ANANTAM IAS - OPTIONAL NOTES

Anthropology Optional
Human Evolution and the
Emergence of Man; Primates

Paper 1 - Unit 2

The mechanism of evolution stated three ways and attributed
correctly (Lamarck, Darwin, the modern synthesis), then the primate
baseline from which humans emerged, and the reworking of the
skeleton by upright walking, the single most-examined topic in the

unit.
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UPSC SYLLABUS

1.4 Human Evolution and emergence of Man: (a) Biological and cultural factors in human evolution; (b) Theories of
Organic Evolution (Pre-Darwinian, Darwinian and Post-Darwinian); (c¢) Synthetic theory of evolution. 1.5
Characteristics of Primates; Evolutionary trend and Primate Taxonomy; Primate Adaptations (Arboreal and
Terrestrial); Comparative Anatomy of Man and Apes; Skeletal changes due to erect posture and its implications.

Biological and Cultural Factors in Human Evolution

Human evolution is not a purely biological story. What makes it distinctive is the feedback between changing

bodies and an emerging capacity for culture, each driving the other. Answers are rewarded for showing that

feedback, not for listing traits.

The two sets of factors. Biological factors are heritable bodily changes shaped by natural selection:
bipedalism, brain expansion, changes in the hand, jaw, teeth and pelvis. Cultural factors are learned,
transmitted behaviours: tool-making, use of fire, language, cooperation and food-sharing. In the human line
these are not separate tracks; they interact continuously, which is the bio-cultural synthesis.

Key biological changes: erect posture and bipedal locomotion (which free the hands); progressive expansion
and reorganisation of the brain, especially the cerebral cortex (encephalisation); the opposable thumb and a
precision grip; forward-facing eyes with stereoscopic, colour vision; reduction of the jaws, canines and
overall dentition and of facial projection; remodelling of the pelvis and foot for upright walking; and
prolonged infancy and childhood, which extends the period of learning.

Key cultural changes: the manufacture and use of tools; the controlled use of fire for protection, warmth and,
crucially, cooking; symbolic language and communication; cooperative hunting and gathering with food-
sharing and a division of labour; and the transmission of learned knowledge across generations, which is
culture itself.

The feedback loops are the heart of the matter. Bipedalism freed the hands, which favoured tool use, which
selected for manual dexterity and for the neural control behind it. Tool use and, later, cooking (which partly
pre-digests food outside the body) allowed reductions in tooth, jaw and gut size, releasing metabolic energy
able to support a larger and metabolically costly brain, which is the expensive-tissue argument of Aiello and
Wheeler. A larger brain made more complex tools, language and social life possible, which raised the payoff
of still greater intelligence.

Prolonged childhood is at once biological and cultural: the human infant is born neurologically immature
(secondary altriciality), itself partly a consequence of the bipedal pelvis constraining the birth canal, and the
long dependent childhood that follows is exactly the window in which culture is learned.

Language, the enlarged and reorganised brain, and anatomical changes in the vocal tract including the
descent of the larynx together made symbolic culture cumulative: each generation begins from the
accumulated knowledge of the last, which no purely genetic system of transmission allows.

The line to close on: culture became the human species' principal mode of adaptation. Where other animals
adapt largely by changing their bodies over evolutionary time, humans adapt chiefly by changing behaviour

and technology within a lifetime. Biology built the capacity for culture, and culture then reshaped the
selective pressures acting on biology. This mutual shaping is gene-culture coevolution.
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KEY TERMS

Encephalisation — The evolutionary increase in brain size relative to body size, marked in the human line especially
in the cerebral cortex.

Expensive-tissue hypothesis — Aiello and Wheeler's argument that a reduction in gut size, aided by cooking,
released the metabolic energy needed to support a large brain.

Secondary altriciality — The birth of human infants in a helpless, neurologically immature state, linked to the

bipedal narrowing of the birth canal.

