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ABSTRACT

That humans evolved as a result of a move fronmsfer® more open plains is still
the prevailing paradigm in anthropology, and resleerrs often assume that this transition
influenced the origins of human bipedalism, omnydool use, large brains, and even
speech. Here, we argue that there are no sciegiiands on which to base such a
hypothesis. While we agree theftomo may have evolved in more open (tree-poor)
habitats than other apes (which could account @orelatively poor climbing skills), the
suggestion that humans shifted to drier habitatayatkom water is, according to our
research, unproven. We propose instead a morenpargius model compatible with all
known data and corroborated by a number of indepetngburces of evidence.

Comparisons of the locomotor styles and nutritioneguirements of extant species
and anatomical comparisons of fossil and extantispeincludingHomo sapiens
especially in combination with palaeoecologicaladatrongly suggest that eatjomo
evolved at the water's edge (whether in savannah&lsewhere) where resources
essential for brain growth were both abundant asilyeprocurable by a thick-enameled
tool-using omnivorous hominid.

INTRODUCTION

Many anthropologists still essentially follow the”?@entury view, exemplified by Dart
(1925), that “a vast open country with occasional wooded belts and igeredasrcity of
water” furnished the conditions that were necessary for the ekt naked, bipedal, large-
brained humans. Recent models, when taken together, suggésbrtin@iay have acquired
a larger brain because, through endurance running, it was able to outeothgetsavannah
dwellers for scavenged carcass remains in open, semi-aricbements, thus providing
access to the extra fats and proteins required for increasedgboaith (e.g., Cordaiet al
2001, Bramble and Lieberman 2004).

The ‘endurance running’ model is one of the latest of a long lisintsfr@pological
models that conform to the idea that a shift in econiche fromtéot@snore open landscapes
was primarily responsible for the evolution of the gehlmsna These models have been
collectively labelled ‘open plaimypotheses (Bender 1999). These hypotheses offer easy-to-
understand scenarios for human origins, and were formulated well bedstdossil hominid
evidence had been discovered (Bender 1999). They were based froemtheginning on
unproven assumptions rather than solid evidence, yet they today rdmeaidominant
paradigm in human evolution in mainstream popular culture (see, e.@Bteroductions
Walking with Cavemenand David Attenborough’dife of Mammalswhich, although
acknowledging that human bipedalism may have evolved through wading, S¥{bdiieo as
long-distance ‘persistence’ hunters who run their prey down) arespected peer-reviewed
journals (e.g., Langdon 1997). Possibly, the strong (either implicit oicigxpéndency to
regard humans as unique might explain why these ‘open plain’ ideasi@eneecologically
tested and methodically scrutinised. This tendency could also perhaps explain wion#iadit
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anthropology places remarkably little value on comparative biolodetal: if our species is
‘unique’, why would one expect to see parallels with other animals?

This anthropocentric perspective is contrary to the way we apphoecan evolution in
this Chapter. We believe one of the key ways to understand humanavaduily comparing
our species to other species: if something is true for otherespdicere is na priori reason
why this could not also be true for humans. We also believe thditidreal human
evolutionary models place too little emphasis on the broader topnahoid evolution (for
instance, how the human—chimpanzee last common ancestor lived, and Wdvictre apes
evolved), whereas in our view this is essential. Although innumerats ¢antradict the
savannah and ‘endurance running’ models, it seems ‘open plain’ thinkingnpéy sioo
traditional, widespread and ‘self-evident' to be easily dropped.

In this Chapter, we argue that ‘open plain’ models are incompatitite atherwise
widely accepted concepts in evolutionary biology such as gradualismoandrgence, and
that they fail to take into account comparative biology. We presdnand new scientific
evidence contradicting ‘open plain’ interpretations and/or supporting mosimpaious
‘waterside’ models. Unlike ‘open plain’ models, the waterside mateldbased primarily on
comparisons with other animals.

We present nutritional, behavioural, anatomical, locomotor and palaeoecologidhbdlata
indicate thatHomo populations have always (apparently at least until the laistdtdene)
lived at the water’s edge, where they could have collectedetyaf foods from trees, from
shores and from below the water's surface. These waterside eablogihes could help
explain peculiarities in which humans differ from other primates, such as loss ddifndeent
subcutaneous fat tissues, alined body posture, well-developed dexteriylamg brain —
characteristics typical of mammals which inhabit aquatic létatal habitats, but rare in
cursorials and arid adapted animals.

‘OPENPLAIN " HYPOTHESES IN ANTHROPOLOGY

“... It will appear to many a remarkable fact thatudima-simian and pre-human stock should
be discovered, in the first place, at this extresoathern point in Africa, and, secondly, in
Bechuanaland, for one does not associate with tesept fringe of the Kalahari desert an
environment favourable to higher primate life.dtgenerally believed by geologistade A.

W. Rogers, ‘Post-Cretaceous Climates of South Aftiafrican Journal of Sciencevol. xix.,
1922) that the climate has fluctuated within exéegl¢g narrow limits in this country since
Cretaceous times. ... For the production of man femint apprenticeship was needed to
sharpen the wits and quicken the higher manifestatiof intellect — a more open veldt
country where competition was keener between sesfirand stealth, and where adroitness of
thinking and movement played a preponderating iléhe preservation of the species.
Darwin has said, no other country in the world aimsiin a greater degree with dangerous
beasts than Southern Africa, and, in my opiniBouth Africa, by providing a vast open
country with occasional wooded belts and a relasie@rcity of water, together with a fierce
and bitter mammalian competition, furnished a labmy such as was essential to this
penultimate phase of human evolution. ...”

This is an extract from Professor Raymond Dart's (1925) famougerpa
‘Australopithecus africanugshe man-ape of South Africa’, publishedNiature shortly after
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the discovery of the first australopithecine fossil, the ‘Taungi’chHollowing the geological
view of his time, Dart argued that the ancestors of man, for $2avtthe Taung child as a
representative of early human ancestors, must have lived iessegrasslands similar to the
habitat in which the Taung skull was discovered. There is good evitleteyg however,
that the South African climate has changed drastically over, time that the Taung child
probably inhabited not treeless grasslands, but wet, tropical forests (e.g., PaAA#8Yye

Dart was merely following the ‘open plain’ ideas that were paldrly popular in the
early 1900s FreilandhypothesenseeBender 1999), and which go back almost two hundred
years (e.g., Lamarck 1990: 261, Reinhardt 1906: 6, and Arldt 1907: 606). hipetkeses
were based upon two facts and one subjective interpretation of these factgsed ¥i

The differences between humans and apes, the traditional story tsuggese about
because humans left the forests and adapted to living on open plaite(End Oser 1997).
The first primates were quadrupedal arboreals living in foregist(primates), and later they
evolved into bipedal terrestrials living outside forests (humasherefore bipedalism must
have evolved because human ancestors left the forests. Buthiditleight seem an obvious
conclusion, it is in fact a logical fallacy of the tygmast hoc, ergo propter hacafter that,
therefore because of that’), and our comparative research suggistsontrary that there is
no evidence that the two (leaving the trees and becoming bipeelahusally related: in fact,
ground-dwelling and savannah primates such as patas monkeys and hamdmbgas bee
more quadrupedal than forest and arboreal primates such as indrisystapieboscis
monkeys and gibbons.

‘Out of Eden’ hypotheses, which dominated thinking in the eal’ﬂ/dé@nury, contrasted
luxurious tropical forest econiches characterised by easy fokitagi with a tough hunting
life on open plains outside the forest, which required large brainsctspand bipedality to
‘free the hands’ so that they could be used for holding tools and weapsn&bel (1931:
369) pointed out, these early ‘open plain’ hypotheses were situatedany different
locations, including India, Indonesia, Australia, Africa and Europe, and edcanywhere
between thirty million years ago to only a few hundred thousand ygarsAs an historical
analysis showed, the same sequence of events was always eetphthsidransition from a
‘lower’ apelike animal lifestyle towards the ‘higher human difge characterised by
mastering of the environment, whereever or whenever they vieedesi (Bender 1999: 75-
79).
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Figure 1. Origin of the ‘open plain’ hypothesesrliacientists speculated from Fact 1 (“most priesat
live in forests”) and Fact 2 (“most humans do me in forests”) that a transition from life in the
woods to life on open plains was essential to tlidution of human characteristics such as bipedalis
(adapted from Bender-Oser 2004).

Table 1. Four main episodes included in orthodox human evolutionary models
(Landau 1984)

Episode Description

Terrestriality A shift from the trees to the ground

Bipedalism The development of upright posture

Encephalisation The development of the brain, ligezhce, and language
Civilization The development of technology, morafgl society

Landau (1984), after studying texts on human evolution written by ea‘ﬂ}c@@tury
scientists Arthur Keith, Grafton Elliot Smith, Frederick Wood Jokkesiry Fairfield Osborn,
and William King Gregory, concluded that, “there appears to be somelyingexgreement
about what happens in human evolution. In constructing their theories, mifusip@logists
seem to have in mind a similar narrative pattern.” Thesetinasahad four main episodes
(Table 1), one of which was “a shift from the trees to the grdtamcestriality)” (1984: 264,
see also Landau 1991).

The narrative style, Landau discovered, was overall most sitailaopular folk-tales in
which heroic characters, when faced with adversity, overcaga gdds to prevail. While
there was room within these narratives for different chronolo@igedalism might have
occurred before or after terrestriality, for example), the foey episodes were always
included, thus forming a somewhat predictable framework. Perhaps thisyi waterside
models never made an impression in the minds of most anthropologistatehside models,
there is no shift from the trees to the ground (episode of téafitg}r these models therefore
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fail to conform to the prevailing narrative framework, and are equesntly considered
unorthodox and ‘impossible’.

Later in the 28 century, scenarios no longer based solely on the courage or initifitive
early human ancestors were proposed, and these stressed instegubttence of external
factors such as climatic changes, which led to shrinking forest®x@anding open plains,
notably, the dry and hot East-African savannahs (see especkitylD25, and for more
recent discussion deMenocal 2004). This process of aridification ondess ‘forced’ our
arboreal ancestors to leave the forests and expand into more opdrgkatats (discussion in
Bender 1999: 56-59, see Figure 2).

Anthropologists often assume that this shift from ‘internal’tdex (human courage,
curiosity, intelligence) to ‘external’ factors (climatic or gagical changes which caused
aridification and/or deforestation) came about because of the discovery of dossdgtefacts
in areas that could only have been open savannah, but a survey cérdtarét shows that
Homo sites are typically found near large water bodies includings;ivakes, swamps and
coasts, and not necessarily in open savannahs (see below).

Dart’s version of the ‘open plain’ hypothesis eventually becamelyateepted, mostly
after the Piltdown debacle had been uncovered. The Piltdown hoakjdh an orangutan
mandible and a modern human cranium were fraudulently buried and atetbet they
appeared to belong to the same fossil species, was accepted as a genuine human aacestor for
number of years (1912-1940). Schematically, therefore, the consensuat \tesvtime of
Piltdown was that human ancestors had large canines and a largé/Minan the hoax was
becoming apparent, it also became clear that a new schemesquaied, and eventually
scientists supported the opposite view (Lewin 1987: 60-84, Le Gros Clark H#@86Bpting
Dart’'s Taung skull (small canines, small brain) as the intdiate step between apes (large
canines, small brain) and humans (small canines, large brain).

