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Abstract

Charles Darwin neglected to explain the overgrown human brain encephalization because he had no access to modern laboratory
equipment like Lipidomics based LC-MS. Darwin himself was a supporter of the Savanna Dry Land (SDL) hypothesis - with the Aquatic
Phase Hypothesis (APH) as its counterpart - postulating that the African savannah could supply those nutritional elements and other
chemical compounds essential to the explanation of the uniqueness of the human brain with its overgrown neocortex. Here we will
present all evolutionary ingredients required to explain the excessive brain growth from Homo habilis (2.4 million to 1.4 million years
ago with a skull capacity of around 600 cm?®), towards Homo erectus (skull capacity 850 cm?), probably by the invention of tools
and weapons for hunting. With improving tools, more meat became available in combination with the socializing aspect of hunting
(communication, language, social hierarchy). Increased meat consumption probably resulted in exponential human brain growth
over the last 75,000 years towards that of modern Homo sapiens (averages brain volumes about 1250 cm?-1500 cm?). We hypothesize
that the tremendous herds of the ancestors of the ruminant African buffalo (Syncerus caffer) and the biochemical composition of their
products (meat & lard) formed the basis and supplied the biochemical products to explain the growth spurt of the human brain in the
late Pleistocene. Another finding that supports this theory was the similarity of migration routes of early African bovines -ancestors
of Syncerus caffer (based on mitochondrial DNA studies)- and early hominids (hunter-prey correlation) which provided supportive
evidence for the “Out of Africa” hypothesis. So, based on these findings, we postulate the ‘African Buffalo Savannah hypothesis’ (‘ABS
hypothesis”) which proposes that the availability of the meat and bovine lard of early African buffalo herds on the African savannah
in the Pleistocene present the natural selection traits in evolution explaining the excessive brain growth (encephalization) of the
early hominids. The use of improved tools during the hunt in combination with a dietary change towards meat can therefore be
considered as a ‘prime mover’ in brain evolution. We stipulate that evolution has no purpose of itself but is based on a coincidence of
circumstances, which also applies to the ‘mysteries of mysteries’, the overgrown neocortex of Homo sapiens. By a tremendously long
series of ‘eatings’ and ‘breedings’ in hominid evolutionary history, those evolutionary traits were selected which ultimately resulted
in the ‘overgrown human brain’ of Homo sapiens. Finally, cave paintings of among others Syncerus caffer in Lascaux (15,000 years old;
southern-France) and Altimira (13,500 years old; northern-Spain) are indicative for an internalized ‘system of thought’ supporting

the notion that this large herbivore of the African savannah was an important prey animal for early hominids.
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Introduction

This review has a pretty ‘loaded’ title immediately
criticizing Charles Darwin’s all-inclusive evolution theory
of negligence. But the reality is that Darwin did not have the
modern laboratory facilities scientists of the 21st century
have at their disposal. Figure 1 presents the theories of
the two leading scientists of evolutionary biology of the
18th century, Baptiste Lamarck and Charles Darwin in one
drawing [1,2].

Figure 1: Lamarckism, a theory of evolution is also called the
inheritance of acquired characteristics or soft inheritance. It is
inaccurately named after the French biologist Jean-Baptiste
Lamarck (1744-1829) and based on the principle that physical
changes in organisms during their lifetime—such as increased de-
velopment of an organ or a body-part due to increased use—could
be transmitted to their offspring (1. Lamarck 1809). Darwinism is a
theory of biological evolution developed by the English naturalist
Charles Darwin (1809-1882) and others, stating that all species
of organisms arise and develop through the natural selection of
small, inherited variations that increase the individual’s ability to
compete, survive, and reproduce (2. Darwin 1859).

Darwin accepted and described over 150 years ago
in his masterwork On the Origin of Species (by Natural
Selection)” the evolutionary laws of the “Struggle for
Survival” and the “Survival of the Fittest” Evolutionary
laws aimed at improving a species and to adapt it to
environmental factors which can be harsh and eliminate
the “weak” unadjusted individual from a population. The
environmental trigger for this elimination was often the
supply of food. Darwin also described how within such
a population there was sufficient time to recover with
better adapted species. His main support for this initial
hypothesis came from the finches he had collected on the
various Galapagos islands. He caught several finches with
different beak shapes (Figure 2A) on the different islands
of the Galapagos Archipelago and his perception was
that they came from a common ancestor. This formed the
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Figure 2A: Charles Darwin caught several finches with different
beak shapes on the different islands of the Galapagos Archipelago
and his perception was that they came from a common ancestor.
This formed the basis for his “Tree of Life (TOL)”, from which he
carefully formulated his initial hypothesis as shown in Figure 2B

Figure 2B: The initial contours of the evolutionary hypothesis of
Charles Darwin as described in “On the origin of species”, which
lead to the Tree of Life (TOL) (Source: (1. Darwin 1859 [edited
Quammen 2011]).

basis for his “Tree of Life (TOL)”, from which he carefully
formulated his initial hypothesis as shown in Figure 2B [3].

Unfortunately, Darwin did not accept the scientific
challenge of explaining the overgrown human neocortex
in his book “On the Origin of Species by Natural Selection”.
research

Recent fascinating discoveries in several

Citation: Ginneken VV. [Review]: Where Darwin neglected to explain the human-brain encephalization: 1). Ecological arguments supporting the
Savannah Dryland (SDL) hypothesis. ES ] Neurol. 2020; 1(1): 1005.

2/36


https://en.wikipedia.org/wiki/Biologist
https://en.wikipedia.org/wiki/Jean-Baptiste_Lamarck
https://en.wikipedia.org/wiki/Jean-Baptiste_Lamarck

ISSN: 2768-0606

fields provide a blending of ecological-, anatomical-,
physiological-, biochemical-, (bio)medical and nutritional
data (‘the Modern Synthesis of Understanding’ 4 1a Sir Julian
Sorell Huxley 1187-1975). Their interconversions and their
evolving conclusions bring us closer to a single innovative
and comprehensive evolutionary theory about human
brain growth or encephalization as a replenishment to
Darwin’s 1). “On the Origin of Species by Natural Selection”
(1859) orits successor 2). “On the Descent of Man” (1871) in
both of which Charles Darwin neglected to give a plausible
explanation for the tremendous growth of the human brain
over the last 75,000 years (Figure 3) [4].
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Figure 3: Skull expansion from early hominids towards hominids
and ultimately Homo sapiens.

In chapter 14, ‘Recapitulation and Conclusions’, Darwin
only wrote: Tn the distant future I see open fields for far more
researches. Psychology will be based on a new foundation,
that of the necessary acquirements of each mental power
and capacity by gradation. Light will be thrown on the origin
of man and his history’.

One of the prominent ways to follow the evolution
of the human brain is through direct evidence in the
form of fossils. The evolutionary history of the human
brain primarily shows a gradual increase of brain size
in proportion to body size during the development from
early primates to hominids and ultimately to Homo sapiens.
Because fossilized brain tissue is rare, a more reliable
approach is to observe anatomical characteristics of the

skull which provide insight into brain characteristics.
One such method is observing the endocranial cast (also
called endocasts). Endocasts occur when, during the
fossilization process, the brain deteriorates, leaving a
space that is filled up by excessive sedimentary material.
These casts give an impression of the lining of the brain
cavity, making it possible to visualize what was there [5].
This approach, however, is limited as to what information
can be collected mainly providing information about the
size of the brain (skull capacity or endocranial volume),
prominent sulci and gyri, and the size of dominant lobes or
brain regions [6]. Although endocasts are extremely useful
in revealing superficial brain anatomy, they cannot reveal
a brain structure, especially from deeper brain regions. By
determining skull capacity in relation to the total number of
neurons present in primates, fossil evidence allows for an
estimation of the number of neurons [7]. Herculano-Houzel
2012). Despite the limitations to using endocasts, they can
provide a basis for understanding human brain evolution
primarily showing a gradually growing brain. This trend
which has led to the current human brain size indicates a
2-3-fold increase in the last 3 million years [8]. Especially
over the last 170,000 years, an excessive exponential brain
growth has been observed from Homo habilis towards
Homo sapiens (Figure 3). Few things demonstrate the
distinctive character of research and the various research
schools, such as research into human evolution. On the
one hand we have research with a long tradition in human
evolution - already suggested by 1.Lamarck (1809) and
2.Darwin (1871), that human ancestors descended from
the trees and moved to the open savannah - firmly based
on the ‘Savanna Dry-Land Hypothesis’ (SDLH), which
explains most human evolutionary traits, such as walking
on two legs (xbipedalism).

The SDLH first came to prominence, however, with the
discovery of Australopithecus africanus by Raymond Dart
in 1924. In an article on the discovery, published in the
journal Nature, Dart wrote:

“For the production of man a different apprenticeship
was needed to sharpen the wits and quicken the higher
manifestations of intellect - a more open veldt country where
competition was keener between swiftness and stealth,
and where adroitness of thinking and movement played
a preponderating role in the preservation of the species.
Darwin has said, “no country in the world abounds in a
greater degree with dangerous beasts than Southern Africa.”
and, in my opinion, Southern Africa, by providing a vast open
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country with occasional wooded belts and a relative scarcity
of water, together with a fierce and bitter mammalian
competition, furnished a laboratory such as was essential to
this penultimate phase of human evolution” [9,10].

Inthelatter parts of the 20th century, new fossil evidence
began to emerge which called the SDLH into question.
These newly discovered remains showed indications that
human ancestors were still well adapted to climbing trees,
even after they had begun to walk upright [11].

Not everyone was willing to write off the savannah
hypothesis. A poor definition of what a savannah actually is,
contributed to this. Critics of the hypothesis often saw the
savannah as open grasslands with sporadic tree growth.
However, savannas can have a high tree density and can
also be humid. The large difference between savannas
and forests is the lack of grasses in the latter. Cerling et al
(2011) developed a method to determine the forest cover
of ancient landscapes, thus no longer requiring a definition
of what a savannabh is. By distinguishing between the C3
plants of the tropical forests and the mix of trees and C4
grasses of the savannabh, they investigated the stable carbon
isotope content of paleo-sols from some sites in East
Africa. They described landscapes varying between forest,
woodland/bushland/shrubland,
and grasslands. They concluded that the early hominids

wooded  grasslands
lived in a more open environment than the hominin
Australopithecus, rendering the savannah hypothesis still
a plausible possibility [12].

Using a similar argument - still at an ecological
perception. Dominguez-Rodrigo (2014) stated that the
usual division of landscapes into grassy, wooded and
wooded is of little use, because it tells nothing about
the evolutionary pressure on mammals. For example,
the selection pressure of grass fields in tropical forests
is incomparable to the grasslands of savannas. Tropical
forests harbour many different species of trees, while
savannas only have a few species, which hardly carry any
fruit [13].

Another factor is that of scale. Paleoanthropologists
often investigate only the site itself, an area of several
hundred to thousands of meters. These habitats are
referred to as ‘biomes’ (Figure 4), but in fact a proper
ecological definition would require an area of many
hundreds of kilometres in order to be able to elucidate until
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Figure 4: ‘Biomes’ of the World with at the continent Africa the
largest Savannah; a mixed woodland grassland ecosystem
characterised by the trees being sufficiently widely spaced so that
the canopy does not close. The open canopy allows sufficient light
to reach the ground supporting an unbroken herbaceous layer
consisting primarily of grasses (14. Paine et al 2019).

now unknown social lifestyle patterns such as hunting or
foraging as hunter gatherers over a certain area, which
yields sufficient food [14] (Figure 5).

Modern human expansion from Africa has important
implications for understanding the genetic and phenotypic
structure of extant populations. Most of the diverse bovid

Homo sapiens
Syncerus caffer

Figure 5: Similarity of migration routes of early hominids with
those of the African buffalo (Syncerus caffer) —hunter-prey
correlation- which most likely expanded and diverged in the late to
middle Pleistocene from an ancestral population located around
the current-day Central African Republic with the Cape buffalo
undertaking successive colonization events from Eastern toward
Western and Southern Africa (9.van Ginneken et al 2017).
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species occurred in Africa. Their maximum concentration
was reached in the savannas of eastern Africa possibly in
the period in which the Cape buffalo evolved as a separate
subspecies, according to the net sequence divergence
compared with other subspecies (Figure 6). These two
observations agree with the hypothesis of a rapid evolution

Figure 6: Photo of the tremendous amounts of animals in a herd
of the African Buffalo (Syncerus caffer).

of Cape buffalo based on fossil data [15]. Additionally,
there appears to have been an expansion of population
from eastern to southern Africa, which may be related
to vegetation changes. The presence of bovids species
guaranteed that sufficient meat and lard was available to
transform the brains of these early hominids by a “brain
steatosis” mechanism (Figure 7) [16].

The African buffalo (Syncerus caffer) exhibits extreme
morphological variability. Recent molecular analysis
using a comprehensive set of mitochondrial D-loop
sequences from across the entire range of the species
converged on the existence of two distinct lineages,
corresponding to a group encompassing West- and
Central-African populations and a group encompassing
East- and Southern-African populations. The two lineages
of the African buffalo most likely expanded and diverged
in late to middle Pleistocene with strong indications for
a population expansion in both lineages which diverged
between 145,000 to 449,000 years ago [17]. Arguing
thus, the study identified the most probable historical
migration routes, based on a Bayesian analysis, with
the Cape buffalo undertaking successive colonization
events from Eastern toward Southern Africa (Figure 5).
Furthermore, their analyses indicate that, in the West-
Central African lineage, the forest eco-phenotype may be
a derived form of the savanna eco-phenotype and not vice

versa, as has previously been proposed. This recent study
supports earlier paleontological findings on bovid fossils
from Elandsfontein, located in the south-western Cape
Province, South Africa, which comprise 7,257 individually
numbered specimens from 18 buffalo species. Taxonomic
comparisons with Olduvai Gorge and other African sitesand
the high percentage of extinct forms imply that the bones
accumulated in the earlier part of the Middle Quaternary,
probably sometime between 700,000 and 400,000 years
ago data. Also based on analysis of mitochondrial and
Y-chromosomal loci from these ancestors of the modern
African buffalo, it was concluded that it had a Pleistocene
origin and population expansion [18]. In conjunction
with data of the paleontological studies, at the coast of
South Africa at fossils of ancestors of the present modern
African buffalo. Similarity of the migration routes of early
hominids and these early African buffalo species supports
the “Out-Of-Africa” theory. We hope that our results and
our initial evolutionary hypothesis termed “The African
Savannah Buffalo” hypothesis will stimulate further
work on this important topic. The major outcomes of our
“African Savannah Buffalo hypothesis” (“ASB-hypothesis”)
are depicted in Figure 5 which gives the similarity of
dispersal/migration routes of early bovines and early
hominids (direct hunter-prey correlation/association).

