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Genetic and anatomical evidence suggests that Homo sapiens arose in Africa between 200 and 100 ka,
and recent evidence suggests that complex cognition may have appeared between w164 and 75 ka. This
evidence directs our focus to Marine Isotope Stage (MIS) 6, when from 195e123 ka the world was in
a ﬂuctuating but predominantly glacial stage, when much of Africa was cooler and drier, and when dated
archaeological sites are rare. Previously we have shown that humans had expanded their diet to include
marine resources by w164 ka (12 ka) at Pinnacle Point Cave 13B (PP13B) on the south coast of South
Africa, perhaps as a response to these harsh environmental conditions. The associated material culture
documents an early use and modiﬁcation of pigment, likely for symbolic behavior, as well as the
production of bladelet stone tool technology, and there is now intriguing evidence for heat treatment of
lithics. PP13B also includes a later sequence of MIS 5 occupations that document an adaptation that
increasingly focuses on coastal resources. A model is developed that suggests that the combined richness
of the Cape Floral Region on the south coast of Africa, with its high diversity and density of geophyte
plants and the rich coastal ecosystems of the associated Agulhas Current, combined to provide a stable
set of carbohydrate and protein resources for early modern humans along the southern coast of South
Africa during this crucial but environmentally harsh phase in the evolution of modern humans. Humans
structured their mobility around the use of coastal resources and geophyte abundance and focused their
occupation at the intersection of the geophyte rich Cape ﬂora and coastline. The evidence for human
occupation relative to the distance to the coastline over time at PP13B is consistent with this model.
Ó 2010 Elsevier Ltd. All rights reserved.
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Introduction
The current prominence of the South African record in modern
human origins research derives from the rare presence of hominin
remains from Middle Stone Age (MSA) deposits and a rich record of
material cultural complexity in the MSA. Some facets of this
material cultural complexity, but particularly its occurrence
together in one region at roughly the same time, has repeatedly
been pointed to as an indicator of behavioral modernity (McBrearty
and Brooks, 2000; Henshilwood and Marean, 2003; Marean and
Assefa, 2005). Here, and particularly on the coast, are found early
examples of material cultural complexity that precede by some
20,000 years the “Human Revolution” of 50e40 ka, once considered a worldwide pattern (Mellars, 1973; Klein, 1998, 2000) but
now widely discounted for Africa (McBrearty and Brooks, 2000;
Henshilwood and Marean, 2003; Marean and Assefa, 2005). This
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material cultural complexity includes the production of bone tools
such as points (Henshilwood et al., 2001a; d’Errico and
Henshilwood, 2007; Backwell et al., 2008), beads (Henshilwood
et al., 2004; d’Errico et al., 2005), large quantities of worked and
unworked pigments (Watts, 1999, 2002), decorated ochre
(Henshilwood et al., 2002; Mackay and Welz, 2008), decorated
ostrich eggshell and ostrich eggshell containers (Texier et al., 2010),
and lithic heat treatment back to 164 ka (Brown et al., 2009).
While indicators of material cultural complexity have been
found in isolation at other locations where early modern humans
are found or expected (Brooks et al., 1995; Yellen et al., 1995; Hovers
et al., 2003; Vanhaeren et al., 2006; Bouzouggar et al., 2007), no
other region in the world displays a similar recurrent pattern of
material cultural complexity this early in time. Marean et al. (2007)
reported on a set of deposits (LC-MSA Lower) at Pinnacle Point 13B
(PP13B), in the center of the Cape coast (Fig. 1), that pushed back to
w164 ka (here revised to 162  5 ka; Jacobs [2010])the evidence for
the regular use and modiﬁcation of pigments and the production of
bladelets and documented at the same time what is currently the
earliest well documented evidence for a marine coastal adaptation.
A critical ﬁeld based research endeavor of paleoanthropology is to
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Fig. 1. Location of PP13B relative to important geographical features mentioned in the text. (A) The Cape Floral Kingdom relative to the world and other ﬂoral kingdoms; (B)
vegetation of South Africa (Mucina et al., 2006), the Cape Floral Region is essentially equivalent to the distribution of the Fynbos and Succulent Karoo on this map; and (C) the
location of sites mentioned relative to the coast and offshore platform. Base image of South Africa and oceanic topography from NASA World Wind and the offshore platform
transect was generated from the 3D paleoscape model (Fisher et al., 2010).
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determine the pattern and pace of the introduction of these indicators of material cultural complexity (McBrearty and Brooks,
2000; Marean and Assefa, 2005), and embed that in an understanding of paleoenvironment, paleoclimate, and overall hominin
adaptation. The papers in this special issue on PP13B expand the
description of indicators of material cultural complexity by documenting that by w100 ka people inhabiting PP13B were collecting
and caching sea shells (Jerardino and Marean, 2010), both the
unbroken individuals as well as damaged examples of these same
species. They were also selecting and modifying the reddest of
pigments for use in the cave by w162 ka (Watts, 2010).
Here along this same coastline is found a combined diversity of
plants and marine animals that exceeds all other regions of the
world. Along the western and southern shores of Southern Africa is
the Cape Floral Region (Cowling, 1992; Goldblatt, 1997; Cowling
and Lombard, 2002; Goldblatt and Manning, 2002), so unique
that it was classiﬁed as its own ﬂoral kingdom, the smallest in size.
Within it is the Fynbos Biome, its richest and most unique
component, with the world’s highest representation of endemic
plants (w64%). Similarly rich is the adjacent marine ecosystem,
with dense and diverse shellﬁsh communities in rocky and sandy
intertidal zones (Branch and Branch, 1992; Bustamante and Branch,
1996). This conﬂuence of diversity of material culture, ﬂora, and
marine organisms could be fortuitous, but as I argue below, likely
was not. Pinnacle Point is the only locality in coastal South Africa
with archaeological sediments that are shown with geochronological techniques to sample this extraordinary region back into the
time prior to 120 ka. This is when the fossil and genetic data indicate modern humans arose, but unfortunately also a time when
sites in Africa are rare. PP13B now provides us with a rather
singular lens on modern human origins at a crucial time and place.
PP13B, while a cave, does not preserve deep continuously
stacked sediments like those at other well known coastal caves
such as Die Kelders Cave 1 (Marean et al., 2000b), Blombos Cave
(Henshilwood et al., 2001b), and Klasies River (Singer and Wymer,
1982; Deacon and Geleijnse, 1988). Rather, what remains are
a horizontally disconnected set of occupations sampling a long
period of time, providing snapshots of changing human occupations at what is now a coastal location but was not at various times
in the past. It has been dated with the very latest in techniques,
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some of which have matured relatively recently (optically stimulated luminescence dating [OSL]), and others that have been rarely
applied to this region (uraniumethorium dating [UeTh]). PP13B
was excavated with state of the art techniques, including point
plotting of all observed ﬁnds and similarly advanced post excavation analyses, many of which are presented here in this special
issue. In this article I review this record, contextualize it into the
broader record for the emergence of modern humans, and argue for
the special importance to modern human origins of the conﬂuence
of shellﬁsh and the rich geophytic foods of the Cape Floral Region.
The sediments and timing of occupations at PP13B
Descriptions of the excavations and dating of the sediments at
PP13B are described in four other papers in this volume (Bernatchez,
2010; Jacobs, 2010; Marean et al., 2010; Karkanas and Goldberg,
2010) so here I provide a brief overview. Figure 2 shows a plan of
the cave, the grid, and the three excavation areas. Our excavations,
begun in 2000 (Marean et al., 2004), sampled the cave in three
locations so as to intercept what we anticipated to be sediment
stacks of different age. The sediments have received a fair amount of
erosion and disturbance, revealing some sections (such as in the
Northeast area) and likely cutting stratigraphic connections
between some or all of the areas. To date our excavations have not
connected the three areas, primarily because we think that the three
areas are nowhere stratigraphically connected, but also because
such connective excavations would remove a large amount of sediment that, in our opinion, should be preserved for future scientists.
Excavations were conducted in 50  50 cm quadrants within
squares. All observed ﬁnds were plotted in three dimensions to
total station and computer. We excavate within thin natural lenses
(stratigraphic units) and these are later grouped into stratigraphic
aggregates (layers). All material is sieved through a 10e5e1.5 mm
nested wet sieve using fresh water. Table 1 provides a list of the
stratigraphic aggregates with conservative age estimates drawn
from all our dating techniques, and Figure 3 presents these on
a timeline. As is clear, PP13B samples snapshots of human occupation from w162e90 ka, at which time the cave was sealed to
further occupation until w40 ka, when it opened once again but
was not regularly occupied.

Fig. 2. Plan of PP13B and location of the excavations. Contours are in meters.
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Table 1
Adjusted age ranges for all stratigraphic aggregates at PP13B and assignment to
marine isotope stagesa
Stratigraphic
aggregate

Area

Adjusted Adjusted
Comments
minimum maximum

Surface sediments
Surface sediments
Re-Deposited
Disturbance
Northeast Cut Fill
South Pit Fill
Truncation Fill

Western
Eastern
Eastern

0
0
0

0
0
0

Recent
Recent
Recent

Western
Western
Eastern

2
0
35

2.6
39
39

Northeastern 39

92

Recent
Probably recent
May be minimum
estimate
MIS 5c to MIS 3

Northeastern 91

98

MIS 5c

Western
Western
Western
Western
Eastern

91
91
91
91
91

94
102
102
102
98

MIS
MIS
MIS
MIS
MIS

Eastern
Western

106
94

114
134

Northeastern 115

133

MIS 5d
2 occupations MIS
5d and MIS 5e
MIS 5d

Northeastern
Western
Western
Western
Western
Western
Western
Northeastern
Western
Western
Western
All areas

130
166
166
166
349
349
349
174
349
414
unknown
unknown

MIS 5e
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Likely MIS 11
Likely MIS 11
MIS 11 or before
MIS 11 or before

LC-MSA Upper
Flowstone
LC-MSA Upper
(Upper Dune)
LB Sand 1
DB Sand 2
LB Sand 2
DB Sand 3
Shelly Brown Sand/
Upper Roof Spall
Lower Roof Spall
LBG Sand
LC-MSA Upper
(Lower Dune)
LC-MSA Middle
DB Sand 4a
LBG Sand 2
DB Sand 4b
LBG Sand 3
DB Sand 4c
LBG Sand 4
LC-MSA Lower
LB-Silt
Laminated Facies
Bouder Facies
Bedrock
a

120
117
117
152
152
152
152
153
152
349
349
349

5c
5c
5c
5c
5c

See Marean et al. (2010) for details on the ages and stratigraphy.

PP13B and the time and place for the origins of modern
humans
The genetic and fossil evidence points to Africa as the continent
for the origins of modern humans. The fossil evidence now includes
a set of fossil hominins dated between 200 and 100 ka classiﬁed as
Homo sapiens, that while within the range of variation for
H. sapiens, fall on the far edge of that variation and are comparatively robust (Clark et al., 2003; White et al., 2003; McDougall et al.,
2005; Smith et al., 2007). Numerous older (summarized by Lahr
and Foley [1998]) and more recent genetic studies (Ingman et al.,
2000; Fagundes et al., 2007; Gonder et al., 2007; Tishkoff et al.,
2007; Behar et al., 2008) using different techniques and sample
sets consistently point to the time between 200 and 100 ka as the
origin point for the modern human lineage, indicating concordance
in the genetic and fossil results. However, it is important to
recognize that the fossil hominins currently sampled from Ethiopia
and North Africa in this time interval may not be on the lineage
identiﬁed in the genetic record as leading to modern humans.
One consistent result of the genetic studies is the recognition
that modern humans have relatively low genetic diversity that is
best explained by one or more population bottlenecks (Harpending
et al., 1993; Rogers and Jorde, 1995; Harpending and Rogers, 2000;
Marth et al., 2003), and most studies now recognize at least two
major bottlenecks. The second later bottleneck, dated to between
70 and 50 ka, occurred within non-African lineages and almost
certainly was associated with an initial migration of modern

humans out of Africa. Of particular interest here, however, is a prior
bottleneck associated with the species origin point recently estimated at 144 ka (103,535e185,642 ka 95% CI; Fagundes et al.,
2007), 194.3  32.5 ka (Gonder et al., 2007), and 203  12.6 ka
(Behar et al., 2008). Fagundes et al. (2007) estimate the effective
population of that bottleneck at w600 ka (76e1,620 95% CI). All of
these estimates are remarkably close to earlier estimates (see
summary in Lahr and Foley [1998]). A simulation by Rogers (in
Ambrose [1998]) suggests that this bottlenecked population was
a single contiguous breeding group in one region, since if this
population sampled a broad range of populations across Africa the
original genetic variation would have been preserved. These
genetic results graduate us to a more focused debate, leaving
behind the debates over multiregional continuity versus single
origins. New important questions aredwhat region within Africa
gave rise to modern humans, when did it occur, why in that area,
and what were the conditions for that evolutionary event? The
fossil and archaeological results have a key role to play in this
research endeavor. We can combine the estimates of age and
population size from the genetic studies with the paleoclimate and
paleoenvironmental data to develop hypotheses for the probable
locations of this progenitor population. These then act as targeting
hypotheses for paleoanthropological ﬁeldwork and make relevant
the need to place our ﬁeldwork results in the context of this search,
as I do here for PP13B.
The genetic record and its paleoclimatic context
The fossil and genetic record summarized above shows us that
MIS 6 is a key global paleoclimatic event for modern human origins
(Lahr and Foley, 1998). MIS 6 is one of the longest and coldest glacial
periods recorded (Petit et al., 1999; EPICA Community Members,
2004), lasting from roughly 195e123 ka, at which time global
conditions warmed appreciably and sea levels rose abruptly
(Hearty et al., 2007). The paleoclimatic and paleoenvironmental
record of sub-Saharan Africa shows that, with some regional
exceptions, Africa responds to glacial periods with aridity resulting
in expanded deserts and arid lands, while interglacials result in
wetter climates and greater amounts of woody vegetation
(Hamilton, 1982; Deacon and Lancaster, 1988). This consistent
relationship has been more recently predicted by climate models
(Hetherington et al., 2008; Carto et al., 2009). The southwestern
Cape is a potential exception since some paleoenvironmental
records that postdate 20 ka suggest that the winter rainfall zone
may have remained moist during the Last Glacial Maximum (LGM;
Chase and Meadows, 2007). The paleoenvironmental imprint of
MIS 6 on African terrestrial ecosystems is not well known (Marean
and Assefa, 2005), but given the relationship between glacial
conditions and more arid environments noted above, it is widely
expected that most of Africa would have been drier than today and,
of course, colder. There is some support for this in the form of
pollen cores off the West African coast (Dupont et al., 2000), but it is
important to note that MIS 6 was highly variable and still not well
known in Africa. Figure 4 shows a paleovegetation model for Africa
based on the LGM redrawn from Adams (1997). While MIS 6 and
the LGM undoubtedly differed in speciﬁcs, and the much longer
MIS 6 was highly variable, the isotopic similarity between MIS 6
(particularly just before MIS 5e) and the LGM may provide a starting model. Note that under glacial conditions Africa’s major arid
lands and deserts (the Namib, Kalahari, and Sahara) likely
expanded, cutting off possible avenues for movements of individuals and groups. There is now good evidence that during MIS 6
Egypt and the Negev were hyper arid, effectively putting a cork in
Africa’s one land based exit point (Jennifer et al., 2004; Vaks et al.,
2007).
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Fig. 3. The age of occupations at PP13B relative to global climate as reﬂected by EPICA dD record (EPICA Community Members, 2004) compared to several other important south
coast sites. Age spreads of other sites include PP5e6 (currently under excavation by the SACP4 project; Brown et al., 2009), Blombos Cave (Henshilwood et al., 2002, 2004; Jacobs
et al., 2006, 2008), and Klasies River (Deacon and Geleijnse, 1988; Deacon, 2001; Jacobs et al., 2008).

