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Gorilla Chimpanzee Homo
Quiz: Which two primates are the closest relatives?



6 Mya      3.5+ Mya 2.8+ Mya .  .  .  .          150+ Kya  . . . . . . . mid-20th century

Australopithecus genus Homo species sapiens
split bipedalism tool making Anatomically electronic 
from Modern communication
chimpanzees Humans 

3



Human evolution before language.

6 M  split from our closest living relatives, the chimpanzees; our 
cognition has been hugely boot-strapped after the split.

3 M Australopithecus - erect posture frees hands for making    
tools,  & restructures upper body ready for speech.

2 M Homo erectus left Africa for Asia & Europe; fossils found in 
Africa, Indonesia, China, Russia, Spain, etc. 

0.2M Homo sapiens left Africa to colonize the world; brain &
vocal tract must have been advanced enough for primitive
languages to emerge at multiple sites at various times.



Lieberman, Daniel E. 2013:29.

The Story of the Human Body: 
Evolution, health, & disease.

Pantheon.

bipedalism

tool making



Genetic basis of human brain evolution.
Vallender, Eric, et al.  2008.
Trends in Neuroscience.
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Povinelli, D.J. & J.Vonk. 2003. Chimpanzee minds: suspiciously human?
Trends in Cognitive Sciences 7.157-60..



9

Kawai, N. & Matsuzawa, T. (2000) 
Numerical memory span in a chimpanzee. Nature 403:39–40. 
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D’où venons nous? 
que sommes nous?  
où allons nous? 12

Paul Gauguin,  1897.



Corballis, M.C. 2007. 

The Uniqueness of Human Recursive Thinking. American Scientist 95.240-48.



Figure on left from: 

Premack, Ann & David Premack. 1972. Teaching language to an ape. 
Scientific American.

See also:

Gardner, R. Allen  & Beatrice Gardner. 1969. Teaching Sign Language 
to a Chimpanzee. Science 165.664-72.

Savage-Rumbaugh, Sue & Roger Lewin. 1994. Kanzi: The Ape at the 
Brink of the Human Mind.  Wiley and Sons.

Patterson, F. G. P. & M. L. Matevia. 2001. 27 Years of Project Koko and 
Michael. All Apes Great and Small. 165-76.  Ed. by B.M.F. Galdikas, et 
al. Springer.

Chantek, orangutan born 1977 in Yerkes Primate Center.  Taught sign 
language by anthropologist Lyn Miles.

Pepperberg, Irene M. 2012. Further evidence for addition and 
numerical competence by a Grey parrot. Animal Cognition.



Johanson, D. &

B. Edgar.  1996.  

From Lucy to 

Language. 

Simon & Schuster.



Footprints in Laetoli 3,500,000 b.p.

being measured by Mary Leakey



“The skeleton of the 
human leg has 
accommodated to 
bipedality in many ways.”
Tattersall 2012:23.
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Lieberman, D.E. 2013. 
Figure 16.

The Story of the Human Body: 
Evolution, health, and disease.

Pantheon.
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Lenneberg, E.H.  1967:95.
Biological Foundations of
Language.

a: branch of trigeminal – jaw.

b: branch of facial – lips.

c: branch of vagus, recurrent nerve - larynx.

d: hypoglossal – tongue.



“… After an initial flatlining, this plot appears to indicate a consistent 
enlargement of the hominid brain over the last two million years. …”
Tattersall 2012:131.





2008年在西伯利亞Denisova山洞發現的古人小指頭的化石。雖然化石只有豆大，
科學家從它的DNA得到了許多重要的信息。。

Ann Gibbons 

Science 2015;

349:1270



Bracelet & stone tool found in Denisovan Cave.  
Gibbons, Ann.  Science 2011:1084.



Stringer, C.B. 
& I.Barnes. 
Deciphering the 
Denisovans. 
PNAS. 2015. 

Fig. 1. Representation of human evolution during the past 1 million y. Diagnosable units from morphology or
DNA are shown, but some lineages (e.g., “archaic H. sapiens” and China archaics) are almost certainly amalgams
of fossils with differing affinities. How many of the lineages deserve specific distinction is an open question, given
levels of morphological variation and the growing evidence for interlineage gene flow (dashed arrows).



Gibbons, Ann. 2015. Deep roots for the 
genus Homo. Science 347.1056-7.