Courage and
curiosity as
driving forces to
leave the forests

e

Figure 2a. Early ‘open plain’ hypotheses stressedtiyinternal factors such as courage or curidsity
explain the transition from forests to open pldedapted from Bender-Oser 2004).
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Figure 2b. Later, ‘modern’ versions began to streese and more ‘external factors’ such as climatic
factors and shrinking forests to explain this titims (adapted from Bender-Oser 2004).

Taung chimp 7 R
(=) ki) hominid evolution
(very schematically,
5 see text)

Piltdown view
Dart's view
C. Most parsimonious view

o B

human Piltdown
(';'i') (+:+)
(canines,brain)

Figure 3. Different views on hominid evolution, yeschematically (see text).

A. View based upon the fraudulous Piltdown sku#irge-toothed, small-brained apelike ancestors (+,-)
evolved via large-toothed, large-brained Piltdovike-intermediates (+,+) into small-toothed, large-
brained humans (-,+).

B. Traditional view after accepting the Taung fbasia ‘hominid’, diametrically different from the
Piltdown view. Apelike ancestors (+,-) evolved giastralopithecines, exemplified by the Taung skull
(-,-), into humans (-,+). In both tradiational vieWA and B), ‘apelike’ equals ‘primitive’.

C. Alternative view incorporating temporal datadel specimens are more likely to have more
primitive characteristics (Foat al 1999). It does not intend to say that both hwsi(ar) and
chimpanzees (+,-) descend from Taung, but ratterttbth evolved in different directions from more
australopith-like ancestors (-,-) and that both ansand chimpanzees have several derived features
(e.g., Drapeau and Ward 2007).
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In the view of three of us (for the view of RB and NB, see Beh#i#89), the Taung skull
is not an intermediary between an ancestral apelike and an extasmltenskull (the view
that many palaeoanthropologists today tend to adopt). Instead, we theefmore parsi-
monious views that evolutionary changes happened in both lingdge® s well asPan)
rather than that nearly all evolutionary changes happened in one litt@ge @nd that the
older skull is nearer to the ancestors of the living species ¢F@t 1999), so that both
chimpanzees and humans had more australopithecine-like ancestastdftad arguments,
see Verhaegen 1994, 1996) (Figure 3).

Significantly, when, in the 1940s and 1950s, most palaeoanthropologistsedeje
Piltdown, not only did they accept Dart’s ideas on Taung being aridestnamans, but also
his views on where it might have lived (“a vast open country witla relative scarcity of
water”), which we now know (e.g., Partridge 1985) were based on incorrect conclusions.

A Diversity of ‘Open Plains’ Ideas

The original ‘open plain’ ideas were obviously hypothetical, but soongtreeral
impression of human ancestors coming out of the trees and colonizingthmaias became
set in the minds of most anthropologists, and different ideas — someimpybable than
others — were put forward to explain how savannah-dwelling ancestgrg have found
enough food and water to survive on the open plains — as if the hypdthdsadready been
proven. Human characteristics were discussed in an evolution#ing ghat involved a
movement from the forests to the open plains, and reasons forctieseteristics always
tended to revolve around the ‘open plain’ theme (see Table 2). Evemo#idar-fetched of
these ideas (for example, honey collection, liver consumption, or fotattomh at noon on
open plains) have been seriously considered and published in scientifials. Suclad hoc
explanations are comparable to the hypothetical ‘land bridges’ betwieiea And South-
America that were popular in geology before the theory of Plate Tectonicsébacaepted.

What is striking about these hypotheses is their combined diversity. Sgnom talinting
large game, others on small game, some on scavenging bone marrowngrdirévers, or
collecting seeds, or tubers, or honey. Some of these ‘open plain’ moelef®ee typical of
slow-moving animals (feeding on belowground resources), others ehéastg mammals
(“bouts of strenuous activity”), and others rely on endurance (foligwigrating ungulates,
or the dogged pursuit of prey). This diversity of theoretical modejgests that the ‘open
plain’ scenarios are not the result of usual biological thinking. ludenary biology,
hypotheses are not just ‘possible scenarios’, but normally thet @fssblid analyses of
relationships between form and function. Biologists usually do not propssenario to
explain the evolution of an animal without a careful comparison ddrdifit features of this
animal with similar featurex¢nvergencef other, not closely related species.
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Table 2. Diverse savannah hypotheses of human origins.

Raymond Dart 1960 Osteodonto-keratic Culture -aBash hunting

Robert Ardrey 1961 Man the Mighty Hunter — Afric@enesis —
Adult men hunting large game

Mikhail Nesturkh 1967 Herd instinct developed alavith bipedalism as our
ancestors moved to more open territory.

Desmond Morris 1967 Mighty Hunter — The Naked Ape —
Fur loss for easier sweating

Clifford Jolly 1970 The Seed Eaters — Savannah balmoodel

John Napier 1971 Open grassy spaces provided Sresh@re new locomotor
skills could be safely practiced.

Hatley & Kappelman 1980 Belowground food resources

Walker, Zimmerman & Leakey High dietary intake of carnivore livers —

1982 Scavenger model

Hanna & Brown 1983 Bouts of strenous activity fanting or digging outside
the forest

Peter Wheeler 1984 Savannah foraging at noon, nonisie solar radiation

David Carrier 1984 Dogged pursuit of swifter anisnaver 1 or 2 days

Sinclair, Leakey & Norton- Bipedal trekking after herds of migrating ungulates

Griffiths 1986

Mark Skinner 1991 Savannah bee brood consumption —

Tall grass savannah & tropical forest
Richard Wrangharet al 1999  Cooking and bringing food to a processiregar

Bramble & Lieberman 2004 Endurance Running ovetevpiins
Dennell & Roebroeks 2005 Ability to ingest larga@unts of meat — ‘Savannahstan’
Richard Wrangham 2005 Delta hypothesis — Okavaikgosavannah — Omnivory

Whereas modern biology sees evolution asequence of overlapping nich@semp
2007), the proposed ‘open plain’ lifestyles of these early humarstaneeare discontinuous
and have little or no overlap. Frequently they are incompatiltleesch other. Moreover,
they suppose that humans collected foods without the typical adapthgbsher mammals
use when they collect the same foods. We have no large digging-ftevexample, we are
slow runners (only some 36 km/hr over short, and some 20 km/hr over kiagadis), and
we are very prone to dehydration by depletion of water and s¥lts. are heavily-built
creatures with extensive fat tissues and (in arcHaimg heavy bones, features that are not
seen in cursorial species. Our cheekteeth lack the seed-grindingtiadapgiibaboons, while
the human gastro-intestinal tract and digestive anatomy and physitdggynble frugi-
omnivores such as suids, not carnivorous mammals (Stevens 1990)cofitnédiction has
been labelled the ‘baboon paradox’, because we would expect humans to tsnmiardo
baboons if we evolved on the savannah as they apparently did (Bender 1999).

The collection of waterside food resources, on the other hand, is compatibl the
presumed lifestyle of early apes, and fits with modern human fabesiyzg strategies.
Shifting from a fruit-based diet to a diet including more waterfgidds such as coconuts and
shellfish does not require significant behavioural modification. The use of tools to agen ha
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shelled nuts and fruits is easily transferable so that the oheairtain molluscs can also be
procured (capuchin monkeys use tools to open fruit, nuts and shellfish)hellists like
fruits and nuts, are sessile food resources that need only be foundlerédjatot chased or
hunted. From such fruit, shellfish, plant and egg-gathering it is natutiffo envisage the
incorporation of waterside catching of insects, frogs, fish or birds,ttedutchering of
turtles, crabs, whale or bovid carcasses found at the water's @dgelo not claim to know
exactly how this waterside lifestyle evolved, but we are confident that thedidiving skills
of humans came about as a result of increased time spent foraginguateler As to how
frequently our ancestors may have dived or waded or collectedrémuittfees or foods along
the shore at low tide, or how long our ancestors’ waterside phase esphag have lasted,
these are all questions requiring further investigation.

Questioning the Savannah Model

Although the savannah model still dominates anthropological thinking, madindea
palaeoanthropologists no longer follow it automatically (Table 3). otler than professor
Phillip Tobias, Dart’'s mental heir, already an emeritus himsetfently stated that “... All
the former savannah supporters (including myself) must now swalloeadligr words in the
light of the new results from the early hominid deposits ... Of syuif savannah is
eliminated as a primary cause, or selective advantage of bgmed#hen we are back to
square one. .".(Tobias 1995, 1998).

This questioning of the savannah model (Table 3) resulted from tws dinevidence:
firstly, palaeoecological studies showed that the earliest bipedsihids were associated not
with open plains, but with wooded or forested environments (e.g., Tobias 1£298);
secondly, anatomical studies showed that australopithecines andHeartyspecies such as
habilis had good climbing abilities (e.g., Collard and Wood 1999) (some of whichtpdrsis
into Homo georgicusind possibly eveHomo floresiensisseelordkipanidzeet al. 2007, and
Tocheriet al. 2007). Rather than abandon the savannah theory, however, the chronology of
events has been rearranged, Withmo erectusiow seen as the first true savannah hominid,
descending from earlier australopithecine drabilis-like species that are now seen as
adapted to mosaic habitats including both forests and open plains (see Langdon 1997).
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Table 3. Some quotes of leading palaeoanthropologists doubting savannah bipeses

Tobias
1995
Wood
1996
Stringer
1997

Tobias
1998

Stringer
2001

Groves &
Cameron
2004

Wrangham
2005

Alemseged
2006
Thorpeet
al. 2007

“We were all profoundly and unutterably wrong! ... gtle former savannah
supporters (including myself) must now swallow earlier words ...”

“the ‘savannah’ hypothesis of human origins, inathihe cooling begat the
savannah and the savannah begat humanity, is rsonedited”

“One of the strong points about the aquatic théorg explaining the origin of
bipedality. If our ancestors did go into the wathgt would forced them to walk
upright ...”

“Bamford identified fossil vines or lianas Dichapetalumn the same Member 4:
such vines hang from forest trees and would ne&Xpected in open savannah.
The team at Makapansgat found floral and faunalende that the layers
containingAustralopithecuseflected forest or forest margin conditions. From
Hadar, in Ethiopia, where ‘Lucy’ was found, andnfré\ramis in Ethiopia, where
Tim White's team foundirdipithecus ramidus.. well-wooded and even forested
conditions were inferred from the fauna accompagyie hominid fossils. All

the fossil evidence adds up to the small-braingokdal hominids of four to 2.5
Ma having lived in a woodland or forest niche, satannah.”