PREVIOUS YEAR QUESTIONS
¢ Elucidate the biological and cultural factors in human evolution. [2015]
¢ Explain the biological changes that made human beings capable of making culture. [2018]

¢ "The bio-cultural approach is the hallmark of Biological Anthropology." Explain. [2021, 10 marks]

Pre-Darwinian Thought and Lamarckism

Before Darwin, the fixity of species was orthodoxy. Lamarck was the first to propose a full, mechanistic theory
of how species change, and getting his mechanism right, and distinct from Darwin's, is a recurring exam
demand. The two are opposites, not variants.

o The pre-Darwinian setting: the dominant view was special creation and the fixity of species within a static
great chain of being. Against it stood early transformist ideas. Buffon noted environmental modification of
species; Erasmus Darwin, Charles's grandfather, speculated about common descent; Cuvier, though himself
a fixist, established extinction and comparative anatomy; and Charles Lyell's uniformitarian geology
(Principles of Geology) supplied the immense span of time that any evolutionary theory needs.

» Lamarck's theory, set out in Philosophie Zoologique (1809), is the first comprehensive theory of organic
evolution. Its core mechanism is the inheritance of acquired characters.

 Its components: an inherent tendency in living things toward greater complexity and perfection, driving a
slow ascent; the influence of the environment and of new needs, which lead an animal to use its body in new
ways; the law of use and disuse, by which an organ used repeatedly develops and strengthens while an
unused organ weakens and shrinks; and the inheritance of acquired characters, by which modifications
gained during an individual's lifetime are passed to its offspring.

o The textbook illustration: ancestral giraffes stretched to reach higher foliage, use lengthened the neck within
each lifetime, and each generation inherited the slightly longer neck, so necks grew over time. The same
logic was applied to the webbed feet of water birds and the loss of eyes in cave-dwelling animals.

o Why it was rejected: August Weismann's theory of the germplasm distinguished the germ cells, which alone
transmit heredity, from the body or somatoplasm, and argued that changes to the body cannot reach the
germplasm. His experiment, cutting off the tails of mice for many generations without a single tailless
offspring ever being born, is the standard refutation of inheritance of acquired characters, and modern
genetics confirms that ordinary bodily modifications are not inherited.

o Honesty caution on the modern 'revival': epigenetics shows that some environmentally induced gene-
expression states can be transmitted, but this does not resurrect Lamarck's directed, need-driven
mechanism and is not the inheritance of acquired characters in his sense. If you raise epigenetics in an
answer, say this plainly rather than implying Lamarck was right after all.
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KEY TERMS
Inheritance of acquired characters — Lamarck's central claim that modifications an organism acquires in its
lifetime are passed to its offspring.

Use and disuse — Lamarck's law that organs used repeatedly develop and strengthen while those unused weaken
and are reduced.

Germplasm (Weismann) — The hereditary germ-cell material, distinct from the body (somatoplasm); changes to

the body cannot reach it, which refutes Lamarckism.

Darwinism — Natural Selection

Darwin's achievement was not the idea of evolution, which was in the air, but a plausible natural mechanism
for it: natural selection. He and Alfred Russel Wallace arrived at it independently, and the theory is properly
credited to both.

o Publication: Darwin and Wallace presented the theory jointly to the Linnean Society in 1858, and Darwin set
it out fully in On the Origin of Species (1859). Wallace, working in the Malay Archipelago, had reached the
same principle independently.

« Intellectual sources: Thomas Malthus's Essay on the Principle of Population supplied the idea that
populations outrun their food supply, hence a struggle for existence; Lyell's uniformitarian geology supplied
deep time; and Darwin's own Beagle observations, especially the Galapagos finches and tortoises, supplied
the pattern of variation.

» The logic of natural selection is best learnt as Ernst Mayr's reconstruction of Darwin's argument, as five facts
and three inferences. Attribute the schema to Mayr, not to Darwin's own words.

» Fact 1, superfecundity: every species has such high reproductive potential that its numbers would grow
geometrically if all offspring survived. Fact 2: yet natural populations, seasonal swings apart, stay roughly
stable in size. Fact 3: the resources that support them are limited.

» Inference 1, the struggle for existence: since far more individuals are produced than the finite resources can
support, there is a struggle for existence among them. 'Struggle' means differential survival and
reproduction, including competition, not merely combat.

» Fact 4, variation: the individuals of a population are not identical but vary in almost every character. Fact 5,
heritability: much of this variation is heritable, passing from parents to offspring.

o Inference 2, natural selection: survival and reproduction are therefore not random; individuals whose
heritable variations better fit them to the environment leave more offspring. This differential reproduction
of favourable variants is natural selection, later popularised as the survival of the fittest, a phrase coined by
Herbert Spencer that Darwin adopted only in later editions.

