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a b s t r a c t

In this paper, we assess the nutritional value of some marine and terrestrial food resources available to
Middle Stone Age hunter-gatherers in the Western Cape of South Africa with respect to an important
macronutrient (protein) and an essential micronutrient (iron) and introduce a framework for assessing
the relative utility of marine and terrestrial resources. Whilst the ability to extract nutrients from the
environment has always been a lynchpin in archaeologists' reconstructions of human evolution, a recent
paradigm shift has recognized the role of marine resources in encephalization. Nutritional research in-
dicates that marine ecosystems are the best source for long chain polyunsaturated fatty acids essential
for proper brain development, and excavations at securely dated archaeological sites in South Africa
provide firm evidence for the exploitation of marine resources by Middle Stone Age hunter-gatherers
from at least Marine Isotope Stage 5 (130 ka), and possibly even earlier. Because marine molluscs are
abundant, predictably located and easily harvested, they would have been readily available to all
members of the community, in contrast to terrestrial resources. The improving archaeological record
gives important clues to resource choice, but many more nutritional observations are needed to deter-
mine the extent to which marine resources could have met the nutrient requirements of prehistoric
people. Our observations indicate that marine and terrestrial fauna are both excellent sources of protein,
and that marine molluscs have higher iron concentrations than we expected for invertebrate fauna. We
calculate the number of individual food items from a selection of marine and terrestrial species needed to
provide the protein and iron requirements of a hypothetical group of hunter-gatherers, identify contrasts
in peoples' requirements for and access to nutrients and resources, and discuss the implications for
prehistoric subsistence strategies and human evolution.

© 2014 Elsevier Ltd. All rights reserved.
Introduction

The nub of the current debate about the role of nutrition in
‘becoming modern’ is the question of whether we can distinguish
archaeologically between several scenarios; more specifically was
the incorporation of marine foods essential (or likely) in the diet of
early humans? Our inability to easily answer this question derives
from a number of aspects of this debate. First, we routinely rely on
estimates from modern hunter-gatherers to set our expectations
. Kyriacou).
for individual and group nutritional requirements in the past.
Second, we have a modest understanding of the distribution of key
nutritional resources across the landscape in which the earliest
undoubtedly modern people were operating. Third, we already
know that there would be several different pathways through
which groups could have met their nutritional requirements.
Finally, we have not seriously explored the extent to which the
archaeological record can distinguish between alternative sce-
narios and provide us with reliable explanatory narratives. In this
paper we tackle several of these issues, primarily by offering some
preliminary nutritional information on the availability of protein
and iron from resources represented clearly in the archaeological
record.
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Diet and becoming modern

Nutrition has always played a central role in models of human
evolution. The consumption of a high quality diet is recognized as
both a prerequisite for and a consequence of encephalization. Di-
etary quality has sometimes been defined largely in terms of pro-
tein, wheremeat is regarded asmore easily digested and better able
to provide the requirements of large-brained hominids (Aiello and
Wheeler, 1995; Cunnane, 2010) than plant material. It is therefore
not surprising that earlier scenarios emphasized the acquisition of
meat from terrestrial ungulates bymeans of scavenging, hunting, or
a combination of both (Dart, 1953; Washburn and Lancaster, 1968;
Aiello and Wheeler, 1995; Hawkes et al., 2001). While protein
derived from terrestrial animals was previously regarded as the
single most important nutrient for evolving hominids, current
scenarios emphasize fat. Researchers have also identified a number
of problems associated with high protein diets. Speth (2010), for
instance, cites the accounts of early explorers who had to subsist
exclusively on meat for long periods of time. This resulted in a
phenomenon known as ‘rabbit starvation’ in which the excessive
consumption of meat resulted in nausea, diarrhea and eventually
death (Cordain et al., 2000; Mann, 2000; Speth, 2010), a normal
consequence when large quantities of lean muscle tissue are
consumed without being adequately offset by fat. Most large Afri-
can terrestrial ungulates are low in fat compared with domesti-
cated animals. To obtain an adequate supply of this nutrient, Middle
Stone Age hunter-gatherers would have had to target larger in-
dividuals with greater proportions of body fat, or extract high-fat
portions of carcasses such as the bone marrow and brains
(Cordain et al., 2000; Speth, 2010).

Attention has also shifted from the savannah to coastal and
other littoral environments, and to the potential of marine and
aquatic resources to meet the highly specific demands of evolving
brains. Marine and aquatic foods are particularly rich in the long
chain polyunsaturated fatty acids required for normal brain
development (Crawford et al., 1999) when compared with terres-
trial foods. Docosahexaenoic acid (DHA) is the main constituent of
neural tissue in all mammals (Crawford et al., 1999; Mann, 2000;
Brenna, 2010; Crawford, 2010). Deficiencies in DHA and AA
(arachidonic acid) have been shown to have a detrimental effect on
cognitive development, particularly during gestation and infancy.
These essential fatty acids are transferred to the fetus in utero via
the placenta, and to the neonate in breast milk. Humans have a
limited ability to synthesize both of the omega 3 fatty acids found in
the brain, namely DHA and eicosapentaenoic acid (EPA). Much, if
not all, of these fatty acids would have to come from the diet.
Several micronutrients, including iodine, iron, selenium, copper
and zinc, are also required for optimal cognitive function (Cunnane,
2010). Some researchers have argued that terrestrial food chains
are low in essential fats relative to marine food chains, making the
savannah an unlikely setting for the evolution of the modern hu-
man brain (Crawford et al., 1999; Crawford, 2010) and argue that
marine foods including molluscs, fish and mammals would have
been very good sources of fat. Others, notably Speth (2010),
maintain that essential fatty acids could still be obtained by the
consumption of brains and bone marrow from terrestrial animals.