“... if ever our earliest ancestors were savannahlévgelwe must have been the
worst, the most profligate urinators there”

“In the past | have agreed that we lack plausibdelefs for the origins of
bipedalism and have agreed that wading in watefagilitate bipedal locomotion
(as observed in other normally quadrupedal prinjatdgve never said that this
MUST have been the forcing mechanism in hominids, lolat tonsider it
plausible. As for coastal colonisation, | arguednypNature News & Viewkst
year that this was an event in the late Pleistotlestemay have facilitated the
spread of modern humans.”

“Nor can we exclude the Aquatic Ape Hypothesisifgaviorgan has long argued
that many aspects of human anatomy are best egdlais a legacy of a
semiaquatic phase in the proto-human trajectony this includes upright posture
to cope with increased water depth as our ancefstaged farther and further
from the lake or seashore.”

“Here | follow the conventional assumption that hieims began in the savanna.”
“... the composition of the Okavango as a networlskarids could favor the
evolution of bipedalism. For those who envisagetgism as facilitated by the
need to traverse or exploit aquatic environmemtsnkand delta that generates
low islands termitogenically or hydrodynamicallyfes® rich scenarios.”

“I believe we should just put the savannah theaigiea | think they basically
became biped while they were living in a woodedieced environment ...”

“... early hominins occupied woodland environmentg,open or even bush-
savannah environments (such as sites including Blély, Aramis, Assa Issie and
now Laetoli) ... they retained long grasping faréds, which are more obviously
relevant in an arboreal context...”

Below we discuss anatomical, physiological, dietary and palaeoealdgia indicating
that a waterside lifestyle for our direct ancestors is m@mgs more plausible as an
explanation for our mental and physical characteristics than any [@pen or savannah-
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based hypotheses, and thiEimo erectusvas more likely to have been a waterside specialist
than an arid savannah specialist. As an illustration, we contpareecently outlined
‘endurance running’ model with a model that includes part-time vidéedvelling as a
prerequisite to later evolution of terrestrial bipedalism. Nb#& while Wrangham (2005)
includes part-time waterside dwelling to explain the evolution ofraopithecines, he still
follows “the conventional assumption that hominins began in the savannah.”

Endurance Running or Littoral Locomotion in Archaic Homo?

Bramble and Lieberman (2004), in a much-discussed review artidiature cite a
number of derivedHomo features they claim to be adaptations for more efficient endeiranc
running in arid, open habitats. However, while some of these supposedbprial
adaptations’ appear first in the fossil recordHirhabilis others appear first id. erectusand
others still inH. sapienssuggesting a much more complex story than proposed by Bramble
and Lieberman. Their conclusions are reached without systematjgadsons with other
animals (including endurance runners) and with general comparisonstedsto fossil
hominids andPan Since convergent traits are strong indicators of evolutionniilasi
environments (Bender 1999) sgstematic comparison with a broad range of animals with a
variety of locomotor strategies would have been more informative.

In addition, discussion of possible locomotion styles is restrictedliirvg and running,
with no consideration at all given to activities such as wadingnswig or underwater
foraging, yet humans are regular waders and more accomplished swiammdedivers than
other primates.Most of the list's ‘adaptations’ for walking could just as eab#yexplained
by wading. One of the frequent ‘explanations’ in the list is $stmeduction”, a reference to
the vertical posture of humans with the weight resting on two I&4. this says nothing
about endurance running, with standing, wading, walking or short distance rafinisogng a
similar posture, and therefore all requiring stress reduction. GgRkplanations’ include
“counter rotation”, “thermoregulation” and “stabilization”, but no compeeatdata to
corroborate these interpretations are provided. In other words,akpianations’ arad hoc
suppositions, applied to one example (human ancestors) without any cdisidasto
whether these supposed adaptations are seen in other animals, wdacts tneir
‘explanations’ are statistically invalid (n=1). Long legs, and ipbsshortened forearms,
could be seen as running adaptations, but these are just as typicaling and swimming
species compared with runners (Hildebrand 1974: 584, Bender 1999).

In a waterside scenario, wading and swimming would be preadagtative humanlike
‘vertical’ locomotion that Bramble and Lieberman (2004) believe ta beect adaptation to
endurance running. In our view, frequent terrestrial locomotion, wheth&raleing or for
(relatively slow) running, was more receRtofno sapiensand could not be derived directly
from an ancestral locomotion in forests, whether on the ground or in thehbsa because in
that case a more baboon-like locomotion would be expected (the ‘baboon paradox’).
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Table 4. Bramble and Lieberman’s (2004) list of supposedly derived feates

of the human skeleton with so-called cursorial functions

Functional role in W =
running & walking  walk
according to BrambleR =
& Lieberman (2004) run

Earliest

evidence

Comparative data. More likely
alternatives in our opinion. NSS
= not seen in savannah animals.
NSC = not seen in cursorial
animals. NUL = not unexpected
in littoral animals.

Enlarged posteriorHead/body R
& anterior stabilization
semicircular

canals

Expanded venous Thermoregulation

circulation of
neurocranium

More balanced

head

Nuchal ligament

Short snout

Tall, narrow body Thermoregulation

form

Head stabilization R

Head stabilization R

Head stabilization R>WH. habilis

Decoupled head ¢« Counter-rotation of R

pectoral girdle

Low, wide
shoulders

Forearm
shortening
Narrow thorax

Narrow & tall
waist between
iliac crest &
ribcage
Narrow pelvis

trunk vs head

Counter-rotation of R
trunk vs hips

Counter-rotation of -
trunk

Counter-rotation of R
trunk vs hips

Counter-rotation of R
trunk vs hips

Counter-rotation of R
trunk vs hips R>W
Stress reduction

H. erectus NSS as far as known. NUL,

H. habilis

H. habilis

H.
erectu®

H.
erectu®

e.g., for equilibrium during
descent & ascent in diving.
Requires more comparative data.

R>W H. erectus NSS. NSC. NUL. Skull base &

paravertebral venous networks
are typical of diving species.
NSS. NSC. Could be
advantageous in frequent
standing rather than running.
Alined build NUL.

NUL, e.g., in pronograde
swimming.

NSS. NSC. Snout shortening
has to do with mastication
rather than head stabilisation.

R>W H. erectus NUL: long legs are typical of

wading species.

NUL: waterside as well as a
mosaic milieus require versatile
locomotions.

NUL: ‘low’ could be for wading
as well as for underwater
swimming. No relation to
running.

H. erectus NUL: typical of frequently

H.
erectu®

H.
erectu®

Homa?

swimming species.
Dorso-ventrally narrow. NSS,
NSC, NUL: typical of shallow
water dwellers, e.g., platypus,
hippo, beaver.

NUL: waterside as well as
mosaic milieus require a wide
range of locomotions.

H. erectushad still flaring ilia,
presumably for femoral
abduction: NSS, NSC, NUL.



14 Marc Verhaegen, Stephen Munro, Mario Vaneechoutte et al.

Expanded lumbar Stress reduction

central surface
area

Enlarged iliac
pillar
Stabilized
sacroiliac joint

Stress reduction

Trunk stabilization

Expanded surfaceTrunk stabilization

area for mm.
erector spinae
origin

Expanded surfaceTrunk stabilization

area for m. gluteu

maximus origin

R>W H. erectus Suggests vertical body.

NUL, e.g., for wading.

R>W H. erectus Idem.

R H.

R H.

R H.

erectus Idem.

erectus Idem.

erectus Idem.

Long legs Stride length R>W H. erectus NUL, typical of wading species.
Expanded Stress reduction R>W H. erectus Suggests vertical body.
hindlimb joint NUL, e.g., for wading.

surface area

Shorter femoral  Stress reduction R>W H. Not seen irH. erectus
neck sapiens Presumably post-littoral.
Long Achilles Energy storage R Homa? Comparative data are needed.
tendon Shock absorption Typical cursorial species are not
plantigrade. NUL.

Plantar arch Energy storage R Homa? NSS. NSC. NUL: plantigrady
(passively Shock absorbtion  R>W for wading and swimming.
stabilized) Powered plantar-  R>W

flexion
Enlarged tuber  Stress reduction R>W Homa? Cursorials do not have enlarged
calcaneus heels. NSS. NSC. NUL.
Close-packed Energy storage R>W OH-8 Comparative data are needed.
calcaneo-cuboid Stability during NUL.
joint plantarflexion
Permanently Stability during R>W OH-8 NUL: wading, swimming.
adducted hallux plantarflexion
Short toes Stability during R>W OH-8 NSS. NSC. NUL: metatarsal

plantarflexion

Distal mass reduction

lengthening and toe shortening
is to be expected in swimming
& wading.

Most of Bramble and Lieberman’s ‘adaptations’ are not what wealdvexpect in a

cursorial (running) animal. For example, their list includes ‘fgele posterior and anterior
semicircular canals”, but there are no comparisons with, fornicstegiraffes (heads high
above the ground), gibbons (fast and versatile locomotion), kangaroos @uogeeds), or
swimming or diving species. It is conceivable in fact that tbguent change of posture seen
when diving for seafood (descending and ascending) required a differgrmtlalstructure,
and that the largddomo erectusabyrinth was adapted to terrestrial walking and running as
well as to wading, swimming and diving locomotions.
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There is no indication that an “expanded venous circulation of neurocrariach”

anything to do with thermoregulation, but there is long-standing evidence of expanded venous

networks in diving species (Slijper 1936).

More balanced heads and short snouts are not seen in cursorial,spheiber bi- or
guadrupedal, and low shoulders are to be expected in wading and underwater swimming.
What Bramble and Lieberman refer to as “narrow body form”, “nantoovax” and
“narrow pelvis” is not clear to us: compared to most primates, hsimave a relatively broad

thorax and pelvis (laterolaterally), and this was even more so in the caseaabaitbecines.

In our opinion, the combination of ‘flared’ iliac blades and long and velgtihorizontal
femoral necks as seenktomo erectusndicates well-developed ad- and abduction, which is
obviously not an adaptation for running, but would not be unexpected and indeedbeould
advantageous for a species that had to regularly wade, tread swateror climb. InHomo
sapiensthe pelvis (bi-iliac diameter) did become narrower and the@f@mmecks shorter and
more vertical, and we agree with Bramble and Lieberman thatahisl be related to more
frequent terrestrial locomotion.

Plantar arches, enlarged tubera calcanei, close-packed calcdrugd-oints and short
toes are not seen in cursorials, whether bi- or quadruped, to the comtraming species are
typically unguli- or digiti-, not plantigrade, and typically have elongated toes.

In conclusion, comparative data suggest that none of the featurebelddnyr Bramble
and Lieberman (2004) are typical either of savannah dwellersaureindy running animals,
whether slow or fast. Until the features are considered ircahéext of swimming and
wading as well as terrestrial movement, their interpretatgihmauld be considered with
extreme caution. As it is, there is no obvious reason why any éédheres cited could not
have been of advantage in a littoral environment. We do not deny than&uoday are
adapted to terrestrial locomotion including walking and moderate runningy but opinion
the peculiar human anatomy et directly derivable from a typical primate ancestor who
moved from closed to more open, arid habitats.

At least two conspicuous anatomical featurelafo erectusre notably not included in
the list of features cited by Bramble and Lieberman (2004).

