
Kimbel and White (1988: 186) argued that if Sts 5 is a
female, “it is unlikely that the total variation in facial
morphology in the Sterkfontein Type Site collection is
attributable to sexual dimorphism.”

Does the Australopithecus africanus
Hypodigm Subsume Two or More Species?

Following Clarke’s (1985a, b) suggestion that the Sterk-
fontein sample possibly includes two australopith species, a
number of workers have addressed this issue. Different
approaches and different anatomical parts have been
assessed, and while these efforts have clearly focused on the
cranium and dentition, the postcranial skeleton has not been
ignored completely.

Cranial Variation in the Sterkfontein Type Site
Assemblage

Kimbel and White (1988) suspected that the Sterkfontein
crania could be divided into two groups, with one including
the prognathic Sts 5 and the other the comparatively
orthognathic specimens Sts 52 and Sts 71 (Table 6.2;
Fig. 6.1). They were, however, hesitant to ascribe these
groups to different taxa, and did not elaborate upon their
membership beyond these three fossils.

Following the recovery of the fragmentary Stw 252
partial cranium, Clarke (1988a, b) argued that the species to
which it belonged was ancestral to Paranthropus. The other
Sterkfontein species was represented by specimens such as
Sts 5. He also opined that these same two australopith taxa
were represented at Makapansgat as well. However,
Clarke’s (1988a) division of the fossils differed from that of
Kimbel and White (1988) in that he grouped Sts 52 with Sts
5 (Table 6.3). According to Clarke’s scheme, A. afric-
anus—Taung, Sts 5, Sts 17, Sts 52 and MLD 6—has
smaller cheek teeth, a thick supraorbital margin and
prominent nasal skeleton, while the “second species” —Stw
252, Sts 71, Sts 36, and MLD 2—is characterized by a thin
supraorbital margin, a flat or concave nasal skeleton and
larger teeth (Fig. 6.2). The principal diagnostic differences
given by Clarke (1988a, et seq.) between A. africanus and
the “second species” are enumerated in Table 6.4.
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Table 6.2 Attribution of the hominin fossils from Sterkfontein to
groups by Kimbel and White (1988)

Group 1 Group 2
Sts 5 Sts 52
Sts 71

Clarke (1988a) argued that these two groups do not
simply correspond to a sexual division because the mor-
phological associations (i.e., a thick supraorbital margin
coupled with small teeth vs. a thin supraorbital margin
combined with large teeth) run opposite to normal patterns
of hominin sexual dimorphism. He also noted that Stw 252
resembles Sts 71 and differs from Sts 5 in its anteriorly
positioned malars and high, gently curved occipital profile.
However, the latter resemblance is certainly open to ques-
tion owing to the fact that the occipital of Stw 252 is lar-
gely, if not entirely, reconstructed ad fingum. Moreover, the
profile of the Sts 71 occipital, as noted by Broom and
Robinson (1950: 25), is “most likely due to slow post-
mortem crushing without very manifest breaking of the
bones.” Lockwood and Tobias (1999) concurred with

Sts 5

Fig. 6.1 Comparison of Sts 5, Sts 52, and Sts 71 in lateral and facial views. Scale in cms

Broom and Robinson’s assessment, and Holloway (1972)
has pointed out additional evidence for deformation of the
occipital and other parts of this cranium from his study of its
endocranial aspect. Holloway’s (1972) observations, in turn,
are supported by the computed tomography (CT) analysis of
Conroy et al. (2000).

Earlier, Clarke (1985a: 175) had commented upon dif-
ferences between “the more lightly structured cranium of
Sts 17 to the more rugged Sts 71.” He noted that Sts 17 had
been excavated by Broom and Robinson from near the top
of the Type Site deposit, suggesting that it might therefore
have been temporally close to the “morphologically simi-
lar” Stw 53 cranium. At that time, Clarke accepted the
attribution of Stw 53 to Homo, and thus questioned whether
Sts 17 might therefore represent Homo habilis rather than A.
africanus. Clarke (1988a) subsequently attributed Sts 17 to
A. africanus, and later (Clarke 1995) proposed that Stw 53
is also a specimen of Australopithecus, and finally (Clarke
2008, 2013) that it represents A. africanus.

Clarke (1994a) expanded the list of specimens from
Sterkfontein and Makapansgat that he attributed to his two
taxa, and upon his characterization of the “second species”
(Table 6.3). Thus, he used the high position of nasion, the
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Table 6.3 Attribution of the hominin fossils from Taung, Sterkfontein and Makapansgat to groups by Clarke (1988a, et seq.)

A. africanus Second species Reference
Taung Sts 36 Clarke (1988a)
Sts 5 Sts 71
Sts 17 Stw 252
Sts 52 MLD 2
MLD 6
™ 1511 ™™ 1516 Clarke (1994a)
™ 1512 Sts 1
™ 1514 Sts 7
Stw 404 Sts 28

Stw 14

Stw 384

Stw 505

MLD 1

MLD 9

MLD 27

MLD 29

Stw 578 Partridge et al. (2003)
Stw 53 Stw 183 Clarke (2008)
Stw 391 Stw 498

Stw 573

Only those specimens that are newly added to each group are listed for each reference. As such, individual specimens referred to in these and
other articles by Clarke that duplicate the list up to that time are not given for each reference

Stw 252

Fig. 6.2 Comparison of the Stw 252 and Sts 52 maxillary dentitions. Scale in cms
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Table 6.4 Clarke’s (1988a, 1994a, 2008) diagnostic differences between specimens regarded by him as being attributable to Australopithecus

africanus and the ‘second species’ at Sterkfontein and Makapansgat

Craniodental feature A. africanus

‘Second species’

Tooth size Smaller teeth

Molar cusp shape Higher, more pointed
Molar cusp position Tips point vertically
Thick

Strong

Supraorbital margin
Glabellar prominence
Frontal squame
Nasal skeleton Prominent

Position of nasion

Position of malar root Posterior
Zygomatic arch Gracile
Central face Projecting
Sagittal crest (in males) Absent

Occipital profile Low, convex

Taxonomic affinity Homo

Slightly convex behind glabella

Below frontomaxillary suture

Larger teeth

Lower, bulbous

Tips point towards crown center
Thin

Weak

Slightly concave behind glabella
Flat

Above frontomaxillary suture (close to glabella)
Anterior

Robust

Hollow

Small, posteriorly restricted
High, gently curved

Paranthropus

See Table 6.3 for the specimens assigned to each group

Sts 5

e tgy T
Stw 505

Sts 71

Fig. 6.3 Comparison of Sts 5, Sts 71, and Stw 505 in facial view. Scale in cms

lack of glabellar prominence and the slight concave frontal
squama to group the large, presumptive male cranium Stw
505 with the smaller Sts 71, contrasting them with Sts 5
(Fig. 6.3). Clarke (1994a: Fig. 10.6) also contrasted the Stw
404 and Stw 384 mandibular cheek teeth, remarking that the
discrepancy between them is comparable to that between
jaws of H. habilis (OH 7) and P. boisei (Peninj 1) respec-
tively. The teeth of these two Sterkfontein specimens are
illustrated in Fig. 6.4. These differences were considered
further evidence that A. africanus and the “second species”
were ancestral to, or at least on separate lineages leading to
Homo and Paranthropus respectively.

Clarke (1994a) also drew favorable comparisons
between the MLD 1 occipital and those of Sts 71 and Stw
252, considered to represent the “second species.” Because
Dart (1948b) had designated MLD 1 as the holotype of A.
prometheus, Clarke (1994a) suggested that this name be
used in reference to the “second species.” At the same time,
he argued that the Taung skull was an ontogenetic precursor
of Sts 5 in the configuration of its frontal bone. However, a
3D geometric morphometric analysis of craniofacial
ontogeny by McNulty et al. (2006) found that between Sts 5
and Sts 71, the latter is more likely to resemble the adult
form of the Taung child.
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Fig. 6.4 Comparison of the Stw 404 and Stw 384 mandibular
postcanine dentitions (P4,—M3). Scale in cms

Table 6.5 Attribution of the hominin fossils from Sterkfontein to
groups by Lockwood (1997)

Group 1 Group 2 Group 3
Sts 5 ™ 1511 Stw 183
Stw 13 Sts 71

Stw 505

Groups 1 and 2 are recognized as “subgroups” that did not incorporate
more fragmentary remains and were therefore not clearly differenti-
ated. The Stw 183 maxilla (Group 3) is recognized as the best evidence
for a separate taxon in the Sterkfontein Type Site (Member 4)
assemblage

Lockwood (1997) remained uncommitted over the rec-
ognition of separate morphological groups among the
Sterkfontein and Makapansgat fossils. While he regarded
the strongest evidence for distinct “subgroups” within the
Sterkfontein Type Site assemblage to be Sts 5 and Stw 13
representing one, and TM 1511, Sts 71 and Stw 505 rep-
resenting another (Table 6.5), he noted that because they do

not incorporate more fragmentary, intermediate fossils they

are not necessarily clearly differentiated. As a result, he

concluded that taken together they most likely represent the
range of variation attributable to a single species.