» Inference 3, adaptation and the origin of species: repeated over many generations, natural selection
accumulates favourable variations, so populations become better adapted and, as isolated populations
diverge, new species arise. Evolution is descent with modification.

o A supplementary mechanism, sexual selection, is the differential reproduction that follows from competition
for mates and from mate choice, and it explains characters such as the peacock's tail that survival selection
alone would not.

 The limitations of Darwinism, which examiners expect and which the synthetic theory later repaired: Darwin
could not explain the origin or the mechanism of variation, since heredity was unknown to him and Mendel's
work went unread, and his own hypothesis of pangenesis was wrong. He assumed blending inheritance,
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which Fleeming Jenkin showed would dilute and swamp any new favourable variant before selection could
act. He could not account for neutral or non-adaptive characters, nor for how variation is maintained.
Resolving these gaps required genetics.

KEY TERMS

Natural selection — The differential survival and reproduction of individuals bearing favourable heritable
variations, the mechanism of adaptive evolution.

Struggle for existence — The competition for limited resources that follows from overproduction of offspring, taken
by Darwin from Malthus.

Survival of the fittest — Herbert Spencer's phrase for natural selection, adopted by Darwin in later editions; 'fittest'
means best reproducing, not strongest.

PREVIOUS YEAR QUESTIONS

¢ Critically examine Darwin's theory of evolution in understanding evolution. [2015]

Post-Darwinian Developments and the Synthetic Theory

The half-century after Darwin brought the science of heredity he lacked, first as a rival to his gradualism and

then, once fused with it, as its rescue. That fusion is the synthetic theory, and it is the joint work of many

people, never one.

The first repairs. Weismann's germplasm theory of the 1880s and 1890s killed Lamarckism and produced
Neo-Darwinism, natural selection acting on germinal variation alone. Hugo de Vries's Mutation Theory
(1901), from his work on the evening primrose Oenothera, argued that evolution proceeds by sudden large

heritable jumps, mutations or saltations, rather than by Darwin's slow steps.

Mendel rediscovered. Gregor Mendel's laws of inheritance (1866) were rediscovered in 1900 by de Vries,
Carl Correns and Erich von Tschermak. Particulate inheritance, genes as discrete units that do not blend,
solved Jenkin's swamping problem, since a favourable variant is preserved intact rather than diluted.

The paradox that had to be resolved: early Mendelians such as William Bateson saw genetics as
discontinuous and therefore anti-Darwinian, while the biometricians (Karl Pearson, W.F.R. Weldon)
measured the continuous variation Darwin needed. The synthesis came from showing that continuous
variation is the summed effect of many Mendelian genes of small effect (polygenic inheritance), so
Mendelism and Darwinian gradualism are compatible after all.

The Synthetic Theory, also called the Modern Synthesis or Neo-Darwinism, is the reconciliation of
Darwinian natural selection with Mendelian and population genetics, mutation theory, systematics and
palaeontology, built up in the 1930s and 1940s.

Its architects, correctly attributed. The theoretical population geneticists R.A. Fisher (The Genetical Theory
of Natural Selection, 1930), J.B.S. Haldane (The Causes of Evolution, 1932) and Sewall Wright, who
introduced genetic drift and the adaptive landscape, supplied the mathematics. Theodosius Dobzhansky
(Genetics and the Origin of Species, 1937) carried it to working biologists. Julian Huxley (Evolution: The
Modern Synthesis, 1942) named it. Ernst Mayr (Systematics and the Origin of Species, 1942) added the
biological species concept and allopatric speciation, George Gaylord Simpson (Tempo and Mode in
Evolution, 1944) reconciled it with the fossil record, and G. Ledyard Stebbins extended it to botany.

What the theory says: evolution is a change in the frequencies of genes (alleles) in a population across
generations. The population, not the individual, is the unit of evolution, and its total genetic makeup is the
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gene pool. The Hardy-Weinberg principle defines the no-evolution baseline against which the forces of
change are measured.

o The agencies of evolution in the theory: mutation supplies the raw new variation; genetic recombination
reshuffles it; natural selection sorts it by differential reproduction; genetic drift changes allele frequencies by
chance in small populations, including the founder effect and the bottleneck; gene flow, or migration, moves
alleles between populations; and isolation, especially reproductive isolation, splits gene pools and drives
speciation. Neo-Darwinism restores natural selection to the leading role that de Vries and the early
Mendelians had denied it, but now with a known genetic mechanism behind variation.