Diet and the archaeological record

The quantification of faunal remains derived from archaeolog-
ical sites allows for the partial reconstruction of Middle Stone Age
peoples' diets and food acquisition strategies. The exploitation of
marine resources is firmly attested by the preservation of shellfish
and other marine food residues at several Middle Stone Age sites in
the southwestern Cape. Marine molluscs are often the best
represented category of faunal remains at coastal sites. Open sites
and rock shelters on the western Cape coast indicate a preference
for black mussels (Choromytilus meridionalis) and large limpets
(Cymbula granatina) inhabiting the mid-intertidal zone (Volman,
1978; Klein et al., 2004; Avery et al., 2008). On the southern Cape
coast, where year-round rainfall and warmer water temperatures
give rise to different ecological conditions, brown mussels (Perna
perna), large alikreukel (Turbo sarmaticus) and several large limpets
found in the mid-littoral zone were most frequently targeted by
prehistoric foragers (Voigt, 1973; Thackeray, 1988; Henshilwood
et al., 2001a,b; Marean et al., 2004, 2007). The remains of fish are
absent from most Middle Stone Age sites with the notable excep-
tion of Blombos Cave. Excavations at this site yielded the remains of
at least 10 species of fish. Two of these are deep sea species where
the issue is whether they were more likely to have been actively
caught rather than scavenged from wash-ups (McBrearty and
Brooks, 2000; Henshilwood et al., 2001a,b). Bones from 47 fam-
ilies of fish, mostly small estuarine and inter-tidal species, were
recovered during the 1984e1988 excavations at Klasies River
Mouth. The Middle Stone Age inhabitants of the site may have been
at least partially responsible for the accumulation of these faunal
remains (Von den Driesch, 2004). The remains of marine birds are
rare and are mostly represented by species such as penguins and
cormorants. The absence of other avian fauna from Middle Stone
Age sites has been attributed by Klein and colleagues (2004) to the
technological constraints of Middle Stone Age people. Marine
mammals are represented by dolphins and seals. Whale barnacles
recovered from Pinnacle Point (PP13b) most likely indicate the
processing of carcasses washed up in the vicinity of living sites. The
absence of fish, scarcity of birds, age-at death of seals and narrow
range of molluscs in Middle Stone Age sites have led some re-
searchers, notably Klein and colleagues (2004) and Avery and col-
leagues (2008), to assert that Middle Stone Age hunter-gatherers
were less efficient marine foragers than their Later Stone Age
successors.

Middle Stone Age people's hunting proficiency is somewhat
contested among archaeologists. The majority of researchers today
agree that a range of terrestrial ungulates were actively hunted by
Middle Stone Age people (Milo, 1998). The quantification and
analysis of faunal remains from sites such as Klasies River Mouth
and Yzerfontein seem to indicate that large bovids, notably the
docile and gregarious eland, were the prey of choice for Middle
Stone Age hunters. According to Klein and his colleagues (2004),
these animals were most likely killed by being driven into natural
traps. Numerous small terrestrial species including small mam-
mals, rodents and reptiles are particularly well represented at
Middle Stone Age sites on the western Cape coast. Significant
quantities of ostrich eggshell recovered from these sites indicate
that ostrich eggsweremost likely also a feature ofMiddle Stone Age
diets in the region.

The exploitation of terrestrial plants byMiddle Stone Age people
is particularly difficult to reconstruct, as plant remains are seldom
preserved in archaeological deposits. The importance of regularly
collected plant foods among modern hunter-gatherers has been
demonstrated by several decades of ethnographic research. How-
ever, not all of the highly nutritious plant resources exploited by
present-day hunter-gatherers would have been available to Middle
Stone Age people in the southwestern Cape. Some Kalahari San, for
example, have access to large quantities of mongongo nuts, which
are an excellent source of protein and fat, whilst the Hazda of East
Africa exploit a wide range of edible fruits and nuts (Speth, 2010).
The southwestern Cape coast, by contrast, has fewer edible plant
species, and these vary greatly in their seasonal abundance
(Parkington, 2003). Marean et al. (2007) propose that marine
molluscs and the underground storage organs of plants of the



Table 1
Current Recommended Dietary Allowance (RDA) for protein and iron.

Age and gender Protein (g/day) Iron (mg/day)

Adult male 56 8
Adult female 46 18
Pregnant female 56 27
Child 1e3 years 13 7
Child 4e8 years 19 10
Child 9e13 years 34 8
Male 14e18 years 52 11
Female 14e18 years 46 15
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genus Watsonia and other members of the Iridaceae family pro-
vided some of the very few sources of protein and carbohydrates,
respectively, available toMiddle Stone Age people living at Pinnacle
Point under harsh climatic conditions.

Although archaeological remains give us some idea of the foods
collected and consumed by prehistoric hunter-gatherers, Middle
Stone Age people certainly exploited a wider range of resources
than those represented at archaeological sites. Information on the
nutritional value of these resources is incomplete. This stimulated
us to analyze a broad spectrum of marine and terrestrial fauna with
respect to protein and iron.

Modernity and the South African Middle Stone Age

Debates concerning the availability of nutrients inland or on the
coast are particularly salient within the context of the South African
Middle Stone Age. This period, spanning at least 160 thousand
years, between 200 and 40 ka (thousands of years ago), encom-
passes some of the most interesting developments in human pre-
history. The most dramatic and significant increase in brain size
among evolving hominins culminated in the appearance of
anatomically modern Homo sapiens by at least 100 ka (Kappelman,
1996). Fossil remains of anatomically modern humans have been
recovered from a variety of Middle Stone Age sites on the western
and southern Cape coast, many of which also contain some of the
earliest evidence for the collection and consumption of marine
resources (Parkington, 2003). At Klasies River Mouth, a network of
caves and rock shelters located on the Tsitsikamma coast with
Middle Stone Age deposits as old as 130 ka, several human teeth
with crown dimensions similar to those of modern African pop-
ulations, as well as a series of morphologically modern mandibles,
were recovered (Milo, 1998; Rightmire and Deacon, 2001). Exca-
vations at the Main site also yielded substantial remains from a
variety of marine fauna including molluscs, mammals and birds,
and flake and blade stone artefacts characteristic of the African
Middle Stone Age. Blombos Cave, a Middle Stone Age site located on
the southern Cape coast near the town of Still Bay, also contains
significant shell midden deposits dating to the onset of the Last
Interglacial at around 125 ka. In addition to faunal and lithic re-
mains, the Middle Stone Age levels of this site yielded a large
assemblage of worked bone artefacts usually associated with the
Later Stone Age, complex stone tool technologies and many pieces
of engraved ochre (Henshilwood et al., 2001a,b; d'Errico and
Henshilwood, 2007; Lombard, 2007). Curtis Marean's ongoing ex-
cavations at several sites at Pinnacle Point, Mossel Bay, including a
rare site (PP13b) predating the Last Interglacial at around 125 ka,
yielded evidence for systematic marine foraging as early as 164 ka
(Marean et al., 2004, 2007). A cranial fragment and incisor classified
as ‘intermediate’ between mid-Pleistocene hominids and modern
humans were also recovered, as well as evidence for bladelet
technology and the use of pigments (Marean et al., 2004, 2007).