The immaturity of Stw 252 (aged by Lockwood to between
7 and 9 years, using the dental development chart for Aus-
tralopithecus by Beynon and Dean (1988)) affects several of
the features employed by Clarke (1988a, 1994a) in his char-
acterization of it and of the “second species.” In particular,
this affects his observations about its supraorbital and gla-
bellar morphologies. On the other hand, Lockwood (1997)
was cautious about the specific attribution of Stw 252 owing
to Spoor’s (1993) analysis of the Stw 255/Stw 266a temporal
bones that are likely part of the same individual. As a result,
he concluded that Stw 252 is “probably best regarded as
Australopithecus sp. indet. until the well-preserved dental
remains are thoroughly analyzed” (Lockwood 1997: 284).

Lockwood (1997: Table 10.1) also provided cogent
observations regarding inconsistencies in the distribution of
a number of the morphologies considered by Clarke (1988a,
1994a) as diagnostic among the specimens allocated by him
to each. At the same time, however, Lockwood suggested
that the Stw 183 maxilla (Fig. 6.5) might represent a sep-
arate taxon (Table 6.5). Even in this instance, however, the
immature nature of the specimen makes such an attribution
extremely tentative.

Lockwood and Tobias (2002) described 27 cranial
specimens excavated under the aegis of the University of
the Witwatersrand from the Sterkfontein Type Site. Work-
ing on the premise that Stw 505 and all of the fossils
recovered in the earlier excavations by Broom and Robin-
son (1936-1939, 1947-1949) belonged to A. africanus, they
classified each new fossil into one of four categories:

1. it is attributable with confidence to A. africanus,

2. it is clearly distinguishable from Paranthropus and
broadly similar to A. africanus and early Homo, but
could not be assigned specifically because it lacked
sufficient diagnostic morphology,

3. it differs substantively from A. africanus, being sugges-
tive of a different or new species, or

4. it is not taxonomically identifiable beyond being a
hominin.They refrained from assigning Stw 252 to any
group, stating that its definitive description was being
prepared by R.J. Clarke. They also refrained from
assigning the Stw 498 maxilla to any group for the same
reason, although Lockwood (1997) had earlier argued
that attribution to A. africanus “was appropriate” for this
specimen.

Lockwood and Tobias (2002) assigned a few of the more
complete elements—Stw 13, Stw 73, Stw 370, Stw 591—to
A. africanus, and while the Stw 391 maxillary fragment was
placed in Group B, they considered it to be “strongly sug-
gestive” of A. africanus (Table 6.6). About half of the
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Stw 183

Fig. 6.5 The Stw 183 juvenile maxilla in facial and lateral views.
Scale in cms

fossils—including Stw 18, Stw 49, Stw 69, Stw 151, Stw
298, Stw 299, Stw 391, and Stw 509—were attributed to
Group B, while two—the Stw 183 juvenile maxilla and the
Stw 255/Stw 266a temporal fragments—were thought to
suggest a “distinct phenon.” The Stw 183 maxilla was seen
as reminiscent of P. robustus in the development of an
incipient maxillary trigone and its rounded inferolateral
orbital margin (Fig. 6.5). Although Stw 183 was felt to
constitute the strongest evidence for a second species, they
were hesitant to consider it as definitive evidence because of
its ontogenetic immaturity.

They opined that Stw 255 (which may belong to the
remainder of the Sts 252 cranium) shows resemblances to
P. boisei in the relationship of the tympanic to the postg-
lenoid and mastoid processes, but that “on the whole, Stw
255 suggests the appearance of the temporal bone in KNM-
WT 17000” (Lockwood and Tobias 2002: 446). This is an
intriguing statement because the temporals of P. boisei and
Paranthropus aethiopicus (the species to which KNM-WT
17000 is attributed by most authorities) differ in the rela-
tionship of the tympanic plate to the postglenoid process.
The two are appressed in P. boisei and separated in
P. aethiopicus. Spoor (1993) discussed the possible orien-
tation of the Stw 255 petrous pyramid, suggesting that its
posterior surface might have had a rather more coronal axis
than is evident for other Sterkfontein homologues, resem-
bling more closely specimens of Homo and Paranthropus.

However, the Stw 255 temporal resembles other Sterk-
fontein homologues in the presence of a prominent, club-
like Eustachian process, and Lockwood and Tobias (2002)
considered this to be significant in as much as it has been
argued to be a singular feature of A. africanus (e.g., Kimbel
and Rak 1993; Kimbel et al. 2004). It is particularly man-
ifest on Sts 5 and MLD 37/38, although it is also evident on
the type specimen of P. robustus (Dean 1985). Neverthe-
less, Lockwood and Tobias (2002) tentatively suggested

Table 6.6 Attribution of the hominin fossils from Taung, Sterkfon-
tein and Makapansgat to groups by Lockwood and Tobias (2002)

Group C
Stw 183
Stw 255

A. africanus “Unique”
Stw 98
Stw 187

Stw 329

Taung
T™ 1511
T™ 1512
™ 1514
Sts 5

Sts 17
Sts 52
Sts 53
Sts 61
Sts 63
Sts 71
Sts 3009
MLD 1
MLD 6/23
MLD 9
MLD 37/38
MLD 45
Stw 505
Stw 13
Stw 73
Stw 370
Stw 579
? Stw 391

Specimens in Group C are held to “differ substantively from A. af-
ricanus, being suggestive of a different or new species.” Each of the
specimens in the “unique” category “shows a unique pattern of dif-
ferences from ‘typical’ A. africanus specimens”

that Stw 255 and Stw 183 may represent a distinct
“phenon” as they “deviate from the A. africanus sample in
the same direction.” That is, in the direction of Paran-
thropus. As such, they regarded these two fossils as
“potentially the best cranial evidence for taxonomic heter-
ogeneity within Member 4.”

Lockwood and Tobias (2002: 447) drew attention to
three other specimens—Stw 98, Stw 187, and Stw 329—as
meriting further attention because “each shows a unique
pattern of differences from ‘typical’ A. africanus speci-
mens” (Table 6.6). Stw 98 is a partial temporal bone, Stw
187 is a partial neurocranium comprising parietal and
occipital fragments of an immature individual, and Stw 329
is part of a juvenile temporal bone.

With reference to Stw 98, Lockwood and Tobias (2002)
observed that the opening for the vestibular aqueduct
exhibits a configuration that is rare in hominin specimens
except those attributed to P. boisei. However, they noted
that “all else about Stw 98 suggests clear differences”
from that species (2002: 411). They saw the Stw 187
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basioccipital fragment as having closest overall resem-
blance with OH 24 (attributed to H. habilis by most
workers), but it was also seen to differ from early Homo “in
the direction of A. africanus” in the pronounced tubercles
for the attachment of the longus capitis muscles. Indeed,
they observed that this may be a unique feature of A. af-
ricanus. The Stw 329 temporal was considered to differ
from A. africanus homologues in the form of its tympanic,
which is concave medially and exhibits only a rudimentary
Eustachian process. Although Stw 329 lacks a prominent,
club-like Eustachian process, it is from a juvenile individ-
ual, and it is not clear whether this affects the expression of
this trait. Lockwood and Tobias (2002) present no argument
that would support a view that these three specimens,
despite their deviations from modal morphologies, are
attributable to anything other than A. africanus.

Thus, of the five specimens regarded by Lockwood and
Tobias (2002) as being potentially suggestive of a distinct
phenon, or taxon, all are of doubtful veracity. This is owing
either to their ontogenetic immaturity (Stw 252/255/266a,
Stw 183, Stw 187, Stw 329), the questionable distinctive-
ness of particular morphological features (e.g., the opening
of the vestibular aqueduct), or the erroneous assessment of
morphological configurations in other hominin taxa (e.g.,
the relationship between the postglenoid process and the
tympanic in P. aethiopicus and P. boisei).

Moreover, it is important to note that Lockwood and
Tobias (2002) did not consider any aspect of dental mor-
phology in their assessments, and they stressed that such an
analysis would undoubtedly influence specimen assign-
ments. Studies that have considered aspects of the dentition
will be reviewed below.