Explanations for brain evolution in primates must be
seen against the background of the challenges associated
with the evolution of coordinated, coherent, connected
social groups which require new social behavior for
their solution, along with the specialized cognition and
neural substrates that support it. Here again it has been
questioned if the Savannah Hypothesis Model presents an
ecological model providing sufficient ‘substrate’ (= ‘meat’
see further) with a biochemical composition meeting the
requirements of the developing human brain in terms of
omega-3 & omega-6 PUFAs. So, here raise again a crucial but
frequently overlooked issue, i.e., the fact that the evolution
of large brains mainly requires energetic constraints which
must be overcome [19]. To meet this requirement, the
herds of the ruminant and large herbivores of the African
savannah, the African buffalo (Syncerus caffer), provided
a tremendous amount of biomass (meat) to hunt for. The
African forest buffalo is a smaller variety of the African
buffalo. The Cape buffalo weighs anywhere from 400 to
800 kg (880-1760 lbs), whereas the African forest buffalos
are much lighter, weighing between 250 and 320 kg (550-
705 Ibs). The African forest buffalo -foraging in the tropical
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forest of Nigeria lives in relatively small herds, as small as
3 and rarely over 30 compared to the well-studied Cape
buffalo which occurs in herds of over 1,000 members [20].
According to Dominguez-Rodrigo (2014), the savannah
(dry-land) hypothesis (SDLH) can still provide a good
explanation for large human brains although the transition
of environment has probably been less abrupt than some
earlier authors thought. Observation of “brain steatosis”
occurring in a C57bl6 obese mouse model raised for 40
days on a High-fat diet based on 24.0% bovine lard (16. van
Ginneken et al 2017), a landmark discovery, directed us to
the tremendous herds of the ancestors of the ruminant
African buffalo (Figure 6), and the to the possibility that
their products (meat & lard) where of such a biochemical
composition, that they sustained the growth spurt of the
human brain in late Pleistocene (van Ginneken 2020 in
preparation).

In the last parts of the 20th century, new fossil evidence
emerged which questioned the savannah hypothesis. The
newly discovered ‘exotic’ Australopithecus ramidus -later
called Ardipithecus ramidus- appeared to be half a million
years older than the previously known A. afarensis and
to have had a more monkey-like appearance [21]. After
extensive research, a series of eleven articles published in
the Science in 2009 concluded that Ar. ramidus preferred
more wooded areas instead of the open grassland which
would not support the climate-driven savannah hypothesis
[22]. Fossils provided evidence that they were still well
adapted to climbing trees even after they had started
to walk upright [23]. The absence of cranial remains of
Australopithecus species older than 3.5 million years has
limited our understanding of the evolutionary history of this
genus. In a recent article in Nature, Haile-Selassie and co-
workers [24] describe a nearly complete hominin cranium
of an Australopithecus species, dated to approximately
3.8 million years (Myr) ago, which fills a crucial gap in
the hominin fossil record. The specimen (coded: MRD)
showed a morphology that was more primitive than that of
any previously known Australopithecus cranium, including
features thatlink early Australopithecus to the Mio-Pliocene
genera Sahelanthropus and Ardipithecus. This excavated
fossil from a first hominin shows how complex it is to draw
important conclusions about the human family tree (TOL)
based on accidental excavations of a small number of rare
fossils.

The major conclusion of Haile-Selassie and co-workers
from this recent fossil discovery is that MRD as well as other

discoveries from Woranso-Mille do not distort the proposed
ancestor-descent relationship between A. anamensis and
A. afarensis. The MRD cranium findings might also indicate
that A. afarensis did not evolve from a single ancestral
population. Most importantly, however, this 3.8 Myr nearly
complete cranium founding of an early hominin shows that
despite the generally accepted hypothesis of anagenesis
(Figure 7) - A. afarensis did not appear due to phyletic
transformation. It shows that at least two related hominins
must have existed side by side in eastern Africa around
3.8 Myr ago, a finding which furthermore gave supportive
evidence for a middle Pliocene humankind specimen of
these Australopithecus hominins [24].

Figure 7: Anagenesis vs. Cladogenesis: Anagenesis is the gradual
evolution of a species which continues to exist as an interbreeding
population. This contrasts with cladogenesis, which occurs when
there is branching or splitting, leading to two or more lineages and
resulting in separate species.

These discoveries have contributed to

understanding of human evolution by pushing the hominin

our

fossil record in the Miocene era, and by possible taxonomic
diversity, wider geographical distributions, the presence
of multiple forms of bipedalism and a large adaptive shift
associated with the origin of the genus Australopithecus. At
the same time, these discoveries raise important questions
about human taxonomy and systematics. Although most
questions arise from the fragmentary (mostly dentognatic
= teeth) nature of the fossil record and the small sample
size, some problems relate to the absence of fossils and
skeletal elements that are informative in the system from
critical time periods (Figure 8). But most important for the
African savannah hypothesis is the assumption that these
Australopithecus hominins obtained the bulk of dietary
calories from African savannah plants.

The savannah hypothesis plays a prominent role in this
review manuscript and in the formulation of our initial
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Figure 8: Overview of the fossil record over a time frame of
8 million years. Just over the last 2-3 million years, the fossil
record shows a more rapid increase of the cranial volume.

While the cranium fossils of Australopithecus, Sahelanthropus
and Ardipithecus were rare (single specimen) the fossil record
increased tremendously over the time frame of the last 2 million
years.
hypothesis related to human brain encephalization. In
this respect, mitochondrial DNA studies were extremely
important providing supportive evidence that as proposed
by Gonder [25], a large and diverse human population
has persisted in eastern Africa which may be the cradle of
humanity [26]. Genetic studies and fossil evidence indicate
that archaic humans evolved to anatomically modern
humans solely in Africa between 200,000 and 60,000 years
ago [27]. In addition, members of one branch of Homo
sapiens left Africa at some point between 125,000 and
60,000 years ago, and over time these humans replaced
other populations of the genus Homo such as Neanderthals
and Homo erectus [28]. The savannas of the world are
currently undergoing another phase of change as modern
expansion of the human population impinges on the fauna
especially that of the early hominid species In this regard,
the human adaptation began with Homo erectus who
approximately 1.9 million years ago displayed strategies of
life similar to Homo sapiens. The prominent change was the
increased relative brain size that separated Homo erectus

from Australopithecines [29].

We will in this review manuscript solely focus on the
stage of exponential brain growth depicted in Figure 3
from Homo habilis (2.4 million to 1.4 million years ago
with a skull capacity of around 550 cm? towards the last
75,000 years when it was exponential from Homo erectus
(averages of around 800-1,100 cm?® with a mean of around
950 cm? for the African lineage; towards modern Homo

sapiens (1500 cm3: averages about 1260 cm?® in men
and 1130 cm? in women, although there is considerable
individual variation) [30,31].

In this respect, it must be remarked that the food
resources produced by the African savannah ‘biomes’,
are extremely important in our model of human brain
encephalization. In earlier studies in a High-Fat Diet
obesity induced C57BL6 mouse model on 24.0% bovine
lard we observed accumulation of specific Triacylglycerols
(TGs) under conditions of starvation [32] but also after
exposure to a High-fat diet based on bovine lard, giving
cause to the hypotheses that large amounts of TGs were
the ‘prime movers’ in brain evolution for skull expansion
(encephalization).

Thus, lipid
composition of bovine lard (large amounts of unsaturated
TGs C:50-1; C:50-2; C:52-2; C:52-3; C54-3; C:54-4 and C56-
3 TGs) might play a role in mammalian encephalization

we hypothesized that the unique

(Figure 9). In addition, we found a tight correlation of the
HF-diet mouse brain composition with respect to these
TGs to the HF-food diet (correlation coefficient r?=0.760 in
comparison to control chow r?= 0.264).
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Figure 9. “Brain steatosis” based on LCMS-data of whole mouse
brain -“brain steatosis”- under two nutritional conditions: The
specific molecular structure of bovine lard (high amounts of

unsaturated C:50-1; C50-2; C:52-2; C:52-3; C54-3; C:54-4 and
C56-3 Triacylglycerols (Source: 16. van Ginneken et al 2017).

Dietary quality has played a prominent role in theories
of human evolution in general and the evolution of the
human brain in particular [33,34]. Ideas of brain evolution
centring on dietary quality have until present not been
confined to humans and human evolution [35-37] coined
the “Extractive Foraging Hypothesis” to explain the
relationship in primates. They argued that a relatively
large brain correlates with omnivorous feeding in
primates which requires relatively complicated strategies
for extracting high quality foodstuffs. The importance of a
high-quality diet, and meat consumption in particular, has
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been a common theme [38]. One of the most memorable
of these theories is known as the ‘Man the Hunter’ [39,40].
This theory argues that increasing amounts of meat in
the hominid diet lead to increasing levels of cooperation
among the males during the hunt, which lead to brain
expansion and the associated development of cognition,
language and symbolic culture. This hypothesis was
fuelled by the realization that an increase in the apparent
consumption of meat correlated with the increase in brain
size seen in Homo habilis (cranium capacity of around
550 cm?®) and Homo erectus (cranium capacity of around
800 - 1,100 cm?). It was also supported by the recognition
in the archaeological record of the basic elements of a
hunter-gatherer life-style (home bases and food sharing)
[41]. Although the rather simplistic reasoning underlying
the ‘Man the Hunter’ hypothesis has lost favour in more
recent years [42], the importance of a high-quality diet,
and meat eating in particular, have remained a common
theme [43,44]. But what was the source of the meat?
Luckily, the evolution, dispersal and speciation of the early
African bovines - the ancestors of the African savannah
buffalo - are rather well documented by three important
studies: two mitochondrial DNA studies and one older
paleontological study on fossils of early African bovines.

Not everyone was willing to write off the savannah
hypothesis. As indicated above, a poor definition of what a
savannah actually consisted of was essential to the debate.
Critics of the hypothesis often saw the savannah as open
grasslands with sporadic tree growth. African savannas,
however, can have a high tree density and can also almost
be the most productive ‘biomes’ of the world harbouring
tremendous amounts of large mammalian herbivorous
such as zebras, giraffes, elephants, ruminants like the
African buffalo (Figure 10), small antelopes etcetera [45].
{Notify: the tropical forest is the most productive ‘biome’

[46]}.

Figure 10:_Drawing of the African buffalo (Syncerus caffer), a
large mammalian herbivorous ruminant of the African savannah.

The major difference between savannas and forests is
the lack of grasses in the latter. According to Dominguez-
Rodrigo, the savannah hypothesis can still provide a good
explanation, although the transition from surroundings
has probably been less abrupt than some previous authors
thought.

Briefly, at the other extreme of the scientific paradigm,
we have the =60 years old ‘Aquatic Ape Hypothesis’ (AAH)
which states that our ancestors went through an aquatic
phase [47] which led to the earlier mentioned “Aquatic
Phase Hypothesis” (APH) evolutionary theory. The APH
proposes that certain ancestors of modern humans were
more aquatic than other great apes and even many modern
humans, and, as such, were habitual waders, swimmers and
divers. This is called the Hardy/Morgan hypothesis which
argued that a branch of apes was forced by competition
over terrestrial habitats to hunt for food such as shellfish
on the sea shore and the sea bed leading to adaptations
explaining distinctive characteristics of modern humans
such as functional hairlessness and bipedalism [48].

Required biochemical model, based on the
Savanah biomes for large human brains

The followers of the AAH & APH request a biochemical
requirement for large human brains [49] which we will
intensively outline in this review manuscript. It was
argued by the AAH followers that brain components are
dependent on food components such as Docosahexaenoic
Acid (C22:6, w-3; DHA) which is limiting because its
synthesis from terrestrial plant food precursors from the
savannah produces negligible amounts of this essential
“fishy” Polyunsaturated Fatty Acid (PUFA) [50]. DHA is,
however, abundant on the coastline where it is produced
by microalgae and seaweeds which are consumed by fish
and bivalves. DHA supports the development of very large
marine mammalian brains in the seas [50-53].

Evolutionary sciences, studying the issue of human
brain growth (encephalization), focusing on embryology
and fetal development of the brain during gestation, are
quite informative (reviewed: 54). Modern human brains
accumulate DHA for up to 18 years, most aggressively
from about half the pregnancy to about two years old
[52]. We recently reviewed the literature related to PUFA
requirement during gestation because we aimed to give
a comprehensive explanation for the molecular bases of
“The Fetal Origin Hypothesis of Mental Disorders” FOHOMD-
hypothesis based on LC-MS studies at post-mortem Type-
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Figure 11: Highlights of Human brain development from
conception through adulthood (56. Tau & Peterson 2010).

2 diabetes (T2DM) human brain for red and white matter
supported by whole brain matter of a juvenile C57bl6
mouse model. This study clearly showed that during the
first postnatal period months (Figure 11), during gestation
a total amount of 600 g Essential Fatty Acids (EFAs)
are transferred from mother to fetus during one term
pregnancy [54,55].

Cortical white matter increases from childhood (~9
years) to adolescence (~14 years), most notably in the
frontal and parietal cortices [56,57]. Cortical grey matter
development peaks at ~12 years of age in the frontal and
parietal cortices, and at 17 years in the temporal lobes
(with the superior temporal cortex being last to mature)
for women and reached full maturity at age 16-17. For
men, full mature was reached at age 18. In terms of grey
matter loss, the sensory and motor regions mature first,

followed by other cortical regions. Human brain maturation
continues to approximately 20 years of age [58].