1) Homo erectudypically has a more robust, and therefore heavier, skeleton than al
other (fossil and extant) primates, includidgsapiensand the other apes. One of its
defining characteristics is the shape and size of the femoral bone, which shows corte
thickening and denseningdchyostosisand a narrow cavity of the bone marrow
(medullary stenosjs The cranial bones, especially the posterior part (the occiput),
are also notably thicker than in other primates inclutingapiensUnusually heavy
bones would be a disadvantage for a species relying on endurance runniagg and

not seen in running mammals such as dogs or horses, whereas for a species collecting

sessile food from the water's edge, including underwater foragingcthégt have
been a significant advantage. Human divers such as the Ama of fikegaantly use
weights to help them descend (Hong and Rahn 1967). Slow-diving mammals for
sessile foods typically have medullary stenosis and pachyostosisigher degree
than inH. erectugwalruses, dugongs and fossil littoral species sudfofzonomos
Odobenocetopsnd someThalassocnusspecies), while fast-diving mammals for
mobile prey have light-weight bones (dolphins and sealions).
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2) ArchaicHomohad a lower and longer brain skull thdnsapienswith generally less
flexed cranial base and with the eyes somewhat more in froheddrain (requiring
a supraorbital torus for eye protection) rather than fully belovirtimtal brain as in
H. sapiensmeaning that the eyes would have been more naturally oriented towards
the sky if they were standing with an upright posture, rather thacted more
towards the horizon as is the case whersapiensstands upright. This would be a
disadvantage for a species relying on endurance running because, among other
things, more energy would be needed to look at where the feet wkirggroantact
with the ground. In a diving position, as well as in a more procumbentgosition
while wading for food, for example, this would have resulted in the legieg more
naturally oriented in the direction the individual was moving (i.ethi case of
swimming and diving, head first through the water). We are not awareyahodels
that suggest earlidlomo ran with a bent hip posture, but we do note that human
sprinters generally run with the body leaning forward.

Within many contemporarkl. sapiengopulations there are individuals who are capable
of long distance running, but compared to typical savannah species, humasiewaand
inefficient (Figure 4). Moreover, recent research suggest&tithtrance training in athletes
sometimes causes cardial arrhythmias and sudden death éEedloP007). Even Bramble
and Lieberman (2004) admit that “humans are mediocre runners in Isesracts” and
“running is more costly for humans than for most other mammals”. e Bl. erectus
generally had, for instance, heavier bones tHaapiensand longer femoral necks, it must
have been an even less efficient cursorial than ektasdpiens

Figure 4. All available data suggest human locoamgtrimarily adapted to the waterside rather than to
the open plains (from Bendet al 1997).
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FooD COLLECTION AND PROCESSING INHUMAN ANCESTORS

Finding and being able to procure adequate amounts of food are obviouslakssent
the survival of any population. Humans are more omnivorous than q@ber suggesting a
shift in diet since our linage separated from chimpanzees. idrediy, anthropologists have
speculated that large savannah mammals (either hunted or sajvpleyed an important
role in this shift, but we consider it more likely that theiahishift in diet occurred with
smaller, sessile prey, such as invertebrates, which could hawveeasily procured by our
ancestors, even before they had diverged from the ancestral lieadgey to chimpanzees.
A diet increasingly reliant on waterside invertebrates sudhekfish could help explain the
evolution of a large brain, and would be compatible with many othé&urfes characteristic of
theHomogenus.

Acquiring Adequate Brain Nutrition

Cordainet al (2000), in the tradition of the ‘open plain’ ideas, have suggested that the
brains of large terrestrial mammals may have providedHbmo genus with the extra
docosahexaenoic acid (DHA) needed to help fuel a large brain. Whfldlwagree that the
structural, cognitive and visual development of the brain requiregiatieamounts of certain
nutrients including DHA (Crawford and Sinclair 1972), we think the ingfaft might have
included more abundant and easily obtainable DHA-rich sources swtteliish, crayfish,
fish, turtles, birds and eggs (Broadhuestal 1998), although we admit that this alone is
insufficient proof for a waterside past (Carlson and Kingston 2007, but Cuenah2007).

Brains and vision evolved in the animal kingdom more than five hundréidmyjears
ago, whereby the principle building-blocks were aquatic fatty acidsnford et al. 1999).
DHA (22c:6 3) is a poly-unsaturated fatty acid that has a chain of twemtycarbon atoms
and six unsaturated bonds (on the carbon atoms in the posiipt, c9, c12,c15 andcl8
starting from the omega-end of the carbon chain). It is the onlga®enolecule used by
fish, amphibia, reptiles, birds and mammals for both visual and negrelllgig systems.
Since the primary source of DHA is algae and plankton, it is aburdahe marine and
lacustrine food chains, but almost absent in the meat, fats andsdtatiated with carnivore
remains(Broadhurstet al 2002). This might partially explain why some marine mammals
which eat high DHA level foods have large brains (e.g., 1.8 kg for dolpkihgyeas it is
hard to find a land mammal except humans and elephants with braingetgatmore than
about 1 kg. The rhinoceroses which inhabit African savannahs weightimaore thousand
kilograms, but have brain weights of about 400 grams, three times less than humans.

Other brain-selective nutrients are also more abundant in adghaticin terrestrial
milieus. This is notably the case for brain-selective misesach as iron, copper, zinc,
selenium, and iodine (Table 5). Of all the major food groups, shetHighires the least
amount (900 grams) to meet the minimum requirement for all finenals, and is also the
food group for which these requirements are most evenly distributed. (Zgifsgrams) and
fish (3500 grams), both more abundant at the waterside than in talrestironments, are
next, while 5000 grams of meat, five times more than shellfish, warildeeded to meet the
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minimum daily requirements for all five minerals (Table 5lodine especially is more
abundant in littoral food chains than terrestrial food chains, and b#feredinisation of
drinking-water and salt, hypothyroidy caused by iodine deficiency tegsuh mental
retardation and cretinism in millions of humans who lived away from the coasts.

Rather than running over open plains to gain adequate nutrition, womeineieldhd the
elderly could have collected all the brain food they required withopereling nearly as
much energy, by inhabiting the water's edge. A littoral existedwes not preclude the
hunting, scavenging or butchering of land animals (which often gather, drovgebdgged
at the water’s edge), nor the gathering of anti-oxidant rich plantts &od tubers that grow
in abundance in moist regions besides estuaries, rivers, lakes and deltas (Wra&@)am 2

Table 5. Daily amount of major food groups (in kilograms), arranged from low to high
minimally required for five brain-selective minerals: iodine, iron, copper, zinc and
selenium (I, Fe, Cu, Zn and Se), after Cunnane (2005)

I Fe Cu Zn Se
shellfish 7 .8 9 5 .3
eggs 2 .6 2.5 9 9
fish 2 3.5 3.1 2.7 7
pulses 3.7 4 .3 5 3.0
cereals 3.2 3.1 4.8 1.9 2.2
meat 15 .8 1.7 9 5.0
nuts 15 .8 9 5 55
vegetables 4.2 2.1 2.7 8.7 6.7
fruit 6.0 3.7 4.8 9.3 6.0
milk 6.7 24.0 125 47.0 5.5

The figure initalic is the most limiting factor in each food group.

Some other Considerations regarding Food Acquisition

a. Tool Use
Tool use is easily explained in a model where human ancestorsdcabdfee water’s

edge, where removing and open hard-shelled foods such as nuts, fruits digh sheluld
have been rewarding. Chimpanzees, capuchin monkeys and different oties gpe all
known to use tools to open hard-shelled foods. HtmdPan ancestral population was most
likely at least partly arboreal, and eaHpmo ancestors might have lived in flooded forests
where they could have collected fruit from the trees, and mollatashed to tree roots,
branches and trunks, as capuchin monkeys do today (Fernandes 1991).
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b. Dental and Masticatory Reduction

Compared to australopithecines (large cheekteeth) and apes (lange teseth)Homo
typically has reduced dentition, and several archaic fossilgéorgicusH. erectusandH.
neanderthalensjsshow extensive tooth loss and bone resorption of tooth alveoli in older
individuals, or even congenital generalised enamel dysplasia (FiscB@05, Zilbermaret
al. 2004). Such dentitional atrophy is incompatible with an, even partialndepee on
carcass consumption on open plains, but is less of a problem or mighthave been
advantageous in a shore-based lifestyle where consumption of slippdsyduch as shellfish
might have been important. In the same way, hunting or scavengingldiéefstil to explain
the drastic and apparently abrupt reduction of human masticatory atusey(Stedmaast al
2004). Humans not only lack the sharp dentition of dogs and hyenas, but alsirtmejr
biting and chewing muscles.

c. Olfactory Reduction

Savannah-based large mammal consumption is hardly compatible withratstecally
reduced olfactory capacity of humans compared to apes (&i&d2003). Dogs and hyenas
rely on their superb olfactory abilities to detect carcasshsyeas to collect and consume
water-side shellfish a sense of smell is unimportant. Underwaragers have small
(Pinnipedia) or absent (Cetacea) olfactory lobes in the brain cethpaterrestrial mammals
(Macdonald 2001).

d. Very Sensitive and Mobile Hands

Primates have more sensitive and mobile hands than most other alsaraspecially
cursorial and savannah-dwelling ones, but this is even more so theincdsemans.
Comparable trends are seen in waterside mammals such as rffR@mysnspecies), marsh
mongooses Atilax paludinosuly and Cape clawless otteronyx capens)s which have
unwebbed and highly sensitive and mobile fingers used to forage foracrdishellfish at the
waterside (hence the term ‘Fingerotter’ in German). Such tramdsot seen in savannah-
dwelling mammals.

e. Subcutaneous Fat

Humans have about ten times as much subcutaneous fat as mostaemaeshmals and
non-human primates including chimpanzees, and in this respect they apeaathduatics
such as fin whales (Pond 1987). Greater distribution of subcutaneous daén in all
endothermic species that spend a lot of time in water, and cowddbean an advantage for
humans in a waterside context (whether for energy storage, thesoiation in water,
hydrodynamic streamlining, buoyancy, or other ‘purposes’). On the otinel, katra fat
would be a disadvantage for an animal reliant on endurance running, whiehlrisvhen fat
levels of marathon runners are compared with those of long-distavioemsers, who
typically are three to five times fatter than long-distanc®ers (discussion and references in
Verhaegen 1991).
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PALAEOECOLOGICAL EVIDENCE

Overall, there are many different lines of evidence that poittie evolution oHomoat
the water’'s edge. The waterside model is based in the fiwst pin comparative anatomical
data such as subcutaneous fat and lack of fur (Westenhdfer 1942, Hardy 1960), mralutrit
and comparative behavioural data are also compatible. It is cfsenmmad the real ‘hard
evidence’ (bones and stones) points to a savannah existence fdd@adspecies such as
erectusandergaster Our research, however, suggests the eaHiestofossils and artefacts
and those throughout the Pleistocene are consistently associatéwiittis in which water
was apparently plentiful, and where underwater foraging would have bdepdssible for
human ancestors and rewarding.