STET and Cranial Variation in the Sterkfontein
Type Site Assemblage

Wolpoff and Lee (2001, 2006; Lee and Wolpoff 2005) have
applied a variant of the approach to testing conspecificity
proposed by Thackeray et al. (1995, 1997; Thackeray
1997b). This employs the standard error of pairs of mea-
surements from a bivariate slope relating one specimen to
another, where the standard error of the slope assumes the
role of taxonomic arbiter. Thackeray refers to this as
“s.e.,” (standard error of the m-coefficient in the formula
for a straight line (i.e., y = mx 4+ c)), while Wolpoff and
Lee call it “STET” (standard error test of the null
hypothesis of no taxonomic difference). Whereas Thackeray
(1997b, 2007) subscribes to a given “s.e.,” value (e.g., the
log value of —1.61) as a “biological species constant,”
Wolpoff and Lee (2001, 2006; Lee and Wolpoff 2005) apply

STET in a comparative context. Here, the distribution of
STET values among conspecifics in other samples sets the
limits for the possible rejection of conspecificity among
unknowns. Although the objectives of the studies by
Wolpoff and Lee were the evaluation of variation among
Late Pleistocene Levantine fossils (Wolpoff and Lee 2001)
and Early Pleistocene East African “habiline” crania (Lee
and Wolpoff 2005; Wolpoff and Lee 2006), specimens from
Sterkfontein were employed as pairwise comparators
because they were assumed to represent a single species.

Six Sterkfontein crania were thus used: TM 1511, Sts 5,
Sts 19, Sts 71, Stw 505, and Sts 25. Pairwise comparisons
among the first five yielded STET values between 1.34 (TM
1511 vs. Sts 71) and 3.25 (Sts 5 vs. Stw 505). The latter is
similar to the values they obtained for Skhul 5 versus Skhul
9, and KNM-ER 1813 versus OH 16. What is of potential
interest in the present context is the fact that notably higher
STET values were obtained for comparisons involving Sts
25 (Wolpoft and Lee 2001; Lee and Wolpoff 2005). In these
comparisons, Sts 25 versus Sts 71 yielded a value of 5.49,
and Sts 25 versus Sts 5 resulted in one of 5.62. Wolpoff and
Lee (2001; Lee and Wolpoff 2005) noted that the STET
values pertaining to Sts 25 fall well above the maxima
recorded by them for samples of chimpanzees (n = 44;
max. STET = 3.10) and living humans (n = 113; max.
STET = 4.11).

As a result, they omitted Sts 25 from the Sterkfontein
sample in the second iteration of their “habiline” taxonomy
study (Wolpoff and Lee 2006). This was explained by them
as follows: “An earlier compilation of the Sterkfontein data
included Sts 25. This was not an appropriate comparison, as
the specimen is quite young, and Sts 25 is not included
here” (Wolpoff and Lee 2006: 79). Wolpoff (personal
communication) has confirmed that “young” refers to on-
togentic rather than geochronological age. However, I am
not aware of any evidence to the effect that Sts 25 is any-
thing other than a small adult calvaria. Indeed, Kimbel and
Rak (personal communication) have observed that the
patency of its ectocranial sutures is comparable to that of
MLD 37/38, in which the third molars are heavily worn
(Dart 1962b). If Sts 25 is indeed an adult, its apparent
morphometric difference from other Sterkfontein specimens
(i.e., Sts 5 and Sts 71) could be of potential interest.

Dental Variation in the Australopithecus
africanus Hypodigm

As noted above, Clarke’s perception of considerable molar
size variation in the Sterkfontein Type Site assemblage led
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him to suggest that a “small-toothed, less specialized form
of Australopithecus was contemporary with the large-
toothed A. africanus” (1985b: 295). Following this pro-
posal, Kimbel and White (1988) observed that the bucco-
lingual (BL) diameters of M?s from Sterkfontein and
Makapansgat yield a bimodal, non-overlapping frequency
distribution, and a higher CV than samples of other aus-
tralopith species, including A. afarensis and P. robustus.
However, they did not find such bimodality at any other
tooth position in either the maxilla or mandible, and the M>
CV value was seen to be not “unusually high” by com-
parison with those for extant species samples.

Wood (1991a) compared variation in the conventional A.
africanus hypodigm for a variety of cranial, mandibular and
dental dimensions against that in Gorilla gorilla and P.
boisei. As such, his comparators comprise the most
dimorphic extant hominid and potentially provide for time-
averaged variation in a sexually dimorphic extinct hominin.
With the exception of some mandibular incisor diameters,
he found no evidence for excessive variability in the
Sterkfontein assemblage. Calcagno et al. (1999) examined
odontometric variability in the Sterkfontein australopith
assemblage using the CV, and determined that only in the
M? did variation exceed that of a Gorilla sample. Although
their observation regarding the M? is reminiscent of that of
Kimbel and White (1988), Calcagno et al. (1999) concluded
that they could not recommend rejection of the single spe-
cies hypothesis on this basis alone. The CV has also been
employed in subsequent analyses of crown dimensions for
larger dental samples from Sterkfontein (Moggi-Cecchi
2003; Moggi-Cecchi et al. 2006), and these studies con-
cluded that the Sterkfontein values do not provide evidence
for more than one taxon in the Type Site assemblage.

Moggi-Cecchi and Boccone (2007) recorded cusp pro-
portions for samples of A. africanus and P. robustus max-
illary molars, and observed that both had “remarkably
high” levels of variability in absolute areas, with CV values
above 15 % in all instances. However, data for dimorphic
extant taxa were not provided by which these values could
be evaluated, and the fact that almost all of the A. africanus
and P. robustus CVs are of comparable magnitude does not
suggest that the hypodigm of the former is any more tax-
onomic heterogeneous than that of the latter.

Grine et al. (2013) examined overall crown size and pro-
portional cusp areas of the mandibular postcanine teeth, which
constitute the bulk of the Sterkfontein Member 4 assemblage,
in order to determine whether the degree of variation in
it exceeds that of G. gorilla. Variation in the Sterkfontein
(and combined Sterkfontein + Makapansgat) sample is

2 This must be a typographical error. In later publications, Clarke
(1988a, b, 1994a, 2008) clearly regards A. africanus as having smaller
teeth than the “second species.”

significantly greater than in Gorilla for P; and P, crown areas,
the MD diameter of the P4, and the relative size of the P3
metaconid. While the differences in the P5 can be attributed to
functional differences in this tooth between Gorilla and Aus-
tralopithecus, the exaggerated P, size variation at Sterkfontein
defies such explanation. The Sterkfontein sample also exhibits
significantly greater variability in the expression of accessory
molar cuspulids (the C6 and/or C7) and the protostylid.
However, because these features vary in both frequency and
expression in other extinct hominin species (e.g., P. boisei and
A. afarensis) and among modern human populations (Scott and
Turner 1997; Hlusko 2004; Guatelli-Steinberg and Irish 2005),
Grine et al. (2013) concluded that it would be imprudent to
attribute such variation to taxonomic heterogeneity in the A.
africanus assemblage.

Clarke (2008) added the Stw 53 cranium and Stw 391
maxilla to his A. africanus sample, and Stw 183, Stw 498, and
Stw 573 to the hypodigm of his “second species”
(Table 6.3), and expanded upon his characterization of the
latter as having molars with low, bulbous cusps, the tips of
which are orientated towards the crown center (Table 6.4).
Fornai et al. (2010) attempted to evaluate Clarke’s (2008)
proposal of cusp differences using a 3D geometric morpho-
metric analysis of landmarks determined from standard (i.e.,
medical) computed tomography (CT) scans of maxillary
molars. Although their results suggested support for the
existence of two molar morphs in the Sterkfontein Member 4
assemblage, conventional CT scan data do not usually permit
accurate identification of tooth enamel boundaries; espe-
cially in specimens that are scanned dry (Grine 1991). This
inaccuracy results from beam hardening artifacts at object
borders (Joseph 1981; Rao and Alfidi 1981), and tooth
enamel seems to be especially problematic in this regard.
While these effects can be reduced by X-ray beam filtration
(Meganck et al. 2009) or the use of ray-casting instead of
standard image thresholding algorithms (Sherf and Tilgner
2009), this is rarely (if ever) done in studies of fossils.

Taxonomic Absurdity at Sterkfontein
and Makapansgat

Schwartz and Tattersall (2005) have presented an extraor-
dinarily confusing picture of what they perceive as discrete
“morphs” in the australopith assemblages from Sterkfon-
tein and Makapansgat, proposing that well over a dozen
such groups can be identified. Some of these pertain only to
fossils from Makapansgat, some refer only to Sterkfontein,
and others comprise specimens from both.

It would seem that some of this multitude of groups
could be combined through commonality of membership,
although Schwartz and Tattersall (2005) eschew this. Thus,
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for example, Sts 5, Sts 19, and the temporal bones (but not
the other parts) of both Stw 53 and Stw 252 belong to their
“pseudostyloid” group, while MLD 37/38 belongs to their
“Sts 5 cranial morph.” Since MLD 37/38 and Sts 5 belong
to the same cranial morph, it would seem reasonable to
assume, therefore, that MLD 37/38 also belongs to the
“pseudostyloid” group. Similarly, because the facial com-
ponent of Stw 53 is listed as the sole Sterkfontein member
of their “SK 48 facial morph” group, and because both Stw
53 and Sts 53 are listed as members of the “DNH 7/SK 48-
like upper dental and facial morph” at Sterkfontein, one
might reasonably assume that these “morphs” are one and
the same. Unfortunately, given Schwartz and Tattersall’s
(2005) treatment of the fossils, it is not possible to assume
anything of the sort.

