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Da animals have ideas and do they about objects &at 
&ey cannot see or about s i ~ . t i o n  hwe ocezlrred in 
the past? Do they consciously make plans for rhe future 
or do h e y  s ~ p l y  react un~i&ngly to objects as they 
appear and simacions as they asise? h e  animals aware of 
~ernsefves and of a&ers or is this an abiliv unique to 
humans? M of these ques~ons have bea~ng  on wherher 
a n i d s  have consciousness or not. 

We live at a h e  when the debate about consciousness 
Is has taken a new turn and may have greater 

maning than, ever before. A number of seemingly separate 
Enes of thifing have come tlogeflher to lead us to consider 
the issue afresh. Some computers are said to have 'integi- 
genee" and h e y  can "leamyin. ways that we never thought 
possible a decade ago. There is every possibgi~ &at 
machines of the fumrc: process idomaGon in an even 
more hman-l&e way. It is, of cowse, debatable wbe&er 
rbey will be able to "ink" like hmans and, as far as T 
bow, only very kvv people expect hem to become con- 
scious, At the same  me as &ese saphisdcated cornputem 
have been developed, we have realised that, alrf.1ough 
humans have consciousness, at least some of our behaviour 
is carried out quite mcansciously. We some~mes pe&om 
apparendy raher complex learnt sequences of behaviour 
w i ~ o u t  being f d y  aware of what we are doing, ra&er like 
a sleep waker. Of course, this mconscious, or mare often 



half conscious, coneol of behaviour usualUy occurs for only 
veq short per;iods of  me, h t  it can stade us when we 
ktvake up to it'. M1 of us must have, cm occasions, found 
ourselves driving on a famil.ls?rr route, making mrns and 
avoidinn eafgc, w i ~ o u t  being fdly conscious of the de- 
cisions that we are ma&ng almg the way. 

Unconscious &oughts and memories may also d u e n c e  
our conscious behaviour, We have bown &is from the 
 me of Freud. To  use the teminolom of Freudian gsy- 
chology, our conscious behaviow may be influenced by 
subconscious memories and dives of w ~ c h  we have no 
awareness at the dme, Of course, the existence af  these 
mderlying &ough& remains a matter of smmise because 
rhey are concealed by t.hei_r very subconsciousness, 

als too may perfom some behaviousa1 acts uneon- 
sciausly. Some~mes my dog attempts to bury a biscuit in 
her bed by wiping the mamess wi& her snout in a repeated 
and wpical movemelll: that would have b u ~ e d  the biscuit 
were it on soft sojl. I have nodced her also  ping the 
ground in the same way after she has repr@tated food 
even hough it is on a hard surface. She rakes ' h agnag"  
so2 and is, scedngly, unconscious of her lack of acEeve- 
merit in. cove~ng the mat-eriaf. Some readers may see this 
behaviour as inst3incma1, mearring iheGted or prepro- 

ed ixl the genes &at are passed on from one 
gemrarisn to the next. However, even learnt patterns of 
behaviour can be perfamed in such see~ngfy  mechanical 
ways. We refer to them as ha"Qts. 

HOW much of animal behaviour is automabe? When. 
and haw does kfomat-ion processing in the brain become 
conscious? Consciousness is one of the characterisdes that 
we have a ~ b u t e d  to ourselves aIone amongst anhals, 
There are also o&er cfiraracte~s~cs that we have used to 
separate ourselves from other creatures. These include 
language, use of symbols in art, and tool use. We have 
also seen our superiority in terms of wallring in an upright 
posture (bipedalism), having a lateralised brain and being 
more intelligent. 



csnsiderabje numbers of people in .the Western world 
beliekre &at a ~ m a l s  are little more &an machines, albeit 
more or less complex ones depending an the species. 
However, there is inwaskg debate about awareness in 

als and much new infamation relevant to this debate 
has came to light. FoIlowi from this, there is a new 
intel-est in the welfare of Is and even discussion of 
the rigfits of anhals. The rnes of the present: debate 
will deternine how we treat animals in the laboratory, in 
agriculmre, in zoos and in our homes. Far from being an 
esoteric debate, it is central to the cunent concerns about 
anhal, welfare and anha1 rights. For example, do animals 
exgerience pain and sufferkg ss we hamans do 
to the abfiiq to fee1 pak as being sen~ent. Do 
love, ha&ed, happiness, sadness and so on. as 
of bese fefedings, in one way or ano&er, reDec="t. a deaee 
af consci~usness or awareness. 

What do we mean by consciousness? To  most people, 
to be eonsdous means to be aware of oneseK as well as 
to be aware of o&ers, bat there is no ageed, singk 
defina.sion of consciousness, As men~oned akeady, to be 
able to ~ i &  about &hgs not present in. the 
envirament is also considered to be an aspect of con- 
sciousness and so is the ab2iry to feel and express 
human-like ernorrians. Subjec"u.vel~7, we have no great &ffi- 
c u 1 ~  in bowing far ourselves what eansciousmss is, but 
it is not so shple  to h o w  &out the consciousness of 
anocher human, let alone ano&er a ~ m a l ,  

The  lack of a single def"sniGon for consciousness is one 
of the reasons that many scien~sts say they do not want 
to sfudy it. If you camor define w h t  you are l oobg  for 
there is no way of smdying it objec~vely. Consciousness is 
so subjeceve h a t  scien~sts fight speculate in &ek spare 
moments or in canvenallions with each other whe&er it 
exists but very few of them have conducted experhents 
or made sbservarions h a t  aEempt to measure &is mys- 
tex;ious thing we calf keonsciousness" At the same h e  as 
philosophers debate whetfier we all expefience 'red roses9 
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in the same way and w h e ~ e r  we can ever reauy h o w  if 
persons other &an ourselves are not zombies, scien.tists vvho 
s ~ d y  the s m m r e  and function of neme ceUs in the brain 
(i.e. newoscien.fists) are prepared to accept that all humans 
are conscious and to proceed to speculate about where in 
the brain h e y  might find the elusive newal ckcuirs in which 
comeiousness resides, 

RecenQy3 sorne newoscient;ists have staaed to look for 
elec.f-rical events &at may underbe consciousness by record- 
ing from the brahs of a~ma t s*  These padcular scientists 
befieve &at consciousness, of sorne Gad, exists in animals, 
othemise hey would be umble to conduct their experi- 
ments. 'They believe that we will, one day, explain, 
consciousness by the standard methods of neurascienee and 
psychology, even r;l-touigh. it is out. of reach at presem. Many 
of these sciendsts are reducdonists, as hey reduce expla- 
na6ons of consciousness to rnolecujar and elec~eaf events. 

Qlhers say &ztt we will never be able to explah 
consciousness by chese lower levd events, People of this 
o p i ~ o n  say that, aJ&ough consciousness may emerge from 
physical processes of the brain, the firing of nerve cells or 
shilar events, it is some~ing intangible that will never be 
reached even by new tools or new discoveries. h this case, 
consciousness would be an epiphenomenon beyond obser- 
vitt-isn and measurement. Personally, I doubt wheeiher MS 
is comct but nor do I tki& that consciousness can be 
explained only in terns of physical and molecular prscesses. 

Even if it is 'Impossible to measure consciousness as 
some sort: of pbsicd enlirsy (e.g. as osciUations in b e  
cerebral cortex of the brain) now or in the fumre, we may 
be able to assess its presence or absence by observarion of 
the beha~our of individuals. As Marian Dawkns of OxEord 
Universi~ has said, if consciousness has a funclion, it 
should affect the behaviour of individuals that have it. That 
is, by obsewing their behaviour we should be able to detect 
signs indicating whether they are conscious, even though 
we might not be able to measure consciousness itself. This 
approach provides a starting point for us. Consciousness 



might be manifested in a range of behaviours and we might 
be able to find paaerns of behaviour rhat indicate con- 
sciousness. Tf.lis way a sin@e defmieion of consciousness is 
not needed before we smrt: &e search far signs of con- 
seiousrress. As Donald G ~ f f m  has said, it is a mistake to 
use the absence af a d e f " l ~ ~ o n  as a reason for not 
invesrigating wherber a ~ m a l s  can thi& and might be 
conscious. 

n e r e  are new aspects of the debate about conscious- 
ness, but tfie issue of consciousness in has had a 
very long histoq, The Greek phifosopher e proposed 
&at hwans  possess the powr to reason, whereas animals 
do not, Acear&ngly, nohuman als simply act on the 
basis of imate hawledge, foillow set of i&erited mles 
or progams for behaviour wihornt ~fiw and with lirrile 
ability, if any, .po adapt: to new simatiions, In the seventeen& 
cerxm~, Renk Descaaes described humans as conscious 

als as automaea, m c b e s ,  'T%ere were 
many obem of his t h e  who &ought lkewise, Descaaes 
was fascinated by the fmet iohg  of the Exman body and 
made great advances in the sciences of anatomy and 
physioloa. He was also interested in the new mechanical 
devices of his day, such as fountain3 wi& mavhg paas, 
and whd-up mechanical models of birds and s2371er a~mals .  
To him, living anhals were sbply more elaborate versions 
of &ese models, whereas hmans  alone eodd ~ n k .  In 
response to the religious mores af his day, he assigned sods 
to humans. Thus, hmans were endowed with minds and 
sods. C ~ g i t ~ ,  ergo sum, 'I &erefore I am', means that 
of aU life on this planet s d y  humans are bein is 
consmcted divide b e ~ e e n  hmains and oher S, 

which we cafl &e Gafiesian model, still wide3 our a ~ m d e s  
today, despite the advent of Dawh" seory of evoludon. 
Ts put humans at an insuperable distance from the anha1 
world was, of course, cornistent wia  the Judaeo-Chris~an. 
biblical stow of crea~on. "=".was placed at the pimade 
of crearion, desrcined to rule over name and jusr&ified .in 
using it to sewe ' f i i skwn ends. 



In 1859, Chwles Damin wrote The O ~ g i ~  c$ the Specis 
and with it he opened up the great deba-te about evolurion, 
C o n ~ u i t y  of species, changing frm one to the next by 
rhe process of natural selecrion, was the central premise of 
this rheory.. Most of us b o w  of Barnin" seory about 
evolu~on thrau& namral sdecdon of physical cltarac- 
teristics. Characteristics that enhance survival and 
reproducdoa of a species in its parlricular enviroment are 
retained and the o&ers are lost. D a w h  was also interested 
in r-he evolu~on af behaviour and of the mind. He mote 
about this h his book The Bxprgssian of the Bnzalbions ia 
Man and i3ninza.l~ pubfished h 1872. T o  Dawin and m a y  
of his cofieapes jeg. Gearge Rornanes who wrote Animal 
IntellZgerne h 1882) eontinui~ of species development 
hpGed a gradual evolution of men@] capabiljries, just as 
occurs for the physical characteristics of animals. 

Thus, h conwast to the dominant Caaesian model of 
the dme, Damin oud;ir;ted a &eory for graduaay increashg 
eomplexiw of menal abstlies across species, rather than a 
sudden appearance of cansciousness and awareness in. 
humans. This aspect of Dawin" theory has been largely 
ignored, wen by the xnajoriw of scienrists who accept his 
rheory of evoltucion far pbsical characteristics, In fact, the 
evolu~on of the ~ n d  has been a r a ~ e r  taboo topic for 
sciendsts, 

Tra&~anaUy, s c i e n ~ s ~  who smdy the behviow of 
s (i.e. ethala@sts, cornparatlive psychologists, ps yclto- 
sts and others) have seenuously avoided a ~ b u t i n g  

consciousness to a Xs. AmibuGng %man"lke charac- 
terisdcs to animals, b o r n  as anhopomorpltism, has been 
frowned upon by scienr-ists. Despite the rise of the sciences 
that focus on hiaer  processkg in the brain (i,e, more 
complex processing, refe~ed to as co&tlon) and on corn- 
pfex behaviours perfomed by ds, it remains decidedly 
suspect. far "oodhciendsts to r into discussions about 

als have rbouats m fedings, From a sciendfic 
position, it is considered to be prekrable to describe the 
behaviour in sirnple stimulus-response terms vvithour 



reference ro &aughzs or ern0u.m~. Followkg this behaviour- 
istic approach, it is considered scienbfically unsouad ta even 
contemplate vvhe~er a ~ m a l s  ~ & .  

Avoidance of an&opomoqlnjism is also in m e  with 
&e predominant c u l ~ a l  and religious a ~ m d c s  of rhe 
Wesens. world, and &is makes it clear ufXly so fevv haw 
csrztested the absolute vsrlidiw of l f ie  and-an~apomoqiEric, 
scientific position, Most ehologists (scieahs~ who smdy 
aimal behavliour in the field or laborarory) adopt the 
position thst name sefeas for apparendy purposefd behw- 
iaur in anhals, but the a als &emselves are not 
considered to be conscious of the reasons why they decide 
to behave in particular ways. By puma 
scienfsts mean behaviour that ensttres the 
species, In other wards, if the behaviour 
us, from our vantage poht, we view it as p ~ o s e m .  
f i m a l s  may behave in. ways that seem to predict fumre 
events but most e&oIagists claim tba"r,dy the human 
obsemer ~ g h t  be aware of any purpose in Ehese behaviours. 

are seen to choose b e ~ e e n  alterrrarlives but it is 
ved &at they wei& up the alternatives, &W about 

&em and then dedde, h h d s  are said to fom "seareh 
images" or even Ynremal representazlions" but &ey are m t  
&ought to have &as. This parsimortious approach ~pif ies  
the scientific study of a f; behaviour and it has been 
useful Eor describing many asgecM af behmiour, providhg 
tan@ble explanarlions w i ~ o u t  alluding to the inmagibies of 
&ought processes. 

It is gossibk to describe a gr-eat ded of behaviour, of 
hurnans as well as animals, w i h w  refererne to any 
mderlyhg &ought processes. Indeed, some scienrisrs who 
study a ~ m a f  behaviour c l s h  that &is approach is essendal. 
for rigorous invesrligation of behaviour. Undeniably, to adopt 
such a fhited approach to the sntdy of human behaviour 
wodd leave out the most hportant aspects of our species. 
It fouows, therefore, that scien~fic approaches that categor- 
ically deny the p ~ s s i b i l i ~  &at afimals may be conscious 
must, ul~anately, limit our understanding of the behaviow 



als, Xn the past, to even raise the question of 
consciousness in a als exposed a scien~st to ridicule. 
Nevedeless, for the f ~ s t  h e  in many decades, sorne 
scien~sts are now beghnjng ca adhess the issue of con- 
sdausness in animals systematricalliy. This new move was 
largely precipitated by the e&slofSsst Donald Griffm, who 
wrote the book Ankal  Thiaking, published in 1984, I can 
remember what a stir he caused at the fntema~onal 
E~ologcal  Conference heid at Oxford U~versit-y in f 981 

he first ad&essed the idea of consciousness in 
Is.. The audience was ceaaidy not with him then, but 

now more e&ola@sts, as well as sclienrcists in some o&er 
disciplines, are t&ng part in rhese discussions. 

Ironically, we are dohg so at a h e  when more and 
more species of als are becoming ex~nc t  as ;a result 
of human hcewention. It is paramcrunt in my mhd that 
we are at the of driving our nearest relatives, the 
great apes, to e an by desmcdon of their habiats. A 
pending loss of such mag~mde  must give impems to the 
debate about consciousness in animals. 

Reseatr-ch of consciousness in animds is made especiaHy 
difficult by our inabiliv to use lanwage ts c 
with them. h n p a g e  is the m a h  means by which we h a w  
whe&er ano&er human is conscious. hatl.les person can 
tell you what he or she is rhifing about but an a 
cannot, or at least we camst wderstand what it: is 
commwicadng. Wihout; the abiliv to c 

als by using lanpage, we may be to access 
&ought processes that might be conscious. As h d r e w  
m i t e n  says in the beginning of his book Natural T h o ~ e s  
of the M i ~ d ,  'How can we read mhds when we see a d y  
beha~ow?'. 

Some scholars arwe that Ianmage is an essen~al 
preredsire fclr consciousness. They also believe &at con- 
sciousness can be revealed only by the use of 1an~al;;e. 
Thus, the reasoxling is c If you want to 1 i ~ t  
consciousness to lanpage unica~on, by defin_Ircion 

als will not have it, they can learn human 



language. That is exactly what some apes have done. 
Humans have taught some chimpanzees, orang-utans and 

nicate in English by using sign lanwage 
choice: to use siga language or symbols 

ratlcler rhan spoken Language was made because the stnnmre 
of the vocal apparatus of apes does not allow them to make 
human speech sounds. The chimpanzee Washoe was the 
fist to be taught to use the h m a n  co unicafion system. 
Zn the 1960s she was taught to use he s l an ,  be r i can  
Sign Language, by Beatrix and Alien Gardner at the 
Universi~ of Nevada, USA. Another chimpanzee followed 
soon after: Sarah, who was aught by Da\nd Premack of 
che Universi~ of nia3 USA, to use symbols for 
wor-ds. She was gi red plasdc shapes backed with 
meml and was able to co rnm~ca t e  by nnakng .them adhere 
to a magnetised board instead of using gestures. As we will 
see in chapters 3 and 6, using signs or symbols apes can 

u ~ c a t e  about ob)ect;s and events not in their imme- 
diate enviroment, 

By teaching apes to co cate with us, we open up 
one charnel by which we determine whe&er eon- 
seiousness exis&, but f would like to say from the outset 
fiat I do not: adhere to the nofion that consciousness can 
be expressed only by use of lanmage and X do not believe 
that we should use lanaage as a b a ~ e s  to inves~gating 
cansciousness in. nohuman artirnals* We do not say &at 
humans who have lost: the abiliq to use fanpage lack 
consciousness. For example, a person who has suffered a 
s ~ o k e  &at has destroyed rhe cenQes of the brain used for 
cone01 of speech and analysis of lanaage, usuauy in. the 
lefi hefisplbere, is nor considered to have lost the ab3iq 
of consciousness or self-awareness, and Aghtly so. Why 
&en. shou2cf an animal chat does nor cs unlcate by using 
human fanwage be assumed to lack consciousness? 

There is ano.tker mist to this perspec~ve, Is language 
unique ta humans? Perhaps the vocalisa~ons of afimals 
have much in common with h m a n  lanwage. The com- 
plexity of song in birds mi&t be suggesfive of &is. h 
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some species, h r m s  of communication other than 
vocalisations are used ta cmmunicate and aese might seme 
as a "anwage" even &ough they may not have all of the 
same characteris~cs as h m a n  language. For example, facial 
expressiorrs, body posl-uire and even odours may be used 
to ~ansmit: infarnabon from one individual to anoher. n e  
quesdon is, do any of the many and vaGed foms of 
commu~carion &at admals use have anyrhrng in common 
wirE.l human language and are they used to co 
about events that have occurred in the past or 
place or to make plans far the funtre? C: 

als is a topic far anotfner boo$ indeed the next one 
that I am wfiting with my colleague, Gisela &plan, but 
here I just want to draw a~eadon  to che fact that we might 
also debate the continuiq of lanwage across evoludonary 
time versus the discanrinuous appearance of lanmage in 
humans, To find out, from a human-cenaed gosi~on, one 
~ g h t  ask, 90 animals have the mental capaciv for 
language?' ' 

At th is  point we codd ask what exacdy we mean by 
"languagehand enter into the conuoversy that has sur- 
rounded the teacking of sign language to apes, This 
exceptionany heated coxxeoversy began in the wake of the 
research with Washoe, Seepeics, in pa~culiar the American 
psychologist Herb Ternace, argued &at certain con&ols were 
missing from these smdies and that washoe and Sarah did 
not use tanpage like humans. From his own work with a 
sign-language-trained chhpanzee, called Nim, he deduced 
that what had at first appeared to be self-generated con- 
versaeion h the chhpanzees was only mimicry, albeit clever 
mimic~y, of s u h ~ e  sims that the humans were not conscious 
of sen&ng to the chhpanzees-bilar ta the case af Clever 
Hans, the horse that was said to be abfe to comt but was 
really relying on subtte cues from his @abet. (see the book 
by Robes Boakes for more on Clever Hans). Personafly, I 
believe that Terrace went out of his way ro find reasons 
to criticise and tha t  fie failied ta understand the bond &at 
must develop b e ~ e e n  arumat and h m a n  iceacher for 



commmicaeion to occur, even aough he eahed a chirn- 
panzee himself. Also, following on from their original 
research with Washse, the Gardners aained several more 
chimpanzees and tested their absibes ta sign in response 
to seeing images on a television screen placed in a room 
without the prr--sea= of human obsemers, Wirhour an]? cues 
that rnight be provided by a human, the chrmpamees were 
able to sign accurately. 

The language-in-apes con@oversy is still wirh us today 
but the recent work of Susarz Savage-Rmbaugh, who has 
taught Kanzi, a pygmy chunpanzee (also called a banobo), 
to point at symbols in order to communicate, has quelled 
at least s m e  of the scepticism. Kami has been tested for 
his abdity not just to generate eo unication using the 
symbols "ot also, more imponand unders~nd spoken 
English. Kami" aabiliry to mdersand requests impraves 
when the requests are made in syntact;ically complete 
sentences, as compared wi& mncated, pid@n-English. He 
has demonslrated the abii~tlif~r to comprehend ErrgGsh, and I, 
would wager &at many m o ~  animal species nught be able 
to do the same. This ~ g h t  be patlaicularly m e  of animals 
Iftat share our homes and so are raised in. close contact 
wizrh human language (see chapter 5). I am suggesring that 
the abiliw to comprehend at least some aspectrj of language 
may have preceded the ability to speak, In my opinion, it 
is entlrefy possible that some of &c: mentd processes that 
are used for lancage in. humans are present in, aulimals 
but may be used for a&er functions, perhaps in part Eor 

un,Iea*cion systems but also for complex 
pereep~on, for foming mental representabons af etne visual 
world and for problem solving, 

I am drawing anenbon to the possibfii~ of an evolu- 
denary. cant_inuiq for be& lanwage and consciousness, 
togetker or separately. m y  would these con~nuides today 
be more dismbing &an the widely accepted candnuiq af 
physical (i.e. morphological) characterisdes across related 
species? We recaU the enomous conaoversy that sur- 
rounded Charles D a m s s  theory far the evolution of 
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morphological characte~srics in the last cenmq. I rhi& the 
reason why considera~on of rhe gradual evolubon of lan- 
wage and consciousness is so hody debated in some circles 
is &at in Ianpage and consciousness we have located the 
essence of what we now consider to be human, and hman. 
alone. 

It does, of course, remain passible that the brain. evolved 
to reach a level. of corrzpfefi~ suficient for consciousness 
onfy in, humans. m e n  the brain reached a cefiain level of 
complexiq there might have been a quanml leap in infor- 
mation processing, and &us consciousness as well as 
lanmage bloomed de ~ovo. However, it is equalty possible 
that we humans are just another step in the ~on.clnui~ of 
evoludon of ~ n d  and that, while impoeant, lanwage may 
not be the sxzly manifestatrion of or prerequisite for con- 
sciousness. 

ft is also possible .that different forms of consciousness 
may have evolved many ~ m e s  over in different species, 
Thus, we A&t expect to find different degrees of con- 
sciousness and different manifesafions of consciousness in 
different species. Evol.u.clcm is not a single, linear trajectory. 
There are nmerctus divergences, often picmred as branches 
of the evolutionary tree. The different routes of evoludon 
occur as the resdg of adaptaeions to dfferent enviroments, 
Thus, species may be just as complex as each other, and 
just as adapted to thek a m  particular enviroment, but 
they may also be cogni~vely v e q  cfifferent from each other. 
Just as different species rely an, different senses, some 
a~en&ng to sounds more &an vision, and ohers more to 
smells, so too might their mental processes differ. We must 
look to smdies of anha1 behaviour to try to answer this. 

To try to reconsmct the steps of evolurion, we can 
smdy only the existing species because behaviour leaves no 
fossil record, From presem-day species we have to deduce 
the behaviour of their ancestors, and this is the case for 
humans ss well as tll~xlhwan animals, From absemation 
of the behaviom of a species we have to decide how they 



'thinE or, to use terminolom that is more accepable to 
sciendsts, we have to assess their i r o g ~ ~ v e  capacity. 