On the Atlantic Cape coast, evidence for the exploitation of
marine fauna during the Middle Stone Age has been preserved at
two open shell-bearing sites near Saldanha Bay, namely Hoedjies-
punt and Sea Harvest, and a rock shelter located near to the harbor
in Yzerfontein. While dates for these archaeological deposits are
not as secure as those obtained by means of thermoluminescence
for Blombos Cave and Pinnacle Point, their occupation predates
70 ka and most likely began during the Last Interglacial (Volman,
1978). Shellfish residues were found associated with relatively
informal stone artefacts and large quantities of ostrich eggshell.
Fragmentary human remains recovered from Sea Harvest have
been classified as anatomically modern (Volman, 1978; Grine et al.,
2000; Halkett et al., 2004; Klein et al., 2004; Avery et al., 2008). This
apparent link between the exploitation of marine resources and
emergence of anatomical and perhaps behavioral modernity is
tantalizing. The role of marine resources in human evolution needs
to be critically assessed for the adequacy of all nutritional re-
quirements. In this paper, we present some quantitative observa-
tions on the nutritional value of marine and terrestrial fauna
available to Middle Stone Age hunter-gatherers through the anal-
ysis of modern specimens. In this way, we are able to better eval-
uate the potential of these resources in meeting the nutritional
requirements of humans as they evolved.
The nutritional landscape: a framework for analysis

We have conducted nutritional analyses to determine to what
extent a selection of marine and terrestrial resources could have
met Middle Stone Age peoples' requirements for two essential
nutrients, namely protein and iron. Protein is an essential macro-
nutrient in the human diet, and plays an important role in growth
and development, protein synthesis, the regulation of cellular
metabolism and milk production during lactation (Young and
Pellett, 1987). There is a lack of clinical observations supporting
protein toxicity and, furthermore, the safe upper-limit for protein
consumption is actually quite high, at 250 g/day for an adult
(Cordain et al., 2000). Many modern hunter-gatherers eat diets
high in protein. Cordain et al. (2000) report that 73% of the hunter-
gatherer groups included in their survey obtainedmore than 50% of
their energy requirement from animal foods. Twenty percent of
these societies were classified as either highly or completely
dependent on foods derived from hunting and/or fishing.

A variety of marine and terrestrial fauna would have provided
Middle Stone Age people with adequate protein. Micronutrients,
however, may not have been so evenly distributed among marine
and terrestrial resources. Iron plays an essential role in the devel-
opment and regulation of the central nervous system in humans,
and is a component of hemoglobin, myoglobin and heme moieties
of enzymes. Reserves of iron are stored as ferritin and hemosiderin
in the liver, spleen and bone marrow. Iron deficiency is regarded as
one of the most prevalent single-nutrient disorders in the world
today. As with most nutrient deficiencies, infants are particularly
vulnerable. The effects of postnatal iron deficiency may further-
more persist beyond infancy (Roncagliolo et al., 1998). In children,
symptoms include apathy, inattentiveness, irritability and impaired
learning ability (Lozoff and Brittenhamn, 1986). Fast-growing ad-
olescents and menstruating, pregnant and lactating women are
also at risk of iron deficiency. Iron and protein are taken together
when animal muscle and/or liver are consumed, including
myoglobin, hemoglobin and other heme-containing proteins.

But how are prehistoric foragers' nutritional requirements to be
measured and assessed? We propose that Middle Stone Age
hunter-gatherers had similar requirements to those of modern
people. Current Recommended Dietary Allowances (RDAs) for
protein and iron are presented in Table 1. People's energy re-
quirements are determined by their level of routine physical
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activity (Dwyer, 2008). In contrast to today's more or less sedentary
lifestyle, prehistoric hunter-gatherers would have had to be highly
mobile on a daily basis in their quest for food and water. Thus, it
seems likely that they would have had relatively high caloric re-
quirements (Eaton et al., 1997). They would, however, have had a
stature and mass more comparable with modern hunter-gatherers
than the European and American populations that serve as stan-
dard for current RDAs. We have adjusted their RDAs accordingly,
and present these in Table 2. These adjusted RDAs are subsequently
used to extrapolate the nutritional requirements of a hypothetical
group of hunter-gatherers over the course of a single lunar month.
In this way, we begin to assess the utility of different food packages
and subsistence strategies available to Middle Stone Age hunter-
gatherers.

Current Recommended Dietary Allowances for protein are set at
52e56 g/day for adult males and 46 g/day for females. Based on a
ratio of 0.8 g protein per kg body mass, Middle Stone Age people
would have had slightly lower requirements, namely 40 g/day for
males weighing 50 kg, and 36 g/day for females weighing 45 kg.
Weights of 50 kg for males and 45 kg for females are intermediate
between those recorded for the G/wi San and Dobe !Kung as re-
ported by Lee (1979) and Tanake (1980) and cited by Jenicke (2001).
Protein requirements for sub-adults have been adjusted propor-
tionately with those of adults. With regards to iron, infants aged
between one and three months require more iron (11 mg/day) than
children aged between one and 14 years (7e10 mg/day). Adoles-
cents need more than pre-adolescent children, and females aged
between 14 and 50 years require more iron (15e18 mg/day) than
males of similar ages (8e11mg/day). Pregnant women need almost
double the usual amount, at 27 mg/day. Calculations show that
Middle Stone Age men weighing 50 kg would have needed 7 mg of
iron per day. The requirements of women and sub-adults have been
adjusted in proportion with those for men.
Materials and methods

Nutritional analyses were carried out on modern samples of
marine and terrestrial fauna likely to have been eaten by Middle
Stone Age hunter-gatherers living on the western Cape coast. Ma-
rine molluscs were collected with a general collectors' permit, and
fish were purchased at local markets. Tissue samples from dead
marine mammals and birds were obtained with the cooperation of
Marine and Coastal Management and the South African Foundation
for the Conservation of Coastal Birds (SANCCOB), respectively.
Samples of terrestrial fauna were donated by national and private
game reserves, the Zoology Department at the University of Cape
Town, and private individuals (accidental deaths, culling and rec-
reational hunting). Where possible, the carcasses of smaller ani-
mals were collected in their entirety and crudely dissected in the
laboratory. Larger animals are represented by tissue samples. An
attempt was made to sample various edible tissues from each
Table 2
Daily protein and iron requirements estimated for Middle Stone Age hunter-
gatherers.