For example, Schwartz and Tattersall (2005) recognize
SK 48 and DNH 7 morph(s) at Sterkfontein, and two sep-
arate TM 1517 morphs at Makapansgat.® Since SK 48 and
DNH 7 are recognized widely as probable male and female
specimens of P. robustus (Lockwood et al. 2007; Moggi-
Cecchi et al. 2010), and the left hemi-cranium and right
hemi-mandible of TM 1517 comprise the type of P. robu-
stus, one should expect that the “TM 1517 facial and upper
dental morph,” the “TM 1517 lower dental morph,” and the
DNH 7/SK 48 morph would be one and the same. However,
with reference to TM 1517, Schwartz and Tattersall (2005:
167) are of the remarkable opinion that “probably the cra-
nium and mandible do not represent the same individual or
even taxon.” They cite the existence of “four fragmentary
teeth” (at least one of which is misidentified by them by
type) that are “allegedly associated” with the cranium, but
there are actually five teeth in question—an incomplete RP?,
an incomplete RP*, small parts of a RM', a complete RM?
and a complete RM® (not two “RM7s” as claimed by
them)—as illustrated by Broom (1946: Plate IX, Fig. 86).
These are clearly the antimeres of the teeth preserved in the
TM 1517 maxilla, being almost perfect mirror images in
morphology as well as size, as observed by Robinson
(1956). Moreover, they occlude perfectly with the teeth in
the TM 1517 right mandibular corpus (Wallace 1972).
There is, therefore, little reason beyond lack of familiarity
with the material, dental misidentification, and morpho-
logical myopia to believe that the cranium and mandible
that constitute the type of P. robustus represent more than a
single individual, let alone more than one species.

3 Schwartz and Tattersall (2005) recognize a number of Makapansgat
fossils as conforming to their “TM 1517 facial and upper dental
morph.” Although they do not explicitly recognize any Sterkfontein
fossil as a member of this group, they inadvertently do so in their
discussion of the hominin remains from Kromdraai (Schwartz and
Tattersall 2005: 167-168), where they mistakenly identify TM 1512 as
coming from that site.

As aresult, I have generously conflated the two TM 1517
“morphs” and the DNH 7/SK 48 morph(s) to a single
group, referred to here simply as the “Paranthropus-like”
morph. Recognition of a single “Paranthropus-like” morph
serves to reduce the number of “morphs” to only ten. Ag-
uirre’s (1970) arguments, and Clarke’s (1988a, b) sugges-
tion that one of the australopith species represented at
Sterkfontein and Makapansgat is ancestral to this genus
makes Schwartz and Tattersall’s (2005) attributions of some
possible interest. Since two of the Sterkfontein “morphs”
differ only in the expression of the maxillary molar cingu-
lum, and because even Schwartz and Tattersall (2005)
acknowledge that they may represent a single group, we
might possibly conflate them, thus reducing the number
further.

Schwartz and Tattersall (2005) acknowledge that some
of the fossils from Makapansgat (n = 9) and Sterkfontein
(n = 6) are “unassignable to morph.” Thus, one might
conclude that there are nine “morphs” for the most of the
fossils from Taung, Sterkfontein and Makapansgat, together
with a tenth group for those that cannot be readily assigned
to one of the foregoing. The ten groups that I have been able
to construct from Schwartz and Tattersall (2005) are:

1. Taung facial and dental morph (Sterkfontein and
Makapansgat)

2. Paranthropus-like facial and dental morph (Sterkfon-
tein and Makapansgat)

3. pseudostyloid group (Sterkfontein and Makapansgat)

4. MLD 2 Ilower dental morph (Sterkfontein and
Makapansgat)

5. “Upper molar cingulum development” group (Sterk-
fontein only)

6. Stw 151 upper and lower dental morph (Sterkfontein

only)

Stw 505 facial morph (Sterkfontein only)

Stw 252-like morph (Makapansgat and Sterkfontein)

Non-hominid/Pongo-like morph (Sterkfontein only)

10. Unassignable to morph at (a) Sterkfontein and (b)
Makapansgat.

o o~

Given the phylogenetic hypothesis to which Schwartz
(2004; Grehan and Schwartz 2009) subscribes, it is perhaps
not unexpected that one of those recognized is a “non-
hominid/Pongo-like morph.”

A good number of fossils belong to two or even three
separate groups simultaneously (Table 6.7). For example,
the facial skeleton of Stw 53 belongs to the Paranthropus-
like facial morph and its basicranium belongs to the
“pseudostyloid” group, while its zygoma and braincase
evince morphologies that render them unassignable. Sch-
wartz and Tattersall (2005) also maintain that the composite
juvenile specimen Sts 24 belongs to two morphs (the
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Table 6.7 Attribution of the hominin fossils from Taung, Sterkfontein and Makapansgat to “morphs” or groups by Schwartz and Tattersall
(2005)

Group 1 Group 2 Group 3 Group 4 Group 5
Taung ™ 1512 Sts 5 MLD 2 (Moderate)
Sts 2 Sts 53 Sts 19 Stw 327 Sts 22
Sts 8 Stw 53%* Stw 53* Stw 404 Sts 35
Sts 17 MLD 4 Stw 183* Stw 451 Stw 73
Sts 24* MLD 6 Stw 252*
Sts 32 MLD 9 Stw 498* (Marked)
Sts 42 MLD 11 MLD 37/38 Sts 12
Sts 52 MLD 12 Sts 24%*
Stw 183 MLD 18 Sts 28
Stw 252* MLD 19 Sts 37
Stw 384 MLD 23
Stw 498* MLD 24
MLD 5 MLD 28
MLD 30
MLD 41
MLD 44
MLD 45
Group 6 Group 7 Group 8 Group 9 Group 10
Stw 14 Sts 71 Stw 252% Stw 277 Sts 7
Stw 104 Stw 505 MLD 42 Stw 278 Sts 36
Stw 151 MLD 43 Stw 53*
Stw 151*
Stw 252*
Stw 498*
MLD 1
MLD 3
MLD 10
MLD 22
MLD 27
MLD 29
MLD 31
MLD 34
MLD 40

The columns represent their ten major “morphs” or groups
Specimens designated with an asterisk (*) are attributed simultaneously to more than one “morph” or group
Group 1 Taung morph (A. africanus)

Group 2 Paranthropus-like morph

Group 3 ‘pseudostyloid’/Sts 5 group

Group 4 MLD 2 dental morph

Group 5 Upper molar cingulum development

Group 6 Stw 151 dental morph

Group 7 Stw 505 facial morph

Group 8 Stw 252-like morph

Group 9 nonhominid/Pongo-like morph

Group 10 unassignable to morph
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deciduous first molars belong to the Taung morph, while the
remainder of the specimen belongs to another morph)
because of the misguided notion that it represents more than
one individual. It does not (Grine 1981).

Notwithstanding the patent taxonomic absurdity that
results from application of their scheme, Schwartz and
Tattersall (2005) seemingly recognize at least two groups—
viz. A. africanus (the Taung morph) and a P. robustus-like
group—whose existence at Makapansgat and/or Sterkfon-
tein has been posited by others (e.g., Aguirre 1970; Clarke
1988a, 2008). Unfortunately, membership in these two
groups according to Schwartz and Tattersall (2005) does not
conform to the specimen allocations of other workers (cf.
Tables 6.3 and 6.7).

Other Sterkfontein Australopith Fossils:
Silberberg Grotto and Jacovec Cavern

As noted above, the vast bulk of fossils recovered at
Sterkfontein by Broom (1936-1939), by Broom and Rob-
inson (1947-1949) and subsequently by the University of
the Witwatersrand initiative (1966—present) derive from
mine rubble-dumps or excavation of clastic sediments
(calcified or decalcified “breccia”) from the Type Site
deposit. These sediments comprise Member 4 of the
Sterkfontein Formation (Partridge 1978). The Type Site,
which was widened by lime-mining activity and subse-
quently deepened by paleontological exploration, exposes a
large area of Member 4 breccia. In 1956, C. K. Brain dis-
covered stone artifacts in “loose breccia” about 18 m west
of the Type Site in an area that was called the Extension
Site by Robinson (1957, 1959, 1962) and Mason (1957,
1962), who undertook its excavation. The Extension Site
sediments, which were referred to alternately as the “red-
brown breccia” or “middle breccia,” comprise Partridge’s
(1978) Member 5. Like Member 4 in the Type Site, this unit
is also exposed on the surface (Fig. 6.6). Partridge (2000)
subsequently recognized three units for Member 5 (A-C) as
a result of Clarke’s (1994b) excavations. Several isolated
teeth ascribed to Homo cf. Homo erectus and Paranthropus
have been recovered in the Lincoln Cave “South” sedi-
ments. However, these appear to have eroded from Member
5B, where other fossils of these two have been identified,
and to have been redeposited in the younger, unconsolidated
sediments of Lincoln Cave (Reynolds et al. 2003, 2007).
The details concerning the relationship of Member 4 and
Member 5 will be discussed below, as they relate to dis-
cussions over the attribution of a number of fossils to either
Australopithecus or Homo.