Cognition is the term used to descritoe the more 
complex processes that occur in brains, hurnan and animal. 
It includes higher processing of informalion, decision 
making, learning of more complex tasks, problem solwing 
and so on. Complex cognition is frequendy considered to 
mean much the same as inteaigence, which we will discuss 
in more deail in chapter 3. Here it is impomnt to paint 
out: &at htelligence has many meanhgs. We somedmes 
use the term to refer to a charac~risdc of an individual, 
sometimes to a characteristic of an. e n ~ r e  species and 
some~mes to a specific behaviow. As David McFarland, 

1 Behaviour at Oflord UPljiversi~, W, has 
fligent behaviour can occur vvihsut cog- 

~ ~ v e  processes being involved: hmans can o ~ e n t  in the 
envkoment, using our sparial abiG~es, in ways that would 
seem very intelligent if pefiomed by a robot. The con~o l  
of spatial orienta.rion does not necessarfiy require cognizioxl, 
even &ough the behaviour produced appears to be intellli- 
gent. McFarland says that cognieve abiliq is not merely 
the ability to produce clever behaviour. Cog~Gon depends 
not on, fixed responses adapted to well-specified sirnations 
but on. complex processkg of new, or less CO 

idornation. 
Of course, a distincdon must be made also beween 

cornflex cog~don  aad consciousness, It may be possible 
for complex cognition ts occur wi2;hout consciousness 
oceumbg, a l ~ o u &  it is quite clear that ~onsciousness would 
not be possible Mi'ithout the ;ibidi~ for complex cognirion, 

Cansciousness is related to awareness, inleagence and 
complex cognidon, as well as lanpage. Gonsciousmss m y  
be ma~fested -in self-awareness; awareness of olhers; itera- 
tional behaviour, including intendonal cornmrxnica~on; 
decepdon of oaers; and in the abiliay to make mental and 
symbolic representaGons. It is my guess &at consciousness 
will be reflect& in an internation of many, if not alf, of 
these behaviours and modcs of cognjrian. The chapters m 



fdow will examine evidence that: has bearing on all of hese 
perspectives. 

From ftae b e g i ~ n g ,  I am acutely aware that &e history 
paint with anhals be%nd the 
and my task is to see wkre&er 

that assumpf-ion ~ & t  be incorrect. h a different world, 
in a diff'erent place or hme, I might equaUy wefi be sradng 
~& the assmp.tion that animals have consciousness, that 
they are beings. n e n  my task would be to see w h e ~ e r  
&at may not be sa. As a scien~st> 1 would still be faced 
with weighing up the evidence for and against cons~iousness 
but my approach would be somewhat &fferent, I am also 
conscious of the possibsty &at rto adhere to the belief that 

;;il has consciousness until it can be proven o&emise 
a justification for exploita~on of animals, It is not 

an exaggera~on to say that believing we humans done 
possess cansciausn s p e m i ~ e d  all manner sf abuse 
and exploitafion of s. The debate about consciousness 
or awareness in is central to issues of anhal  
welfare. Mthough cwrent concerns for th@ welfare of 

als in research and ag r i cd~re  have facussed on the 
ab%v of animals to fed pain, flumre considerarions wiU 
have to &ke into account new fin&ngs about awareness 
and complex c o g ~ ~ o n .  in, animals. 



Awareness of self is a cen~a l  aspect of consdousness, At 
a basic level, sex-awareness means to be aware of one's 
own feellings or emohons and ta be cclnscious of pain, but 
self-awareness also includes awareness af one" bbody (e.g. 
allowing recognidon of oneself h a mirror), one" state of 
mind, one% ssdf in a social context, and numerous other, 
iU-defined amibutes that we wodd assign to omselves, 

We have discussed how, in the seventeen& 
Deseartes and many oEhers advocated the view &at: 
were macEnes, diffefing from hman-made mackz;ines ody 
lin, their d e ~ e e  of complexity, Accor&ng to the Canesian 
view, the yelping of a beaten dog was merely the c reabg  
of the arzhalk clochork mac~nery. Today most people 
believe &at afl, veaebrate animals, at least, can feel paiin, 
m e & e r  the more the species, the invertebrates (a& 
mals wibout backb such as jelly fish and insects), can 
feel pain remains umesolved and ufuafiy ignored. Same 

al species may react to a painhl s h d u s  by wi&- 
kavving from it wiaout being consciaus of that stimdus 
and vvixhour feeling pain. I would be most surprised, 
however, if all inveflebrates were completely unable to kel 
pain. The acquisition. of a backbone si&fies an impoflant 
step in evolu~on, and many other charaete~stics were 
acquired with it, but many invertebrates have quite complex 
nervous systems and perform remarkably complex 
behaviows. 
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The ab2iv of veaebrate a d s  to feel physical pain has 
been the main concern of ~ a s e  interested in anhal  welfare, 
As a consequence of accepting &at vereebrate animals feel 
pstin, most Western countries have in~oduced legisla~on to 
protect veaebrate als used in research. However, few 

e wodd extend ~s line of rhifing to consider &at 
As may feel pleasure, happiness, love, hate and menal 
We seem ta want to reserve zjnese cmol_ions and orjher 

higher aspects of feeling for humans, but are we concect in 
doing so? Perhaps awareness of pain was the first aspect of 
sentience (i.e. conscious expel-ience) to evolve and tlzen 
awareness of ennorionsxl feeEngs was the next step. It is &is 
next step &at mast of us are reluctant to grant to anhals. 

Yet, by their facial expressions, body posmres and 
voca l i~a~on~ animals may express diis~ess and pleasure, For 
exampIe, a young chick emits loud calls with, a descendiing 
pitch when it is distfessed by separa.tion from the hen or 
by being cold, and ir e ~ t s  s o k r  caUs of ascending pitch 
when the hen remrns or when feeding. The hen can 
interpret Tilese calls and respond accordingly, But does the 
chick atcmall;y feel diseessed ox ufiappiness when the hen 
leaves and pleasure when she retnzms? Most, if not all, 

als can express behavioura3 states of various 
emotions but are they aware that they are doing so and 
can they reflect on these feelings? 

Developing inn. awareniess of self 

We know that in humans awareness sf self goes well beyond 
f e e l l ~  and expressing emotions, Humans develop a sense 
of self by the accumuladon of experiences, and to do this 
we rely on memories of those experiences. As far as we 
can assess, we begin life without a well-developed sense of 
self, if we have one at: all. The new-born baby can react 
to sdmdafion &am the: enviroment. Indeed, the baby's 
filst expression of feeling is to cry, perhaps to express pain. 
But we cannot remember if we felt pain or any other feeling 
at the beginning of our lives. The ability to be aware of 
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h e  self appears to develop with age or, at feast, the a b d i ~  
to f o m  a memory of it does so. 

A h m a n  infant is at fist unable to percehe itseE as 
separate from its surrounding envkoment. That envkon- 
ment includes other individuals, padcularly the mofier, as 
well as the physical environment. frt h e  the idant learns 
that it camat acmaHy grasp amactive objects out of its 
reach and &at its feet me part of the self" The developing 
brain of the infant foms maps of the infant" own body 
and of the world around it. himats do likewise, and 
neurophysiologists recording from nerve cells in the brain 
(neurons) have f-ound such maps laid out in different 
regions of the cofiex of cats and monkeys, the only species 
that have been stludied in detail. 

We do not h o w  with complete accuracy when human 
idants become aware of their o m  feelings and when they 
begin to develop a sense of self, To discover this wi& 
absolute cefiainq we wodd need to co 
and this cannot be done until heir abiliw to use laneage 
has developed sufficienoy to tell us what and how they fed, 
The problem is exaclclly the same as it is for a ~ m d s .  To 
fmd out the c o g ~ ~ v e  processes of human infants before 
they can speak3 we are lhited to the same techniques that 
must be used flar arz-imals, Yet we a ~ b u t e  awareness of 
emorions to h m a n  infants before flzey can speak even 
&ough most of us do not do so for animals. 

~Vost of the psychdol;Tical evidence indicates that human 
idants develop a concept of the self &am around melve 
to wenv-four mon&s of age, At around melve nnonhs of 
age, h e  idant vviU look to where another person is looking 
or pohting, a behaviour refened to as "iokt a~eneionbnd 
marhng the b e g n k g  of a concept of self, as well as a 
concept sf ohel-s. By eighteen " ~ s  menv-four months 
idants can recognise &emselves in mimors, meaniing that 
they are aware of &eir own physical attributes, Awareness 
of self and ohers continues to develop, and b e ~ e e n  the 
ages of three and five years humans develop the abiG@ to 
understand tfie notion, of a false belief, A child of about 
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this age can, also a ~ b u t e  different menal states to o&er 
people. For example, a fau-year-old child who sees ano&er 
person peeing into a box can mdemtand ha t  h a t  person 
bows the contents of the box, whereas anoher person who 
did not look in the box does not how,  Thus, if the second 
person volunteers information about the contents of the 
box, the four-year-dd ch3d bows that it is false infor- 
mahorr. Tests of awareness such as *ese are, kevitably, 
confomded by the 1an~a;ge development of the cmd and 
thus it may not be cohcidenliil that &c age of amining 
men.tcal a ~ b u d o n  is from three to five years. Even in tasks 
that do not r e q ~ r e  a response in tanwage, c o m m u ~ c a ~ o n  
b e ~ e e n  the expe enter and subject may be codounded 
by the Ievef of lanpage acquisition. 

Let us remm to an earfier s@te of development, well 
before that at which a human may be acq~Gng tanwage. 
One of the principles of development of the sensory systems 
(sight, heahng, touch, aste and smelt) is that: they come 
h t o  knc~oxa sequenbaBy. For example, the ab&q to 
respond to sensov sbda.rion begins with touch and taste 
and &en progresses to heahg  ancl finably vlisioxr, This 
paaem is consemed across ahost  sill veaebrate species and 
it has been much smdied. 'The sense of smell usuaUy begins 
early but it varies b e ~ e e n .  species, Self-awareness in 
humans develops sequendally also, at least in its early stages, 
but we b o w  relatively little about &at process. The 
development of self-awareness of feelings and emohons 
possibly begins with the percep.fion and awareness of pain 
and hunger, folllowed by awareness of &scantent and 
pleaswe, developing to love and hate and so on. Perhaps 
animals get so far along &is sequence of development of 
self-awareness and stop before it is completed, the stopping 
point depen&ng on the species, Species that evokd  earlier 
may stop develophg awareness at an earlier stage compared 
~& more complex, later evolvbg species. 

A notion. such as this is a very old one. It is refenred 
to as recapiuasion, as it assmes that development re- 
capitulates evolution. Originally it was applied to the 



AWmENESS OF SELF AND OTHERS 

developmenr of physical characteristics. For example, the 
dedopment of the h m a n  foems thraugh stages wi& gills 
and a tail and with webbed fingers is s&d to reflect our 
evolu.tionasy orighs from fish and amphibia. If this is the 
case far physical characte~stics, it might be m e  also for 
the c0gnitit.e pmesses &at underlie the development of 
seK-awareness, 

D ~ n g  the early foetal stages of development3 the 
human faems may respond to touch by moving but it is 
most u&kely to be aware of doing so, At &is stage of 
development it may resemble a lower, invertebrate species. 
At later stages of gestadon, the h u a n  foems responds to 
pain-inducing s h u l i  and it may be able to feel pain, 
alhaugh it may not yet feel emotions, At &is stage it ~ g h t  
be Xke a slighdy mare higMy evolved species but perhaps 
not yet a vertebrate species. Evenmauy, emotional feeling 
and self-awareness will develop, after birth. 

To consider that development reflects evolueon does 
nor mean that the development of self-awareness is con- 
trooed by an ihedted grogrm (i.e. by the genes). h 
fact, Xear~ng and rrtemosy fornation, are essential to the 
devdopmen~ of self-awareness. Experience provides the 
buiXding blocks for the self, The h m a n  k & ~ d u a l  emerges 
as a result of the ab i l i~  to feel and to stare memories 
that can be recafaed and applied in new simadons and 
contexts. We learn to be kshaxzd the end result of this is 
a uGque h m a n  being. We are not clones of each other 
alhough we may have some rhings in eo 
Self-awareness is being conscious of b 
and s s a ~ d e s  b e ~ e e n  one's self and oaers. We learn to 
recog~se ourselves both as physical erahries (e.g. when we 

W) and as mental endges. We are able 
to reflect on owselves and we rely on our memodes to 

a1 is an in&viduarl, Wihin a species individ- 
uals vary. in their abjlli~es to learn, to take the lead 
in diifferent simarions and to salve problems, in their 
reac~orzs to novel simaeions and in their acr ivi~ levds, to 
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name just a few of the potential sources of difference. These 
differences b e ~ e e n  indviduals may depend on tempera- 
ment, perhaps in part: &erited but also moulded by 
experiences begiming even before b a .  Each individual 

al has different: experiences and &us foms different 
memories &at are built up over a life-dme, just as in 
humans. Temperament: i-tfelf is rnoufded by expe~ence, In 
other words, the hqueness of an individual is not simply 
encoded in the enormous diversity of our genetie code (our 
iheritance) but is established by our mique expeniences 
encoded in our memories. It i s  the collecfioa of memories 
that becomes part of the self: Thus, the c o m p l e ~ q  of an 
havidual self must depend, in part at feast., on the number 
and v a ~ e ~  of memofies that have been fomed. Of course, 
the in&vidud might not be aware of some, or even any, 
of the merno~es that it has formed. Cochoaches can learn 
and form memosies but are not &ely to have self-awareness. 
Where there is self-awareness, however, the complexi~ of 
&at self-awareness depends on the memories of which the 
individual. is aware. 

Species with rnose complex nemous systems may km 
more detaaed memories and use more complicated corn- 
mu~cazjion systems, Even the young domes.tic chick has at 
least fifteen different recodsable calls. &so, .the chick 
possesses one of the characteristics essential for being an 
individual, Xr can, acquire idorma~on and encode memories. 
These stored memories guide its f u ~ r e  behaviour. In fact3 
we b o w  &at a chick can make merno~es even before it 
hatches. It hears the hen" vvscalisadons when it is still an 
enrbrp.0 inside the egg and learns their charac~ristics. This 
is also hewn to occur in duck embrl?jos and even in 
lambs before birth. Learning and m a h g  memories before 
hatching or birth is prababfSI characleristic of all precocid 
species, ones in which the young are born in a relatively 
well-devdoped state, but it m y  also occur in species that 
are not precacial, 
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After hatching, the chick learns rapidly about the visual 
characterisrics of the hen (referred to as hp r inkg )  and, 
in doing so, it forms an attachment to her. This attachment 
ensures that the chick follows the ken as she moves away 
from the nest. The chick also learns ta recoMse its siblings 
and, as early as three days after hatching, it can recognise 
the famaiar chicks from udamiliar chicks. Xf a chick is put 
into &et cenQe of an alley wtay with a f ad i a r  cagemate 
behind a =ansparent plastic padGon at one end and an 
unfamiliar ccck behind a sGlar  paddon at the other end, 
it will make a choice and approach the f a d a r  chick (Fig. 
2.1). This means that the chick can distinguish one chick 
from ano&er and &at it can reco@se ha t  one of the 
chicks is fadiar,  &at it matches its memory of that chick, 

These are remarkable ablilifies for a young a ~ m a l  but, 
although recognidon of other individuals is a prerequisite 
for awareness of o&ers, it does not, necessarify, indicate 
that the ckck is awre of itself, Some people "ogeve that 

Stranger Cagemate 

Ftg, 2.1 A young chick recognis~)s Its cagemate behind a trans- 
parent pan@! and approaches it. A stranger is not approached 
Source: Modified from Vrxtlortigara and Andrew, 1991. 



the chick behaws like a custom-designed machine shped, 
or adapted, by its own individud enviroment, These is no 
way of disprovirrg this mechanislic concept with presently 
available evidence but. it is still apparent that the young 
chick is a much more complex creamre than we used to 
&M. More examples of the ckcJbr"s complexity of behaviour 
will be @ven later. 

The development of self-awareness may be dependent 
on the social e n ~ o m e n t  in which an. 
well as on age and orfier individual characterisrcics. Par 
example, the g o a a  Koh,  raised by humans, showed 
r e c o a ~ a n  of herself in ~ n o r s  by the dme she was about 
fours yeas old, whereas some o&er gori11as raised vvi& less 
contact: wi& hmans  have failed to do so. 

Recog~~on ,  of one" s a g e  in a 
measure of sef"reco&don, as T will d;iscuss in the next 
secdon. If &is behaviour jlldicates self-awareness, and &ere 
is considerable debte about: whe&er it does, it is but one 
aspect of self-awareness. There must be many and various 
foms of self-awareness, and not all indkiduals or all species 
are l&ely to show every f o m  of self-awareness, Indeed, the 
self is a ra&er elusive &g, not essay "rid down to a 
shple  measure, if it can be at atl, The psychologist WiJ.fiam 
Jarnes, writring in. the early part of &is ce divided the 
self into &ree parts: the ktr;tatehd2 self, takes into 
accountz only the physical aspects of the body; the "pi~maf" 
self, refernkg m beliiefs about one" moral standing and 
h u e  dkedons and hopes; and the %ocialbeIf, one's 
concept. of self as it might be regarded by ohers. To  these 
"selves" would add the self r at has bowledge of one's 
own past and of one's s o ~ v e s  end desires. Wi&out entering 
into discussim on the Ikely vagdiq and relaGve c o n ~ b u -  
dons of these aspects of self, it is obvious that the self af 
humans has many differem facets, af which some may be 
li&ed to each o&er and others may be 
same is l&ely to be m e  of h e  self of 



when. an, a n h d  loob in the minor does it b o w  that it 
is seeing itself? Recognition of self in a mirror image has 
received much a~enfion as an ex 
assessing self-awareness in 
has been too much weight placed on a l i ~ t e d  nmber  of 
quite inadequately coneofled experiments with mhors. The 
mamer in which members of dzferent species behave when 
they see their &ages in rs is fascisla.ting in its o m  
right and, whether the individual responds to the ima@;e as 
if it were ano&er member of its species or itself, does tell 
us some*@ about self-reco@bon-but: a specific type of 
sex-recog~tion based on the visual represental;ian of self 
in a lefu~ght hvemd image that moves vvhen the individual 
moves, It does not provide infoma~on about reeogG~on. 
of self using a u ~ t o v ,  olfactory or eacae information, all 
of which are bpoaant  aspects of the self-image, and it 
cemidy tells us Iide, if a n y ~ n g ,  a f  the mental aspects of 
self, al&augh ~searchen  who have used the tech- 
ulique have often Eed us to beheve &at tfaey 
self in a more total sense &an is acmalIy the case. This is 
why I say that the research on self-recog~~on h ~ m o r s  
has assmed raejher too central a place in the question of 
self-recog~Gon in 

r see heir hages in 
hey rreat them as though they were anoher member of 
heir own species. They may a ~ a c k  the h a @ ,  display few 
or engage irr. wid hehaviows towards it. They may go 
behind the mirror to see where the rest af the body is, as 
did my d o A e y  when he once came inside the house and 
caught sight of lhirnself in. a hdway or, Most specia 
do not recobse  at the h a g e  is of &emselves even after 
prolong& exposure to it. This is, apparendy, not the case 
for chimpanzees. After five to thirty minutes exposure to 
a s, chimpanzees begin to inddge in seff-expf 
behaviows using the mirror. They may use the 
image to see pam of their bodies that they carnot see 



dkectl;y. They pramde the tonwe, clean the teeth or nose 
and inspect their ge~ttalia, Much of the behaviour in front 
of a mkor  is playfd. For example, one cX5impamee smck 
ce2eq leaves up her nose and hit at &em with her fingers, 
.!U of these chimpanzees appear to have recagrrised that 
the image is of self. Neve&eless, al&ou& perfomance of 
&ese behaviours in froat of the or does not appear to 
be cahcidental, more rigorous tests are necessary to prove 
this* 

Tn the 1970s Gordon Gallup of the S ~ t e  U~versiw of 
New York, USA, atrempted ta see if a chimpamee could 
recognise itself in a Mlirror by p u ~ n g  a spot of red dye 
on the chimpanzee" forehead and then waiting to see 
whether* the cfrrimpamee touched the spat on the h a g e  in 
the mirror first, indicaring &at it did not see Ihe image as 
self, or whe.tl.ler it immediately touched the spot on its own 
forehead. Galillup tested four ebganzees, born in the wild, 
capwed and brought to his laboratory in the United States* 
Prior to the expe ad had fide or no experience 
with minors. At the ncement of the experhent, 
each was caged in a s , small cage and a full-len@ 
mimor was placed in front af the cage. The behaviour of 
each c~mpamee  at the mhor  codd be observed bough  
a peep hole in the waU. At first &I mpanzees &ealted 
their image as if it were anoher aazee, and rlney 
enpged in head bobbing and vocalising and .Ehreatened tbe 
imag.e, But, afier about three days, they began to perfom 
self-direaed behaviour, using rhe minor to groom parts of 
The body that they could not see wi&out the mirror, making 
faces at the mirror, blouring bubbles and rnanipularing wads 
of food in their lips wh2e looking in the minor (Fig. 2.2). 
It appeared that they had learnt to recognise themselves in 
the minor. Then, a&er they had ten, days of exposure to 
the mkor, GaUup anaescfietised each chimpanzee and, 
when it was unconscious, applied a spot of red dye to the 
forehead and rip of one ear. The chimpanzee was remmed 
to its cage without the mirror being present. Four hours 
later, by which time Gallup claimed they had recovered 
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Fig. 2.2 A chimpanzee recognises her image in a mirror and 
examines parts of her body that cannot be sesn directfy S~urce: 
Adapted from Pcrvinelli and Preuss, 1995. 

from the anaes&e~c, the number of ~ m e s  &at h e y  touched 
the spots of dye was recorded over a ~m minute interval, 
They &d not touch the dye very often. Then the mimar 
wias remrned to the front of the cage and the same 
behaviour was scored again. Now there was a several-fold 
increase in the n u b e r  of h e s  &at the cfimpanzees 
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touched the red spots on theis own foreheads or ears while 
looking in the h ~ o r ,  Gaflup concluded &at fais showed 
they were able to recogxl_ise hemselves in the 
were therefore seE-aware, 

While this result was exciring enough at the time to be 
published in Science, one of the leading sciencigc publi- 
cations for newsworthy informadon, it has subsequently 
been criticised, particularly by Celia Heyes of University 
CoBege bndon,  UK.. First, there was no con~o l  for &e 
effects of the anaestheric. Just four hours after being 
anaesLEze~sed the chhpamees ~ g h t  be first less a c ~ v e  and 
rhen more acGve as the anaes~el[-ic wears off. h other 
words, this could have confounded the resdts that Gatlup 
coflected. M ~ o u g h  G d u p  also tested turo oher wild-born 
chimpamees that had no experience with ~ulrors, he did 
not have an exact con~o l  in wkch he repeated the e n ~ r e  

nt but simply applied a cdourless dye to the 
and ear hstead of the red dye. The two c h h -  

pamees that had no prior experience with 
show increased toucEng of the red spot when they w e  
tested irr front of the. mhor. Th is  codd have been because 
they had to learn to recog~se &ernselves in the firnor, as 
Gallup suggested, but it could have been caused by a 
nmber  of other factors refated to behg more stressed or, 
perhaps, being less hterested in the task in a geneml sense. 

did apply red dye to the 
body &at codd be seen 

ut the aid of a, nd the amount &at the 
t increase in front of the 

drror ,  In: other words, the increased touchhg of the 
marked forehead and ear is specific and not a generaf 
haease in toucfiislg &at ~ g h t  be an after-effect of the 
anaesheric. However, it would have been preferable to allow 
the ckmpanzees to recover until at least the 
scorhg theh behaviour with and witbout rhe 
lheljcs can have very long-lasring effectf and result in quite 
unexpected behaviows, 

In response to Heyeshcriricism of these experhental 
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me~ods ,  an experiment was condwted in wlnich one 
chimpanzee had a spot of red dye placed on her right 
eyebrow and ano&er placed on her left ear. The amount 
of touching of borh eyes and ears, mrked and umarked, 
was scored. WirEz. the mirror present, there was increased 
touching of the marked eyebrow and ear but not of the 
unmarked one. mus ,  the response is specific far the marked 
s b  ody, but so far only one chimpanzee has been tested 
in this way* 

Gallup also tested some macaque modeys using the 
same procedure that he had used wi& the chimpanzees 
and they persisted in. reacfing ta the b a g e  in the &mar 
as if it were ano&er mokey. They showed no decGne in 
dkecGag social behaviom to the m~&ey in the 
after more than two hundred hours of expos 
concluded Phat is a "ualita~ve psychological djffer- 
ence-be~een pamees and mo&eys and  at the 

nidon may knot extend below3wans 
and the @eat apes. Coneary to earlier belie& humans are 
not alone in minor image recogition but, aceor&ng to 
Gallup, we are in a select gaup  together with the great 
apes and different from all o&er species, We will see later 
&at this conclusion. is inconecf. 