Gibbons, Ann. 2015. New human species 
discovered. Science 349.1149-50.

Partial jawbone found in
Ledi-Geraru has been 
radiometrically dated to
almost 2.8 million years, 
the oldest fossil for our 
genus.



“MYSTERY MAN  -- A trove of fossils found deep 
in a South African cave adds a baffling new 
branch to the human family tree.

Conjured in clay and cast in silicone by paleoartist
John Gurche, Homo naledi is the newest addition 
to our genus.”  P.30.

National Geographic, October 2015.

ALMOST HUMAN,  P.30 – 57.

Text by Jamie Shreeve, 

photographs by Robert Clark.



“The brain case of this 
composite male skull of       
H. naledi, …, measures a 
mere 560 c.c. in volume –
less than half that of the 
modern human skull behind 
it.  Female braincases were 
even smaller.” P.44.



L.L.Cavalli-Sforza & M.W.Feldman.  
The application of molecular genetic approaches to the study of human evolution.  Nature 
Genetics Suppl. 33.266-75. 2003.
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Grimm’s Law:  PIE > Germanic

bh > b b > p p > f 
bhratr, brother lab-, lip ped-, foot

dh > d d > t t > θ
madhu, mead dec-, ten dent-, tooth

gh > g g > k k > h
genu, knee canis, hound





Jäger, Gerhard 2015. 
Support for linguistic macrofamilies
from weighted sequence alignment. 
PNAS 112.12752-7.

There are also many significant voices in 
linguistics rejecting the macrofamilies; e.g.:

-- Vovin, A. 2002. Building a 'bum-pa' for Sino-
Caucasian -- A reply to Sergei Starostin's reply. 
Journal of Chinese Linguistics 30.154-71.
-- Georg, S. & A.Vovin. 2003. From mass 
comparison to mess comparison: Greenberg’s 
Indo-European and its closest relatives. 
Diachronica 20.331-62.
-- Georg, S. & A.Vovin. 2005. Review of Indo-
European and Its Closest Relatives.
Diachronica 22.184-91.



Darwin & Schleicher,
pioneers of 

phylogenetic trees.

W.T.Fitch. 

Nature
2007:665.

Schleicher, August.  Compendium der vergleichenden Grammatik der 
indogermanischen Sprachen.   4th ed. 1876.
P.8:  Die länge der linien deutet die zeitdauer an, die entfernung der 
selben von einander den verwantschaftsgrad.
The length of the lines indicates the amount of time which had elapsed 
and the distance between them degrees of relationship. W.K.Percival
1987:6.



Science Feb.27,2004.



Trubetzkoy, N.S. 1939. Gedanken uber das Indogermanenproblem. 
Acta Linguistica 1.81-9.

“Um die Gesetzmässigkeit der Lautentsprechungen zu erkläaren, braucht man aber die 

Vermutung der gemeinsamen Abstammung nicht, da eine solche Gesetzmässigkeit auch 

beim Lehnverkehr zwischen benachbarten unverwandten Sprachen entsteht.

… Und Ü bereinstimmung in rudimentären Elementen des Wortschatzes und der Formelehre ist 

auch kein Beweis für gemensame abstammung, da alle Elemente der menschlischen Sprache 

entlehnbar sind, und da besonders auf niedrigen Entwicklungsstufen ganz rudimentäre Wörter 

und Morpheme von Sprache zu Sprache wandern.

… Seinerzeit hat P. Kretschmer mit Recht betont, dass zwischen Entlehnung und 

Verwandtschaft nur ein chronologischer Unterschied besteht.

… Die von J.Schmidt seinerzeit vorgeschlagene Wellentheorie gilt nicht nur für Dialekte einer 

Sprache, sondern auch für unverwandte aber geographisch benachbarte Sprachen. Jede 

Sprache weist mit den benachbarten gemeinsame Strukturmerkmale auf, die umso zahlreicher 

sind, je länger der geographische Kontakt gedauert hat.”



Trubetzkoy, N.S. 1939. Gedanken uber das Indogermanenproblem.