Gender and age Protein (g/day) Iron (mg/day)

Adult male (50 kg) 40.0 7.00
Adult female (45 kg) 36.0 15.75
Pregnant female 40.0 20.50
Child aged 1e3 years 9.2 6.00
Child aged 4e8 years 13.5 8.75
Child aged 9e13 years 24.0 7.00
Male 14e18 years 37.0 9.60
Female 14e18 years 36.0 13.00
animal. Tissue samples judged as being in a good condition for
consumptionweremacerated, sonicated and frozen for storage. The
resulting homogenate was diluted and aliquoted for protein anal-
ysis. The analysis of micronutrients requires additional processing
into ‘wet ash’ by oxidation with perchloric and nitric acid. The
protein content of samples was determined spectrophotometrically
using the Markwell modification of the standard Lowry Reaction in
which the solubility of proteins in the reaction is improved by
adding Na dodecyl sulfate and replacing NaeK tartrate with diso-
dium tartrate (Markwell et al., 1978). The iron content was also
determined spectrophotometrically, by means of the dime-
thylformamide method adapted from Asan (Asan et al., 2003). The
standards for protein and iron (bovine serum albumen and ferric
chloride, respectively) were purchased from Sigma chemical
company.

Results

The protein and iron content of a selection of marine and
terrestrial fauna is presented in Table 3. These are expressed in g/
100 g for protein and mg/100 g for iron. While protein and iron are
not uniformly distributed among the different tissues and species,
there is considerable overlap between them. It is likely, however,
that different resources and their numerous edible components
would not have been evenly distributed among groups of prehis-
toric foragers. Our results are therefore significant and meaningful
when evaluated in terms of the subsistence opportunities and
constraints that would have confronted Middle Stone Age hunter-
gatherers. Some of the highest values for both protein (>20 g/
100 g) and iron (>3 mg/day) were obtained for liver tissue from
marine mammals including dolphins, whales and seals. Muscle
tissue from these animals was also found to contain significant
amounts of these two important nutrients. It must be borne in
mind, however, that large marine mammals of this kind would
most likely have been available to Middle Stone Age hunter-
gatherers in the form of incidental wash-ups, and would not have
represented a reliable source of protein or iron. Some processing
would have been required to extract edible tissue from the carcass,
some of which may have spoiled or decayed. The protein and iron
content of the muscle and liver tissue from several terrestrial bo-
vids does not exceed that of marine mammals, but is nevertheless
relatively high. In contrast to dolphins, whales and seals, these
animals would have been actively hunted by prehistoric hunter-
gatherers. As with marine mammals, considerable processing
would have been required to extract the edible components of the
carcass, which would in turn have to be transported some distance
to the main camp. Brain tissue would have been evenmore difficult
and time-consuming to extract from the carcasses of marine and
terrestrial mammals. It is relatively low in protein (<13 g/100 g) and
iron (<1 mg/100 g) relative to muscle and liver tissue, but contains
significant amounts of essential fatty acids. It is unlikely that
women would have enjoyed the same early access to highly
nutritious organs including livers and brains, which would have
been consumed almost immediately by the hunters (Parkington,
2003). Pregnant women have an especially high requirement for
quality nutrition in general and essential fatty acids in particular.
The third trimester of pregnancy, as the most significant period of
fat deposition and neurogenesis in the fetus, is nutritionally very
demanding and these demands must be met, at least in part, by
dietary sources (Al et al., 2000).

Bivalves, specifically black mussels (C. meridionalis), and three
limpet species (C. granatina, Scutellastra argenvillei and
Scutellastra granularis) are the best represented mollusc taxa in
Middle Stone Age sites along the Atlanticwest coast.Mussels appear
to contain less protein (<5 g/100 g) and iron (<1 mg/100 g) than



Table 3
Protein (g/100 g) and iron (mg/100 g) content of marine and terrestrial fauna.

Common name Species Tissue Protein mean Median Iron mean Median

Marine fauna
Cape fur seal A. pusillus muscle 11.1 (n ¼ 3) 2.00 (n ¼ 2)

liver 24.1 (n ¼ 1) 3.80 (n ¼ 2)
7.5 (n ¼ 3) 8.23 0.90 (n ¼ 3) 1.07

Common dolphin D. capensis muscle 16.0 (n ¼ 2) 1.50 (n ¼ 3) 1.63
liver 17.9 (n ¼ 2) 3.70 (n ¼ 3) 2.29
brain 11.8 (n ¼ 2) 0.60 (n ¼ 3) 0.65

Bottlenose dolphin T. truncatus muscle 16.7 (n ¼ 2) 1.30 (n ¼ 1)
liver 23.8 (n ¼ 2) 3.70 (n ¼ 1)
brain 10.3 (n ¼ 2) 0.50 (n ¼ 1)

Risso's dolphin G. griseus muscle 12.5 (n ¼ 1) 2.20 (n ¼ 1)
liver 7.1 (n ¼ 1) 3.60 (n ¼ 1)
brain 9.3 (n ¼ 1) 1.60 (n ¼ 1)

Pygmy sperm whale K. breviceps muscle 20.1 (n ¼ 2) 1.60 (n ¼ 2)
liver 11.8 (n ¼ 2) 2.70 (n ¼ 2)
brain 10.8 (n ¼ 2) 0.60 (n ¼ 2)

Layard's beaked whale M. layardii muscle 8.9 (n ¼ 1) 3.70 (n ¼ 1)
liver 1.00 (n ¼ 1)
brain 12.7 (n ¼ 1)

Killer whale O. orca muscle 15.9 (n ¼ 1) 0.90 (n ¼ 1)
liver 17.3 (n ¼ 1)
brain 0.90 (n ¼ 1)

