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1.1. | NTRODUCTI ON

The traditional view has been of the evolution
apes to humans as a relay race of species of homini
where each one developed something new. It is now
accepted that many different species existed at the
time.

Furthermore, for many years the view was held
Homo neanderthalensis (Neanderthals) evolved into H
sapiens, whereas now it is accepted that they were
separate species that existed at the same time as h
(at least for a while). There was an overlap of abo
000 years between humans and Neanderthals existing
Europe, for example (Wong 2009) (figure 1.1).

"The classic view of human evolution doesn't
emphasis adaptability. It focuses more on the idea
we were inevitable: that famous march from ape to h
It's a ladder of progress with simple organisms at
bottom and humans at the top. This idea of inevitab
runs deep in our societal assumptions, probably bec
it's comforting - a picture of a single, forward
trajectory, ending in modern humans as the crown of
creation" (Potts quoted in Neimark 2011 p57).

In fact, 90 000 - 70 000 years ago (YA) there
few Homo sapiens and the species almost died out
why did we survive? One recent answer is the abilit
adapt to change ("variability selection"; Potts 199

Marean (2010) sees the ability to adapt as hum
moving from the grasslands of east Africa to places
the coast of southern Africa (Cape Floral Region),

! This accounts for the low genetic diversity ofrtans today.
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2 Marean (2010) dated the "bottleneck" as betw@&EnaD0 and 123 000 YA in the last Ice Age

("Marine Isotope Stage 6"; MIS6).
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3 MYA

Homo
habilis
2 MYA
Homo
erectus
1 MYA
Homo
heidelbergensis
500 000 YA
100 000 YA
50 000 YA

Present day

(Based on Wong and Deak 2009)

Homo
antecessor

Homo
neanderthalensis

A

V

Homo
sapiens

Figure 1.1 - Approximate dates of selected hominids

caloric-dense, nutrient-rich protein was available

shellfish and carbohydrates from geophytes (eg: tub

1.2. FROM APES TO HUNMANS

Human beings are members of the order Primate

with monkeys and apes (figure 1.2).
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PRIMATES (order)

S T

Prosimians Anthropoids Tarsiers
- lemurs, - monkeys,
lorises, apes,
bush babies humans
Platyrrhini Catarroin
- New World monkeys - Old World monkeys,

apes, humans

/

Hominoidea (superfamily)

/ \

Large-bodied hominoids Small-bodied hominoids
or great apes or lesser apes

— hominids, orang-utans, — Hylobatidae: gibbons,
African apes siamangs

(Source: Grehan and Schwartz 2009)

Figure 1.2 - Humans place in order Primate.

The traditional view is that the human's neare
relative among the apes is the chimpanzee (figure 1

However, Grehan and Schwartz (2009) argued tha
is the orang-utan. They present a different evoluti
path (figure 1.4) based upon two challenges to
traditional evidence.

1) DNA - Humans share 98.4% of their DNA with
chimpanzees and 96.5% with orang-utans. Grehan and
Schwartz (2009) argued similarity in DNA is less
important because orang-utans evolved rapidly after
splitting from the common ancestor of humans and or
utans.

i) Anatomy - Grehan and Schwartz (2009) place
sapiens, orang-utans and australopithecines as a "c
(and chimpanzees and gorillas as another - "African
clade) because of the anatomical similarities like
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COMMONANCESTOR
BETWEEN GREAT APES
AND HOMINOIDS

15-12 MYA
ORANG-UTANS
8-6 MYA
7-5 MYA
GORILLAS HUMANS CHIMPANZEES
(Based on Figure 2.1 p19 Robson et al 2006)
(MYA = million years ago)
Figure 1.3 - General pattern of evolution of humans from
great apes
tooth enamel, long hair, male facial hair, and conc ealed
ovulation.

Schwartz has been arguing that orang-utans are the
nearest relative to humans for many years (eg: Schw artz
1984). Most of the scientific community has rejecte d the
idea because the evidence is overwhelming in favour of
chimpanzees. When is a different idea to the accept ed one
a challenge that spurs science to learn more or is
complete nonsense? There have been many ideas held as
accepted by science that were shown later to be wro ng.

Humans differ from the great apes in other key ways:

a) Lifespan - Human foragers without modern me dical
support have a maximum lifespan closer to 80 years
compared to 50 for chimpanzees and gorillas (Robson et al
2006) “.

b) Age at first birth - Among human foragers i tis

® Hominoids tends to be used to cover apes andridsrio mean great apes, though the latter term is
often used to cover and humans and relative splicgeslomo habilus.

* Estimates for hominids include Australopithecfasensis 45 years and Homo erectus 60 years
(Gibbons 2008). This information comes from countiine microscopic lines on the surface of teeth
that are laid down weekly.
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COMMOMN ANCESTOR
BETWEEN GREAT APES
AND HOMINOIDS

CHIMPANZEES

GORILLAS
ORANG-UTANS
HUMANS

(Source: Lawton 2009)

Figure 1.4 - Evolution of great apes and humans acc ording
to Grehan and Schwartz (2009).

about 20 years old which is later than the 10-15 ye ars
old in the other great apes (Robson et al 2006) °
Delayed reproduction (and long childhood or sl ow
growth) allows for larger and stronger mothers who can
have many children, but it is a risky strategy in
evolutionary terms as the women has longer to survi ve
before reproduction. This strategy occurred somewhe re
between Homo antecessor (800 000 YA) and the first Homo

sapiens (200 000 YA) (Gibbons 2008).

c) Gestation period - This is longer in humans

(average 270 days compared to less than 260 days in the
great apes) (Robson et al 2006). This longer gestat ion
means that human babies are heavier at birth.

d) Length of life after last birth - Humans li ve
longer after the potential last birth (ie: menopaus e).

e) "Stacking" - This refers to the unique
characteristic of human mothers who bear another ba by
before the previous one can feed themselves (ie:
"nutritional independence" not until 6-7 years old;
Gibbons 2008  ©). This is only possible if mothers are

given help by fathers, and post-menopausal and adol escent
females. The presence of the grandmother being key to the
welfare of the grandchildren (Robson et al 2006) ’. Though
great ape mothers with dependent infants may be

accompanied by older offspring (weaned sub-adults o r

juveniles), the latter feed themselves.

® Estimated at 11.5 years for Australopithecuseafsis and 14.5 years for Homo erectus (Gibbons
2008).

® Borrell (2010) reported that anthropologists fiett indigenous individuals living in the Amazon
region cannot survive independently until 18 yedds

" Hawkes et al (1998) proposed this idea as paheéxplanation for the evolution of
grandmothering.

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer 8



1.3. TO MODERN HUMANS

The idea that there was a simple linear progre ssion
from the common ancestor of chimpanzees and modern humans
has been discredited over time with the increasing number
and variety of fossil finds 8 9 When Charles Darwin was
writing in the mid-nineteenth century, "fossil supp ort
for human evolution was almost absent” (Klein 2009) . Two
key historical findings came after Darwin's death -

Eugene Dubois (1892) first specimen of Homo erectus , and
Raymond Dart (1925) first specimen of an
australopithecine (Klein 2009) 10,

The date since the last common ancestor betwee n apes
(gorillas and chimpanzees) and humans has increased with
newer finds. For most of the twentieth century it w as
assumed to about one million years ago, then 2 MYA in the

1960s, 4.4 MYA, and currently 7-6 MYA (Klein 2009).

Australopithecines are distinguished from

chimpanzees by their bipedalism, among other differ ences,
4.5 - 2 MYA (Klein 2009). There are debates about t he
different species of this time period (appendix 1A) :
There are many species of australopithecines 1 and
the genus, Homo, evolved from one of them 2.5 MYA ( table
1.1). Stone tool "technology" is often used to aid this

distinction (though there are disagreements among
scholars) (Klein 2009) (figure 1.5)

Around 1.7 MYA Homo habilis (earliest species of
Homo) evolved into Homo ergaster or Homo erectus (f igure
1.6)(with the former leaving Africa 2 - 1.6 MYA). T his
movement "Out-of-Africa” led to three evolving huma n
lineages by 500 000 - 400 000 YA: Homo sapiens in A frica

3, Homo neanderthalensis (Neanderthals) in Europe, a nd

8 1t must be remembered that there are a limitedar of fossils from which conclusions are being

drawn. For example, knowledge of Homo erectus mastines from a single skeleton of a boy who

died near Lake Turkana, Kenya approximately 1.6 MYPurkana boy") (Gibbons 2008).

°® However, increasing knowledge has not answeldtebjuestions and ended all the debates, and in

fact, it has opened new controversies. Some ofiia issues include (Wong and Deak 2009):

¢ Sahelanthropus tchandensis (7 MYA) - bipedal or not

* Australopithecus (ancestor to Paranthropus and Hyenases) - social structure similar to
humans, chimpanzees, or gorillas?

¢ Homo habilis - include in Homo genus or Australbpitus?

* Homo ergaster - why did they leave Africa in thstfout-of-Africa?