“语言间的语音对应不一定能推断出它们之间的共同起源，因为即便是两
种毫无关联而地域相近的语言也可以通过“借用”使它们之间有较大语
音相似。
… 此外，语言间基础词汇以及构词法的相近也不能说明它们间的同源
关系，因为人类语言之间任何的元素都可以互相借用。尤其是语言尚处
在初级发展水平的时候，即便是最基础的词汇以及语素都能从一种语言
游走到另外一种语言。
… P. Kretschmer 在谈及语言间相似问题的时候，有一个很有见地的观
点：语言间相似的原因是同源还是借用，这仅是一个时间先后的问题。
… J.Schmidt提出的波浪理论不仅适用于同一种语言内的不同方言，也
适用于地域相近的非亲属语言。在地域上相近的语言有着共同的结构特
征，共同的特征越多，表明它们之间地域联系的时间越长。”邹一帆译



“Throughout the history of linguistics, two models of  linguistic change have 
coexisted in an uneasy relationship. The family tree model has been the principal 
guide and major output of the comparative method. Yet all linguists agree that 
there are some situations where the effects of a wave model must be recognized, 
registering the influence of distinct terminal branches of the tree on one another.” 

Labov W. 2007.  Language 83:344.

Wang, W.S-Y. & J.W. Minett. 2005. 

Vertical and horizontal transmission in language evolution. 
Transactions of the Philological Society 103.2.121-46.

“We will argue that the generative model for the description of language as 
a homogeneous object is itself needlessly unrealistic and represents a backward 
step from structural theories capable of accommodating the facts of orderly 
heterogeneity.”  Weinreich, Labov, & Herzog, 1968.



Monogenesis versus polygenesis of language

• Freedman and Wang 1996:
• The probability of emergence of 

language at p sites is NOT the 
product of the probabilities of 
emergence at each site

• Polygenesis is more likely than
monogenesis, as soon as the 
probability of emergence at one 
site increases slightly
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Freedman, D.A. & W.S-Y. Wang. 1996. Language polygenesis: a probabilistic model. Anthropological Science 104.2.131-8.

Coupé, Christophe & Jean-Marie  Hombert. 2005. Polygenesis of linguistic strategies: a scenario for the emergence of 
languages. Lanaguage Acquisition, Change, and Emergence, ed. by J.W. Minett & W.S.-Y. Wang, 153-201: City University 
of Hong Kong Press.

Slide from C.Coupe



Meaning  : cancellation detour idea acrobatics

--------------------------------------------------------------------------------------

wago : torikeshi mawarimichi omoitsuki karuwaza

和語

kango : kaiyaku ukairo chakusô kyokugei

漢語 解 約 迂回路 著 想 曲 藝

gairaigo : kyanseru baipasu aidea akurobatto

外來語

Lexical  strata  in Japanese
based on  Shibatani 1987:133.



Chinese Japanese

Vng=o:

wang 王 o:

yang 陽 yo:

lang 浪 ro:

mang 盲 mo:

fang 方 ho:

kong 孔 ko:

dong 東 to:

song 宋 so:

nong 農 no:

ding 丁 cho:

qing 情 jo:

xing 星 sho:

ming 命 myo:

ling 嶺 ryo:

bing 冰 hyo:

bing 病 byo:

Chinese Japanese

hu 壺 ko h :: k

he 鶴 kaku

hei 黑 koku

hai 海 kai

hua 花 ka

hua 滑 kotsu

huo 活 katsu

han 漢 kan

hun 婚 kon

huang 黃 ko:

xi 喜 ki h  >  x

xi 系 kei

xiu 休 kyu:

xin 欣 kin

xian 險 ken

xiang 向 ko:



*Cheng, C.C. & W.S-Y. Wang. 1973. Tone change in Chaozhou Chinese: a study in lexical diffusion. 
Issues in Linguistics, ed. by B. Kachru, et al., 99-113. 
*Wang, W.S-Y. & C.F. Lien. 1993. Bidirectional diffusion in sound change.  
Historical Linguistics: Problems and Perspectives, ed. by C. Jones, 345-400.



Hybridization in nature: liger & zorse.
from S.B.Carroll, 2010. NYTimes.



Imitation by Human Children

Meltzoff, A.N. & Moore, M.K.
(1977). Imitation of facial and 
manual gestures by human 
neonates. Science 198, 75–78.



43

May et al.  2011.  Language and the newborn brain: does prenatal language experience 
shape the neonate neural response to speech?  Frontiers in Psychology Article 222.