O&er researchers have found the same results as Gaaup 
using the red-spat test wi& orang-utans and goraas, 
a l~ough  Gallup k s e l f  was unable to get gorillas to 
respond t;o self in the minor. The goriiUa Koko, however, 
who uses sim fanwage, does respond to mkors in the 
same way  at chimpanzees do, and Lke same has been 
found in two other godas that have 
sign lanaage. In fac& Koko used the 
appearance: she made up her face with 
the result in the mhor,  

Xt should be men~oned that ano&er researcher appIied 
dye .to the forehead af a chimpanzee when it was asleep 
and, a&er waEng, it showed no increase in touching the 
spot when in front of a  nor. Perhaps the tic had 
caused a misleading result in Gallup" e ts, but 



hdividuals can differ and only one chimpanzee was tested 
by applying tke dye dwing its sleep. In fact, researchers 
at another laboratov attempted to repeat GaHup% mark 
test using deven cfnimpanzees and applying the dye when 
they were anaes&e~sed, In this study only one of the 
chimpanzees displayed clear self-directed behaviour in 
response to seekg the mark an her forehead. The re- 
searchers suggested that individual differences might explain 
why they found this result, but differences in metbodolom 
could also eqlain. why only one of their chbpanzees 
pedormed the same as hose tested by Gallup. In fact, they 
began testing the chimpamees only wo-and-a-half to three 
hours after the anaes&etic, and h i s  eoufd have been a 
problem. The chhpanzees ~ g h t  have been, too drowsy at 
the time they were rested, or they might have felt iU, Mso, 
the arraes~esic used was different from that used by GaBupt 
and it may have lasted for a differem s me or had different 
after-effects. 

So far there has been no completely convincing exper- 
h e n t  with sdficient subjects and caneols to pemit a 
definite conclusion to be reached &out selGrecogni.tion in 

arzzees or any other species. However, 1 
must say that the published photoaaphs of chimpanzees 
pe r fo r~ng  in front of a mkror (see those in the book by 
%chard Byrne, The Thisking Ape, or in &e book by Sue 
Taylor Parker and colleaaes, SeF-awareness in Anhals and 
Hz~nzans), psamding the tonpe, and so an, give a clear 
hpression &at they are recog~sing &ernselves. Nevefie- 
less, we must await rigorously conaolled experiments to be 
absolutely sure, 

The apparent absence of abIllity in monkeys, as opposed 
to apes, to respond to aheir image as self may have been 
merely a result of nor using an appropriate method for 
testring them. Marc Hauser and colleapes at Hamard 
'Unitrersiq, USA, chose to test conon-top famarins (mon- 
keys from Sou& he r i ca )  tvilh mirrors, and to m&e sure 
that they would a ~ e n d  to the spot marked ~ r k  dye &ey 
applied differently coloured dyes to the mane of hair on 
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top of the monkey's heads. This is a visually distinctive 
feamre of the species and one l&ely to be used in social 
simahons. The tamslrins with colour-dyed hair looked in 

or longer than control tamarins that had only white 
dye applied on their catton tops, By including this conml 
group, Hauser elbinated .the p o s s i b a ~  rha the after-effect 
of anaeshebc codd explain the r e s d ~ ,  but 1 o s b g  for 
longer in the minor could have had sorrre~ing to do wi& 
being attracted by the colour of the colour-dyed hair rather 
&an recogairion of self. However, only the individuals wi& 
colour-dyed hair, and prior experience wieh mkors, touched 
their heads whge looking in or and, in addition, 
some of the mo&eys used t4-1 to e x a ~ n e  kacces- 
sible pafis of their own bo&es, as the chhpanzees had 
done. Thus, this species of monkey, at least, shows some 
sort of mirror sel"freeogrt_i~onn Species may vary in what 
pam of the body they ap-fend to, and the dye sfioufd be 
placed on these parts, Species also vary in the amount of 
social behaviour that they &splay and t h i s  fight be ano-t-her 
factor in the dmt-ror test, since a~eneon  to the image 
involves social behaviour. 

The need for considerkg species differences in minor 
r e c o g ~ ~ o n  testl; is EgMighted by a smdy of 126s behaviour 
in elephants conducted by Daniel Povinelli. Two Asian 
elephants at the National ZooIo@cal Park in WasEngon, 
USA, were tested with a minor measulPling 105 x 241 cm, 
This is a large minor-but not compared with an elephant, 
We must also take into account that an elephant's eye is on 
the side of the head. Elephants have some froxltal vision, 
but mainly they look sideways. Therefore, they m y  recog- 
nise each oher from the side and perhqs the whole side, 
not just the head. The e n ~ r e  side of an elephant was not 
always ~ s i b l e  in the mirror, Added to this, elephants may 
rely on vocalisa~ons, odours and tactile sensations to recog- 
nise self and ahers, They would receive none of these cues 
from theH irnages in the ~ n w .  h fact the elephants paid 
little at-ren~an to their hages in the mirror and, &erefore, 
Povinelli concluded &at they fail to show self-recognition. 



f=emid~ ,  they may fail to recog~se themselves using visual 
cues alone, but this experiment tells us rro&kg more &an 

occur in a~mals ,  what does 
out self-awareness? Does ~ m o r  r e c o g ~ ~ o n  

refiect superiar co&.tive abgeesi A paper by Epstein and 
a ~ e r s  at Hamard U~versiq ,  USA, reposed that pigeons 
can use a f i ~ a r  to locate a coloured spot placed on the 
breast and Gdden from direct view by a bib aromd the 
neck. Each pigeon was fist ~a ined  to peck at blue spots 
elsewhere on. i t s  body by rewardhg it wi& food each h e  
it pecked at a spot on the wing, abdomen and so on. They 
were also rewarded for p e c h g  at blue dots in the cage. 
Finally, the blue dot was located mder the bib where it 
was visible only by using a minor. The pigeons saw the 
dot in the ~ m o r  but, rraher &an pecking the h a g e  in the 

or, they bent the head down to aftempt to p 
under the bib. The pigeons reacted to the 

the same way as had GaUug" s b p a m e e s .  
coneludhg ha t  pigeons may be as inteXJigent as 
zees or, at ieasz, fiat they &ght have an e q ~ v a l  
to recognise self in the mirt-or; the researchers said 
'M&ouph sh2a t  behviour in primates has been amibuted 
to a sdf-concept or other coMrivt; process, the present 
example suggests arr account in terns of enviromen~l  
events" The assumprion they made was that, if a bird can 
do it, it carnot be complex behaviour and it camot indicate 
self-awareness of any sea. We now b o w  &at Ffigeons are 
capable of complex behaviours that rival those of p 
and &is will be discussed fu&er in chapter 3. 

One of the most impafi~nt d i sbc~ons  to be made 
about the behaviour of animals towards their reflections in 
mirrors i s  whe&er they are showing social behaviour 
because they see the image as nnvcher member of their. 
species or whe&er they are examining thenselves. As social 
behaviour varies considerably bemeerr species, each species 
has to be considered on its own terns, Some species are 
more sociable &an others, and so are some hdivriduafs, 
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Also, the kinet of behaviours that are used sociaUy varies. 
Ken Marten and Suchi Psasakos, in. Hawii, USA, have 
tacMed this problem in dolpt?lins by l o o b g  at &ek behav- 
iour towards mkom and ~deo-hages  and comparing them 
wi* social behaviour involving real dolpkxls, They were 
able to conclude that self-examination behaviour, as 
opposed ta social behaviow, did occur in the mhor  and 
video-image s i ~ a ~ o n s .  In ad&tion, they carried out the dye 
margng test, but used zinc cream instead of red dye. "Xhe 
dolphins appeared to be e ' ' the marked areas of 
their bodies in the  nor resdts suggested &at 
they were able to recognise flxemselves. 

In time it is most I&ely that weB-desimed expe 
will demo &at many species can recognise them- 
selves in S, and also in photographs and video 
playback sequences. We might also discover that recog- 
ni6on of the physical self is not co&xred to the visual 
image, and that ssrne species are more dependent on &eir 
own vocalisations, odour or tactile sensations in order to 
reco&se self. While mhor  self-recogni~on remains inter- 
es~ng, we should be wary of reac;ljng too much into it. 
The concept of self-awareness encompasses much mare 
than one" physical a ~ b u t e s ,  As T have said previously, 
mental a ~ b u t e s  are a part: of flxe self not reflected in 
rrrkors. Self-recog~don in mirrors, photographs or on f i  
is s d y  one small facet of self-awareness, 

Awareness of  others 

All aniPrrals kteract with each other to vawirrg degrees and 
at different hmes in their lives. They c 
each other by rnakjng vocalisations, by asplaqring: h e i r  
plumage or moving in parricular ways, or by enining 
odours or other signals. But these b d s  of socid bbeaviour 
may not involve awareness of others as separate selves, as 
it were. T h e  fact that a species has social behaviour does 
not tell us that the members of that species are consciously 
aware of the physical, mental or emor;ianal states of oaers. 



Ph get dog that becomes miserable when its owner is sad 
or ill may be aware of its owner's state of mind and 
ernodons or it may be merely mimicEng the owner's 
behaviour. However, if the dog acts on the infoma'cion 
about its owner's mind stalte in a mea&@d way, that 
wodd tell us sornerhing different, A classic case of the 
latter d g h t  be the dog &at mxls to get help when its owner 
is in eouble artd. -fkren. leads the helper to its owner. 'T'here 
may be a more ~ iv ia l  eexplanabon for the dog3 behaviour 
than it being consciously aware of the state of the ownex; 
but let us consider ano-e-ber example that Marian D a w b s  
has o u ~ e d  h her book Through OUT Eyes On&? (cited as 
h d e r  rea&ng for chapter I). Rats are social 
they can learn to avoid poison baits by o 
behaviour of a cornparrion &at has been made ill. by 
consuming a bait. Bemet Galef of MeMaster U~vers iv ,  
Canada, raised rats in pairs and then took one member of 
the pair away to feed it a novel food. Mter the rat was 

ed with the smdl of the new food on its breath, its 
companion would follow suit and readily eat the same food 
when given a choice bemeen it and another novel food, 
So far, the companion may only have ~ m i e k e d  its pamer 
but, if Galef made the fist rat ifl after it had fed on the 
same novel food and remmed it to its compa~on when it 
was feeling ill, the compaxlion would reject &at foad when 
it was offered. In o&er words, the cornparrion had assessed 
the physical state of the sick rat and acted on that 
informaeion, Moreover, the social life of rhe rat is such that: 
th is  learnt avoidance of the parficular foad may be passed 
on to subsequent generabons, A kulmraIkadition had been 
established. Though the f i rs t  rat perceiving and responding 
to some aspect of its companion" smte of health, an 
hpoaant  tradition had been acquired by the species. Of 
course, it might be possible that the r a  simply Icarrls to 
associate tke odour of the food with some: sort of negadve 
cue from -the body posmre of the sick rat (i.e. it sees it as 
a sort of punishem and so gets condieioned not to take 
the food) but, equally, it might be aware of the other rat's 
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state of heal&, Once the i ~ t i a l  l e a ~ n g  has occurred, the 
actual infirmation that has to be learnt in order to establish 
the social zxra&~on of faad avoidance may not be paAczr- 
farly complex. 

Awareness of otfiers may also entail bowing their social 
stams and their relaltionship to ohers. h excelEent example 
of the l a ~ e r  comes from the research of Borohy Cheney 
and Roberr SeyfafiZ who have snrdied the behaviour of 
wild venret makeys in Mriea, By recordhg the vemet 
mo&eyskaalls and playing  em back ta the modeys at 
their study site in the field, they were able to assess how 
the modeys inreqret the caS_ts. Be@ g with .the obser- 
vation that mo.tker vervet mo&eys run. to help their 
offspring d e n  they scream during rough play, Chewy and 
Seyfad designed axr expe ent that would show whe&er 
mahers recog~se their awn offspring" sell when it is 
played back and whether oher, nonrelated females ignore 
that c&. Not only did the nomelabve femdes ignore the 
scream for help by not approacErrg the loud-speaker, 
whereas rhe motX?er approached it, but: they also 
look at the offsp~ng's s&er  when, they heard the serem,. 
That is, they recog~sed that the scream belonged to the 
offspring of that pahcular m o ~ e r .  Thus, venret monkeys 
must have a concept of relazjonships b e ~ e e n  o&er mem- 
bers of &eir goup. This abifiiry to recognise rdadonships 
may be a basis for being aware of the mental states of 
o&em but it is not proof that it occurs. Mhough mokeys 
may h o w  the relationships bemeea other members of ~ e i r  
poup, they may not be able to disfinpish bemeen their 
own state of mind and &at of o&ers. 

FaHodw the arectrion of g a e  of athem and 
a6an 

As men~aned earlier, at around one year old rhe human 
idant will follow the &rection of gaze of anoher person 
and therefore look at the same hing, or at least in the 
same v i c ~ q ,  as that pel-son is looking, T h i s  behaviour is 
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said to be a prerequisite for behg aware of orbers, Some 
researchers claim &at au-tistic children do not show fouiow- 
ing of the diredon of eye gaze, consistent wi& &eir 
less-developed awareness of the menml smtes of oaers, 
There may be an aspect of i~ta.t_ion in eye-gaze following, 
and au~stjlc cMdren are less incEned to hitate, They are 
less ae ly  to play games that hvolve h i t a ~ o n  of the ac~ons 
of a n o ~ e r  human than are nomaX cwdren. Incidemally, 
au~stic chfidren can recognise &ernselves in 

rrhese has been very littlle hvesLigation into paaerns of 
ev-gaze in a~maltls, despite the fact that eyes and eye 
paaems are bown to be very potent visual signals in 
animals as diverse as hseca, birds and mo&eys, However, 
there have been a few repom of eye-gaze following in: apes 
and mo&eys and these suggest &at the apes (chimpamees, 
oralzg-utans and gorillas) follow the direchon, of eye gaze 
of hmans, whereas mokeys do not do so. However, there 
has not been a sufficient number of eonaolled smdies of 
this behaviour for these indicators to be accepted as 
condusive. Nso, it wodd be more impafianr to b o w  
whe&er &ere is eye-gaze folfowing of a&er members of 
the same species* Apes may follow the direc~on of eye 
gaze at? rheir human carers, but; would they do likewise for 
humans with whom they are unfam3iar? Perhaps the 
mo&eys had not famed such a snong bond with their 
human earers as had the apes, and this is why they did 
not foEow the dkec~on of their carer's sey gaze. There are 
many coneols Chat need to be pedomed before we will 
be able to draw conclusions. 

l looking in the s m e  direcdorr is observed 
in the wild in a wide rarrge of species, but this 

may sirngly occur because all members of the group have 
spotted the same visual stimulus or heard a sound coming 
from that direceon, To  be considered as gaze foUowing, 
one tIl&~dual must fotEow the p z e  of ano&er simply 
because &at individual is loo&ng there and not because 
any other cue has been received by the follower. Researchers 
working on wild primates have reported examples that might 
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rneet this requirement but it is &%cult to prove that there 
has been no orher signal to cue in, the same behaviour, 
Richard Byrne relates an example that seems convincing. 
He saw a wild baboon about to be chased by anorher, The 
one about to be chased stood on his hind legs in a postme 
h a t  baboons usuafiy adopt when &ey have seen a predator 
in the distance or anofher eoop of baboons in the long 
grass, and looked intenGy in one direcrion. His pursuer 
stopped the chase and looked in the same dkectiaxr. No 
predamr was in sight, Byme assumed that the baboon beixlg 
chased had used this as a tacric to diseract the o&er one's 
a~ention. Such poten~al deceprion will be discussed later, 

FoUlowing the direcdon of eye gaze woaxitd, of course, 
be most usefully applied to derec~ng predators, Thus, if 
one member of a group has detected a predator, the other 
might follow its &ecrion of gaze to do l&e~se .  This wadd 
be seong reason far the evolu~on of the behaviour, but 
exaedy wheher eye-gaze folIowing reflects any aspea of 
awareness of othem could be debated. Relarively s~aight- 
f'oward compualEslons might be used to follow ano&er's 
direction of gaze and these might not necessi~te adoption 
of the oher" perspec~ve. 

There are many o&er b d s  of ihtatjon behaviour, For 
example, humans hitate the way in which oefier people 
move, p e ~ o r m  ceaain acts, speak and so on. Much of our 
culmral l e a r~ng  occurs by Sm.cion, Some psychologists 
claim &at irnita~on is u ~ q u e  to humans and &at it is 
inhately rdated to self-awareness and being able to t&e 
the visrxsll perspective of a&ef.s. me re  is, however, can- 
vincing evidence that the great apes can imitate. 
Chimpanzees raised by hmans frequenrly irnitare their 
behaviour and &ose that have been ~ u g h t  sign language 
often imitate the s i g ~ n g  of humans or other chimpamees. 

e Russon of Glendon CoUege in Canada has been 
smdying i ~ t a d o n  in. orang-utans at a rehabilita.tion cenQe 
in Bomeo m d  she has reporled ha t  they frequenfly imitate 
the behaviow of hurnans w o r h g  at rhe cenwe. They 
imitate -the gardener by chopping weeds at the edge of the 



path and collecdng &em into rows, sweep the floor with 
a broom, hammer pla&s togeher, saw beams of wood, 
chap wood with a hatchet, use a shovel to dig and aEempt 
to stafi a f i e  ushg fuel and f a ~ n g  with a iid, to list "ot 
a few of the imita~an behaviours that she has obsemed. 

We h g h t  now ask what is the dfference b e ~ e e n  
bitation and m i ~ c r y .  Probably the best examples of 
m i ~ c r y  in afimals can be found amongst those species of 
bifd that perform vocal mimicxly, The Ausaalian lyre bird 
has a remarkable ab2ity to m ~ c  the calls of otkrer species 
of birds or of nonavian species in its enviroment, such as 
the b a r ~ n g  of dogs and, as 1 have beard in Sherbrooke 
Forest out;-side of Melbourne, hiuseralia, the garbled speech 
sounds of a group of humans. m e y  also 
sounds, such as passing wains and \Fjhisttes, 
sounds are incoqorated into their song. The same is true 
of magpies, pahcularly hose raised in close eontacrt: with 
humans, and we are all very fad ia r  with the d ~ c b g  
of human speech by parrots and cockatoos. Why do we 
refer to &is f o m  of copying bebaviow as n r t i ~ c n  and the 
copykg behaviours of hmans and other apes as Starion! 
T%e latter is considered to involve higher cognirion and to 
be an aspect of consciousness, whereas mimicry is thiought 
to be ~ccumhg automatically wi&out self-awareness, But 
how do we make this disrincEion in real terms? As a human 
baby develops awareness of itself does it shift from 
to hitadon? Very young babies copy the smile of adults, 
pa~cularly the mocher, and we call this i ~ t a t i m ,  but 
perhaps it is reauy mimicq, On the other hand, we do not 
know that lyre bkds, magpies and Famats are using lesser 
cog~tive processes vvhen h e y  copy sounds, particular& 
during the learning phase when they are scquirjng the abiliry 
to do so. There must be differem foms of copying 
behaviour, some betrer refened to as imitaoion and otfiers 
as mhicry, but the present use of these separate terms is 
in reality detemined by the attimdes of avian biologists 
versus primatologists and by our expectations of the species 
in q e s ~ o n .  



Awmeness and c 

Awareness of self and oehers may atso be a part of 
urtication. When a yomg chick is distressed, it e ~ t s  

peep calls that amact the hen. 1s the chick aware of the 
fact &at it is sending messages to the ben? It d1;5ht simply 
produce calls as a read-out or by-product of internat 
processes, like a machine, not even being aware of feeling 
discontent, let alone behg aware that it is co 
with the hen. That is, the co unication may not be 
intenGonal. The same questions may be asked of a human 
baby when it cries for its moxher, Being aware of the 
vocalisaGons that we make is s o m e ~ n g  that devefaps with 
age. The same may be m e  for rhe chick. 

There is some evidence, aftkough not cornpie@ enough 
for us to be sure, that adult chickens m_tty commmicate 
intentionally and therefore be aware of the fact that they 
are c o m m ~ c a ~ n g .  Before discussing .this 31 must say 
sorne.thing about the calls that chickens use to communiicate, 

Peter Marlet., at the University af CaEfofia in Davis, 
USA, and Chris Evans, now at Macquarie U ~ v e r s i v  in 
Aus~tsalia, discovered that roosters e h t  alam calls when. 
they see a predator, such as a hawk frying overhead or 
even an h a g e  of a hawk an a videoscreen overhead, but 
do so ortly when hey have an audience of ather members 
of their species, The alam call made in response to seeing 
an aerial predator is very dgferent from the call made in 
response to a predator on the ground, such as a dog or 
raccoon. The a e ~ a l  alarm call is a long screech, whereas 
-the ground alarm call is a s e ~ e s  of short pulses of sound, 
The presence or absence of an. audience does not iduence 
the ~ o u n d  alarm call, ApparenQy, as Marler and Evan~ 
suggest, the call is as much directed at the predator$ in an 
anernpt to scare it away, as to other chickens. The calls 
have specificiw that can, be interpreted by o&er members 
of the species and, indeed, chickens respond appropriately 
by crouching and looking up when they hear the a e ~ a l  
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alam call or by m f i n g  for cover or s m h g  when, they 
hear the ground predator slam call. 

The csllfs of chickens are quite specific, relaying idor- 
mation that can be interpreted camecdy by other chickens, 
and h e  c d s  are e & ~ e d  only in specific contexrs. 'This 
would suggest &at &ey are not simply produced hpulsively 
and involuntady, as many people have believed, &so, they 
ape nor simply a read-out of the bird" sssarce. of emotion 
emi~ed  in any context$ a l~ough  ernorion may still have a 
role in their producGon. The ques~an. relevam ta awareness 
is whe&er the chicken ma&g the call hows &at it is 
sen&ng the message. Om could arae ,  as maniy have, that 
the chicken is prog ed to emit i t e  alarm call only if 
a conspecific (ana&er chicken) is present and thus there 
is no htenrional c 

One way of discover;ing wheher a~anals co 
inten~onauy is to see whe&er they use a call wi& a specific 
m e a ~ n g  in an musual context in, order to deceive ano.t%rer 
anhal,  Gyger and MarXer have reportced some evidence 
.that chickens d g h t  use caUs to deceive. fn the presence 
of food, chickens e d t  a 'food call' and this amacts other 
chickens to the food site, The researchers repofled inci- 
dences in which a rooster issued the food catl in the absence 
of food to deceive a hen into approachhg, This example 
wilJ be discussed later in more dema mder the topic of 
deception. 

Vewer mo&eys (or green modeys) also give alam 
calls when an audience is present, Seyfad a d  Cheney 
have fomd &at vemet xrrodeys produce hfkrent calls in 
response to seeing ufereat predators, such as leopards, 
eagles or snakes. The call given when they see a leopard 
is a barking sound. When they see an eagle they emit a 
single cough-like sound, and when they see a snake they 
chu~er .  Each OE tftese alam caats elicits the approp~ate 
f o m  of defence by cheir canspecifics. If one m o k e y  sees 
a sn&e ancl calls "nake-in, vemet-mo&eyese, the arkers 
stand erect on their kind h b s  and peer into the tau grass, 
whereas the c 4  "leopard' sends &em scurrying up the 
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nearest m e  and the kaglekaIlt causes them to look up and 
take cover. The mokeys ceaaidy seem to be respondhg 
as if Zihey know the meaning of the c a b  To add hrther 
weight to this inte:preta:ation, the researchers rested the 
mo&eys using a. me&od of habimation-ashabimarcioxz that 
tests speech percepdon ;ifl h w a n  idants. They chase two 
social contact calls, a wrr wgch is given when the modeys 
spot anoher poup of m~&eys and a chutler wKch is 
e d a e d  in aggressive encounters bemeen groups. Thus borh 
calls are associated w i h  goups of mo&eys even though 
they sound very different, Fkst, a subject was exposed 
repeatedy to the chulgr of axlober indi.vidual until it no 
longer responded to the call (i.e. it bad kabimated to &is 
cafi). Then Ehe wrr call of the same individual was played. 
The test subject did not respond (i.e, it did not dishabit- 
uate), It treated borh c&s as if they were now the same, 
havhg s o m e ~ n g  to do with a group of mokeys that could 
not be seen and wzeh were now bekg ignored. Given &at 
Ehe ww sounds very dzferem from the chulter, the test 
subject must have been h t e v r e ~ n a  the acmd meaning of 
the calls raher  an. 'mindcssly' respandhg to their acous~c 
content. Both calls referred to the same social sirnation and 
habimadon occwed shul.faneouslly to boa,  By contrast, 

ent was repeated usim two calk that refer 
ontexts (e.g. the leopard and eagle alam 

cds), habima~on to one of the calls did not ~ansfer  to 
the other, n e s e  results indicate &at the 
some hm of seman~c, represenr%rional c 
vvhieh is a f ~ s r  step towards lanwage, afthough human 
lanmage ixzvotves much more than referen.tial rela~ons 
b e ~ e e n  words and objects or events.. The paint of interest 
here is whe&er they are a w m  of the meaning of the 
communication or merely act a u t ~ m  tfy in f4ighly specific 
contexts. Unfomnately, these exp nts cannot answer 
this ques~on disectly. The mo&eys may be aware of the 
meat~ng but: not necessar2y. 