In describing a proper initial hypothesis after this
lengthy introduction, the evolutionary survey conducted
by Tuomisto et al 2018 [60] is very useful providing
an overview of all evolutionary traits involved in the
choice between the Savannah dryland (SDL) hypothesis
and the Aquatic Ape Hypothesis (AAH) [59,60]. The first
hypothesis is in our case (proposing a biochemical model)
based on the meat of the African buffalo (Syncerus caffer),
which is the major source for essential fatty acids (EFAs),
polyunsaturated fatty acids (PUFAs) and very long chain
fatty acids (VLFA) providing the growing human brain
during a course of evolution with the biochemical building
blocks it needs (van Ginneken 2020 in press). The other
theory, the AAH, presents an aquatic ecological explanation
solely for the required PUFAs, which the growing human
brain needs and which are provided by an aquatic
environment with new food resources such as seaweeds,
finfish and bivalves as evolutionary driving traits for
human brain encephalization. No information related
to the important VLFA for human brain encephalization
which we observed earlier in a High Fat diet -based on
bovine lard- induced obese C57bl6é mouse model with
“overgrown” brain is incorporated in this “model”.

Table 1: The hypotheses on the evolutionary origin of human traits that were included in an online survey of 60.Tuomisto et al (2018) to find
out how popular they are among scientists. If ambiguous, the ‘by one statement phrased’ hypotheses is followed by a letter depicting the trait:
B=Bipedalism; E=Encephalization; F=subcutaneous fat; N=nakedness; L= descended larynx; S=speech; O=other (source: Table 1, 60.Tuomisto

et al 2018; modified).

Descended-

Bipedalism Big Brain Nakedness Subcutaneous. Fat Larynx Speech Other traits
Energy efficiency Meat Skin contact baby Energy supply Articulation Larynx S Baby swimming
Thin branches Fish Skin contact sex TheLmoregulanon Sexual selection L Diving S Nose
uoyancy
. . . Thermoregulation . . .
Wading Cooking Cleanliness savanna F Diving L Bipedalism S Smell
Th(le;'trir; ?]reBgu- Social orgamzatlon Ectoparasites Sexual selection F X Reassurance Webbing
Better view Hunting E Drag-Thermo- X X Social S Endocrine glands
regulation
Foraging Language Overheating X X Hunting S Sweating
Carrying food Warfare Body-size X X Culture Diving O
Tool use Neoteny Clothes X X X Apnea
Sexual selection B Bipedalism E X X X X Fond of water
X Nakedness E X X X X
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From the survey of Tuomisto et al,, [60] it becomes
clear that the AAH is not very popular in the International
Scientific Community (ISC). Half of the respondents of
the survey fully or mostly agreed with the statement that
the AAH, “Is not needed because all human traits (Table
1) can be explained by terrestrial scenarios”. In addition,
the survey also indicated that professionals in the field of
human evolution are more critical towards the AAH than
outsiders.

The evolutionary human traits mentioned in Table
1 can briefly be interrelated by a scenario of evolution
characterized by internal inherent drivers which emerged
during the course of human evolution and which explains
to a large extent the complexity of human evolution. It
involves the following human evolutionary traits:

a). The large brain evolved because complex social
organization required higher intelligence;

b). The subcutaneous fat layer evolved to serve as an
energy reserve for the developing brain;

c). The feature of articulate speech evolved because there
was social pressure for elaborate communication;

d). The larynx descended because this was required by
articulate speech;

e). Bipedalism evolved to make the use of tools and
weapons easier;

f). Nakedness evolved to avoid overheating during hunting.

Next, the evolutionary human traits mentioned in
Table 1 - which are based on the results of the survey -
are ranked in order of evolutionary importance. ‘Large
Brains’ emerges as the most important human trait, which
outcome emphasizes the importance of this review, where
an explanation for human brain encephalization is being
sought.

So, from all this information, we now must formulate
a section which will lead to an evolutionary biochemical
hypothesis describing the ecological origin of the molecular
devices (EFAs & LCFA & PUFAs) which are the building
blocks of the overgrown human brain. We hypothesize that
these Fatty Acids (FAs) are delivered by the meat and lard
of the (ancestors) of the African buffalo (Syncerus caffer)
which co-inhabited the savannahs of East and South Africa
(Figure 4 & 6), about 100,000 years ago with the ancestors
of modern Homo sapiens. This evolutionary model must
explain the exponential growth spurt and doubling of the
human brain volume from Homo habilis (cranium capacity
ofaround 550 cm?®) towards modern Homo erectus (cranium

capacity of around 800-1,100 cm?) over a time-frame of
around 1 million years ago (Figure 3) and the growth spurt
over the last 70,000 year towards Homo sapiens (cranium
capacity of around 1,400-1,500 cm?) (Figure 3).

Human evolution is a blending of Paleontol-
ogy Anthropology, Psychology, Physiology
and Anatomy and finally Biochemistry: “the
Modern Synthesis of Understanding”; Huxley
1187-1975)

Human evolution is the evolutionary process that led to
the emergence of anatomically modern Homo sapiens (61).
In Figure 12, a reflection is depicted of human evolution
from its first separation of the apes -the chimpanzee
lineage (Pan)- towards the last common ancestor of archaic
Homo sapiens [61]. Figure 13 shows the related evolution
of the brain volume. The human and great ape lineages
diverged approximately 5-6 million years ago (Figure
12). (Striedter 2005 [62]) mainly based on anatomical
and morphological characteristics related to a hand grip.
It is the human genus that dominates the areas of making
and using more complex tools [62]. Metacarpal styloid
process enables the hand bone to lock into the wrist bones,
allowing for greater amounts of pressure to be applied to
the wrist and hand from a grasping thumb and fingers.
This third evolutionary trait is particularly characteristic
for the Homo-lineage and may indicate an anatomical and
morphological commitment to tool-related manipulated
behaviors, in contrast to the Pan-lineage which did not
develop these anatomical changes to the hand [63]. It
allowed humans the dexterity and strength to make and use
complex tools. This unique anatomical feature separated

bipedalism

I
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Figure 12: Reflection of the split between the ancient ancestors
of the chimpanzee lineage (Pan-lineage) with its brain volume of
around 410 cm3 towards the lineage of modern man Homo sapiens
(Homo-lineage) with a brain of around 1340 cm3 (=1500 cm?), about
3 times the volume of a chimpanzee during course of evolution over
5-6 million years. According to various researchers, the evolutionary
characteristic ‘upright walking' originated relatively early in the
evolution - about 2.4 million years ago - while the characteristic
large, round 1500 cm?® brain of Homo sapiens originated some
100,000 years ago (62.Striedter 2005; 61.McHenry 2009).
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Figure 13: During course of evolution over around 5-6 million
years, the brain volume of modern man Homo sapiens (Homo-
lineage) with its typical brain volume of around 1,330 cm?® nearly
tripled the size of that of a chimpanzee (Pan-lineage) which is
around 410 cm? (65. Schoenemann 2006).

humans from apes and other non-human primates and is
not seen in human fossils older than 1.8 million years [64].
So, due to this evolutionary trait, related to the strength of
a hand grip, the human and chimpanzee lineage diverged
from a common ancestor between 5 and 8 million years
ago. Understandably, the complex gene-environment
interactions which occur in the aging primate brain as well
as the contribution of epigenetic forces, make it unlikely
that changes in the expression of one or two genes alone
can determine and explain an entire aging phenotype.

Evolutionary plausible biochemical model
for vertical walking of early Hominins and
Hominids resulting in hypoxia and brain
growth (encephalization)

In this review, I will also propose an evolutionary
plausible biochemical model explaining vertical walking
by early Hominids based on optional hypoxic brain
of this
mechanism which we will describe in this paragraph,

conditions. The biochemical consequences
solely serving maintenance of the redox potential via
a reversal of the B-oxidation, results in White Adipose
Tissue (WAT) formation in the human brain or in other
words, evolutionary “encephalization”. Except for adipose
tissue, the human brain contains the highest concentration
of lipids. Sixty percent of the brain structural material
(dry weight) consists of lipid [65,66]. Due to its low
vascularization degree it has been demonstrated that in
the brain, low oxygen conditions (hypoxia) might occur.
We postulate that hypoxia of the “fatty” human brain
results in fatty chain elongation and consequently in
human brain growth. The “fatty” human brain has been
shown via neurosurgery to become hypoxic at greater

depth [67]. In order to maintain the redox balance and
keep the Krebs cycle spinning, we proposed a biochemical
model of “reversed (8 oxidation” (fatty chain elongation)
also leading to fat synthesis and brain growth. Literature
data support our biochemical model showing that periods
of intermittent hypoxia stimulate brain growth via non-
respiratory neuron restoration [68]. In conjunction with
the suggested biochemical model, we propose that the
human brain is still growing, which quite relevant from an
evolutionary point of view. One of our major goals was to
try to unravel the function of the cerebrospinal fluid (CSF)
in relation to brain growth. In this respect, three main
functions are presently recognized: i). CSF protects brain
and spinal cord from trauma; ii). CSF supplies nutrients to
nervous system tissue; iii). CSF removes waste products
from cerebral metabolism [69].

Cerebrospinal fluid (CSF) is a clear, colorless body fluid
in the brain and spinal cord. It acts as a buffer or buffer
for the brain and offers mechanical and immunological
protection to the brain in the skull. CSF also serves a vital
function in cerebral autoregulation of blood flow in the
brain (Figure 14) [70]. In studying human evolution -

Figure 14: Human brain including the glymphatic system for
drainage and pumping of the Cerebrospinal Brain Fluid (CSF), a
kind of “brain-lympathic” system.
notably the unexplained encephalization - some interesting
observations have recently been made regarding a
horizontal (xlateral) position of quadruped movement
(Qp) compared to the vertical (right) movement position.
The latter is so characteristic of the hominids - especially
Homo sapiens - that walk on two legs (Figure 15). Never
before has the relationship between bipedalism - with
a vertical spinal cord filled with CSF - and brain growth
been investigated based on our ‘modern’ approach to
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unravel the mysteries of human evolution. In this respect,
bipedal or dual-legged (BP) locomotion is one of the most
characteristic motor behaviors of humans. It requires
anatomical adjustments to the skeleton, including lumbar
lordosis, sacral kyphosis, a round pelvis, alarge femur neck,
short feet, etc [71]. We postulate that upright walking had
the evolutionary disadvantage of the gravitational effect
on the brain fluid, which meant that a mechanism had to
be designed to prevent the brain from becoming hypoxic.
Secondly, a large brain in combination with a vertical
position required an improvement of the cerebrospinal
fluid pump. This was observed because a pronounced
gravitational effect CSF flow and decrease in CSF pressure
[72].

Figure 15: Based on fossil evidence, the evolutionary driving
forces changed the body position from quadrupedal (Qp) way of
moving or four-legged animals (on the left) like its ancestor from

early humanoids to vertical walking of modern human beings

(Homo sapiens, on the right). Our hypothesis - based on pH

values of the brain fluid - is indicative of a wide range of lactic acid
values providing a fundamentally new insight into brain energy
metabolism by showing that completely oxidized glucose can be
exported as lactate via glymphatic-lymphatic fluid transport. MRI
and PET have the disadvantage that they can neither measure
lactic acid directly in the brain in vivo, nor in circumstances of
heavy exertion.

This is important information as we can follow
two approaches when studying the question of human
evolutionary encephalization: i). Enlightening the path of
human evolution can mainly be based on fossil specimens.
ii). The other route is that we believe that human
evolution is literally engraved in our body and as such
we can reconstruct human evolution based on modern
biochemical, and biomedical

physiological findings.

ES Journal of Neurology

Fossil and molecular evidence suggests that the earliest
ancestors of the human family lived in wooded areas
in equatorial Africa in the late Miocene era about 8 to
10 million years ago. In this context, another theory
considered the efficiency of walking upright (Figure
15), suggesting that hominids evolved to walk upright in
response to climate change [73]. This would support our
hunter-prey correlation for early humans as early hunters
began walking on two legs due to evolutionary driving
forces such as the bounty of the hunting.

Using a comparative physiological approach, it has been
hypothesized that the CSF system is primarily developed
to preserve the chemical environment, including the
neuroendocrine pathways, necessary for the function of the
cells of the central nervous system [74]. In this manuscript,
we attempt to describe some of these issues of human
evolution in order to unravel the function of Cerebrospinal
Brain Fluid (CSF) in relation to brain development. The
human brain has an extremely high oxygen consumption
which is relatively constant over time. In the average adult
human, despite constituting only 2-3% of the total body
weight, the brain receives 15% of the heart minute volume,
and consumes ~ 20% of the body’s own oxygen and 15%
of the total body veil [75]. This high level of metabolism
is remarkably constant, despite strongly varying mental
and motor activity and is remarkably high compared to
other organs or tissues [76]. Until recently, it was generally
recognized that the human brain cannot cope with states
of anaerobioses (low or no oxygen conditions) [77].
However, when human brain pO, was measured by pseudo-
neurosurgery using brain-inserted probes performed in 27
patients, the mean pO, was shown to decrease with a brain
depth that reached a hypoxic level of 23.8 + 8.1 mmHg at
22 to 27 mm below the dura. Scholars agree that if the
pO, of the brain tissue increases to over 35 mmHg (4.6%),
normal oxygenation of the brain tissue must be ensured.
In addition, photoacoustic tomography (PAT) of blood
oxygenation of the human brain during a bout of exercise
showed that the human brain became hypoxic [78].