19 The first Neanderthal fossil was found in 18560(Wy 2009).

1 "The relationships of australopiths to one ano#e very uncertain..., and some australopiths

appear to be more closely related to Homo tharrsthie(Grehan and Schwartz 2009 p1827).

12 stone tools have been found with australopithecighich challenges the idea that tools were unique

to the Homo genus (Barras 2012).

13 "Becoming human" involved two separate stagés distinctive morphology (ie: physical body)

around 200 000 YA (anatomical human), and the ajgpea of symbolic thought around 100 000 YA

(cognitive human). Symbolic thought was presentwingmans appeared, but took time to be exploited

in the same way that birds had feathers for miiohyears before using them for flight (Tattersall

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer 9



Homo erectus in eastern Asia (Klein 2009)

Recently, a fourth possible lineage of Homo
floresiensis (nicknamed the "hobbit") was discovere
the island of Flores, Indonesia (Morwood et al 2004
this is disputed (Culotta 2006).

Modern research technigues have put forward ot
species as well including the Denisovans in Siberia
(Robson 2012d). Genetic analysis of bones found in
in Denisova Cave in the Altai Mountains in southern
Siberia (which had been occupied as early as 280 00
shares little with Neaderthals and humans suggestin
separate species (though a common ancestor with
Neanderthals) (Reich et al 2010).

After recent analysis of fossils from Longlin
(Guangxi Province), China, Curnoe et al (2012) repo
"an unusual mixture of modern human traits" (both c
to later Homo but also some unusual features). The
researchers hesitated to call it a separate species
this time.

About 50 000 YA Homo sapiens moved "Out-of-Afr

(or "Out-of-Africa 2"; Klein 2009). This stage of

evolution is documented by molecular genetics (Cann
17 DNA family trees have been

1987) as well as by fossils
produced using the genes of living humans (eg: Li e
2008).

It is now accepted that different species exis
the same time, like Homo sapiens and Neanderthals,
than one after another, but the amount of contact a
interbreeding is contested (Klein 2009)
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14 Some researchers have suggested that Homo evesuseither chimp-like nor human-like but
perhaps somewhere in between"; it fits the Homaigemd australopithecines in different ways

(Gibbons 2008).

15 General DNA analysis has revealed common ancegioNeanderthals and humans at 800 000 YA,
and a split at between 440 000 and 270 000 YA. &#hnikochondrial DNA show a common ancestor at
500 000 YA (Reich et al 2010). There are debates the fossil evidence as to when and how a split

occurred (appendix 1B).

16 Differences between Neanderthals and humansdediuain shape, developmental aspects, and

obstetric features (Hublin 2009).

17 Mitochondrial DNA (mtDNA) is used to show inheitce lines because it is inherited maternally
and does not recombine (as with other DNA). mtDNA® 500 bases long of which 500 bases long
("control region™) does not code for anything. Migas of the latter occur at regular and prediaabl
times. For example, an average of 10 000 yearmpéation; thus three mutations shared by indivislual

means a common ancestor 30 000 YA (Cocker 2005).

18 The Rift Valley in East Africa is traditionallyjiewed as the "birthplace" of humans as most fossils
have been found there. But recent finds have bestenm South Africa suggesting that "parallel"

evolution of humans occurred around the continBretfic 2011).

9 This is called the "multi-regional evolution thg@f modern human origins"; eg: humans mated with

Neanderthals in Eurasia and Homo erectus in eaétan(\Wong 2011).

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer
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Common ancestor: chimpanzees & humans
8-6 MYA

6-4.2 MYA Crigins of bipedalism

AUSTRALOPITHECINES

Furloss?™~ 3.3 MYA

Oldest known stone tool <2 8 MYA
2. 5MYA

Homo erectus

1.8 MYA Homo erectus leaves Africa

1.7 MYA savannah living established

1.6 MYA Pleistocenellce Age begins; evolution of fire?

600 000 YA

Homo heidelbergensis
500 000 YA sophisticated hand axes appear

Neanderthals
Homo sapiens

125 000 Homo sapiens leave Africa

70 000 YA Last Ice Age begins; clothing?
50 000 YA *Great leap forward”

24 000 YA Neanderthals disappear
PRESENT DAY

(MYA = million years ago; YA = years ago)

(Based on information in Editor 2012)

Figure 1.5 - Approximate time line of human evoluti
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Sahelanthropus

tchadensis
Orrorin
fugenensis
Ardipithecus
kadabba
Ardipithecus
ramidus
- Australopithecus
anamensis
: Kenyanthropus
Australopithecus plat;ops -
/ afarensis :
Australopithecus ¢ \ .
garbi )
; ’ Paranthropus Homo/Kenyanthropus
Australopithecus aethiopicus rudolfensis
africanus ) \\\
- Paranthropus
EGQ]_G Paranthropus boisai
i At robustus
Homo
ergaster
Homo
antecessor
) Homo
erectus
; Homo
Homo _ floresiensis
heidelbergensis
Homo / Homo
neanderthalensis sapiens
Uncertain relationship — Established relationship

(Not to scale in relation to time)

(Based on Wong and Deak 2009)

Figure 1.6 - Key species in the evolution of humans
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The traditional view (though not clearly esta
fossils) is that Australopithecus afarensis gave ri
(ie: the move from short legs and "tree-climbing ha
legs and "toolmaking hands") (Wong 2012). But a lar
modern day northern Republic of South Africa (Malap
a revision. This new species, Australopithecus sedi
as the direct ancestor of Homo, but of Homo erectus
habilis) (Berger et al 2010)

These finds suggest that the move from Austra
Homo was not an all in one, but a mixture of differ
example, Australopithecus sediba had "tree-climbing
thumbs (a characteristic of "tool-making hands") (W

Table 1.1 - From Australopithecus to Homo.

The belief that considerable biological change
occurred to humans as they populated the world afte
leaving Africa has been challenged by recent genome
studies. The speed of beneficial genetic mutations
through a population appears to have been relativel
in the past 60 000 years (Pritchard 2010)
it is estimated that 7% of human genes have evolved
the last 5000 years (Ward 2009).

One example of evolution established from geno
studies relates to the ability to dlgest carbohydra
lactose (sugar in milk)
able as adults to digest it (and thus not drink fre
milk 2%, but with the development of diary farming this
changed (Pritchard 2010).

1. 4. | SSUES AND DEBATES

1. Bipedalism/walking upright on two legs.

One of the key differences between humans and
great apes is locomotion. They are "terrestrial knu
walkers" while we are bipedal with the physiologica
adaptations (eg: tibia in lower leg held upright to
versus angled in apes; shoulders pulled back; legs
lengthened; pelvis adapted; Douglas 2012a)

There is fossil evidence that Australopithecin
(4.4 MYA) walked habitually (Bramble and Lieberman

2 From the ancestor Australopithecus africanus (§\2012).
2L As always not all scholars agree (Wong 2012).
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2004).

22 |n theory, a beneficial mutation could take omfew hundred years to become the normin a
population, but more likely thousand of years. &mample, if a mutation allows the carrier to have
10% more children than non-carriers, this mutatidhincrease in frequency in the population from
1% to 99% in two hundred generations (approximea@0 years) (Pritchard 2010).

% LCT (gene for lactose) (Pollard 2009).

24 Babies are able to tolerate lactose, but thisrized off by the genes after weaning (Pritcharti@0
% Bramble and Lieberman (2004) argued that the huoaly evolved for endurance running 2 MYA.
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Charles Darwin believed that hominoids became
bipedal to free their hands for tool-making and use
bipedalism came before tools (1-2 million years bef
(Douglas 2012a).

However, it does leave the hands free to carry
things, and aid in the access to more food as well
making the spotting of predators on the savannah ea
(Douglas 2012a).

Schultz (2007) reported the idea that it is be
support for carrying a child, particularly heavier
children. Primate infants tend to cling to the moth
fur which is limited by the weight of the baby and
strength of the fur.

Wheeler (1984) argued that walking upright all
air to circulate more effectively around the body a
helped its cooling in hot climates (along with the
loss and evolution of sweating).

2. Growth of brain size.

The different hominids varied in brain volume
with it increasing to Homo sapiens (figure 1.7). Th
was a three-fold increase in absolute brain size an
encephalisation quotient (EQ) (ratio of brain volum
body mass) between Homo habilis and Homo sapiens (B
and Geary 2009).

The australopithecine's brain was larger than
chimpanzee's (as they are today) on both measures.
is a further expansion overall to Homo habilis, but
increases in areas like the frontal and parietal lo
(Bailey and Geary 2009).

Neanderthals/Homo sapiens
1300

Homo heidelbergensis
1200

Homo erectus
850-1000

Australopithecines
400-500

Figure 1.7 - Representation of brain volume size (c

(Source of information: Editor 2012)

In terms of physiology, a single gene mutation

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer

. But
ore)

as
sier

tter

er's
the

owed
nd
fur

size
ere
din
eto
ailey

the

There
also

bes

m2).

of a

14



jaw muscle that constrains the skull's growth occur
around 2.4 MYA (Stedman et al 2004). Meat and fish
appeared 2 MYA also, and these would sustain brain
expansion (Braun et al 2010), as well as the evolut
cooking later (Robson 2012b)

Three main explanations are put forward for th
increase in brain size (Bailey and Geary 2009):

a) Climate variation - Brain volume is larger
further away from the equator (where there is great
seasonal variation in temperature).

b) Ecological models - The demands of complex
foraging and hunting including tool use drove brain
evolution.