Mso, is the mokey that is maEng Ellarm calls aware 
of the state of bowledge of the other mo&eys in its troop? 
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Cheney and S e $ a ~  say that it is not3 because it will 
conhue to give alam calls Iang after everyone in the troop 
has seen ehe predator. I would suggest that this may not 
be a simanion in which even hmans  would take cog~sance 
of the mind state of others. In life-tkrreatexl;ing situations 
mast of us tend to focus in, on, our sumival saate&es; ody 
same excepbanal individuals act aImisbcaHy and show 
awareness of others. Under i nem attack from a predator 
the vewet nnokey may focus arten~an and alarm call but 
not take into account the behaviour of the other woop 
members. This simaGon. does not appear to be one on 
wfich to base general concl-ustons about the abiliv of 
modeys to be aware of the state of bowledge of o&ers, 

Cheney and Seyfa& have tested macaque mo&eys in 
the laboratorqi and reached the same conclusion that they 
did for the wild ones: that they are unaware af the state 
of hawledge of oaers. They hvesdgated whe&er a mo&er 
responds differendy when her offsp~ng is imorant of a 
sima~on compared to when it bows about it. One situation, 
involved raishg the alarm when a technician approached 
wi& a net, used to capmre the mode-ys, and the o&er 
involved calling to hdicate the presence of food. The fist 
situadon. m i ~ c k e d  the approach of a predator in the wild 
and, not uxlexpeete&y, the m o ~ e r  gave the same rtype and 
number sf calls kespec~ve of wheher her offspsing h e w  
about the predator or nor CdiFferent naohers and their 
offspring were tested), The same resdt was cibtained for 
signaUjng about hod. The mother called to signal the 
presence of food. imspec~ve of whetker the infant knew 
or did not h o w  &at food was there, It could be that 
testing the mott.lerk behaviour when food is given is free 
from the problenz of focusscd artenfion uader stress for 
sunrival, but the mOnkcys could have been so hungry that 
they were just as stressed in the test with food as they 
were in the test with the predator, tlrdomxrately, the 
researchers men~oned norh;ing about this and they did not 
measure any ather behaviows ha t  nzight indicate the level 
of suress. Cheney and Seyfareh have concluded &at monkeys 
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are unaware of the mind sate of otlher mo&eys even 
tbough the monkeys are asmte observers of the behaviour 
of o&ers and b o w  the social relaGonshilps in the troop. 1 
would interpret heir results with more circumspecLion 
because the teseing situations were or rnay have been 
arousing and suresslill, tlze kind of sirnations in which even 
humans might not pay aaen~on to the mind state of others. 

Teaching may be a mariuifesmdon of the abiliw to assess 
the mental state of anoher. It involves a c ~ v e  pa&cipadon 
in clzangng the behaviow of another, T"he teacher must 
recodse the dzference bemeen his or her own state nf 
howiedge and that of the individual needing to be taught* 
There are reports of anjrnals t e ac~ng  another member of 
'cheir species. Christophe Boesch has observed that mober 
chimpamees in tbe w3d samet-irnes teach their offspring 
how ta crack open nuts. Chimpamees crack the nuts by 
placing &em on a rack or tree root, as an anva, and then 
s ~ b g  them with a ha er stone (discussed 
chapter 3). A mo&er pedorms this act more slowlty when 
her offspring is looking. Bsesch also obsemed a morfner 
re-pasi~on her hfant" nut on the anv2 so that it could be 
cracked more easdy., It appears that the ma.t_E.rer not only 
taught the idant but also did so inten~snauy, a c ~ g  wi& 
an understanding of the infant" specific lack sf abi l i~ ,  
Many primatologisrs use this example as evidence of 
men&i-state attribu.tion, m e a ~ n g  that tfie mo&er was able 
to a ~ b u r e  ignorance to her oEsphng, As DaGd bremaek 
says, the motEzer has a W e o ~  sf mind" rnay well be 
so, but was the ms-fher acmally aware af the infant" mental 
ignorance or the infant's physical (sul) ignorance? The 
mocher might have had no understanding of why the idant 
was behaving in a parfidatr way and acted with the 
inten~on of changing the fnEant% behaviow, not its state 
of bowledge. This would be a less sophiseiicatcd form of 
a t ~ b u ~ o r r  but it would be amibution neve&eless. 



The chimpamee Washoe, who learnt to c 
using h e r i c a n  Sign Lanwszge, was @ven an idant chim- 
panzee to raise after her own baby died. She was absemed, 
on several occasions, mouldkg the hands of the idant, 
Loulis, into signs. Washae had been taught to sign by 
humans who sometrimes moulded her hands and, agparenrly, 
she was using the s m e  teachkg mehod fisr Loulis, 

Seyfafi and Cheney have reported -that rnofher vervet 
mokeys do m t  appear to comect their young when they 
make kappropfiate responses on hearing the various alarm 
taus: for example, sanding up to look at the ground when 
&ey hear the alarm call "eagle" T h e  mothers do not appear 
to encourage infants that have responded comecdy to an: 
alarm call and they do not appear to pmish &ose &at 
have responded inconecdy. The mo&ers do not appear CO 

be aware of the  stakes of their offsip~ng. Mtemati.vely, 
they are aware of their infants' &stakes but they da not 
correct &em. 

Udomnately, these is too littie idormacion on. teaching 
als available to allow us to decide whet2ter teaching 
urnan. species involves awareness sf the mental sate 

of anoher or whether shpler processes are being used. 
Some would a r p e  that the absence of many examples of 
teaching indicates r it occurs only rarely in anhals, as 
opposed to the co on occunenee of teaching in humans, 
but X do nor agree witJ1 this. Field e.tlhologsts tend to see 
what they are l o o ~ n g  for and they overlook the behaviours 
that they have not &ought about. This coulid be the case 
for teaching in animals because it has only quite recenzlly 
become a topic of debate. 

The abiliw to h o w  what axlatl?er individual mi&t be 
thinking or what another inditridual believes is an impo~ant  
aspect of awareness in hwnans. We can esbace and 
contempla~e the state of rnind of anoIher individual. This 
abiliry is some~mes referred to as aPcribuhon of mental 
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states to o&ers or as having a &eory of mind, As mendoned 
previously, here is evidence that children can a ~ b u r e  
mental states to o&ers by the drne that they arc two or 
three years old. How da our closest relarjives, the apes, 
perfom on rash shilar to those given to human children? 

The primatolo@sts Prernack and Woodmff tested a 
chirnpamee on a task &at might indicae this ability to 
read anoher" mind state, The chimpanzee was shown a 
series of videotaped scenes of a h m a n  actor smg@ing to 
solve a nmber  of problems, such as reaching for a bunch 
of bananas or get-ting out: of a locked cage. As well as 
seeing the videotape, the chimpanzee was given a s e ~ e s  of 
photographs, one aE wkch showed a solurion to the 
problem, For example, a slick was jincluded for the banana 
problem and a key for the cage problem, The c 
chose the correct photograph to solve each problem, sug- 
gesting that she understood the actor's ppuqose, but she 
did this only when the actor in the video~pe was her 
favourite ~ainet., m e n  the actor was one &at she did not 
like, she chose an inconeet photograph. It appears &at: she 
was intending to deceive the &sliked ~ a i n e r  but, alter- 
nar;ively, it is possible that she only a~ended fdly to the 
task when her favourite trainer appea 

More convincing evidence that 
t.r;ibute mental states to a&ers comes horn the smdies of 
Daniel PovixleG, at the Mew Iberia Research Center in Los 
hgeles, USA, and colleapes. Chhpamees were required 
to a&but:e the menu1 states of 'hower' and "guesserQo 
each of ~o humans. The chimpamees were plresented wi& 
four cups, one of which was baited with food. The hower 
was the person who had baited the cup in the presence of 
the ckimpamee being rested but w i ~ o u t  the chhpstnzee 
being able to see which cup was actually baited. The guesser 
ei&er waited outside the room while the cups were being 
baited or stood in the room with a bag over his head. At 
tesfing the hower pointed to the baited cup, whereas the 
wesser pointed to any CUP at random, The chjmpamees 
were able to learn to act an the advice of the hower ra&er 
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than the guesser, a result that the researchers interpreted 
as showing that chimpamees are capable of modelling the 
visual perspectives of o&ers. 

These soas of experiments provide convincixlg evidence 
&ar: chimpamees are aware af the sQte of mind of orher 
individuals, and in these cases &at they h e w  the state of 
nAnd of humans. It wodd now be interesdng to see if 
oaer species can do &ewise, alaouglh the mamer in which 
they are tested would have to be adapted to meet the 
requirements of each padcdar species. Povinelli and col- 
leapes have tested rhesus macaqxne mokeys in a tesdw 
sirnation very similar to that used for the chimpamees and 
the results showed that h e y  were unable to learn who was 
the kower'  and who was the "esser'. Rarhrer than being 
a faifure of macaque ma&eys, as compared ~& chhpan- 
zees, m a ~ b u t e  mental states, this result codd have been 
due to species differences in a~enhon, or in social behav- 
iour, or on h e  past experience of the particular aniirnals 
tested, of hese factors &at may influence pedormnce 
on the task need to be considered before making any general 
statement about the ab%w of a species. 

Social interaczions are likely to be more complex in species 
that can, empa~ise  and keadheah o&er7s s n d s  because 
awareness of &e mental state of orhers would provide a 
powerfd means by ulhich to predict their behaviour. Social 
interac~ons would &erefore be based our predic?tions or 
bypo&eses, rafier &an b e b  ediate responses to sim- 
a ~ a n s  as tkitey occur. The abi-li~ to assess the mental state 
of orhas and to predict tfileir behaviour would also lay the 
basis for beiw able to deceive another inrentionally; that 
is, to mislead anotficrtr into believing some&irrg that is 
incosrect . 

First let me give some anecdotal examples that might 
involve the use of cognidve processes for deception. Two 
monkeys were engaged in a fight; m e  moved away and 
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the olfier s~etched out her hand as in a peace-mahg, 
contaa gesture but, when the other mankey responded by 
t a ~ n g  hold of the ourstretched hand, the first mo&ey 
grabbed hold of her and attacked again. Was the gesmrc 
ma& with the imenrion to deceive? h altemadve expla- 
narion might be that, at the moment &at the mo&ey put 
out her hand to make the gesmre, she was mo~vated to 
signal reconciliation but, when the other monkey 
approached and made contact, she switched to aggression. 
WKch is the more parsimonious explanaeon for the behav- 
iour? A b e h a ~ o ~ s r  would say the l a ~ e r  but3 were we to 
subsrimte humans into &is interaclr;ion, few would question 
that it was an act of decep~on. I want to point out that 
the. interpreaGon of the behaviour that we will accept as 
being m e  depends on whe&er we believe that the species 
invofved is capable of Sgher levels of cogni~oni and 
cansciousness, It is a matier of our a ~ ~ d e s  ito the species 
in. quesdon, Qn tbe other hand, the fact that this pahcular 
behavioual sequence is obsemed camoh in. itself, be used 
to prove the efistence of hi&er co@~on and consciousness 
in the species in quesrion, There are many clever tit.xings 
that animals can do that do not require explanations based 
on h-igher cogrubon. 

Let me give anorher example. 1 feed my three dogs 
toge&er and one eats faster than the o&ers. Having f ~ s h e d  
her bowl of food, on occasions, she will bark and run 
towards the gate as if.' someone were cornhg. The other 
WO dogs foEow and she dashes back to eat the food &are 
&ey have leA. It seems to me ha t  she has played th is  wick 
too often to get away with it any more but it is, in fact, 
&at repedrsion that makes me more convinced &at it may 
be an inten~onal act af deception and not her own mistaken 
response to a sound at the gate or simply chance. There 
are two o&er aspeca of the behaviour hait lead me to 
deduce that it is deeepdon usulg Egher cog~tion: she would 
not hasten back to the food bowls before the oher dogs 
if she had genuinely perceived that someone was at the 
gate, and she runs back to the food before she reaches the 



gate, leaving the otker dogs chargng to the gate alone, Not 
only has she managed to get the oher dogs to leave &eir 
food but also she has e o n ~ v e d  to make them fully occupied 
at the gate while she consumes the food &at they have 
left. Of course, deceprion can occw ody so long as the 
o&ers are not aware of her fdse alarm and, if she repeats 
it too ofien, rSlley wiiLE learn evenmally. They w a  become 
aware of her inten~on to deceive (see chapter 3). 'This is 
l&ely to be why reports of beha~our ha t  appear to hvolve 
decept.ion are reta~vely rare. "Ile difficul-try is d i s c o v e ~ ~  
acts that, al&ou& rare enough to deceive, are repeated 
enough not to be merely chance. Xe must be m e  &at the 
more intelligent a species is, the fewer h e s  a padcular 
f o m  of deception can. be repeated without it be& detected 
as a Uljick. It fouows, &mefore, that it might be harder to 
find convincing, repeatable evidence of deceptive behaviour 
in species &at are more lkely to use higher cog~Cion to 
deceive, 

ho&ez; sbdar  example of "crying wolf' has been seen 
in the Arceic fox, h addt fox. managed to steal a piece 
of food from a young one by issuing w a r ~ n g  calls, on 
which s i p d  the yomg fox dropped the morriel and ran 
off into the rocks, The adult then ate mhe food. This was 
repeared sever& Cirnes on different days. 

Nor are such examples conlitned to 
Mum has obsemed what: he describes a 
iour in mu species of flycacbing birds (the bluish-slate 
antsh&e and the w~te-winged sh&e tanger) that he has 
sn~died for several years in the h a z m  rainforest. These 
birds tea$ flocks of ed species as h e y  move &rough 
rhe raidoresr: canapy, a c ~ g  as sentinds by ghing alam 
calls when bird-eating hau.ks are in their vicinity. In remn, 
they feed on insects flushed out by the foraging of the rest 
of the flock. When an insect has been flushed out by a 
bird of the other species, the sentinel species joins in the 
chase to catch it. hltum has obsemed that, d u ~ n g  the chase, 
these sentinels use the predator alarm call. He believes ha t  
they use it falsely to distract the other bird, even though 
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ody sligh*, hereby gahhg an advanmge for capmfing 
tfie prey, The 'falsehalls were ~ v e n  in the absence of a 
hawk and d u ~ n g  chases, not when on sen..finel du@. It is 
possible, however, &at the bkds e ~ t  atam calls when rkey 
are higMy aroused, either on seeing a predator or d u k g  
the food chase. That is, &et al calls may be shply a 
read-out of the state of arousal not intentional decep- 
 on. hespectjve of the causation, the outcome for the 
aycatcher would be the same, an. advantage in obtairzhg 
food, But one inte~retaeion involves cogheion, whereas the 
o ~ e r  does not. 

As evidence against the interpretarion that the bird is 
shply e m i ~ n g  the slam call as an outcome of behg kgMy 
aroused, Mmn reports &at the calls are no 
when the bkds are searchg fos prey alone. 
&is evidence is not eanclusive because it is 
&at the bird% state of arousal is higher d e n g  compe6hve 
chases than when it is foraghg alone, By measurhg heart 
rate or oher physiological responses to stlress the answer 
to this ~ g h t  be dete ned, but this would be very diffidt 
to do in wild species, and it has not yet been done, 

I have menhoned previously the rooster" use of the 
food call to amact a hen. Gyger and Mader have presented 
some evidence, ailaough not comprehensive enough, that 
indcates that the rooster is m ely to use this tactic 
of decep.ciion when the ben is away, Accordkg to 
.these researchers, virhen food is acmdy present, the rooster 
is more likely to give a food call when a hen is nearby, 
reporting honesrly to his audience &at food is present, 
When food is absent and the rooster gi food cstll to 
deceive, the hen. is more l&ety to be away. "Ilfie 
reason for rh is  might be &at chealing will have a suecessEuX 
outcome sdy if the lie is not detected, If the hen were 
close by, she would be more likely to see that no food is 
present and rberefore not approach. Mareover, cheaters 
mi@r even be punished or, at least, ignored. We h o w  
from the experiments of PovineUi and colleagues, discussed 
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previausly, that chimpamees can learn to ignore a cheater. 
I suspect &at this a b i l i ~  occurs in many oher species, 

Sornehes anhals remain silent in candir.ions in wkch 
they would usually emit calls. For example, many species 
of birds and rna als have been sbsesved to emit food 
calls when a source of food has been discovered, and &us 
oher members of the species ga&er in the same spot to 
feed. In some species, there are aecasions when an in&- 
viduat does not call on fmding food. Xs this intenfonal 
deceprion, gerfomed t the food does not have to be 
shared, ar has the a. fa2ed to calf far some other 
reason, such as not g pahcularly h m m  or not 
prefeming the type of food found? It is difficult to el 
the altema~ve explanafions for wimalding infoma 
h often cited case of decep~orr is the "broken-wing 

display' of the sound-neshg plover. When a hawk flies 
overhead, the neshg plo~cler runs away f a m  her nest 
clraggng one wing in a dramaric display f&gning hjq, 
This disaaets the hawvs attention from the nest, as the 
predator is more aely to amck an irmjured bird. As soon 
as the predator swoops down, the plover flies away. Some 
a r p e  &at this is inteneional decepfon, whereas o&ers 
prefer to desc~be the behaviour as an unconscious response 
given to the signal %awk near nest". There are more detags 
to cornider. To make the displaiy the plover moves to a 
locadon close to where the predator is moving rather &an 
where it was first sighted. m g e  carryixzg out The broken- 
wing &splay, the plover also looks around to manitor the 
predator" bbeaviotlr and varies the pattern of the display 
to amact the predator. If the predator is not paying 
a~en.tion, the glover may approach and display more 
intenfly. Thus, the behaviour is not fixed ar invariant, 
sugges~ng that the behaviour is not a totally automatic 
res 

" red by the sight of a predator. Moreover, in 
m using hmans as paten;fial predators, plovers 
learnt the individual charactesisrics of humans who had 
looked at the nest when approaching and they displayed 
more to them &an to humans who had walked past without 



looking at tke nest, The beha.u.rour is by no means simple 
but it codd be programmed by a set of rules. T"he plover's 
behaviour is defmitely very clever but we cannot tell whe.r;her 
it involves higher cog~rtion or is governed by a relatively 
simple set of d e s .  We ~ g h t  note, however, that the plover 
appears to be able to fofEow fhe eye gaze of the predator, 
because it displays more when a human predator looks at 
the nest, AS discussed previously, in humans and o&er 
prhates such eye-gaze following is considered to indicate 
self-awareness. 

There are many anecdotal repofls of deception in 
primates. Xn their Ftdd smdies witf"l baboons, Rchard Byme 
and h d r e w  Whiten have observed deceptive tac~cs used 
to obtain food from a dominant anhal. A yomg baboon 
came across an adult about to eat a corm &at he had dug 
from &c gourrd, an ac~vir;y that the young one may nor 
have been able to do itself, The young one screamed loudly 
and its m o ~ e r  came m g aggessively towards the adult 
with the cam,  He dropped the c a m  and ran off with .the: 
moffier in hot pursuit, and the yomg one proceeded to eat 
the corm. The researchers said &at &ere was no doubt 
that the mother befieved &at her offspring had k e n  hurt. 
This may be so, but it is difficuft to b o w  whehet. the 
young one actually used the scream deceptively. It might 
have screamed in fmsmtisn and the outcome may have 
been fornitas. The researchers did say that the same 
individual was observed to use t h i s  tacde three h e s  in 
several weeks, which might suggest intentionally but does 
not prove it. 

'There are many morc: examples in the scien~fic liter- 
ature and more are sure to be added now that deception 
has become a much discussed topic. My opinion is that 
we do not yet have sufficient evidence that would prove 
that any of these acts are imeacionaf deceplion based an 
cognilion. Higher menml processes may, indeed, be neces- 
sary far s m e  of the examplcs &at I have discussed; the 
problem is where to draw the fine. We are inclined to 
accept chat deceprive acts performed by pxtimates involve 



coeition, and are inten&orral, but; I would arwe &at the 
same may also be the case for some of the decep~ve 
behaTaiour of birds and of other naxrp~mate 
his book The Thinki;12g Ape %chard Byme 
comidve decepdon is largely codned to 
a w ~  &at domesfic cats and dogs use decepdon frequendy 
but he tbi&s that this results from ~ e i r  interaceion with 
humans. Repofis of deception in wild nonprimate rna 
are rare* X wauld like to suggest &at this apparent rafiw 
may be shply a bias inwoduced by the main 
researchers w o r h g  in tbe field. Given &at g 
closer to humam, field workers ~ g h t  be m 
bo& to look for decep.t.ive behavioum and to nodce &em 
when they do occur because they are more stm3ar to the 
End af taceics that we might use owselves. h o&er words, 
the hplied evolu~on of decepeion, and wirh it intefigence, 
in B p e "  cctah may 

The d i f f i cd~  irr e any of .tkrese repofis of 
decepe-ion as evidence and awareness of orbers 
is that, d&augb behavioural acts of decepgo 
rarely to deceive, deceptcion itself is not unc 
in lower species of anhals. Many brighdy 
pattemd insects, for exmple butterflies and caterpillars, 
~~c the appearance of poisonous rdatcives so that they. 
can ward off predators (birds) even &ough &ey are not 
&ernselves poisonous, 'This is dcceprive 
ously it does nor involve cognition. To make the disdnclian 
b e ~ e e n  this knd of decep~ve nnihcmy. and deception ha t  
uses social manipulaltion, the .tern cacticat demption is used 
to refer to cbe latter, Again, h e r e  does one draw the line 
bemeexl one kind of decept-_ion and ana&er? 

Ofher species may use vocal mhicry deceptively to ward 
off predators or intruders encroaching upon their tenitory. 
Vocal rnixnicry uses brain mechanisms but maybe nor 
comiticiun, since cogniaion requires higher processes that 
are not axrtomadc, f: do not wish to imply that vocal 
is not cognitive or that it is not intentional decepdon but I 
do wish to stress that, as yet, we do not how.  The issue at 
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smke may be not the a b a q  to e but when and haw to 
do it. Is it used creatively and di tfy h different conteas, 
or is it merely the sound equkdent: of the visual 
bu~eraies, @ven off autornaticaay just as the bighdy coil- 
oured bu~ed ie s  ward off predatom? At present, we have no 
mswers, X will discuss this Izu&er h chapter 6,  

htentionality is p h f i n g  ahead, anbcipa~ng the fumre. 
ately, anoher ambipous tern. 

Behaviow may appear to be hte  
planned purpose but the a ~ m a l  
need rzot be conscious of the pl 

als will go out in search of food at only those h e s  
of the day when. it is avaitable. Some species of bats, for 
example, wake up at dusk and go to catch irzsects, and 
they do this at a set time, At the h e  &at they are 
awake~ng, they may have no fihoughts of any plan to search 
for insects. They may shply wake accordkg to an lixzternal 
dock (refened to as a biolo@cd clock) and tfien go to feed 
automa~caEy, If so, their behaviow may appear to be 
inten~ond, but no awareness or consciousness mderlies it. 
They may shply be behaeng like c l o c b ~ r k ~  as Descafles 
daimed. Of cowse, the bats m y  be conscious of their 
inten~ons but mere obsewa~on of their behaviour will not 
tell us hat. 

As I have just discussed, reacKng and decep~on appear 
to the obsewer as intenhand beha~ours, but this obser- 
vadon atone carnot prove that they are conscious behaviows. 
There has to be a plan to change another" bbeaviom or to 
~ c k  it purpasehHy. That is, we rniQht say &at the teacher 
or deceiver must have a %isionkof ttze fume. 

Maliinl;r a roal to be used for abtaining food may require 
plaming ahead, but. not necessarily. C h p a m e e s  and 
orang-mm are hown to Fashion tools for terPnite %shingY 
(tool using will be discussed h d e r  in c 
they are fashio~ng the tools, are &ese a 
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the use to which &ey will put the tool? My in~rieian teUs 
me that they are, but merely observing &em engaged in 
this behaviour does not provide an arrswer to this ques~on, 
Many species of rodents and birds store food in spring for 
fumre use in cke winter. This seems like pre-eminent 
planning for a purpose but it may simply be unconscious 
behaviow ~ g g e r e d  by a biological clock, If I had to guess, 
f would be inclined to say &at most examples of food 
storage may not involve conscious interrtion, but that 
ma%ng a tool for a specific purpose may well be conscious, 
Unfomnately, here is no evidence &at alows me to h o w  
wt-rich of my supposi~ons is correct. 