» Refinements and challenges after the synthesis, worth a sentence for balance: Motoo Kimura's neutral
theory of molecular evolution (1968) holds that most change at the molecular level is selectively neutral and
fixed by drift, and Eldredge and Gould's punctuated equilibrium (1972) argues the fossil record shows long
stasis broken by rapid change, against strict phyletic gradualism. Both extend rather than overturn the
synthesis.

Lamarckism, Darwinism and the Synthetic Theory compared

Lamarckism Darwinism Synthetic Theory
Chief proponent = Jean-Baptiste Lamarck Charles Darwin and A.R. Fisher, Haldane, Wright, Dobzhansky,
(1809) Wallace (1858-59) Mayr, Huxley (1930s-40s)
Source of New needs and the use or Not explained; variation Mutation and genetic recombination
variation disuse of organs assumed to be present
Mechanism of Inheritance of acquired Natural selection on Selection, drift, gene flow and isolation
change characters heritable variation acting on the gene pool
Basis of Unknown; bodily changes Unknown; assumed Mendelian, particulate genes;
heredity passed on directly blending inheritance population genetics
Unit of The individual organism The individual within the The population and its gene pool
evolution population
Direction Driven toward complexity Non-directional; adaptation = Non-directional; change in allele
and perfection to local conditions frequency
Status today Rejected; refuted by Correct in principle, The accepted framework, since
Weismann incomplete on heredity extended
KEY TERMS

Modern Synthesis — The 1930s-40s reconciliation of Darwinian natural selection with Mendelian and population
genetics, mutation, systematics and palaeontology.

Genetic drift — Sewall Wright's mechanism: chance change in allele frequencies in small populations, including
founder effect and bottleneck.

Gene pool — The total set of alleles in a population; evolution is defined as change in allele frequency within it.

PREVIOUS YEAR QUESTIONS
¢ Discuss how Neo-Darwinism integrated the fields of Genetics and Evolution. [2013]

¢ FElucidate how Darwin and post-Darwinian theories of evolution resulted in the development of the Synthetic
Theory. [2020]
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Characteristics of Primates and Primate Classification

Humans are primates, so the features of the order are the biological baseline for human evolution. Primates are

defined less by any single specialised trait than by a suite of generalised, primitive features and a set of

evolutionary tendencies.

The order Primates (class Mammalia) is, paradoxically, defined by its lack of specialisation: it kept the
generalised limb and body plan that many mammals abandoned, and built on it a set of trends. W.E. Le Gros
Clark's formulation, that primates are best characterised by evolutionary tendencies rather than by a single
diagnostic feature, is the standard framing.

Limbs and locomotion: a generalised, flexible skeleton; pentadactyly, five digits retained on all four limbs;
prehensile, grasping hands and often feet with an opposable thumb and big toe; nails instead of claws, with a
few exceptions; sensitive tactile pads bearing dermatoglyphic ridges on the digits; and retention of the

clavicle with a freely rotating shoulder joint, giving great limb mobility.

Senses: a shift from a smell-dominated to a sight-dominated world. The eyes rotate to the front of the face,
giving overlapping fields and so stereoscopic, three-dimensional vision; many primates have colour vision;
and a bony postorbital bar, or fuller postorbital closure, protects the eye. The snout and the olfactory
apparatus are correspondingly reduced.

Brain and life history: a large, complex brain relative to body size, especially the cerebral cortex; usually a
single offspring per birth; long gestation, prolonged infancy and dependency, delayed maturity and a long
lifespan, all of which lengthen learning and social development.

Dentition and diet: a generalised, unspecialised dentition, heterodont and with fewer teeth than primitive
mammals, suited to a varied and often omnivorous diet, with an evolutionary tendency to reduce tooth
number.

Trunk and posture: a tendency toward an upright, orthograde trunk, most fully realised in the apes and in

bipedal humans.