“…The peripheral auditory system is mature by 26weeks
gestation, and the properties of the womb are such that the 
majority of low-frequency sounds (less than 300Hz) are 
transmitted to the fetal inner ear.  The low frequency 
components of language that are transmitted through the 
uterus include pitch, some aspects of rhythm, and some 
phonetic information ... Fetuses respond to and discriminate 
speech sounds.  Moreover, newborn infants show a 
preference for their mother's voice at birth ...  Finally, ..., 
newborn infants born to monolingual mothers prefer to listen 
to their native language over an unfamiliar language from a 
different rhythmical class...."



44/29

Time Waveform and Narrow-Band Spectrograms of a Typical French Cry and a 
Typical German Cry. Taken from Mampe et al., 2009. Current Biology 19: 2.
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Saffran, J.R., et al. 1996. Statistical 
Learning by 8-Month-Old Infants. Science 274.1926-28.



Saffran, J.R., et al. 1996. Statistical 
Learning by 8-Month-Old Infants. Science 274.1926-28.



Kuhl, P. K., et al. 2008. 
Phonetic learning as a pathway to language.  Phil. Trans. R. Soc. B 363.979–1000.



Kuhl, Patricia K., Rey R. Ramírez, Alexis Bosseler, Jo-Fu Lotus Lin & Toshiaki Imada. 2014. Infants’ 
brain responses to speech suggest Analysis by Synthesis. PNAS.

49

“We show that 7-mo-old infants activate
auditory and motor brain areas similarly for 
native and nonnative sounds;  by 11–12 mo, 
greater activation in auditory brain areas 
occurs for native sounds, whereas greater 
activation in motor brain areas occurs for 
nonnative sounds, matching the adult 
pattern.”





Sigelman, C.K. & E.A. Rider. 2012. 

Human Development across the Life Span. 

Period of CHILDHOOD
unique to humans
critically important for

cultural learning.
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"Men ought to know that from nothing else but the brain come joys, delights, 
laughter and sports, and sorrows, griefs, despondency, and lamentations.  And by 
this, in an especial manner, we acquire wisdom and knowledge, and see and hear 
and know what are foul and what are fair, what are bad and what are good, what 
are sweet and what are unsavory ...  And by the same organ we become mad and 
delirious, and fears and terrors assail us ... All these things we endure from the 
brain when it is not healthy ...  In these ways I am of the opinion that the brain 
exercises the greatest power in the man."  

quoted in Syntactic Complexity, T.Givon & M.Shibatani, eds.2009:509.

Hippocrates: 460-370.
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Fundamental Neuroscience, 2 ed. 2003:40

FIGURE 22 The surface structure of the human cerebral cortex, which is thrown into folds (gyri) separated by depressions (sulci). In the figure on the right, the two hemispheres have been pulled 
apart at the interhemispheric or longitudinal fissure to reveal the corpus callosum that interconnects the two cerebral hemispheres. This is from perhaps the most important book in the history 
of medicine, the "Fabric of the Human Body", published in 1543 by Andreas Vesalius.
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Paul Pierre Broca 
(1824-1880)

Carl Wernicke 
(1848-1904)

Jules Dejerine 
(1849-1917)

Three pioneers in studies of Language Disorders & Brain.

研究語言破損的三位先驅。
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Dick, F. et al. 2001. Language Deficits, 
Localization, and Grammar: Evidence for 
a Distributive Model of Language Breakdown in Aphasic Patients and Neurologically Intact Individuals. Psychological Review 108.759-
88.

Broca’s aphasia:

Wernicke’s aphasia:

“Alright. . . . Uh ... stroke and uh ... I . . . huh tawanna guy . . .
h ... h ... hot tub and.... And the ... two days when uh . . . Hos
. . . uh ... huh hospital and uh . . . amet... am ... ambulance.”

“It just suddenly had a feffort and all the feffort had gone with it. It even stepped my horn. 
They took them from earth you know. They make my favorite nine to severed and now I'm a 
been habed by the uh stam of fortment of my annulment which is now forever.”
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1887. Discovery of pure alexia,
alexia sine agraphia.

Oscar C., a retired businessman who had no problem recognizing people and objects, 
but who had suddenly become unable to read. Here is the first description of Oscar C.’s situation, included in Dejerine’s report:

“Asked to read an eye chart, C is unable to name any letter.  However, he claims to 
see them perfectly.  He instinctively sketches the form of the letters with his hand, 
but he is nevertheless unable to say any of their names. … He compares the A to an 
easel, the Z to a serpent, and the P to a buckle.  
His incapacity to express himself frightens him.  
He thinks he has ‘gone mad,’ since he is well aware that the signs he cannot name 
are letters.”