Hun.ting by sral%ng grey may, perhaps, involve inten- 
tional p l a ~ r z g  ahead. It requires an~cipat_ion and p l a ~ x l g  
to intercept the prey. h h a l s  ckat can predict the behaviour 
of their prey more accurately will be more efficient huters. 
The abii1il.y t s  ~ n d - r e a d  anoher species is required to . . 

se hun~ng  success. Dependhg on the species, this 
might be a more diffidt task than reading the minds of 
members of one's sown species. Awareness of other members 
of one" own species may be a direct extension of self- 
awareness.. Awareness of the mental state of another species 
requires at rhe very least a ~rslnslation af that abilic~i to deal 
with the pec&arjties of the orher species, Of course, it may 
be possible to design a sophisricated maehine that can h n t  
dawn cefiain species, but the htent observation of the prey 
and momerrt-to-moment adjusment of behaviour seen, for 
example, in lions huaring down zebra that they have singled 
out from llhc pack is complex behaviour that does not 
appear to be automatic. Perhaps it could be described by 
eeaain mjes and perhaps the hunters foDow these uneon- 
sciously, but I do not happen to believe that this is the 
case.. This is nrty belief2 others are en~ded to &eh% 

For species that hunt in packs (e.g. dogs and even 
chimpanzees), efficient hunting requires group co-operation 
and it may require mind-reading of the group members as 
well as of The prey. This is an exwemely complex prctwss. 
When chimpamees set out to hunt down anozher p 
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to kill it for food, ~ e y  appear to be doing so ~h ktent. 
They use inregraced strateg-ies to corner their prey that 
cannot be completely preprogra These s~ategies are 
certaidy clever, if not cansciou same appears to he 
the case in wad dogs, who stalk and their prey in 
groups. These highly social behaviours appear to be planned 
ahead (i.e. intendanal) and we wodd defktely say that 
they were so were we obsewing the same behaviour in 
humans. To prove that it is rhe case in a ~ m a l s  is far from 
shple. Again the problem of tanwage intervenes: we can 
ask humans about their iixlten-t_ions but &is channel of 
understanding mental processes is not avaifabie for a 
I have no hesi~don in saykg that group hundng looks like 
it hvolves conscious, inten~onal behaviom but, m f ~ m -  
nately, that does not prove &at it does. However, it is not 
plausible to aacount for soplzisdeated and flegbte behaviour 
in terns of s~mtalus-response relationships carried out an 
a moment-to-moment basis. Some of the acdons of bo& 
humans and arrimals in these sima~iions might occur as a 
result of rapid decisions without figher, conscious processes 
(e.g. accorhg to simple rules, such. as do B if A happens, 
and so on) but decisions about: what, where and when to 
hunt and how to solicit and matnt-ain group cohesion for 
the hunt are l&ety to involve higher mental processes and, 
probably, comciousness, 

I began this chapter eussing feehng in and 
said &at it is now nly accepted &at can 
feel physical pain in on them. Provided that it is 
w i ~ i n  the capaciq of a species for individuals to empathise 
wi& each oher, a given individual may 
anotliler's suffering, Thus, provided &at: a are aware 
af the physical, emo~onal and mind smks 
it is passible for one a al to suffer because it observes 
pain being idieted on. anoher a ~ m a l .  The suffe~xlrg in 
this case would be emoeional ra&er than physical pain. 



Most s c i e n ~ s ~  war- in hborato~es take little or no 
account of this possibig~. I have often seen biochefists 
and newosc ien~s~  M h g  rats while sheis cagemates watch. 
It may aho be ttze case &at individuals are aware of the 
emotional s@tes of ohelrs. That is, one h&viduaf, ma;y 
suffer by bekg aware that anottzer hditi-idual is suffe~ng 
in ways orher than physical pain. There will be more 
discussion of this in chapter 7. 

There may be no single behaviour, yet, hown, that 
concf,usively proves that at the least some a 
sdf-awareness or awareness af others, have htenrianality or 
can amibute mental states to ohers, but oweran we have 
indications &at &is is the case. 



Some years ago I had a blkd dog, She anived from 
England at my house in Auswalia Elfready blind and the 
fist obstacle she had to nego~ate was a fight of stairs 
leadhg up from the from door. She learnt to make her 
way up 'ehe stairs by mna3ing her snout across the ~ d h  
of each stair before stepping on it. This became a corn- 
gletely srcyfised or stereo~ped behaviow. One day, however, 
she stood at rhe b o ~ o m  of the stairs, not f o u o ~ n g  as I 
called from the top, and she remained &ere mo~odess, as 
if ca2culadng sornehing. Then she suddedy took off up 
the stairs at a rapid pace with her head held Cgh, wi&out 
measu~ng each step that she took. From that h e  on she 
always used this new sea tee  to c l h b  those stairs, altfcIotxgh 
the measut-Ing approach was used to negoriate oher unfa- 
miliar stairs. On that day when she changed h e  saratea 
she had gained insight into the problem, Insight is a f o m  
of problem solving that has been associated vvitb higher 
intelligence, and it was once &ought to be ~ q u e  to 
humans. It is an aspect of intelligence and &us, h mm, 
it has been associated with awareness or consciousness, 

A number of behavioms or cog~rive ab~Ges related to 
inteBigence have been associated with awareness and con- 
sciousness. h addirion to problem solving and insi&t, these 
are versa&i~, the abiliq to categorise objecrts and evems, 
the ab%v to fom concepB or d e s  and the a b i l i ~  to farm 
menal representaltions of objects and evens. Some of ehese 



ab%.ties are related to each ofher and all of them re@ on 
al% sbilify to f o m  meano~es, 1 will discuss each 

in turn. 

d with the abiliw for complex cognition is said to 
be intelligent. In chapter 1 it was mentioned that cognition 
and inteagence shodd not be confused. Gognirion refers 
to &ose processes in the brain that use higher infoma~on 
processhg. M ~ o u g h  eog~hon  and intelligence are liked, 
it might be h e ~ e r  to resewe use of the tern 'iinrelligent-o 
refer to the behavhur that is generated by frigher cogni~ve 
processes, and &us dshneish it from the tern eog&rion. 
1x1 other words, complex c o g ~ i o n  gives rise to inteuigent 
behaviour. In solving a complex. problem, lior example, 
cognifive processes vvol-rld be involved in finding the solu- 
tion, and the behaviom that occurs as a result of solving 
the prabkm. would be htelligent, 

But, what do we really mean by ilnteuigent behaviour! 
Not all behaviour &at appears to be inteaigent to the 
absemes uses highm copitlion, himals, including hmans,  
may exhibit such beha~our without it being a reflec~on of 
rheir inreitigence. One might c& this clever behavisur racher 
&an in~fiigent behaviour. 

Having made this distindm beween intenigence and 
cognition, I must point out h a t  the terms are not always 
used in this way, Many people use the tern Ynteuigent-to 
desersibe an. individual rarher &an a padcular behaviour. If 
m individual is kxefligent" how does this show in his or 
her behaviolxr? At &is stage we have reached a major 
conaoversy. Psychologists uy to narrow down h m a n  
intelligence by measuring the Intelligence Quotient (IQ) of 
individuals, me re  are a number of IQ tests, all of wzch 
are in the quesrion, and answer format. IQ, however, may 
have little bearing on probkm. solving or 'intelligence?in 
the world at large, There arc, in fact, sufficient problems 
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with measuring inrelligence in humans to make us ex~emely 
wav of applying the tern to animals, 

fn most pub1lical;ions about als the tern inteuigence 
is used interchangeably with c n. In fact, both terns 
are used h such a way that their meaning remains rather 
vape. I have to make it quite clear &at, alhough the tern 
inteuigeace is often used with reference to arrimals, and is 
so used in this book, there is no accepted, precise defini~on 
for it, Like consciousness it is a tern that carnot be defined 
in a unitary way, It would be pahdess to come up with 
some batiery of tests that ~ @ t  aEempt to measure in 

als the eq~valerrt of IQ in hmans because a 
species vary so much in heir senses, heir manner of 
processing infornabon, and so on. We do, however, rec- 
ognise h a t  an animal with a greater cog~dve  capaciw is 
more l&ely to display ixtreuigeslt behavl.o.ur and more l&ely 
to have consciousness  an one with a smaller cog~dve  
cagaciw . 

When r e f e r ~ g  to hwaas,  usually we apply the single 
tern 5nteEgenceVa a dkerse set of ac~viides &at we 
assme are coneouedt by a common set of cogiGve 
processes, There is, In fact, no evidence &at this is the 
case* Fudemare ,  there is no ewidence that different species 
use the same cognitive processes to taw out s W a r  qpes 
of behaviour. 

As a geaeraf mlc, we consider anhals that are more 
like us as being more inrelligent, but it is impoaant to 
recog~se .chat each species is adapted tu its parlicular 
envkonmentd niche and pedoms 'intelligt.ndy3 inthat 
niche. If we think of intelligence in this way, it is pointless 
to classify one species as more inteuigcnt than anoher. This 
seems a reasonable posi-tion to take, One could say that 
there are many different 'intelligences', rather than ranking 
all species on &c same scde of intelligence. Some species 
that may appear to be less intelligent than others when they 
are all rested on the same, rather arbi~arily chosen task 
(e.g. going around a banier to reach some~ing on the 
other side) may perfom very "intelligently' an tasks better 



suited to &eir own specialised ab2i~es. It wodd be beaer 
to see hteEgence in tems of the e n ~ r e  repenoire of the 
behaviour of a species and in the abiliry of the species to 
establish new rdationships and m solve novel sima~ons but, 
udomnately, we have liae idomahon about the bread& 
of the potedal behavioural repertoire of maay species, 

To move from intelligence to consciousness, it is 
assumed that consciousness comes about only when a 
ceaain level of intelligence is reached, that is, when a certain 
level of cog~tive complexity is reached. Not all species can 
be conscious, or conscious in the same way, even though 
evev one may be pedecdy adapted to p e ~ o r m  integigendy 
in its own niche. The issue then is when and in what 
species did cogfi~ve complexji~ or hteuigence reach a level 
at wkch consciousness could emerge! 

The marter is complex because, by and large, increasing 
complegv is seen as followkg a linear or hierarchical path, 
As animals evolved their brains and their behaviour may 
have become more complex, but evslueon has not occuned 
exacdy in a linear fashion. The evoIutianary tree has 
branches at which one line branched from another, For 
example, repeles evolved from amphibians and both bkds 

als from rep~les. We see Ihe mammalian. h e  
as the m& of the tree, because evenmafly it led 

to humans, and birds as bekg an. a side branch of the m&, 
Bkds went along their own separate path of evalu~on and, 
as we shal see later, they developed cogni~ve 
and intelligence of a b d  &fferent from that of 
Instead of seeing the branrshes of the tree of evolu~on as 
lesser &an the &ese days some of us prefer to refer 
to an evoluGamf5r vine, rather than a tree, in order to 
recodse the &fferences beween species but nor to place 
-them in. a hierarchy. Differem ?intell_igenees%ave arisen, on 
different branches of the vine, many ~ m e s  over. 

Has cmsc;.iattsness asisen once only s r  more than once 
on &Eerem branches of the evolu~omq vine? Birds, for 
example, with their different complex cognitive capacities 
may have evolved consciousness quite independently of 
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als. Xf so, would &eir consciousness be the same as 
als or quite different? Like inteilligence, 

consciousness might: differ according to the species and its 
environmental niche, As with intelligence, we fight overlook 
aose foms of consciousness that are too different from 
our own. 

X have raised rhese paints only to show &at this "kg" 
we call consciousness, like the " h g h e  call intelligence, 
is udikely to be uniary or fixed. There may be ceflain. 
enviroments that are mare likely &an others to bfing out 
inteltigence and consciousness of a cenain kind, According 
to Mison Jolly of Rockfeuer U~versiv ,  USA, and Nicholas 
Humphrey of Cambfidge U~versify, USA, the greater 
intelligence of higher prhates evolved ta deal with the 
problems of social life, It would be only in social life (be 
&is social life wiain the same species or b e ~ e e n  species) 
that decepdon could occur and tke abiiiw to predict the 
behaviour of olhers would be pa~crxlarly beneficial (see 
chapter 2). Thus, social inteuigence, and consciousness, 

be used for social marriprxla~on. Humpbrey argues 
that social intdfigence is used also far shared howledge of 
the habitat and of techniques used for findjng food, building 
nests, and so on, and for transmission of learnt infarmadon 
(culwe), He says that, wih increasing b e  spent on social 
aclivirjes, the members of a species have less lime ta spend 
on orher subsistence, nonsocial behaviours. 'They must 
therefore become more eEcient in pedarming &ese latter 
activities, and this adds to the htellecmal demand, Wi& 
social and nonsocial demands for incrrased intelligence, a 
saovvbding effect occms and the e w h ~ o n  af intelligence 
gets exaa impetus. Mthou& intefesting, this hypo&esis is 
not watertight. 

Social complexity might well provide a powerful 
demand for intelligence and, evenmally, consciousness but, 
based on the research that my colleague Gisela Kaplan and 
I have done ant orang-utans, I do not think his  is a 
complete explana~on. Qraag-mans are sol i~ry apes com- 
pared with chimpanzees and goriflas but rhey are not less 



inteKgerm. There is a saying that, if you give a screw&ver 
pamee, it will ~ o w  it out of the cage; 

give it to a gor21a and it .rill scratch itself; give it to an 
orang-utan and it wal use it to unscrew the cage and escape. 
Cefiaidy, in tasks requiring any f o m  of maxlipula-rion 
orang-utans excel. This might be merely anecdaal evidence 
but et.en Hmphrey has remarked that orang-utans do not 
f5t his hypo&esis. Higher inteuigence ~ g h t  be demanded 
by envkoments that r e q ~ e  much decision makrrg and 
f e a ~ n g  of the sMls for susvival. It has been suggested that 
wild orang-utans use a large amount of rheir cogni~ve 
capaciq to negadate their way &rough the canopy. Wi& 
such heaw bodies they must be canstandy assessing w%ch 
boughs can support their weight, rand an accurate decision. 
on &is maser would depend on much learnhg about the 
strenm and subdeness of boughs. Thus, life style, social 
s r  a&emise, may demand inteUigence and perhaps con- 
sciousness too. 

Versaairy is an aspect of intelligence. Biologists tend to use 
the tern adap&bil;ity to mean the same thing as versatili~, 
Some species are specialists, able to live in a narrow range 
of con&~ons and eat a narrow range of food, whereas 
olhers are more adaptable, being capable of adapting ta 
many diBerent conditions and food types. Humans are 
highly adaptable as we have spread to a d r icude  of 
different enviroments in all parts of the world, but so too 
hwe many insects, such as cockraachcs. Adaptabilit~i does 
not necessarif-y have an g -to do with intelligence, but 
intdigence may assist sarne ferns of behavioural adapmbil- 
ity, Wmms have managed to ihabit  i&ospitable regions 
of the earth by using their ktelligence to consmct shelters, 
make clo&es, obtain food, and so on, Here our m e n ~ l  
abilides have pemined verszl&i@ or adap-tacion. 

Adaptability is a concept that is only tenuously related 
to intelligence, but it is a tern that has come into greater use 



in relarion to arrifrcial intelligence as well as the imlIigence 
of anlmals, Hence the need to discuss it here, AdaptabiXiv 
may be a characterisrjc applied to an individual or the 
individuals wiehin a species. Gsella Kaplan (of the Universiq 
of New England) and I have been inclined to say that the 
incelligencc: of orang-mns is manifested in their abiti~y to 
adapt to clifferent enviroments, kis discussed in chapter 2, 
orang-utans in rehabilitarion centres adapt to interac~ons 
with b a n s  by using their tools and idtaring their behavi- 
our, This is well hewn to labourers vvorgng in rehabifita~on 
cenaes for orang-utans; as menrioned previously the orang- 
utans m y  %help' by takng the shovel to dig the garden, and 
the paint-brush to pdnt the walls, the floor and perhaps thc; 
roof, and they take the saw to aaempt to lrrutate sawing 
wood. 

Adaptabaity applies to Individuals &at can sohe cam- 
pXex problems and may be able to plan ahead. Adaptabgiw 
is also appfied to the evolu~on of a species as it adapts to 
a chandng envko enr, Some scienrists, such as jonahan 
Schull of the deparmem of Psycholo~ at Havedord 
College, USA, say that this means that species are 'ineefi- 
gent'. He suggests that biologicd species and intelligent 

als have much in CO on in &eir a b s ~ e s  to adapt 
to their respective enviroments and in how they interact 
with oher species or indiividuals, respee~vefy. In this sense 
all species from ants to apes are %nteEgen.t\s long as they 
are adapted to their enviroment, This very broad use of 
the tern 3nteagenceYs en~rely sqarate from intelligence 
generated by hi&er copiive processes, It is,  eref fore, not 
useful in our discussions of intelligence related to cmplex 
cog~rion and consciousness, but it is important to keep it 
in mhd. 

The ab2itrgi to solve problems is considered to be an aspea 
of inrelligence in both humans and animals. There are mny 
ways to solve problems, The shplest one is by trial and 
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error, in which evev possible srcsatea is ~ e d  at random 
and the soludon. to the problem is found by chance. This 
approach does not necessarily requke ~ g h e r  c o g ~ ~ v e  
processes, al&ough they may be involved, The mast soplzjs- 
-ficated way of solvhg a problem is to use insight, In this 
ease the subject hi& about the problem and uses prior 
howledge of a different situa~on, to come to a solu~on 
wifiout wing out any oher ways of deaIing with the 
problem, m e n  we have such an insight, we say that the 
solu~an. kame h a flashbaxzd we feel a sense of pleasure 
(somebmes refemed to as an, 'ah ha-feeling). 

Some people fi* h a t  iinsight is one of the kpoaant  
characteri_sdcs that separates humans b r n  other ri~mals. Et 
is difficxaft to design expe ents that would prove beyond 
doubt &at an a is not, capable of insight: but 
1: beGeve that many resewchers ratker too hasGly assme 
that problem solving by an_imals is imitabon, ra&er &arm 
hsight It is true that &ere are vem few repolrted examples 
that might kdicate insigkrt in. axzbals, but we should 
remember &at irzsight is c d to be an aspect of 
learning and the field of in axllhals has been 
dominated by " e a ~ n l ;  
psychologists study the kind of iearaing &at results when 
a pal-cicular response is rewarded (c,g, by gving a food 
reward) or punished (e.g. by applying an elec~ic shock). 
Far elrample, a rat can be ~a ined  to press a bar when a 
light comes on by rewarding it with a pe1let of Eood each 
rime it presses the bar. At first, it presses the bar simply 
because it is sorne.ch.ing to da and it does not h a w  that: 
it is associated wi& food but? after many eririls (of pressing 
the bar and bkng rewarded with food), it will learn to 
associate bar pressing with hod, This is cstled condihoned 
learning. The same sort of uaining procedures are used 

ainers: in this case the a ~ m a l  is 
ng a particular antic. Other sorts of 

learning that do not require any obvious reward or pun- 
ishment have been largely ignored by experimental 
psychologists. Another example of learning with no obvious 
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reward is i m p r i a ~ g ,  a powerful form of learning by young 
chicks and ducks, as well as by other species that are barn 
in a relatively advanced state of development. By t!ae process 
of irnprinring they learn to recognise their morber and so 
foflow her. Imprineiag learning has been largely ignored by 
experixnenai psychologis@ but not by ehologists, who 
recogflise it as a special f o m  of learning essential for 
sunrival of the species. hsight learning$ Xike impheng, is 
e a ~ e b  out wi&out food reward or punishment and it 
requires contemplation that may not be encouraged by most 
laboratory t e s ~ g  simadons. 

'X'here are some repofled examples of insigh learning 
te desc~bes the fouovving sequence suggest- 

ing insight in a young orang-awn. The orilng-ultan was 
given a tong rod which codd be insefled into a aansparent 
plas.ric tube to reach a sweet and push it out. The 
orang-utan h e w  what: tlhe sweet; was but he did not h o w  
how to use the rod as a tool to obtain it, At first he bit 
the tube and tried unsuccessfdy to insert: the tool. He then 
moved away and sat dam,  apparendy in fmsr-ratian as he 
began to gerfom stereofyped (repe.ri~sus) behaviours with 
the tool and bladet. Then. he glanced back at the tube 
and, apparenfly, at &is moment the insight came to him, 
He got up, waked over to the mbe earwing the rod, 
insened it into the tube and obtained the sweet. M ~ o u g h  
he was, of coune, rewarded by eaeng the sweet, this was 
ody at the end of the sequence and his solutim to the 
problem did nor have to be condi.rioned by @ving him lots 
of rewards during the learnhg of the task, Instead, the 
problem appeared to be solved in a Bash of insight. 

Experience of playing with objects may provide the 
basis for insight. A c~mpamee  that has played with boxes 
of various sizes is more l&ely to show insight in sacking 
the boxes, smaller ones on top af the larger ones, to make 
a tower to e h b  up so 'that it can reach a bunch. of bananas 
Eran&n.g from the roof of its cage, 

h o & e r  possible example of ixlsi&t learnkg may have 
i~tiated the washing of sweet IpoQtoes in, the sea by 



Japanese macawe mo&eys, which they do before they eat 
t%lem. On the island of Koshima the macaws  are fed by 
people who dump sweet potatoes, wheat and o&er hod 
scuffs on the sand. Many years ago ehe scienlists worGng 
with these macaques noticed that one of &em was raking 
her potatoes .ts the water and washing the sand off before 
she ate Chem, En time, olher members of the m o p  adopted 
the same behaviour, eieher because hey h h t e d  the first 
nrrodey or because they discovered the b&avitiour inde- 
pendenay, Here we are interested in the f ~ s t  mo&ey9s 
discovery of wasKng potatoes. If she came across it by 
chance, shply because she happened to go into the water 
when she had a potato in her hand and &en dropped it, 
the acquisition of this new behaviour woufd not refieet any 
remarkable a b g i ~  to solve the problem of removing &e 
sand f"rom the food. If2 howevers she h e w  that water codd 
be used to wash. &inns or pafis of her body and then she 
applied this howledge to the potato problem, she would 
have used insight. Witkout detailed observat-ion of the ini~al. 
pedommance of t h i s  interesting behaviour, 1 am afraid we 
camot decide wEch af ~ e s e  explanatrioxzs is more &ely. 
But we do h o w  that Xater the same mo&ey began to wash 
wheat in. the water and that: this practice also spread ~ o u g h  
the tsroop, This second discovery ~ g h t  suggest that this 
pahcular nnokey has supexlior insigh abdiw, because it is 
ud&eXy &at: the same mo&ey woccld haw learnt mice by 
chance, unless she bats some o&er peculiariv of behaviour 
which, say, takes her to the water mare often. &an. the 
alher mo&eys in the troop. However, a tkird of h e  @oop 
of mo&eys were also going to the water to wash &eir 
potatoes by the time wheat washing was discovered by only 
one modey, and &at was the same one that had discovered 
potato washing, 

In an. aEerrzpt to observe the processes of l e a r~ng  that 
may lead prhates to wash fhek food, Elisaberta tiisalbcrg~ 
of rhe Ins~mto & Psicolagist in Rome, Italy, and DorotJlly 
Fragaszy af the University of Georgia, USA, gave sand- 
covered food to groups of capuehins  sou^ American 
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mokeys) and crab-eating macaques, These modeys had 
water in eheir enclosures and the macaques were used to 
standhg and playing in it, The capuchhs were more hesitant 
about the water at first but later they played in it. Most of 
the macaques soon learnt to wash their sandy food before 
eadng it but it appeared ehat they learnt to do so ra-t%ler by 
accident as they took food with &em when they ran to the 
water to play. The capuchins behaved differendy. At first 
they sampled the sandy food and, finding it distastefd, .tried 
to rub off the sand, Vev soon (k&in the fist six 
one of the capucfins began ta wash the food in water before 
eating it and the researchers said &at he appeared to do 
this "deberately" He would take a piece sf sandy fmit from 
a basin, go to the water to wash i& eat the fmit: and then 
repeat the sequence, He also inspected each piece of fmit 
after it had been dtrked in the water and washed it agah if 
alE of the sand had not been removed. It is ra&er d & e l y  
for this behaviour to have appeal-ed purely by chance. hsight 
leardng for a deliberate p q o s e  seems more likely, The o&er 
four eapuchins in the same group acquired the behaviour 
later on and thus it is unlikely that they did sa by insight. 
They may have ~ t a t e d  the fist capuchin" behaviour, but 
a repeat experiment on a larger goup of capuchins found 
that only same of the subjects learnt to wash ~ e i r  food, 
Depending on the social group and past experience of the 
mhals,  food washing may spread at different rates &rough. 
the group, Regardless of this, in both groups of capuchins 
there was one individual or a few individuals who ra&er 
rapidly showed the behaviour af washing the food, and these 
few may have acquired the behaviour by use of insight with 
a plan in mind, The crab-eating macaques, on the other 
hand, rnay have acquired the same behauiom by the chance 
association of food and water in play. But, given that 
laboratory living and other social factors in the group 
rnay intluence the behaviour, I would be reluctant: to say chat 
these differences are charactelristic aE the species and I would 
be equally reluctant to apply these results to the potato 
washing of the wild Japanese macaques, Neve&eless, these 



observations do point out rhe varie~ry of ways in which 
modeys can learn and the compleifies involved in ixlterpre- 
&g exacdy what processes are going on. 