Since the beginning of the 1970s, more supporting evidence
emerged for increased glycolysis and lactate release from
the brain into the blood during brain activation in normal
subjects with low plasma glucose levels during normal
and physiological pathological conditions. Heavy exercise
increases lactate levels in the blood, which gave cause to
the assumption that lactic acid could be an alternative
substrate that is oxidized in increased amounts in the
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exercised brain [79]. These observations were only made
in laboratory studies on cultured cells and brain disks,
but not in the in vivo brain which is currently impossible
using proton 1-NMR spectroscopy due to the presence of
overwhelming water (and sometimes lipid) signals [80]
or using a PET scan [81]. A conventional PET imaging
technique employing 11-C-glucose only detects the
presence of radioactivity and not the type of carrier.
Therefore, it cannot distinguish between the native
radiotracer ''C-glucose and its metabolites pyruvate and
lactate [82]. Moreover, in these devices it is only possible
to measure under sedentary conditions, so that currently
lactic acid data of whole brains cannot be obtained under
severe exercise conditions (walking or running). That is
why we chose to use a more ‘traditional’ approach using
cerebrospinal fluid pH values in autopsies of 292 test
subjects of the “Netherlands Brain Bank”, a brain material
collection initiated in 1987. In accordance with the
revised observations of increasing evidence suggests that
glucose is not completely oxidized, but can be exported
as lactate via glymphatic-lymphatic fluid transport for
refueling the brain. Lactate is generated and oxidized by
neurons and astrocytes, but the size and direction of cell-
cell lactate shuttles linked to the oxidation or release from
the brain has yet to be determined in vivo. Continuous
release of lactate into the human brain is suggested
for exercising somatic tissue (for example, walking or
running on two legs) [83]. When studying metabolism
in relation to brain functioning - in a horizontal position
- in relation to hypoxic conditions and lactic acid
production, one can ask three important questions:
1). Through which biochemical brain energy metabolism
route is sufficient energy (ATP) produced to provide the
hypoxic brain cells with sufficient ATP and what are the
consequences of this derailed hypoxic energy metabolism?
2). Under aerobic conditions, the driving force of
oxidative phosphorylation is the electron transfer

of NADH or FADH, relative to that of
how

potential
0.. So,

2
these brain cells under these hypoxic conditions?

is the redox balance maintained in

3). Via which biochemical routes are the metabolites
obtained for the production of new cells in the growing
brain?

These three issues will be intertwined in the following
sessions of this review manuscript. Next, we will present
a biochemical model - possibly involved in anapleurotic
reactions - to keep the Krebs cycle spinning for

macromolecule precursor production essential for further
brain cell growth and proliferation.

The purpose of understanding cellular and subcellular
contributions during brain activation is a long-standing
relevant unresolved issue that is crucial to understanding
the energy metabolism of the entire human brain, which
in turn is central to understanding interactions between
astrocytes and neurons. It is unmistakable that the MRI
material of sedentary imaging research in the in vivo human
brain made enormous progress, but that the demand
for lactic acid as a substrate for nourishing the brain by
cells during increased metabolism followed by recovery
still needs to be established. Under normoxic sedentary
conditions, glucose is the mandatory fuel for adult brains,
but lactate produced from glucose by astrocytes in brains
during activation has been suggested to serve as a neuronal
fuel [84]. However, stoichiometric metabolic requirements
for substantial lactate shuttling and oxidation were not
met in this model, and therefore our observations of a
scattered cerebrospinal fluid pH can largely supplement
the gaps in explaining how to feed the brain under different
exercise conditions. Insight into preferential upregulation
of glucose compared to oxygen use due to e.g., increased
activity is a central theme for clarifying brain energetics.
Our most important findings were as follows. First, in post-
mortal autopsies of the “Dutch Brain Bank” we determined
the pH of the cerebrospinal brain fluid (CSF), which
appeared to be almost one pH unit lower 6.53 + 0.315
(n = 291) than normal extracellular cells. liquid of 7.4 *
0.1[85]. This is an important observation indicating that
lactic acid can be the culprit in the hypoxic metabolism of
human brains exhibiting oscillating patterns. Moreover,
the study (35) with “Netherlands Brain-bank” material can
be important to determine the role of lactic acid as fuel and
redox potential in the entire human brain. Patients died
under all kinds of conditions - not just hospitalized under
cachexia - and this explained the enormous variation and
dispersed pattern of the pH of the cerebrospinal fluid as
an indirect indicator of lactic acid. The human brain is a
strong oxidative organ, but during activation the glycolytic
flux is preferably regulated up, even if the oxygen supply is
sufficient. The biochemical and cellular basis of metabolic
changes during brain activation and the fate of lactate
produced in the brain are important yet unsolved problems
central to understanding brain function [86].

In addition, numerous MRI examinations have indicated
that there is an elegant link between energy demand and
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brain activity (for example emotions associated with blood
flow). For intense practice outside the MRI, this remains
an unexplored area while it still needs to be resolved
which energy demand and metabolic mechanisms of the
human brain respond both in their intensity and in their
moment-to-moment dynamics to intensive exercise. In this
regard, the “Astrocyte-Neuron Lactate Shuttle hypothesis
model” suggested a temporal link between initial glycolysis
in astrocytes and successive oxidative metabolism in
neurons. However, the ultimate evidence for stoichiometric
redox balance maintenance in combination with activity-
dependent fluctuations of the coenzyme nicotinamide
adenine dinucleotide (NADH) could not be demonstrated
[87]. Direct experimental evidence for this idea is still
lacking, although in the next section of this manuscript, we
will describe and emphasize our thoughts and assumptions
on how the redox balance is maintained in the brain cell.

The shift from oxidative catabolism (energy production)
to reductive anabolism (biomass synthesis), or from
anabolism to catabolism by redox pairs, appears to be
controlled by the vitamins niacin (NAD + = nicotinamide
adenine dinucleotide) and riboflavin (FAD = flavin adenine
nucleotide) which both play the role of coenzymes. These
bio-couples are part of reductive and oxidative redox pairs
/ couples, such as nicotinamide adenine dinucleotide
(NAD* / NADH), nicotinamide niacin adenine dinucleotide
phosphate (NADP* / NADPH) and for riboflavin ~ Vitamin
B2 (FAD / FADH,) in combination with the universal energy
carrier, adenosine triphosphate (ATP), the transmembrane
potential (TMP) and finally the intracellular pH (pH,)
and phosphorylation potential determined by in vivo
3P NMR [88]. The dynamics of these internal biological
rhythms appears to oscillate when eukaryotic cells
enter proliferation [89]. These highly ordered and well-
orchestrated oscillations ensure genome duplication
and cell membrane synthesis prior to cell division [90].
Similar oscillations related to refueling whole brains can
also be expected in humans during metabolic activity that
fluctuates between Basal Metabolic Rate (BMR), Routine
Metabolic Rate (RMR) and Maximal Metabolic Rate (MMR),
but still needs to be detected outside the MRI or PET scan.

Secondly, a most significant observation concerns the
scattered pH concentration of the brain fluid, for both men
and women, plotted against the brain weight. Three main
functions are recognized in this context: i). CSF protects
brain and spinal cord against trauma; ii). CSF supplies
nutrients to nervous system tissue; iii). CSF removes waste

products from brain metabolism, the so-called glymphatic
[91,92]. that
evolutionary bipedalism required remarkable adjustments

system Previously, we hypothesized
to hypoxic states in the brain, so that brain activity is
not negatively affected by the horizontal position of the
spinal cord. Experimental design was optimized for the
absorption of lactate and glucose by the human brain and
oxygen consumption during gradual training and recovery
after maximal effort by measuring the arterial-internal
jugular venous concentration differences (av differences)
of six human volunteers [93]. Moreover, show that the
glymphatic system is responsible for state-dependent
changes in the concentration of brain lactate. Suppression
of glymphatic function via i). Acetazolamide treatment;
ii). Cisterna magna puncture; iii). Aquaporin 4 deletion or
changes in body position, reduced the decrease in brain
lactate which is normally observed when awake mice
switch to sleep or anesthesia [94]. At the same time, the
same manipulations reduced the accumulation of lactate in
cervical but not in inguinal lymph nodes when mice were
anesthetized.

Thus, from an evolutionary perception the study of
[94] suggests that brain lactate is inversely correlated with
glymphatic-lymphatic clearance which is dependent on a
vertical position -walking on two legs- in comparison to
quadrupedal (Qp) or four-legged animals like the ancestor
of early hominids. This analysis provides fundamentally
new insightinto brain energy metabolism by demonstrating
that glucose which is not fully oxidized can be exported as
lactate via glymphatic-lymphatic fluid transport So, the
transition from horizontal towards vertical has a long
evolutionary transition time as the change from horizontal
stance to vertical stance proceeded from generation to
generation as corroborated by fossil evidence (Figure
15). Importantly, the gradual transition from vertical to
horizontal kept pace with brain volume.

In this ‘whole human brain’ research manuscript,
we consider the brain as a large fat particle or a “hub”
or as a constellation of concentrated fat exposed due to
its composition and low vascularization grade -but also
due to strenuous exercise of somatic tissue- to hypoxic
conditions. In order to conserve the energy from glucose
as ATP, three major metabolic pathways are operative
in the mitochondria: glycolysis (GLYC), the Krebs-cycle
(KREBS) and B-oxidation (BOX). The KREBS and the BOX
compete for the same redox couple NAD+/NADH under

hypoxia. We stated earlier that in WAT (white adipose
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tissue), ischemic and/or hypoxic conditions may occur
(95). Under these conditions, it can be questioned how the
Krebs cycle persists in its activity and the redox balance is
maintained. Earlier, we observed in a High-Fat diet obese
C57bl6é mouse model with two relevant biomarkers for
obesity and cardiovascular diseases (CVDs), based on
product-to precursor ratios significant high increased with
304% elongase enzymatic activity (P<0.0003***) [95].
So, High-Fat diet conditions lead to fat formation (*white
adipose tissue (WAT)) determined by elongase/desaturase
enzymatic activity. Subsequently, we substantiated our
assumption for a High-fat diet induced obese C57bl6
mouse model by biochemical model of reverse 3 oxidation”
(r-BOX) unleashing the lipogenic potential to maintain the
redox balance and keep the Krebs cycle spinning leading
also to fat synthesis (Figure 16) and consequently to
white adipose tissue (WAT) formation. In this way, the
reaction is thermodynamically shifted in the direction of

Figure 16: Schematic representation of the redox coupling
between the Krebs-cycle and fatty acid chain elongation. (1):
Normal B-oxidation; (2): reversed B-oxidation. Under hypoxic

conditions —which is the case in excessive WAT-tissue- both the
Krebs-cycle and the 3-oxidation need to maintain their redox-
balance which is accomplished on the one hand by performed lipid
synthesis and on the other by “reverse 8 oxidation” (r-BOX) also
leading to fat synthesis. So, a vicious circle is observed during
severe obesity (95. van Ginneken et al 2016).

chain elongation which corresponds to fat synthesis [96].
Since fatty chain elongation consumes 2 moles of NADH
in each cycle, this pathway provides a suitable mechanism
So, this
stochiometric scheduling -also for hypoxic whole brain-

to maintain the mitochondrial redox balance.

demonstrates that the key constraint of r-BOX is redox
imbalance.

The extension of the fatty acid chain (lipid synthesis)
during anoxia could indeed be stimulated in vitro by adding
Krebs cycle intermediates such as glutamine [97] which

is indicative of the redox coupling between Krebs cycle
activity and fatty acid chain- elongation or “fat formation”
(WAT) [9,99]. In the above sections, lipid metabolism has
been proposed as a suitable mechanism to maintain redox
balance in anoxic tolerant (in)vertebrate models by fatty
acid (FA) chain extension (i.e. lipid synthesis) during
anoxia / ischemia and to find its way to biomedicine
[100]. This model, including the extension of the fat
chain, ultimately leads to the formation of white adipose
tissue =fat (WAT) and growth of the human brain or
encephalization. In almost seven million years, the human
brain has tripled in size, with most of its growth occurring
in the last two million years. About 500,000 years ago, the
average brain volume was 1,000 cubic centimeters and it
continued to grow to around 1,500 cubic centimeters in
today’s humans. The question remains whether the human
brain is still growing. The adult human brain weighs on
average about 1.2 - 1.4 kg, or about 2% of the total body
weight (101. Parent & Carpenter 1995) with a volume of
approximately 1260 cm? in men and 1130 cm?® in women,
although there is considerable individual variation. Van
Ginneken (2019) [35 ]observed that the human brain
is still growing in theory, and together with modern
technology and computer science, this represents an area
of unprecedented opportunities for humanity to further
expand its civilization.

In summary, the biochemical model as depicted in
Figure 16 plausibly explains continuous brain growth
depending on the amount of brain tissue (mainly
Triacylglycerols (TGs); van Ginneken 2020 in preparation),
and the level of activity resulting in local brain hypoxic
conditions as evolutionary trigger for early hominids and
later the species Homo finally resulting in Homo sapiens.

From Homo habilis towards Homo erectus:
division of Paleolithic times based on stone
tools

The early Stone Age around 2.6 Myr (also known as the
Lower Paleolithic) saw the development of the first stone
tools by Homo habilis, one of the earliest members of the
human family. These were basically stone cores with flakes
removed from them to create a sharpened edge that could
be used for cutting, chopping or scraping. These Oldowan
tools -aged 2.6 million years- represent the first “mode” in
the framework of tool technologies proposed by the British
archaeologist Grahame Clark [101,102].
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This marks the beginning of the Paleolithic, or Old
Stone Age; its end is taken to be the end of the last Ice Age,
around 10,000 years ago. The Paleolithic is subdivided
into the Lower Paleolithic (Early Stone Age, ending around
350,000-300,000 years ago), the Middle Paleolithic
(Middle Stone Age, until 50,000-30,000 years ago), and
the Upper Paleolithic. The period from 700,000-300,000
years ago is also known as the Acheulean, when Homo
ergaster (or Homo erectus) made large stone hand axes out
of flint and quartzite, at first quite rough (Early Acheulian),
later “retouched” by additional, more subtle strikes at the
sides of the flakes. After 350,000 BP (Before Present) the
more refined so-called Levallois technique was developed,
a series of consecutive strikes, by which scrapers, slicers,
needles, and flattened needles were made. Finally, after
about 50,000 BP, even more refined and specialized flint
tools were made by the Neanderthals and the immigrant
Cro-Magnons (knives, blades, skimmers). During that
time-period they also started to make tools out of bone.
Mousterian-like tool industries were employed at that time
also by early modern Homo sapiens in some areas of Africa
and Southwest Asia.

While until about 50,000-40,000 years ago the use
of stone tools was common (figure 17), the transition to
behavioral modernity seemed to have progressed stepwise.
Each phase

Figure 17. Division of the Paleolithic Era and the corresponding
evolving hominids which lived during that evolutionary time
and used several kinds of tools, roughly divided in Oldowan

tools (Lower Paleolithic stage), Acheulian tools (Lower- &

Middle- Paleolithic stage) and Mousterian (Middle & presumably

Paleolithic stage).