Traditional classification, the scheme the exam expects: the order Primates divides into two suborders.
Prosimii, the prosimians or lower primates, comprises the lemurs, lorises and tarsiers, which retain
primitive features such as a moist rhinarium, greater reliance on smell, a grooming claw and a dental comb.
Anthropoidea, the higher primates, comprises the monkeys, apes and humans, with larger brains, better
vision and greater reliance on sight and manipulation.

Within Anthropoidea, three superfamilies. Ceboidea, the New World monkeys or Platyrrhini, have a broad
flat nose with outward-facing nostrils, three premolars and, in some, a prehensile tail. Cercopithecoidea, the
0Old World monkeys or Catarrhini, have a narrow nose with downward nostrils, two premolars, ischial
callosities and non-prehensile tails, and include the macaques, langurs and baboons. Hominoidea, the apes
and humans, are tail-less, larger-brained and orthograde, traditionally split into the gibbons (Hylobatidae),
the great apes (Pongidae: orang-utan, gorilla and chimpanzee) and humans (Hominidae).

Accuracy note on the modern revision: molecular evidence has replaced the Prosimii-Anthropoidea split
with Strepsirrhini (lemurs and lorises) against Haplorhini (tarsiers plus anthropoids), because the tarsier,
though prosimian in grade and appearance, is genetically closer to the monkeys and apes; and the great apes
are now placed with humans in the family Hominidae. State the traditional scheme for the answer, but know

the revision, since it turns on the position of the tarsier.

Traditional classification of the order Primates
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Suborder / . .
Common group Examples Diagnostic features

Superfamily

Prosimii Lower primates Lemurs, lorises, tarsiers Rhinarium, smell-reliant, grooming

claw, dental comb, small brain

Anthropoidea: New World monkeys = Spider, howler, capuchin Flat broad nose, outward nostrils, three
Ceboidea (Platyrrhini) monkeys premolars, some prehensile tails
Anthropoidea: Old World monkeys = Macaque, langur, baboon  Narrow nose, downward nostrils, two
Cercopithecoidea (Catarrhini) premolars, ischial callosities, non-

prehensile tail

Anthropoidea: Apes and humans Gibbon, orang-utan, No tail, large brain, orthograde trunk
Hominoidea gorilla, chimpanzee,
human
KEY TERMS

Orthograde — An upright trunk posture, a primate tendency most fully developed in apes and humans.
Stereoscopic vision — Three-dimensional depth perception from forward-facing eyes with overlapping visual fields.

Prehensility — The capacity to grasp, given by opposable digits and, in some primates, a grasping tail.

PREVIOUS YEAR QUESTIONS

¢ Discuss the various signals communicated through smell among non-human primates. [2025, 10 marks]

Evolutionary Trends in Primates

The order is best understood as a bundle of parallel trends, all rooted in an early adaptation to life in the trees
and progressively elaborated from prosimians through monkeys and apes to humans. Le Gros Clark and John
Napier are the names to cite.

o Preservation and refinement of the generalised limb: primates kept the primitive five-digit limb and made it
more mobile and dextrous, with increasing opposability of the thumb and, in most, the big toe, culminating
in the precision grip.

» Replacement of claws by flattened nails and the development of sensitive tactile pads on the digits,
improving both grasp and touch.

o Progressive shortening of the snout and reduction of the olfactory apparatus, as smell gave way to sight as
the leading sense.

» Elaboration of the visual apparatus: forward rotation of the eyes producing binocular, stereoscopic vision,
the spread of colour vision, and increasing bony protection of the orbit, from a postorbital bar to full
postorbital closure.

e Reduction in the number of teeth and retention of a generalised, unspecialised dentition suited to a mixed
diet.

» Progressive enlargement and increasing complexity of the brain, above all the neocortex, giving greater
intelligence, manipulative skill and capacity for social learning.

 Increasing investment in fewer offspring: a trend to single births, longer gestation, prolonged infancy and
dependency, delayed maturity and longer life, which lengthens the period available for learning.
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« A trend toward an erect, orthograde trunk, partial in the tree-using apes and complete in bipedal humans.

» The organising point for an answer: these are not independent curiosities but one coherent adaptive
complex. Early primates that took to the trees were selected for grasping limbs and precise depth perception
and reduced their reliance on smell; once vision and hands were coupled to a growing brain, the same
complex could be redeployed, in the human line, for tool use and eventually for culture. This progressive
branching into many forms from a common arboreal stock is adaptive radiation.