Although the fauna associated with edflgmosites is often cited as evidence in support
of the open, semi-arid view (Reed 1997), these data are at H#guiaos when the waterside
model is also taken into account. Palaeoecological evidence asdaeititHomofossil and
archaeological sites strongly suggests tHatmo may well have been a waterside dweller
(Munro 2004).

Although, due to taphonomic considerations, caution is required when integpiessil
and archaeological data, the results of our preliminary survesalrglat, from its earliest
appearance, allomosites (i.e., fossiHomosites as well as archaeological sites presumed to
beHomg are typically and consistently associated with waterside contexts.

Homo Sites Older than 0.2 M@ega-anni, Million Years Ago)

At Gona, Ethiopia, 2.5 Ma-old stone tools were deposited in “floodplain envénatism
close to margins of channels that carried the volcanic cobbles sisad anaterials for tool
manufacture” (Semawt al. 1997: 333). Nearby, in the Hata Member of the Bouri Formation,
hominid fossils of a similar age to the Gona deposits were discovesediments containing
sandstone with bivalve and gastropod shells “deposited by fluviakgses associated with
floodplains along distributary channels close to a shallow fluctuadikey’ I(de Heinzeliret
al. 1999: 625). This Member also reveals evidence of cut and percussiaanaones of
medium and large-sized bovids, though stone tools have so far not been discovered.

TheHomomaxilla AL 666, dated to 2.3 Ma, along with a stone tool assemblage (though
no signs of butchering), was recovered from deposits of the Hadar tlornsauggesting a
landscape which was “predominantly open, with wetlands and bushed or wgradsidnds,
and with stands of trees close to the water source” (Kiettadl 1996: 559).

At Olduvai Gorge Plio-Pleistocet¢tomoremains are associated with deposits containing
“cemented aggregates of the small benthic, freshwaterCtaticuld’ as well as crocodiles,
hippos and fish (Blumenschire al. 2003: 1220). Cut and percussion marks are found on a
percentage (4.2 and 8.3% respectively) of the long bones of larger atmmmiish and
gastropods, judging by the remains of ‘living sites’, might have been cedsatrOlduvai
Gorge, while the avian fauna included abundant waders (flamingoes, hetaks, rails,
jacanas, plovers, sandpipers and stilts), swimmers and divebeggmeormorants, pelicans
and ducks) as well as marine birds (gulls, terns and skimmers) (Leakey 1979).
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The earliest occurrence of the geimmoin the Turkana Basin is associated with flood-
plain deposits in which gastropods, fish, crocodiles, bovids, equids, selidspithecids and
hippopotamids occur (Pragtt al 2005). During Plio-Pleistocene times the Turkana Basin
contained a large lake fringed by swampy wetlands as indicatéaelbryumerous fossils of
hippos, crocodiles, fish (including a stingray, suggesting a marine connatttba time),
gastropods, bivalves, sponges and numerous ostracods. Lung fish, water buckatscane
monkeys, giraffes, buffaloes, camels, rhinoceroses and elephantstsaugggs mosaic of
wet, dry, open and closed habitats in the vicinity of an extendiee ¢a large river (Feibadt
al. 1991).

Table 6. Taxa found in Unit 2 at Nariokotome III (from Walker and Leakey 1993)

Taxa Lifestyle and habitat

Pila ovata Air-breathing, shallow-water swamp snalil
Claria sp. Shallow-water catfish

Clarotessp. Catfish

Hydrocynussp. Shallow- to deep-water fish predator
Synodontisp. Shallow-water spiny catfish

Varanus niloticus Scavenging and often aquatic lizard
Trionyxsp. Soft-shelled freshwater turtle
Pelomedusidae spp. Smooth-shelled water tortoise
Homo erectus Waterside hominid (this study)
Metridiochoerussp. Grazing pig

Hippopotamus aethiopicus Aquatic herbivore

Hippopotamus gorgops Aquatic herbivore

Bovidae spp. (duiker- to buffalo-sized) Grazing &ndwsing herbivores
Lepus capensis Grass and herb feeder

The most complete skeleton of an eaflymospecimen, KNM-WT 15000, the so-called
‘Turkana Boy’ of Nariokotome, Kenya, was discovered on the westgena$ the Turkana
Basin. It lay among reeds and hippopotamid footprints, and the most abundahtdmaias
associated with it were water snails, fish and turtles (see Table 6).

The Plio-Pleistocene Shungara Formation in the Omo Basin comtaiaschaeological
assemblage as well as molluscs (including freshwater dtiteria reefs), fish, crocodiles,
hippopotamids, bovids, cercopithecids, turtles, suids and other vertebrates. The egatedeol
occurrences “are all in proximal river settings” (Clark Hove¢lal. 1987: 696).

In the Western Rift Valley, the Senga 5A site (2—2.3 Ma) contaitefacts associated
with gastropods, bivalves, fish, hippopotamids, suids and bovids in a “lowyeligogal
lacustrine setting” (Harrist al 1987: 724).

The Plio-Pleistocene Chiwondo Beds of Malawi have yieldedo fossils as well as
fragmented remains of fish, turtles, crocodiles and large mammaley also contain
molluscs “in consolidated beds of carbonate cemented sandstone. Mo#lhstidveds crop
out as benches up to several meters thick and several hundred widé&sréSchrenket al.
1995: 59).

The late Pliocene Chemeron hominid (KNM-BC 1) was depositediakeafilled basin
where fish remains were abundant: “Molluscs also lived in #e Bnd locally their remains
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accumulated to form shelly limestones. ... There is little doubtthigafossil came from the
Upper Fish Beds” (Martyn and Tobias 1967).

The DmanisHomofossil site, dated to 1.8 Ma, is located at the confluence of weosri
where at the time a lake or pond had formed due to the blocking dadrebyia lava stream.
“The hominid site itself was likely located near a lake or poietl, in lacustrine resources.
This biome, together with the adjacent forest-steppe formationsedraaighly productive
ecotone rich in animal and plant resources” (David Lordkipanidze, persomashunication
to MV). The inhabitants might have eaten hackberrys, since aburdaist lsave been found
at this site (Gabuniat al 2000).

Early Pleistocene archaeological sites from the Jordanwialdude Erk-el-Ahmar and
'Ubeidiya. These sites are associated with lacustrine am@lifldeposits rich in fresh water
gastropod and bivalve remains as well as fish, turtles, hippos and (B&ds/osef and
Tchernov 1972).

Ain Hanech, an archaeological site in Algeria dated to about 1.8 Mdpwasd on an
alluvial floodplain cut by a meandering river (an oxbow lake), and imdigate repeated
activities by hominids at a shallow river embankment (Sahretuadi 2002).

At Pabbi Hills, Pakistan, artefacts of Pliocene age, about 2 Ma, teen discovered in
deposits which also contain crocodiles, turtles, aquatic gastropodsvahebi The molluscs
suggest a large, slow-moving river with clean, shallow water tlesms five meters deep,
analogous to unpolluted sections of the Ganges River (Dennell 2004).

The site of Mojokerto (Perning), on the Island of Java has been datetinteen 1.5 and
1.8 Ma. This coastal deltaic environment (Huffman 2006) containell Water and marine
molluscs, which would have been easily procured and consumed by early hominid inkabitant
(Frank Wesselingh, personal communication to SM).

At Sangiran, also on Java, whetle erectuswas found, “a thin layer of diatoms (uni-
cellular marine phytoplankton) and dark clays with a marine masselfwas deposited by
the sea, as was noticed and described before by Professor Martibdiden” (von Koenigs-
wald 1981).

Hominids on Java were using mollusc shells to butcher mammalsaelsuto gain
access to nutritious meats, as early as 1.5 Ma (Choi and Driwantoro 2007).

The archaeological site of Majuangou (Nihewan), in China, recently dat&.66 Ma,
reveals that hominids inhabited a lake filled basin, where the remains ofcagoétiscs, and
the leaves and fruits of aquatic plants have been discovered,timgliaalow energy lake-
shore or marsh environment (Zaual 2004).

In the Middle Awash of Ethiopia, the Daka Member of the Bouri FGomadated to 1
Ma, contains artefactgjomo erectusranial and post cranial bones, abundant hippo fossils,
as well as gastropods and bivalves associated with allukekitke beaches or shallow water
deposits in distributary channels (Asfatval 2002).

Buia, in Ethiopia, containdomo erectugossils and artefacts dated to 1 Ma. These occur
in deltaic deposits of the Alat Formation, which also contains fishfeeshwater gastropod
(Melanoide} remains (Abbatet al 2004). Evidence that hominids butchered medium to
large-sized bovids, hippos, and a crocodile, also come from these depositet(Rlo2€04).

A partial Homo cranium from the same stratigraphic level as Acheuliariaattefrom
Olorgesailie, Kenya, has been dated to between 0.97 and 0.9 Ma. ntlgesBaadhered to
the frontal bone of this specimen contained amphibian bones and the tdoghsefamp rat
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Otomyssp., which today inhabits thick grasses in and around the swampsattekesers of
East Africa (Pottet al 2004).

The Angolan site of Dungo V reveals evidence for the exploitation lafge whale
(Balaenopterasp.) on a former beach more than 0.35 Ma. Closely associatetheitvhale
skeleton were numerous Lower Palaeolithic artefacts, togettienmmerous molluscs, other
marine invertebrates and shark teeth (Gutiested 2001).

The earliest evidence for human activity in northern Europe compes the site of
Pakefield, England, about 0.7 Ma, where artefacts from estuarisecsiltaining marine
fauna have been discovered. The majority of artefacts dedme ‘Unio bed’ coastal river
deposits (Parfitet al 2005).

Homo Sites from 200 ka to 50 kgilo-anni, Thousand Years Ago)

The earliest evidence fot. sapiendn the fossil record comes from the Ethiopian Kibish
Formation in deposits dated to 195 ka. This formation consists t¢lyfiftey, tectonically
undisturbed, unconsolidated sediments deposited mainly in deltaic envirenoventbrief
periods” (McDougalet al 2005: 733). Human remains derive from essentially the same
archeological level that remains of the fresh water oystegriahave been found

Also in Ethiopia,H. sapiensand stone artefacts occur in the Herto Member of the Bouri
Formation at 160 ka. This member contains gastropods, bivalves ded (oitchered)
hippopotamus bones, testifying to a waterside setting (€taak 2003).

In Eritrea, the 125-ka-old Abdur Archaeological Site, on exposed Red Sea reefseindicat
that humans were using tools to “harvest shallow marine food resoare possibly to
butcher large land mammals on the ancient shoreline” (Bruggeebahr2004: 180).

On the Mediterranean coast of Africa, the Haua Fteah siealeevidence thatl.
sapienswere harvesting and consuming shellfish 80—-100 ka (McBurney 1967), wilile at
coastal sites of Gibraltar (Bartat al 1999) and Liguria (Stiner 1994) there is evidence that
H. neanderthalensig/ias collecting and consuming shellfish.