During maximum glacial conditions of MIS 6, it is probable that
H. sapiens populations were rather small, resulting in virtual
archaeological invisibility (Lahr and Foley, 1998; Marean and
Assefa, 2005). More recently, various authors have taken this
further and hypothesized (based on the LGM model) that during
MIS 6 much of Africa would have been unfavorable to settlement
due to hyper aridity and that certain areas (the Magreb, Ethiopia,
central Africa, and coastal South Africa) could have been refugia
(Marean, 2008; Basell, 2008). However, as Figure 4 shows, the LGM
model predicts that much of sub-Saharan Africa was grassland and
certainly with Holocene type stone age technologies these areas
would have been habitable. At this time, we do not know the
vegetation composition of much of this modeled grassland during
MIS 6, but there are two crucial questions we need to address. First,
how much precipitation did this area receive? That is currently
unknown and requires focused paleoenvironmental research
(both empirical and modeling). And second, did MIS 6 age

hunteregatherers have water carrying and storage technology?
Recent results document ostrich egg containers by 65 ka (Texier
et al., 2010) and leather based technologies are always a possibility. Any water carrying technology would have been a breakthrough technology that had profound inﬂuence on mobility and
dispersal abilities. With water container technology, arid regions
may have been open to settlement, use, and dispersal.
Keeping in mind these caveats, the LGM model coupled to the
rarity of MIS 6 age sites suggest that MIS 6 African populations
existed in isolation and under rather acute environmental stress for
a signiﬁcant period of time, creating excellent conditions for rapid
evolution and population splitting (Lahr and Foley, 1998). More
generally, cold periods should be times of increased vicariance in
nonﬂying, water dependent species in Africa. The genetic records
preserve several patterns that should relate to these paleoclimatic
and paleoenvironmental events, such as bottlenecks and the
lineage divergences reﬂected in estimates of the time to most
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a site added to this rather exclusive list and documents adaptations already expanded to coastal resources, ochre use, bladelet
production, and complex technologies such as heat treatment. I
hypothesize below that the south coast of the Cape Floral Region
was likely the location of the progenitor population during MIS 6
and that our excavations at PP13B may have intercepted that
population as it targeted the core of its mobility system at the
coastline/Cape ﬂora intersection.
While the data to test any hypothesis for the location of this
progenitor population currently do not exist, it is possible to deﬁne
what those data are and the disciplines they will come from: (1) the
archaeological record for the region should show continuous
occupation through MIS 6; (2) the archaeological record should
show some signs of cognitive complexity; (3) when the fossil
samples are large enough, fossils from the region of the progenitor
population should be phenetically closer to modern human populations than other regions; and (4) if ancient DNA can be extracted
from these fossils, they should fall on the modern human lineage
while that from other regions will not.
The Cape Floral Region, shellﬁsh, and the location of the
progenitor population
Fig. 4. A vegetation model of Africa during maximum glacial conditions and the south
coast potential paleoscape available during maximum glacial conditions. (A) vegetation model of the Last Glacial Maximimum redrawn from Adams (1997), and (B) a 3D
model of the offshore platform from the paleoscape model (Fisher et al., 2010).

recent common ancestor. Given the relationship between
decreasing temperature and increasing continental aridity in Africa,
cold periods should be times when African populations bottleneck
and split, while warm intervals should see periods of population
expansion and lack of splitting events. Recent studies of nonhominin lineages have begun to explore this relationship (Kryger
et al., 2004). In Figure 5, I have plotted lineage divergence dates
for Africa’s most ancient genetic lineages (mostly people who were
recently hunteregatherers) as published by Gonder et al. (2007)
and Behar et al. (2008) against the EPICA (Lambert et al., 2008)
deuterium record as a proxy for southern hemisphere temperature.
In these data sets, the modern human lineage origin point falls at
the beginning of MIS 6 or just before, and there is a cluster of
divergences within MIS 6, particularly near the end of MIS 6 when
global temperatures are rather cold. The Gonder et al. (2007) data
set shows a lack of points when global temperatures warm
appreciably during MIS 5e, while the Behar et al. (2008) data set
shows this pattern somewhat less strongly, and then both data sets
show a second set of divergences as the EPICA record displays
global cooling. These data suggest, assuming the divergence age
estimates are accurate, that African bottlenecks and lineage splitting near the modern human origin point are inﬂuenced by orbitally forced cold pulses.
These results illustrate the essential importance of a synthetic
approach to modern human origins that juxtaposes the genetic,
fossil, archaeological, paleoclimate, and paleoenvironmental
records. For the ﬁeld paleoanthropologist, this approach offers
targeting hypotheses for ﬁeldwork as we seek to intercept these
small ancient populations at the root of our lineage. The material
residues of these glacial populations have remained rather elusive
to paleoanthropologists, probably due to the small population sizes
and the consequent sparse archaeological and paleontological
footprint (Marean and Assefa, 2005). In 1998, Lahr and Foley noted
that “We are left with an almost complete lack of paleoanthropological evidence that can be attributed with certainty to stage 6”
(168). Our data set has not improved dramatically, but PP13B is

Now widely classiﬁed as the Cape Floral Region (CFR), the CFR
has many special characteristics (Cowling, 1992; Goldblatt, 1997;
Cowling and Lombard, 2002; Goldblatt and Manning, 2002). It
has nearly 9,000 plant species within a relatively small 90,000 km2
region, making its diversity near to that of tropical rainforests with
larger area, rainfall, and energy. It has the highest diversity of
endemic ﬂoral taxa (69%), while being geographically surrounded
by a relatively species depauperate tropical ﬂora (Cowling and
Lombard, 2002; Goldblatt and Manning, 2002; Manning, 2008;
Cowling et al., 2009). A large portion of the CFR is composed of
the Fynbos Biome and the dominant two vegetation types are
fynbos and renosterveld, of which the former is dominant. Renosterveld is restricted to high nutrient soils on shales, while fynbos is
typical of lower nutrient soils on the leached limestone and
quartzite that dominates the region. Both are dominated by mainly
low height, non-sprouting (post ﬁre) shrubs with limited dispersal,
few grasses, and very few trees. In a rather unusual situation for
a lowland, many of the grasses follow the C3 photosynthetic
pathway (Vogel et al., 1978). The fynbos, which has higher diversity
to the west and lower diversity to the east (Cowling and Proches,
2005), is widely argued to result from a combination of predominantly winter rainfall (in the west), regular ﬁre, and low nutrient
and thin soils. Such conditions characterize other ‘Mediterraneanclimate’ biomes that lack the CFR’s diversity, so there has been
widespread interest in determining what ‘special-conditions’
resulted in the CFR, with authors suggesting special regional
climate and edaphic factors (Goldblatt and Manning, 2002), relative
climatic stability and great age (Rebelo et al., 2006), the inﬂuence of
ﬁre (Cowling, 1992), progressive aridiﬁcation since the late Miocene
(Linder and Hardy, 2004), and gradual development of topoedaphic heterogeneity (Cowling et al., 2009). For the sake of
simplicity and consistency, I will refer to the fynbos and renosterveld as the “Cape ﬂora.”
Of particular importance to hunteregatherers, the diversity of
geophytes in the Cape ﬂora is extremely high (17% of all species), far
exceeding other Mediterranean climate biomes (Cowling and
Proches, 2005; Proches et al., 2005), which are in general diverse
in geophytes due to the frequency of ﬁre and the long hot dry
summers. Various authors have pointed to the likely signiﬁcance of
geophytes in hominin diet (Hatley and Kappelman, 1980;
Wrangham et al., 1999), and it is well documented that geophytes
are a preferred food source for hunteregatherers (Vincent, 1984,
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Fig. 5. The divergence times for ancient African lineages compared to climate change. The time to most recent common ancestor age estimates for ancient African lineages by (A)
Gonder et al. (2007) and (B) Behar et al. (2008). (C) Southern Hemisphere climate as reﬂected by the EPICA dD record (EPICA Community Members, 2004).

1985) and ﬁgure prominently in the diets of Khoi-San peoples of
the Southern Africa subregion (Tanaka, 1969; Lee, 1979). The
remains of geophytes are commonly found in LSA archaeological
sediments (Parkington, 1980, 1981). Their main positive attributes
include a high yield of carbohydrate, temporal predictability, and
a relative lack of competitors for humans compared to above
ground fruits, nuts, and seeds.
On the west coast, Parkington (2001: 330) has argued that the
“poor and seasonal resources of the near coastal landscape”
created an impoverished environment that pushed people to the
more productive intertidal resources. Modern records and Holocene faunal assemblages show that the CFR is relatively low in
large mammal diversity, being dominated by small bodied
browsers (Klein, 1983), largely as a result of the relatively poor
forage. So it is likely that the Cape ﬂora has never been an
outstanding environment for large mammal huntingdthe species
that predominate there and are available for hunting include small
antelope, hyrax, dune mole rats, and tortoises. However, on the

south coast Parkington’s characterization of the carbohydrate
foods is unlikely to hold. Seasonality on the south coast is reduced
due to the bimodel rainfall and warming inﬂuence of the Agulhas
Current, while the west coast has a much more seasonal and
harsher climate.
The CFR is distributed in a long thin line (Fig. 1) hugging one of
the richest coastlines in the world (Branch and Branch, 1992;
Bustamante and Branch, 1996), at the conﬂuence of the Benguela
Upwelling and the Agulhas Current (Lutjeharms et al., 2001), which
creates a varying oceanic environment from west (cold water, lower
diversity, greater biomass) to east (warmer water, increasing
diversity, lower biomass). The south coast provides a diverse and
dense shellﬁsh population on the rocky intertidal zones of the
quartzitic sandstones of the Table Mountain Group (TMS) and
coastal beach rocks and aeolianites, as well as sandy beach species.
Once a forager expands their diet to shellﬁsh, the south coast
provides an excellent protein source in the form of shellﬁsh. Other
protein sources are available as well, including Cape Fur seal, which
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can be hunted at onshore rookeries or scavenged from washups
(Parkington, 1976, 1977; Marean, 1986a, b). A diverse rocky shoreline ﬁsh population rounds out the marine offerings (van der Elst,
2000) and sea birds are available for hunting and as washups
(Avery, 1987).
Shellﬁsh densities are immune to aridity and biomass increases
as ocean temperatures decrease across the south coast (Branch and
Branch, 1992). Geophytes are well adapted to arid conditions, and
the high endemic diversity of this group in the CFR, and its most
arid component the Succulent Karoo, shows clearly that geophytes
were always abundant even during the harshest climate cycles
(Proches et al., 2005, 2006). The geographic conﬂuence of the
diverse Cape ﬂora geophytes and coastal shellﬁsh provide a unique
(for Africa) rich co-association of carbohydrate and protein that
even during cold dry conditions of MIS 6 would have continued to
be productive and predictable, unlike other African ﬂoral and
faunal biomes from interior locations. This produced a singularly
rich refuge zone for early modern humans during MIS 6 on the
south coast. I call this the Cape Flora-South Coast Model for the
origins of modern humans (Marean, 2008). However, it is important to note that the current landscape and seascape of the south
coast is a poor analog for MSA times, as coastal position and
vegetation responded to global climate change.
In an effort led by Erich Fisher (Marean et al., 2007; Fisher
et al., 2010), the South African Coast Paleoclimate, Paleoenvironment, Paleoecology, Paleoanthropology Project (SACP4) has
developed a high resolution 3D model of the offshore platform
and landscape (the paleoscape model). This allows us to generate
accurate and precise estimates of the distance and placement of
the coastline at 1.5 ka increments through the last 420,000 years,
and to develop good models of the now submerged paleoscape.
The current landscape must be viewed as a neocoastline with the
past having a continuous set of paleocoastlines moving in and out
of the reach of people inhabiting the current set of neocoastline
sites. Since this shifting coastline holds a set of highly valuable
marine resources, coastal archaeologists worldwide have faced the
challenge of juxtaposing archaeological occupations against the
position of those shifting coastlines (Parkington, 1981; Erlandson,
1988; Bailey et al., 2007). Our paleoscape model shows us that the
coastline was at times as far away as 90 km during glacial maxima,
and through MIS 6 to MIS 2, with the exception of the MIS 5e high
sea level, there was continually a ﬂat featureless plain to the south
of the current neocoastline that was typically several kilometers
wide. Our high resolution speleothem record, dated between
90e53 ka (Bar-Matthews et al., 2010), suggests that during colder
periods in this time span, as the sea level dropped, Pinnacle Point
and the surrounding south coast received more summer rain and
the neocoastline was enveloped in more C4 grassy vegetation that
likely had a stronger eastern character with increased diversity
and density of trees. The Cape ﬂora of C3 grasses and evergreen
hard leafed shrubs may have followed the coastline out onto the
Agulhas Bank and was concentrated at the coast. How did the
hunteregatherers at Pinnacle Point exploit that shifting
landscape?
A model for occupation of the south coast
Discussions of coastal settlement in South Africa must start with
Parkington’s “seasonal mobility model” for the west coast
(Parkington, 1976, 1980, 1981). Parkington used ecological potentialities, ethnography of South African coastal hunteregatherers,
and patterns in faunal, ﬂoral, and lithic remains to argue that
Holocene LSA hunteregatherers moved between the coast and
interior on a seasonal basis. He argued their goal was to avoid red
tides at the coast and to optimize the returns of foods that