In addition to the Extension Site Member 5 deposits,
there are two other fossiliferous repositories at Sterkfontein
that are variably individuated from the sedimentary units

that comprise the Type Site deposit. These underground
cavern systems are the Silberberg Grotto and the Jacovec
Cavern (Fig. 6.6).

The Silberberg Grotto (also referred to as the Daylight
Cave) has been known to be fossiliferous from the time of
Broom’s initial work at Sterkfontein, having yielded in
1942 parts of the skull of the long-legged running, or
hunting, hyena, Chasmaporthetes, to H. K. Silberberg. It
was investigated more fully by Tobias (1979) and subse-
quently by Clarke (1998) for its paleontological potential.
Partridge (1978, 2000) identified stratigraphic units (e.g.,
members 2 and 3) in the Silberberg Grotto predating those
exposed on the surface in the Type Site. Clarke found
conjoining hominin foot bones in the rubble that had
resulted from lime-mining activity in the Silberberg Grotto
(Clarke and Tobias 1995), and these were subsequently
found to be part of a nearly complete skeleton (Clarke
1998). The skeleton, Stw 573, derives from a stoney breccia
that Partridge had designated as Member 2 (Partridge et al.
1999, 2000, 2003).

This deposit has been argued to be separated from
Member 4 by a considerable thickness of sediment—des-
ignated as Member 3—which itself accumulated atop the
flowstone that covers Member 2 (Partridge and Watt 1991).
Member 3 has been calculated to be at least 8 m thick. As
such, the Member 2 deposit in the Silberberg Grotto has
been regarded as considerably older than the Type Site
Member 4 breccia (Clarke and Tobias 1995; Partridge et al.
1999, 2000, 2003; Muzikar and Granger 2006; Clarke
2008). Although the identification of Member 3 as a sepa-
rate lithostratigraphic unit from Member 4 has been ques-
tioned by Pickering and Kramers (2010), the Silberberg
Grotto deposit is certainly much deeper than the surface
exposures from which the bulk of australopith fossils have
been recovered (Fig. 6.6). This would suggest that,
regardless of the nomenclature applied to the intervening
strata, a considerable amount of time could have elapsed
between the deposition of the sediments in Silberberg
Grotto and the Type Site (Clarke 2013).

Partridge et al. (1999) obtained several paleomagnetic
signatures from flowstones in the Silberberg Grotto, and
argued primarily from faunal estimates for the age of
Member 4 and the apparently primitive characteristics of
Chasmaporthetes nitidula from Member 2 (Turner 1997),
that the Member 2 deposit could be placed within an
interval between the termination of the Mammoth sub-
chron and the Gauss—Gilbert reversal boundary (i.e.,
between approximately 3.2 and 3.6 Ma). They provided a
“best estimate” of 3.3 Ma for the age of the Stw 573
skeleton. Subsequently, Partridge et al. (2003) recorded
2°Al and '°Be measurements of quartz grains for three
samples of Member 2 breccia in the Silberberg Grotto that
yielded a date of some 4.2 Ma. This would indicate that
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the paleomagnetic estimate had placed the sequence two
reversals too young.

The comparative antiquity of the Stw 573 skeleton has
been questioned by Walker et al. (2006) and Pickering and
Kramers (2010) on the basis of U-Pb dates for speleothems
that they believe bracket it. However, Clarke (2006, 2013)
personal communication) has expressed very good reasons to
doubt this purported association. Moreover, although U-Pb
methodology may be effective at dating carbonates under
certain conditions (Cole et al. 2005; Polyak et al. 2008;
Rasbury and Cole 2009), it is far from clear that its uncritical
application to the speleothems that formed in karst caves
within the Precambrian Malmani dolomitic limestones of the
Bloubank valley has yielded meaningful dates. This method
would seem especially vulnerable in these settings to the
differential erosion of the parent dolomites, and the mobility
of different and sometimes quite substantial amounts of
uranium through them and the deposits they surround (Rink
1997, 2000; Ludwig and Renne 2000). Moreover, given the
differential erosion and infilling that characterizes these
caves, it is far from clear how the speleothems actually relate
in all instances to the clastic sediments they purportedly
constrain. Indeed, the dates published by Pickering et al.
(2011) for speleothems that supposedly bracket the fossilif-
erous Member 1 deposit at Swartkrans would see A. afric-
anus at Sterkfontein and P. robustus at Swartkrans as
contemporaneous. This is patently ridiculous.

The other repository of hominin fossils at Sterkfontein is
the Jacovec Cavern (Fig. 6.6)." This large cave contains
several generations of fill that are not contiguous with those
of the main deposit (Wilkinson 1983, 1985; Partridge et al.
2003). Wilkinson (1985: 169) argued that the Jacovec
deposits are an “older basal mass” underlying the main
deposit, and that they are not “simply an extension down-
slope of higher-lying members.” A fragmentary hominin
cranium (Stw 578) was discovered in a hanging remnant of
“orange sandy breccia” that adheres to the ceiling of the
cave, and additional hominin bones were recovered from the
same breccia that had collapsed into a debris cone that fills
much of the chamber. Partridge et al. (2003) determined
burial ages for this fossiliferous breccia on the basis of two
26A1 and '°Be measurements, obtaining a date of some
4.0 Ma. Partridge et al. (2003) observed that the burial ages
of the Jacovec Cavern sediments are indistinguishable from
those in the Silberberg Grotto. If the two deposits are, indeed,

* The spelling of the name of this cavern varies. It was initially called
the “Terror Chamber” or “Terror Cave” by M. Justin Wilkinson, and
although this name was used by him in passing, he more formally
referred to it as Jakovec Cavern (Wilkinson 1973; see also Wilkinson
1983, 1985). This spelling has been used by Pickering and Kramers
(2010) and Herries et al. (2010), whereas Jacovec is the spelling
employed by most others (e.g., Partridge and Watt 1991; Kibii 2001,
2007; Martini et al. 2003; Partridge et al. 2003; Clarke 2006).

of equivalent age, it is possible that they accumulated from a
common source, although this is by no means certain.

Stw 573 from the Silberberg Grotto

As noted above, Clarke (2008, 2013) attributed the Stw 573
skeleton from the Silberberg Grotto to membership in his
“second species.” In particular, he regarded the skull as having
a stronger resemblance to A. afarensis than A. africanus
(Clarke 2006). He has compared it favorably to Stw 252 and
Stw 505 on the basis of its robust zygomatic arch, lack of
supraorbital thickening, and the presence of a small, posteri-
orly restricted sagittal crest (Clarke 2008, 2013).

Stw 578 from Jacovec Cavern

The Stw 578 cranium from Jacovec Cavern was favorably
compared by Partridge et al. (2003) to Stw 252 and con-
trasted with Sts 5 in terms of its frontal morphology
(Table 6.3). Thus, Stw 578 was aligned by Partridge et al.
(2003) with Clarke’s “second species;” they also observed
the strong posterior slope of its tympanic “differs from all
other Australopithecus temporals from Member 4.” Clarke
(2013) has suggested that this temporal is more like that of
A. afarensis. Although the Jacovec and Silberberg crania
were considered to be penecontemporaneous, neither Par-
tridge et al. (2003) nor Clarke (2013) have drawn direct
comparisons between them (beyond the fact that both have
some resemblance to Stw 252).

Among the dozen other isolated hominin bones and teeth
recovered from the orange breccia of Jacovec Cavern are a
proximal femur, a distal humerus, and a partial clavicle. As
discussed below, Partridge et al. (2003) also contrasted the
morphology of the femur and clavicle with homologues
from the Type Site deposit.