KEY TERMS

Adaptive radiation — The rapid diversification of a lineage into many forms exploiting different niches, as the
primates radiated from an ancestral arboreal stock.

Precision grip — The pad-to-pad opposition of thumb and fingertip that allows fine manipulation, developed fully in
humans.

Postorbital closure — The bony walling-off of the eye socket, an advanced primate trait protecting the enlarged,
forward-facing eye.

PREVIOUS YEAR QUESTIONS

e Write a note on adaptive primate radiation. [2019, 10 marks]

Primate Adaptations — Arboreal and Terrestrial

Almost every generalised primate feature traces back to an original adaptation for life in the trees. A later shift
by some primates to the ground, and by one line to the open savanna, then reworked the same body in new

directions.

« The arboreal theory, elaborated by Grafton Elliot Smith and W.E. Le Gros Clark: the primate suite evolved as
an adaptation to life in the trees. Grasping hands and feet with opposable digits secure the animal on
branches; stereoscopic vision judges the distance to the next branch for a leaping animal, for which a
misjudgement is fatal; reduced olfaction and enlarged vision fit a three-dimensional world navigated by
sight; and a larger brain coordinates the whole. An alternative worth naming is Matt Cartmill's visual-
predation hypothesis, which derives forward-facing eyes and grasping hands from catching insects on fine

terminal branches.

» Primate locomotor categories, after Napier and Napier: vertical clinging and leaping, seen in many
prosimians and in the tarsier, which cling upright and spring between vertical supports; quadrupedalism,
both arboreal and terrestrial, walking on all fours along branches or on the ground, as most monkeys do;
brachiation, or arm-swinging suspension below branches; knuckle-walking, the specialised terrestrial
quadrupedalism of the African great apes; and bipedalism, unique to the human line.

o Brachiation and its anatomy: the gibbon is the true brachiator, moving by hand-over-hand swinging, while
the orang-utan is a slow, cautious suspensory climber. Brachiation selects for long forelimbs, a highly mobile
shoulder with a dorsally placed scapula, a broad flat ribcage, a short stiff lower back, a reduced thumb and
long curved hook-like fingers, and loss of the tail. These features, shared in modified form by all apes, are
part of the anatomical background to human bipedalism.

o Terrestrial adaptation: primates that moved to the ground, such as baboons, macaques, geladas and the
African apes, tend toward larger body size, quadrupedal walking, marked sexual dimorphism, ischial
callosities for sitting, and dietary shifts; ground life also exposes them to predators, which favours larger
groups and more complex social organisation.
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The human case is the extreme of the terrestrial trend. The ancestral ape body, already orthograde and
mobile-shouldered from its suspensory past, was remodelled not for quadrupedal ground travel but for
habitual bipedal walking, which is the subject of the next section. This is why human bipedalism builds on

an ape body plan, not a monkey one, a point examiners reward.

KEY TERMS

Brachiation — Locomotion by hand-over-hand arm-swinging below branches, exemplified by the gibbon and
shaping the ape upper body.

Vertical clinging and leaping — The prosimian and tarsier pattern of clinging upright to vertical supports and
springing between them.

Arboreal theory — The account (Elliot Smith, Le Gros Clark) deriving the primate feature-suite from adaptation to
life in the trees.

PREVIOUS YEAR QUESTIONS

o Tllustrate with examples the various types of locomotion patterns among the non-human primates. [2020, 15
marks]

Skeletal and Anatomical Changes due to Erect Posture and Bipedalism

Habitual upright posture and bipedal walking are the defining locomotor adaptation of the human line, and

they have reworked the skeleton from skull to foot. This is the most heavily examined single topic in the unit,

usually as a request to list the changes and their implications, or to compare man with the apes.

Skull and its balance: the foramen magnum, the opening through which the spinal cord leaves the skull, has
moved forward to the centre of the cranial base in humans, so the head sits balanced on top of a vertical
column; in apes it lies further back, matching a forward-leaning trunk. The face is reduced and less
projecting, the forehead is vertical, the brow ridges are reduced, the nuchal muscles and crest that hold up a
forward-slung ape head are much reduced, and a bony chin, the mental eminence, appears.