African penguin S. demersus muscle 15.7 (n ¼ 4) 17.15 3.30 (n ¼ 5) 1.63
liver 14.4 (n ¼ 5) 11.40 3.26 (n ¼ 3) 3.22
brain 8.2 (n ¼ 2) 0.60 (n ¼ 2)

Cape cormorant P. capensis muscle 8.3 (n ¼ 4) 8.30 1.20 (n ¼ 5) 1.25
liver 13.7 (n ¼ 5) 14.70 3.90 (n ¼ 2)

White-breasted cormorant
P. lucidus muscle 19.4 (n ¼ 1) 1.20 (n ¼ 2)

liver 16.2 (n ¼ 2) 4.10 (n ¼ 2)
Cape gannet M. capensis muscle 2.40 (n ¼ 2)

liver 12.2 (n ¼ 1) 7.40 (n ¼ 2)
brain 10.0 (n ¼ 2) 0.80 (n ¼ 1)
fat 0.90 (n ¼ 1)

Swift tern S. bergii muscle 7.1 (n ¼ 1) 1.20 (n ¼ 1)
liver 6.7 (n ¼ 1) 1.00 (n ¼ 1)

Kelp gull L. dominicanus muscle 13.2 (n ¼ 2) 2.10 (n ¼ 2)
liver 17.6 (n ¼ 3) 13.90 7.30 (n ¼ 3)

Hartlaub's gull C. hartlaubi muscle 17.6 (n ¼ 2) 5.20 (n ¼ 3) 5.86
liver 10.3 (n ¼ 1) 6.10 (n ¼ 4) 5.44

Longfin tuna T. alalunga muscle 23.6 (n ¼ 1)
liver 23.4 (n ¼ 1) 1.20 (n ¼ 1)

Black mussel C. meridionalis all 4.7 (n ¼ 7) 0.80 (n ¼ 5)
White mussel D. serra all 7.4 (n ¼ 2) 1.80 (n ¼ 2)
Granite limpet C. granatina all 10.5 (n ¼ 5) 3.40 (n ¼ 5)

gonad 10.3 (n ¼ 5) 2.20 (n ¼ 3)
foot 2.10 (n ¼ 4)

Granular limpet S. granularis all 9.0 (n ¼ 4) 5.30 (n ¼ 2)
gonad 8.1 (n ¼ 1) 1.40 (n ¼ 3)
foot 0.60 (n ¼ 3)

Rock lobster J. lalandii muscle 8.4 (n ¼ 1)

Terrestrial fauna
Springbok A. marsupialis muscle 14.1 (n ¼ 1) 0.70 (n ¼ 2)

liver 10.5 (n ¼ 2) 2.60 (n ¼ 2)
brain 1.17 (n ¼ 1)

Steenbok R. campestris muscle 15.4 (n ¼ 1)
liver 22.6 (n ¼ 1) 1.30 (n ¼ 1)
fat 0.70 (n ¼ 1)

Kudu Tragelaphus sp. muscle 12.9 (n ¼ 1) 0.80 (n ¼ 1)
Gemsbok O. gazelle muscle 10.9 (n ¼ 1)

brain 0.50 (n ¼ 1)
Blesbok D. pygarus phillipsii

liver 12.0 (n ¼ 1)
brain 7.80 (n ¼ 1) 0.50 (n ¼ 1)
fat 4.1 (n ¼ 1) 0.60 (n ¼ 1)

Grey rhebok P. capreolus liver 12.2 (n ¼ 1) 3.40 (n ¼ 1)
brain 9.5 (n ¼ 1)

Red hartebeest A. caama liver 13.8 (n ¼ 1)
brain 9.1 (n ¼ 1) 0.60 (n ¼ 1)

Blue wildebeest C. taurinus muscle 0.40 (n ¼ 1)
brain 7.7 (n ¼ 1)

Ostrich egg yolk 9.7 (n ¼ 1)
albumen 5.0 (n ¼ 1)
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Table 3 (continued )

Common name Species Tissue Protein mean Median Iron mean Median

Cape dune B. suillus muscle 11.1 (n ¼ 1) 0.70 (n ¼ 1)
molerat liver 16.5 (n ¼ 1) 1.20 (n ¼ 1)
Cape porcupine H. africaeaustralis

muscle 7.4 (n ¼ 1) 2.50 (n ¼ 1)
liver 10.0 (n ¼ 1) 1.10 (n ¼ 1)

Cape cobra N. nivea muscle 5.7 (n ¼ 1) 0.80 (n ¼ 1)
liver 10.5 (n ¼ 1) 6.20 (n ¼ 1)

Table 4
Number of C. granatina, S. granularis and C. meridionalis needed to meet daily re-
quirements for protein and iron by age category and gender.

Category C. granatina/day S. granularis/day C. meridionalis/
day

(protein) (iron) (protein) (iron) (protein) (iron)

Adult male 15 8 37 11 34 33
Adult female 14 19 33 25 31 75
Pregnant female 15 24 37 33 34 98
Child 1e3 years 4 7 9 10 8 29
Child 4e8 years 5 10 13 14 8 42
Child 9e13 years 9 8 22 11 20 33
Male 14e18 years 14 11 34 15 32 46
Female 14e18 years 14 15 33 20 31 62