(Homo habilis, Homo ergaster -or Homo erectus-,
Homo neanderthalensis) started at a higher level than
the previous one, but after each phase started, further
development was slow (103. Shulz et al 2002). Currently,
paleoanthropologists are debating whether these Homo
species possessed some or many of the cultural and
behavioral traits associated with modern humans such

as language, complex symbolic thinking, technological
creativity etcetera.

It seems that they were culturally conservative, while
maintaining simple technologies and foraging patterns
over very long periods. Around 50,000 BP, modern human
culture began to evolve faster. The transition to modern
behavior is characterized as a Eurasian “Great Leap
Forward” (104. Bar-Yosef 2002) or as the “Upper Paleolithic
Revolution”, (105. Nowell 2010), because of the sudden
appearance of distinctive signs of modern behavior in the
archaeological file. Some scholars consider the transition
more gradual, with some functions already appearing about
200,000 years ago under archaic African Homo sapiens
(106. Ambrose 2001; 107. d’ Errico & Stringer 2011).
Modern people began to bury their dead with animal skins,
to make clothing, to hunt with more advanced techniques
(such as the use of traps or scare animals) and to participate
in cave painting (see § 8 108. McBrearty & Brooks 2000).
Among concrete examples of modern human behavior,
anthropologists include specialization of tools, use of
jewelry and images (such as cave drawings), organization
of living space, rituals (for example funerals with serious
gifts), specialized hunting techniques, exploration of less
hospitable geographical areas and barter networks. Debate
continues if a “revolution” led to modern people (“the Big
Bang of human consciousness”), or that evolution was
more gradual (108. McBrearty & Brooks 2000). Modern
people began to bury their dead with animal skins, to make
clothing, to hunt with more advanced techniques (such as
the use of traps or scare animals) and to participate in cave
painting [107,108]. Among concrete examples of modern
human behavior, anthropologists include specialization of
tools, use of jewelry and images (such as cave drawings),
organization of living space, rituals (for example funerals
with serious gifts), specialized hunting techniques,
exploration of less hospitable geographical areas and
barter networks. Debate continues if a “revolution” led to
modern people (“the Big Bang of human consciousness”),
or that evolution was more gradual.

How early Hominids further evolved

What happened to us, humans, after the early split
with the chimpanzee lineage around 5-6 million years
ago? The hominid lineage did not march in a straight line
to Homo sapiens. Instead, the early hominid lineage gave
rise to many other (now extinct) hominids. Examining the
fossils, the artifacts, and even the DNA of these relatives
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has helped us understand how this complex hominid tree
evolved, and how modern humans came to exist. In the
early Pleistocene, 1.5-1 Ma, in Africa some populations
of Homo habilis are thought to have evolved larger brains
and made more elaborate stone tools; these differences
and others are sufficient for anthropologists to classify
them as a new species, Homo erectus [109]. During the
next million years a process of encephalization began, and
with the arrival of Homo erectus in the fossil record, cranial
capacity had doubled to 850 cm3 [110]. Homo erectus
and Homo ergaster were the first of the hominids to leave
Africa, and these species spread through Africa, Asia, and
Europe between 1.3 to 1.8 million years ago. The increase
in human brain size is equivalent to every generation
having an additional 125,000 neurons more than their
parents. Here are some of the important events in human
history, with approximate dates, which reflect the evidence
currently available. The evidence on which scientific
accounts of human evolution are based comes from many
fields of natural science. The main sources of knowledge
about the evolutionary process has traditionally been
the fossil record, but since the development of genetics
beginning in the 1970s, DNA analysis has come to occupy a
place of comparable importance. The studies of ontogeny,
phylogeny and especially evolutionary developmental
biology of both vertebrates and invertebrates offer
considerable insight into the evolution of all life,
including how humans evolved. The specific study of the
origin and life of humans is anthropology, particularly
paleoanthropology which focuses on the study of human
prehistory [111]. From above mentioned research areas
it is commonly acknowledged that the hominoids are
descendants of a common ancestor. Furthermore, human
evolution is characterized by some morphological,
developmental, physiological, and behavioral changes that
have taken place since the split between the last common
ancestor of humans and chimpanzees. The most significant
of these adaptations are bipedalism, increased brain
size, lengthened ontogeny (gestation and infancy), and
decreased sexual dimorphism. The relationship between
these changes is the subject of ongoing debate [112]. Other
important significant morphological changes included
the evolution of a power and precision grip, a change
first occurring in Homo erectus [113]. This enabled Homo
erectus to use tools e.g. for hunting. The use of tools has
been interpreted as a sign of intelligence, and it has been
theorized that tool use may have stimulated certain aspects
of human evolution, especially the continued expansion of

the human brain by a daily high-quality diet.

Human evolution usually covers only the evolutionary
history of primates, in particular the genus Homo, and
the emergence of Homo sapiens as a distinct species of
hominids (or “great apes”). The possibility of linking
humans with earlier apes by descent became clear only
after 1859 with the publication of Charles Darwin’s “On
the Origin of Species by Natural Selection” in which Darwin
argued for the idea of the evolution of new species from
earlier ones. Darwin’s book did not address the question of
human evolution, saying only that “Light will be thrown on
the origin of man and his history”. The amount of brain mass
exceeding that related to an animal’s body mass is called
encephalization. Quantifying an animal’s encephalization
has been argued to be directly related to that animal’s level
of intelligence. Charles Darwin wrote in his book “The
Descent of Man” in 1871 twelve years after his famous “On
the Origin of Species” (1859) : “No one, I presume, doubts
that the large proportion which the size of man’s brain bears
to his body, compared to the same proportion in the gorilla
or orang, is closely connected with his mental powers.

Bramble & Lieberman (2004) proposed that early Homo
were scavengers that used stone tools to harvest meat off
carcasses and to open bones. They also proposed that
humans specialized in long-distance running to compete
with other scavengers in reaching carcasses [114]. Again,
it has been suggested that such an adaptation ensured a
food supply that made large brains possible.

Thus, encephalization has been tied to an increasing
emphasis on meat in the diet or to the development of
cooking, [115] and it has been proposed that intelligence
increased as a response to an increased necessity for
solving social problems as human society became more
complex. Evidence from the hominid fossil record implies
that major changes in diet and relative brain metabolism
occurred with the emergence of the genus Homo.
Not much research has been done to understand the
evolutionary history of social life. This is partly because
social behavior does not fossilize, making it difficult to
deduce changes in evolutionary time. However, based on
Bayesian comparative methods for different primates from
different phylogenetic groups, behavior can be analyzed
over evolutionary times. Theoretical models suggest two
possibilities. First, the socio-ecological model states that
group patterns are driven by individual responses to
resource availability. Under this ‘unstructured’ model, if
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grouping patterns are optional, transitions between all
possible social states (and polymorphic states within a
species) should be equally likely. Secondly, it has been
proposed that the social complexity of primates increases
step by step from solitary animals via small groups to large
socially complex groups. From this ‘increasing’ complexity
model, we would predict that pair living was the earliest
form of social group, followed by more complex group
patterns [116].

In addition, among mammals, humans also developed
an especially broad repertoire of social interactions and
understanding, which is driven by their unique ability
The
human species developed a much larger brain than that of

to communicate through spoken language [117].

other primates - typically 1,330 cm?in modern humans,
nearly triple the size of that of a chimpanzee or gorilla
which is around 410 cm?®. The pattern of encephalization
started with Homo habilis, which at approximately 600
cm? had a brain slightly larger than that of chimpanzees,
and continued with Homo erectus (800-1,100 cm?3),
reaching a maximum in Neanderthals with an average
size of (1,200-1,900 cm?), larger even than Homo sapiens.
The pattern of human postnatal brain growth differs
from that of other apes. Characteristic for Homo sapiens
is a pattern of heterochrony which can be defined as any
genetically controlled difference in the timing or duration
of a developmental process in an organism compared to its
ancestors or other organisms like the chimpanzee. Several
heterochrony’s have been described in humans, relative to
the chimpanzee. In chimpanzee foetuses, brain and head
growth starts at about the same developmental stage and
continues at a rate similar to that of humans, but growth
stops soon after birth, whereas humans brain and head
growth continues several years after birth [118].

This leads to changes in example gratia in a different
development of the brain structure between new-born
humans and adults of around 30 years old. However, the
differences between the structure of human brains and
those of other apes may be even more significant than
differences in size [119]. The increase in volume over time
has affected areas within the brain unequally - the temporal
lobes, which contain centers for language processing, have
increased disproportionately, as has the prefrontal cortex
which has been related to complex decision-making and
moderating social behavior..

The brain is a very expensive organ in metabolic

terms. The use of tools has been interpreted as a sign of
intelligence, andithasbeentheorized thattool use may have
stimulated certain aspects of human evolution, especially
the continued expansion of the human brain. Paleontology
has yet to explain the expansion of this organ over millions
of years -and especially over the last 70,000 years-
despite being extremely demanding in terms of energy
consumption. It seems until presently to be incapable of
doing so, so it is now up to modern biochemistry to provide
an adequate evolutionary explanation especially for the
growth spurt of the last 75,000 years from Homo erectus
towards Homo sapiens (van Ginneken 2020 in press). The
brain of a modern human consumes about 13 watts (260
kilocalories per day), a fifth of the body’s total energy
consumption [120-123]. Increased tool use would allow
hunting for energy-rich meat products and would enable
processing more energy-rich plant products. Researchers
have suggested that early hominids were thus under
evolutionary pressure to increase their capacity to create
and use tools [124]. It is argued that humans (and other
primates) could not have developed a relatively large brain
without also adapting a high-quality diet that would have
permitted a reduction in the relative size of the gastro-
intestinal tract. Dietary change is therefore viewed as a
‘prime releaser’ in brain evolution. It has been argued that
a high-quality diet -like a nutritional resource like meat-
would have been necessary for the evolution of a relatively
large human brains [125].

One of the main sources on the African savannah of
high-quality food resulting in brain growth could have been
the meat of the African buffalo (Syncerus caffer), or their
predecessors, who would have migrated in large herds
on the African savannah. In the dry season to the tropical
jungles of Nigeria (West Africa) and in the wet season over
the savannah in the direction of South Africa (see Figure
5). As noted earlier, we have found an important indication
that the first hominids must have hunted for Syncerus caffer
because we a direct correlation between the migration
routes of the first hominids (based on archaeological
excavations), and those of the ancestors of the African
buffalo (Syncerus caffer) could be established. An image
simulation of how these first hominids attacked such an
African buffalo with their weapons is depicted in Figure 18.
From this we can conclude that not only the nutritious meat
needed for brain growth through this African savannah
food resource must have stimulated brain growth, but
that attacking these large herbivores of the African
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savannah required a dynamic group structure of these
first hominids possibly already with language and possibly
even with social group hierarchy, in addition to incredible
courage, hunter strategies, and group interaction. Figure
18 is a clear example of what hunting requires in terms
of complex social skills, like communication via sound or
even language, possible leadership and social hierarchy,
creation of weapons like spear, bow and arrow. Next, a
good physical shape including hormonal regulated coping
strategies (catecholamine regulated ‘fight or flight' or
‘sitting and waiting’) under these extreme conditions of
hunting is required to survive these conditions at the limits
of existence (‘survival of the fittest’). The hunt itself can
possibly be considered as an evolutionary pressure and
selection trait because solely these individuals with the
best traits for hunting under these primitive conditions,
i.e, the smartest, quickest and bravest and those with
the ability to communicate in a proper way with other
members of the group possess all evolutionary favorable
traits on which selection took place by such evolutionary
forces as the hunt for a dangerous animal like Syncerus
caffer, which even attacks lions.

Based on the social model of further suggest that the
group- living (gregarious) patterns of social organisation
in early hominids provide the scaffold for distinctive
human traits mainly expressed during the hunt example
gratia at Syncerus caffer (Figure 18), including coalition
formation, cooperative resource defence, social hierarchy,
the development of speech and language and in the end
large brains [126].

Figure 18. Example of how early hominids would have attacked
and hunted the very dangerous African buffalo (Syncerus caffer)
-or ancestors of it- of which enormous herds inhabited the African

The change to such a high-quality diet, which involved
an increased proportion of animal-based products, must
have been one of the ‘prime movers’ in brain evolution.

In this context and based on the biochemistry of the
human brain, we have earlier in this review discussed
‘the ecological factors’ most probably surrounding the
evolution of the human brain. Apart from the growth of the
brain other anatomical, physiological and morphological
features changed during course of evolution like: a). an
increased importance of vision rather than smell; b). a
smaller gut; c). loss of body hair; d). evolution of sweat
glands; €). a change in the shape of the dental arcade from
being u-shaped to being parabolic; f). development of a
chin (found in Homo sapiens alone); g). development of
styloid processes; h). development of a descended larynx
(Figure 19).

Genetic Bottleneck theory

The full title of Darwin’s famous work was “On the
Origin of Species by Means of Natural Selection,”. Natural

Figure 19: Major anatomical and physiological evolutionary
adaptations which are especially characteristic for Homo sapiens
like an increased importance of vision rather than smell; a smaller

gut; loss of body hair; evolution of sweat glands; a change in

the shape of the dental arcade from being u-shaped to being
parabolic; development of a chin (found in Homo sapiens alone),
development of styloid processes; development of a descended
larynx.
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selection is not the only evolutionary mechanism.
Coincidence by accident for a favorable trait is also very
important. Mutations occur regularly in the genetic
material, due to copying errors or under the influence of
chemicals and radiation. In every human embryo the DNA
contains around 100 mutations, sometimes even more.
Some are harmful and cause the embryo to die, others lead
to minute changes that are not harmful but also not useful
[127]. Which of those mutations will spread is largely
dependent on random processes such as genetic drift.
The smaller a population, the more coincidence will play
arole. An extreme example of how coincidence influences
evolution is genetic “bottle necks” in which a large part of
the population is killed and the genetic characteristics of
the lucky survivors leave a big mark on further evolution.