expressed themselves in a seasonal pattern in the coast versus the
Cape Folded Belt. The model has a simple test implication for
skeletal isotope chemistrydskeletons of people who died at the
coast should have diets similar to those who die in the interior,
since the isotopic signature is an average over many years. Sealy’s
(Sealy and Van der Merwe, 1987, 1992; Parkington et al., 1988)
isotopic analysis revealed the opposite patterndcoastal skeletons
and interior skeletons had discordant isotope values, with the
former suggesting a diet rich in marine foods and the latter one
poor in marine foods.
Tropical hunteregatherers typically utilize mobility systems
that combine a rather large annual home range (the area used by
a band within a year) and a small daily foraging radius (the area
surrounding a residential site that can be exploited in one daily
trip; Binford, 1980, 1982; Kelly, 1995). The ethnographic and
archaeological data from the Southern African subregion document
a predominance of mobility systems where the use of space around
a residential site (camp or home base) is typiﬁed by daily foraging
trips deﬁned by what a person can walk out and back in one day,
generally 8e12 km, and this is well illustrated in Khoi-San
ethnography (Lee, 1968, 1972; Tanaka, 1980; Silberbauer, 1981).
Parkington’s model emphasizes an annual home range that shifted
seasonally over long distances, shifting the diet with it from marine
to terrestrial. An alternative model (Marean, 2010) is that hunteregatherers on the coast targeted their primary residential core at
the Cape ﬂora/paleocoastline strip throughout the year to maximize the returns of the geophytes and shellﬁsh. It predicts that
annual mobility did not shift dramatically between coast and
mountains or interior on a seasonal basis, as hypothesized by Parkington, but rather shifted short distances between the interior
during neap tides to directly on the coastline during spring tides.
The predicted diet would include marine foods all year round. The
primary driving force for this pattern is the differing returns of
shellﬁsh offered by spring and neap tides. The details are described
elsewhere (Marean, 2010) and summarized here.
The shellﬁsh that hunteregatherers typically exploit are
predominantly intertidal taxa (Erlandson, 2001). Tidal variation
occurs at several levels, but here I focus on the lunar month
(spring and neap tides) and lunar day (low and high tides).
Maximum lunar monthly variation is classiﬁed into spring and
neap tides, which are driven by lunar position relative to the sun.
When the sun and moon align, their gravitational forces are
additive and spring tides occur where the low tide is very low and
the high tide is very high. Spring tides correspond to full and new
moons. When the sun and moon are not aligned, their gravitational force is subtractive, resulting in neap tides that hover more
tightly around the mid-tidal (mean sea level) mark. With gradual
offshore platforms during spring low tides, substantial areas of the
intertidal zone are revealed, and these are the most productive
and safest shellﬁsh collecting times (Meehan, 1982; Lasiak and
Dye, 1989; Kyle et al., 1997; de Boer et al., 2002). In rocky
shores, even foraging during spring lows requires vigilance for
waves in the lowest exposed areas (Lower Balanoid zone and
below). A neap tide forager must target a narrow band of
productivity that is subject to sudden wave onset.
Ethnographic accounts of hunteregatherers documents that
shellﬁsh collecting is typically done by women and children with
a strong preference and sometimes exclusive use of low spring tide
shellﬁsh collection (Bigalke, 1973; Meehan, 1982; Hockey and
Alison, 1986; de Boer et al., 2002). My modern observations of
ease of access and safety of exploitation of South African south
coast rocky intertidal zones shows that only spring tides present
safe and easy access to rocky intertidal taxa. Shellﬁsh return rates,
and thus the value of a coastal residential site, rises and falls with
the moon and tides. The returns of most terrestrial resources are
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seasonally driven and not subject to lunar patterns, so over a lunar
month coastal location return rates ﬂuctuate by lunar month
around seasonally ﬂuctuating terrestrial locations. Coastal placed
residential sites inhabited during neap tides will have relatively low
shellﬁsh return rates, while coastal sites inhabited during spring
tides will have relatively high return rates. Foragers should
schedule visits to coastal residential sites at times during the lunar
month when spring tides are present, and then move slightly
inland during neaps to broaden the size of the exploitable terrestrial area. Such a pattern of land use ﬁts well with the isotope
results found by Sealy (discussed above) since the forager is
receiving a steady diet of marine foods all year.
An implication is that the archaeologically elusive MIS 6 population was small and linearly spread at the Cape ﬂora/paleocoastline intersection, and over time followed the shifting coastline
across the Agulhas Bank as sea level rose and fell. The material
signatures of this pattern of paleoscape occupation should be clear.
When the paleocoastline is within w10 km of a neocoastal site, we
would expect the following: (1) the density of occupation should be
high; (2) people will use the sites as residential bases for more
prolonged periods of time; (3) shellﬁsh will be present and dense;
(4) lithic artifacts will be dense; (5) terrestrial fauna will be dense as
well, even though shellﬁsh collection is a key part of the diet, men
will still hunt; and (6) evidence for ritual should also be greater.
I draw this last expectation from the ethnography of the San (Lee,
1979) that shows that the residential site and central hearth area is
typically the focus of regular ritual activity, although it is important
to note that hunteregatherers also often have special ritualized
locations separate from public residential sites. When the paleocoastline is more than 10 km from a current neocoastal site, the
neocoastal site should: (1) receive only intermittent occupation, or
perhaps be abandoned all together; (2) people will use the sites as
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residential bases for short periods of time; (3) shellﬁsh will be rare
to absent; (4) lithic artifact densities will be low; (5) terrestrial
faunal densities will be low as well because people are simply not
using the site frequently and for long periods; and (6) evidence for
ritual will be rather low.
I intend this model to operate most strongly when populations
are small, and less strongly when populations are large and begin to
expand into less favored parts of the paleoscape. As the small
populations of MIS 6 began to expand during MIS 5, the paleoscape
very likely began to pack tighter with people, and some populations
were forced to expand their ranges into less desirable habitats;
eventually such ranges would be cut off from access to the sea and
may have become totally terrestrial in character. Particularly harsh
climate cycles like the LGM may have reset the process, driving
population numbers down or forcing strong intensiﬁcation. Coastal
locations were probably always highly valued and ranked, but I
would expect that as populations expanded two rather separate
marine and terrestrial adaptations took shape and are reﬂected in
the Holocene skeletal isotope signals.
The record at PP13B, combined with the age of the stratigraphic
aggregates and the distance to the coastline as modeled by the
paleoscape model (Fisher et al., 2010), allows us to examine the
goodness of ﬁt between these predictions and the archaeological
record (Table 2). I will now review the record from PP13B, with the
dual goal of providing a synthetic overview from the papers presented in this special issue, but also to compare that record to the
predictions provided above. In the years to come, as we ﬁll out the
record at Pinnacle Point with the addition of the other sites under
study from other time intervals, we should be able to provide an
even more comprehensive examination of the variation in the way
MSA people used this location relative to the changing nature of the
coastline through time.

Table 2
The main stratigraphic units at PP13 ordered from oldest (bottom) to youngest (top), their placement in the site relative to excavation area, their assignment to Marine Isotope
Stage, and summary information that is continued in Table 3
Stratigraphic
aggregate

Analytic units

Excavation
area

Marine Isotope
Stage

Mean distance
to coast, m

Shellﬁsh
dominance

Beauty
shells

Primary
core reduction

Truncation Fill
LB Sand 1
DB Sand 2

Truncation Fill
LB Sand 1
Upper Dark Brown
Sand units
Upper Dark Brown
Sand units
Upper Dark Brown
Sand units
Shelly Brown Sand/
Upper Roof Spall
Shelly Brown Sand/
Upper Roof Spall
Lower Roof Spall
Lower Dark Brown
Sand units
LC-MSA Upper
LC-MSA Middle

Western
Western
Western

MIS 3
Late MIS 5c
Late MIS 5c

w10,000
2275
2275

Donax
Perna perna
Perna perna

1
0
0

Rare
Abundant
Abundant

Western

Late MIS 5c

2275

Perna perna

0

Abundant

Western

Late MIS 5c

2275

Perna perna

0

Abundant

Eastern

Early MIS 5c

1101

Donax

0

Rare

Eastern

Early MIS 5c

1101

Donax/Perna

5

Rare

Eastern
Western

1612
Cannot be
resolved
386
386

Donax
Trace amount

1
0

Rare
Abundant

Perna perna
Perna perna

0
0

Rare
Rare

Lower Dark Brown
Sand units
Lower Dark Brown
Sand units
Lower Dark Brown
Sand units
Lower Dark Brown
Sand units
Lower Dark Brown
Sand units
LC-MSA Lower
Basal units
Basal units

Western

MIS 5d
2 occupations MIS
5d and MIS 5e
MIS 5e
Transition MIS 6
to MIS 5e
Middle MIS 6

25,589

Trace amount

0

Abundant

Western

Middle MIS 6

25,589

Trace amount

0

Abundant

Western

Middle MIS 6

25,589

Trace amount

0

Abundant

Western

Middle MIS 6

25,589

Trace amount

0

Abundant

Western

Middle MIS 6

25,589

None

0

Abundant

Northeastern
Western
Western

Middle MIS 6
Likely MIS 11
Likely MIS 11

5903
?
?

Perna perna
Trace amount
Trace amount

0
0
0

Rare
Absent
Absent

LB Sand 2
DB Sand 3
Shelly Brown Sand
Upper Roof Spall
Lower Roof Spall
LBG Sand 1
LC-MSA Upper
LC-MSA Middle
DB Sand 4a
LBG Sand 2
DB Sand 4b
LBG Sand 3
DB Sand 4c
LC-MSA Lower
LB-Silt
Laminated Facies

Northeastern
Northeastern
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The faunal record at PP13B
Terrestrial fauna
Thompson (2007, 2010) provides a detailed taphonomic and
behavioral analysis of the PP13B assemblage. Rector and Reed
(2010) describe the taxonomically identiﬁable sample (primarily
teeth and horn cores) and conduct a paleoecological analysis of
PP13B and the hyena den of PP30 that dates to w151 ka. Matthews
et al. (2009) provide an analysis of the micromammal assemblage.
The taxonomically identiﬁable sample from PP13B is rather small,
while the postcranial, large mammal sample is large. Thompson
(2010) ﬁnds that people were the dominant accumulator of all
the stratigraphic aggregates at PP13B and there is only minor
evidence for carnivores and raptors as signiﬁcant accumulators. The
micromammals were accumulated primarily by owls (Matthews
et al., 2009). Only two other South African MSA assemblages (Die
Kelders Cave 1 [DK1] and Blombos) have been studied from similarly unbiased collections and analyzed with the same inclusions of
shaft fragments and comprehensive surface modiﬁcation study
(Marean et al., 2000a; Thompson, 2007). DK1 shows substantial
raptor accumulation of the small bovids, while Blombos does not.
Carnivores are rare throughout the PP13B sequence and the taphonomic analysis shows that their inﬂuence as agents of accumulation or destruction was minor, differing substantially from DK1.
There is signiﬁcant density mediated destruction to the PP13B
assemblage, as less dense elements and portions are relatively rare,
and shaft portions provide the highest MNE estimates. Given the
rarity of carnivore activity, this destruction is almost certainly due
to sedimentary processes.
Ungulate taxa dominate the assemblage at PP13B, more so than
any other MSA site currently published, making up w98% of the
fauna by NISP. Small mammals such as hyrax, spring hare, and dune
mole rat, which are super abundant (thousands to tens of thousands of individuals) at some MSA sites, are present only in trace
amounts at PP13B. Tortoises are also rare, while they are abundant
at many other MSA sites, and often super abundant. Unlike other
MSA and LSA sites in the Cape where all the tortoises are assigned
to angulate tortoise, Thompson (2010) has been able to conﬁdently
identify three taxa (the pancake tortoise makes up 27% and the
angulate 73%). The taphonomic analysis of the tortoise remains
suggests that the tortoises at PP13B were collected mostly by
people. Such taphonomic analyses have not been applied to the
tortoises at DK1, Blombos (Henshilwood et al., 2001b), and Ysterfontein (Halkett et al., 2003; Avery et al., 2008) where tortoises are
more abundant and all are assigned to the angulate tortoise. It is
possible that a detailed taphonomic analysis of the tortoises at
those sites may reveal a complex pattern of agent of accumulation,
but we will need to await such studies. These results suggest that
MSA people at PP13B were eschewing the small animals and
focusing their hunting on the ungulates, and more speciﬁcally on
bovids.
There are some slight changes in the distribution of ungulates of
different sizes through time; MIS 6 deposits have more large taxa
than the MIS 5, while size 1 ungulates (using Brain, 1981) are more
common in the MIS 5 deposits. This could reﬂect a change in the
ungulate communities in response to climatic differences between
the cooler MIS 6 and the warmer MIS 5, since smaller taxa are more
common in the shrubby environments expected with warmer
conditions. A confounding pattern is that the skeletal fragments of
larger taxa are more common in the back (Western area) of the cave
than in the front (Eastern and Northeastern areas), and Thompson
(2010) suggests this may result from site maintenance.
The taxonomic analysis (Rector and Reed, 2010) of the large
mammals shows that antelope in the assemblage are a mix of size 1