Mean Flesh yields are based on large specimens collected by K. Kyriacou and S.
Meiring on Elands Bay Beach.
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limpets (>9 g/100 g and>2mg/100 g). Thismaybedue to the greater
water contentof the former andmyoglobin compositionof the latter.
Mussels are frequently collected by modern coastal foragers (Mee-
han, 1972) and are likely to have been favored by prehistoric col-
lectors, too; theyareeasy to gather, as theycansimplybepicked from
abundant shell beds, andhave a highmeat yield relative to total shell
weight. Remains of bivalves found in archaeological sites indicate
that these were often transported substantial distances from the
coast to living sites, and may even have been dried for easier and
more economical transport (Dusseldorp and Langejans, 2013).Many
sites on the Atlantic west coast are dominated by limpets, particu-
larly one of the larger species,C. granatina. Thismollusc has a protein
concentration within the range of some marine and terrestrial ver-
tebrates and contains more iron than originally suspected for an
invertebrateanimal lacking inhemoglobin. Thegonadcontainsmore
iron (2.3mg/100g) than the tough foot process. Forhunter-gatherers
living on or near the coast during the Middle Stone Age, marine
molluscs would have provided a more reliable source of nutrients
including protein and iron than marine mammals, even though the
latter usually contain more protein and iron overall. Molluscs could
be deliberately collected with little technology or special skills. Ac-
cording to ethnographic analogy, while men are more likely to have
been involved in the hunting of terrestrial game, shellfish collecting
mighthavebeenpredominantlydonebywomen. Thus,women,who
may have been denied access to some of the nutritious components
of terrestrial fauna, would have had recourse to this abundant, pre-
dictable source of protein and iron.Marine avian fauna rangewidely
in their protein and iron concentrations,withvalues ashighas 17.4 g/
100 g and 7.4 mg/100 g for these two nutrients, respectively, and as
lowas6.7g/100gand0.7mg/100g. Aswithmammalian fauna, some
tissues, notably the liver, tend to have more protein and iron than
others. Only two types of marine birds, namely penguins and cor-
morants, regularly appear in archaeological sites dating to the Mid-
dle Stone Age. These would have been relatively difficult to capture
and would not yield large quantities of edible tissue. Marine avian
fauna are much more varied and abundant in Later Stone Age sites.
This has prompted numerous researchers to suggest that Later Stone
Age hunter-gatherers had developed specific technology by means
of which to obtain them.

Discussion

This study examines two prominent nutrients in the diet (pro-
tein and iron) that critically affect development and health and are
significant problems in modern humans when nutrition is inade-
quate. Daily intake recommendations are used for health guidelines
but the body stores iron so that these reserves could be utilized at
times of lesser intake; and protein can be drawn from muscle
during such times, modulated by a protein-sparing effect of high
energy diets. Both nutrients can be replaced at a time of abundance.
Information on resource choices derived from archaeological res-
idue analyses is improving with more excavations, but estimates of
group sizes and occupation durations are difficult and crucial for
overall conclusions about settlement strategies.
Based on the results of our nutritional analyses, it would appear
that protein and iron were both readily available in a range of
marine and terrestrial faunal species accessible toMiddle Stone Age
hunter-gatherers living at the shoreline and having access to both
sources of food. Calculating the numbers of individuals necessary to
obtain daily and monthly requirements of these two nutrients
represents a first step in assessing the utility of different resources.
Using the most readily available and easily collected marine re-
sources as an example, significant contrasts begin to emerge be-
tween the needs of men and women on the one hand, and
availability of protein and iron on the other. The numbers of two
limpet species, namely C. granatina and S. granularis, and one
mussel species, C. meridionalis, needed for the satisfaction of daily
protein and iron requirements are presented in Table 4. An adult
male would need 15 large C. granatina in order to meet his daily
protein requirements, while only eight would be required to fulfill
his need for iron. Over four hundred would have to be collected in
the course of one lunar month. Adult and adolescent females would
have required slightly fewer of these limpets to fulfill their protein
requirements, but considerably larger quantities would be needed
to obtain sufficient iron. Specifically, adult women would have had
to collect twice as many limpets as those required by men, while
pregnant women would have required three times that amount.
These patterns remain constant for two other molluscs regularly
exploited by Middle Stone Age hunter-gatherers, namely the
smaller limpet Scutellastra granularis and black mussel,
C. meridionalis, although the numbers required to meet daily and
monthly nutritional requirements increase substantially.

The contrast between the nutritional requirements of men and
women, and availability of protein and iron, is even more telling
when considering the needs of a hypothetical group of coastal
Middle Stone Age people, and comparing the marine and terrestrial
resources that could have been utilized to satisfy them. The group
we hypothesize, based on recent ethnography, consists of 25 in-
dividuals including six adult males, four adult females, two preg-
nant females, three children aged between one and three years,
three children aged between four and eight years, three children



Table 6
Number of somemolluscs andmarine and terrestrial vertebrates needed to fulfill the
protein and iron requirements of a hypothetical group of hunter-gatherers, averaged
over one lunar month (28 days).

Species Tissue Yield Protein(g) No. Iron(mg) No.

C. granatina all 25.0 g 10.50 8002 3.40 8448
S. granularis all 12.0 g 9.07 19207 5.30 11291
C. meridionalis all 25.0 g 4.70 17875 0.85 33793
Springbok muscle 13.3 kga 14.12 0.73

liver 1.1 kgb 10.56 11 2.60 57
Kudu muscle 72.0 kgc 12.96 2 0.89 11
Cape fur seal muscle 18.5 kgd 11.12 1.97
(adult) liver 4.5 kgd 24.14 7 3.81 14

a Smithers (1971).
b Van Zyl and Ferreira (2004).
c Hoffman et al. (2009).
d Stewardson et al. (1999).
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aged between nine and 13 years, two male adolescents aged be-
tween 14 and 18 years and two female adolescents of the same age.
Their monthly requirements for protein and iron are presented in
Table 5 (where monthly figures are derived from the daily figures in
Table 4), and in Table 6 we compare the numbers of some marine
and terrestrial vertebrate and invertebrate fauna required to fulfill
them.

In order to meet their protein and iron requirement, a small
group of hunter-gatherers would have to collect just under 8500 of
the larger limpet species, C. granatina, in the course of one lunar
month. The smaller S. granularis, which has a similar protein con-
centration and appears to be somewhat richer in iron, yields only
half as much edible tissue as C. granatina, and would have to be
exploited in much larger quantities. The black mussel,
C. meridionalis, has a meat yield equal to or exceeding that of the
large limpet C. granatina, but is considerably less rich in both pro-
tein and iron, meaning that significant quantities would be required
to meet the group's demands for protein and especially iron. These
figures have been calculated for large specimens with high meat
yields for all species concerned. Ethnographic and archaeological
evidence suggest that large individuals were selected by modern
and prehistoric collectors. As continuous predation drove average
sizes down, people would have to collect smaller individuals in
larger quantities to provide for their nutritional needs.