The Postcranial Remains from Sterkfontein

In only a few instances have postcranial bones featured in
discussions concerning australopith taxonomy at Sterkfon-
tein. In the first instance, Partridge et al. (2003) drew
attention to differences between specimens recovered from
Jacovec Cavern and those from the Type Site. They con-
trasted the long neck and small head of the Jacovec femur
(Stw 598) with one Type Site specimen (Stw 522), but
noted its similarity to another (Stw 99). More meaning was
attributed to the Jacovec clavicle (Stw 606), with the form
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Fig. 6.6 Plan view and schematic East-West section through Sterkfontein depicting the relationship of the fossiliferous exposures of the Type
Site and Extension Site, and those of Lincoln Cave, the Silberberg Grotto, and Jacovec Cavern. The plan view shows the approximate extent of
the Member 4 and Member 5 deposits that are exposed on the surface (bounded by the edges of the now eroded dolomite roof), and their
horizontal relationships with the hominin fossils that have been found in the underground caverns. The schematic (hypothetical) East-West
section depicts the vertical and horizontal separation of the fossils from the Silberberg Grotto and Jacovec Cavern and the fossil-bearing
sedimentary units that have been excavated at the surface. The extent and disposition of the different members deep to the surface exposure
should not be taken as a precise reconstruction. Whether Member 3 represents a separate stratigraphic unit from Member 4 has been questioned
(Pickering and Kramers 2010). The stars in the Silberberg Grotto and Jacovec cavern indicate the approximate locations of the Stw 573 skeleton
and Stw 578 cranium respectively. Plan view adapted from Kuman and Clarke (2000), Partridge et al. (2003), and Reynolds et al. (2007).
Schematic East—West section adapted from Partridge and Watt (1991, Figs. 2 and 4), Partridge (2000), and Clarke (2006)

W<




6 The Alpha Taxonomy of Australopithecus africanus

93

of its conoid tubercle contrasted with those on all other
Sterkfontein homologues.

Another case in which the postcranial skeleton has fea-
tured in discussions of taxonomy is with reference to the
Stw 431 pelvis (Berge et al. 2007). The Stw 431 composite
skeleton comprises 18 postcranial bones of what is mani-
festly a single individual; all were recovered in situ from
decalcified Member 4 sediments (Kibii and Clarke 2003;
Toussaint et al. 2003). This specimen has been attributed to
A. africanus by most workers, either by consideration of its
morphology (e.g., Toussaint et al. 2003) or simply by
convention (e.g., Dobson 2005). However, analysis of the
reconstructed pelvis suggested to Berge et al. (2007) that its
ilium differs from that of A. africanus (Sts 14) and resem-
bles purported Paranthropus fossils from Kromdraai and
Swartkrans. Berge et al. (2007) concluded that this obser-
vation “confirmed the hypothesis” of the presence of a
species of Australopithecus contemporaneous with A. af-
ricanus that was “probably at the origin” of P. robustus.

Clarke (2013) has suggested that two distinct morphol-
ogies are represented by the Stw 562 and Stw 595 hallucial
metatarsals. The former is said to be more human-like and
the latter more ape-like in that the articular surface on the
head does not extend dorsally (suggesting to Clarke that the
individual could not toe-off while walking).

There are comparatively few postcranial remains from
Makapansgat, and no worker who has studied them has
suggested that they represent more than a single hominin
species (e.g., Dart 1949c, 1958, 1962c; Robinson 1972;
Reed et al. 1993).

Australopithecus or Homo?

The stratigraphic and potential chronological separation of
the Silberberg Grotto and Jacovec Cavern fossils from those
of the Type Site (Member 4) deposit has almost certainly
been a factor in their taxonomic assessment. Other instances
in which the provenience of particular fossils has been
pertinent to discussions of hominin taxonomy at Sterkfon-
tein relate to their attribution to Australopithecus or Homo.
Indeed, stratigraphic considerations have been involved in
taxonomic discussions at Sterkfontein for over half a cen-
tury, following the recovery of the first teeth and stone tools
from the “Extension Site.”

Member 4, Member 5, and Taxonomy
at Sterkfontein

Following Brain’s discovery of stone artifacts in the “loose
breccia” of what became known as the “Extension Site,”

excavations by Robinson and Mason in 1957-1958 uncov-
ered in situ an additional 286 lithic artifacts and one bone
tool. This work also resulted in the discovery of a juvenile
maxillary fragment and four isolated hominin teeth (these
fossils are curated by the Ditsong National Museum of
Natural History with the prefix SE, for “Sterkfontein
Extension”). Robinson (1957, 1958, 1962) considered them
to be attributable to Australopithecus, although he argued
that the stone-tool-maker was most likely a more advanced
taxon (i.e., Telanthropus, or H. erectus). Tobias (1965:
187), on the other hand, observed that some of the SE tooth
crowns “fall outside the A. africanus range of variation for
several metrical features..., but can be comfortably
accommodated within the H. habilis range.” He concluded
that they represented the more advanced, tool-making
hominin of the Extension Site.

The deposits exposed in the Extension Site comprise
Partridge’s (1978) Member 5 (Fig. 6.6). Partridge (2000)
subsequently recognized three units for this Member (A-C)
as a result of Clarke’s (1994b) excavations there. According
to this revised scheme, Member 5A sediments had collapsed
into “swallow hole” that had formed in Member 4, and this
created space for the accumulation of the subsequent 5B
sediments. According to Clarke’s (1994b) interpretation,
Member 5A comprises a “stoney breccia,” the Member 5B
deposit contains Oldowan artifacts, and Member 5C incor-
porates Early Acheulean tools.

In 1976, A. R. Hughes excavated the Stw 53 partial
cranium from what was interpreted as Member 5 (Hughes
and Tobias 1977). This specimen, together with several
small, isolated finds (Stw 19, Stw 27, Stw 42) from rubble-
dumps that likely represented Member 5 debris, was pro-
visionally assigned to Homo (Hughes and Tobias 1977;
Tobias 1978). More particularly, part of the Stw 53 cranium
was recovered from calcified sediments lining the walls of a
sinkhole in Member 4, while the remainder of the specimen
was found in decalcified sediments within the sinkhole
(Tobias 1978). Tobias (1978: 247) observed that “a few
pieces of foreign stone have been found in the same sink-
hole.” He was also of the opinion that quartzite artifacts
recovered from adjacent solution pockets “at about the
same level” were coeval with the cranium. The Stw 53-
bearing deposit comprises Partridge’s (2000) Member 5A.

Clarke (1994b) noted that the “stoney breccia” must have
accumulated subsequent to the deposition of Member 4.
Kuman and Clarke (2000) further argued that the “Stw 53
Infill,” which they perceived as being devoid of lithic arti-
facts, was intermediate in time between Member 4 and what
they came to regard as Member 5 (i.e., the lithic-tool-bearing
deposits—>5B and 5C of Partridge). Importantly, both Kuman
and Clarke (2000) and Partridge (2000) observed significant
differences in environmentally sensitive fauna between
Member 4 and the “Stw 53 Infill” (e.g., a preponderance of
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grazing antelopes in the latter). In particular, Kuman and
Clarke (2000) noted that “there are good faunal reasons
[primarily the presence of Theropithecus oswaldi, which is
absent from Member 4 but present in Member 5B] to suggest
that this infill is later in time than Member 4.” Herries and
Shaw (2011) have also opined that the “Stw 53 Infill” is
intermediate in age between Member 4 and the rest of
Member 5, but the only data they cite in support of this
assertion pertain to ESR dates from mammalian tooth
enamel. Given the notorious fallibility of ESR dates derived
from open-system biogenic apatites (Grine 2005), their
assertion is of little moment.

However, Clarke (2008) subsequently altered his earlier
view on the temporal relationships among the Member 4,
“Stw 53 Infill,” and Member 5B deposits, coming to regard
the “Stw 53 Infill” as a hanging remnant of Member 4.
However, Clarke’s argument that Stw 53 derives from
Member 4 because the infill from which it derives is devoid
of stone tools loses cogency given Tobias’s (1978) obser-
vation, and the fact that the inferolateral aspect its zygo-
matic process displays unmistakable evidence of stone-tool
cut marks (Pickering et al. 2000). Moreover, Partridge
(2000) clearly regarded Member 5A as distinct from
Member 4, aligning it with the 5B and 5C because he
perceived no sedimentological difference among them.

In addition to being a point of contention with regard to
the specific assignation of Stw 53, the issue of stratigraphic
derivation from either Member 4 or Member 5 has been
raised in reference to the taxonomy of several other hominin
fossils, including Sts 17, Sts 19, and Stw 151.

Sts 17

Clarke (1985a: 175) commented upon differences in cranial
morphology between “the more lightly structured cranium
of Sts 17 [and] the more rugged Sts 71.” He noted that Sts
17 had been excavated by Broom and Robinson from near
the top of the Type Site deposit, and suggested that it might
therefore have been temporally close to the “morphologi-
cally similar” Stw 53 cranium. At the time, Clarke was in
agreement with the opinion held by Tobias (1978) and
others that Stw 53 was attributable to Homo. As a result,
Clarke (1985a) questioned whether Sts 17 might actually
represent H. habilis rather than A. africanus.
Subsequently, Clarke (1988a, 1994a) identified Sts 17 as
a member of A. africanus, but still regarded Stw 53 as H.
habilis. Stw 53 was interpreted by him as belonging to
Australopithecus, and specifically of A. africanus only later
(Kuman and Clarke 2000; Clarke 2008). Apart from
Clarke’s (1985a) suggestion of differences between Sts 17
and Sts 71, I am unaware of any other reference to Sts 17 as
differing in any way from other Type Site fossils.