The vertebral column: the human spine has developed secondary curves, a forward-convex curve in the neck
(cervical lordosis) and in the lower back (lumbar lordosis), giving the characteristic S-shape; the ape spine is
a single C-shaped bow. These curves bring the trunk's centre of gravity back over the pelvis and feet and act
as a spring that absorbs the shock of each step.

The pelvis: transformed from the long, narrow, blade-like ape ilium into a short, broad, basin-shaped
structure that supports the abdominal organs in an upright body and reorients the gluteal muscles. The
reoriented gluteus maximus and the gluteus medius stabilise the trunk over the standing leg during each
step, which the ape pelvis cannot do.

The lower limb and the carrying angle: the legs have lengthened relative to the arms, giving a low
intermembral index, the reverse of the long-armed apes. The femur slants inward from hip to knee, the
valgus or bicondylar carrying angle, so that the knees and feet are brought under the body's midline and the
weight stays over the supporting foot in single-leg stance; the ape femur is straight and vertical. The human
knee joint is fully extendable and locks in the straight position, allowing standing with little muscular effort.
The foot: the grasping, divergent big toe of the ape has been brought into line with the other toes, an
adducted and non-opposable hallux, to form a rigid lever for push-off; the human foot has developed

longitudinal and transverse arches that absorb shock and store and return energy; and the heel bone, the
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calcaneus, is robust to take the impact of heel strike. The foot is now a platform and propulsive lever, not a
second hand.

The freed hand: with locomotion transferred entirely to the legs, the hands are released from weight-bearing
for carrying, food-handling and, decisively, tool-making, so bipedalism is a precondition of the human
technological adaptation.

The gains, stated as a set: free hands for tools and carrying; a raised line of sight over tall grass; more
efficient long-distance walking and greater endurance; better thermoregulation on the open savanna, since
an upright body exposes less surface to the midday sun and more to cooling breezes; and, indirectly, the
repositioning of the vocal tract that assists speech.

The costs, which the 'losses and gains' question wants in full: chronic lower-back pain and intervertebral disc
prolapse from loading the lumbar spine; hernias and, in the venous system, varicose veins and
haemorrhoids from the downward pressure of the blood column and viscera; hip and knee osteoarthritis;
fallen arches; slower sprinting than quadrupeds; and, most consequentially, the obstetric dilemma, in which
the pelvis narrowed for walking conflicts with the birth of a large-brained infant, so human babies are born
neurologically immature and helpless and childbirth is difficult and risky.

For a man-versus-apes comparison, organise the material by region: the foramen magnum position, the
spinal curvature, the pelvic shape, the femoral carrying angle, and the big toe and foot arches are five reliable
contrasts, each a direct consequence of upright walking. The table below sets them side by side.

Skeletal contrasts between apes and bipedal humans

Feature Ape (e.g. chimpanzee) Human (bipedal)
Foramen Toward the rear of the skull base Central, under the skull; head balanced on the spine
magnum
Spinal curvature Single C-shaped curve S-shaped, with cervical and lumbar lordosis
Pelvis Long, narrow, blade-like ilium Short, broad, basin-shaped bowl
Femur Straight and vertical Angled inward (valgus carrying angle); knees under midline
Big toe (hallux) Divergent, opposable, grasping Adducted, in line with the other toes, non-opposable
Foot Flat, mobile and grasping Arched (longitudinal and transverse), a rigid propulsive
lever
Limb proportions = Arms longer than legs Legs longer than arms; hands freed from locomotion
(suspensory)
KEY TERMS

Foramen magnum — The opening for the spinal cord at the skull base; its forward, central position in humans
marks a head balanced on a vertical spine.

Bicondylar (carrying) angle — The inward slant of the human femur that brings the knees under the body's
midline for balanced single-leg support.

Obstetric dilemma — The conflict between a pelvis narrowed for bipedal walking and the birth of a large-brained

infant, producing difficult childbirth and helpless neonates.
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PREVIOUS YEAR QUESTIONS

Discuss the evolutionary significance of bipedalism and erect posture. [2019, 20 marks]

Explain the skeletal changes due to erect posture and their implications. [2016, 15 marks]

Discuss the losses and gains of erect posture. [2021, 10 marks]

Bring out the comparative anatomical features of man and apes and discuss their evolutionary significance. [2017,
15 marks]

Discuss the skeletal differences between humans and chimpanzees. [2014, 15 marks]

Last-mile revision

Bio-cultural feedback is the point of the human evolution answer: bipedalism frees the hands, tools and
cooking shrink the jaws and gut, the released energy funds a bigger brain, and the bigger brain makes
more culture. Culture is the human mode of adaptation.