Of course, these people were not eating just marine resources.
With regard to vertebrate fauna, we follow Lee (1979) in assuming
that about half of the live weight of hunted animals would have
been edible, and further assume that approximately one-third
would constitute muscle tissue accessible for consumption. More
precise figures are available for the mass of the liver relative to the
live weight, and these have been used wherever possible. It should
be noted that figures for the total amount of protein and iron
available from these animals are derived from very small tissue
samples (10 g), which have been multiplied up many times, and
should therefore be regarded with some caution. Although sample
numbers are also somewhat constrained by the availability of tis-
sues, we have attempted to obtain as many samples from each
species as possible. Samples are run in duplicate to ensure accurate
results, so our estimates do provide a useful measure of the relative
numbers of invertebrate molluscs and vertebrate fauna needed to
secure prehistoric peoples' nutritional needs. Based on the avail-
ability of tissue for analysis, we have used the springbok, Antidorcas
marsupialis, and kudu, Tragelaphus sp., as examples of small and
large terrestrial bovids, respectively. The muscle tissue alone from
two adult kudu would yield the same amount of protein as several
thousand limpets and provide the entire group with their monthly
requirement for this nutrient. Eleven of these animals would be
required to access the equivalent amount of iron. In the case of the
much smaller springbok, the muscle and liver components of 11
animals would be required to secure the group's monthly protein
requirement while 58 individuals would be needed to obtain
Table 5
The nutritional requirements of a hypothetical group of hunter-gatherers averaged
over the course of a lunar month (28 days).

Group composition Protein (g/month) Iron (mg/month)

Six adult males 6720 1176
Four adult females 4032 1764
Two pregnant females 2240 1148
Three children 1e3 years 773 504
Three children 4e8 years 1134 735
Three children 9e12 years 2016 588
Two males 14e18 years 2072 538
Two females 14e18 years 2016 728
Total for group 21003 7181
sufficient iron. The remains of Cape fur seals have been recovered
from numerous archaeological sites dating to theMiddle Stone Age.
The muscle and liver tissues from seven adult Cape fur seals would
provide the group with sufficient protein for one lunar month,
while twice that number would be necessary to secure the requisite
amount of iron.

In order to begin to build an argument concerning the role of
marine resources in human evolution on the subcontinent, it is
necessary to move beyond a mere consideration of the numbers of
animals required to provide for Middle Stone Age peoples' needs.
First, one must recognize the unique properties and crucial differ-
ences among the resources themselves, and second, the way in
which these affected the different categories of people who
exploited them and resultant shaping of prehistoric subsistence
strategies. In the latter part of this paper, we have focused on three
types of resources, namely invertebrate molluscs and marine and
terrestrial vertebrates. Marine molluscs are significantly different
from other resources exploited by prehistoric hunter-gatherers. In
contrast to marine and terrestrial vertebrate fauna, mussels and
limpets represent small food packages, which would have been
abundant, predictable and easily collected, making them an ideal
choice for less mobile members of hunter-gatherer groups such as
women and young children. While black mussels are unsafe for
consumption during certain parts of the year due to toxic red tides,
limpets do not vary in their seasonal availability.

Terrestrial game would have had to be actively pursued, while
larger marine vertebrates, notably mammals such as dolphins and
seals, would have been encountered primarily as randomwash-ups.
While there are some differences in the nutritional content of the
foot process and gonad of limpets, the edible components of these
molluscs and well as mussels would have been consumed in their
entirety, at a single sitting. The different edible components of
terrestrial vertebrates vary more widely in their protein and iron
content, and would not necessarily have been equitably distributed
among all of the members of hunter-gatherer groups. In the case of
marine vertebrates, it is unlikely that whole carcasses would have
been transported back to base camps, meaning that only a small
portion of the nutrition available from these animals was harvested.
Evaluating competing strategies

Although protein and iron are widely and fairly evenly distrib-
uted across the resource landscape, we anticipate that in the case of
other important nutrients this will not be the case. Nevertheless,
these two patterns offer us an opportunity to evaluate alternative
strategies on the basis of contexts we consider crucial in the un-
derstanding of Middle Stone Age resource gathering. Unlike others
(Langejans et al., 2011), we have not chosen to use an optimal
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foraging model, because we see too many unresolvable constraints
and currencies in setting up the framework. What seem to us to be
critical defining frameworks for understanding resource choices
are the distributions, predictabilities and sizes of food parcels in the
nearshore environment, and the constraining patterns observed in
the contemporary archaeological record. We make use of the Later
Stone Age record as a comparative view on this.

It is clear from the protein and iron readings that a mixed diet
including marine molluscs as well as terrestrial and marine verte-
brates would have been appropriate to the needs of a small group of
hunter-gatherers living in proximity to the coast. Hunter-gatherers
living far inland would not have had access to coastal resources, of
course, and would have had to survive without them. For those
within reach of the shore, however, marine resources would have
conveyed a considerable advantage, despite the large numbers
required to meet their dietary needs. Shellfish represent an ideal
foraging opportunity for women, particularly pregnant ones
(Parkington, 2003), who would have had the greatest demand for
particular nutrients such as iron. Molluscs are sessile, predictable
and abundant onmany of the rocky shores where Middle Stone Age
hunter-gatherers have left traces of their occupation. They would
have been easily accessible to all members of the population, but
would likely have been collected most often by women (Meehan,
1982), the very people who required the largest amounts of
certain brain-specific nutrients. With a success rate of 100% of
capturing identified shellfish, and very little processing required,
shellfish collecting would have provided women with a reliable
source of protein and, more importantly, iron.

The archaeological record from west coast Middle Stone Age
shell middens shows that sites are along the immediate shoreline
and include, relative to Later Stone Age equivalents, far fewer shells,
fewer species and larger individual limpets (Parkington, 2003). The
infrequency of seals and other marine animals, the incompleteness
of most individuals and the large size, particularly of seals, suggests
that the dominant strategy for obtaining ‘mobile’ animals was to
collect wash-ups. The implication might be that shellfish gathering,
whilst important, was nested in a more diverse strategy that
included some integration of beach walking, shellfishing and the
gathering of terrestrial resources. To evaluate the adequacy of such
a dietary mix will require results from the study of other nutrients.