Along the African Cape coasts there are many Middle Stone (M$A) sites with
abundant shellfish and other marine food remains. The total numbeeohsly be in the
hundreds. These sites are associated with some of the eadiésin human remains (see
review in Broadhurset al 2002). The best known is Klasies River Mouth, where 20 meter
deep shell middens occur, mostly dating to Oxygen Isotope Stage 56(&iuh990, Deacon
1992). These deposits show “evidence for the exploitation of masparoes” (Thackeray
1988: 27). The shell middens associated with Blombos Cave, dated1003Ka, indicate
that marine molluscs were the “most abundant category of food waiteshilwoodet al
2001: 441) and at Die Kelders the cave deposits contain “bones ¢fds#plins and marine
birds” (Grineet al 1991: 375).

On the Atlantic coast, the sites of Sea Harvest, Hoedjies &ehtY sterfontein reveal
evidence that the inhabitants were harvesting marine limpets assgels (Volman 1978,
Klein et al. 2004). Many more west coast MSA shell middens are known, but aret as
unexcavated.

The adipose tissue and organs of seals and sea birds, and the egd yelk®irds and
turtles, which consume exclusively marine/littoral foods, areirid@HA (Broadhurstet al
1998, Speaket al 1999). Cape penguins could have been scavenged or even hunted fairly
easily, especially the eggs and nestling3ollecting fresh eggs and live flightless nestling
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birds in a littoral environment could therefore have potentially provitle greatest amount
of LC-PUFA (long-chain poly-unsaturated fatty acids) for the leasbunt of effort of any
terrestrial food sourckenown (Broadhursét al 2002).

Evidence from the Willandra Lakes in Australia confirms thateast by 50-46 ka
(Bowler et al 2003) and possibly as early as 63 ka (Thatnal 1999, but see also Bowler
and Magee 2000, Gillespie and Roberts 2000, and &rah 2000), humans were creating
shell middens dominated by the fresh water mugskdsunio and hearths containing remains
of the golden perchPlectroplites (Bowler et al 1970). The earliest evidence of human
occupation from New Guinea comes from uplifted coral reef tesrao the Huon Peninsula,
which reveal some of the earliest (possibly 45-53 ka) examples figid haxes known
anywhere in the world (Groulet al 1986).

Significantly, coastal fossil and archaeological sites older thlaout 125 ka are
extremely rare because most coastal caves are younger than, D25 &ee been flushed of
older deposits by wave action or other erosion (Kégtial 2004). Sea levels for much of the
Pleistocene were lower than today, so the vast majority ¢ftétene coasts are now under
water. Despite this, a numbertdbmofossil sites older than 125 ka are known, such as the
1.5- or 1.8-Ma-old Indonesian site of Mojokerto, the whale butchering sitegdla, and the
700-ka-old Pakefield site from England. The non-coastal sites arealjgm@essociated with
permanent water bodies such as rivers and lakes, that in mostaggsesar to have been
connected, at least for a time, with the coast, for instance, TyrRamanisi, Nihewan, Erq
el-Ahmar, Ain Hanech, and Pabbi Hills.

H. sapiensappears to have a strong correlation with shellfish, startitly itgi earliest
appearance in the fossil record, and continuing throughout the PleistoceHelaoene to
modern times. Huge shell middens and evidence of aquatic exploitagidinawn from
coasts, rivers and lakeside settings all over the world fraenteimes well back into the
Pleistocene (see Fairbridge 1976, Meehan 1982, Shackleton and van Andel 188&pWa
1987, Erlandson 2001).

The data presented here are far from complete and we acknowledgertbee detailed
survey is necessary to provide a clearer picture. Yet,raasfave know, this is not an
unrepresentative sketch of what is currently known about early fassdilarchaeological
Homo sites, andH. sapienssites in particular from Africa prior to the last glacidtven if
there is a clear association betwddamo remains, however, and permanent water and
shellfish, this can not in itself be seen as proof H@ino was a water-side dweller. Other
lines of evidence are important.
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DiscussION

Several palaeontologists, adverse to the idea that part of outiematy history may be
linked to an aquatic environment, claim that it is not parsimonioge twom land to water,
and then back to land, in order to explain how we evolved running abilities.

First it should be noted that Bramble and Lieberman’s (2004) idea that endurance running
was a “major contributing factor” to the evolution of the human bodwy fis not based on
comparative biological evidence and is unclear in terms of titevation and timing of key
events. For example, nowhere is it detailed whether endurance ra@vielgped before or
after large brains, and how these events relate to the need to @litai fats and proteins. It
seems also unclear whit¢tomospecies may have been endurance runners. Despite the lack
of these crucial details, the ‘endurance running’ model forms the fmsiurther research.
For example, Arcadi (2006) compares wolf-like canids to Pleistobenenids because he
assumes they are “behaviourally similar” and that both are “adapted for endunamiog *

In our opinion, the ‘water's edge’ hypothesis is backed by robust datasamnanbre
parsimonious model than ‘open plain’ models including the traditional savaand
‘endurance running’ models. The waterside hypothesis is consistdmtbeftavioural,
comparative and nutritional data, as well as with evolutionary yhéwatural selection,
gradualism, mosaic evolution, parallelisms and convergences, and ssxjoéverlapping
functions and niches). It helps explain typically human featuresatbaiarely seen in open
terrain cursorial mammals, such as tool use, breath-hold capaditieg skills, nakedness
and external nose.

Moreover, it provides an evolutionarily plausible explanation for ouagieés transition
from arborealism to terrestrial bipedalism. Whereas comparatiidence suggests that a
direct transition from the trees to the plains would induce a more quadrufmedalof
locomotion (as seen in savannah baboons), an intermediary phase @i wveatiing and
climbing could plausibly explain a gradual evolution towards present-dagrhbipedalism
(Stringer 2001, Kuliukas 2002). Other water-based scenarios, based omisgiind
underwater foraging, are also conceivable, and are easily deriwed climbing—wading
lifestyles (Verhaegert al 2002). Although hypothetical, the wading—climbing scenario for
bipedalism is not a ‘just-so’ construction of the kind that is usédpen plain’ arguments
(Table 2), because there is comparative evidence of bipedal wadanigoireal species such
as mangrove-dwelling proboscis monkeys (Figure 5) and in lowland gatiNaiing in
forest swamps (Doran and McNeilage 1997).
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Figure 5. Proboscis monkeyddsalis larvatuswalking bipedally on land and wading bipedally in
mangrove swamp (after an illustration of AmandalMfits in Morgan 1997: 65). “While wading, the
monkey uses an upright posture, with the femaleyiog infants on their hip. Troops have been
filmed continuing to walk upright, in single filaJong forest trails when they emerge on land, tiig o
non-human mammal, with the exception of gibbonsgiadt pangolins, known to use this form of
locomotion for any length of time.” http://en.wilddia.org/wiki/Proboscis_Monkey

Human waterside ancestors might have searched for and gatherettdantise shallow
waters of flooded coastal, riverine, lacustrine, deltaic and sviarepts (Sauer 1962, Roede
et al 1992, Verhaegent al 2002, Wrangham 2005). They could have learnt to dip their
heads under water to search for food, and could have gradually becoraeefficient
swimmers and mobile underwater foragers (Hardy 1960, Morgan 1997, Vaneechoutte 2000).

In this scenario, ancestral human populations could have been increasipghle of
exploiting an increased range of foods from the shore and from under tire &coming
more omnivorous as they increasingly gained access to a rich sufueasily obtainable
nutritious foods such as insects, coconuts, shellfish, crabs, fish, frggs, & well as
terrestrial, arboreal, aquatic, large and small reptiles, lsinds mammals. Occasional or
regular consumption of stranded whales (Gutieetal 2001) or drowned or trampled
bovids crossing major rivers could account for the instances whereeboty of carcasses
with shell (Choi and Driwantoro 2007) or stone tools have been described archaeologically

In order to forage more efficiently underwater, a more alined boilly bead, spine and
legs all in one line) would have been an advantage, while relatorefyiegs could have been
useful for wading, treading water, swimming, diving, terrestrial dafism and climbing,
particularly palm trees. Present-day human running can therefgardimoniously derived
from an ancestral body shape designed to perform a number of diffetenties at the
water's edge, not just at the forest—savannah interface.

And it should be emphasized again that, in order to acquire the mininailgn d
requirements for humans including brain-specific poly-unsaturateddeitig, the resources
associated with littoral habitats are much more easily asitteso primates than the brains of
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large mammals, which have to be removed from the skulls of deathlarénd for which
there is a fierce competition with large mammalian predatods scavengers, who are far
better equipped for finding carcasses, cracking skulls and predation.

CONCLUSION

The ‘endurance running’ hypothesis of Bramble and Lieberman (2004) appdearee
been accepted without discussion by many members of the scieotifi;unity and has
largely remained unchallenged. It is one of the latest examplé® dbpen plain’ way of
thinking, which can be traced back to the beginning of tl’ﬂecleﬁtury. After the discovery
of the first African fossil hominid by Raymond Dart (1925), this niedses considered to be
supported by hard evidence. This first australopithecine fossifomasl in a region that is
now a marginal desert habitat, but which was a much wetter hatitéte time of
preservation. We have presented data showing that ‘open plain’ raoelétgonsistent with
Darwin’s theory that adaptation and analogies (convergences antkligna) as well as
continuity and gradual functional shiftdlgtura non facit saltupnare essential factors in
evolutionary processes (e.g., Darwin 1903: 171, 82). There are a number of lines of evidence,
including behavioural, biological, anatomical and nutritional data, incensistith ‘open
plain’ models.

These same lines of evidence, on the other hand, fit remarkablwitfethe ‘waterside’
model. This model is consistent with all the available archgmalband fossil data. It
explains much more satisfactorily the transition from treehilign to vertical terrestrial
bipedalism, and helps explain otherwise unexpected traits such asgaubtain, tool use,
breath-hold diving abilities, protruding nose, alined body, subcutaneous fat deposits as well a
other characteristics. These traits are often shared widrsige and aquatic mammals, but
are not seen in plains- or savannah-dwelling mammals. The wlatersidel does not
preclude the hunting, scavenging or butchering of large mammals, norigrtgpedalism,
but renders unnecessary endurance running over open, semi-arid plains.

Considering all we now know, the waterside model is the most par&ios explanation
for the evolution of many of the typical features in which the gétamodiffers from other
primates. We predict that a more detailed and systematiy stuthe human features
involved in locomotion, combined with an acceptance that wading, swimming and
underwater foraging may have been important locomotor activitiek,lesill to a better
understanding of our evolutionary past.



28 Marc Verhaegen, Stephen Munro, Mario Vaneechoutte et al.

REFERENCES

Abbate, E., Woldehaimanot, Bet al (2004). Geology of thédomoBearing Pleistocene
Dandiero Basin (Buia Region, Eritrean Danakil Depressidrivista Italiana di
Paleontologia e Stratigrafia 11@upplement)5-34.

Abel, O. (1931).Die Stellung des Menschen im Rahmen der Wirbeltidqema: Gustav
Fischer.

Alemseged, Z. (2006). Finding Lucy's Baby: Q&A with Zeresenay AwmhScientific
American. Sidebar, September 2006.