Now P would like to consider some other forms of 
learning &at show how clever a als can be, 1 have 
meneioned how rats can be con$ieioned to press at bar for 
a food reward. Using a shilar procedure, pigeons can. be 
eained to peck a key h r  a food reward. Pisons can also 
be tsained to peck at a key with a pardcular colour and 
avoid one of a n o ~ e r  colour (e.g. peck a red k y  for a food 
reward and avoid a green key, because pecks at geen are 
either not rewarded or are punished), and they can be 
~ a k e d  to peck at a key that has a parrieular parrern 
displayed on it and avoid one with another paEttern. They 
can. also be &ained vr~i& three keys, eaeh with a paftem 
displayed on it. m e  cenwe key provides no reward ar 
pu~shment if it is pecked, and on, it is a paftern &at is 
marched by a paEerrz on one of the side keys. The key on 
tfie orber side has a different paaem an it, The pigeon has 
to feam to peck the side key with the ma tchg  paEem to 
get a food reward, The side key on wfich the matching 
pattern occurs is changed randomly beween the left and 
right sides on eaeh peeking trial so that they pigeon. does 
not learn. sbply to peck zlhe key on, say, the left ratber 
&an the parrem. This is hown as a matching-to-sample 
task, Once tsained in this way, the pigeon can be tested 
h r  its ab i f i~  to solve a v a ~ e ~  of problem, It mrns out 
that pigeons are remarkably good at solving very camplex 
problems ushg these visual displays on the k y s .  

Using this metlhod, Juan Delius of the Univemiq of 
Boehum, Germany, has shown that pigeons have an 
astounding abgity to perform rnentnl rotation problems of 
the type included in hrelligence tests for humans, The 
pigeons were first trained to match-to-sample an abswact 
shape presented on the central key (Fig. 3.1). One of the 
rest paMems was identical to the sample and the other was 
its minor-hage, Pecks at the matching sfimdus were 
rewarded with food, whereas pecks at the mirror-hage were 
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Fig. 3.1 A pigeon has an excellent ability to recognise symbols 
rotated at different angles. The pigeon has to peck the key (left or 
right) that matches the pattern displayed on the central key The 
problem is similar to the standard ratation problem (at the bottsm af 
the figure) of an intelligence test for humans Source: Adapted from 
Delius, 198'7, 
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pu~shed  by a brief period of darhess, In e a i ~ n g ,  several 
different shapes were presented all at the same angje of 
orientation. In testing, the pigeons were presented vvi& 
shapes rotated at various an@es rela~ve to the sample. n e y  
were able to perfom the task just as accurately and as 
rapidy as before. In fact, here was no decline in &eir 
ab2iw to pedorm the task when the paEemS were rotated. 
Hmans  tested on the same task ( tauc~ng  ra&er than 
pecking the keys) showed a sig~ficant declhe in accuracy 
when the panems were rotatied and they also took longer 
to make a decision about wEch key to touch. Delius said 
&at the pigeons were ge~uses  in comparison with the 
hrlnans! Of course, &is may mean &at pigeons solve the 
problem using quite a &fferent coweive swatem3 possibly 
related to their experience of l o o b g  down on objects in. 
a horizontal @ane and thus wirh no prefened angle of 
orientaaion, bu"eeir strategy is clearly not an S e ~ o r  once 

Pigeons f u d e r  austrate &eir higMy developed e o g ~ ~ v e  
capacities by being able ta f o m  percepfual concepts, such 
as those r eq~red  to r e c o ~ s e  different forms of Bees, 
leaves, persons, water or fish in different contexts, Delius 
traiaed pigeons to peck at any key thxt had wacer an it 
regardless of wbe&er the water was a droplet nn a leaf, a 
lake, a glass of water, and so on. They were able to pedom 
this task, accordirtg to Delius, by 
concept of 'water-recognisable in aU of these different forms 
and comexts, They ccruld do the same for trees of diffierent 
kinds, as well as people and so on. 

Pigeons can even use the absmct concep of 'spher- 
iciq', as determined by conditioning &em far pecking at 
solid, ~ee-dbens iana l  objects, such as pebbles, bolts, 
pearls and buttons, instead of pecking at keys. The three- 
dbensional ohjects were presented on a series of metal 
plates anached to an automated system that moved them 
&rough the cage as the pigeon pecked. Each pigeon was 
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presented at any one time with three objects on keys, either 
WO spherical objects and one nonspherical or one spherical 
and WO nonsphericd. It: received a food reward far peckiag 
spherical objects and no reward was given when it pecked 
nonsphelical ones. Presented wi& eighteen objects of each 
type, the pigeons learnt: to perfom the task wiehin remark- 
abXy few uials. They were then testcd to see whe&er they 
had acquired the concept of %spherici~y"by presenting them 
with over one hundred novel sphe~eal and nonspherical 
objects. 'T"hey were able to generalise to the novel objeca, 
recognising them accarding to &e abseact characteristic of 
%phericir;v7, just as do humans, and they couJd even judge 
sphe~cim in phot-ographs of the objects. 

Pigeons can also acqujre a perceg~lal concept of 
s p m e q ,  an abiliw that is said to underlie the expression 
of art by humans. Delius showed &at they can learn to 

to oher qpes of s.timuG that they have not 
seen before. They form an abs~act: concept: of %sy 

There is also evidence that pigeons are able 
problems by using abseact rules, such as 'od&v2 or 
&fferexzce in terns of the shape of s b u l i ,  They can learn 
to detect the odd s h u l u s  in, a group and generalise the 
abs~act  rule learnt to ather m e s  af shu l i .  The same 
abigq to pedom od&q learning has been shown in 
prhates, dolphins and members of the crow f a d y ,  

Categorisatlion and concept fomadon have been shown 
in a veq special parrot, named &ex. h e x  has been trained 
by lrene Pepperberg of the Universi~ of Plrizona, USA, ro 
use English words to name abje~ts and feelings, He can 
use a vacabdary like &at of the sign-lanmage-aained 
chimpanzees and he can iden~fy, request or refuse more 
than one hundfed objects of " colows, shapes and 
texmres. For example, the ex ter may show Alex a 
green wooden block and ask What colour2band T h a t  
shape?" and he can. answer each quesdan comecdy. He also 
expresses desires (such as " want peanut' or Come here". 



Mexk aabifiw to categor?ise or see the rela.t;isnskp beween 
objectr; can be tested by presen2ing him with different 
objects and asbng him to say whefier they are the "same' 
or "different" For example, he mi&t be shown a Hue 
wooden square and a blue paper sqmre and, when asked 
"at3 same?', be replies %Blzrebartd, when asked 'What's 
different?" he replies "Shape'". Cbpanzees  have been 
tested on sim2ar tasks and &ex pedoms as well as rhey 
do. The concept of sameidifferent is an atzs~act one, as 
arbiwary symbols must be c o n s m c ~ d  to represea rhe 
reladonships b e ~ e e n  objects. Therefore, it relies on higher 
c o d ~ v e  processes, and we can say that Mex e ~ b i t s  
intelligent behaviour. His behaGour is ahos t  cefiaidy more 
&an merely clever, and this is a conencing way to 
demonsware it in the laboratory. 

To in the wild, ' als must rely on web 
develope cities to cate items, be that foods 
versus nodood or f a d a r  songs of o&er birds vemus 
udamiliar ones and the a b i l i ~  to recogise same versus 
afferent would dso be bpoa-tant in social co 
using voeafisa.t;ions. hnza ls  must also be able 
quantity. h- must be within the capabili~es of must species 
rcs recognise more versus less (e.g. more foad versus less), 
but we h o w  &at at least some species can count, Nex 
can couat up to six. m e n  asked bow many ob j ec~  &ere 
are on a tray, he can say the number with an 8CCUl̂SLCy of 
about 80 per cent, He has a concept of ambers. 

It is interesting chat Pepperberg has rep~rted Nex's 
pedormance with up to only Six Objects because swen 
seems to be a " Is as well as 

ty, USA2 and 
akeacfy, tested the 

versus less' dsts 
presented on the keys of a conditioning box. They could 
disrinmish one dot from two with 80 per cent accuracy 
and mo from three and so on up to seven from eight, 
with decreasing accuracy as the numbers increased. In fact, 
at seven versus eight their accuracy had dropped to chance 



levels, They cmld not make this discrhinafioa. The same 
drop in perlbmance has been found in other species and 
even in humans rested on exacdy the same task as the 
pigeons. Afrhougfi the pigeons could be couneing the 
number of dots on each key and hen  comparing &em, 

and D e h s  hi& that this is unlikely in this sort 
eM, Rarher, the pigeon may look at the array of 

dots on, one key and remember &at brieny while it 
compares it with the array of dots on the otIrer key. That 
is, they may form hternaf represena~ons of the visualt 
imges on the keys. Whatever strategy is being used, Lhe 
pigeon can make abstsact discrintinations based on n u e r -  
icd quanti'Eies, Primaus can do l&ewise and Sarah Boysen 
of Ohio Stare Universiq, USA, has demom~ated &at a 
chimpamee called Sheba can carv out same algebraic 
calculabons, such as simple addition, using the habic  
symbols of nmbers which, we use. 

Pigeons must have an extensive memory to perfom the 
tasb already menGaned and on some tasks their memories 
rival those of hmarrs. Van Fersen, and GGntBrkQn mined 
pigeons to resnemba hundreds of differexll: paEems pro- 
jected onto the keys of a condi~oning box. The pigeons 
were rewarded with food far peckng one hundred different 
paaems, and they had to disc bate  em from over six 
hundred other paaems that provided no reward when 
pecked, This discriminadon is extremely difficult for 
humans, hut the pigeons could learn to do it with great: 
accuracy and retained the mernov for it with an 88 per 
cent accuracy after seven mon&s. This is remarkable. 

Pigeons can also remember &at they ham seen up m 
320 slides of (hwan)  holiday scenes after a delay period of 
two years. Defius begeves that they may achieve this 
astaunding feat of memory by coding or fabelling the 
idamation, possibly in mueh the same way that humans do 
so by using descrip~ve words. Q&er researchem, however, 
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d a b  ahat the pigeons must use raOher simple mecha~sms 
to make ~ e s e  enormously complex Gsual classifications, 

ation will be necessary to find out the 
expianabon de~acts  from the hpressive 

memory and discshination abiti~es of the pigeon. 
Birds that store their food (parid and comid species) 

also display remarkable memories, John Qebs of Oxford 
Urriversi~, m, has shown that European marsh-rtits can 
rerfieve rheir stored caches accurately at a large n u b e r  of 
sites days after they have stored &ern. Some species in 
very cold clhates even remember where their many caches 
are located from au n until the following spring-and 
they st0ll.e several hundreds sf seeds over a period of just 
a few weeks. 

X have deliberatdy chosen examples of memory capacity 
in birds because, w.fil quite recendy, this aspect of birds 
has been rahes ignored. "Ilere is considerable evidence hait 

o&er species form many, complex memories that persist 
over b e ,  The much stated adage that Tlcphrznts newer 
forget-is consistent witl.r experheaM findings, but eleph- 
ants are not Kkely to be done in having this chmacteristic. 
~Vany readers wdl be familiar w i ~  the fact that heir pet 
dag or panot may take a like or clislike to m e  of their 
friends and remember that pahcular person even after very 
long periods of absence, 

For most specim, havkg a long memory is a maser 
of sumival. Orang-utans, for example, remember d e r e  their 
favourite fmihg  trees are located and when the fmif ripens, 
as they. remm to pahcular trees at just the right time at 
each fmihg  season, Such behaviour is wpicd of many 
species. OOrhers can find their m y  year in and ymr out 
over enomous distances, ftollowhg remembered paths. 
These are specialised skills that certainly rely on cognition 
and detailed memories, In fact, the need to forage for food 
is considered to be a drivhg force for increasing the 
cognitive complexity (or cognitive capacity) of the brain. 
On &is basis, some people a r p e  Chat undates (horses, 
cows, sheep, and so on) have had no pressure to evolve 



higher cognirive powers because they do not have to go 
out in search of food in the same way that species wi& 
more specialised diets must, The implication is that u n e -  
late8 are less htelligent than many other m 
woM suggest that such beliefs are based on inadeqwte 
understanding of the cogni-tive abilities of ungulates. Fur- 
themore, m@ates do not simply eat evev blade of @ass 
that they come across. 'They select favourite gasses and 
may even go in search of &ern, 

It has also been hygo&esised &at the apes &at stayed 
in the trees e a k g  fruit experienced no evolu~sxzary pressure 
to evolve Kgher cag~.tion and Char it was the descent of 
our amestors from the .trees and their shift in diet hvolvhg 
hunhng for food that fed to the evofu~on of h o ~ t l i d s  (the 
line of evolurion to modern hmatls)., X will discuss this 
more in, chapter 5, 

O&er mennosy abigGes rnust be applied to social. 
sima.eions, In chapter 2, I men~oned hpfinGng in young 
chjicks. The chick learns lihe feamres of the hen ancl also 
of its siblings, and it remembem these for a very long h e ,  
possibly far the rest of its life. At first it foms a mernozy. 
af the hen and foil2ows her when she moves away from the 
nest. Ilt also learns to recogkse its siblings and can tell 
fiern apart from oher chick. Later it becomes sexuagy 
i m p r h ~ d  on, the hen and this deternines its preference for 
a mate in later life. It is hese stable and gowedul memories 
&at direct. its sociaf behaviour, Chickens, when yomg and 
a d u l ~  rnust remember their posirions in the sociaf hierarchy 
(the p e c ~ n g  order) and to do this they must recopise 
o&er members of their social group so that they can behave 
appropriately when they encounter &ern, None of these 
memories are shple. For example, the hen must be 
recognised by her math visual features as well as her 
vocdisahons and the way she moves, Her srnelI may be 
impodant also, as it is hown &at eficks hprint  on. certain 
odours. m e  hen, must be recognised in &fferent environ- 
ments (that is, she must he recag~sed against a changing 
background of visual bag-es, somds and smefls), These 
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memories are recorded in the ehick"s brah and &ey must 
be, as it were, wdaen down according to some sort of 
ckroglolo@;ieal sequence that becomes a u ~ q u e  autobio- 
graphy of each ixldividud chick. 

Shilar memories are used by all anhais as a basis for 
their social behaGaw. As 1: have rneaeiovled earlier in &is 
chapter, some g ologists believe &at social: behaviour 

naq  pressure to increase comi~ve 
sophistication and, eventually, led to self-awareness. 
M.Ehough &is hypofiesis may have some v&diw, it should 
not: be limited t:u the primates. kill too frequendy prirrzatol- 
ogists and some psychologsts ignore the fact that many 
ofher species of Is have complex social organisa~ons 
equivalent to rl-ro primates. It can. be said that, for all 

alian and avian species, the larger a social group is, 
the more complex the memo~es that each individual must 
hold and the more often those memories have to be 
updated. 

Overall, the memoq ab%.fies of animals do not differ 
from those of humans. The memories of anhals can. be 
detded and exaernely stable., They can also be updated 
and they are essenGd for sumival, It is possible that species, 
and individuals too, have rnernolrlies that vary in their 
richness and &at this is dhecrly related to their cognitive 
capac*, but we have yet m cfiscover this. Although the 
ability to form memories is a aneasure of cleverness or 
inteltigence, it does not necessarily prove the existence of 
consciousaess, Memo~es may be used to direct behaviour 
wrirhout the anha1 behg conscious of them, just as a 
computer stores memories that direct the way it functions. 

We can. recall our memories when we wish, outside of 
any direct context related to the particular memory. They 

ur consciousness and we can contemplate &ern. 
Is do the same thing? According to Merlin 
Queen's Univenity, Canada, they cannot. He 

believes that even apes are unable to r e d  memories 
in&pend.encly of uiggers in the i @diate enviroment, 
That is, Donald believes that they cannot recall memories 



at their will and c a ~  out independent .though. f consider 
this to be a particularly prejudiced position to take, given 
our inabaiq m access what an animal is rhinEng hough  
use of language, h fact, Koks, a goriXla taught ta cornmu- 
nieate using sign tanwage, does communicate how she felt 
in past siicuacions (e.g. she expresses sadness when asked 
to recan her feeling abuul: a lost compa~on, as vr;llt be 
discussed f u d e r  in chapters 6 and 7)). Of course, it could 
be said that this response was ~Criggered by being asked the 
question, but we do m t  have access to rimes when sfic 
might have similar recall of her feelings wilXlout hcjng 
prompted. Does she perhaps express her private rhuughts 
in sim lanaage? Even if she does nor, &at would not 
prove that she does not have private ~ o u g h t s  because, after 
all, we would rarely speak aloud our private &ougf-rts, In 
the absence of evidence, people like Donald, who categor- 
ically state that all a ~ m a l s  are locked into ~ a n g  about 
and responding to ody the ediate enviroment, are 
expresskg their a ~ m d e s  to a , not scien~fic evidence. 

The h m a n  mind foms internal representations af objects 
and events. These representa~sns take on a presence in 
the ~ n d ,  We use &em as a basis for communica.tion by 
fanwage and to make symbolic art ffoms, also used in 
cornmunicadon. A sculpn~re or a pain~ng rnay be the 
physical manifesration of the artist's internal represema~on. 
This does not mean &at here is an eatact p i c ~ e  in the 
mind, Mental hages are elusive, invisible and have na 
objective existence like television &ages, pain~ngs, photo- 
mapbs. M e n ~ l  images do rely on ceflain physical. processes 
in the brain, the activiry of neurons, but hey carnot be 
explained directly by the b s w n  physical processes of the 
brah. We also form mental images of sounds, smells and 
rhe feel of objects, and so on, They are parc of memory, 
imagination and dreams and ~ e y  rnay also be hauuci- 
narions. Even though we are able fs describe visud images 



&at we have in ~ n d  and have a sense of acwauy seeing 
&em 'in the ~ n d %  eye" ,ey are subjec~ve and cannot 
be pimed down into any physical form, 

Mentd regresenta~ons are an aspect of consciousness 
and &ey may be the basis on which symbolism and art 
developed. n e  e&ologist frenaus Eibel-EibesfeldtJ at the 
Max Blanck h s ~ m t e  in Gemany, considers &at certain 
aspecLs of the percep~on, of art as aes&et_;c axe based on 
sensov processes &at have a long evalu~on, and are 
&erefore shaed by many species of animals, but the 
crea~on of art, he believes, is ~ q u e  10 humans. I: am not 
swe &at we need to be cilregorical about this. What is m 
and what is not is dependent on the obse~e r  and that 
observer" ab%w to read the symbols. The topic of symbol 
use by humans will be discussed 

T'he a b i l i ~  to form and use mental regresenta~ons must 
require a higMy developed comitive absity, but the ques'fion 
of when the ab%v evolved remins open, There is etkidence 
that it evolved much earlier &an an&ropologists seem to 
accept. Of cowse, humans may be ~ q u e  in the way that 
they use mental images in communica~orz, but it is udgely 
that we are alone in our abifiv to form representa~ons of 
objee~. 

Menu hages of hidden objects 

When we are searcbg for sometXling &at we have lost, 
we are able to %isualise%e object in. the mind, The mental 
represenauloa of rhe lost object becomes paramount in our 
minds so that we may overlook o&er objeca that we 
encounter during our search, We are said to have formed 
a searclzi~g inzage. Human infants of less than eight monehs 
of age will not search far objects bidden from them, The 
famous psychologist Piaget said that they have not yet 
developed "object constancy'". 

Objecl: consmncy is said to indicate the abiliw to fom 
a mental represmafion and, surprishgly, even young chicks 
appear to be able to do this. Giorgio Vallortigara of the 



University of Udine in Italy has tested young chicks on 
tasks in TNbich chey have to go around a bavrier in order 
to get close to an object on which they have imprinted. 
Each chick was raised with a red t ab l e - t e~s  ball hanging 
in the cage so that it imprinted on that instead of on the 
mother hen, Once h p ~ t e d ,  a chick will always approach 
or follow the imprin~ng object sa that it remains close to 
it, It veatS the object as if i t were a social pamer. The 
chick becomes distlressed when it is unable to be near the 
imprinting object. Thus, a chick imprinted on a red ball 
wodd foHow after the bag and go around barriers to get 
to it. Vallortigara tesled the cfiick"s abiliry to fam a m e n ~ l  
represen~*cion of the red ball by putting the chick inside a 
smag cage with tlransparent walls and placed inside a l a w  
circular arena (Fig. 3.2). From its cage the chick could see 
two screens placed at equal &stances from its posirion, and 
the red ball on wkich it had imprinted, While the chick 
watched, the: red ball was moved behind ei&er one of the 
screens, The chick was held in t.he cage for two or h e e  
minutes longer and then released into the arena. If it csdd 
not remember which screen the ball had disappeared 
beKnd, that is, if it had been unable to form and store a 
mental representation. of the object going behind or bekg 
behind, the chick would have approached either screen at 
random. It did not. AU: of the chicks tested approached the 
screen beKxld wKch the ball had been hidden. from &eh 
view, and went around it f'o make conact with the b d .  In. 
ana&er test, the same researcher found that chicks would 
walk around a short maze of comidors in the correct 
direc~on to be able to see the red ball  rough a srnafl 
window, As each chick was mabng its way around the 
cosridors it must have been arienhg itself by using a spa~al  
representaeion of where it would find the ball. In other 
words, the chick was aware of the eltlis-~ence of the ball 
even though it was not visible to Ehe chick while it was 
vvafing &rough the maze. 

In these expeuirnents, the chicks were able to retain the 
unenal representation for only m o  to three 



Fig. 3 2  A young chick has been raised with a red ball hanging in 
its cage and becomes imprinted on it, Here the chick is tested to 
see whether it can remember which opaque screen hides the ball. 
The chick is allowed to wlllch as the bait is moved behind one of 
the screens and a IiiQte later it is released into the arena. The chick 
approaches the screen hiding the bali and goes around it ta find the 
ball, (Drawing not to scale,) Source: Experiment by Regolin and 
Vallofligara, 1995. 
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longer delay periods beween seeing the ball move behind 
a screen and being released into rhe arena, they approached 
eiaer screen at random. Therefore, w ~ l e  chicks can f o m  
mental representarions, perbaps they are unable to retain 
them far long periods. This may be a consequence of their 
young age (adult fowls have not been tested for this ability) 
or because the species lacks the a"aKv to make long-tern 
represena~ons. 

Mental representaxisns are also used to recog~se visual 
objects when ody a part of tile object can be seen, Most 
objects in the world are opaque and thus we camot see 
all of an object at once, The front hides the back, and 
other ob j ec~  get in front of the one that we might want 
to see, and so on. Humans have no problem with this: we 
do not perceive only tile separate Eramem of the object 
but recogni;se the whole object when we can see ody parts 
of it, We generate a mental representation of the nonvisible 
pans of tbe crbjecr, 'This abiliq would seem to be cridcal 
for all living species because prey as well as other members 
of the species are often only pady visible, being sbscmed 
by bushes or oher barriers. Lucia Regofin of the U ~ v e r s i ~  
of Padua, Italy, and Valiortigara have shown recently that 
yowg ckicks that have been imphated on. a, red cardboard 
~iangle fa NO-drmensional coloured  angle cut-out placed 
in the cage) can recogxlise this ~iangle when it has a black 
bar korxgh trhe middle of it (Fig. 3.3). 'They @eat it as a 
pady obscured aiangle and will approach it .in preference 
to a ~iangle with no ~ d d e  secdon in. tke region fiat would 
have been obscwed by the bar (i.e. fragments of the triangle 
that wodd be acmally visible on ei&er side of the bar). 
By showing different combinaeions of the  angle and the 
bar, Regolin and ValEolrtigara have been able to demorrstsrate 
&at tke chicks are able ta recogkse h e   angle when it 
appears to be pady hidden behind ano&er object, the bar. 
T h e  chicks could complete the mental h a g e  of &e triangle 
when it was pady occftrded, m e  chickJ it w ~ d d  seem, 
possesses abifi~es to recoese pal-fiaHy occluded objects 
very s i d a r  'EO the abili~es of humans. h fact, it mi&t be 



Fig. 3.3 A chick is raised in the presence of a triangular shape (A) 
m which it imprints, When tested with a choice beRhteen the triangle 
partly hidden by a black bar {B) and a triangle with the region 
covered by the bar missing (C) and also with the bar over the top 
or on each side of the triangle, the chick approaches the partly 
hidden triangle (B). This resuiit shows that the chick is able to 
recognise an object when it sees oniy part of it Source: Adapted 
from Regolin and Vallortigara, 1995. 

said that the Yisual capabilities of birds rival those of 
prhates, However, mice can also connplere mental images 
in the same way. Therefore, alrhough this was once *ought 
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to be an ability unique to humans, it appears to be 
widespread amongst anha1 species and to have evofved 
vev early. 