The environment was also important in that it
tectonically active (Tectonic Landscape Model; eg:
Reynolds et al 2011). Such complex landscapes are t
benefit of intelligent and adaptable species over f
strong ones (Marshall 2010).

c) Social competition - Living in social group
the need to manage information about other individu
(eg: who can be trusted) was the motivation for bra
evolution.

Bailey and Geary (2009) argued that multiple
pressures drove the evolution of brain size with so
competition being the most important. The researche
collated data on latitude/climate, and population d
(number of fossils found in an area) for 175 homini
skulls. Large population density predicted large sk
finds generally, but at a high population density t
skull was smaller.

This general trend of increasing brain size ha
reversed in the last 20 000 years with a small decl
average volume (1500 cm? to 1350 cm3) (McAuliffe 20
The reasons for this decline might include warmer
climate, advent of agriculture, large communities,
shortages, domestication, or co-operation instead o
aggression (McAuliffe 2011). This is not necessaril
sign of declining intelligence because the wiring o
brain has become more efficient. On the other hand,
is evidence that brain volume has started to increa
the last two or three centuries (McAuliffe 2011).

% Cooking may have been present as early as Hoeatusr(Wrangham 2009).
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3. Technological development.

Much of the understanding about the different
species of hominids comes from the increasing
sophistication of stone tools found.

Though the first stone tools found date back t
MYA, there is a gap of one million years before the
is adapted (Douglas 2012b). However, a lot of cogni
evolution was occurring during that period (eg: cog
complexity that underpins later language developmen
well as new perceptual-motor abilities (in manipula
the tools) (Faisal et al 2010).

During this one million years other tools may
been made from materials that have perished (as onl
stone tools are left for fossil hunters). On the ot
hand, life may have been so difficult that
experimentation with new ideas/things was just too
(Douglas 2012b).

4. Evolution of language.

Dunbar (2004) placed the evolution of language
between 1.6 million and 600 000 YA.

Evidence for the evolution of language is conc
from anatomical evidence. For example, Homo
heidelbergensis do not have the balloon-like organ
connected to the voice box that was used to produce
booming noises, but stopped language development (R
2012a). Other changes include neural connections to
tongue, diaphragm and chest muscles, and the presen
the FOXP2 gene (Dominguez and Rakic 2009).

But the appearance of language did not automat
mean that complex ideas accompanied it. Language co
have evolved to sing around the camp fire at night
encourage group bonding (Dunbar 2004). Furthermore,
gestures make have evolved before speech (Robson 20

5. Loss of fur.

Hair covering the body is unique to mammals
(Jablonski 2010), and it serves a number of functio
from insulation to camouflage to use in visual
communication (eg: hair raised as sign of aggressio

The loss of fur has been possibly dated to 3.3
(ie: before the Homo genus) (based on studies of th
evolution of lice) (Douglas 2012c).

Can we learn about fur loss from mammals that
have fur?

a) Living underground as with the hairless nak
mole rat - not relevant to humans.
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025
tool
tive
nitive
t) as
ting
have
y
her

risky

luded

obson
the
ce of

ically
uld
and

hand
12a).

ns
n).
MYA
e co-

do not

ed

16



b) Living in water like marine mammals - the
"aquatic ape theory" (appendix 1C) argues that huma
evolution included a semi-aquatic phase (of 1-2 mil
years) living in marshes and on the coast which led
fur loss.

c) Very large body size and risk of overheatin
though humans do not have less surface area relativ
overall body mass which makes it difficult to lose
as with elephants, for example, overheating is impo
in the evolution of fur loss, particularly to cope
the heat on the savannah (Ruxton and Wilkinson 2011

Key for humans is sweating to reduce heat, whi
more effective without a fur covering. Furthermore,
humans have more eccrine glands in the skin that pr
sweat, whereas other mammals that sweat have more
sebaceous and apocrine glands. These glands located
the base of hair follicles produce an oily sweat wh
less effective at heat dissipation, whereas eccrine
glands produce watery sweat directly through the sk
(Jablonski 2010).

As human ancestors moved to the savannah from
environments, due to climate change beginning 3 MYA
getting food (which was now probably meat) required
activity in a hot environment. In other words, runn
after moving targets in the sun compared to foragin
fruits in the shady woodlands. This change has led
suggestion that Homo ergaster (1.6 MYA) was the fir
be furless (Jablonski 2010). This information has b
ascertained indirectly from fossils through changes
the body that appear to show greater movement (eg:
knee and hip joints).

In relation to sexual selection, fur harbours

parasites 28 whereas unblemished skin advertises good

health to potential mates.

From gene studies, Rogers et al (2004) calcula
that a variant of the MC1R gene (responsible for sk
pigmentation) appeared 1.2 MYA. This variant produc
dark pigmentation (ie: the basis of black skin seen
today). Human ancestors were assumed to have pink s
covered by black fur (Jablonski 2010).

After fur loss, the next question relates to t
adoption of clothing by hominids. Based on analysis
the genes of body lice (which live in clothing
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27 But heat loss at night or in cold temperaturesldide greater (Pagel and Bodmer 2003).
% pagel and Bodmer (2003) suggested that fur lossreed to remove lice and fur-dwelling

ectoparasites that carry disease.

2 Body lice evolved from head lice which were pressarlier (Kittler et al 2003).
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Kittler et al (2003) calculated that they evolved a round
70 000 YA (110 000 - 30 000 YA) suggesting that thi s was
when clothing became common. This would go with the

movement of humans to colder climates out of Africa

6. Out-of-Africa.

Homo sapiens leaving Africa 125 000 YA is a ma jor
event in terms of the population of the world leadi ng to
today *°. A number of reasons have been proposed for the
migration.

One is overcrowding in the Horn of Africa (Atk inson
et al 2009) based on analysis on modern day mitocho ndrial

lineages 3. Humans currently alive originate from 4
lineages called LO, L1, L2 and L3 (corresponding to

"ancestral mothers"; Douglas 2012d). Only the L3 gr oup
was outside Africa suggesting that they experienced the
population growth that prompted migration.

This group are more likely to have the DRD4-7R gene
which is associated with novelty seeking (Matthews et al
2011).

Mellars (2006) saw the trigger for population growth
and migration as increases in the complexity of
technological (eg: tools), economic (exchange of go ods),
social (size of communities), and cognitive behavio urs
between 80 000 and 60 000 YA. This has been called the

"great leap forward".

7. Homo sapiens interbreeding with others.

If there were different species 32 of Homo around at
the same time, did they interaction and/of interbre ed?
Molecular genetic analysis shows that 1-4% of the
genome of current humans of non-African descent (L3
mitochondrial lineage) is from Neanderthals (Green et al
2010), and current Melanesians have 7% from Denisov ans

%0 "Our understanding of the origins of modern hurpapulations (ie: Homo sapiens) has made
massive strides in the past two decades. We now kmon studies of both the DNA patterning of
present-day world populations and surviving skéletaains that populations that were essentially
‘modern’ in both a genetic and an anatomical séaskemerged in Africa by at least 150,000 years
ago..." (Mellars 2006 p9381).

31 Mellars (2006) gives a word of caution: "Demodtiapreconstructions based on DNA studies of
present-day human populations are notoriously probtic and controversial, with the data from
African populations being no exception. Debates dive rates of mutation of different genetic ldbi
effects of adaptive selection on DNA patterns, tiedpotential complications of demographic
dispersals and back migrations between differegibres, all serve to complicate the surviving
fingerprints of demographic history in ways thavdatill to be fully resolved...” (p9381).

32 A species can be defined as a "group that canateé and produce viable offspring with other
species" (Jones 2012b). This definition meansNeanderthals could be viewed as a sub-species of
Homo sapiens if mating occurred (Jones 2012b).
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(Reich et al 2010).

8. Homo sapiens and the fate of Neanderthals.

Neanderthals became extinct 24 000 YA, but did Homo
sapiens contribute to that process 32

This could include actual killing them at one
extreme, to passive extermination from diseases car ried
by Homo sapiens, or simply outsmarting them and tak ing
the available food. In the latter case, the Neander thals
had more brain capacity for vision (to see in the d ark),
and less for complex thought which put them at a
disadvantage compared to Homo sapiens (Robson 2012 C).

Finlayson (2009) preferred to blame climate ch ange
for the extinction of the Neanderthals. Between 65 000
and 25 000 YA the climate varied greatly between ic e and
mild, and though Neanderthal populations bounced ba ck
after each ice period, eventually they were not abl e to
do so (Wong 2009).