Arcadi A. (2006) Species resilience in Pleistocene hominiddrénadlled far and ate widely:
An anology to the wolf-like caniddournal of Human Evolution, 5883-394.

Ardrey, R. (1961)African GenesisNew York: Dell.

Arldt, T. (1907). Die Entwicklung der Kontinente und ihrer Tierwelt: Ein Beitrag zur
vergleichenden Erdgeschichteeipzig: Verlag von Wilhelm Engelmann.

Asfaw, B., Gilbert, W. H.et al. (2002). Remains dlomo erectugrom Bouri, Middle
Awash, EthiopiaNature, 416317-320.

Barton, R., Currant, Yet al (1999). Gibraltar Neanderthals and results of recent excavations
in Gorham's, Vanguard and Ibex Cav&stiquity, 73,13-23.

Bar-Yosef, O., & Tchernov, E. (1972Dn the Palaeo-Ecological History of the Site of
'Ubeidiya. Jerusalem: Israel Academy of Sciences and Humanities.

Bender, R. (1999Die evolutionsbiologische Grundlage des menschlichen Schwimmens,
Tauchens und Watens: Konvergenzforschung in den Terrestrisierungshypothegen und
der Aquatic Ape Theory (Diplomarbeit Turn- und Sportlehrer I1). Berntitimsfir Sport
und Sportwissenschaft, Universitat Bern.

Bender, R., & Bender-Oser, N. (in preparation)e Suche nach kryptischen Anpassungs-
mustern mit Hilfe von Konvergenzen: Unter Berlcksichtigung paldoanttogisoher
Theorien

Bender, R. & Oser, N. (1997). Gottesanbeterinnen, Maulwirfe und Menddh@ress
(Berichte Gber Forschung und Wissenschaft an der Universitat Berrd095,.

Bender, R., Verhaegen, M., & Oser, N. (1997). Der Erwerb menschiRipedie aus der
Sicht der Aquatic Ape TheonAnthropologischeAnzeiger, 55,14.

Bender-Oser, N. (2004)Die Aquatile Hypothese zum Ursprung des Menschen: Max
Westenhofer's Theorie und ihre Bedeutung fur die Anthropolgdiaugural-
Dissertation). Bern: Medizinische Fakultat, Universitat Bern.

Blumenschine, R., Peters, @t,al (2003). Late Pliocendomoand Hominid Land Use from
Western Olduvai Gorge, Tanzang&cience, 2991217-1221.

Bowler, J., Johnston, Het al (2003). New ages for human occupation and climatic change at
Lake Mungo, AustraliaNature, 421837-840.

Bowler, J., Jones, Ret al. (1970). Pleistocene human remains from Australia: a living site
and human cremation from Lake Mungo, western New South Walletd Archaeology,
2,39-60.

Bowler, J., & Magee, J. (2000). Redating Australia's oldest humaaimena sceptic's view.
Journal of Human Evolution, 3819-726.



The Original Econiche of the Gendsmo 29

Bramble, D., & Lieberman, D. (2004). Endurance running and the evolutiddoofa
Nature, 432345-352.

Broadhurst, C., Cunnane, $t,al (1998). Rift Valley lake fish and shellfish provided brain-
specific nutrition for earljHoma British Journal of Nutrition, 793-21.

Broadhurst, C., Wang, Yet al (2002). Brain-specific lipids from marine, lacustrine, or
terrestrial food resources: potential impact on early Afridamo sapiensComparative
Biochemistry and Physiology Part B: Biochemistry and Moleculatogy, 131,653-
673.

Bruggemann, J., Buffler, Ret al (2004). Stratigraphy, palaeoenvironments and model for
the deposition of the Abdur Reef Limestone: context for an importamaeotogical site
from the last interglacial on the Red Sea coast of EriPetaeo-geography, Palaeo-
climatology, Palaeo-ecology, 20B79-206.

Cameron, D., & Groves, C. (2008ones, Stones and Moleculesndon: Elsevier.

Carlson, B. A., & KingstonJ. D. (2007). Docosahexaenoic acid, the aquatic diet, and
hominin encephalization: difficulties in establishing evolutionary linkgnerican
Journal of Human Biology, 1932-141.

Carrier, D. R. (1984). The energetic paradox of human running, and hurohniaca.
Current Anthropology, 25483-95.

Choi, K., & Driwantoro, D. (2007). Shell tool use by early membersiaio erectusn
Sangiran, central Java, Indonesia: cut mark evidelmegnal of Archaeological Science,
34,48-58.

Clark Howell, F., Haesaerts, Ret al (1987). Depositional environments, archaeological
occurrences and hominids from Members E and F of the Shungara For(@imn
basin, Ethiopia)Journal of Human Evolution, 1665-700.

Clark, J., Beyene, Yet al (2003). Stratigraphic, chronological and behavioural contexts of
Pleistocenélomo sapienfrom middle Awash, EthiopidNature, 423,747-752.

Collard, M. & Woods, B. (1999). Grades among the African Early Homiimds. Bromage
& F. Schrenk (Eds.)African Biogeography, Climate Change, & Human Evolutipp.
316-327). New York: Oxford University Press.

Cordain, L., Brand Miller, J.et al (2000). Reply to S. C. Cunnan&merican Journal of
Clinical Nutrition, 71,665-7.

Cordain, L. Watkins, B., & Mann, N. (2001). Fatty Acid Composition and Energysifyeof
Foods Available to African Hominids. In A. Simopoulos & K. Pavlou (Edsujrition
and Fitness: Metabolic Studies in Health and Disease. World Revi®&utofion and
Dietetics(pp. 144-161). Basel: Krager.

Crawford, M., Bloom, M.gt al (1999). Evidence for the unique function of DHA during the
evolution of the modern hominid brainipids, 34,5S39-S47.

Crawford, M. A., & Sinclair, A. J. (1972). Nutritional influences in tkeolution of the
mammalian brain. In K. Elliot & J. Knight (Eds.)ipids, malnutrition and the
developing brain: A Ciba Foundation Symposium (19-21 October, 1pp1p67- 292).
Amsterdam: Elsevier.

Cunnane, S. (2005%urvival of the Fattest: The Key to Human Brain Evolutiingapore:
World ScientificPublishing Company.

Cunnane, S., Plourde, Met al (2007). Docosahexaenoic acid and shore-based diets in
hominin encephalization: a rebuttAimerican Journal of Human Biolog¥9, 578-581.



30 Marc Verhaegen, Stephen Munro, Mario Vaneechoutte et al.

Dart, R. (1925)Australopithecus africanyshe man-ape of South Africhlature, 115,195-
199.

Dart, R. (1960). The Bone Tool-Manufacturing Ability of Australopithecusntetheus.
American Anthropologist, 62,34-143.

Darwin, C. (1903)On the origin of speciestondon: Watts & Co.

de Heinzelin, J., Clark, Jet al (1999). Environment and Behavior of 2.5-million-year-old
Bouri Hominids.Science, 284625-629.

deMenocal, P. (2004). African climate change and faunal evolution duringlibeene-
PleistoceneEarth and Planetary Science Letters, 22@4.

Deacon, H. (1992). Southern Africa and modern human origimtosophical Transactions
of the Royal Society, London B, 337,/-183.

Dennel, R. (2004)Early hominin landscapes in Northern Pakistan : investigations in the
Pabbi Hills (BAR International Series 1268)xford: John & Erica Hedges.

Dennell, R., & Roebroeks, W. (2005). An Asian perspective on earlahutispersal from
Africa. Nature, 4381099-1104.

Doran, D. M., & McNeilage, A. (1997). Gorilla ecology and behavigvolutionary
Anthropology, 6120-130.

Drapeau, M. S. M., & Ward, C. V. (2007). Forelimb segment length proportiongante
hominoids andAustralopithecus afarensig\mrican Journal of Physical Anthropology,
132,327-343.

Ector, J., Ganame, Xkt al (2007).Reduced right ventricular ejection fraction in endurance
athletes presenting with ventricular arrhythmias: a quangtathgiographic assessment.
European Heart Journal, 28,83-189.

Erlandson, J. M. (2001). Aquatic adaptations: paradigm for a new millendurnal of
Archaeological Research, 287-350.

Fairbridge, R. W. (1976). Shellfish-eating preceramic indians in aloB&izil. Science, 191,
353-359.

Feibel, C., Harris, Jet al (1991). Palaeo-environmental Context for the Late Neogene of the
Turkana Basin. In J. Harris (EdKoobi Fora Research Project, Volume 3: The Fossil
Ungulates: Geology, Fossil Artiodactyls, and Palaeo-environmépis 321-370).
Oxford: Clarendon Press.

Fernandes, M. (1991). Tool use and predation of oys@nasgotrea rhizophorgeby the
tufted capuchinCebus apella apellan brackish water mangrove swanfsmates, 32,
529-531.

Fiore, 1., Bondioli, L.,et al (2004). Taphonomic analysis of the late Early Pleistocene bone
remains from Buia (Dandiero Basin, Danakil Depression, Eritredjience for large
mammal and reptile butcherin®ivista Italiana di Paleontologia e Stratigrafia, 110
(supplement)39-97.

Fischman, J. 2005. Family ties: Dmanisi fildtional Geographic, April,7-27.

Fox, D. L., Fisher, D. C., & Leighton, L. R. (1999). Reconstructing phylogeny with a
without temporal dateéScience, 2841,816-1819.

Gilad, Y. (2003). Human specific loss of olfactory receptor geResceedings of the
National Academy of Sciences of the U. S. A., 3B®4-3327.

Gillespie, R., & Roberts, R. (2000). On the reliability of age et for human remains at
Lake Mungo.Journal of Human Evolution, 3827-732.



The Original Econiche of the Gendsmo 31

Grine, F., Klein, R.et al (1991). Dating, archaeology and human fossils from the Middle
Stone Age levels of Die Kelders, South Afrideurnal of Human Evolution, 21363-
395.

Groube, L., Chappell, Jet al (1986). A 40,000 year-old human occupation site at Huon
Peninsula, Papua New Guiné&ture, 324453-455.

Grun, R., Shackleton, Net al (1990). Electron-Spin-Resonance Dating of Tooth Enamel
From Klasies River Mouth Cav€urrent Anthropology, 31427-432.

Grun, R., Spooner, Net al (2000). Age of the Lake Mungo 3 skeleton, reply to Bowler and
Magee and to Gillespie and Robefsurnal of Human Evolution, 3833-741.

Gutierrez, M., Guerin, C., Lena, M., & Piedade da Jesus, M. (2B&p)oitation d’'un grand
cétacé au Paléolithigue ancien: le site de Dungo V a Baia {&eteguela, Angola).
Comptes Rendus de I'Académie des Sciences PalévoB533262.

Hanna, J. M., & Brown, D. E. (1983). Human heat tolerance: an anthropologispégtave.
Annual Review of Anthropology, 1259-84.

Hardy, A. (1960). Was man more aquatic in the pEst® Scientist, /42-645.

Harris, J., Williamson, Pet al (1987). Late Pliocene hominid occupation in Central Africa:
the setting, context, and character of the Senga 5A site, Zamivenal of Human
Evolution, 16,701-728.