病人M.T.保留
了寫漢字的能
力，可是兩种
比較簡單的文
字，平仮名及
片仮名，卻已
大部分破損。



Dronkers, N. F., O. Plaisant, M. T. Iba-Zizen & E. A.Cabanis. 2007. Paul Broca’s historic cases: high 
resolution MR imaging of the brains of Leborgne and Lelong. Brain 130.1432-41.
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Dronkers, N. et al. 2007. 
Paul Broca’s historic cases: high resolution MR imaging 
of the 
brains of Leborgne and Lelong. 

Fig.4.  Brain 130.1432-41.

“Sagittal, axial and coronal slices through
the brain reveal lesions in the left inferior 
frontal gyrus, deep inferior parietal lobe
and anterior superior temporal lobe.  In 
addition, there is extensive subcortical
involvement including the claustrum,
putamen, globus pallidus, head of the
caudate nucleus and internal and external
capsules.  The insula is completely 
destroyed.  The entire length of the superior longitudinal 
fasciculus is also obliterated, along with other frontal-parietal 
periventricular white matter.  
The medial subcallosal fasciculus is also affected.” p.1436.



Kuhl, P. & M. Rivera-Gaxiola. 

Neural Substrates of 
Language Acquisition. 

Annual Review Neuroscience 
31.511-34. 2008. 
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Friederici, A.D.  2011:1371.

Low Heute hat der Opa dem Jungen den Lutscher geschenkt.

Medium Heute hat dem Jungen der Opa den Lutscher geschenkt.

High Heute hat dem Jungen den Lutscher der Opa geschenkt.

主語 -- 間接賓語 – 直接賓語 – 動詞

間接賓語 – 主語 - 直接賓語 – 動詞

間接賓語 – 直接賓語 – 主語-- 動詞



The Ageing Brain

• Neurotransmitter concentration changes with age:
• reduced dopaminergic neuromodulation in healthy older adults
• dopamine critical for healthy cognitive functionality

e.g., Arnsten, AF, Wang, MJ, Paspalas, CD, Neuron 76, 223–239, 2012.

• Brain volume and weight changes with age:
• expansion of cerebral ventricles
• loss of myelin
• reduced numbers of dendrites and synaptic density

e.g., Raz, N, Rodrigue, KM, Neurosci. Biobehav. Rev. 30, 730–48, 2006.

• Individual difference:
• particularly in pre-frontal cortex, hippocampus, etc.

e.g., Raz, N, et al., Cereb. Cortex 15, 1676–89, 2005.



World Population Pyramids

Harper, S (2014). Economic and social implications of aging societies. Science 346(6209), 587-91.

Population (millions)

Age group Age group



Fox, N.C  & R.C. Petersen. 2013.
The G8 Dementia Research Summit.  Lancet 382.1968-9.

“On Dec 11, 2013, holding the presidency of the G8, the UK 
hosts a Dementia Summit in London to try to reach agreement on a 
new international approach on dementia research.  Given the long list 
of problems facing the G8, why has Prime Minister David Cameron 
chosen to put dementia research centre stage? 

Although the devastating impact of dementia on patients and 
families has long been recognised, it is the projections for future 
numbers of affected individuals and the economic consequences that 
have surely focused the minds of international leaders.  Worldwide 
some 36 million people have dementia, with 66 million people 
estimated to be affected by 2030 …”

Population of Taiwan (2013) is 23.3 million.

64



Hedden, T. & J.D.E.Gabrieli. 2004. Insights 
into the ageing mind: a view from cognitive neuroscience. 
Nature Reviews Neuroscience 5.87-96.

Schaie, K.W. 1996. Intellectual Development in Adulthood: 
The Seattle Longitudinal Study.  Cambridge University Press.



Hedden, T. & J.D.E.Gabrieli. 2004. 

INSIGHTS INTO THE AGEING MIND: A VIEW FROM COGNITIVE NEUROSCIENCE. 

Nature Reviews Neuroscience 5.87-96.



67

Walhovd, Kristine B., et al. 2011. Consistent neuroanatomical age-related 
volume differences across multiple samples. Neurobiology of Aging 32.916-32.

N=883; f=528; m=355.