through size 4 species, and no species or body size is overwhelmingly predominant. The micromammals are dominated by
Otomys, and the overall species diversity for all the occupations is
low relative to other coastal sites. There are no major changes in the
large mammal and micromammal species representation through
the sequence, although it is important to note that the taxonomically identiﬁable sample of PP13B is rather small. There is some
suggestion from the micromammals that the area was slightly more
arid during MIS 6. Raphicerus (size 1) are present but not common,
and these are the species that predominate in human accumulated
assemblages from modern areas with Cape ﬂora (Klein, 1983).
Antidorcas is present but not particularly common. Some large
grassland species are present such as hartebeest, wildebeest, and
Cape buffalo, and these are species not anticipated to be common in
Cape ﬂora locations today, nor are they typical of late Holocene
fynbos assemblages (Klein, 1983). However, these taxa are common
in other MIS 5e2 faunas from the south coast. The hartebeest/
wildebeest/springbok association clearly documents the presence
of grasses and open habitats within the foraging radius of the
hunters and Raphicerus suggests there is some shrubby vegetation.
Pinnacle Point 30 (PP30), a brown hyena den (Rector and Reed,
2010), accumulated fairly rapidly w151 ka and so is somewhat later
in age than the LC-MSA Lower occupation, but overlaps with the
Lower Dark Brown Sand units. PP30 shows a similar faunal suite,
suggesting a similar environmental signal, except with more
diversity and substantial portions of Damaliscus, Redunca, and to
a lesser extent blue antelope. Indeed, fauna from PP30 represents
a mammalian community from a shrubland/grassland, very much
in accord with an interface between a broader grassy coastal plain
and a shrubbier habitat associated with the rocky hilly area around
Pinnacle Point. It is unclear if the slight differences in species
representation between PP13B and PP30 result from the different
accumulating agents (humans and brown hyenas, respectively) or
from differing paleoenvironmental conditions. PP30 is a much
larger sample, so it is possible that the greater diversity is partially
driven by the sample size effect (Grayson, 1984).
All the analyzed occupations reﬂect faunal communities from
environments including grassland and shrubland. The MIS 5e3
fauna from Klasies River shows a similar mix of shrubland and
grassland species (Klein, 1983). The substantial addition of open
habitat species and grazers to the shrubland species is the key
deﬁning difference between these MIS 5e3 faunas and the Holocene faunas of the Cape. I think it likely that two key factors
provided this addition of open and grazing habitats: an exposed
Agulhas plain and stronger summer rain.
The paleoscape model (Fisher et al., 2010) shows us that for the
vast majority of MIS 6e2, a wide featureless coastal plain stretched
from the east to west coast between the neocoastline and the
paleocoastline. Using the paleoscape model, we can estimate the
amount of newly exposed landmass at different time slices, along
with the distance to the coast (Table 2). As an example of the
magnitude of these changes, the paleoscape had an additional
w10,000 km2 at 167 ka, w62,000 km2 at 140 ka, and w4,000 km2
at 95 ka. Our recently published speleothem record (Bar-Matthews
et al., 2010) shows that during the stronger cooling phases of MIS
5e3, the south coast received signiﬁcantly stronger amounts of
summer rain coincident with an expansion of C4 grasses. This
stronger summer rain would have allowed the expansion of more
trees, as well as C4 grasses, both mostly excluded from winter
rainfall areas. We have argued that the most parsimonious explanation is the grassy fynbos/thicket vegetation, currently found to
the east, expanded west on the south coast, and likely blanketed
the exposed Agulhas Bank with a C4 grass and woodland mosaic.
This combination of vegetation and mostly featureless east-west
plain provided an ancient, and now extinct, grazing ecosystem,
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possibly with the system migrating east to catch the summer rains
and west for the winter rains. Currently neocoastal sites like
Pinnacle Point, Klasies River, and Nelson Bay Cave provided residential bases from which hunters could target this system, while
still exploiting the shrubbier species around the cliffs and valleys. I
think the consistent dual grassland and shrubland character of
these MIS 6e2 faunas reﬂects predators, either hyenas or people,
exploiting both the shrubby vegetation at the cliffs and coast and
the migration ecosystem made possible by the exposed continental
shelf. It seems likely that the rapid sea level rise at the beginning of
the Holocene obliterated this migration ecosystem and contributed
strongly to the extinction of many of these taxa.
The marine fauna
The shellﬁsh remains are reported by Jerardino and Marean
(2010) and the marine mammal remains in Thompson (2007,
2010). Fish bones are present as only a trace and have not been
studied. Marine mammals (generally dominated by seals) are
uncommon at PP13B, which is typical of MSA sites, but the sample
size is even lower than at other MSA sites. There does not appear to
be any change in seal abundance through time. Seals can be
attained through three means in South Africa: (1) either by hunting
at rookeries, (2) very rarely catching a seal resting on the rocks, or
(3) scavenging of washups (Parkington, 1976; Marean, 1986a, b).
Today, at Pinnacle Point we encounter washups maybe once during
a two month ﬁeld season, but at this time we do not have any
systematic records of washups along this coast and seal populations today are far reduced from overhunting. The rarity of seals
at PP13B is somewhat surprising given that there are some periods
when the occupants were collecting marine resources as indicated
by the shellﬁsh. Overall, in MSA deposits in South Africa seals are
relatively rare compared to some LSA occupations. For example,
shell midden Holocene occupations of LSA sites across the Cape,
including the south coast Nelson Bay Cave (Klein, 1972), the
southwest coast Smitswinkelbaai Cave (Marean, 1985), and west
coast Elands Bay Cave (Parkington, 1976), all have high frequencies
of seals. It has been noted that seals from MSA sites tend to reﬂect
a broader array of age groups than LSA sites (Klein and Cruz-Uribe,
1996), but the starker pattern is the difference in relative abundance between the MSA and LSA. One potential explanation for this
pattern is that most of the MSA sites were occupied when the sea
was not as high as it was during the Holocene, so for the most part
the coast was further away. It is possible that this results in ﬁeld
butchery of the seals, with little bone being returned to site.
In contrast to the terrestrial fauna, the shellﬁsh show dramatic
changes over time in overall abundance and species representation.
There are times when shellﬁsh are not exploited, lightly exploited,
and heavily exploited. There are two taxa that dominate the sample;
Perna perna (rocky intertidal habitat) and Donax serra (sandy beach
habitat). Turbo, a gastropod sea snail that can grow quite large and is
also found in rocky intertidal zones, is also rather common.
The LC-MSA Lower, the oldest occupation of PP13B, the world’s
earliest well documented evidence for the exploitation of marine
shellﬁsh, represents a short time during MIS 6 when the sea rose to
within 4e5 kilometers of the cave (Marean et al., 2007; Fisher et al.,
2010). The fact that shellﬁsh collection is revealed at the same time
the coast comes within this range suggests that MSA people
inhabiting the coastline on the Agulhas Bank were already
exploiting shellﬁsh prior to this date. However, to test this
hypothesis we would need to develop ﬁeldwork at locations where
the decline of the continental shelf is sufﬁciently steep so as to keep
the coast within the 4e5 kilometers collection radius through the
entirely of MIS 6, or intercept MIS 7 populations at current locations. These MSA people focused on exploiting brown mussel,
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although it is notable that a whale barnacle was found, clearly
showing exploitation of beached whale as well. After the coast
retreats, shortly after this occupation and sampled by the Lower DB
Sands units, shellﬁsh exploitation essentially stops. Then, as the sea
begins to move back to within the cave catchment at the end of MIS
6 and into MIS 5e, sampled by LC-MSA Middle and Upper, brown
mussel once again dominates the shellﬁsh sample and this time
Turbo are slightly more abundant than in the LC-MSA Lower.
This changes dramatically as we enter MIS 5d-c. At this time sea
levels have stabilized somewhat and our paleoscape model shows
that the position of the coastline is no longer dramatically shifting
in and out of the foraging radius of hunteregatherers using the
cave. At this time (Lower Roof SpalldUpper Roof SpalldShelly
Brown Sand) people begin exploiting Donax serra (the sand
mussel), and it rises to be the dominant taxon. A ﬁnal reversal in
shellﬁsh exploitation pattern occurs in the Upper Brown Sands just
before the cave is closed by a dune, where Donax serra is once again
absent and there is a rocky intertidal zone focus. Donax serra
dominated assemblages are fairly rare for the MSA of South Africa.
Donax serra middens are common in the LSA and these are abundant in the Mossel Bay area where there are long stable beaches in
half moon bays. However, at Klasies River there is one MSA horizon
dominated by Donax serra that occurs at the RF/SAS boundary
(Thackeray, 1988). Donax serra populations require fairly long stable
dissipative beaches, so it is possible that these Donax serra middens
represent times when such beaches occurred seawards to the
coastal cliffs, yet still within the site catchment.
However, it is also possible that we are seeing a more behaviorally driven pattern, where sandy beaches were present in earlier
periods but simply were not exploited, perhaps because people had
not yet mastered the exploitation of Donax serra. The mussel can be
considered cryptic, since they reside in the sand in the swash zone,
but they do occasionally migrate across the beach by coming to the
surface and moving with the swash. As noted (Jerardino and
Marean, 2010), Donax serra are collected by walking barefoot in
the sandy beach swash zone, using one’s feet to identify the
mollusks, and then quickly digging them out. While it seems
possible that the occasional occurrence of brown mussels may
result from quick fortuitous collection when they are migrating, it
seems likely that the dense middens represent focused collection.
Despite the presence of sandy beaches during the formation of
these Donax serra middens, people were still exploiting rocky
intertidal zones as indicated by the continued presence of Perna
perna and Turbo, and given that the coast is at this time several
kilometers away from the cave, these were almost certainly beach
rock/aeolianite zones on the Agulhas Bank.
Another notable pattern in the shellﬁsh representation is that
when Perna perna was dominant, Donax serra is absent, but when
Donax serra was dominant, Perna perna was still present in
substantial numbers. Turbo, with the exception of the LC-MSA
Lower, was reasonably abundant no matter whether Perna perna or
Donax serra was dominant. This suggests that, no mater what the
conditions, people were exploiting rocky shores when they were
exploiting shellﬁsh. However, the reverse is not the casedthere
were times when people were simply not exploiting sandy beaches
or at least the shellﬁsh were not making it back to the cave.
The artifactual record at PP13B
The ﬂaked stone
The lithic assemblage from PP13B (Thompson et al., 2010)
provides our ﬁrst picture of MSA coastal lithic technology in South
Africa during MIS 6. Also, it is currently the only published site
where occupations from early in MIS 6 through to 90 ka are
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present. Overall, the assemblage resembles other South African
MSA assemblages that precede the Still Bay: ﬁne grained raw
materials such as silcrete are rare and the vast majority of the lithic
artifacts are made on local quartzite, blades and points are both
frequent as are quadrilateral ﬂakes, retouch is rare and when
present is rather unstandardized so that formal retouched tool
forms are essentially absent, there is abundant evidence for core
preparation, and the early stages of lithic manufacture are present
yet cores are rare.
The MSA people of PP13B focused their raw material collection on
cobble beaches that were almost certainly exposed, and replenished,
by the close proximity of the sea and the changing shoreline. Such
cobble beaches are available as raised beaches in the area today, but
it is important to note that these would be quickly exhausted (Kyle
Brown, pers. comm.), so it seems probable that they exploited active
cobble beaches. They ignored the very high quality primary source of
quartzite 10 km away at Cape St Blaize (CSB), in contrast to the
undated CSB site where that source dominates the collection
(Thompson and Marean, 2008). While it is clear that substantial
amounts of primary core reduction occurred on site at PP13B, cores
are fairly rare. We have recently discovered several open air localities
where MSA beach cobble primary reduction regularly occurred and
core rough out activity as indicated by the presence of reﬁtting
primary ﬂakes, cores, and hammerstones are still present. These
could likely be examples of cobble beach exploitation, and we plan
further studies in the near future.
We expected to observe some major changes in lithic tools
through time due to the dramatic changes in the relative signiﬁcance of coastal resources in the diet, major changes in climate and
environment, signiﬁcant changes in the distance to the coastline,
and a pattern of temporally vectored change in other MSA assemblages. This was not the case. For example, Klasies River (Wurz,
2002; Wurz et al., 2003) documents a clear pattern of temporal
reduction in length of blades from MSA I, MSA II lower, and MSA II
upper. PP13B does not show clear temporally vectored changes in
lithic tool size, technology, or raw material. The lithic assemblage
analysis (Thompson et al., 2010) does display statistically signiﬁcant variation, but often not in the direction expected. For example,
blades differ between the LC-MSA MIS 6 units and the MIS 5ced
units in the Eastern and Western areas, but the older blades are
actually smaller than the younger blades, an unexpected pattern.
The only clear temporally vectored shift in technology is an
increase in the frequency of platform preparation through time.
Most of the variation in the PP13B sequence is spatially patterned.
The Western area (back) has more cores, hammerstones, core
rejuvenation ﬂakes, and detached pieces with cortex than does the
front of the cave. This could be because there was more primary
reduction in the back of the cave or because MSA people dumped
this primary reduction material in the back of the cave.
Points are common throughout the assemblage but do not differ
signiﬁcantly through time in abundance or size. An assemblage
level study of edge damage on the points (Schoville, 2010)
expanded on an earlier study (Bird et al., 2007) and shows that
most of the edge damage, which is light and generally not continuous, did not occur as the result of random processes such as
trampling or sedimentary damage. Damage is concentrated on the
lateral margins of the points, on the left and dorsal faces. This is
most consistent with damage caused by using the points as knives,
probably by people who tended to be right handed. There is low
frequency of impact fractures (4%), so few if any points discarded in
the cave were used as projectiles. This does not mean that points
were not used as projectiles, just that the ones that ended up being
discarded in the cave were not. The abundance of butchered large
mammal skeletal fragments throughout the sequence attests to
butchery being practiced on site, so the co-occurrence of the