Sts 19

The taxonomic affinity of the Sts 19 cranial base has been
discussed for over a quarter century without resolution
(Clarke 1977; Kimbel and Rak 1993; Ahern 1998; Kimbel
2009; Petersen 2010). It was attributed to A. africanus by
Broom and Robinson (1950), but they observed that it
attested to a “considerable degree of variation” in that
species. They also noted that it was “found in an old dump”
rather than in their excavation of the in situ Type Site
breccia. Clarke (1977) observed that its temporal has sev-
eral features in common with Homo rather than Austra-
lopithecus, and was prompted to speculate that if (as seemed
likely to him) it was a specimen of Homo, it may therefore
have derived from Member 5.

A morphometric analysis led Dean and Wood (1982) to
concur with Broom and Robinson (1950) that Sts 19 simply
indicates a rather wide range of variation in A. africanus.
They saw Sts 19 as more Homo-like and Sts 5 as more ape-
like. The cranial bases of Sts 5 and Sts 19 are compared in
Fig. 6.7. The distribution of states for thirteen basicranial
characters led Kimbel and Rak (1993; see also Kimbel
2009) to conclude that this specimen’s affinities reside with
early Homo rather than A. africanus. Ahern (1998), on the
other hand, found that in eleven of twelve of these features
the variation between Sts 19 and other specimens of A.
africanus did not exceed that in chimpanzees. Most
recently, a morphological and morphometric study by Pet-
ersen (2010) concluded that Sts 19 is “the specimen most
likely to be distinct” from A. africanus” among the fossils
from Sterkfontein.

Following Kimbel and Rak (1993), Strait et al. (1997)
included Sts 19 in their hypodigm of H. habilis. However, it
alone accounted for over a third of the characters that were
coded as being variable in that species, and in three features it
differs from all East African specimens attributed to H. habilis
sensu stricto (Grine 2001). Thus, if Sts 19 belongs to a taxon
other than A. africanus, it is not clear that it is early Homo.

Stw 53

The Stw 53 cranium was provisionally assigned to Homo by
Hughes and Tobias (1977; Tobias 1978). Indeed, Clarke
(1985b: 175) remarked that it looks “almost identical to the
cranium O.H. 24,” which has been referred to H. habilis by
nearly all workers following Leakey et al. (1971) (e.g.,
Tobias 1991; Wood 1993; Kimbel 2009). The attribution of
Stw 53 to Homo has been subscribed to by a number of
workers (e.g., Wood 1991b; Kimbel and Rak 1993; Clarke
1994a; Grine et al. 1996; Kimbel et al. 1997, 2004; Smith
and Grine 2008; Kimbel 2009; Curnoe 2010). In general,
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Fig. 6.7 Comparison of the Sts 5 and Sts 19 cranial bases. Scale in cms

there has been a tendency to compare Stw 53 more favor-
ably with fossils from East Africa that are attributed to H.
habilis than to any other species.

On the other hand, Kuman and Clarke (2000) attributed
Stw 53 to Australopithecus, remarking on its small cranial
capacity, narrow frontal and flat nasal skeleton, and Clarke
(2008, 2013) has ascribed it specifically to A. africanus. The
facial morphology of Sts 5 and Stw 53 is compared in
Fig. 6.8. With regard to Clarke’s (1985b) earlier observa-
tion that Stw 53 looks almost identical to OH 24, he has
come to view all of the gracile hominin fossils from Bed I
and lower Bed II of Olduvai Gorge (e.g., OH 13, OH 24 and
OH 62) as representing Australopithecus rather than Homo.
Thus, Blumenschine et al. (2003: 1220) suggested that these
specimens “phenetically may be thought of as a gracile
form of australopithecine.” As such, Clarke’s changed
views on the attribution of the Olduvai Gorge fossils are
consistent with his conclusion that the Stw 53 cranium is a
male specimen of A. africanus.

The attribution of Stw 53 to Australopithecus has been
supported by Thackeray et al. (2000), who compared a series
of linear measurements for it and Sts 5 using a least-squares
linear regression analysis. However, this same bivariate
approach resulted in Sts 5 being seen as conspecific with both
OH 24 and KNM-ER 1470 using the 95 % confidence limits
(CL) for a chimpanzee sample, and conspecific with KNM-
ER 406, KNM-ER 1813, and KNM-ER 3733 using extant
catarrhine intraspecific samples (Aiello et al. 2000). As such,
this approach would find conspecificty of Sts 5 with crania
usually attributed to H. habilis, Homo rudolfensis, H. erectus,
and P. boisei. Understandably, this approach has not gained
acceptance as a meaningful taxonomic tool.

Berger et al. (2010) have also opined that Stw 53 rep-
resents A. africanus rather than Homo. However, their
reasons for this rely almost entirely upon anatomy that has
been reconstructed by Clarke (1985a) wholly ad fingum
(e.g., the orientation of the frontal process of the zygomatic
and the form of the inferolateral corner of the orbital
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Gl

Sts 5

Fig. 6.8 Comparison of Sts 5 and Stw 53 in facial view. Scale in cms

margin) inasmuch as its lacks any osseous basis whatsoever.
It would seem that Berger et al. (2010) have failed to dif-
ferentiate plaster from bone.

Spoor (1993; Spoor et al. 1994) observed that the pro-
portions of the semicircular canals in the Stw 53 temporal
“are not seen in any of the other fossil or extant hominids or
great apes,” but are similar to those of “large cercopithecoid”
monkeys. Spoor et al. (1994: 648) even went so far as to
suggest that this meant that Stw 53 “relied less on bipedal
behavior than the australopithecines.” While one can imagine
some workers’ (e.g., Sarmiento 1988) delight at such a sug-
gestion, it would appear that the criterion employed by
Spoor—semicircular canal radius—is not actually correlated
with locomotor behavior (Malinzak et al. 2011, 2012).

Stw 151

Moggi-Cecchi et al. (1998) argued that Stw 151 represents a
hominin more derived towards early Homo than the rest of
the Member 4 A. africanus hypodigm. Spoor (1993) had
earlier commented on the orientation of the posterior sur-
face of its petrous pyramid, noting that it is more like the
modern human condition than in other Sterkfontein speci-
mens (including Sts 19 and Stw 53). Moggi-Cecchi et al.
(1998) observed that the petrous crest also more closely
resembles the condition in early Homo than A. africanus
(e.g., Sts 5 and MLD 37/38), but they likened Stw 151 to
Stw 53. They also regarded the entoglenoid process to be

more Homo-like. Nevertheless, Moggi-Cecchi et al. (1998)
concluded that because the developmental pattern evi-
denced by the Stw 151 dentition accords with that ascribed
to A. africanus rather than early Homo (where there is closer
correspondence in the timing of Il and MI emergence),
attribution to the latter is perhaps unwarranted.

As noted by Moggi-Cecchi et al. (1998), the pieces that
constitute Stw 151 were recovered from partly decalcified
in situ “breccia” in a solution pocket at a relatively shallow
depth, and in close proximity to grid squares that yielded
Theropithecus fossils. Thus, they suggested that Stw 151,
with its apparent mixture Australopithecus and Homo-like
features could have derived from Member 5.

Towards a Resolution: Some New
Approaches

Despite well over a quarter century of study and opinion, it
would seem that we have not yet satisfactorily resolved the
question of whether the A. africanus hypodigm contains
fossils of more than one species. This is likely owing to
several factors.

In the first instance, a good part of the evidence that has
been put forth in support of taxonomic heterogeneity has
taken the form of anecdotal observations relating to a
restricted bit of anatomy and/or a small number of speci-
mens. Thus, it is common for a particular morphological
feature (be it cranial, mandibular, or dental) to be contrasted
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between two specimens without consideration of others that
may display intermediate configurations. In the second
instance, not a few of the specimens that have been singled
out as displaying potentially divergent traits are immature,
and the ontogenetic changes that may affect these particular
morphologies have not been explored satisfactorily. In the
third instance, the vagaries of preservation leave a fossil
record comprised of variably incomplete and/or distorted
specimens. As a result, it may be possible to construct
scenarios relating to dental differences between some
specimens and basicranial differences between others, but
linking teeth and temporals may be difficult, if not impos-
sible. In the fourth instance, much of the discussion over
morphology has been decidedly subjective. Thus, while
Clarke (1988a, 1994a, 2008) has differentiated specimens
according to a number of features that are readily amenable
to measurement (e.g., tooth size, supraorbital margin
thickness, glabellar prominence, zygomatic arch develop-
ment, etc.), there has been little if any quantitative assess-
ment of these traits. Similarly, although Lockwood and
Tobias (1999) were in notable disagreement with Kimbel
and Rak (1993) over the placement of the thickest part of
the supraorbital torus, no morphometric analysis was
undertaken by them.