A useful indicator of shellfish gathering strategy is the ratio of
S. granularis to S. argenvillei in archaeological assemblages. The
former is small and lives near the top of the inter-tidal range,
accessible on almost every tide, even in heavy seas. The latter, by
contrast, is large but restricted to the inter-tidal sub-tidal boundary
and accessible only at low tide and often even then only in fine
weather. The Later Stone Age shellfish assemblages south of the
mouth of the Oliphants River virtually always show many more of
the former than the latter. Middle Stone Age assemblages do not
(Parkington, 2003; Klein et al., 2004; Avery et al., 2008; Steele and
Klein, 2013). The suggestion is that Middle Stone Age people visited
at more defined points in the tidal cycle and targeted the large
limpets exposed then. Cymbula granatina, a limpet species living in
the mid-inter-tidal, is common in Middle and Later Stone Age as-
semblages, although mean sizes are always larger than in the
Middle Stone Age, as are the mean sizes of the rarer S. granularis.
We, like others before us, believe that this implies a lower demand
for shellfish meat in the events documented by Middle Stone Age
assemblages from sites along the Atlantic west coast, allowing
gatherers to meet their demand from a smaller number of larger
individuals. This might result from briefer visits, fewer people or a
lower contribution to nutrient intake from shellfish, even a longer
interval between visits to the same shoreline. Perhaps all of these
factors are involved. There are also fewer species represented in
Middle as opposed to Later Stone Age assemblages, suggesting that
fewer were collected by Middle Stone Age foragers. Almost no
barnacles or any ‘crayfish’, the local rock lobster Jasus lalandii, are
found in Middle Stone Age shellfish assemblages. Crayfish diving
would have required Middle Stone Age foragers to venture beyond
the inter-tidal zone and into the sub-tidal. The recovery of crayfish
mandibles from Later Stone Age sites on the southwestern Cape
coast indicates that they were incorporated into the diet at this
time, but were most likely off the menu during the Middle Stone
Age.

The hunting of medium to large terrestrial game to supply
protein and iron requirements would have been a much more
unpredictable enterprise. Hunts conducted by modern hunter-
gatherers such as the Hazda and San, aided by bows and poison-
tipped arrows, are often unsuccessful, with a failure rate as high
as 97% (Speth, 2010), whilst processing and transportation of car-
casses following a successful hunt would have required consider-
able amounts of time and energy. Given the numbers of animals
required to supply protein and iron to our hypothesized group each
month, this level of attempted(as distinct from successful) hunts
seems implausible. The frequency of medium to large game animal
bones in Middle Stone Age sites on the southwestern Cape coast is,
in any case, low (Klein and Cruz Uribe, 2000; Avery et al., 2008).

Another consideration is the distribution of meat from hunted
game. Some components of the carcass are likely to have been
eaten by the hunters directly after a kill instead of being trans-
ported back to camps for sharing among the group. The nutritious
liver and brains, which would have contained the fatty acids and
micronutrients necessary for pregnant women, were probably
among these. Based on people's nutrient requirements with regard
to protein and iron, targeting larger species and individuals would
have been more productive than focusing on smaller ones. In this
light, Later Stone Age hunter-gatherers’ strategy of exploiting pri-
marily smaller bovids appears to bemore consistent with economic
intensification than with technological improvement
(Henshilwood and Marean, 2003). Marine vertebrates such as
dolphins, whales and seals would have provided additional nutri-
ents when available. However, as these were most likely scavenged
from rare and somewhat unpredictable wash-ups rather than being
systematically targeted, they would not have been reliable re-
sources. Furthermore, these carcasses would seldom have been
whole animals and the edible tissues would probably have been
considerably reduced and comprised by spoilage.

Plant foods seldom leave traces in the archaeological record, but
are likely to have been an important dietary component among
Middle Stone Age hunter-gatherers. The southwestern Cape falls
within the winter rainfall Cape fynbos biome, which contains more
than five hundred known species of geophytes (Marean, 2010). The
inedible remnants of several iridaceous genera, includingWatsonia,
Chasmanthe and Moraea, have been recovered from a few Late Ho-
locene sites in the southwestern Cape, namely De Hangen, Elands
Bay Cave and Andriesgrond (Parkington and Poggenpoel, 1971;
Parkington, 1977), and the Later Stone Age sites of Scotts Cave and
Melkhoutboom Cave in the eastern Cape (Deacon, 1976). The con-
sumption of corms or ‘uyentjies’ by Soaqua hunter-gatherers is also
related in early historical accounts (Parkington, 1977). These plant
foods represent one of the only sources of energy in the form of
carbohydrates available to prehistoric hunter-gatherers and as such,
would have played a role in offsetting the highprotein contentof the
remainder of their diet. There aremarked seasonal differences in the
distribution and nutrient content of iridaceous plants indigenous to
the Cape Floral Region. As a result, theywouldhavebeen available to
Middle Stone Age hunter-gatherers only at certain times of the year,
notably during spring and summer (Parkington, 1976, 2001). Sea-
sonal changes in the physical condition of some terrestrial animals
may also have affected their nutritional value (Marean, 2010; Speth,
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2010). Simple marine molluscs would have been available for
collection all year round. Changes in the nutrient content of inter-
tidal shellfish in relation to their spawning and growth cycles
require further investigation. Nevertheless, new quantitative in-
formation on the protein and iron content of selected marine and
terrestrial animals shows that some integration of abundant and
predictable marine resources with seasonally available terrestrial
ones would have been advantageous.

Conclusions

In this paper, we introduce a framework for integrating nutri-
tional data with patterns observed in the archaeological record in
order to assess the importance of marine resources in human
evolution. We begin by presenting the results for two important
nutrients, namely protein and iron, and estimating the numbers of
selection of marine and terrestrial resources that would have been
required to meet the daily and monthly needs of a hypothetical
group of hunter-gatherers. In so doing, several significant contrasts
become apparent between men and women, protein and iron,
vertebrate and invertebrate fauna, and sessile and mobile prey. The
results of our nutritional analyses thus far have shown that marine
molluscs contain amounts of protein comparable with those found
in the muscle and liver tissue of marine and terrestrial vertebrates,
and contain more iron thanwas expected for invertebrates. In spite
of their relatively modest flesh yields, they would have served as a
reliable source of protein and more importantly, iron, and would
have been readily accessible to the members of hunter-gatherer
bands who needed it the most The inclusion of simple marine
molluscs into the diet would have had clear nutritional benefits for
early modern humans in the southwestern Cape, particularly
women and very young children. As ongoing research into the
nutrient content of coastal foods continues, the role of marine
fauna in the emergence of anatomically modern humans and the
development of the modern human brain on the African subcon-
tinent will be better understood.
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