Modern humans (Homo sapiens) have been exposed
several times during their existence to glacial periods
characterized by the risk of a hypothermia of the brain.
Such an event was the super Toba volcano eruption in
Indonesia around 70,000-75,000 years ago estimated as
the largest volcano eruption in the last 2 million years. It
was followed on a global scale by a severe rapid glacial
period of around 1,000 years which might have reduced
the human world population to around 10,000 individuals.
For humans and other mammalian species, a fixed brain
temperature must be maintained within the internal
environment despite extreme climatic variations to assure
the continuity and the independence of human life. Here
we show that modern humans possess a ‘chilling’ enzyme
A12 desaturase in order to avoid the body core temperature
to drop below 35.0 °C (95.0 °F). In addition, we postulate
that the survivors of the Toba volcano eruption have been
selected according to Darwinian thought on their ability to
maintain a relatively constant brain temperature in the face
of a notoriously inconstant environmental temperature
cold)
environmental conditions. Because the short severe global

characterized by extremely harsh adverse (i.e,

glacial period not only affected modern humans but also
other organisms, we hypothesize that this ‘chilling enzyme’
A12 desaturase should not only be found in humans but
also in other vertebrates and invertebrates. In this study,
we also show that this ‘chilling enzyme’ is present in the
brains of another mammal, the common house mouse (Mus
musculus; strain C57bl6). This observation strengthens
our hypothesis that the gigantic Toba volcano eruption
(Figure 20) must have had an enormous impact on earthly

life and that the surviving organisms (invertebrates and
vertebrates) must all have come from those organisms
that possessed the ‘chilling enzyme’ A12 desaturase, which
enabled them to maintain their core temperature [128].
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Figure 20. The scale of the power of the Toba Super volcano
eruption in Indonesia around 70,000-75,000 years ago is
visualized and compared to other historical well documented
volcano eruptions like the Vesuvius volcano eruption of 79 CE and
the Krakatau volcano eruption also in Indonesia in 1883 AD.

The eruption of the Toba super-volcano around 70,000-
75,000 years ago is estimated to be the largest volcanic
eruption in the last 2 million years releasing an energy
equivalent of about one gigaton or TNT. A comparison
with other volcanic eruptions is presented in Figure 20.
As a result of the enormous ash emissions [129,130], a
solar eclipse occurred resulting in a rapid glacial winter
lasting about 1000 years during which the temperatures
on a global scale were reduced between 20 and 25 degrees
Celsius, in the tropics to 7-8 degrees Celsius below zero
(Figure 21).

Temperature anomaliez 1 Year After Eruption

Figure 21: Computer simulation giving an impression of the
temperature drop on a global scale after the Toba volcano eruption
70,000-75,000 years ago resulting in a rapid glacial winter of
around 1,000 years.
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This in turn, resulted in freezing of vegetation causing
famine among animals and first humanoids and massive
extinction of animal species and first humanoids.

Because of hunger and famine, the world population of
early Homo sapiens may have beenreduced toaround 5,000-
10,000 breeding pairs and almost causing its extinction. If
this applies to different species on a global scale, it is called
‘multiple genetic bottleneck theory’ (Figure 22).

Figure 22. A population bottleneck or genetic bottleneck is a sharp
reduction in the size of a population due to environmental events
such as the Toba volcanic eruption resulting in a glacial winter of

around 1,000 years. Smaller population size can cause deleterious

mutations to accumulate.

It is therefore possible that humanity has survived from
a population of 10,000 to the present about 28 billion. This
thesis is supported by genetic evidence suggesting that
today’s humans descended from a very small population
of between 1,000 and 10,000 breeding pairs that existed

Figure 23. According to the National Human Genome Research
Institute (NHGRI) about 99.9 percent of the DNA sequence
is identical in all people (133. Wishart et al 2007), which give
supportive evidence for a small group of common ancestors and a
‘genetic bottleneck theory’ for Homo sapiens.

about 70,000 years ago. According to the National Human
Genome Research Institute (NHGRI) about 99.9 percent
of the DNA sequence is identical in all people [131-133],
which supports the notion of a small group of common
ancestors and a ‘genetic bottleneck theory’ for Homo
sapiens. So, we assume that the current world population of
mankind -with its tremendous variety in ‘races’, ethnicities,
and phenotypes (Figure 23)- consists of descendants of the
small population that survived the outbreak of the global
climate ‘glacial winter’ [134]. The Toba volcano eruption
has been associated with a ‘genetic bottleneck’ in human
evolution about 70,000 years ago [135,136] which was
possibly the result of a serious decrease in the total human
population as a result of the Toba event which is the most
super volcano burst ever studied [137].

Cave and Rock paintings of early humans as
reflection of their lifestyle

It has to be clear that early human symbolic behaviour
like hunting in groups can be read from the archeologic
record which information we will explore -because of
the emergence of cave and rock art in human evolution-
and assess its relation to the “psychological” supportive
evidence for our “African Buffalo Savannah” hypothesis,
which in this review is mainly defended based on an
ecological perception but will be elucidated from a
biochemical point of view in a next review manuscript (van
Ginneken 2020 in press). In this respect, an extraordinary
feature that people share, separating us from all other
living things, is our “unique symbolic cognitive style” [138].
As the philosopher Ernst Cassirer pointed out, humans are
not the animal rationale but the animal symbolicum [139].
Although other animals are able to challenge cognitive
behavior - for example, the ability of the crow to make
stick tools [140] and the apparent symbolic mediated
behavior of late Neanderthal populations [141] - man’s
capacity for symbolic thinking is immeasurably greater
and qualitatively different, so much so that Charles Darwin
himself remarked: “the difference between the mind of the
lowest man and that of the highest animal is immense”.

When did we acquire this cognitive capacity for
symbolic thinking? The answer to this question must
necessarily be based on indirect evidence, because we
have no access to facts about the variability and heredity of
this trait [142]. Suppose we equate high cognitive capacity
with brain size. The human-like brain has been growing
for 2 million years and doubled in size twice [143] with
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modern people at the end of the line with the highest
encephalization quotient [144]. There must be something
in human evolutionary history which indicates a drastic
and qualitative change in behavior i.e., the emergence of
symbolic thinking. 138. Tattersall (2017) [138] makes an
intriguing observation about the pace of technological
innovation. The first stone tooling technology appeared
2.5 million years ago [145], and it remained essentially the
same for a million years before innovation was introduced
in the form of the Acheulean hand-axe. Another million
years passed before an important innovation took place, in
the form of core preparation. In other words, innovation
was rare and alternated with long evolutionary time-
periods in which hardly any change took place. This has
been acknowledged in our Human Brain Tree of Life
because from Australopithecus africanus (with a brain
volume of around 300-500 cm? towards Homo habilis (with
a skull volume of 600 cm?[7] is an evolutionary timespan
of around 2-2.5 million years (Figure 24) [146].

Figure 24. Time frame in millions of years of the evolution of early
hominins and hominids via Australopithecus, Homo Habilis, Homo
Erectus, Homo Neandertalensis towards modern humans (Homo
sapiens sapiens).

But by the end of the Pleistocene, a profound change
took place: technological innovations began to appear
more quickly, and this meant a “relatively abrupt and
qualitative change in the processing of mental information”
[147]. This can probably be explained by the evolutionary
development of a six-layer neocortex (compared to the
three-layered brain of a reptile) and an evolutionary
evolving brain with an extremely high neural density
compared to other mammals. To explain the “intelligence”
property in terms of brain skull volume in evolution is too
simple an approach.

In this regard, it is also important to note that the
degree of brain mass or volume, seen as brain capacity, or
even relative brain size - that is, brain mass expressed as a
percentage of body mass - is not a measure of intelligence,
nor of use or function of brain regions. However, total
numbers of neurons do not correspond to a higher ranking
in cognitive skills. Elephants have a higher number of
neurons (257 billion) [148,149]. Relative brain size, total

mass and total number of neurons are just some indicators
assisting scientists in following the evolution trend of an
increased brain-to-body ratio due to hominine phylogeny.
In addition to size, scientists have observed changes in the
folding of the brain, as well as in the thickness of the cortex.
The more complex the surface of the brain, the larger the
surface of the cortex, allowing an extension of the cortex,
the most evolutionary advanced part of the brain [150]. A
larger surface of the brain is linked to higher intelligence
as is the thicker cortex, but there is a reverse relationship
- the thicker the cortex, the harder it is to fold. In adult
people, a thicker cortex is linked to higher intelligence.
The neocortex is the most advanced and most evolutionary
part of the human brain. Six layers thick and present only
in mammals, it is especially prominent in humans and
the location of the most functional and cognitive capacity
at a higher level [151]. The six-layered neocortex found
in mammals is evolutionarily derived from a three-layer
cortex present in all modern reptiles [152]. This three-
layer cortex is still preserved in some parts of the human
brain, such as the hippocampus, and is believed to have
evolved in mammals to the neocortex during the transition
between the Triassic and Jurassic. The three layers of this
reptile cortex are strongly related to the first, fifth and
sixth layers of the mammalian neocortex [153]. Among
mammals, primates have a higher neuronal density
compared to rodents with similar brain mass, and this may
be an explanation for increased intelligence.

Miyagawa [154] et al 2018 propose that the
phenomenon of cave and rock art plausibly indicates how
an internalized “system of thought” [154,155], which
presumably evolved with the speciation of modern Homo
sapiens around 200,000 years ago [156], may have taken
shape into concrete, externalized language. If this turns out
to be true, the often-stated idea that “performed action does
not fossilize” is not quite true because the cave paintings
are pieces of externalized “language”. Furthermore,
they indicate and are a reflection of the: a) The tools/
weapons that were used; b) The complex social interaction
like hunting in groups [157]; ¢) Were there any other
(domesticated) animals used during hunting like horses;
d) The prey animals that were hunted like the African
buffalo (here a central theme in this review) but also other

African savannah animals like the eland elephant or giraffe.

[ have mainly restricted myself to cave paintings mainly
showing the ancestors of the African buffalo, but the cave
paintings of South Africa and the south of France also show
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countless animals that were hunted. Such indications from
a distant past show us how the hunting process among
these early hominids proceeded and largely support the
predominantly biochemical evidence of the African buffalo
as described further in a manuscript focusing more on
lipidomics (van Ginneken 2020, in press). In addition, these

cave paintings (Figure 25 & 26) might also be considered
as evolutionary ‘heritage’ of the early hominids to their
progeny, because these art forms express an awareness of
death. By making “cave art”, early hominids created a place
for themselves in the eternity of existence.

Human evolutions in a nutshell

Table 2: Overview of the hominin and hominid evolutionary development of the human brain during the course of evolution over a time frame of
around 5 million years.

1 Before 5 mya:

2 Before 4 mya:

3 >3 mya:

4 2.5 mya:

5 2 mya:

6 1.5 mya:

7 100,000
Years ago:

8 50,000 years ago:

9 25,000 years ago:

Figure 25. Aurochs were powerful animals that were much larger
than normal cattle, with bulls standing almost 2 meters high on
the shoulder. Perhaps the most famous image it depicts is the

frieze of attacking bulls in the so-called Hall of the Bulls at Lascaux

Cave in the Dordogne of France. These may have been painted
around 15,000 years ago. The earliest paintings in Lascaux are

scientifically dated to around 17,000 years before today.

In Africa, our ancestral lineage and the chimpanzee lineage split

The Australopithecus anamensis walked around what is now Kenya on its hind legs.

Australopithecus afarensis (“Lucy”) lived in Africa.

Some hominids made tools by chipping stones to form a cutting edge. There were perhaps four or more
species of hominid living in Africa

The first members of the Homo clade, with their relatively large brains, lived in Africa.

Hand axes were used, Also, hominids spread out of Africa and into much of Asia and Europe. These hominids
included the ancestors of Neanderthals (Homo neaderthalensis) in Europe and Homo erectus in Asia.

Human brains reached the current range of sizes. Early Homo sapiens lived in Africa. At the same time, Homo
neaderthalensis and Homo erectus lived in other parts

Human cultures produced cave paintings and body adornment and constructed elaborate burials. Also, some
groups of modern humans extended their range beyond Africa; “The great leap forwards”.

Other Homo species had gone extinct, leaving only modern humans, Homo sapiens spread throughout the

Old World.

Figure 26. Located in northern Spain, not far from the village of
Antillana del Mar in Cantabria, the Upper Paleolithic cave complex
at Altamira is famous for its magnificent multi-coloured cave
painting, as well as its rock engravings and drawings. Paintings
of a Bison (around 15,000 BCE) from the Altamira Cave Complex
(northern-Spain).
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The evolution of the hominids after the split off from the
chimpanzee lineage can be characterized as ‘bipedalism’
(walking on two legs), an evolutionary trait appearing prior
to ‘large brains’. Based on the principle that our evolution
is literally engraved into our body, I have presented a
biochemical model for human brain growth, which is to my
mind a new approach in the field of paleo-anthropology.
In summary, the evolution of the human brain can be
characterized by a very slow growth during 3.5 million
years with a brain volume increase from Australopithecus
africanus (with a brain volume of around 300-500 cm3
(146) towards Homo habilis (with a skull volume of 600
cm? (7). In this ecologically tinted review -with a major
emphasis on the ‘Out of Africa’ theory- I have placed major
focus on the biological productivity of the African savannah
in terms of ‘biomes’ and the herds of relevant prey for the
first humanoids, including the African buffalo Syncerus
caffer, on which mitochondrial DNA studies have been
conducted by van Hooft et al 2002 [18]. Migration routes
between these large herbivores of the African Savannah
and the early hominids in the late Pleistocene seem to run
parallel, so that one can properly speak of a hunter-prey
correlation (9). Itis characteristic for the human genus that
dominates the areas of making and using more complex
tools [158]. After the development of tools and weapons
that may have played a role in hunting - resulting in a new
food source of meat, brain volume increased from Homo
habilis (cranium capacity of around 550 cm?®) towards
modern Homo erectus (cranium capacity of around 800-
1,100 cm?®) over a time-frame of around 1 million years
(Figure 3 & 24 & 27) followed by the growth spurt over the
last 70,000 year towards Homo sapiens (cranium capacity
of around 1,400-1,500 cm?) (Figure 3 & 24 & 27). Third,
metacarpal styloid processes allows humans the dexterity
and strength to make and use complex tools. This unique
anatomical feature separates humans from apes and other
non-human primates, and is not seen in human fossils
older than 1.8 million years

In addition, in this review I have briefly discuss the
genetic bottleneck theory for Homo sapiens from our
previous own work stating that an enormous volcano
eruption - the Toba volcano eruption on North Sumatra,
Indonesia - presumably caused a genetic bottle neck for
early Homo sapiens (128, 129).