It was not just the cold that defeated Neander thals.
In fact, their short and stocky build conserved bod y
heat, and worked well when ambush hunting solitary large
animals in the cold forests. In warmer times with o pen

grasslands, they were disadvantaged (particularly
compared to humans).

Humans also did better in the competition for food
because they ate a variety of animals and plants, w hile
analysis of bone chemistry of Neanderthals suggests that
the diet was limited to large animals. Neanderthals are
viewed as "one-trick ponies” (Wong 2009) - they ha d one
way of doing things which was great unless circumst ances
changed.

But some researchers have questioned this view . For

example, Stringer et al (2008) found evidence of
Neanderthals at Gorham's Cave and Vanguard Cave in
Gibraltar eating marine mammals like seals, and

shellfish.

In fact, there is a blurring of the line betwe en
Neanderthals and humans in a number of ways. For ex ample,
archaeological finds in recent times suggest that
Neanderthals made jewellery, which could hint at sy mbolic
thought (assumed to be distinct in Homo sapiens). | n
caves in south-east Spain painted scallops and
cockleshells from 50 000 YA have been found (Zilhao et al
2010). These finds were 10 000 years before Homo sa piens

are dated in Europe (Choi 2010).

33 An assumption has tended to be that Neandentfeks not very intelligent compared to humans,
though this is being challenged.
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Differences that advantaged humans to survive
Neanderthals to go extinct are relatively small,
including (Wong 2009):

a) Use of needles to sew clothes (and make the
better and stronger).

b) Division of labour that meant human males h
and females remained safe with the children.

c) Longer living humans allow the passing down
knowledge.

d) Less calories need - it has been estimated
Neanderthals needed 100-350 calories more per day
(Froehle and Churchill 2009).

9. Evolution of humans today.

In the last few hundred years there have been
many changes for humans that were culture-based (ie
evolution) including medical advances, which has le
the popular lay belief that humans are no longer af
by natural selection. But "That's just plain false"
(Stephen Stearns quoted in Holmes 2009).

Evolutionary changes are long-term and hard to
compared to the swift cultural and social changes.

Because few individuals die young today (ie:
predator risk low), the selection pressures will no
related to survival as in the past (eg: running fas
escape predators), but work upon genes that affect
number of children (ie: fertility or reproductive
behaviour) (eg: later age of menopause) (Pritchard

For example, data from the Framingham Heart St
suggests that shorter, heavier women have more chil
and if this trend is extrapolated into the future,

2409 women will be 2 cm shorter and 1 kg heavier th
today (Holmes 2009). The Framingham Heart Study has
collected data on the residents of Framingham,
Massachusetts, USA, since 1948, and in particular 2
women who had passed menopause (Byars et al 2010).

To suggest that evolution has stopped for huma
assumes that the body is perfect for its environmen
there are many aspects that are far from that inclu
DNA replication making mistakes, vulnerable brain ¢
(eg: epaulette sharks can survive for one hour with
oxygen), or the fact that the vagina and urethra ar
the anus increasing the risk of infection (Ainswort
LePage 2007).

Ward (2009) outlined possible future evolution
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scenarios:

Stasis - "minor tweaks".
Speciation - new human species.
Symbiosis with machines.
Extinction.

1.5. WHAT MAKES HUVMANS UNI QUE

Homo sapiens have evolved in the recent past o f the
earth's history. If hominids have existed for seven
million years, then Homo sapiens for only 1% of tha t
time, and the great human achievements for 5-10% of that
period (ie: up to 7000 years) (Cacioppo et al 2007) :
What accounts for the achievements of humans i n

terms of our evolved bodies?

a) Genes - No: few differences in the number o f
genes to other primates/great apes (Cacioppo et al 2007).

But the 1% difference in DNA masks 30 million point
mutation differences with 80% of 30 000 human genes
(proteins) being affected (Glazko et al 2005) 3 For
example, the FOXP2 gene seen as crucial in the
development of language (allows for the subtle faci al
movements needed) only differs by two amino acids i n
humans and chimpanzees (Jones 2012a) 3,

Other key genetic differences found recently i nclude
the 118 bases known as human accelerated region 1 ( HAR1)
involved in development of the cerebral cortex, ASP M
(which controls brain size), HAR2 (or HACNS1)

(controlling wrist and thumb development in the wom b),
and AMY1 (allowing the digestion of starch) (Powell
2009).

Molecular genetic analysis in recent years has shown

uniquely human gene families, probably originating from

"mobile genes" (insertion and deletion variations;
INDELS) that randomly move around the genome during
duplication (Polavarapu et al 2011).

b) Frontal cortex of brain - No: similar ratio of
frontal cortex to total brain matter as other prima tes
(Cacioppo et al 2007).

c) Number of cortical neurons in brain - Not r eally:
more than most mammals, but less than whales and

3 "The way to evolve a human from a chimp-humareatur is not to speed the ticking of the
molecular clock as a whole. Rather the secret mt@ rapid change occur in sites where those esang
make an important difference in an organism's fonatg" (Pollard 2009 p47).

% |t is believed to have appeared 500 000 YA (P0I2009).
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elephants (Cacioppo et al 2007).

d) Small specialist differences in response to
living in social groups - Yes: greater information-
processing capacity of the brain due to, for exampl
greater number of synapses (Cacioppo et al 2007).

1. 6. CONCLUSI ONS

This is a time of change in the understanding
evolution of humans. There are a number of issues a
debates that will continue to be important:

* The use of molecular genetic studies compared to fo
finds.

* The divergence from a common ancestor of apes.

* Small evolutionary changes make big differences.

* The link between Australopithecus and Homo.

* The different Homo species (many alive at the same
time).

* Fossils finds outside East Africa (eg: South Africa
and East Asia).

of the

nd

ssil

1.7. APPENDI X 1A - DI FFERENT SPECI ES BETWEEN APE AND

HUMAN

The complexity of the situation in terms of th
evolution from ape to human is shown by the varied
species named from fossil finds over the years (fig
1.8), and the debates over their acceptance as homi
(Grehan and Schwartz 2009).

MILLION YEARS AGO

Khoratpithecus (two species: K. chiangmuanens
12
Dryopithecus (3 species from Europe 12-9 MYA:
brancoi,
Sivapithecus 3 species: S. indicus, sivalensi
12.
Ankarapithecus (formerly Sivapithecus meteai)

10
Hispanopithecus laietanus (10 -9.5 MYA,; Spain
Ouranopithecus macedoniensis (9 MYA; Greece)
Lufenpithecus (L. lufengensis and keiyuanensi

Gigantopithecus (3 species: G. blacki, bilasp
giganteus; 7.8
Sahelanthropus tchadensis (7-6 MYA; Chad)

ure

nids

is and pirivai; 13
0 MYA,; Thailand)

D. fontani,

and crusafonti)

s, and parvada;

5-8 MYA; Asia)

(10.7 - 10.6 MYA,;
central Turkey)

)

S; 9-7 MYA;
China)

urensis, and
- 7.5 MYA in Asia)
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MILLION YEARS AGO

6
Orrorin tugenensis (6 MYA; Kenya)
Ardipithecus (two species from Ethiopia: A. r amidus (4.4 MYA)
and A. kadabba (5.8 - 5.2 MYA))
4
Australopithecus-Paranthropus (at least 10 sp ecies in east and
south Afr ica 4.5 -2 MYA)

Kenyanthropus platyops (3.5 MYA; Kenya)

(Information from Grehan and Schwartz 2009)

Figure 1.8 - Approximate time periods of different
species of early hominids and where fossils found.

1. 8. APPENDI X 1B - SPLIT BETWEEN NEANDERTHALS AND HUMANS

Hublin (2009) outlined three possible models f or the
split between Neanderthals and humans based on the fossil
evidence of the time (figure 1.9).

EARLY SPLIT LATE SPLIT INTERMEDIATE SPLIT

1 MYA Homo Homo Homo

erectus erectus erectus

?

Homo

08 MYA antecessor
\ Homo
Homo heidelbergensis

0.6 MYA T rhodesiensis Homo

4 i rhodesiensis
heidelbergensis

/

0.4 MYA Homo ]
neanderthalensis

Homo
Homo neanderthalensis R
e ; Homo SN sapiens
0.2 MYA neanderthalensis sapiens
(Homo rhodesiensis = large-brained ancestor of Homo sapiens in Africa and root of
Neanderthals in Europe; Hublin 2009)
(Based on Hublin 2009 figure 1 p16024)
Figure 1.9 - Three possible models of the Neanderth al-

human split.
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1.9. APPENDI X 1C - AQUATI C APE THEORY

The aquatic ape theory (AAT) was first propose d by
Alister Hardy in 1960, and championed by Elaine Mor gan
(eg: Morgan 1997). The main evidence being common
anatomical features between humans and aquatic/semi -
aguatic mammals like no fur, and fat deposits direc tly
under the skin.