New& born h m a n  babies are unable to recognise pady 
ocduded objects, By the age of four mon&s they can tell 
&at a parcly hidden object is, in fact, a whole, singe object 
as long as there is s i d a r  movement of both of rhe visible 
parts (e.g. a dog behind a m e  mnk that is s h a h g  borh 
its head and tail), but at this age they carnot recog~se a 
pady hidden stationary object. Only later does this ab2ify 
develop in humans. One might ask why a young chick c m  
recogkse partly hidden sm~anaw objects, whereas young 
humans camat. A liXrely explasjlation is that chicks are 
precociaf, s that are akeady quite weEl developed by 
the dme ey hatch. By con~ast, ehe human, is far less 
developed at b a ,  

Mental representations may also occur for sow&. As 
discussed h chapter 2, vervet ma&eys use different cdls 
to indicate the approach of different predators such as 
eagles, snakes or leopards, and orher modeys in their gaup  
respond in the approp~ate mamer to each of the calls, It 
wodd seem that &ose heahg  the call have a representarion, 
or image, of the predator in their " ds'. Heahg  the call 
snows &ern, as it were, to canjue up the h a g e  of the 
predatnr to wbich the parrieular caU. refers wi&out seeing 
Lhe tzcmal predator hemselves, There is no evidence that 
this is, in faclt, 1-he case because rhe xnodeys may be 
responding to a specific and camplex set of visual and 
auditou s~muEi, alLhoagh 1 suspect &at this is not so. 

Tool using 

Much irnportanee has been a~ached to tool using in 
humans and, until quite reeendy, tool using was considered 
to be a character;is~e exclusive to hmans  and a haurnark 
of ous superiori~ over aaer  species. Indeed, the earEest 
evidence of stone-tool using in our ancestors was 2 &lXion 
years ago. Nmersus examples of tool using by a ~ m a l s  



have been rqofied now. The strict d e 5 ~ ~ o n  of tool using 
requires use of a separate object, not part of the user's 
body (Le, not a be& or a claw) to make an dtera.fion in 
anoher object. Using a ha to crack open a nut 
quali5es as this sort of tool u er being the first 
object, the tod, and the nut being the second object, the 
one that is changed, As Gh1-istophe Boesch of the Uiversiq 
of Basel, Swi~zerland, has obsened, wild chhpamees use 
rocks to crack open, nuts, which they glace on. ano.tller stone 
&at acts as an anv.2. lit seems &at the ckmpamees 
understand the funcGon of the hammer and anvil because 
they piace the nut on the hardest part of the anvil, before 

it with the hammer. They also vary the mamer of 
ring accordkg to the qua;Eiv of the nuts. The 
mees take a raeXler long h e  to learn to crack open 

nuts and, as discussed in, chapter 2, mo&er chinnpaimees 
have been obsemed t eacbg  their offsp~ng to do so. 
Learuliing to crack open nu& also occurs by observation of 
o&ers p e d o r ~ n g  the behaviow and by ffacilitatlion, because 
the sight kinds of stones for ha ehng and ebr use as 
anvils are left ttogecker in the place far cr open nuts. 

Chimpamees also use tools to %sh"e from their 
nest, In fact, they even f a s ~ o n  the tool that they use, They 
break off s t a h  of @ass or wigs to an ilppropfiate l enm 
and then bserl: &em into the holes FP1 a temites9 nest. The 

s gsab hold of the stafk with heir pincers and the 
chimpanzees pull out the stalk covered in termites, which 
are &en eaten, This f o m  of tool using occms in several 
differem groups of wifd chimpanzees in Afferent regions, 
but there are regional variations in tod use. T e r ~ t e  fishing- 
is carried nut by chimpanzees in some focalides but not 
o&ers and the same is m e  of nut crac~ng. Each form of 
rod using is passed on as a c d w e  in each of these areas. 
There has even been a repofl of a chhpanzee using a 
stick to 'fish' a squirrel out of its hole and then eating it. 

Several other foms of tool using have been seen in 
wiki . These include using sponges to obtain 
water from inaccessible c r an~es  and even us@ 
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a toollrit to get access to honey. Brewer and McGrew 
reported the case of a chimpanzee that, firsdy, took a large 
sharp-ended branch and used it to chisel a hole in the wax 
coating of a beehive. Next it used a smaller and 
stick for more accurate work on Ehe hole, and 
fashioned a green branch to about 30 cm in length and 
used it to puncture the seal over the honey. Finally, it 
exeacted the honey by dipping a green vine into the hole. 

So far, there have been fewer reports of wild orang- 
utans using tools, pared with chimpanzees, ;iX&ough 
tool use is very CQ n in capfive orang-utans. f suspect 
that this is because there has been far less obsematlion of 
wild oranputans than there has been oE chimpanzees. 
SXowever, wild orang-utans in a part of rhe Smavan 
rahforest in hdonesia have been observed to fask.rion a tool 
to probe into holes in trees, presumbly to extract inseas 
or sap. 3"ke oraw-u&ns selected a stick from which they 
s ~ p p e d  the leaves, hen. chewed it at one end and split it 
at the s ~ e r  end to form a spada  shape. The spadate 
end was held in the mouth and the chewed end was 
trammered into the hole, Nexr the tool was withdrawn from 
the hole and the chewed end was inseaed in the mou&, 

Gisela Kaplan and I obsepved a new f o m  of tool usjslg 
in rehaba~ted orang-utans in. Sabah, East Malaysia, These 
orang-utans are fed bananas and o&er fruh on p l a ~ o m s  
located in cfie jwgle, On. more &an one occasion we no~ced 
an orang-utran s p i ~ n g  a mctu&fd of chewed banana flesh 
onto a 3lateWrhat it has fashioned from a a m b e r  of leaves, 
spread like a fan. The orang-utan used the plate at a 
disance hi& up from the table, after cawing the banana 
in its mouh to this more secluded spot where it proceeded 
to eat slowly w i ~ o u t  c ~ m p e ~ d o n  from o&ers, 

In. cap~viw or o&er forms of contact ~& hmans, 
orang-utans i ~ t a t e  the way in w%ch hmans  in their 
viciniw use tools, as Biseussed in r 2. They also use 
leaves to sponge up water, as do amees, and clean 
their teeth and ears with sricks. Gisela &plan and I have 
observed all of these foms of tool using in rekabiitieated 



orang-utans in East Malaysia. Wild orang-utans probably 
do the same ahings but have not been observed to do so 
yet. n e r e  are other foms of tool using .that: do not fit the 
strict defirrjtioxl of tool using &at X gave at the b e g n ~ n g  
of this secdon, but many wodd consider them to be toolr 
using nevefieless, These include breahg  off and &rowing 
s ~ c k s  at inmders, performed by bofh chhpanzees and 
orang-utans, as well as using leafy branches to fan away 
insects. Wild orang-utans have been si&ted using leaves to 
wipe faeces from *eh infants' hairir, 

Apes in captiviq have shown hemselves to be capable 
of the h d  of tool use ha t  has been associated wi& early 
honninids (ancestors of modern humans). A cap~ve c h h -  
panzee was gven a problem of g e ~ r t g  food from ;a box 
tied up with s~ ing .  The chimpanzee fashioned a c u ~ n g  

ng a hammer stone against a cobblestone, 
&ereby m a h g  sharp Qakes. One of the flakes was then 
used to cut the s ~ n g  around the box. This is clearly 
sop~sficated toof manufacmre and use. The same has been 
observed in a cap~ve orang-utan and in South h e f i c a n  

ys. Gapuchins in capGvi@ produced stone 
rock cores against hard surfaces and then 

used the Bakes to take the flesh off bones and to eut 
&rough baniers. Caprive capuchins also manufslcwed tools 
from bamboo when they were given pieces of bamboo and 
contahers of sweet symp "cfisrt- codd be reached ei&er by 
probing a tool into the container or by cutting it. The 
capuchins manufactured both probing and cutting tools 
from the bamboo and thus managed to eat the symp. As 
Chafles Wesrergaard and Stephen Sumi, the researchers 
who conduaetd these experltnents, pointed out, the tool- 
making techniques of the capuchins are analogous to those 
rhat have been hypothesised for prehistoric homirnids, 

Of course, the cognitive steps that are involved in tool 
using must be considered. There might be planned or 
purposeful use of a tool, or a tool may come to be used 
purely by chance as all strategies are brought to bear on 
a problem. Elisabetta Visalberghi of the Institute di 
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Fsicologia in Rome, Italy, has sntdied tool-using behaviour 
in capuchins and claims that, unlike chimpanzees, capuchins 
do not use mentd abilides to solve the tasks in which rhey 
use toals. Rather, she claims, they make persistent 
~al-and-error (unplanned) attempts ushg a vasiety uf 
objecls, one of which chances to be a tool that is used to 
solve the task, Thus, she concludes &at, in coneast to 
chimpanaees and hmans, capuchins never develop an 
understanding of the requilremenr-s of the tool asks, However, 
&is conclusion would not explain the examples of tool 
m a n u f a c ~ e  by capuchins mendoned above. The impoflance 
of Visalberghi's cmclusion lies in its sepamcion of the 
cool-ushg behaPr;iour of humans and their closest rela~ves, 
the chhganzees, from all other species, capuchins being 
Mew World mokeys that branched off early from the line 
of evolution &at led to humns. Thus, tool using, once 
&ought to be the IraUmark of "umamess" is redehed and 
can be extended to chkpamee &er apes nowi6stand- 
ing-but not beyond them. Tool using by monkeys, 
according to this posidon, is not the same eking as the 
planned and considered tool use of chimpamees and hmans, 

Apes and modeys are, however, not the only animds 
that use tools, A, sea oner holds a rock to its chest as it 
floats on its back and uses this as an anvil against wEch 
to crack open shellfish. Chevalier-Skolnjkof and Liska have 
found that elephans in a zoo perfom more than menw 
different kinds of tool use, and nine types have been 
~bsemed in wild elephants. 

Tool using, and even tool manufacmre, also occur in 
birds. Some species of finches on the Galkpagos Islands 
use cactzzs spines to probe into crevices in order to hpale  
insects. George MiUhn and Robert Bowmm of San 
Francisco State College, USA, have conducted a series uf 
experiments in which they gave eap-t;ive woodpecker finches 
from rhe: Galapaws Islands various tools (shorc and long 
stick, bent and srraight ones) and &fferent manipulabve 
asks (Fig. 3.4). 'They found &at hungry birds used more 
tools to probe into crevices to obtain meal woms &an, 
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ones that were not hmgrgr. The bird would first try to get 
the worn k& its beak, and, if it failed to reach. the worn, 
it wmld take up a tnol to probe for it. "This suggests that 
t a b g  up the tool is a deliberate act with a plan in, 
but, again, a simpler sfimulus-reward explanadon could also 
be found to explain the behaviour. The woobpecker hches  
in bese experbents were also clever enough to pull up a 
s ~ n g  hangng from a perch to obtain a meal worm tied 
at the end of it. They did so by r a ~ n g  the s ~ n g  in the 
beak and standing on each loop of the string after it had 
been pded  up in the beak. In. fact, &ere are a number of 
species of birds that can e a w  out this manipulabve feat, 
including No& h e r i c a n  crows, 

Very recently, Gavin Hunt of Massey Universiv, New 
Zealand, repofled boa  manufacture and use of tools by 
crows to probe for insects, Hunt smctied wild crows in New 
CaledoMlia, and found that they manufaeme two different 
Ends of hooked tools to help them capture prey. One kind 
of tool is made by ehoashg a wig with a hooked end, 
work;iw wi& the bill on the hook end and then shpping 
the wig of its leaves and bark. The a&er kind is cut from 
pandanas leaves, The birds even stored the tools for using 
again and they appeared to choose the appropriare tool for 
a particultlr requirement, These two behavim would 
requke some foward pla&ng, which is considered to be 
an aspect of cansciousmss, d&oug;h there .will need to be 
some welll-designed experiments caded out with the crows 
to prove that this is really the: ease. Grows are particularly 
pone ta using tools: the No& h e r i c a o  crow W# even 
learn to use a stick to probe into a hole to gush a key to 
get a food reward. 

Tool maEng has also been observed in nurChern blue 
jays by Thony Jones and Alan Kamil of the University of 
Massachusetts, USA. The blue jays were seen to rear pieces 
from the pages of newspapers to use them as tools to rake 
food peUets that were out of direct reach of the beak in 
through the wire of their cages so that they could eat them. 
There are other examples of tool making and use in birds, 



GES, MEMORY M D  

Fig, 3.4 Woodpecker finches, Cactospiza pal!ida, from t h s  
GalBpagos islands use sticks as tools 10 probe for meal worms. They 
also pull up a hanging string with a meal worm tied at the end 
Soure@: Mi tlikan and Bowman, 1967. 

but these should seme ta establish that the tool-using 
b e h a ~ o w  of birds is, as far as one can see, as sophis~cated 
as that of p~maites and, indeed, ear& h o m ~ d s .  

Bkds and p~mates in the wild have, so far, been. 
obsewed to xnandacrure their tools ody from pefishtitbfe 
mate~als (&e 



probing tools of orang-utans and the probing and cuMing 
tools of crows), but stones are used as tools by wild 
ehhpamees to crack nuts, by oRers to crack shells and 
also by birds to crack eggs. Far example, the Empdan 
wlmre &rows stones at os-u-ich eggs in order to break &em 
and the black-breasted buzzard of Australia flies up and 
drops stones onto emu eggs to break &ern. I am not aware 
that anyone has studied how these egg-breabg beharriuurs 
are acquired but &ere is eveq possib2iw &at the process 
is similar to nut cracgng in c panzees. It would appear 
to be just as sMled, 

In the case of the p~mates, some researchers have 
armed for the egstence of parallel evolufion in the Sou& 
hericzmn capuehins and the apes, That is, tool using is 
&ought to have arjisen separately in both of rkrese h e s  of 
evolu~on, The ex4stence of tool-using behaviour in birds 
~ g h t  be taken to suggest a W d  line of paraUel: evoludon 
(i.e, yet anoat-rer independent evolucJlon of tool using), or it 
may suggest b a t  tool-using behaviour was shared by a 

on ancestor of birds and all of the primates. The 
common ancestor idea would mean &at tool using appeared 
very early in evcrtution. The parallel lines of evolution would 
suggest that tool using is not an unusual acquisidsn. Eiher 
way, the evidence goes firmly against the posirion that tool 
using is a special charatcte~sric of humans. 

What can we conclude? 

In this chapter we have seen &at a als are capable of 
doing alli sorts of complex and clever tf.rings, but perhaps, 
as the psychologst Niehalas Humplzrey said, they have 
clever brains but bla& ~ n d s ,  Similarly, Nicholas Mac%n- 
lash of Cambridge Universi~, UK3 clahs that we are far 
too inclihed to a ~ b u t e  to anrimafs more complex mentd 
s&tes &an their behaviour acmally wanrants, He acbow- 
ledges hotv clever the behaviour of anirnals can be hut 
prefers not to amibute to animals anythlng like human 
intelligence, or presumab-ly consciousness. 



MEHTrUL MACES, mMORY AND INTELLIGENCE 

It is m e  that, in cemin states of xnind, even. hmans  
may perli>rm complex behaviour Gnrhout being mare of 
what they are dohg, For example, sleep wakers can. 
negotiate stairs and even climb on roofs wi&out 
they are not aware &at they are doing it, nor can hey 
remember it after &ey wake up. Oher8 speak whole 
sentences in thek sleep but do nor: h o w  that h e y  are doing 
so. "Blind sight' iis ano&er case of behaving wi&our 
awareness. After extensive injury to the coaex of the brain, 
same people thi& &at they are bihd, but if they are a skd  
to wess where an object is or what it looks fike they can 
answer conrec2rZy. n e y  are able to process the visual 
information and answer corsecdy wi&out being aware that 
they have seen anfihing. Is t h i s  what the aimals that f 
have mentioned in t h i s  chapter are doing? f &ink not, but 
many peagte do &i& so. Being intetfigent is clearly a basis 
for consciousness but it does not prove that consciousness 
is present. 



The brain is made up of nerve cells (called neurons), wEch 
conduct elecrrieal signatfills and are connected wit31 each o&er 
to form neural cirmits. There are many dgferent h d s  of 
neurons as well as other cdts, hown as gLial cells, Glial 
cdls p r o ~ d e  nutririon and smcmral support for the neurons 
and seme a numbex of o&er dliffcrent hncdons in the 
brain. This is the material of &e brain, out of which the 

B must emerge somehow and somewhere. Can we fmd 
same aspect of brain smcmre or e tec~eal  actjvity of the 
neurons and their c i r c~ t s  that might be the material basis 
of consciousness? Same neurosckn~sts believe that this will 
be possible, whereas ahers (e.g. &E: late Roger S p e w  of 
the G a l i f o ~ a  h s ~ m t e  of Technolag, USA, ~ f i n g  in the 
1980s) have arwed that scien~sts will have to look beyond 
&e material aspects of fie brain in order to mdersmnd 
consciousness, 

Even if Spew is comeet, it remains hpoflant for us 
to see whetf?er we can explain consciausness and intelligence 
based on brain s m m r e  or some o&er measurable aspects 
of the cells in the brain. Perhaps conscious tfii&ng occrurs 
in a p a ~ c d a r  parr: of the bra-ain where neurons are arranged 
in special wqs.  Perhaps we can measure some aspect of 
rhe elecbcal and molecular func.tion, of a neurorz, or of 
neual ckccuits, essen~al for consciousness, 'This woufd have 
to be a prwerty of the neurcrfls &at is present: only in the 
camcisus s ~ t e  and not when the anha1 is sleeping. 



FOR CONSCIOUSNESS 

There has been a recent renewal of hterest in searching 
for neural mechanisms of this kind, At clhe 1996 Congress 
of Psydology hdd in Moneeal, Canada, there w s  a 
sy~lposium dewored to the neurophysiology of conscious- 
ness. Not surprisingly, the neurophysiologists have mrned 

enal search for these mecha- 
r example, Dr R. Llinaus, of the New York 

U ~ v e r s i ~  Medical Cemer, USA, preserated a paper about 
conscisusness and the physiological propehes of neurons 
and heir circuifry, and his points by electrspbys- 
iological recordings fro . M e r  his talk, a member 
of the audience asked whe&er he considered &at animals 
have conscl-iousness, His answer was a &reet affima~ve. 
Was this a pragrnadc befief to underscore his experimental. 
req~rements to work on anhals or one based an assess- 
ment of the evidence? He did not elaborate. 

For tltose more tradirionat tE.li&ers who have resewed 
consciousness for she human mind, the approach, has been 
to fmd the explanarisn far consciousness in brain smcmre, 
Three main aspecqs of the smcmre of the brain have been 
implicated. The presence of eonsciausness in hmans has 
been amibuted to our larger brain size c o m p a ~ d  to aII 
oaer  species, m the presence of a weLI-developed neocoaex 
and to the lateralisadon of the brain. I will discuss each of 
these in mm, 

Brain she and evolutiarx 

T o  Link overall brain size to intelligence, and ultimately to 
consciousness in humans is, to put: it mifdly, a rather 
sweeping approacb and one for which I have little a f f i ~ e .  
It needs to be discussed, however, because increasing brain 
size is fiequeatly asserted as the explandon for the evo- 
ludon of human superioriw. 
h a v e q  general sense, variation in brain size bemeen 

diEferent species reRec& cog~tive abiliq or intelligence. A 
larger brain, conains mare neurons, which aansmit infama- 
don in the form of e lec~cal  signals. The elechcal circuits 
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so h m e d  are used to process informa~on, and &erefire a 
larger brain can handle mare infornation, Neurons also play 
an essendd role in memory format_ion. A cascade af malec- 
uiar changes occws in neurons when a memory is laid down. 
It is possible that a brain with more neurons might -Eom more 
memories or mare detailed memories, d&ough we do nor 
b o w  exacdy how his  might occur, 

It is not the size of the brain alone that: counts. If this 
were sa, elephants wodd be much more intelligent than 
humans. We must not consider brain size wi&out ta&ng 
into account body size. Species with bigger bodies have 
proporzionately larger brains because a ceaain amount of 
rhe brain must be given over to coneolling muscdar 
movement and maintaining physiologicali functio~ng. A 
bigger body has a larger mass of muscles to conas1 and a 
larger surface area to monitor. Small fish have small, brains 
and large fish have large brains, and &ere is a direct 
relalionship bemeen brain weight and body weight across 
all of the species of fish, If brain weight is p lo~ed  against 
body weight, each on a log scale, iFar a large number of 
species of teleosr (bony) fish, a straight-line relafionskp is 
found (i.e. as body weight increases so docs brain weight 
in a systerna~c way; see Fig. 4.1). The same relationship 
will emerge for other groups of anhafs if we plot them 
Eewise. A seaight-line reladonship exists for repdles, bkds, 

als and primates. 
For each group of a als, the slope of the tine plio~ed 

is less Lhan one, which means t b t ,  al&ough brain weight 
increases with body weight, it does not quire keep up, This 
prabably does not mean that heavier species have a lesser 
amaunt of brain capaciq left over for doing ~ n g s  other 
than moving and manito~ng their Lafge bodies b u ~  ra&er, 
that the efficiency of neural circui~y hproves wi& increas- 
ing size. After all, wc know that elephants have v c v  
cornplex cognidvc abilities, as indicated by their learning 
capacity, long memories and tool use. As mendoned in 
chapter 3, Chevalier-Skolnikoff and Liska have reported 
aver men@ different types of tool use in elephants. 
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1 000 Humans &h 

Body weight (kg) 

o Bony Fish 
br Rsptilss 
A Birds 

Non primate mammals 
B Primates 

Fig. 4.1 Brain weight rs compared with body weight for different 
species of bony fish, reptiles, birds, nonprimate mammals and 
primates Source: Simplified from H.3. Jerison, 19'73, Evolution of the 
Brain and Intei/lgence. Academic Press, New York. Also in Banner, 
113862. 

There are &ffereraces befween. the brah-weight to 
body-weight rados of anbals in the different groups. 
Although the p lo~ed  points for fish and repeiles fall on 
rougMy the same line, those of lower mammals and birds 
are on a line slighdy above this, m e a ~ g  &at they have 
cansistendy larger brains for a given body weight. In o&er 



MmS OF THEIR O W  

wards, if we were to take a species of fish and a species 
of bird ha t  had eq~valent body weights in the adult .form, 
the bird species wodd have more brain in propohon to 
its body than t!ae fish species, 

The line for prbates is shifted yet a littie 
&at of bkds and lower ma als. For example, a hedgehag 
wei&hg 860 gams has a brain weight of around 3.4 earns, 
whereas a galago, a lower prhate, of the same body weight 
has a brain weight of around 20.3 Dams, m e n  adjusted for 
body size the brain weight of primates is greater &an 

of the other groups, al&ough &ere is still variation 
the groups. We can compare the brain weight of the 

860 @am galago with that of a New World prhate, the 
squkel mo&ey, weigGng around only 700 grams but with 
a brain weight of over 20 grams. h o n g s t  the primates, the 
human, brain is the largest in propohon to body weight 
compared with all other species. Some 1.5 dfisn. years ago 
the h m a n  brain. took an evoludsaary leap forward and 
increased in size relg~ve to bczdy wei&t, This will. be 
discussed in more de td  later. 

The order of increasing brain-weight to body-weight 
rados from fish and reptiles to birds and lower rna 
and then to pfimates and, lasm, humans refleas the order 
sf evalution (Fig. 4.2). hpkibians  evolved from fish and 
reptiles evolved from amphibians. Reptiles gave rise to two 
branches of evoludon, the birds and the m 
evolved from lower and apes, w ~ c h  include 
humans, are the most ates to evolve, Throughout 
this trajec~ry of ewolLltion the brain was increasiag in she 
relative ro &-he body. Are we at the pinnacle of this 
evolu.rionW~)u our large brah-weight to body-weight ratio 
explain our 'superior' intelligence and consciousness? 

Many people ~ n k  so and, in the past, some scientists 
have gone so far as to consider that differences in brain 
size bemeen the sexes and races of h w a m  ~ g h t  explain 
the social dominance of same poups of humans aver 
orhers. One hundred years ago it was arfled by researchers 
such as the newsanatomist P. Broca and his c o a e a ~ e  



Million years ago 

Bony Fish 

Amphibians 

Reptiles 
Birds 
Monolremes 

Marsupials 
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New World 
monkeys 
Old Wortd 
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Lesser apes 
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Fig, 4,2 Evolution of the vertebrates, The dates at w M h  the various 
groups first appeared are based on d&a of DNA hybridisation 
(described in chapter 5). The samples For analysis were all presently 
living forms; hence the list of names at time zero. This evolutionary 
scheme is quite similar to that determined from the record of fossits, 

G. Le Ban that tke white male brain was larger than that 
of women and black people. It sus became fashionable to 
measure the size of the brains of e ~ n e r r t  men after their 
deaths, but the weights of some were hand to be so 
embanassingly smaU eInztr &e fashion. warred. Brain, weight 
does not bear any relarianship to the differences bemeen 
individuaIs vvi~in the same group, let done vvi&in the same 
species. 