In comparison with the genetic variation among the
various other apes, the variation between humans is
very small, only 0.1% (133). Scientists assume that our

ancestors went through a bottleneck about 100,000 years
ago after a huge volcanic eruption had drastically reduced
their numbers to only a few thousand individuals around
80,000 years ago. Because all of us descend from that small
group, much of the original variation has disappeared.
The smaller a population, the more coincidence will play
arole. An extreme example of how coincidence influences
evolution is “genetic bottle necks” or ‘bottle necks’, where
a large part of the population is killed and the genetic
characteristics of the lucky survivors -in our lipidomics
related research manuscript we hypothesize the ‘chilling’
enzyme A12 desaturase (128, 129) leave a big mark on
further evolution.

Most distant uprght.
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Figure 27: Evolution from early hominids via Homo habilis (tools
of stone) via Homo erectus (carved stones and controlled fire), via
extinct Homo sapiens neaderthalensis (variety of specialized tools)

towards Homo sapiens (expanded skull volume, cave paintings,

hunter-gatherer society).

As mentioned earlier, we have focused on the skull
expansion during the course of evolution. Based on earlier
archeological and anthropological data we hypothesize
that the major skull expansion took place during the
time period of Homo erectus, a period characterized
by improved hunting and thus improved food quality
including meat on a regularly daily basis -most important
during infancy. Ideas of brain evolution where food quality
is central have not been limited to humans and human
evolution. Parker & Gibson (1978) [36] and Gibson 1986
[37] has devised the ‘Extractive Foraging Hypothesis’
to explain the relationship with primates. Gibson and
coworkers argued that a relatively large brain correlates
with omnivorous nutrition in primates, which requires
relatively complicated strategies for extracting high-quality
foods. This is probably one of the most intriguing and
complex questions in the biological sciences: “What makes
us human, can it be ascribed to our overgrown omnipotent
brain?”

Citation: Ginneken VV. [Review]: Where Darwin neglected to explain the human-brain encephalization: 1). Ecological arguments supporting the
Savannah Dryland (SDL) hypothesis. ES ] Neurol. 2020; 1(1): 1005.

24/36


/wiki/Third_metacarpal_styloid_process
/wiki/Third_metacarpal_styloid_process

ISSN: 2768-0606

As mentioned in the introduction, presently two

mainstream hypotheses related to human brain
encephalization exist. On one hand there is the 50 years old
Aquatic Ape Hypothesis (AAH), on the other, the terrestrial

‘Savannah’ Dry-Land based (SDL) hypothesis (60).

In the discussion about the Aquatic Phase Hypothesis
vs. the Terrestrial Dry-Land Savanna Hypothesis a
reasonably important question was raised by Crawford
(2002) [159] viz. if Savannah food produced sufficient
iodine for the developing brain of the early hominids. This
is an important relevant question because Figure 28 shows

Global experience with salt iodization:
% of households currently consuming lodized salt

Figure 28. World map where regions are displayed where iodine

fortified foods are supplied. Especially the African inland regions

are very vulnerable to iodine deficiency (Source: 160. Eastman &
Zimmerman 2018).

indirectly - based on human data, guidelines and standards
- that given the current human iodine consumption
patterns of iodine fortified foods, the African continent
(especially the region interior) is particularly affected by
a chronic iodine deficiency [160]. If iodine is consumed
in less than the recommended amounts, it may result in
cognitive impairments in humans, so it not unreasonable to
expect that iodine deficiency would hamper evolutionary
human brain growth (encephalization). Information
from hominoid primates and their diet can shed light on
how prehistoric hominids improved their iodine intake.
The study of [161]. Hohman et al (2019) with bonobo’s
demonstrated that the lowland forest offers natural sources
of iodine in concentrations high enough to prevent iodine
deficiency in hominoids and humans. Especially two herbs
stand out for their high iodine concentration: the terrestrial
herb Haumania liebrechtsiana with concentrations in the
range of 0,3-0,36 mg/kg dry weight and Drypete spp with
concentrations of around 0,1 mg/kg dry weight.

An interesting observation for the great apes of the
savanna is that Bonobos eat less meat than chimpanzees

yet acquire their nutritional required protein amount
(but also iodine) by eating the savannah herb Haumania
liebrechtsiana. This herb is abundant in their habitat
in contrast to the habitat of the Chimpanzees, which is
located in the stable forests of central and western Africa
which provide a stable environment containing food
in abundance. Presently, human proximity and habitat
fragmentation are key drivers of the range-wide bonobo
distribution.

Genomics versus lipidomics

In a ground-breaking 1975 paper published in Science,
evolutionary biologist Allan Wilson of the University
of California (UC), Berkeley, and his graduate student
Mary-Claire King argued convincingly for a 1% genetic
difference between humans and chimpanzees [163]. The
International Scientific Society was shocked because the
genetic distance was so small for such clearly different
species. In fact, this 1% represents the frequency of point
mutations which occurred after the divergence of the
human and chimpanzee lineages, but other genetic events,
such as insertions and deletions of small DNA fragments
and gene duplication, must also be taken into account to
faithfully describe the genetic difference between humans
and chimpanzees [164].

Since the Seventies of previous century, it has been
claimed that genome studies can in principle provide
exciting hints about what makes a human brain unique.
The new studies rely on genome sequence data from the
closest family members of humans in comparison with
other primates. The data allow scientists to compare DNA
from e.g. chimpanzees and humans and to look for signals
(specific sequences or sequence elements) that seem
unique to humans. Human-specific social and cognitive
behavior, including language, civilization, society, as well
as some mental disorders, are rooted in the complex
human brain. The mechanisms underlying human-specific
neurological development, however, remain unclear.
Clarifying the relationship between genetic mutations and
human-specific characteristics and function, compared to
non-human primates, is a primary goal of brain evolution
studies. Previous studies have provided strong evidence
that brain-related genes play an important role in the
evolution of brain differences between humans and other
primates. Several factors, including epigenetic and post-
transcriptional modification, and differences in expression

profiles during different stages of brain development
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contribute to the differences observed among primate
brains. Unlike variations in coding regions, which usually
lead to loss or gain of gene product function, mutations
in non-coding regions can affect the binding affinity of
transcription factors or the recruitment of transcriptional
elements, thereby influencing the expression of
downstream genes. Non-coding regions are involved in
various regulatory processes, including cleaving pre-
mRNAs during transcription, assisting mRNA localization,

and transcription.

Xu et al. [165] analyzed the transcription of intergenic
and repeated regions in human, chimpanzee and macaque
brains and discovered that intergenic transcripts exhibited
more expression differences between species than exons,
demonstrating the importance of regulatory elements
in brain-related differences between species. Different
human genomic regions displaying accelerated evolution
are associated with neurological development, cognition,
social behavior and even brain disorders [166, 168,
169]. These findings provide powerful evidence of the
importance of non-coding regions in the development and
divergence of primates, as well as human brain diseases. A
more extensive analysis should be conducted to determine
how regulatory regions in the genome participate in
the evolution of the primate brain and which biological
functions they serve. DNase [ hypersensitive sites (DHSs),
i.e., sites in which the chromatin structure has been altered
thus that the DNA is exposed and accessible, contain
a variety of regulatory elements, including promoters,
enhancers, silencers and other transcription factor (TF)
binding sites. A wider question raised by this genomics
work and other recent studies is how one can find out
what exactly the newly discovered genes do [170]. With
around 30,000 genes in the human genome (National
Human Genome Research Institute 2019), this seems to
be a daunting task because a gene under survey can only
be expressed in a rodent model of hopefully to study its
possible role in brain encephalization. However, with the
development of the ENCODE project and high-throughput
DHS detection methods, hundreds of DHS data sets are
available online, providing access to high-resolution
network information. In addition, recent studies on the
evolution of DHS have shown that these regions play
an important role in the alteration of gene regulation
and therefore affect human-specific traits and their
development. Analysis of the accelerated evolution of these
regulatory elements that control brain development genes,

reveals the genetic mechanisms that underlie functional
differences between the brains of humans and non-human
primates. In the study of Lu et al (2018) (166) DHSs were
identified in the regulatory regions of genes related to
brain development, especially of those brain regions that
show most divergence between primates, such as the
cortex. DHSs exhibiting accelerated evolution (aceDHSs)
were identified in brain-related gene-regulatory regions.
Changes in these regulatory regions, notably SNPs, play
an important role in establishing differential expression
patterns among primates and the occurrence of brain
disorders (166).

Ultimately, however, understanding the evolution of
the human brain will depend on more than sequence
data [171]. Genetic modifications identified by sequence
comparison mustbe transcribed in phenotypic terms. In the
case of the brain, this requires detailed functional analysis
spanning molecular, cellular and system neurobiology.
Simple explanations of human uniqueness based on
general notions of increased brain size and complexity are
no longer sufficient.

Maybe we should start this attempt in unraveling ‘the
mysteries of mysteries’ with the simple observation that the
human brain consists of nearly 60 percent fat (66). Hence, a
lipidomics approach could be the most favorable approach
in tackling this evolutionary problem (to say it in simple
terms). Lipidomics is the large-scale study of pathways and
networks of cellular lipids in biological systems. The word
“lipidoma” is used to describe the complete lipid profile
in a cell, tissue, organism or ecosystem and is a subset of
the “metabolome” that also includes the other three main
classes of biological molecules: proteins / amino acids,
sugars and nucleic acids. Lipidomics is a relatively recent
research field that has been driven by rapid advances in
technologies such as mass spectrometry (MS), nuclear
magnetic resonance (NMR) spectroscopy, fluorescence
spectroscopy, double polarization interferometry and
computational methods, and linked to the recognition
of the role of lipids in many metabolic diseases such as
obesity, cardiovascular diseases and type 2 diabetes. This
fast-growing field complements the enormous progress
that has been made in the field of genomics and proteomics,
all of which form the family of Systems Biology [172]. To
see it all in a historical context: the end of the 20th century
was marked by the genomics revolution, and one might say
that the beginning of the 21st century is marked by efforts
to bring our knowledge of a cell’'s proteins, known as
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proteomics, on a par with our growing knowledge of a cell’s
transcripts, known as transcriptomics. Many of us believe
thatthe next evolution of the omics revolution will be to map
all metabolites of a cell, known as metabolomics. Leading
the way in these efforts is the work in many laboratories
on one subset of the metabolome, the lipidome, aimed at
mapping all lipids of a cell, known as lipidomics [173]. The
ultimate goal is to evolve into an integrated omics picture
(the “interactome”) of genes, transcripts, proteins, and
metabolites fully describing cellular functioning [174]. One
leading effortin the lipidomics evolution on the human brain
was performed earlier in our laboratories. We will provide
a summary of the results obtained during our research of
the past three years and based on it give an evolutionary
plausible explanation for the overgrown neocortex of the
human brain, “the mysteries of mysteries.” We think we
are able to do so, because landmark discoveries in biology
and (bio) medicine are more often a matter of serendipity
than of conscious decision. Our explanation is based on
observations never before described of an obese C57bl6
mouse model with an overgrown brain (“brain steatosis”)
due to accumulation of Triacylglycerols (TGs) from bovine
lard in the brain from the feed (High-fat diet) during their
juvenile growth phase. To our knowledge brain expansion
due to nutritional intervention has never before been
observed in a mouse model related to TGs accumulation
due to a High-fat diet based on bovine lard. In a follow-
up review, we will expand this observation towards the
research area of paleo-anthropology and “encephalization”
of early hominids (van Ginneken 2020 in press). We are
aware that we are no specialists in the research field and
that human evolution is to some extent totally new to
us. However, our lipidomics based observations could be
valuable for the International Scientific Community (ISC)
because just like modern mitochondrial DNA techniques
gave a major “Leap Forward” in the research area of
paleo-anthropology, this could also be the case with using
a Systems Biology like lipidomics research boosting our
understanding of chronic degenerative welfare diseases
often related to a High-fat diet like obesity [97, 175] hepatic
steatosis (xliver disease), cardiovascular diseases (CVDs)
cancer, human brain pathology (Type-2 diabetes & Type-
3 diabetes) (mental disorders and evolutionary [176-184]
based approach using LC-MS techniques in a C57blé mouse
model or post mortem human brains. In our view, evolution
is literally engraved in our human brain (182). Via a
lipidomics based approach we hope to provide supportive
evidence for the evolutionary urgent compelling question

to explain the “mysteries of mysteries”, the overgrown
human brain, and to contribute to the formulation of the
ultimate evolutionary model explaining the excessive brain
growth (encephalization) (Figure 29); “Where Darwin
neglected to explain the human brain encephalization”.

Conclusions & Perspectives

The evolution of the hominids after the split from the
chimpanzee lineage can be characterized by ‘bipedalism’
(walking on two legs; Figure 12 & 27) an evolutionary trait
appearing prior to ‘large brains’ Based on the principle
that our evolution is literally engraved into our body, I have
earlier in this review given sound ecological arguments
for the tremendous productivity of the African savannah
with its tremendous herds of the early African buffalo’s
(Syncerus caffer) for human brain growth. Through this
ecological approach, I hope to contribute to a further
deepening in the research field of Paleo-anthropology.

Figure 29: Main theme of this review was the ‘encephalization’
(brain growth) during the course of evolution over the last 200,000
years of the neocortex of Homo erectus (800—1,100 cm?®) towards

archaic Homo sapiens with a skull volume of around 1,330 cm?®

(=1,500 cm®human brain).