Jablonski (2010) pointed out three reasons why the
AAT is generally seen as wrong:

i) There is no simple connection between fur a nd the
environment in which the animal lives.

i) The semi-aquatic environments were full of
predators (eg: crocodiles) that would have severely
threatened humans living in them.

iii) It is an overly complex explanation to su ggest
that humans evolved from land-based to water-based, and
then back to land-based. The common view is that hu mans
were always land-based. Furthermore, why are so-cal led
aguatic adaptations still maintained by land-dwelli ng

humans (Pagel and Bodmer 2003)?
Pagel and Bodmer (2003) pointed out that thoug h

fossils have been found near water, no "aquatic ape
fossils have been unearthed to date.
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2. SOVE ORTHODOX AND UNORTHODOX | DEAS ABOUT
VIEEI GHT GAI N AND LOSS

2.1. Increasing obesity today

2.2. Ideas about weight gain and loss
2.3. More orthodox ideas

2.4. Appendix 2A - Getahun et al (2007)
2.5. Appendix 2B - Powell et al (2007)

2.1. I NCREASI NG OBESI TY TODAY

Approximately one-third of adults in the USA a re
obese, and between 4-37% in different parts of Euro pe
(Hatch et al 2010).

Body mass index (BMI) is commonly used to asse SS
weight, and the World Health Organisation (WHO) def ines
ranges of BMI based on risk of health problems and/ or
premature death - underweight (<18.5 kg/m?), overwe ight
(=25 kg/m?), and obese ( >30 kg/m?). The risk of premature

death among obese individuals has been "clearly
identified" (Orpana et al 2010).

However, it is contested as to the relationshi p
between overweight and premature death. For example :
Adams et al (2006) reported that being overweight a t age

fifty was a risk for earlier death. But this was a
retrospective study of members of the American

Association of Retired Persons who were asked to re call
their weight at 50. This study could be prone to re call
bias and/or the "health survivor effect” (Orpana et al
2010).

On the other hand, data from the National Heal th and
Nutrition Examination Survey in the USA (Flegal et al
2005) found no association between being overweight and

the increased risk of death.
Orpana et al (2010) analysed data from a

longitudinal national representative population sur vey of
Canadian adults (National Population Health Survey) to
establish the relationship between weight and risk of
death. The twelve-year study began in 1994-5 and fo llowed
up the 11 326 over-25 year-old participants every t wo
years. In total, 1 929 individual had died during t he
study period.

The majority of participants (48%) had a BMI i n the
normal range (18.5 - <25 kg/m?) (figure 2.1), and t hey
were classed as the reference group (risk = 1.00). A
relative risk higher than one equals a greater chan ce of
early death, and less chance with a relative risk o f
below one. Though small in number (2% of the sample ),
underweight participants had the highest risk (1.73 ),
followed by very obese (or class-Il) ( >35 kg/m2) with a
relative risk of 1.36. But overweight and obese (cl ass-l)
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(30 - <35 kg/m?3) had lower risks of early death at 0.83
and 0.95 respectively. All the four relative risks were
significantly different to the reference group.

mEBMI <18.5
m15.5 - <25
25-<30
m30-<35
W35 & =35

(Data from Orpana et al 2010 table 1 p215)

Figure 2.1 - Distribution of sample (%) in terms of BMI.

It is accepted wisdom that obesity increasing in the
West is due to eating more calories than are expend edin
exercise, and the answer to weight lose is to turn the
equation around (make energy expenditure greater th an
calorie intake). But recent research has suggested that
it may not be as simple as this. For example, Klime ntidis
et al (2011) found signs of obesity in non-human sp ecies
living around industrialised humans.

They collected data on eight different species of
animals living with or around humans in industriali sed
societies (in 24 different populations). These incl uded
primates (macaques, chimpanzees, vervets, and marmo sets),
and rodents (mice and rats) in research colonies,
domestic dogs and cats, and feral rats living in ci ties
and towns. Average mid-life body weight had risen i n all
groups (table 2.1), and 11 of the 24 populations we re
significant.

There may be a different explanation for each
population (eg: over-feeding of pets; feral rats an d
increased refuse), but Klimentidis et al (2011)
speculated that there may be an overall explanation that
also applies to humans (eg: endocrine disrupters or a
virus).
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SPECIES STUDY POPULATION PERCENTAGE INCREASE
IN WEIGHT PER DECADE
Macaques Wisconsin National Primate 5.33
Research Center, USA; 1971-
2006 (n = 65)
Chimpanzees Yerkes National Primate 33.6
Research Center, USA; 1985-
2005 (n = 46)
Mice National Toxicology 12.46
Programme data in USA; 1982-
2005
Cats 1989-2001 9.72
Feral rats 1948-2006 captured in urban 6.88
USA

(Source: Klimentidis et al 2011 table 1 p1629)

Table 2.1 - Examples of species and body weight inc

2.2. | DEAS ABOUT VEI GHT GAIN AND LGCSS
1. Virus.

A common cold virus, adenovirus-36 (Ad-36) has
found to increase fat inside cells, and the number
cells in the body. Obese individuals were nearly th
times more likely to have Ad-36 antibodies (a sign
current or past infection) than non-obese individua
(30% vs 11% respectively)(Atkinson et al 2005).

Over 30 weeks, 25 young male rats injected wit
36 gained significantly greater body weight than 25
controls despite the same food intake (figure 2.2)
(Pasarica et al 2006). Similar results have been fo
with chickens, mice, and marmosets (Pasarica et al

Another ten microbes have also been reported t
increase fat (Dhurandhar et al 2004).

CONTROLS EXPERIMENTAL RA TS
Pre-test 161 162
J J
12 weeks
after infection 515 518
2 2
30 weeks 588 628 *
Food intake

at week 30 26.36 grams per day 26.05

(* p<0.008)
(Source Pasarica et al 2006 table 2 p1909)

Figure 2.2 - Mean weights (grams)
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2. Stress.

Stress and the stress hormone corticotropin-
releasing factor (CRF) lead to the consumption of
calorically dense foods (Pankevich et al 2010). Die ting
is a stressor, and so post-dieting individuals will
rebound with weight gain.

Pankevich et al (2010) found that mice restric ted to
75% of average calorie intake for three weeks showe d
high-fat food binge eating behaviour when subsequen tly
given access to unlimited food. Ultimately they gai ned
weight compared to their starting body weight befor e the
calorie restriction. The researchers reported that the
stress (calorie restriction) had altered the brain
chemistry (eg: orexin) which motivated the subseque nt
binge-eating.

3. Warm houses.

Bo et al (2011) found that middle-aged adults living
in houses with the highest thermostat temperatures were
twice as likely to become obese over the next six y ears.
Put simply, shivering burns energy.

Bo et al (2011) reported that a number of mode rn
lifestyle factors were associated with obesity in a n
Italian study. Just over 1500 45-64 year-olds from SiX
family physicians in the province of Asti % were
guestioned about their lifestyle including average sleep
duration, house temperature during autumn/winter, n umber
of hours watching television per day, use of air
conditioning in the summer, and number of weekly vi sits
to restaurants. Obesity was measured by BMI.

After adjusting for socio-demographic variable S,
obesity was significantly associated with less exer cise,
greater number of weekly visits to a restaurant (4 or

more times) % less sleep (less than 6.5 hours per day)
¥ and having the highest average house temperature
(>20°C compared to <18°C) %,

% North west Italy, between Turin and Genoa.

37 Restaurant food tends to have higher energy tyesisil more fat with larger portion sizes than food
prepared at home (Bo et al 2011).

¥ Less sleep or "sleep debt" produces physiologitahges, like reduced leptin and increased ghrelin
cortisol and orexin secretion, which stimulate appand food intake (especially for energy-dense,
high-carbohydrate foods) (Bo et al 2011).

39 Cold temperature stimulates the burning of brawlipose tissue and use of calories, which does not
happen with warm house temperatures, and a warseldiscourages exercise and going outside in
cold weather (Bo et al 2011).
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4. High-protein diet.

There are many claims about such diets markete
the "Atkins diet" or the "Dukan diet" (Young 2011),
research does support such protein diets in reducin
overall calorie consumption.

The "protein leverage hypothesis" (Simpson and
Raubenheimer 2005) proposes that a reduction in the
amount of protein in relation to fat and carbohydra
the Western diet in recent years (1960 onwards) is
associated with an increase in total energy intake
only in humans, but in other species studied (eg:
rodents, pigs, non-human primates), when protein is
decreased there is an overall increase in amount ea
maintain the protein intake (Gosby et al 2011).