Hatley, T., & Kappelman, J. (1980). Bears, pigs, and Plio-Pleistocene hominids:fardcase
exploitation of belowground food resourcé@surnal Human Ecology, 871-387.

Henshilwood, C., Sealy, Jet al (2001). Blombos Cave, Southern Cape, South Africa:
Preliminary Report on the 1992-1999 Excavations of the Middle Stone AgelslLe
Journal of Archaeological Science, 281-448.

Hildebrand, M. (1974)Analysis of vertebrate structurlew York: Wiley.

Hong, S. K., & Rahn, H. (1967). The diving women of Korea and J&mentific American,
34-43.

Huffman, O.F., Zaim, Y.et al (2006). Relocation of the 1936 Mojokerto skull discovery site
near Perning, East Javlurnal of Human Evolution, 5@31-451.

Jolly, C. (1970). The seed-eaters: a new model of hominid diffelientiadsed on a baboon
analogy.Man, 5,5-26.

Kemp, T. S. (2007). The origin of higher taxa: macroevolutionary processbtheacase of
the mammalsActa Zoologica, 883-22.

Kimbel, W., Walter, R..et al (1996). Late Pliocenélomo and Oldowan Tools from the
Hadar Formation (Kada Hadar Member), Ethiop@urnal of Human Evolution, 3549-
561.

Klein, R., Avery, G.et al (2004). The Ysterfontein 1 Middle Stone Age site, South Africa,
and early human exploitation of coastal resoureesceedings of the National Academy
of Science U. S. A., 108708-5715.

Koenigswald, R. von (1981). The Indonesidlomo erectusbrain endocasts revisited.
American Journal of Physical Anthropology, 583-521.

Kuliukas, A. (2002). Wading for Food: The Driving Force of the Evolution geBalism?
Nutrition and Health, 16267-289.

Lamarck, J.-B. de (1990/1991)ooclogische Philosophie3 tomes (1809). Leipzig:
Akademische Verlagsgesellschaft Geest & Portig.

Landau, M. (1984). Human Evolution as Narrati#&eerican Scientist, 7262-267.

Landau, M. (1991)Narratives of Human EvolutioiNew Haven: Yale University Press.



32 Marc Verhaegen, Stephen Munro, Mario Vaneechoutte et al.

Langdon, J. (1997). Umbrella hypotheses and parsimony in human evolutioigwe aftthe
Aquatic Ape Hypothesislournal of Human Evolution, 33,79-494.

Leakey, M. (1971)Olduvai Gorge: my search for early mdrondon: Collins.

Le Gros Clark, W. E. (1955T.he fossil evidence for human evolutibandon: University of
Chicago Press.

Lewin, R. (1987)Bones of contentiomNew York: Touchstone Book.

Lordkipanidze, D., Jashashvili, Tet al. (2007). Postcranial evidence from eadgmofrom
Dmanisi, GeorgiaNature, 449305-310.

Macdonald, D. (2001yhe Encyclopedia of Mammalew York: Facts on File.

Martyn J., & Tobias P. V. (1967). Pleistocene deposits and new fosallties in Kenya.
Nature, 215476-480.

McBurney, C. (1967).The Haua Fteah (CyrenaicalCambridge: Cambridge University
Press.

McDougall, 1., Brown, F.gt al (2005). Stratigraphic placement and age of modern humans
from Kibish, EthiopiaNature, 433,733-736.

McGowan, C. (1999)A practical guide to vertebrate mechanigS8ambridge: Cambride
University Press.

Meehan, B. (1982)Shellbed to Shell MidderCanberra: Australian Institute of Aboriginal
Studies

Morgan, E. (1997)The Aquatic Ape Hypotheslsondon: Souvenir.

Morris, D. (1967).The naked apeNew York: Random House.

Munro, S. (2004)Fauna of Selected Late Miocene to Early Pleistocene Fossil Bites
Honours thesis). Canberra: Australian National University.

Napier, J. (1971)The Roots of Mankind.ondon: Allen & Unwin.

Nesturkh, M. (1967)The Origin of ManMoscow: Progress.

Newman, R. W. (1970). Why man is such a sweaty and thirsty aransgkeculative review.
Human Biology, 44,2-27.

Parfitt, S. L., Barendregt, R. Wet al (2005). The earliest record of human activity in
northern EuropeNature, 438,1008-1012.

Partridge, T. (1985). Spring flow and tufa accretion at Taung. In FPobias (Ed.)Hominid
Evolution. Past, present and futugep. 171-187). New York: Liss.

Pond, C. (1987). Fat and figurééew Scientist, 11462-64.

Potts, R., Behrensmeyer, A. €1, al (2004). Small Mid-Pleistocene hominin associated with
East African Acheulean technolodycience, 305/5-78.

Pratt, S., Brugal, J. Pet al (2005). First occurrence of early Homo in the Nuchukui
Formation (West Turkana, Kenya) at 2.3-2.4 Mygurnal of Human Evolution, 4230-
240.

Reed, K. (1997). Early hominid evolution and ecological change through theri\feiio-
PleistoceneJournal of Human Evolution, 3289-322.

Reinhardt, L. (1906)Der Mensch zur Eiszeit in Europa und seine Kulturentwicklung bis zum
Ende der SteinzeiMunich: Verlag von Ernst Reinhardt.

Roede, M., Wind, J.et al (1991).The Aquatic Ape: Fact or FictionRondon: Souvenir
Press.

Sahnouni, M., Hadjouis, Det al (2002). Further research at the Oldowan site of Ain
Hanech, North-eastern Algerizournal of Human Evolution, 4325-937.



The Original Econiche of the Gendsmo 33

Sauer, C. (1962). Seashore — Primitive Home of MBn@ceedings of the American
Philosophical Society, 108,1-47.

Shackleton, J. C., & van Andel, T. H. (1986). Prehistoric shore @magnts, shellfish
availability, and shellfish gathering at Franchthi, Greeogernational Journal of
Geoarchaeology, 11,27-143.

Schrenk, F., Bromage, Tet al (1995). Paleoecology of the Malawi Rift: Vertebrate and
invertebrate faunal contexts of the Chiwondo Beds, northern Malawinal of Human
Evolution, 2859-70.

Semaw, S., Renne, Ret al (1997). 2.5-million-year-old stone tools from Gona, Ethiopia.
Nature, 385333-338.

Sinclair, A. R. E., Leakey, M. D., & Norton-Griffiths, M. (1986). Mig@ti and hominid
bipedalismNature, 324307-308.

Skinner, M. (1991). Bee brood consumption: an alternative explanation fovhgpenosis
A in KNM-ER 1808 Homo erectus from Koobi Fora, KenyaJournal of Human
Evolution, 20493-503.

Slijper, E. J. (1936Die CetaceenThe Hague: Nijhoff.

Speake, B., Decrock, Fet al (1999). Fatty acid composition of the adipose tisue and yolk
lipids of a bird with a marine-based diet, the Emperor pengMitetiodytes forsteri
Lipids, 34,283-290.

Stedman, H., Kozyak, Bet al (2004). Myosin gene mutation correlates with anatomical
changes in the human lineagature, 428415-418.

Stevens, C. E. (1990). Comparative physiology of the vertebrate idegesystem.
Cambridge: Cambridge Univerity Press.

Stiner, M. (1994)Honor among thieves : a zooarchaeological study of Neandertal ecology
Princeton, NJ: Princeton University Press.

Stringer, C. (1997). DiscussioRSA Journal, November/Decemhktpb.

Stringer, C. (2001). Discussion grosig.anthropology.paleo, September 14

Thakeray, J. (1988). Molluscan fauna from Klasies River, South AfScaith African
Archaeological Bulletin, 437-32.

Thorne, A., Grun, Ret al (1999). Australia's oldest human remains: age of Lake Mungo 3
skeletonJournal of Human Evolution, 3691-612.

Thorpe, S. K. S., Holder, R. L., & Crompton, R. H. (2007). Origin of human bipedadisan
adaptation for locomotion on flexible branch8sience, 3161328-1332.

Tobias, P. V. (1995Daryll Forde Memorial LectureLondon: University College.

Tobias, P. V. (1998). Water and human evolutfoat There, 338-44.
http://users.ugent.be/~mvaneech/outthere.htm

Tocheri M. W., Caley, M.gt al. (2007). The primitive wrist oHomo floresiensisand its
implications for hominin evolutiorScience, 317,743-1745.

Vaneechoutte, M. (2000). Water and human evolutitarman Evolution, 15243-251.
http://users.ugent.be/~mvaneech/Symposium.html

Verhaegen, M. (1991). Human regulation of body temperature and watecdala M.
Roede, J. Windet al (Eds.),The Aquatic Ape — Fact or Fictior(Bp. 182-192). London:
Souvenir Press.

Verhaegen, M. (1994). Australopithecines: ancestors of the Africaa? Bjpenan Evolution,
9,121-139. http://users.ugent.be/~mvaneech/Fil/Verhaegen_Human_Evolution.html



34 Marc Verhaegen, Stephen Munro, Mario Vaneechoutte et al.

Verhaegen, M. (1996). Morphological distance between australopithecinen landaape
skulls.Human Evolution, 1135-41.

Verhaegen, M., Puech, P.-F., & Munro, S. (2002). Aquarboreal ancestersfs in Ecology
and Evolution, 17212-217.

Volman, T. (1978). Early Archeological Evidence for Shellfish Cdilher Science, 201911-
913.

Walker, A., & Leakey, R. (1993Y.he Nariokotom&lomo erectuskeleton Cambridge:
Harvard University Press.

Walker, A., Zimmerman, M. R., & Leakey, R. E. F. (1982). A possible cdseyper-
vitaminosis A inHomo erectusNature, 296248-250.

Waselkov, G. A. (1987). Shellfish Gathering and Shell Midden ArchaeologW. B.
Schiffer (Ed.),Advances in Archaeological Method and Thefvpl. 10, pp. 93-210).
San Diego: Academic Press.

Westenhofer, M. (1942)Der Eigenweg des MenscheBerlin: Verlag Die Medizinische
Welt.

Wheeler, P. (1984). The evolution of bipedality and loss of functional badinHaominids.
Journal of Human Evolution, 131-8.

Wood, B. (1996). Apocalypse of our own makihature, 379687-687.

Wrangham, R. (2005). The Delta Hypothesis: Hominoid Ecology and Homirgm&rin D.
Lieberman, R. Smith, & J. Kelley (Eds.Interpreting the Past: Essays on Human,
Primate and Mammal Evolution in Honor of David Pilbegup. 231-242). Boston: Birill
Academic Publishers.

Wrangham, R. W., Jones, J. Kt al (1999). The raw and the stolen: cooking and the
ecology of human origin€urrent Anthropology, 4(67-594.

Zhu, R. X., Potts, R.et al (2004). New evidence on the earliest human presence at high
northern latitudes in northeast Asiature,431,559-562.

Zilberman, U., Smith, P., Piperno, M., & Condemi, S. (2004). Evidence of amegigene
imperfecta in an early AfricaHomo erectusJournal of Human Evolution, 4647-653.