In summary, the evolution of the human brain can be
characterized by a by a very slow hominin brain growth
during 3.5 million years with a brain volume increasing
from that of Australopithecus africanus (with a brain
volume of around 300-500 cm® [146] towards that of
Homo habilis (with a skull volume of 600 cm? [7]. Homo
sapiens have lived from about 250,000 years ago to the
present. Between 400,000 years ago and the second
interglacial period in the Middle Pleistocene, around
250,000 years ago, skull expansion and the elaboration of
stone tool technologies, provided evidence characterized

by a transition from Homo erectus to Homo sapiens (Figure
3&27).
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Former assumptions suggested there was a migration of
Homo erectus out of Africa, followed by a further speciation
of Homo sapiens from Homo erectus in Africa. A subsequent
migration within and ‘Out of Africa’ model of monogenesis
for the pattern of human evolution eventually replaced the
earlier dispersed Homo erectus model. This migration and
origin theory is usually referred to as the “Recent Single
Origin” or “Out of Africa” theory [9,17,27,28].

During the last 20 years, the theory of a recent African
origin has become the leading idea for developing a new
overarching model for the evolution of modern humans.
This theory argues that we recently originated in Africa,
moved out of this continent, and replaced all of the other
human forms outside of Africa. Current excavations of
fossils containing sequencable amounts of DNA offers
however an exciting new perspective to the ‘evolution
sciences’ of modern humans. Presently, the theory of
‘Multiregional Evolution’ [187-192] is on the rise and
supported by molecular genetic research it offers a modern
version of the ‘Out of Asia’ [193]. Yan Dejian et al 2018
[193] concept because of genetic data suggest that modern
archaic man coming out of Africa about 60,000 years ago
probably interbred first with Neanderthals, and then later
some of them interbred with another group of humans
called the Denisovans, somewhere in south-eastern Asia.

The multiregional hypothesis was first proposed in
1984 ([189]. Wolpoff et al. 1984), and then revised in 2003
(192). In its revised form, it is similar to the “assimilation
model,” which states that modern man come from Africa
but also underwent small, geographically variable, degrees
of mixing to of other regional (archaic) hominids [194].
Presently, there are four basic models claiming to explain
the evolution of Homo sapiens between approximately 315
and 30 kya. At the one extreme of the spectrum, there is
‘multiregional evolution’, or the ‘regional continuity model’
[188-190]. At the other extreme, there is the African
replacement model”, or ‘Out of Africa model’ [26, 192].
In between these extremes, we have the African model
for hybridization and replacement and the assimilation
model [187]. Anything, but the multiregional model
claims that Homo sapiens evolved exclusively in Africa
and was subsequently deployed to Eurasia and finally to
America and Oceania. Both replacement models claim
that anatomically modern emigrants have replaced
resident Eurasian and Australasian species Homo sapiens
with little or no hybridization. The hybridization and
replacement model suggest some crossbreeding with

archaic indigenous populations but with relatively small
effects. Assimilation maintains continuity between archaic
and modern people, particularly in some areas of Eurasia,
where gene flow and local selective factors would also
cause morphological changes. In this model, the unity of
the species was maintained by periodic crossing over large
areas. Multi-regionalists reject the idea that Homo sapiens
has uniquely evolved in Africa. Instead, they argue that
discrete archaic populations of Homo developed locally in
Africa, Asia, and Europe. During their tenures, both archaic
and descendants were interbred with contemporaries
from other areas[194]. Here, we present a fifth model,
taking into account the effects of a global mass extinction
among early hominids due to the Toba volcano eruption
[128-132].

Figure 30: Map of early human migrations based on the ‘Out of
Africa theory’ (xx). [Red] Homo sapiens, [Yellow] Neaderthalensis,
[Green] Early Hominids (Homo erectus) (187. Lopez et al 2015).
DNA

not preclude some multiregional evolution or some

However, current genetic evidence does
admixture of the migrant Homo sapiens with existing
Homo populations [187]. Briefly, ‘Multiregional evolution’
is a model to explain the pattern of human evolution in
the Pleistocene. The underlying hypothesis is that one
global network of genetic exchanges between evolving
human populations that constantly share and reticulate,
provides a framework of population connections that
makes both species-wide evolutionary change and locally
possible distinction and differentiation possible. “Multi-
regional” does not mean independent multiple origins,
old divergence of modern populations, simultaneous
appearance of adaptive characters in different regions, nor

parallel evolution [190].

Yet the ‘Out of Africa’ theory still is the most credibile
of the human evolution theories because it is supported
by: a). Observations on huge amounts of fossils of
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cranium (skulls), bones and fossil features identifying
them as possible tools or weapons; b). Ecological support
for the production of a large quantity of meat on the
large African savannah - a continuous highly productive
terrestrial ecosystem of hundreds of square kilometers -
also referred to as ‘biomes’; c) [14]. The ‘African Buffalo
Savannah hypothesis’ (‘ABS hypothesis’), described in
this review which provides strong evidence that the meat
and bovine lard of the herds of the African buffalo on the
African savannah in the Pleistocene had such a specific
biochemical composition that they could have been the
evolutionary driving force for encephalization of the
early hominids (van Ginneken 2020, in press); d). The
previously published map of migration routes of the early
African buffalo (ancestors of Syncerus caffer) and early
hominids - hunter versus prey correlation - which provides
us with supporting evidence for the ‘ABS hypothesis’; [9]
e). Cave-paintings of around 20,000-30,000 years old,
reflecting ancestors of the African buffalo (Syncerus caffer).
Other regions or even continents such as Europe, Siberia,
China and Southeast Asia lack such direct indications
of a certain mental ability for symbolic art of these early
hominids. In addition, these cave paintings provide insight
into various aspects of the ‘hunter-gatherer society’ at that
time. Yet, lack of these cave paintings doesn’t support a
‘Multiregional evolution’ theory.

While writing this review, the following personal view
on the evolution of the Homo sapiens sapiens emerged
which 1 will briefly summarize here. In this review, I
presented a broad overview of the evolution of the first
hominids with a strong emphasis on the ecological
‘carrying capacity’ of ‘biomes’ around the world to produce
sufficient prey animals (‘~ meat’) for the developing brain
of early hominids (Homo habilis and Homo erectus), thus
considering ‘meat’ as a inherent evolutionary driving force
for human brain growth The ecology (‘biomes’) of the
African savannah has produced enough meat (in particular
from the African buffalo Syncerus caffer) to increase the
brain volume of Homo erectus (800-1,100 cm?®) in about
75,000 years nearly a doubling to the modern brain of
1,500 cm?® of Homo sapiens sapiens. Nearly 20 years ago
([26]. Stringer 2003) presented, based on fossil record
findings in Ethiopia, very strong evidence for the ‘Out of
Africa theory’. This was followed by genomic DNA studies
supporting this view [192]. Nearly twenty years later
we state here, based predominantly on strong ecological
arguments (to be followed up by a biochemical review van

Ginneken 2020 in press), that the cradle of Homo sapiens
sapiens can only have been/stood at the African continent
with its tremendous carrying capacity for prey animals in
the ‘biomes’ of the African savannah. This is not solely a
view of major scientific importance but has also carrying
a strong political message for the whole African continent!
(the sleeping lion arises).

Subsequently, various waves of expansion of
hominids took place from Africa to other continents [9]
probably accompanied by a mixing with local hominids
(multiregional hypothesis) [187-190].

mixing of several early Homo species may be indicated by

However, this

regional fossils, but not in the genetic material of modern
hominids.

Especially amongst ‘genomics’ researchers, recent
human evolution is an area of great controversy [195]. As
an example, the publication of a haplotype tree based on
human mitochondrial DNA variation in 1987 (196]. Cann et
al 1987) elicited a fierce debate about the details of recent
human evolution that continues to this day, as did studies
of African populations based on variation in mitochondrial
DNA [197]. Despite these continuing controversies, the
International Scientific Community has reached general
consensus on human descent in Africa and the spread to
South Eurasia as Homo erectus. After Homo erectus had
spread from Africa, the replacement model outside of
Africa [198] asserts that populations in Africa, Europe and
Asia had little genetic contact and evolved independently,
with anatomically modern humans evolving only in Africa.
This theory is in line with our ‘African Buffalo Savannah’
hypothesis model, as described in this review manuscript,
which argues that human evolution towards modern
archaic Homo sapiens sapiens with its modern ‘1500 cm?¥
brain took place at the African savannah.

After the evolution of modern humans in Africa, a
second expansion took place in from Africa about 100,000
years ago, resulting in the worldwide replacement and
genetic extinction of non-modern human populations
[199]. Under the
multiregional evolution model [190] genetic contact
between
populations was maintained, although limited by remote

by anatomically modern humans

African and non-African Homo erectus
isolation. Remote isolation allowed local populations to be
distinguished from one another, but gene flow prevented
long-term independent evolution such that humanity
evolved into modernity along a single evolutionary line

[192].
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It is possible that the current world population of
7.8 billion people is the offspring of only about 1,000 to
10,000 breeding pairs that survived after the short ice
age which lasted about 1,000 years after the huge Toba
volcano eruption took place about 80,000 years ago
[128,129,135,136], This theory is supported by the fact
that the differences in the DNA of current humanity amount
to only 0.1% percent [133]. How can we explain so many
different species, varieties, ethnicities among Homo sapiens
in light of these findings? I propose to compare these
findings with the aforementioned important observation
from 1975 by [163], who found only 1% difference in
genetic material between the chimpanzee and modern
humans. The enormous variety of people types, ‘races’
and ethnicities can only be explained by considering the
genetic mechanisms causing this 1% difference at the
primary DNA level, such as insertions and deletions of
small DNA fragments and gene duplication as well as their
consequences for gene expression, in order to faithfully
describe the genetic difference between humans and
chimpanzees [164]. In this way one should also consider
the tremendous amount of varieties of human species
(Figure 23) of ‘races’, species, ethnicities, of modern
humans which solely differ for 0.1% in their DNA (whole
genome sequencing Human Genome Project; 133).

So, the multi-regional theory, based on the fossil
record before 80,000 years ago characterized by the
Toba volcano eruption event and its subsequent genetic
bottleneck theory - which decimated humanity towards
1,000 - 10,000 breeding pairs- cannot be sustained.
So, I postulate that all excavations of the fossil record of
hominids before 80,000 years ago are “really dead fossils”
because their DNA has not been passed on to future
generations. According to this genetic bottle-neck theory
solely the 1,000-10,000 breeding pairs -survivors of the
Toba volcano eruption- were able to pass on their DNA
to the next generation. If the 1,000-10,000 breeding pairs
(Toba volcano survivors) were not solely restricted to the
south-east Asian region but were scattered all over the
world (Europe, Siberia, China, Southeast Asia and, last but
not least, Africa), then regional differences in the DNA of
these hominids can be based on mixing earlier with other
hominids (Neanderthals and Denisovans) explaining the
tremendously increasing genetic variation. Only within the
boundaries of this scenario, the ‘Multiple Region theory’
can hold true with the 0.1% variation among humans at
the DNA level explaining the diversity of ‘races’, species,
ethnicities of modern man.

The awareness ‘that human evolution is literally
engraved into our bodies’ is an important new approach in
human evolutionary sciences which we will join in order to
describe the encephalization process of the human brain
during the course of evolution. From this starting point,
we will describe in a next review (van Ginneken 2020, in
press) our findings about the biochemical composition of
the human brain following a Systems Biology (172]. Kitano
2002) lipidomics based approach.

What is known about the brain is a scanty amount of
information despite its importance in human evolution.
As described, cranial capacity increased over a period of
700,000 years from 850 cm? towards 1,500 cm?® (Figure
3) ([101]. Stringer 1994) which is equivalent to every
generation having an additional 125,000 neurons more
than their parents, but what were the building blocks for
these neurons? It is a daunting task to describe the human
brain based on biochemical composition of each cell type.
In the next review manuscript (van Ginneken 2020, in
press) we will describe how we attempt, by means of a
holistic Systems Biology lipidomics approach with LCMS
techniques, to determine the lipid composition of the brain
using the homogenate of a part (gyrus) of the neocortex
of post mortem material of the “Dutch Brain Bank” [182].
This investigation will be supported by similar LCMS
measurements in a C57bl6 mouse model [16]. From an
evolutionary point of view, the occurrence of the “fish oils”
in blood and/or brain is interesting as is their ability to
pass the Blood Brain Barrier (BBB) (van Ginneken 2020,
in press). Based on our observations, some of these Very
Long Chain Fatty Acids (VLCFA) might have played a role
in human brain evolution, similar to that found for our
C57bl6é mouse model which developed ‘brain steatosis’
due to a High Fat diet on 24% bovine lard figure 9; 10 [9].
van Ginneken et al 2017). In addition, we will also address
the question which lipid class-the Poly Unsaturated Fatty
Acids (PUFAs) vs. the Triacylglycerols (TGs) - might have
played a major role in the process of human brain growth
and encephalization [200-202] (Figure 30).

Finally, as Science has progressed towards an Systems
Biology approach of evolutionary science (Figure 25)
and as we further move towards an understanding of
ourselves, the way we sit, see, walk, sleep, hear, breath
and eat (the wonderful adaptation of living things),
how all these things could have developed without any
plan, without any benevolent Supreme Being, without a
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guiding hand, but through a conclusively endless series
of ‘breedings’ and ‘eatings’ out of which some traits were
developed and became what we see today. This is a little
debunking, that human beings are not ‘the stars of a
cosmic drama’ that has been planned from the beginning
but are part of a world governed by impersonal forces. A
world in which ‘by accident’ plays a large role, a world in
which the fundamentals of ‘the mysteries of mysteries’, the
human omnipotent brain, is just based on these selected
traits during the long course of human evolution (Citation:
Prof. Dr. Steven Weinberg, Dutch Television, VPRO-series,
Beauty and Consolation, Wim Kayzer).

Therefore, a ‘Systems Biology Approach’ (172]. Kitano
2002) on Human Evolution is clearly warranted facing
the blending of several research fields giving tremendous
datasets related to ecological-, anatomical-, physiological-,
biochemical-, (bio)medical and nutritional data (‘the
modern synthesis of understanding’ Huxley 1187-1975
Finally, the mechanism of epimutations in the germline that
become permanently programmed can allow transmission
called
epigenesis. Epigenesis is defined as heritable changes in

of transgenerational phenotypes a process
gene expression that does not alter DNA sequence but are
mitotically and transgenerational inheritable [202] (Figure

31).

Figure 31. Example of Impersonal forces, a world in which ‘by
accident’ plays a large role in the selection of these traits which
were under these conditions the most favorable for survival.
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