Gosby et al (2011) experimentally manipulated
protein content in a study of 22 lean volunteers in
Sydney, Australia
2.3) offered were adjusted to contain 10%, 15% or 2
energy as protein in three four-day study periods (
repeated measures design)
eat as much as they wanted with free access to a fu
refrigerator (while outside food sources were forbi
The protein content of the food was disguised from
participants.

das
but

te in

40 Not

ten to

*1, The 28 food items (table 2.2, figure

5%

2, Participants were allowed to

I
dden).
the

Study day 1 Study day 2 Study day 3 Study day 4
Breakfast Savoury breakfast muffin Savoury breakfast muffin Savoury breakfast muffin
8.30-10.00am

Apricot yoghurt muesli Raspberry yoghurt muesli Apricot yoghurt muesli
Pear, raspberry & bread B bread Pear, raspberry & coconut bread

Lunch Tuna bake Mexican wrap Tandoori wrap Sweet potato wrap
Tpm

Beef and vegetable pastry Teriyaki sushi roll Beef and vegetable pastry Pasta salad

Salad & dressing Salad & dressing Salad & dressing

Fruit salad yoghurt Apple crumble muffins Fruit salad yoghurt Apple crumble muffins
Dinner Goulash Mushroom Pasta Pasta Bolognaise Hokkien noodles
6.30pm

Cheese Scones Chow mein mince Cheese Scones Massaman curry

Salad & dressing Salad & dressing

Orange & poppyseed cake  Chocolate, apple & ricotta cake Orange & poppyseed cake  Chocolate, apple & ricotta cake

Custard Custard Custard Custard
Snacks Savoury scones Cheese scones Savoury scones Cheese scones
all day

Carrot cake Raspberry yoghurt Apricot muffins Raspberry yoghurt
Foods offered during the 10%, 15% and 25% protein 4-day ad libitum study periods. The methodology used to design each of these foods and the final nutritional
information can be found elsewhere [22]. Some foods were only available in one meal sitting (‘meal time foods": not bold), whereas others were available to participants
anytime once served (‘anytime foods': bold). Anytime foods were ‘snack’ foods and foods that were first served at a meal and could be kept if not eaten or finished at
that meal; these foods were labelled for identification and kept in a refrigerator to which participants had free access.
doi:10.1371/journal.pone.0025929.t006

Table 2.2 - Example of menu of food items.

%" In the USA, between 1961 and 2000, dietary pnodeiclined from 14% to 12.5% while non-protein
energy intake increased 14% (Simpson and Raubeeh@d05).

1 Sixteen women and six men recruited at the usities or via the local newspaper with a BMI
between 18-25 kg/mz.

2 participants were resident at the Woolcock lnstibf Medical Research during each four-day

period (with approximately one week between eagtiysperiod).
ISSN54-2200; Kevin Brewer
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The 3 photos on the left column are the 10%, 15% an d 25% versions (top to bottom) of

each food given to participants at breakfast on stu dy day 2. In the right hand column
the three photos are the 10%, 15% and 25% versions (top to bottom) of each food given
to participants at dinner on study day 2. Participa nts were offered a set amount of
each food that was the same on each study period. T he plates were the same for a

particular food on each study period.

(Source: doi:info:doi/10.1371/journal.pone.0025929. g004)

Figure 2.3 - Photographs of some food items.

Food intake was measured by subtracting the we
of food after eating from the weight before, and th
converted into energy intake. Self-reports of hunge
fullness were taken regularly.

The participants ate significantly more food
(approximately 12% more energy) when the energy as
protein was less, and specifically more carbohydrat
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fats (figure 2.4). The difference in energy intake
between the 10% and 25% diets would produce an equi
of 1 kg weight increase per month.

A significantly greater hunger score (out of 1
was reported on the fourth day of the trial after t
protein breakfast than the 255 breakfast.

Gosby et al (2011) concluded: "It follows from
results that any change in the nutritional environm
that encourages dilution of dietary protein with fa
and/or carbohydrate will promote increased total en
intake and thus increase the risk that obesity migh
develop. Many sources of such encouragement exist i
modern westernised environment. Some are economic -
and carbohydrate are cheaper than protein...; other
reflect an increasing reliance on processed foods w
are often higher in fat and refined carbohydrate th
unprocessed foods, and yet other influences include
evolutionary heritage, which has left us with a
predilection for foods with a high fat and sugar
content... To make matters worse, it appears that t
beneficial side of protein leverage — reduced intak
high percent protein diets — may be diminished in
westernised countries in which the variety and
availability of foods, especially snack foods, is g
than it has ever been in our evolutionary history"

m10% diet
® 15% diet
25% diet

Total Fat Carbohydrate

(Source: Gosby et al 2011 table 1 p2)

Figure 2.4 - Energy intake (MJ) based on protein di

5. Endocrine disrupters.

Complex endocrine and other chemical signallin
mechanisms are involved in resting and non-resting
expenditure, and these are altered by chemicals in
environment. Endocrine disrupting chemicals (EDCS)
"obesogens" are "molecules that inappropriately reg
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lipid metabolism and adipogenesis “3to promote obesity"
(Grun and Blumberg 2006), and include diethylstilbe strol
(DES), bisphenol A (BPA), and phthalates (found in
plastic packaging).

EDCs can alter weight homeostasis in a number of
ways including regulation of fat cell development,
thyroid function, sex hormones, and in the womb (in
utero) (Hatch et al 2010).

Hatch et al (2010) found a positive correlatio n
between body weight and the amount of six phthalate
metabolites in urine in the USA. Data on over 4000 adults
were collected in 1999-2002. Confounding variables like
physical activity and diet were controlled for in t he
statistical analysis. The association was stronger for
men than women.

However, this association or correlation is no t
causation. It is possible that the variables could work
either way - EDCs cause obesity or being obese caus es the

body to produce more EDC metabolites, for example.

6. Light at night.

Artificial light at night interferes with the

circadian rhythms, which disrupts "natural” sleep a nd
eating patterns. Furthermore, this disruption of th e
circadian rhythms is linked to obesity in mice, for

example.

Fonken et al (2010) kept mice in one of three
different conditions for eight weeks - 24 hours of

continuous light (LL), 16 hours of light and 8 hour s of
dim light (DM), or 16 hours of light and 8 hours of

darkness (LD). There was a significant increase in body
mass of the mice in the LL and DM conditions relati ve to
the LD condition despite equivalent calorie intake and
daily activity. The light at night seemed to produc ea
desynchrony between metabolic activity and food int ake,

and this accounted for the increase in body mass.

7. Polluted air.

Exposure to air pollution in the form of fine
particulate matter is a risk factor for health (eg:
cardiovascular problems), and for fat storage.

Xu et al (2010) compared three-week old mice r eared
in controlled laboratory conditions receiving pollu ted or
filtered air for six hours per day, five days a wee k, for
ten weeks. The mice in the polluted condition showe da
greater gain in body weight compared to the filtere d

condition (controlling for normal or high fat diet)

43 Storage of fat.
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8. Sleep deprivation.

In a four-year longitudinal study in New Zeala nd,
Carter et al (2011) found that young children who h ad
less sleep were more likely to be overweight. The F amily
Lifestyle, Activity, Movement and Eating (FLAME) st udy
followed children born between 19 July 2001 and 19
January 2002 at the Queen Mary Maternity Unit, Dune din.
Of them, 244 were seen every six months between the ages

of 3 and 7 years old for this study.
Sleep deprivation and physical activity were

measured with activity monitors attached by belts t o the
waist of the children for sample periods, and the d ata
divided into fifteen-second segments. Parents also kept
activity logs including bedtimes and wakings.

Form the data, statistical analysis showed tha t each
additional hour of sleep between 3-5 years old was
associated with a reduction of 0.49 in BMI at age 7 (or
0.39 controlling for diet and physical activity) (i e: 0.7

kg in weight) and a 61% reduction in risk of being
overweight or obesity.

Sleep deprivation reduces the secretion of lep tin,
which suppresses appetite, and increases ghrelin (t hat
stimulates it) (Young 2011).

9. Chewing gum.

There are claims that chewing gum can suppress

appetite  *“and increase energy expended *5, Shikary et al
(2012) investigated these claims in an eight-week
randomised clinical trial ¢, Two hundred and one
overweight and obese volunteers in the Birmingham a rea of
Alabama, USA, were randomised to the experimental
condition (chewing sugar-free gum for 90 minutes/da yin
Six sessions 47 and printed material on good nutrition “8)
or the control condition (printed material only). R egular
gum chewers, smokers, individuals already on weight loss
programmes, and those with health problems were exc luded
from the study.

Adherence in the experimental condition was as sessed
from participants’ gum-chewing diaries of minutes p er
day, and by counting the empty gum wrappers . BMI and
waist circumference were taken at baseline and at w eek 8.

“ Eg: 8% less eaten after 15 minutes per hour atiegiim (Hetherington and Boyland 2007).

45 Eg: 11 kcal/hour (which equals a loss of 5 kgfye@alculations based on data from seven non-
obese individuals) (Levine et al 1999).

“ Details ahttp://www.clinicaltrials.gov/ct2/show/NCT00971348An=NCT00971347&rank=1

4" Twenty minutes each after breakfast, lunch, dnded, and 10 minutes each mid-morning, mid-
afternoon, and mid-evening.

8 "Finding Your Way to a Healthier You" (Dietary @elines for Americans 2005).

49 Adherence was over 90%.
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Waist circumference decreased significantly be tween
baseline and week 8 in the experimental group (mean
reduction of 1.4 cm), but there were no significant

differences between the conditions. However, Shikan y et
al (2012) did not measure any changes in diet or ph ysical
activity during the study period.