discarded damaged points and cutmarked bone strongly suggests
that on site butchery was occurring.
While PP13B is only one site, the lack of temporally vectored
change is striking and merits comment. As noted earlier, the
current published sample of MSA sites primarily postdate 100 ka,
and these do show substantial changes through time. If PP13B is
representative of the pre-100 ka pattern, perhaps it is showing us
a rather continuous and unchanging coastal MSA technology
through MIS 6 to w100 ka and then a change in tempo and mode at
100 ka, with technology and raw material taking on a pattern of
regular shifts during the Still Bay, pre-Howieson’s Poort, Howieson’s Poort, and post-Howieson’s Poort.
Pigments and sea shells
The pigments at PP13B represent some of the oldest pigments
yet known. The oldest reported pigments are from the Kapthurin
Formation (McBrearty and Brooks, 2000) dated to 280 ka. These
pigments have not received detailed publication, so it is difﬁcult to
evaluate their character and abundance. Very early pigments are
also reported from Lupemban MSA deposits from Twin Rivers Cave.
When describing the presence of backed pieces, which occur in the
same layers as the pigments, Barham (2000: 206) suggests a fairly
wide range of ages: “At Twin Rivers they (backed pieces) account for
up to 15% of the retouched tool assemblage, and are bracketed by
TIMS U-series dates of between >400 and 140 ka with a probable
median age of 260 ka.”
Pigment assemblages in South Africa have not received
“assemblage level” published descriptions and the description
provided by Watts (2010) on the PP13B material is the ﬁrst in the
Cape. The value of this full description is immediately clear, as it
allows an evaluation of the frequencies of colors, modiﬁed versus
unmodiﬁed pieces, variation in raw materials, and comparative
analysis of densities and frequencies over time. Watts (2010)
reports on 380 probable pigments. The vast majority of these
pigments are saturated reds and very dark red, and the abundance
of reds exceeds its natural occurrence relative to other colors on the
landscape. Red streaking pigments are more frequent than at
Blombos and Twin Rivers, and relative to Blombos the “very red”
types are also more abundant, likely because the source materials
around PP13B were redder. Watts (2010) interprets the abundance
of reds to mean that MSA people targeted for collection pigments of
these colors while eschewing others. It is also possible that people
intentionally “reddened” the pigments through heating and
research is currently underway to examine this potentiality.
Pigments of the type found at PP13B are all available locally; a likely
source is an outcrop of Bokkeveld shale about 5 km north of the
site. There is no evidence for marine wear or boring from marine
organisms, so exploitation of the exposed continental shelf is not
clear. However, it is important to note that most of the larger pieces
have had their external surfaces removed by use, so such indicators
could have been obliterated. A study of sourcing supported by
geochemical techniques (Bernatchez, 2008) is in progress.
Virtually all the utilization on the pigments is grinding and other
types of modiﬁcation, such as scraping and engraving, are rare.
Thirteen percent of all pieces, and 51% by mass, of the pigments
show signs of utilization, and utilized pieces tend to be bigger and
heavier, as well as redder and darker. Blombos has similar amounts
of utilized pieces in the non-Still Bay BBC phase, but the Still Bay
phase has nearly twice the percentage of utilized pieces. Watts
(2010) interprets this to mean that the PP13B smaller pieces or
“debris” entered the sediment as unutilized small pieces. The
overwhelming majority of utilization on the assemblage is in the
form of grinding and Watts (2010) suggests this indicates regular
production of powders for decorative purposes, and powder
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production is the primary reason pigments are present on the site.
If this is true, then it has an interesting and perhaps obvious
implicationdthe pigment assemblages preserved in the sites are in
fact the waste products of powder production and, thus, the highest
quality pieces are now probably ground up and gone. We are likely
seeing the end products of reduction sequences, similar to that
argued for the lithic materials (Dibble, 1987). If this is true, then we
would not expect to regularly ﬁnd large and high quality pieces in
archaeological sitesdtheir presence would be the result of unintentional loss.
There is one extraordinary pigment piece at PP13B that stands
out from the others. It is a large multifaceted ground chunk (22289)
of hematized mudstone. Nearly its entire interior surface is utilized
and Watts (2010) counted 14 facets. When found during excavation
it created great excitement, as its bright red color stood out strongly
against the dark sediments of DB Sand 3 where it was found. It
appears to have been intentionally engraved with a “chevron” and
thus joins a small sample of MSA pigments with juxtaposed lines
from Blombos (Henshilwood et al., 2002, 2009) and Klein Kliphuis
(Mackay and Welz, 2008).
A particular notable occurrence at PP13B is the occurrence of
what we interpret to be “sea shells.” We deﬁne these as specimens
that are present on site, were not collected for food, and did not
reach the site as epibionts (riding on something else). They equal or
exceed in age the shells recently reported from Middle Paleolithic
contexts in the Levant (Bar-Yosef Mayer et al., 2009). We know that
they were not collected for food because several of them present
“beach wear,” which results from gentle tidal rolling after death.
Also, both species (Phalium labiatum [helmet shells] and Glycymeris
connolly [dog cockles]) are only found alive in deep waters that
would require a dangerous dive, and so far we have no evidence
that MSA and LSA people conducted deep dives for any purpose.
The helmet shell is a beautiful gastropod that even today is highly
prized by shell collectors. The dog cockle is a stunning (when fresh)
bivalve that is regularly collected by modern shell collectors and
has a sheen and striking set of parallel lines. Both, particularly dog
cockles, were collected by LSA people, and dog cockles were
modiﬁed into pendants in the Holocene. Both species are found
whole at PP13B and equally interesting, specimens of both are
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found broken with beach wear over the breaks, suggesting that
even in a broken state these species were deemed valuable.
Sea, land, and changing occupations at PP13B
One of our primary goals in paleoanthropology is to try to
understand how MSA people used their landscape, which of course
is hindered by the fact that we have few sites and most of those that
are studied and dated are caves and rockshelters. However, we can
turn this weakness to strength if we conceptualize these sites as
geographically stable points around which the paleoscape shifted.
We can exploit these sequences to intercept parts of ancient
mobility systems and study change over time in the way people
exploited a geographic place. Ideally, we would want to have
a variety of paleoscape variables for each time of occupation (i.e.,
rainfall, vegetation, etc.) so that we could then compare these to the
characteristics of human occupations. At this stage, for the MSA, we
have few of these variables well controlled. However, at this time
we do have a robust model of one paleoscape characteristic that
likely played a key role in shaping the way PP13B (and any site) was
utilized and that is distance to the coast as estimated by the
paleoscape model (Marean et al., 2007; Fisher et al., 2010). Below I
analyze several categories of artifactual and ecofactual data relative
to the coastline distance and compare that to the predictions
developed above.
The paleoscape model is temporally scaled at 1.5 ka increments,
while our ranges of occupation for each stratigraphic aggregate
cover a much longer interval of time. To scale these appropriately I
took the full range of time for each occupation and calculated
a mean coastline distance for that span of time. There are several
qualitative variables that we can glean from our analyses that are
likely to be indicators of important characteristics of the paleoscape
and people’s use of it (Tables 2, 3 and 5). The analysis of shellﬁsh
species representation (Jerardino and Marean, 2010) provides us
with some knowledge of the potential combinations of beaches and
rocky shores that were within the foraging radius of the site, and
accordingly I classiﬁed each occupation as indicating rocky shoreline, sandy beach and rocky shoreline, and no evidence of shoreline
exploitation. The lithic analysis (Thompson et al., 2010) found

Table 3
The main stratigraphic units at PP13 ordered from oldest (bottom) to youngest (top), the tidal zone exploited, categorized distance to the coast, and quantitative data on ﬁnd
densities, sediment volume, and average magnetic susceptibility
Stratigraphic
aggregate

Tidal zone exploited

Coastline
distance km

Fauna
specimens cm3

Lithic
specimens cm3

Truncation Fill

Sandy Beach/
Rocky Shore
Rocky Shoreline
Rocky Shoreline
Rocky Shoreline
Rocky Shoreline
Sandy Beach/
Rocky Shore
Sandy Beach/
Rocky Shore
Sandy Beach/
Rocky Shore
None
Rocky Shoreline
Rocky Shoreline
None
None
None
None
None
Rocky Shoreline
None
None

>10

6419

1142

2e3
2e3
2e3
2e3
1e2

2772
4174
7353
4414
8182

1e2

LB Sand 1
DB Sand 2
LB Sand 2
DB Sand 3
Shelly Brown Sand
Upper Roof Spall
Lower Roof Spall
LBG Sand 1
LC-MSA Upper
LC-MSA Middle
DB Sand 4a
LBG Sand 2
DB Sand 4b
LBG Sand 3
DB Sand 4c
LC-MSA Lower
LB-Silt
Laminated Facies

Pigments
specimens cm3

Shellﬁsh
specimens cm3

Sediment
volumes m3

Avg magnetic
susceptibility

39

1317

0.410

36.87

1020
1540
1062
999
4165

68
131
98
100
233

556
695
59
53
4810

0.324
0.145
0.051
0.472
0.095

10.45
nd
nd
30.01
35.93

8671

2342

75

4255

0.518

52.45

1e2

3016

75

26

2789

0.548

40.97

0e1
0e1
0e1
>10
>10
>10
>10
>10
5e6
?
?

1682
430
1891
1191
974
1521
270
239
6380
774
209

284
1246
1038
275
548
739
270
112
2863
171
14

23
21
0
0
0
43
0
0
90
8
1

33
3867
2633
92
41
0
0
15
643
10
1

0.047
0.746
0.172
0.044
0.049
0.046
0.007
0.134
0.532
0.392
1.177

25.66
4.74
43.84
2.18
4.15
4.45
2.50
2.25
56.76
1.85
1.27
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changes in the amount of primary core reduction that occurred at
PP13B. Since the vast majority of cortical ﬂakes show conclusively
that cobble beaches were being used for raw material sources, this
may reﬂect the proximity of cobble beaches to the sitedtransport
to the cave of the cobbles would suggest closer proximity. Most
stratigraphic aggregates received a sediment sample and we then
subsampled these for magnetic susceptibility (MS; Herries and
Fisher, 2010). As they describe, MS at PP13B is primarily a function of burning intensity and correlates well with ﬁeld identiﬁed
burnt stratigraphic units. Here I use it as a proxy for the amount of
burning and hearth productiondhigh mean MS indicates greater
amounts of onsite burning, and this may also be an indicator of the
intensity of site occupation.
Our ﬁeld technique was designed to help us measure changing
intensities of occupation through time and to do that we directly
measured the sediment volume of all stratigraphic units. This
allows calculation of a summed sediment volume for each stratigraphic aggregate without relying on geometric estimates of
uneven excavated areas (Marean et al., 2010). Since raw abundance
of ﬁnds (lithics, shellﬁsh, etc.) will always be partially a function of
sediment removed, I present changing abundances of these ﬁnds
corrected for sediment volume by taking a unit of measure (counts
or weights) and dividing it by the sediment volume to arrive at
a measure of the density of that material per m3 of excavated
sediment. One potential problem with this approach is that it is
possible that people systematically cleaned out the cave, sweeping
accumulated materials out the mouth. This almost certainly must
have happened occasionally. However, most of the ﬁnd classes
examined here are of roughly similar sizes, so it is probably unlikely
that any particular ﬁnd class was systematically biased relative to
others, except perhaps really large end portions of large fauna
skeletal elements. These are for the most part absent from the site
and this could have occurred from either site maintenance by
people or removal by carnivores (Thompson, 2007, 2010). We have
a variety of ﬁnd types to use as proxies for the changes in occupation intensity and shifting intensities of behaviors through time.
Faunal and shellﬁsh densities should provide proxy measures
related to the changing importance of these items in the diet.
Given the lack of nonhuman collection agents and the relative
similarity of sedimentary destruction through the sequence
(Thompson, 2007, 2010), I use faunal specimen densities as
a proxy for the intensity of skeletal element discard at the site.
Skeletal element discard should be systematically related to
skeletal element transport to the site, although I make no claim
that the amount of surviving hard tissue is in any way convertible
to meat weights. The majority of the surviving skeletal elements
are the dense portions of long bones, and Thompson (2010) found
no signiﬁcant changes in skeletal element transport patterns
through the sequence. Shellﬁsh densities are a proxy for the
amount of shellﬁsh transported to site and processed there. There
is always the potential that people processed and consumed
shellﬁsh elsewhere, and thus we are missing that evidence. Such
ﬁeld processing with shellﬁsh is most typical for very large taxa
that are easily shucked and more typical of univalves relative to
bivalves and gastropods, due to the former’s tendency to dry out
quickly. Such ﬁeld processing and production of coastline middens
is also more common when the coastline is more than 5e10 km
from the site. Because of this I will take a narrow view that
shellﬁsh densities are a proxy for the exploitation of coastal zones
within the typical transport distance of 5e10 km, and not a conﬁdent reﬂection of overall coastline use.
Pigment densities are a proxy for the amount of pigment discarded on site and are likely a less direct proxy for the amount of
pigment processing on site. The density of worked lithic materials
is a proxy for the amount of lithic manufacture and discard that was

occurring on site. Of all the measures discussed here, it is probable
that lithic artifact density and MS may be the best overall proxies
for site occupation intensity. Using those as a proxy, I have classiﬁed
the intensity of occupations into the following categories: no
occupation, low, moderate, and dense. These are meant solely as
within site indicators relative to the overall pattern at PP13B and
not statements about occupation intensities that would be
comparable to other sites with different sedimentary systems.
The line graphs (Fig. 6) summarize the indices described above.
A visual inspection shows that the density of ﬁnds tends to rise
and fall in lock step without regard to ﬁnd class, and these broadly
follow changes in magnetic susceptibility. A Spearman’s Rank
Correlation Coefﬁcient was performed on the matrix; all show
a positive relation and all but one are signiﬁcantly correlated
(Table 4). I did not include distance to coast in the analysis, as the
distances are the same for a large number of aggregates and create
too many ties for a correlation analysis, and thus those data are best
thought of as categorical. I have categorized distance to coast in the
following manner: >10 km, 5e6 km, 2e3 km,1e2 km, and 0e1 km
(Table 5). Since distance to coast is argued to be a key paleoscape
variable, I structure the discussion by distance.
Occupation shifts relative to coastline distance
Our earliest occupation at PP13B is in the early MIS 6 when the
coastline is within 5e6 km of the site (LC-MSA Lower). That short
transgression has a major inﬂuence on the nature of the occupation. The 5e6 km range is just within the typical foraging radius for
coastal foragers. Shellﬁsh from rocky shores are exploited, but
interestingly not sandy beaches, and both the MS and lithic tool
densities are relatively moderate. Despite the abundance of shellﬁsh, terrestrial fauna are common as well so people are still hunting
and transporting signiﬁcant amounts of the animals back to PP13B.
Pigments are common as well, so there is signiﬁcant pigment
processing occurring on site. It is important to note that the shellﬁsh densities may be underestimates as there is some evidence for
dissolution (Karkanas and Goldberg, 2010).
After the LC-MSA Lower occupation, and still within MIS 6, the
coastline is >10 km from PP13B. As expected, shellﬁsh are either
absent or present only in trace amounts. Occupation intensities as
measured by MS and lithic artifact density are low suggesting that
people are locating residential sites at other places on the landscape. Faunal densities are also low, but it is important to note that
terrestrial fauna in these layers are present and particularly in the
DB Sands 4 series we found the remains of some very large bovids.
The evidence for onsite primary core reduction is rather high at this
time, suggesting that during the rare visits to PP13B people were
hunting and also doing all stages of lithic manufacture. Pigments
are rare at these times, so people do not appear to be investing time
in pigment processing, and thus by inference, symbolic activities on
site.
The LC-MSA Middle is dated near Termination II at the crossover
from MIS 6 to MIS 5e. During MIS 5e, sea level reaches wþ5 msl, so
at that time access to the cave would have been difﬁcult if the
current conﬁguration of the area outside the cave today is representative (which may not be true). The transition from late MIS 6 to
early MIS 5e happens quicklydsea level rise is so fast and the
horizontal velocity so rapid that it is impossible to accurately
estimate the distance to the coast at this stage, because the resolution of our dating techniques is insufﬁcient to conﬁdently place
the timing of the occupations within the event. For this reason the
mean coastline distance should be considered unconstrained. It
seems likely that the LC-MSA Middle dates to just prior to this high
sea level, when the coastline was close to the site but not at full
height since the cave would likely have been cut off from any
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Fig. 6. The main indicators of occupation intensity at PP13B. (A) large mammal faunal specimens per m3, (B) shellﬁsh specimens per m3, (C) lithic specimens per m3, and (D) average
magnetic susceptibility (Herries and Fisher, 2010) as a proxy for burning.