Lamarck (1809): evolution by inheritance of acquired characters and use and disuse, driven toward
perfection. Refuted by Weismann's germplasm, which body changes cannot reach.

Darwin and Wallace (1858-59): natural selection. Learn Mayr's five facts and three inferences. Struggle
for existence comes from Malthus, deep time from Lyell, 'survival of the fittest' from Spencer.
Darwinism's gap is heredity: it could not explain the origin of variation, and blending inheritance
(Jenkin) would swamp any new variant. Mendel and population genetics filled the gap.

Synthetic theory (1930s-40s), the joint work of Fisher, Haldane, Wright, Dobzhansky, Mayr, Huxley,
Simpson and Stebbins: Darwinian selection plus Mendelian and population genetics. Evolution is
change in allele frequency; the population and its gene pool are the unit.

Agencies of evolution in the synthesis: mutation, recombination, natural selection, genetic drift, gene
flow and isolation. Hardy-Weinberg is the no-evolution baseline.

Primates are defined by trends, not one trait (Le Gros Clark): grasping hands with nails, stereoscopic
and colour vision, a reduced snout, a large brain, single young with long dependency, and a tendency to
orthogrady.

Traditional taxonomy: Prosimii against Anthropoidea (Ceboidea, Cercopithecoidea, Hominoidea).
Modern molecular taxonomy: Strepsirrhini against Haplorhini, because the tarsier groups with the
anthropoids.

Locomotion (Napier): vertical clinging and leaping, quadrupedalism, brachiation, knuckle-walking,
bipedalism. The arboreal theory (Elliot Smith, Le Gros Clark) explains the primate suite; Cartmill's
visual-predation is the rival.

Human bipedalism builds on an orthograde, mobile-shouldered ape body plan, not on a monkey
quadruped.

Erect posture reworks five regions: the foramen magnum moves forward, the spine becomes S-shaped,
the pelvis becomes a basin, the femur angles inward, and the big toe is adducted with the foot arched.
Gains of bipedalism: free hands, endurance, thermoregulation, a raised gaze. Costs: back pain, disc
prolapse, hernias, varicose veins, arthritis, and the obstetric dilemma with helpless neonates. A full

answer gives both halves.
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Common errors to avoid

Attributing natural selection to Lamarck, or inheritance of acquired characters to Darwin. Keep them
opposed: Lamarck is inheritance of acquired characters and use and disuse; Darwin is natural selection
on pre-existing heritable variation.

Saying Darwin explained the origin of variation. He could not; heredity was unknown to him, and
Mendel supplied it later.

Crediting the synthetic theory to a single person. It is the joint work of Fisher, Haldane, Wright,
Dobzhansky, Mayr, Huxley, Simpson and Stebbins.

Calling 'survival of the fittest' Darwin's own phrase. It is Herbert Spencer's, which Darwin adopted only
in later editions.

Reading 'fittest' as strongest or most aggressive. It means the best at surviving and reproducing in a
given environment.

Presenting the primate features as a random list. They form one adaptive complex rooted in arboreal
life.

Forgetting that the tarsier breaks the neat Prosimii-Anthropoidea split, which is exactly why molecular
taxonomy uses Strepsirrhini and Haplorhini.

Deriving human bipedalism from a monkey-like quadruped. It builds on the orthograde, suspensory ape
body plan.

Listing only the gains of erect posture. The costs, back pain, hernias, varicose veins and the obstetric
dilemma, are half the marks.

Saying evolution acts on individuals in the synthetic theory. The population and its gene pool are the
unit; evolution is change in allele frequency.

Treating the forward foramen magnum as a cause of bipedalism rather than its skeletal marker: it
signals that the head is balanced on a vertical spine.

Implying epigenetics has vindicated Lamarck. It has not; it does not restore his directed, need-driven
inheritance of acquired characters.
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