This is not to say that quantitative and sometimes very
sophisticated statistical analyses are wholly lacking. Thus,
Wood (1991a), Moggi-Cecchi and Boccone (2007), and
Grine et al. (2013) have evaluated morphometric variables,
but these have been restricted to one or two dimensions, and
in some cases (e.g., tooth crown cusp proportions) the
features are not necessarily those that have been proposed
as being taxonomically relevant.

Advances in technology (e.g., the advent of precise
micro-CT scanning and high definition laser scanning) and
quantitative methods (e.g., 3D geometric morphometrics,
surface watershed analyses, etc.) may permit these issues to
be addressed in a more satisfactory manner. In particular,
innovative quantitative approaches which permit testing of
the variation in different anatomical units against extant,
sexually dimorphic hominid taxa and other fossil hominin
species with deep geochronological records (e.g., A. afar-
ensis) can be applied from representational data using a
variety of geometric morphometric tools (e.g., landmarks,
semi-landmark lines, surface patches). Analyses of more
complete cranial and mandibular fossils would enable the
inclusion of those specimens which lack standard osteo-
metric landmarks. Detailed models of covariation among
the various anatomical regions could then be used to predict
the shapes of missing regions in the more incomplete fossil
specimens.

In addition, recent work by Skinner et al. (2009) has
demonstrated the efficacy of mandibular molar dentine-
enamel junction topography to discriminate among species

of living apes. It has also been shown to effectively dis-
tinguish the lower molars in A. africanus and P. robustus
(Skinner et al. 2008). Although that study entailed only a
small number of isolated molars (two M1s, six M2s and five
M3s) from Sterkfontein, its application to larger samples,
and especially teeth associated with crania that have been
the focus of taxonomic discussion might shed valuable light
on the question.

Other potentially informative approaches to this question
might involve aspects of biology other than those related to
the expression of particular morphological traits. Thus,
clues about diet might be gleaned from dental microwear
and light stable isotopes, and this information might be
evaluated in light of morphologies that have been proposed
to be taxonomically diagnostic.

For example, occlusal microwear data have been recor-
ded and analyzed for only ten M2s from Sterkfontein (Grine
1986; Grine and Kay 1988; Scott et al. 2005). Comparison
of these data with those for P. robustus and A. afarensis
(Grine 1986; Grine and Kay 1988; Scott et al. 2005; Grine
et al. 2006; Ungar et al. 2010) provides the tantalizing
observation that the Sterkfontein sample exhibits somewhat
greater variability in some parameters (e.g., greater varia-
tion in anisotropy than in P. robustus, and greater variation
in complexity than A. afarensis). Such variation could
reflect greater dietary variability in the species A. africanus,
or it could also relate to two groups of hominins that dif-
fered in diet and microwear. Moreover, there might well be
differences in the microwear patterns of the anterior versus
the postcanine teeth among specimens that could relate to
differences in dietary proclivity and habit. To date, the large
sample of specimens recovered from Sterkfontein through
the University of the Witwatersrand excavations has not
been examined for microwear.

Similarly, carbon isotope data have been obtained for
four australopith specimens from Makapansgat (Sponhei-
mer and Lee-Thorp 1999) and 18 from Sterkfontein (van
der Merwe et al. 2003; Sponheimer et al. 2005). Compa-
rable data have been gathered for 22 specimens of P.
robustus (21 from Swartkrans and one from Kromdraai)
(Lee-Thorp et al. 1994, 2000; Sponheimer et al. 2005, 2006).
The range of published 6'°C values for the Sterkfon-
tein + Makapansgat sample (mean = —6.45; SD = 2.32;
CV = 36 %; obs. range = —1.8 to —11.3) is substantially
higher than that for the P. robustus sample (mean = —7.48;
SD = 1.19; CV = 16 %; obs. range = —5.4 to —10.0).
Although, as noted by Lee-Thorp and Sponheimer (2006)
and Cerling et al. (2011), the 6'*C data for both australopith
species are more variable than virtually all modern and
extinct taxa that have been examined in South Africa, these
data might still be brought to bear on the issue of the taxo-
nomic homogeneity of the A. africanus hypodigm. To date,
there has been no attempt to relate any of the carbon isotope
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data to individual specimens as they might relate to the
proposed taxonomic groupings. Considered in conjunction,
these different sources of dietary information may speak to
this issue.

Given the new approaches that can be employed and the
novel technologies that can be applied, there is reason to be
optimistic that the questions relating to the alpha taxonomy
of A. africanus can be answered with at least some degree
of satisfaction.

Conclusions

The Early Pleistocene hominin A. africanus exemplifies the
problem and importance of species identification in the
paleontological record. This taxon has been viewed as
having occupied a variety of important evolutionary roles:
related to the origin of Homo, the origin of Paranthropus, or
at the base of their divergence. Its instability in phylogenetic
studies is owing to the fact that it is variable in so many
craniodental characters (Strait et al. 1997). Is this variation
attributable to taxonomic heterogeneity of the A. africanus
hypodigm? This question goes beyond the immediate local
issue of alpha taxonomy because it has significant implica-
tions for the interpretation of early hominin evolution
(Lockwood and Tobias 1999; Kimbel et al. 2004).

Historically, taxonomic assessments of the fossils from
Taung, Sterkfontein, and Makapansgat have undergone
three phases: initial splitting, rationalization, and renewed
questions about homogeneity. Initial discoveries saw the
fossils attributed to different species and possibly genera
(Dart 1925a, 1948a; Broom 1936, 1938, 1950). Subsequent
studies suggested that they all represented a single, albeit
variable species (Robinson 1954, 1965; Le Gros Clark
1955, 1964; Tobias 1967). More recently, the possibility
that the A. africanus hypodigm comprises specimens of two
(or more) species has been raised anew (e.g., Clarke 1985a,
1988a, 1994a, 2008, 2013; Kimbel and White 1988; Kimbel
and Rak 1993; Lockwood 1997; Moggi-Cecchi et al. 1998;
Lockwood and Tobias 1999, 2002).

The issue revolves largely, though not wholly, around
the interpretation of fossils from Sterkfontein. Although
various studies have proposed that at least some of them can
be attributed to more than a single group and/or taxon
(Clarke 1988a, 1994a, 2008; Kimbel and White 1988;
Lockwood 1997; Lockwood and Tobias 2002; Schwartz and
Tattersall 2005), there is a notable lack of agreement among
workers as to their sorting. Morphological differences cer-
tainly exist between some specimens, but most of the fossils
are incomplete, such that it has proven difficult to relate
differences in one anatomical region with those in another.

Statistically grounded morphometric studies have gen-
erally yielded results that are not necessarily consistent with
the hypothesis of taxonomic heterogeneity (e.g., Wood
1991a; Lockwood 1997; Moggi-Cecchi and Boccone 2007,
Grine et al. 2013). However, the morphometric analyses
that have been undertaken to date may not have necessarily
sampled those features held to reflect taxonomic differen-
tiation. Innovative quantitative approaches that enable
testing of variation in different anatomical units are required
to address the question of heterogeneity in the A. africanus
hypodigm. Recent technological advances in areas such as
surface laser-scanning and micro-CT scanning will permit
novel and relevant data to be analyzed through the use of
sophisticated geometric morphometric tools. It is also pos-
sible that data from dental microwear and stable light iso-
topes (i.e., the ratios of '>C/'*C) might be brought to bear
on the question. If the basic question relating to the alpha
taxonomy of A. africanus cannot be addressed with satis-
faction, many other avenues of paleoanthropological
enquiry will remain closed to fruitful exploration.
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Chapter 7

Australopithecus from Sterkfontein Caves, South Africa

Ronald Clarke

Abstract Since the discovery by Robert Broom of the first
adult Australopithecus at Sterkfontein in 1936, a large
quantity of fossil remains of this genus, consisting of crania,
teeth and postcranial bones, has been excavated from those
cave infills. They have generally been considered as
belonging to one species, Australopithecus africanus, but
there is now abundant proof that a second species is
represented by many of the fossils. This second species
should be classified as Australopithecus prometheus, the
name given by Raymond Dart in 1948 to such fossils from
Makapansgat (MLD 1 and MLD 2). A. prometheus is
distinguished from A. africanus by having a more vertical
occiput, larger, bulbous-cusped cheek teeth, a flatter face,
lower frontal squame, and sagittal crest in the males. An
almost complete skeleton of Australopithecus (StW 573)
from an early deposit in the cave belongs to this second
species, and for the first time this discovery made it possible
to indisputably associate postcranial anatomy with specific
cranial anatomy. It is also now possible to clearly distin-
guish males and females of each species, and to state with
conviction that StW 53, a cranium excavated in 1976 and
widely identified as Homo habilis, is in fact a male
A. africanus, virtually the same as the TM 1511 cranium
found