seaward approach at maximum wþ5 msl. The excavated sample
from this time is rather small, but once again there is rocky
shoreline exploitation with moderate occupation intensity.
With the transition to MIS 5d and MIS 5c, the coastline distance
becomes relatively stable, shifting slightly from 0.8 to 3.2 km away.
Interestingly, within this period of stability there are some major
shifts in the way people exploit the coastline from PP13B. In the MIS
5d and early MIS 5c occupations, when the coastline moves within
1e2 km, there is a shift away from the earlier pattern of exclusive
rocky shore exploitation. Sandy beach exploitation becomes
dominant over rocky shore, but rocky shore is still signiﬁcant. This
clearly denotes that these two signiﬁcantly different shellﬁsh
habitats are both within the foraging radius of the cave and people
are exploiting both. At the same time, the lithic artifact densities
show the highest levels for the occupation history of the cave,
suggesting high levels of lithic manufacture, and by inference
intensive occupation of the cave. Faunal densities are high as well,
suggesting that intensive terrestrial animal exploitation continues

alongside shellﬁsh collecting. Pigment densities are high, suggesting regular pigment processing, and the people of PP13B now begin
collecting sea shells and transporting them to site. The co-occurrence of pigments and sea shells may suggest important social and
symbolic activities on site. The frequency of primary core reduction
drops, suggesting that people are conducting this activity
elsewhere.
As the coastline moves out 2e3 km from site, many of the
features that were described for the 5e6 km occupation return.
Relative to the 1e2 km coastline conﬁguration, lithic artifact
densities and by proxy site occupation intensity declines to
a moderate level. Shellﬁsh from rocky shorelines are dominant and
the exploitation of sandy beaches is not evident, probably because
they are outside the foraging radius of the site. Faunal frequencies
show that terrestrial animals are still being hunted and transported
to site, and pigments are being transported to the site and processed. Substantial amounts of primary core reduction are taking
place in the cave. Shortly after this occupation, dunes begin to build

Table 4
The Spearmans rank correlation coefﬁcienta

Magnetic susceptibility
Fauna specimens m3
Lithic specimens m3
Pigment specimens m3
Shellﬁsh specimens m3
a

Magnetic susceptibility

Fauna specimens m3

Lithic specimens m3

Pigment specimens m3

Shellﬁsh specimens m3

1
0.78
0.67
0.48
0.68

1.00
0.78
0.77
0.46

1.00
0.84
0.63

1.00
0.41

1.00

Those in italics and bold are not signiﬁcant at the 0.05 level.
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Table 5
Final summary of the overall pattern of occupation intensity and age at PP13B
Stratigraphic
aggregate

Shellﬁsh type

Occupation
intensity

Coastline
distance
summary
(km)

Age

LB Sand 1
DB Sand 2
LB Sand 2
DB Sand 3
Shelly Brown
Sand
Upper Roof
Spall
Lower Roof
Spall
LBG Sand 1

Rocky Shoreline
Rocky Shoreline
Rocky Shoreline
Rocky Shoreline
Sandy Beach/
Rocky Shore
Sandy Beach/
Rocky Shore
Sandy Beach/
Rocky Shore
None

Moderate
Moderate
Moderate
Moderate
Dense

2e3
2e3
2e3
2e3
1e2

Late MIS 5c
Late MIS 5c
Late MIS 5c
Late MIS 5c
Early MIS 5c

Dense

1e2

Early MIS 5c

Dense

1e2

MIS 5d

Low

0e1

LC-MSA Upper
LC-MSA Middle
DB Sand 4a
LBG Sand 2
DB Sand 4b
LBG Sand 3
DB Sand 4c
LC-MSA Lower

Rocky Shoreline
Rocky Shoreline
None
None
None
None
None
Rocky Shoreline

Moderate
Moderate
Low
Low
Low
Low
Low
Moderate

0e1
0e1
>10
>10
>10
>10
>10
5e6

2 occupations
MIS 5e and
MIS 5d
MIS 5d
MIS 5e
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6
Early MIS 6

outside the cave and PP13B and other sites on the west side of
Pinnacle Point are sealed by w90 ka.
Discussion
The analysis presented above shows clear systematic relationships between the artifactual and ecofactual record, site use
intensity, and the conﬁguration of the paleoscape. The evidence for
primary core reduction is one of the few lithic variables that
changes over time, and as shown here does seem to have some
structure relative to other behavioral proxies and the paleoscape.
People who used PP13B collected the vast majority of their raw
material from cobble beaches. One would anticipate that complete
cobbles would have a tendency to be transported back to site when
the cobble beaches are close versus far away, but there are other
complicating variables. Cobble beaches occur in two contexts: (1)
active intertidal zones where they are replenished, and (2) “raised”
fossil cobble beaches that are not being replenished (K. Brown, pers.
comm.) and would require digging for replenishing. The latter are
also subject to being covered by dunes, and thus removed from the
scene.
Primary core reduction at PP13B is rather intense early on in MIS
6 when people are not exploiting shellﬁsh, the occupation intensities appear to be the lowest, and evidence for symbolic activities
is quite low. I suggest these are times when the cave was being
exploited for short visits and the coast was rather far offdpeople
are almost certainly bringing in cobbles from ancient beaches. In
contrast, when sandy beaches are within the foraging radius of the
inhabitants, and the cave is being intensively occupied as a residential site, primary core reduction is relatively reduced. One might
expect it to be greater at this time; however, the presence of sandy
beaches also means that sand supplies are high, sandy beaches are
close and common, and thus ancient cobble beaches may be
beneath dunes and cobble beaches in the active intertidal zones
and may be rare relative to sandy beaches. The evidence for
primary core reduction picks up when rocky beaches are being
exploited and there is little evidence for sandy beach exploitation,
and this likely represents the converse situationdsand supply is

limited, sandy beaches are absent from the foraging radius, and
active cobble beaches are more abundant.
The lack of CSB quartzite (Thompson and Marean, 2008) at the
site suggests that the occupants of PP13B enforced a fairly rigid
10 km catchment. This is also reﬂected in the analysis of site
occupation intensities. The densest occupations at PP13B occur
when people are exploiting two intertidal habitatsdsandy beaches
and rocky shores. This suggests that two shellﬁsh communities are
available within the foraging radius of the site, providing foraging
opportunities that are more diverse. These intensive occupations
also display high levels of symbolic activity in the form of pigment
processing and sea shell collection, and this would be expected
since PP13B would be a location of regular residency and perhaps
congregation. In situations where the sandy beaches are no longer
present or outside the foraging radius of the occupants, density of
occupation is moderate but still fairly high, pigment processing is
common, but not surprisingly sea shell collection from sandy
beaches is absent. When the sea regresses, and the site is no longer
being used as a coastal location, site visits are rare and short. These
relations ﬁt reasonably well with the model developed earlier that
posits that the use of neocoastal sites should reﬂect the distance to
the coastline and that people are focusing their occupations at the
coastline.
A perhaps counterintuitive result is that the amount of shellﬁsh
collection seems to have little to no impact on terrestrial animal
exploitation. Even when people are settled on the coast, exploiting
sandy beaches and rocky shores, there is still a signiﬁcant amount
of transport of terrestrial animal skeletal parts to site, and, by
inference, signiﬁcant amounts of hunting. However, this may not be
as counterintuitive as it seems. As noted earlier, shellﬁsh collection
tends to be the occupation of women and children, so it does not
lesson the amount of time available to men to hunt. It may, through
the extended time spent in one location with a halved terrestrial
foraging radius, result in depletion of terrestrial prey.
Conclusions
The excavations at PP13B began in 2000 (Marean et al., 2004)
and sampled the cave in three locations. The sediments accumulated from prior to 400 ka, but human occupation is documented
between w162 ka and 90 ka, at which time the cave was closed to
human occupation by dunes arrayed against the cliff face. The MSA
deposits of PP13B provide snapshots through time of changing
human occupation over a time that includes several major climate
and environmental changes, and signiﬁcant changes in the distance
to the coast. The site has gained widespread interest due to the fact
that it preserves rare MIS 6 occupations, currently has the oldest
dated evidence for marine food exploitation, some of the earliest
evidence for modiﬁcation and use of pigments, early small blade
technology (Marean et al., 2007), and the oldest evidence for lithic
heat treatment technology (Brown et al., 2009). The papers in this
special issue and the analysis presented here provide descriptions
and analyses of the sedimentary processes, dating, and many of the
ﬁnds from the excavations up to 2007.
PP13B is a neocoastal site that, over time, varied between being
fully terrestrial (the coastline being outside the daily foraging
radius of the occupants) and fully coastal (the coastline being well
within the daily foraging radius of the occupants). Occupation
intensity tracks closely the distance to the coast and the evidence
for the intensity of use of coastal resources. The highest occupation
intensities occur when people are exploiting both sandy beaches
and rocky shorelines, and at these times there is strong evidence for
symbolic activity in the form of pigments and sea shells. It seems
likely that at these times large social groups are basing their residential occupations at the PP caves. When people are using just
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rocky shores, there is less intense occupation, probably because the
rocky shorelines alone can support fewer people for shorter periods
of time. When the coastline retreats, the cave is used only occasionally, probably for short visits. The observation that occupation
intensities are driven primarily by distance to coast and focus on
shellﬁsh suggests that MSA people at this time had a well developed and systematic incorporation of coastal resources into the diet
and their overall behavioral system. The mobility system was
strongly inﬂuenced by the exploitation of shellﬁsh, and the presence of the sea shells suggests that the importance of the sea was
embedded in their symbolic system, perhaps with gift exchange.
These sea shells coupled to marine foraging may signal when
people began to embed in their world view and rituals a clear
commitment to the sea. Modern humans are the sole terrestrial
mammal that, in some cases, has a persistent use of marine
resources that develops into a coastal adaptation characterized by
technological and cultural peculiarities that are rather rare for
hunteregatherer economies. In some situations this coastal adaptation ultimately cultivates dense populations, richly complex
material culture and social institutions, and “sea-centric” cultural
proclivities well expressed among ethnographically and archaeologically documented hunteregatherers in coastal California, Chile,
Australia, and other areas of the world. Pinnacle Point provides us
with a glimpse of the origins of the coastal adaptation.

Acknowledgements
We thank the ISSR staff at ASU and the MAP staff for their
assistance, the Dias Museum for ﬁeld facilities, and SAHRA and
HWC for permits. This research was funded by the National Science
Foundation (USA; grants # BCS-9912465, BCS-0130713, and BCS0524087 to Marean), the Hyde Family Trust Foundation, the Institute for Human Origins, and Arizona State University. I thank the
entire SACP4 team for their colleagueship and outstanding scientiﬁc output, without which this summary paper would never have
been possible. The anonymous referees and Jon Erlandson provided
extremely helpful comments.

References
Adams, J.M., 1997. Global Land Environments Since The Last Interglacial, TN, USA.
Oak Ridge National Laboratory. http://www.esd.ornl.gov/ern/qen/nerc.html.
Ambrose, S.H., 1998. Late Pleistocene human population bottlenecks, volcanic
winter, and differentiation of modern humans. J. Hum. Evol. 34, 623e651.
Avery, G., 1987. Coastal birds and prehistory in the western cape. In: Parkington, J.,
Hall, M. (Eds.), Papers in The Prehistory of The Western Cape. BAR International,
pp. 164e191.
Avery, G., Halkett, D., Orton, J., Steele, T., Tusenius, M., Klein, R., 2008. The Ysterfontein 1 Middle Stone Age rock shelter and the evolution of coastal foraging.
S. Afr. Archaeol. Soc. Goodwin Ser. 10, 66e89.
Backwell, L., d’Errico, F., Wadley, L., 2008. Middle Stone Age bone tools from the
Howiesons Poort layers, Sibudu Cave, South Africa. J. Archaeol. Sci. 35,
1566e1580.
Bailey, G.N., Flemming, N.C., King, G.C.P., Lambeck, K., Momber, G., Moran, L.J.,
Al-Sharekh, A., Vita-Finzi, C., 2007. Coastlines, submerged landscapes, and
human evolution: the Red Sea Basin and the Farasan Islands. J. Isl. Coastal
Archaeol 2, 127e160.
Bar-Matthews, M., Marean, C.W., Jacobs, Z., Karkanas, P., Fisher, E.C., Herries, A.I.R.,
Brown, K.S., Williams, H.M., Bernatchez, J., Ayalon, A., Nilssen, P.J., 2010. A high
resolution and continuous isotopic speleothem record of paleoclimate and
paleoenvironment from 90 to 53 ka from Pinnacle Point on the south coast of
South Africa. Quartern. Sci. Rev. 29, 2131e2145.
Bar-Yosef Mayer, D.E., Vandermeersch, B., Bar-Yosef, O., 2009. Shells and ochre in
Middle Paleolithic Qafzeh Cave, Israel: indications for modern behavior. J. Hum.
Evol. 56, 307e314.
Basell, L.S., 2008. Middle Stone Age (MSA) site distributions in eastern Africa and
their relationship to Quaternary environmental change, refugia and the
evolution of Homo sapiens. Quat. Sci. Rev. 27, 2484e2498.
Behar, D.M., Villems, R., Soodyall, H., Blue-Smith, J., Pereira, L., Metspalu, E.,
Scozzari, R., Makkan, H., Tzur, S., Comas, D., 2008. The dawn of human matrilineal diversity. Am. J. Hum. Gen. 82, 1130e1140.