Alzheimer, A. 1911. Uber eigenartige Krankheitsfalle des spateren Alters (On certain peculiar diseases of old age). Hist Psychiatry 74-99.

PLATE I Impregnation of frozen glia. Weigert's glial fibre stain. Homogenous immersion, Zeiss1/13. Fig. 1 drawn after tubus 140, Fig. 2 after tubus 160, ocular 4. 'gaz'. nerve 
cell,'glz.' glial cell. 'P' central part (core) of plaque, 'PZ' peripheral part, halo of plaque.  

Fig. 1: Relationship of fibre-forming glial cell to plaque. Right upper parietal lobulus.In the core of the plaque a small, obviously iodine-stained, dark-brown 
centre,surrounded by a darker and then brighter ring. The peripheral part is traversed by extraordinarily numerous, immensely subtle glial fibrils, which originate from 
large glial fibres laying in the margin of the halo.  Fig. 2: Massive fibre-forming glial cells enclosing neighbouring nerve cells in the deeper layer of the cortex of the right 
upper parietal lobe.



Anguera, J. A., et al. 2013. Video game 
training enhances cognitive control in older 
adults. Nature 501.97-101.

Department of Neurology, 
Department of Physiology, 
Center for Integrative Neuroscience, 
Department of Psychiatry, 

University of California, San Francisco.



“… By playing an adaptive version of NeuroRacer in 
multitasking training mode, older adults (60 to 85
years old) reduced multitasking costs compared to 
both an active control group and a no-contact control
group, attaining levels beyond those achieved by 

untrained 20-year-old participants, with gains
persisting for 6 months.  Furthermore, age-related 
deficits in neural signatures of cognitive control, as 
measured with electroencephalography, were 
remediated by multitasking training (enhanced midline
frontal theta power and frontal–posterior theta 
coherence). Critically, this training resulted in
performance benefits that extended to untrained
cognitive control abilities (enhanced sustained 
attention and working memory), with an increase in 
midline frontal theta power predicting the 
training-induced boost in sustained attention and 
preservationof multitasking improvement 6 months 
later.”

Anguera, J. A., et al. 2013:97.



Underwood, E. 2014. 

Neuroscientists speak out against brain game hype.  Science, Oct.22.
“Aging baby boomers and seniors would be better off going for a hike than 
sitting down in front of one of the many video games designed to aid the 
brain …”

Unsworth, N., et al. 2015. 

Is Playing Video Games Related to Cognitive Abilities?  Psychological Science
1-16. Apr,20.
“These results cast doubt on recent claims that playing video games leads 
to enhanced cognitive abilities.”



Uttal, William R. . 2013. Mind and brain : a critical 
appraisal of cognitive neuroscience.  MIT Press.

p.43:  "In the past few years there have been increasing discussion of the 
lack of rigor exhibited in the flood of research reports now appearing in 
numbers that may approach tens of thousands a year.  Articles in 
prestigious journals such as Nature (Editorial, 2007), Science (Miller, 2008a, 
2008b), popular magazines such as Scientific American (Schermer, 2008), in 
scholarly journals such as Trends in Cognitive Science (Poldrack, 2006), as 
well as in books (Uttal, 2001, 2009a, 2009b) have begin to raise questions 
about the limits of the brain imaging approach to the study of cognitive 
processes.  ...  The rigor of many of these reports has been increasingly 
challenged by skeptical reanalyses of the empirical findings and their 
interpretations.“



Human-specific derived alleles of CD33 and other genes protect against post-
reproductive cognitive decline.  Schwarz, Flavio, et al. PNAS 113.1.74-79.

Most vertebrates die soon after they stop reproducing, but humans 
are an exception. Postreproductive humans care for offspring, assist in 
foraging, and communicate ecological and cultural knowledge, increasing the 
survival of younger individuals. Loss of cognitive capacity disrupts these 
benefits and burdens the group with the care of older members. We studied 
how the immunoregulatory receptor CD33 contributes to Alzheimer’s 
disease, a human-specific postreproductive condition.  Surprisingly, a 
protective CD33 allele is derived and unique to humans, despite weak direct 
selection on older individuals.  We identified several genes with derived 
alleles that protect against neurodegenerative disease and cerebrovascular 
insufficiency in old age. Selection by inclusive fitness may be strong enough 
to favor alleles that protect against cognitive decline in postreproductive
humans.
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