The findings of this study are different to ot her
studies (as detailed in table 2.3), and this may be due

to differences between the studies like:

e Laboratory study versus free-living/natural
environment.

* Normal weight or overweight/obese participants.

* Timing (when in day), frequency, and duration of
chewing gum.

Hetherington & Boyland (2007) Julis & Mattes (2007)

* 60 normal weight participants. e 47 overweight and obese
participants.

* Laboratory experiment.
*  Free-living study.
e Lunch, then snack 3 hours

later. * No chewing vs chewing sugar-
sweetened gum for 20 minutes
¢ Gum chewed for 15 minutes per two hours after lunch vs chew
hour. gum for 20 minutes when
hungry.

e Gum chewers ate significantly .
less of snack. * No difference between groups
in food eaten.

Table 2.3 - Differences in methodology between two other
studies.

Jabr (2012) reported work by Robert Doyle to d evelop
a chewing gum that releases human peptide YY (hPYY) . This
hormone seems to signal satiety to the hypothalamus and
it is released from intestinal cells into the
bloodstream. Individuals given a dose of hPYY two h ours
before lunch ate 30% less than controls at a free b uffet.

10. Laughter.

Genuine voiced laughter (ie: "laughing out lou d")
produces a 10-20% increase in energy expended compa red to
the resting state *, This converts to 10-15 minutes of
laughter expends 10-40 kcal depending on body weigh t and

laughter intensity (Buchowski et al 2007).

0 This is the equivalent to writing or playing carevhereas jogging increases energy expended by
100% (Buchowski et al 2007).
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Buchowski et al (2007) recruited 31 men and 63 women

(aged 18-34 years) in Nashville, USA, to watch humo rous
or non-humorous L film clips in friendship pairs for
ninety minutes. This was done in an air-tight room that

measured energy expenditure (whole-room indirect
calorimeter) through oxygen consumption (VO ») and carbon-
dioxide production (VCO »). More oxygen is consumed and
carbon-dioxide produced as energy is expended.

Resting energy expenditure (kcal/min) was base don
sitting in a reclining position for thirty minutes.

The average energy expended during a laughter
episode was 1.32 kcal/min (or 5.53 kJ/min) which wa S
significantly higher than during the resting state (and
non-humorous film clips).

Table 2.4 summarises the main strengths and

weaknesses of this study.

Strengths

1. Individuals watched the films with a friend, whi
realistic, because laughter is greater in social si
isolation and with friends than with strangers (Buc
2007).

2. Controlled measurement of energy expended.

3. Participants were told that the study was about
reactions to film clips, and this reduced the risk
characteristics" (ie: laughing to please the experi

4. Able to gain measurements of energy expended in
in a real-life laughter situation.

5. Participants were asked to give written consent
and again after the debriefing. This second occasio
right of withdrawal of data by participants after t
study's purpose.

6. A variety of individuals were involved in the st
body weight (41 - 139 kg) and BMI (17.0 - 41.1 kg/m

Weaknesses

1. Sample - young adults (probably mainly students)
generalisability of the findings to other groups.

2. The calorimeter measured VO
for an individual. The energy expended in the room
two, but each individual may have expended differen
energy. Buchowski et al (2007) admitted: "Small EE
expenditure] measurement errors are inherent but mo
and should not affect the difference between EE at
EE measured in a strictly controlled environment” (

3. The degree of friendship between the pairs was n
the volunteers were simply asked to bring a friend

1 Documentary about England's landscapes.

ch was more
tuations than in
howski et al

their emotional
of "demand
menters).

a way not possible

before the study,
n allowed the
hey discovered the

udy in terms of

2),

which limits the

» and VCO , for two people rather than

was divided by

t amounts of
[energy

stly systematic
rest and laughter
p136).

ot controlled as
to the study. This
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could lead to variations in social comfort, and con sequently in
laughter duration and rate.

4. Some pairs were same-sex and some were mixed-sex . Average energy
expended did vary between the type of pair (eg: 10% increase with
laughter in male-male pairs compared to an 8% incre ase in female-
female and mixed-sex pairs) suggesting that the lau ghter varied.

5. An atrtificial situation unlike a comedy show, fo r example, where

laughter naturally takes occurs.

6. No details given of the humorous film clips used as what is
perceived as funny varies between individuals.

Table 2.4 - Main strengths and weaknesses of Buchow ski et
al (2007) study.
2. 3. MORE ORTHODOX | DEAS

These recent ideas are interesting, and time w ill
tell about them, but, in the main, losing weight st ill

depends on energy expenditure being greater than ca lorie
intake.

There are many commercial weight loss programm es,
and few have been assessed in large-scale studies. One
exception is the "Jenny Craig Platinum Programme”, which
tailors the food (1200-2000 kcal per day) and physi cal
activity (30 minutes on five or more days a week) t o the
client's needs.

Finley et al (2007) analysed the data of 60 16 4
adults (18-79 years old) enrolled on the programme in the
USA between May 2001 and May 2002. Overall, those w ho
remained on the programme for 52 weeks (6.6% of sta rters
%) 53 |ost most weight (mean of 12% of baseline body
weight; 12.6 kg > (figure 2.5).

Mean 14

Time an weight lass programme (months)

(Data from Finley et al 2007 table 1 p295)

Figure 2.5 - Time on weight loss programme and mean
weight loss.

2 Drop-out was defined as six or more consecutieeks missing weight data.

%3 Finley et al (2007) calculated that one-year mensihip of the programme cost $1480 including
enrolment fee and specialist food (pre-packagedyl€maig branded foods).

** This compares at one year to 5 kg lost in a sbidige Weight Watchers programme (Heshka et al
2003), and 6.5 kg with the Take Off Pounds SengibPS) programme (Garb and Stunkard 1974).
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Researchers are interested in the developmenta I

origins of obesity - namely, what happens in the wo mb and

in the early years of life. Casazza (2011) describe d the

importance of four critical periods in childhood fo r

adult obesity - intra-uterine (in the womb), early post-

natal, pre-puberty, and during adolescence (figure 2.6).
Genes (5)

-«—  FEpigenetics

ADIPOSITY
(fat storage
& fuel utilisation)

/

Intra-uterine

‘ Early Adolescence
{womb) post-natal Pre-puberty \
T Factors (4)
Maternal
metabolism Birth weight Physical
eg glucose - very low activity (3)
tolerance (1) Or very high (2) )

Figure 2.6 - Model of the developmental origins of
obesity with four critical periods.

Key to figure:

(1) Children born to overweight and obese wom en have a greater
risk of becoming obese themselves as compared to ch ildren born to
normal weight mothers. It appears that the weight o f the mother
during pregnancy "programmes" the embryo for obesit y, not through
maternal adipose tissue but via other metabolic hea Ith abnormalities
(eg: impaired glucose tolerance) from being overwei ght or obese
(Chandler-Laney and Bush 2011). Overweight and obes € women are more
likely to have reduced insulin sensitivity %, and so maternal glucose
concentrations will be high and foetal overgrowth c ould occur through
altered programming of energy balance regulation le ading to the
accumulation of fat mass (Chandler-Laney and Bush 2 011).

Changes in the mother's weight between pregna ncies gives a
"natural laboratory" to study this issue. For examp le, Getahun et al
(2007) compared consecutive pregnancies by women wh o had normal
weight for the first pregnancy, but were obese by t he second one
(appendix 2A), while Kral et al (2006) %6 studied pregnant women

> Maternal insulin production usually counters iterease delivery of glucose to the foetus.
%% This was a follow up of women who underwent stydeetween 1982 and 2001 (eg: Marceau et al
2004).

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer 40



before and after weight loss surgery. In the latter
and obesity among 172 children
surgery  *®was no more than the average (approximately one-th
whereas 45 children born to 34 obese mothers prior

significantly more likely to become obese (approxim

2.7). The BMI of the mothers were matched at concep

study was based on telephone interviews and mothers

their children's heights and weights (to calculate

60

40
30
20+
‘N '
o -

Mormal weight COverweight Ohbese Underweight

(Data from Kral et al 2004 table 1 p e1646)

Figure 2.7 - Weight categories of children (%) base
surgery status.

(2) Low birth weight (<2500 g) and high birth
are associated with later health problems and incre
and BMI (in the latter case in particular) (Willig
shaped curve between birth weight and obesity risk
2011). Individuals in nutrition-restricted womb env
fat stored centrally on the body, which is a risk f
cardiovascular disease (Kensara et al 2005).

However, Willig et al (2011) have challenged
appropriate measure of children's body size. BMI ca
body fat in taller children and underestimate it in

Willig et al measured fat mass, fat-free mass
adiposity in 256 7-12 year-olds in Birmingham, Alab
dual-energy x-ray absorptiometry (DXA). Higher birt
significantly associated with increases in these th
fee-fat mass was not significant after adjusting fo
activity).

(3) Using annually collected data on Japanese
1950 to 2000, Kagawa and Hills (2011) reported smal
average body weight in each decade for 6-17 year-ol
average height increased by 5.6% to 13.3% over the
increased by 17.8% to 44.1%, while for girls the in
to 11.7% and 8.1% to 39.2% respectively (figure 2.8
were seen as due to improved diet and increased ene
less physical activity.