441

Bernatchez, J.A., 2008. Geochemical characterization of archaeological ochre at
Nelson Bay Cave (Western Cape Province), South Africa. S. Afr. Archaeol. Bull.
63, 3e11.
Bernatchez, J.A., 2010. Taphonomic implications of orientation of plotted ﬁnds from
Pinnacle Point 13B (Mossel Bay, Western Cape Province, South Africa). J. Hum.
Evol. 59 (3e4), 274e288.
Bigalke, E.H., 1973. The exploitation of shellﬁsh by coastal tribesmen of the Transkei.
A. Cape Prov. Mus. Nat. Hist. 9, 159e175.
Binford, L.R., 1980. Willow smoke and dogs tails: hunteregatherer settlement
systems and archaeological site formation. Am. Antiq. 45, 4e20.
Binford, L.R., 1982. The archaeology of place. J. Anthropol. Archaeol. 1, 5e31.
de Boer, W.F., Blijdenstein, A.F., Longamane, F., 2002. Prey choice and habitat use of
people exploiting intertidal resources. Environ. Conserv 29, 238e252.
Bird, C., Minichillo, T., Marean, C.W., 2007. Edge damage distribution at the
assemblage level on Middle Stone Age lithics: an image-based GIS approach. J.
Archaeol. Sci. 34, 771e780.
Bouzouggar, A., Barton, N., Vanhaeren, M., d’Errico, F., Collcutt, S., Higham, T.,
Hodge, E., Parﬁtt, S., Rhodes, E., Schwenninger, J.L., Stringer, C., Turner, E.,
Ward, S., Moutmir, A., Stambouli, A., 2007. 82,000-year-old shell beads from
North Africa and implications for the origins of modern human behavior. Proc.
Natl. Acad. Sci. 104, 9964e9969.
Brain, C.K., 1981. The Hunters or The Hunted? University of Chicago Press, Chicago.
Branch, G.M., Branch, M., 1992. The Living Shores of Southern Africa. Struik
Publishers, Cape Town.
Brooks, A.S., Helgren, D.M., Cramer, J.S., Franklin, A., Hornyak, W., Keating, J.M.,
Klein, R.G., Rink, W.J., Schwarcz, H.P., Smith, J.N.L., Stewart, K., Todd, N.,
Verniers, J., Yellen, J.E., 1995. Dating and context of three Middle Stone Age sites
with bone points in the upper Semliki Valley, Zaire. Science 268, 548e553.
Brown, K.S., Marean, C.W., Herries, A.I.R., Jacobs, Z., Tribolo, C., Braun, D.,
Roberts, D.L., Meyer, M.C., Bernatchez, J., 2009. Fire as an engineering tool of
early modern humans. Science 325, 859e862.
Bustamante, R., Branch, G., 1996. Large scale patterns and trophic structure of
southern African rocky shores: the roles of geographic variation and wave
exposure. J. Biogeogr. 23, 339e351.
Carto, S.L., Weaver, A.J., Hetherington, R., Lam, Y., Wiebe, E.C., 2009. Out of Africa
and into an ice age: on the role of global climate change in the late Pleistocene
migration of early modern humans out of Africa. J. Hum. Evol. 56, 139e151.
Chase, B.M., Meadows, M.E., 2007. Late Quaternary dynamics of southern Africa’s
winter rainfall zone. Earth Sci. Rev. 84, 103e138.
Clark, J.D., Beyene, Y., WoldeGabriel, G., Hart, W.K., Renne, P.R., Gilbert, H.,
Deﬂeur, A., Suwa, G., Katoh, S., Ludwig, K.R., Boisserie, J.R., Asfaw, B., White, T.D.,
2003. Stratigraphic, chronological and behavioural contexts of Pleistocene
Homo sapiens from Middle Awash, Ethiopia. Nature 423, 747e752.
Cowling, R.M. (Ed.), 1992. The Ecology of Fynbos: Nutrients, Fire and Diversity.
Oxford, Cape Town.
Cowling, R.M., Lombard, A.T., 2002. Heterogeneity, speciation/extinction history and
climate: explaining regional plant diversity patterns in the Cape Floristic
Region. Div. Distr. 8, 163e179.
Cowling, R.M., Proches, S., 2005. Patterns and evolution of plant diversity in the
Cape Floristic Region. Biol. Skrifter 55, 273e288.
Cowling, R.M., Proches, S., Partridge, T.C., 2009. Explaining the uniqueness of the
Cape ﬂora: incorporating geomorphic evolution as a factor for explaining its
diversiﬁcation. Mol. Phylo. Evol. 51, 64e74.
d’Errico, F., Henshilwood, C., Vanhaeren, M., van Niekerk, K., 2005. Nassarius
kraussianus shell beads from Blombos Cave: evidence for symbolic behaviour in
the Middle Stone Age. J. Hum. Evol. 48, 3e24.
d’Errico, F., Henshilwood, C.S., 2007. Additional evidence for bone technology in the
southern African Middle Stone Age. J. Hum. Evol. 52, 142e163.
Deacon, H.J., 2001. Modern human emergence: an African archeological perspective. In: Tobias, P.V., Raath, M.A., Maggi-Cecchi, J., Doyle, G.A. (Eds.), Humanity
From African Naissance to Coming MillenniadColloquia in Human Biology and
Palaeoanthropology. Florence University Press, Florence, pp. 217e226.
Deacon, H.J., Geleijnse, V.B., 1988. The stratigraphy and sedimentology of the Main
site sequence, Klasies River, South Africa. S. Afr. Archaeol. Bull. 43, 5e14.
Deacon, J., Lancaster, N., 1988. Late Quaternary Paleoenvironments of Southern
Africa. Clarendon Press, Oxford.
Dibble, H., 1987. The interpretation of Middle Paleolithic scraper morphology.
Am. Antiq. 52, 109e117.
Dupont, L.M., Jahns, S., Marret, F., Ning, S., 2000. Vegetation change in equatorial
West Africa: time-slices for the last 150 ka. Palaeogeogr. Palaeoclimatol.
Palaeoecol. 155, 95e122.
EPICA Community Members, 2004. Eight glacial cycles from an Antarctic ice core.
Nature 429, 623e628.
Erlandson, J.M., 1988. The role of shellﬁsh in prehistoric economies: a protein
perspective. Am. Antiq. 53, 102e109.
Erlandson, J.M., 2001. The archaeology of aquatic adaptations: paradigms for a new
millennium. J. Archaeol. Res. 9, 287e350.
van der Elst, R., 2000. Everyone’s Guide to Sea Fishes of Southern Africa, second ed.
Struik Publishers Ltd, Cape Town.
Fagundes, N.J.R., Ray, N., Beaumont, M., Neuenschwander, S., Salzano, F.M.,
Bonatto, S.L., Excofﬁer, L., 2007. Statistical evaluation of alternative models of
human evolution. Proc. Natl. Acad. Sci. 104, 17614e17619.
Fisher, E.C., Bar-Matthews, M., Jerardino, A., Marean, C.W., 2010. Middle and Late
Pleistocene Paleoscape modeling along the Southern Coast of South Africa.
Quat. Sci. Rev. 29, 1382e1398.

442

C.W. Marean / Journal of Human Evolution 59 (2010) 425e443

Goldblatt, P., 1997. Floristic diversity in the Cape Flora of South Africa. Biodiv.
Conserv. 6, 359e377.
Goldblatt, P., Manning, J.C., 2002. Plant diversity of the Cape Region of Southern
Africa. Ann. MO Botan. Gard. 89, 281e302.
Gonder, M.K., Mortensen, H.M., Reed, F.A., de Sousa, A., Tishkoff, S.A., 2007. WholemtDNA genome sequence analysis of Ancient African lineages. Mol. Biol. Evol.
24, 757e768.
Grayson, D.K., 1984. Quantitative Zooarchaeology. Academic Press, New York.
Halkett, D., Hart, T., Yates, R., Volman, T.P., Parkington, J.E., Orton, J., Klein, R.G., CruzUribe, K., Avery, G., 2003. First excavation of intact Middle Stone Age layers at
Ysterfontein, Western Cape Province, South Africa: implications for Middle
Stone Age ecology. J. Archaeol. Sci. 30, 955e971.
Hamilton, A.C., 1982. Environmental History of East Africa. Academic Press,
New York.
Harpending, H., Rogers, A., 2000. Genetic perspectives on human origins and
differentiation. A. Rev. Genom. Hum. Gen. 1, 361e385.
Harpending, H.C., Sherry, S.T., Rogers, A.R., Stoneking, M., 1993. The genetic structure of ancient human populations. Curr. Anthropol. 34, 481e496.
Hatley, T., Kappelman, J., 1980. Bears, pigs, and Plio-Pleistocene hominids: a case for
the exploitation of belowground food resources. Hum. Ecol. 8, 371e387.
Hearty, P.J., Hollin, J.T., Neumann, A.C., O’Leary, M.J., McCulloch, M., 2007. Global sealevel ﬂuctuations during the Last Interglaciation (MIS 5e). Quatern. Sci. Rev. 26,
2090e2112.
Henshilwood, C.S., D’Errico, F., Marean, C.W., Milo, R.G., Yates, R.J., 2001a. An early
bone tool industry from the Middle Stone Age, Blombos Cave, South Africa:
implications for the origins of modern human behaviour, symbolism and
language. J. Hum. Evol. 41, 631e678.
Henshilwood, C.S., D’Errico, F., Vanhaeren, M., van Niekerk, K., Jacobs, Z., 2004.
Middle Stone Age shell beads from South Africa. Science 304, 404.
Henshilwood, C.S., d’Errico, F., Watts, I., 2009. Engraved ochres from the Middle
Stone Age levels at Blombos Cave, South Africa. J. Hum. Evol. 57, 27e47.
Henshilwood, C.S., D’Errico, F., Yates, R., Jacobs, Z., Tribolo, C., Duller, G.A.T.,
Mercier, N., Sealy, J.C., Valladas, H., Watts, I., Wintle, A.G., 2002. Emergence of
modern human behavior: Middle Stone Age engravings from South Africa.
Science 295, 1278e1280.
Henshilwood, C.S., Marean, C.W., 2003. The origin of modern human behavior:
a critique of the models and their test implications. Curr. Anthropol. 44, 627e651.
Henshilwood, C.S., Sealy, J.C., Yates, R.J., Cruz-Uribe, K., Goldberg, P., Grine, F.E.,
Klein, R.G., Poggenpoel, C., van Niekerk, K., Watts, I., 2001b. Blombos Cave,
southern Cape, South Africa: preliminary report on the 1992e1999 excavations
of the Middle Stone Age levels. J. Archaeol. Sci. 28, 421e448.
Herries, A.I.R., Fisher, E.C., 2010. Multidimensional modeling of magnetic mineralogy as a proxy for ﬁre use and spatial patterning: Evidence from the Middle
Stone Age bearing sea cave of Pinnacle Point 13B (Western Cape, South Africa).
J. Hum. Evol. 59 (3-4), 306e320.
Hetherington, R., Wiebe, E., Weaver, A.J., Carto, S.L., Eby, M., MacLeod, R., 2008.
Climate, African and Beringian subaerial continental shelves, and migration of
early peoples. Quat. Int. 183, 83e101.
Hockey, P.A.R., Alison, L.B., 1986. Man as an intertidal predator in Transkei: disturbance, community convergence and management of a natural food resource.
OIKOS 46, 3e14.
Hovers, E., Ilani, S., Bar-Yosef, O., Vandermeersch, B., Barham, L., Belfer-Cohen, A.,
Klein, R.G., Knight, C., Power, C., Watts, I., 2003. An early case of color
symbolism. Curr. Anthropol. 44, 491e522.
Ingman, M., Kaessmann, H., Paabo, S., Gyllensten, U., 2000. Mitochondrial genome
variation and the origin of modern humans. Nature 408, 708e713.
Jacobs, Z., 2010. An OSL chronology for the sedimentary deposits from Pinnacle
Point Cave 13Bda punctuated presence. J. Hum. Evol. 59 (3-4), 289e305.
Jacobs, Z., Duller, G.A.T., Wintle, A.G., Henshilwood, C.S., 2006. Extending the
chronology of deposits at Blombos Cave, South Africa, back to 140 ka using
optical dating of single and multiple grains of quartz. J. Hum. Evol. 51, 255e273.
Jacobs, Z., Roberts, R.G., Galbraith, R.F., Deacon, H.J., Grun, R., Mackay, A., Mitchell, P.,
Vogelsang, R., Wadley, L., 2008. Ages for the Middle Stone Age of southern
Africa: implications for human behavior and dispersal. Science 322, 733e735.
Jennifer, R.S., Robert, G., Henry, P.S., Mary, M.A.M., Maxine, R.K., 2004. A reconstruction of Quaternary pluvial environments and human occupations using
stratigraphy and geochronology of fossil-spring tufas, Kharga Oasis, Egypt.
Geoarchaeology 19, 407e439.
Jerardino, A., Marean, C.W., 2010. Shellﬁsh gathering, marine palaeoecology and
modern human behavior: perspectives from Cave PP13B, Pinnacle Point, South
Africa. J. Hum. Evol. 59 (3-4), 412e424.
Karkanas, P., Goldberg, P., 2010. Site formation processes at Pinnacle Point Cave 13B
(Mossel Bay, Western Cape Province, South Africa): Resolving stratigraphic and
depositional complexities with micromorphology. J. Hum. Evol. 59 (3-4), 256e273.
Kelly, R.L., 1995. The Foraging Spectrum. Smithsonian Institution Press, Washington, DC.
Klein, R.G., 1972. The late quaternary mammalian fauna of Nelson Bay Cave (Cape
Province, South Africa): its implications for megafaunal extinctions and environmental and cultural change. Quat. Res. 2, 135e142.
Klein, R.G., 1983. Palaeoenvironmental implications of quaternary large mammals
in the fynbos region. In: Deacon, H.J., Hendey, Q.B., Lambrechts, J.J.N. (Eds.),
Fynbos Palaeoecology: A Preliminary Synthesis. South African National Scientiﬁc Programmes, Report 75, Pretoria, pp. 116e138.
Klein, R.G., 1998. Why anatomically modern people did not disperse from Africa
100,000 years ago. In: Akazawa, T., Aoki, K., Bar-Yosef, O. (Eds.), Neanderthals
and Modern Humans in Western Asia. Plenum Press, New York, pp. 509e521.

Klein, R.G., 2000. Archeology and the evolution of human behavior. Evol. Anthropol.
9, 17e36.
Klein, R.G., Cruz-Uribe, K., 1996. Exploitation of large bovids and seals at Middle and
Later Stone Age sites in South Africa. J. Hum. Evol. 31, 315e334.
Kryger, U., Robinson, T.J., Bloomer, P., 2004. Population structure and history of
southern African scrub hares, Lepus saxatilis. J. Zool. 263, 121e133.
Kyle, R., Robertson, W.D., Birnie, S.L., 1997. Subsistence shellﬁsh harvesting in the
Maputaland Marine Reserve in northern KwaZulu-Natal, South Africa: sandy
beach organisms. Biol. Conserv. 82, 173e182.
Lahr, M.M., Foley, R.A., 1998. Towards a theory of modern human origins: geography, demography, and diversity in recent human evolution. Yearb. Phys.
Anthropol. 41, 137e176.
Lambert, F., Delmonte, B., Petit, J.R., Bigler, M., Kaufmann, P.R., Hutterli, M.A.,
Stocker, T.F., Ruth, U., Steffensen, J.P., Maggi, V., 2008. Dust-climate couplings
over the past 800,000 years from the EPICA Dome C ice core. Nature 452,
616e619.
Lasiak, T., Dye, A., 1989. The ecology of the brown mussel Perna perna in Transkei,
Southern Africa: implications for the management of a traditional food
resource. Biol. Conserv. 47, 245e257.
Lee, R.B., 1968. What hunters do for a living or, how to make out on scare resources.
In: Lee, R.B., DeVore, I. (Eds.), Man the Hunter. Aldine, Chicago, pp. 30e48.
Lee, R.B., 1972. Kung spatial organization: an ecological and historical perspective.
Hum. Ecol. 1, 73e97.
Lee, R.B., 1979. The !Kung San: Men, Women and Work in a Foraging Society.
Cambridge University Press, Cambridge.
Linder, H.P., Hardy, C.R., 2004. Evolution of the species-rich Cape ﬂora. Philos. Trans.
Roy. Soc. Lond. B 359, 1623e1632.
Lutjeharms, J.R.E., Monteiro, P.M.S., Tyson, P.D., Obura, D., 2001. The oceans around
southern Africa and regional effects of global change. S. Afr. J. Sci. 97, 119e130.
Mackay, A., Welz, A., 2008. Engraved ochre from a Middle Stone Age context at Klein
Kliphuis in the Western Cape of South Africa. J. Archaeol. Sci. 35, 1521e1532.
Manning, J., 2008. Field Guide to Fynbos, second ed. Struik Publishers Ltd, Cape
Town.
Marean, C.W., 1985. The faunal remains from Smitswinkelbaai Cave, Cape Peninsula.
S. Afr. Archaeol. Bull. 40, 100e102.
Marean, C.W., 1986a. On the seal remains from Klasies River Mouth: an evaluation
of Binford’s interpretation. Curr. Anthropol. 27, 365e368.
Marean, C.W., 1986b. Seasonality and seal exploitation in the South-western Cape,
South Africa. Afr. Archaeol. Rev. 4, 135e149.
Marean, C.W., 2008. The African Origins of Modern Human Behavior. Nobel
Conference 44. Available from: http://gustavus.edu/events/nobelconference/
2008/.
Marean, C.W., 2010. Coastal South Africa and the co-evolution of the modern
human lineage and coastal adaptations. In: Bicho, N., Haws, J.A., Davis, L.G.
(Eds.), Trekking the Shore: Changing Coastlines and the Antiquity of Coastal
Settlement. Springer, New York.
Marean, C.W., Abe, Y., Frey, C.J., Randall, R.C., 2000a. Zooarchaeological and taphonomic analysis of the Die Kelders Cave 1 Layers 10 and 11 Middle Stone Age
larger mammal fauna. J. Hum. Evol. 38, 197e233.
Marean, C.W., Assefa, Z., 2005. The Middle and Upper Pleistocene African record for
the biological and behavioral origins of modern humans. In: Stahl, A.B. (Ed.),
African Archaeology. Blackwell, New York, pp. 93e129.
Marean, C.W., Bar-Matthews, M., Bernatchez, J., Fisher, E., Goldberg, P., Herries, A.I.,
Jacobs, Z., Jerardino, A., Karkanas, P., Minichillo, T., 2007. Early human use of
marine resources and pigment in South Africa during the Middle Pleistocene.
Nature 449, 905e908.
Marean, C.W., Bar-Matthews, M., Fisher, E.C., Goldberg, P., Herries, A.I.R.,
Karkanas, P., Nilssen, P.J., Thompson, E., 2010. The stratigraphy of the Middle
Stone Age sediments at Pinnacle Point Cave 13B (Mossel Bay, Western Cape
Province, South Africa). J. Hum. Evol. 59 (3-4), 234e255.
Marean, C.W., Goldberg, P., Avery, G., Grine, F.E., Klein, R.G., 2000b. Middle Stone
Age stratigraphy and excavations at Die Kelders Cave 1 (Western Cape
Province, South Africa): the 1992, 1993, and 1995 ﬁeld seasons. J. Hum. Evol.
38, 7e42.
Marean, C.W., Nilssen, P.J., Brown, K., Jerardino, A., Stynder, D., 2004. Paleoanthropological investigations of Middle Stone Age sites at Pinnacle Point, Mossel Bay
(South Africa): archaeology and hominid remains from the 2000 ﬁeld season.
Paleo Anthropol. 2, 14e83.
Marth, G., Schuler, G., Yeh, R., Davenport, R., Agarwala, R., Church, D., Wheelan, S.,
Baker, J., Ward, M., Kholodov, M., Phan, L., Czabarka, E., Murvai, J., Cutler, D.,
Wooding, S., Rogers, A., Chakravarti, A., Harpending, H.C., Kwok, P.Y., Sherry, S.T.,
2003. Sequence variations in the public human genome data reﬂect a bottlenecked population history. Proc. Natl. Acad. Sci. 100, 376e381.
Matthews, T., Marean, C.W., Nilssen, P.J., 2009. Micromammals from the Middle
Stone Age (92e167 ka) at Cave PP13B, Pinnacle Point, south coast, South Africa.
Paleontol. Afr. 44, 112e120.
McBrearty, S., Brooks, A.S., 2000. The revolution that wasn’t: a new interpretation of
the origin of modern human behavior. J. Hum. Evol. 39, 453e563.
McDougall, I., Brown, F.H., Fleagle, J.G., 2005. Stratigraphic placement and age of
modern humans from Kibish, Ethiopia. Nature 433, 733e736.
Meehan, B., 1982. Shell Bed To Shell Midden. Australian Institute of Aborginal
Studies, Atlantic Highlands.
Mellars, P.A., 1973. The character of the middle-upper Paleolithic transition in
south-west France. In: Renfrew, C. (Ed.), The Explanation of Cultural Change.
Duckworth, London, pp. 255e276.

C.W. Marean / Journal of Human Evolution 59 (2010) 425e443
Mucina, L., Rutherford, M.C., Powrie, L.W., 2006. Vegetation atlas of South Africa,
Lesotho and Swaziland. In: Mucina, L., Rutherford, M.C. (Eds.), The Vegetation of
South Africa, Lesotho, and Swaziland. South African National Biodiversity
Institute, Pretoria, pp. 748e790.
Parkington, J., 1976. Coastal settlement between the mouths of the Berg and Olifants
Rivers, Cape Province. S. Afr. Archaeol. Bull. 31, 127e140.
Parkington, J., 1977. Soaqua: huntereﬁsheregatherers of the Olifants River Valley
Western Cape. S. Afr. Archaeol. Bull. 32, 150e157.
Parkington, J., 1980. Time and place: some observations on spatial and temporal
patterning in the Later Stone Age sequence in southern Africa. S. Afr. Archaeol.
Bull. 35, 73e83.
Parkington, J., 1981. The effects of environmental change on the scheduling of visits
to the Elands Bay Cave, Cape Province, S.A. In: Hodder, I., Isaac, G., Hammond, N.
(Eds.), Pattern of The Past. Cambridge University Press, Cambridge, pp.
341e359.
Parkington, J., 2001. Milestones: the impact of the systematic exploitation of marine
foods on human evolution. In: Tobias, P.V., Raath, M.A., Moggi-Cecci, J.,
Doyle, G.A. (Eds.), Humanity From African Naissance to Coming Millennia.
Firenze University Press, Firenze, pp. 327e336.
Parkington, J., Poggenpoel, C., Buchanan, W., Robey, T., Manhire, T., Sealy, J., 1988.
Holocene coastal settlement patterns in the Western Cape. In: Bailey, G.,
Parkington, J. (Eds.), The Archaeology of Prehistoric Coastlines. Cambridge
University Press, NY, pp. 22e41.
Petit, J.R., Jouzel, J., Raynaud, D., Barkov, N.I., Barnola, J.M., Basile, I., Bender, M.,
Chappellaz, J., Davis, M., Delaygue, G., Delmotte, M., Kotlyakov, V.M.,
Legrand, M., Lipenkov, V.Y., Lorius, C., PEpin, L., Ritz, C., Saltzman, E.,
Stievenard, M., 1999. Climate and atmospheric history of the past 420,000 years
from the Vostok ice core, Antarctica. Nature 399, 429e436.
Proches, S., Cowling, R.M., Goldblatt, P., Manning, J.C., Snijman, D.A., 2006. An
overview of the Cape geophytes. Biol. J. Linnean Soc. 87, 27e43.
Proches, S., Cowling, R.M., du Preez, D.R., 2005. Patterns of geophyte diversity and
storage organ size in the winter-rainfall region of southern Africa. Diver. Distr.
11, 101e109.
Rebelo, A.G., Boucher, C., Helme, N., Mucina, L., Rutherford, M.C., 2006. Fynbos Biome.
In: Mucina, L., Rutherford, M.C. (Eds.), The Vegetation of South Africa, Lesotho, and
Swaziland. South African National Biodiversity Institute, Pretoria, pp. 52e219.
Rector, A.L., Reed, K.E., 2010. Middle and late Pleistocene faunas of Pinnacle Point
and their paleoecological implications. J. Hum. Evol. 59 (3-4), 340e357.
Rogers, A.R., Jorde, L., 1995. Genetic evidence on modern human origins. Hum. Biol.
67, 1e36.
Schoville, B.J., 2010. Frequency and distribution of edge damage on Middle Stone Age
lithic points, Pinnacle Point 13B, South Africa. J. Hum. Evol. 59 (3-4), 378e391.
Sealy, J.C., Van der Merwe, N.J., 1987. Stable carbon isotopes, Later Stone Age diets
and seasonal mobility in the Southwestern Cape. In: Parkington, J., Hall, M.
(Eds.), Papers in the Prehistory of the Western Cape, South Africa. BAR International, Oxford, pp. 262e268.
Sealy, J.C., Van der Merwe, N.J., 1992. On “Approaches to dietary reconstruction in
the Western Cape: are you what you have eaten?”da reply to Parkington. J.
Archaeol. Sci. 19, 1e8.
Silberbauer, G.B., 1981. Hunter and Habitat in the Central Kalahari Desert. Cambridge University Press, Cambridge.
Singer, R., Wymer, J., 1982. The Middle Stone Age at Klasies River Mouth in South
Africa. University of Chicago Press, Chicago, IL.
Smith, T.M., Tafforeau, P., Reid, D.J., Grün, R., Eggins, S., Boutakiout, M., Hublin, J.J.,
2007. Earliest evidence of modern human life history in North African early
Homo sapiens. Proc. Natl. Acad. Sci. 104, 6128e6133.

443

Tanaka, J., 1969. The ecology and social structure of the central Kalahari bushmen,
a preliminary report. Kyoto Univ. Afr. Stud. 3, 1e26.
Tanaka, J., 1980. The San HuntereGatherers of the Kalahari: A Study in Ecological
Anthropology. University of Tokyo Press, Tokyo.
Texier, P.J., Porraz, G., Parkington, J., Rigaud, J.P., Poggenpoel, C., Miller, C., Tribolo, C.,
Cartwright, C., Coudenneau, A., Klein, R., Steele, T., Verna, C., 2010. A Howiesons
Poort tradition of engraving ostrich eggshell containers dated to 60,000 years ago
at Diepkloof Rock Shelter, South Africa. Proc. Natl. Acad. Sci. 107, 6180e6185.
Thackeray, J.F., 1988. Molluscan Fauna from Klasies River, South Africa. S. Afr.
Archaeol. Bull. 43, 27e32.
Thompson, E., Marean, C.W., 2008. The Mossel Bay lithic variant: 120 years of
Middle Stone Age research from Cape St Blaize Cave to Pinnacle Point. S. Afr.
Archaeol. Soc. Goodwin Ser. 10, 90e104.
Thompson, E., Williams, H.M., Minichillo, T., 2010. Middle and Late Pleistocene
Middle Stone Age lithic technology from Pinnacle Point 13B (Mossel Bay,
Western Cape Province, South Africa). J. Hum. Evol. 59 (3-4), 358e377.
Thompson, J.C., 2007. Zooarchaeological tests for modern human behavior at
Blombos Cave and Pinnacle Point Cave 13b, Southwestern Cape, South Africa.
Ph.D. Dissertation, Arizona State University.
Thompson, J.C., 2010. Taphonomic analysis of the Middle Stone Age Faunal assemblage from Pinnacle Point Cave 13B, Western Cape, South Africa. J. Hum. Evol. 58.
Tishkoff, S.A., Gonder, M.K., Henn, B.M., Mortensen, H., Knight, A., Gignoux, C.,
Fernandopulle, N., Lema, G., Nyambo, T.B., Ramakrishnan, U., 2007. History of
click-speaking populations of Africa inferred from mtDNA and Y chromosome
genetic variation. Mol. Biol. Evol. 24, 2180e2195.
Vaks, A., Bar-Matthews, M., Ayalon, A., Matthews, A., Halicz, L., Frumkin, A., 2007.
Desert speleothems reveal climatic window for African exodus of early modern
humans. Geology 35, 831e834.
Vanhaeren, M., d’Errico, F., Stringer, C., James, S.L., Todd, J.A., Mienis, H.K., 2006.
Middle Paleolithic shell beads in Israel and Algeria. Science 312, 1785e1788.
Vincent, A.S., 1984. Plant foods in savanna environments: a preliminary report of
tubers eaten by the Hadza of northern Tanzania. World Archaeol. 17, 131e147.
Vincent, A.S., 1985. Underground plant foods and subsistence in human evolution.
Unpublished Ph.D. Dissertation, University of California at Berkeley.
Vogel, J.C., Fuls, A., Ellis, R.P., 1978. The geographical distribution of Kranz grasses in
South Africa. S. Afr. J. Sci. 74, 209e215.
Watts, I., 1999. The origin of symbolic culture. In: Dunbar, R., Knight, C., Power, C. (Eds.),
The Evolution of Culture. Edinburgh University Press, Edinburgh, pp. 113e146.
Watts, I., 2002. Ochre in the Middle Stone Age of southern Africa: ritualized display
or hide preservative? S. Afr. Archaeol. Bull. 57, 1e14.
Watts, I., 2010. The pigments from Pinnacle Point Cave 13B, Western Cape, South
Africa. J. Hum. Evol. 59 (3e4), 392e411.
White, T.D., Asfaw, B., DeGusta, D., Gilbert, H., Richards, G.D., Suwa, G., Clark
Howell, F., 2003. Pleistocene Homo sapiens from Middle Awash, Ethiopia.
Nature 423, 742e747.
Wrangham, R.W., Jones, J.H., Laden, G., Pilbeam, D., Conklin-Brittain, N., 1999. The
raw and the stolen: cooking and the ecology of human origins. Curr. Anthropol.
40, 567e594.
Wurz, S., 2002. Variability in the Middle Stone Age lithic sequence, 115,000e60,000
years ago at Klasies River, South Africa. J. Archaeol. Sci. 29, 1001e1016.
Wurz, S., le Roux, N.J., Gardner, S., Deacon, H.J., 2003. Discriminating between the
end products of the earlier Middle Stone Age sub-stages at Klasies River using
biplot methodology. J. Archaeol. Sci. 30, 1107e1126.
Yellen, J.E., Brooks, A.S., Cornelissen, E., Mehlman, M.J., Stewart, K., 1995. A Middle
Stone Age worked bone industry from Katanda, Upper Semliki Valley, Zaire.
Science 268, 553e556.