7 All children were older than two years in age.
*8 Billopancreatic diversion to reduce the sizehef stomach.
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70
60

50

154 45
40
315 326
30
218 213
20 18.5 17 .9
0

= 1350
= 2000

Boys Girls Boys Girls Boys Girls
6 years old 12 years old 17 years old
(Source: Kagawa and Hills 2011 table 1 p10 and tabl e2pll)

Figure 2.8 - Average weight (kg) in 1950 and 2000 f

(4) Cardel et al (2011) explained fat accumul
adolescence as a combination of the "Big Two" (exce
consumption and reduced physical activity), and fiv

¢ Metabolic programming in the womb and early childho

e Hormonal environment - the hormonal changes at pube
the energy balance, particularly if the adolescent
the same time.

e Endocrine disruptors.

e Parental feeding practices - eg: restricting "unhea
foods in childhood can be counterproductive leading
consumption when these foods more freely available
or adulthood, while "pressure to eat" nutrient-dens
lead to later lower BMI scores (Fisher and Birch 20

e Built environment - less "health-promoting resource
recreational facilities) and fear of crime discoura
around cities. Cities also have more fast food rest
convenience stores (eg: each additional store per 1
associated with 0.15% increase in overweight; Powel
appendix 2B).

(5) Twin, adoption, and family studies show t
BMI varying from 40-90% with the importance of gene
age (Rokholm et al 2011). However, there is room fo
the environment in the form of epigenetics (ie: env
influences on the genetic development of the foetus
sheep given increased nutrition in the womb had mor
after birth and a larger appetite than controls (Mu
2006).

Godfrey et al (2011) measured the DNA methyla
epigenetic processes) in the umbilical cord tissue
compared it with fat tissue of the children at nine
Princess Anne Hospital study in Southampton, Englan
specific genes was associated with fat mass.

Epigenetics also has transgenerational effect
(2000) reported that mothers who experienced the Du

or selected ages.

ation in
Ss energy
e other factors:

od.

rty can alter
is stressed at

Ithy" or snack
to excess

in adolescence
e foods can
02).

s" (eg:

ge walking
aurants and
0 000 capita
| et al 2007;

he heritability of
s increasing with
r the influence of
ironmental

). For example,
e fat 30 days
hihausler et al

tion (evidence of
at birth, and

years old in the
d. Methylation of

s. Stein and Lumey
tch Famine during

Psychology Miscellany No. 35; May 2012; ISSN54-2200; Kevin Brewer



World War Il in the third trimester of their pregna ncy has children

with lower birth weight and increased risk of insul in resistance, and
also their grandchildren had lower birth weight (ir relevant of the
food available during their mother's pregnancy). Th e experience in
the womb of famine altered the behaviour of the gen es in the future
generation "through interacting and complicated pat hways, and there
are still a lot of details about possible mechanism s that need to be

unravelled" (Rokholm et al 2011 p31).

It has been found that genetically identical m
reared in the same environment show differences in
behaviour. This goes against the accepted wisdom th
behaviour is due to genes or environment, or more
appropriately, genes and environment. It seems that
same genes can affect the embryo and/or later devel
through processes like "alternative splicing" (wher
single gene can produce different proteins), epigen
(changes in protein synthesis without changing the
information in the genes), or "jumping genes" (mobi
elements) (genes moving around within the genome) (
and Muotri 2012).

Mobile elements were first discovered in corn
plants. Under stress certain regions of the genome
move or copy themselves elsewhere. So identical twi
developing from the same egg could have different g
activation patterns because of "jumping genes". The
is the organ of the body where this process appears
happen most often. An average of 80 "jumping" event
could occur during development (Gage and Muotri 201

"Jumping genes" increase the risk of introduci
potentially fatal genetic flaws, so what are the
evolutionary advantages of this process? One sugges
is as a way to combat DNA invaders (eg: viral paras
by changing the genome and disabling such invaders
and Muotri 2012).

If weight gain can be reduced by increasing ph
activity, it is necessary to measure such activity.
this is not straightforward. Physical activity invo
elements like duration, intensity, frequency, and t
It can be measured by subjective methods like
diaries/activity logs or by recall, or by objective
methods based on physiology like heart rate or body
temperature (Bonomi and Westerterp 2012).
Bonomi and Westerterp (2012) outlined common
objective measures of physical activity:

i) Pedometers - counting the number of steps t
during walking or running.

Advantages:

* Unobtrusive.
* Can use for long periods without inconvenience.
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* Better than recall.
Disadvantages:

* Step count accuracy reduced by slow walking and/or
greater body weight.

* Not able to show non-walking/running energy
expenditure.

i) Accelerometers - measuring the acceleratio
the human body during movement.

Advantages:

* Sensitive to any movement.
* Small and lightweight to use.
* Better than recall.

Disadvantages:

* Sophisticated technology that captures the intensit
duration and type of movement is demanding on batte
life or else the equipment becomes obtrusive if lar

* Can confuse sitting and standing.

i) Activity monitors - more sensitive
accelerometers that are able to distinguish movemen
sedentary activities using the detection of gravity
acceleration.

Issue - number of sensors and their placement on th
can alter accuracy (eg: waist, arm, ear).

Iv) Activity monitors and physiological measur
combined methods give a more accurate measure of en
expended.

2. 4. APPENDI X 2A - GETAHUN ET AL (2007)

Getahun et al (2007) used self-reported matern
pre-pregnancy BMI from 146 227 women in the state o
Missouri, USA, between 1989 and 1997, at the time o
their first two consecutive singleton births.

The women were divided into groups for the pur
of analysis:

1. Same pre-pregnancy weight category for 1st and 2
pregnancies:
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a) Underweight (BMI <18.5 kg/m?) (n = 6827 births).
b) Normal weight (BMI 18.5 - 24.9 kg/m?) (n =71 86
c) Overweight (BMI 25 - 29.9 kg/m?) (n = 12 535).
d) Obese (BMI >30 kg/m?) (n = 12 219).

2. Women who gained weight between 1st and 2nd
pregnancies:

a) Underweight to normal weight (n = 5786).
b) Underweight to overweight (n = 211).

¢) Underweight to obese (n = 91).

d) Normal weight to overweight (n = 13 492).
e) Normal weight to obese (n = 2376).

f) Overweight to obese (n = 6827).

3. Women who lost weight between 1st and 2nd pregna

a) Obese to overweight (n = 2797).

b) Obese to normal weight (n = 1199).

c) Obese to underweight (n = 82).

d) Overweight to normal weight (n = 5971).
e) Overweight to underweight (n = 117).

f) Normal weight to underweight (n = 3830).

The main outcome measure was the birth weight
pregnancy, and particularly if it was large-for-
gestational age (LGA) (defined as above 90th centil
sex).

Compared to group 1b (normal weight both), the
a greater risk of a LGA baby especially among group
2f, 2d, and 2b (ie: weight gained), and less of a r
among groups 3e and 3f (ie: lost weight), for examp
(figure 2.9).
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Obese 157 Normal 9.0
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@)

Overweight 11 .4

Underweight 4.3 Underweight 11.0

] =noweight change A =weight gain © =weight loss

(Data from Getahun et al 2007 table 1)

Figure 2.9 - Percentage of second births LGA based
weight category at first and second pregnancies.

2.5. APPENDI X 2B - POWAELL ET AL (2007)

Unhealthy food consumption (ie: high intake of
sugar, snacks, and fast food, and low intake of fru
vegetables) are a key risk for overweight and obesi
Environmental factors in the modern Western world
influence such eating patterns, most notably access
the particular foods.

The type of store in the local area is importa

* larger food stores and chain supermarkets are more
likely to stock healthy foods than smaller and
independent food stores/supermarkets.

* larger stores and supermarkets offer food at cheape
prices.

Powell et al (2007) found statistically signif
associations between chain supermarkets in the loca
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and lower BMI among adolescents, and between conven ience
stores and higher BMI. The researchers used data fr om the
Monitoring the Future (MTF) surveys in the USA, whi ch are
performed annually since 1991 with 30 000 adolescen ts.
This gave the data on BMI. ZIP codes areas of the

participants' schools were scored for number of cha in
supermarkets (mean 0.3 per 10 000 population),

independent supermarkets (mean 0.26), convenience s tores
(mean 2.2), grocery stores (mean 3.3), and fast-foo d
restaurants (2.6) using business lists.

Controlling for individual variables, an addit ional
chain supermarket per 10 000 capita was associated with
0.6% less overweight, and an extra convenience stor e with
0.15% increase in overweight, according to Powell e tal's
calculations.

In terms of group differences, the association
between chain supermarkets in the local area and lo wer
BMI was three times higher for African-American
adolescents than for White and Hispanic ones. It wa s also
higher for all adolescents in families where the mo ther
worked full-time as compared to part-time or not wo rking.
Combined the association was powerful (ie: African-

American adolescents whose mothers worked full-time ).
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