Brain weight is a gjobal and goss measurement even 
when it is adjusted for body weight. Perhaps it ~ g h t  explain 
some of the differences h cogni~ve capace b e ~ e e n  the 



poups of hshes and birds and so on, but: w i ~ n  the brain 
&ere are numerous regions each specialised to pedorm one 
or some functions and not o&ers. OnZy if one &i&s of intdi- 
geace in a u ~ a r y  way is overall b&n size a consideradon, 
and even rhen intelligence mast depend an the neural 
eircuim in the many different regions of the brain and rheir 
interac~ons with each o ~ e r ,  Each species tends to be 
uniquely adapted to survive in the eavkoment in which it 
finds itself. One enviroment might demand certain skills 
for suwlival and ano&er other sklls, Hence, there might be 
many different wpes of intelfigence, In each species, the brain 
regions speciaGsed to caru out the behaviour requked for 
s w i v d  might expand in adaptation to the par"t;icdar environ- 
ment. In orher words, as John &ebs of Oxford Unhersi~,  
m, has said, cag~L,ive cagacify may occur in a 
modules or elements, each adapted for the gaAcdar environ- 
ment in which the species eleiists. We might rherefore look at 
the size of pahcdar regions wi&in the brain, rarher than rhe 
whale brain itself, and see w h e ~ e r  they correlar:e with 
specialised skills or moddes of cogr;titive capaciry. 

John Qebs togeher with Nicola Clapon, who is now 
at the U~versiw of Galikrda in Davis, USA, have done 
just: this, They have measured the size of the part of the 
brain hvolved in spar;ial l e a ~ n g  in bkds that store their 
food and in hose that do not, as meneiosled in chapter 3.  
That area of the brain is called the hippocampus, and it 
lies along rhe dorsal and rrzidine sudace of the farebrain 
of the bird (Fig. 4.3). They calculated tke volume of h e  
hippocampus rela~ve to the rest of the forebrain as wel as 
a4us~ng  for body weight. The r d a ~ v e  size of the %ppo- 
campus is larger in species that store and retrieve food than 
in species h a t  do not do so. The demand for the storing 
bird to have the abG@ to remember where it has stored 
its food has been met by an esllargement of the area of 
the brain that processes the infoma~on used lFor this 
behaviour. fn species that are required to pedom other 
c o g ~ ~ v c  feats in order to suwive, Chert: may be an 
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Fig, 4.3 The brain of a bird is shwn with a slice through the region 
of the fsrebrain that contains the htppocampus, Slices at this angle 
give cross sections that reveal what is inside the forebrain. In a cross 
section taken from a species that does not store food (A), the 
hippocampus is much smaller than in one taken from a species that 
does stare fwd. Based on Krebs et al. 1996. 

expamion of re@;ions of rhe brain other than the hippo- 
campus. 

Let me give another example of edargement of specific 
rell;ions of the brain far specialised behaviour. Only eerz;atin 
birds sing (pigeons, chickens and other GaEifomes do not 
sing) and in the %rebrain of bkds that sing &ere are a 
number of dis~nct clusters of neurons, eaUed xludei (nor 
to be codused with the nuclei inside cells) that c o n ~ a l  
singing behaviour. In fact, there is an. in~cslte system 
of hterconnected nuclei that are involved in both the 
perceg~on and r e c o g ~ ~ o n  of song as well as the otxput: 
of singing behaviour (Fig. 4.4). Fernando N o a e b a b  and 



Higher vocal centre 

Syrinx / * to the lungs 

Fig, 4.4 The left hemisphere of a canary's brain showing a 
collection of nucIei that are involved in singing. HVG is the higher 
vocal centre, The song is produced by the syrinx (not the larynx, as 
in mammals), which is located at the place where the air passage 
to (and frorn) the lungs branches into two Source: Adapted frorn 
Nottebohm, 1989, 

his colleagues at RockefeIler Ukve r s i~  in New York, USA, 
have discovered &at in the sprkg, when song bkds defend 
territsrgr and sing, &ese nuclei increase in size by the 
addirjon of new neurons. That is, .they edarge when they 
are needed and shri& at other h e s .  The a b ~ q  to make 
new neurons like this is a ra&er remarhble abiliq of the 
avian brain, riot present in mammalian species, 

One of the nuclei involved in bath. perception and 
production of song is cafied the higher vocal cen&e, In 
1993 DeVoogd, &ebs and their colleawes found that the 
size af this nucleus in &fferent species of song bkds 
correlates tvi-ct.1 the camplexiv of song in the various species. 
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Thus, the size of mcleus appeass to reflect its Func- 
tional capaciv. 

Even within a species, there may be a relazrionship 
bemeen the size of a parficular region, of the individual's 
brain and that individual" sapaciq to perfom a specialised 
behaviom. Nortebohm has found that there is same depee 
of comeladan, b e ~ e e n  the size of the higher vocal cenwe, 
and the size of &e ixzdividual songbhd" repeaoire. Canamies 
add to their song each year and individuals sing specific 
songs, Nontebolzm analysed the canaw's songs by b reahg  
&em down into phrases, syllables and elements and &us 
he was able to rank songs according to their comple~ry.. 
This ra&ng had a posidve r e f a ~ o n s ~ p  to the size of the 
higher vocal cenwe, al&ough there was a reasonable amount 
of variadon in rhe data, Even if the relationship bemeen 
singing behaviour and nucleus size is not pedecdy consis- 
tent, in&cafing &at other factors must influence it, the 
results suggest h a t  the size of a speciallised region of the 
brain may refliect an individual" capaciv to perfom the 
behaviour associated with his  brain region. For example, 
~o birds of the same species h g h t  have the same total 
brain wei&t (appropriately adjusted far body weight) but 
one may have a larger relahve size of the song nuclei and 
sing a more complex and varied song, whereas the ather 
may have anaeher part: of its brain edarged and pesom 
better in the behaviour conwalled by this brain region, So 
far, there have been no experimental sm&es showing this, 
but it is a reasonable prediction to make, 

There is a n o ~ e r  hpoaant: factor that we must take 
into account when we consider brain size. The overa size 
of the brain is affected by expe~ence, and the size of 
regions of the brain is affected by pedormance of the 
behaviour associated with a partlicular region. Considering 
the overall brah size first, M a ~ o n  Diamond at the Univer- 
sity of California, Berkeley, USA, has demons~ated that 
rats miwd in an enriched envhoment develop a larger 
brain than &ose kept in an hpove~shed enviro 
enriched envkonraxent was ane Mrirh ~tkler rats present and 
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toys to play with, and the hpoverished enviro 
in isola~on from other rats and in a standard, baring 
laboratory cage. The size of the brain, of rhe rats in rhe 
e ~ c h e b  condiGon increased by expansion of the  chess 
of a region of the brain called the cofiex. The number of 
conneedons bet-vveen. the neurons increased and the sizes 
of the paints of conact betpvveen the neurons (the synapses) 
hcreased by a remarkable 40 per cent. TXat is, e n ~ c h e n t  
caused an hcrease in the amount of conneeriviw bemeen 
newsrrs in ehe conex, and the cogni~ve capaciry of the 
rats changed along with &is, The rats f o m  the emiched 
enviroment had supe~or  abilities in. findhg their way 
through mazes to find food* These changes occwed after 
as IiMe as thiay days in the e ~ c h e d  enviromene and in. 
both yomg and old rats. n u s ,  cofiex size is not: a fixed 
aspect of an individud but vahes with experience, 

A sim2ar dependence of size on. expe~ence has been 
hund for the hippocampus h the food-sto~mg birds, The 
oppomnriw to store food is essen~al for enlargement of the 
fippocampus in the food-starkg birds, Qebs and Clapon 
prevented marshdts from being able to store food by feeding 
&em on powdered food. Later, at va~ous  ages, they were 
@ven pieces of food which could be stored in ahficial trees 
irzside a room, FoUsvvin~ the s t o~ng  experience, and at all 
of the ages, the voime of the hippocampus increased. Two 
processes appear to have Ld to the increase in size. More 
neurons are famed an$ fewer are lost by namral a ~ ~ o n .  
If marshrits are completely prevented from staring food, 
the volume of the hippocampus decreases because rhie 
newons in the hippocampus are not replaced as fast as 
they die. 

These recent findings show us &at the brain is in 
constant interaellion vvi& .the envim ent and that use or 
disuse affects its size and neural circuim. Qf course, here 
we are t a l b g  about effeces within a species, As far as we 
bow,  it is not possible to make one species equivalent to 
another &rough experience, evea in the case of closely 
related species. Kfebs and C l a p n  have imesrigated this 
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by ~ v h g  nonstoring birds the oppomnity to use spatial 
memoq to r e ~ e v e  food in the laboratov. The experiment- 
ers had srrategicdy hidden food inside small holes in 
arr;ificial sees and the birds were released one at a rime 
into the room to retrieve the food, M ~ o u g h  nonstarers will 
not store they will r c~eve ,  and &ey mi&t m k e  use of 
spadal abiIities to remember where the food is hidden. They 
were compared with a storing species that, u n ~ l  the h e  
of rhe experinnem, had been deprived of the opporcuni~ 
to store or rerrieve. Therefore, the hippocampus in botfi 
species would have been small at the eo 
the expe~ment, roughly the same size reEadve to the rest 
of the forebrain in both species. After Ehe birds had the 
oppomnir~p to rewieve food, the hippocampus of the storing 
sgecics increased in size relarive to the rest of the forebrain 
but that of the nonsto~ng species remained small. As &cbs 
has said, we camat be sure that the nonstorers did, in fact, 
use spadal memow in the task. They ~ g h t  have used o&er 
cues, such as details of the pauern or cdour of the area 
sumounding the hole, to remember the location of the fizod. 
in fact, s&er experiments have shown &at nonstorers do, 
in fact, have more tendency to rely on colour r a ~ e r  ban 
spa.ciaf cues to find food- Use of a nonspadril seategy would 
have prejudiced the restrlts of &is expe~nnenrc: loa&ng at 
the effects of re~eving  food an hipgocampal size because 
atten~sn to crues a&er than. spa~cial ones wodd have tr~Esed 
other regfiarrs of the brailixl &an ehe ~ppocampus. Never- 
zheless, we can conclude &at the same enviramental 
demand has not changed the hippocampus of the aonstokg 
species to become like ha t  of the swring species. Thus we 
can consider large differences b e ~ e e n  species from an 
evolu~onary point af view as characteris~c of the species, 
even &augh experience might hfluence their development. 
This may be zhe case for most comparisonis invdving large 
differences in the size of various relons af the brain. and 
species differences in the overall orgaksahan of the brain, 
However, we must always keep in mind the iduences of 
h e  erzviroment on the development of the brain,. 



m a t  might cilfferences in the overall size of the brain 
mean at a funedod level? A bigger brain with mare 
newons and more comecdons b e ~ e e n  neurons may fmc- 
 on more efficiendy or more ~ n t e f i i g e n ~ y ~ a n  one wih 
fewer neurons but this is not necessarfiy so, It depends on 
haw the neurons are canslected to each other and posshly 
on many a&er factors &at we do not yet b o w  about. 
There are other ceUs in the brain, the glial. ceus men~oned 
earlier and, as quite reeen~y discovered, they even have 
some part to play in the e lec~cal  a c ~ v i q  of the hain, The 
number and dis~budoxl of the various glial cells may 
iduence how a brain hxtcsions. Marion Diamond looked 
at a s m d  part of Einstein" brain, preserved after his dea&, 
and found that it had relalri.vely more dial cells as a rado 
to neurons than the average h m a n  brain! 

The assumption that "igger is be~er-is the basis of 
most theo~es about the evolufion af the human brain made 
by anthropologists and many biologsts. 
have some vafidiw when one is cornpad 
closely rclared species, for example chimpanzees and 
humans, recent howledge about the avian brain ceaaidy 
&rows the assumption &at bigger is always better into 
doubt, As discussed in chapter 3, bkds can perfam 
problem-solving tasks and other complex cogninive tasks just 
as weU as can primarcs, despite 2he fact that bkds have 
very much matler brains and, of more importance, a lower 
ratio of baia vveight to body weight. The bralns of birds 
are made up of nezlrons and @ial cetls the same as the 

afian brah but are organised quite differendy. There 
is amher  major dfference befween avian and mammalian 
brains: new newons can be made in the addt avian braia 
but not in the adult ma aliiian brain. The mammalian 
brain, the h m a n  brain being one of these, makes new 
neurons (and glial cells) when it is growing before birth 
and for a time after bifi ,  but after this g o d  phase no 
new neurons can be fomed, even to repair damage. There 
might bc a little residul for the addt mamma~an 
brain to form neurons, as Scheibel at the Unjversi~ 



of Cstlifornia, USA, did c h w e  to see a neuron dividine: 
to Eom a new one in a preserved spechen of a cat brain, 
but &is a b i l i ~  is negli@ble. No dviding neurons have ever 
been seen in. the adult brain of pfimates. 

No one bows why adult birds retain the ab3iw to 
make new neurons whereas als do not, but Rmanda 
No~ebohm has made a p suggeseion about what 
funcfion, &is abiEq &ghr sewe in birds, A bird wi& a 
heavy brah rela~ve to its body weight wuld  have more 
dfficulty in fljping. Brain Gssue is very heam, and a heavy 
head, so to speak, might make a bird nose dive or fur- 
it to fly in a less aerodyraamicauy seeadined posmre. 
Therekre, N o m b o h  suggese, the bird may mu rhe sizes 
of different parts of the brain at different h e s  of rfne year 
as h e y  are required, As he has shown, the sizes of rhe 
song nuclei in the forebrah irtcrease d ~ n g  the breeding 
season when singng is required. Presmzibly, at the same 
h e  the sizes of o.tfaer blraiirz regions d g h t  s h ~ &  so that 
the increased size of the song nuclei might be aceornmo- 

shll. Of course, &ere might be orlzer 
odafion such as diminishing the v a l u e  

af the v e n ~ d e s  (fluid-filled spaces) in ine forebrain or 
decreasing the fluid-filled gaps b e ~ e e n  cells in. the brain, 
So far no one has compared the size changes in ffie song 
nuclei with other re@ons of the same brain, 

However, many song birds migrate, and very recendy 
John f iebs  has found some evidence &at the expel7ienee 
of nnieation, increases the size of the hippocampus in Eke 
European garden warbler and in a species of finch, As 
migra.tian demands highly developed spatlial abilities used 
by the bird in navigarion, th is  result is e n ~ e l y  consistent 
with Gebs' and Cltaflan" earlier work on the ~ppocampus. 
For our present consideradon, we may take the garden 
warbler's life history one step f u d e r  and propose &at once 
it has a ~ v e d ,  with its endiarged hippoempus, at the site 
where it will breed, its song nuclei will enilarge as it begins 
to sing to advedse its sexual amac~veness and advedse 
its terrimry, Depending on the spa~al  ab%ees &at ttze bird 
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must use to monitor its t e~ to ry ,  the hippocampus may 
stay edarged or regress in size. If the latter occurs, there 
~ g h t  be h e  sha~ng  of the different brslin regions, and 
in this way the bird can keep its overall brain size smdler 
at any one time of the year, In other words, by juggling 
one area against anoaer it might keep brain weight at an 
op~mal  Iow level, 

The present findings point to this possibiit~ but there 
is much more research needed to prove or disprove it. 
However, we can say definitely that it is invalid to use 
brain size as an index of csmparadve 7irrteBigence"e~een 

ds. I want to emphasise the special abaifies 
of birds because they are usualfy left out in debaks about 
Efic evolu~on of consciousness. There is an underlying finear 
concept of the evoIudon of consciousness along the mam- 
malian line, reaching its form in hwans. Having 
&verged earlier from the ian line of evolufion, birds 
are almost &ways ignore ey have developed cogni- 
tive abilities comparable to those of mammals, even 
g~mates, using &fferent neural circtrim and special abifiries 
to f o m  new brain cells. 

als camot increase the size of 
re6ons of their brains by makng new neurons, they can, 
as men~oned previousXy, increase the size and number of 
comec~ons bemeen neurons depending an expefience, and 
this expands the size of the paAcdar brain region. ?rhus, 
even in mammals, the size of va&.ious brain regions is not: 
fixed and is not exelusively a resdr of biological predes~- 
narion. Instead, it is deternine8 by the interacdsxl betvveen 
bialogicd events and enviromental factors a c ~ n g  &rough- 
out the life span. 

In early life the brain of rna aIs, as well as other 
species, is pahcuiarly dependent: on enviromenal srimu- 
Iatioa and experience, If, for example, mrmal visual 
aperience does not occur, the fegion of the brain (the 
visual coaex) &at nomaUy processes visual information is 
taken over by auditoq neurons (which. respand to sound) 
w ~ c h  invade it from a nearby area of the brain. Apparenay, 
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ses the kind of processing &at it has to 
cany out in early life. Xr adapts quite remarkably and this 
experience-dependent development affects brain function for 
the rest of the life span. 

The smdy of enviromental influences on rhe develop- 
ment of the brain is a major focus of the field of 
xleurobiolagy, but anrhropologists and psychologists have 
paid little aaention to rhese new discover;ies, When the 
abi~ties of different species are compared much more 
consideration shodd be given to tke effect of experience 
an brain she and orga~saltion. The problem-solving a b ~ b e s  
of animds raised in hpoverisbed condi~ons in a 
hauses or laborato~es are often compared with those of 
fimans. We do not h o w  how much of the apparent 
superioriw of hmans over chimpamees, for example, 
results from our vasdy en~ched experience compared with 
the experience of the laborator~2.-confi~]ied chimpamees to 
which we have k e n  compared, and how much can be 
a ~ b u t e c l  ts  the genefic endowment of our species. Yet 
almost always the Bifferences found are a ~ b u t e d  to gene~c 
causes alone. They are seen as immutatsle haharks of Lhe 
different species. If any c o g ~ ~ v e  gap exists beween 
hmans  and apes, tfien it has smeIy been widened by all 
of the laboratory-based smdies conducted so far. 1 suggest 
that we are inclined to be less critical of expe rhen~ l  design 
and the interpretation. of the data when tlhe results seem to 
show what we deske: human superioriv. 

There are even problems in comparing the co&~ve 
abilities of one species raised in captlivi~ with those of 
anotber species atso raised in capfive, because species vary 
in their adaptability to captivity and to isolated or p u p  
living. Orang-utans, for instance, are less active and appar- 
ently more depressed in zoos than are chimpanzees. 
Presmably thE: same occurs in capciviry in the laboratczv. 
These differences in adaptation to captivirq, are, perhaps, 
characterist_ie of the w a  species, but measured differences 
in co&~ve abilie may be merely the outcome of the effects 



of caprj.viq rali.rer than &emselves being characterisdc of 
&c; species, 

There may also be individual differences in adaptation 
depending on, past expel-ience or other factors, Marion 
Diamond has suggested that age may be a factor in this, 
as vrre h o w  it is in humans. She suggesed that: old rats 
may fare b e ~ e r  in isolatjon, whereas younger ones $0 beaer 
when Eving in groups. Rarely, if ever, are species and 
individual differences such as these taken into account when 
species are compared in terms of coM'cion or other 
behaviours. h fact, very often, data collected from one, 
two or a few members of a p~ma te  species are taken as 
represeata~ve of rhe e n ~ r e  species. The sign-laapage 
abilities of the few chimpanzees or orang-utans so ~a ined  
are inteqreted as indicai~ve of their e n ~ r e  species, al&ough 
we would never do aewise with data coHected from a few 
humans. We reca@se that humans vary enomously but, 
as discussed in chapter 2, we do nor amibute the same 
variabaity. to in&viduals of other spedcs. 

To remm to brain size and brain orga~sarrian, &ese 
also varq" wi& exper;ience. By emphasising &is, 1 do not 
want to discard evolu~onaq rf?eoPlies of brain size and 
cognizion completely; ra&er, I u.ish to raise a  cansidered 
element of doubt about m&ng de f i~ t e  searemcnts 
brain size to cogni~ve abifiw, intelligence or conscisusness, 
AU too ofien, we see diapams of arrimal brains ordered 
Gom small to large as representjng intellfjgence or, to use 
a presendy more acceptable tern, cognitive complexity 
(see Eccles, 1989, diagrams 37-39A; listed in the section 
on fur&er reading). The size of the whole brain and of 
the cortex, with increasing convofudons on its sdace  
(caged fissures), is the only c~terion taken into consider- 
adsn. W i ~  their smafl brains, which have few, if any, 
eonvalul-iorrs on the surface, birds fall close to the bonom 
of &is hierarchy, but this r a n b g  does nclt march their 
c ag~bve  abaides. 

The avian brain has solved its cognitive demands in a 
way quite different from that of the mammalian brain, and 
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its srnalf size indicates nol_hng of its cog~Gve complexi~. 
It may well be that the size of a particular, specific region 
of the brain correlates wi& the complexiq af its specific 
behavioural funcdon, as menhoned previously3 but total 
brain size does nor indicate a great deal about overall 
cognli-tive capaciw, or 5nteHigence'. 

Mammals evolved from regbles over 200 million years ago 
and Mii.eh them emerged a new layer in rhe cerebral 
hemispheres of the brain. The new layer is known as the 
neocorrcx; rnore recendy, it has been termed the isacoflex. 
I wiU keep to tfie older name of nencortex because it is 
mare f a d a r ,  The ncocortex became layered an top of the 
rnore primi~ve paleocafiex, also called the allocoaex (see 
Fig, 4.5). The. exact origin of the neoeortex is disputed but 
it appears ha t  even the earliest had six different 
layers of newe cells wi&in the . With the fizder 
evolution of rnammafs the neoco~ex expanded in size 
reladve to ehe rest of &c brain, and it appears to have 
done so many ~ m e s  over to give rise to different Ekes of 
mammals with different orgassa~lions of the coflex (mean- 
ing the whole cortex, paleocofiex plus nescoaex). In 
mammaXs wi& large brahs the neocoflex is expanded 
rdarive to the rest of the brain and the neuronal comec~orrs 
in the canex are more complex, allowing more complex 
processing of information. The expansion of size af the 
neoeaaex was mainly along its surface ratf-zer than its 
&icbess, and thus the surface of the cortex became more 
canvoluted and c r i a e d  (i.e. with more fissures or crevices; 
see Fig. 4.6). During the evolurjion of mst. 
of the surface of the neocoaex increased much more &an 
a .trhousand-fold with no comparable increase in thichess. 
The s d a c e  area of the xleocanex of a macaque mo&ey 
is one hundred times greater &an .chat: of a mouse, The 
relative size of the neoeoaex is largest in humans, a 
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Birds Mammals 

Flg.. 4.5 The pateocort@x means the bold cortex" It evolved first and, 
later in evolution, the neocortex was fayered over it, Reptiles do not 
have a neocortex and nor do birds. Birds evolved more complex 
brains by elaborating the paleocortex: their forebrain is paleocortex 
The neocortex evolved with mammals and it expanded in size as 
evolution proceeded. 

housand-fold greater than the surface area of the neocortex 
of the macaque mokey. 

One can ask what factors in the environment fight 
have iduenced the evolu~on of a larger xreacoaex in some 
species compared with that of others, b a n g  the non- 
human primates, mo&eys and apes, it seems that diet and 
sociaii rela~onships were significant facmrs in seleehg 
fm different sizes of the neocoaex in different species, 
T s s ~ m  Sawaguchi of the Prhate Research Insrimte 
in Kyoto, Japan, &vided a large nmber  of nohuman 
primates into diffelrexzt groups accorbg to h e k  diet, their 
habitat and their social smcmre, and measured the volume 
of the neoeoaex relatjve ta the volme of the rest of the 
brain, By loo%king at rhie reIa&ve size af the neoconex, it 
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Fig. 4,fi Brains of various mammalian species showing increasing 
amounts of convolution of the neocortex as it increases in size. 

was possible to conera1 for rtariafions in overafi brain size 
lhar wodd vam with body size, itsdf related ~co diet and 
o&er factors, Thus, Sawaguchi was not ixrterested in. total 
brah size, adjusted for body weight, but in the way that 
t?ae brain might have become argaxlised, the expansion of 
one region relative to the others, The fmdiings were very 
intereshg. Those p ates that feed prirnady on fmit, 
a l~ough  t!ixy. might take some insects and leaves, were found 



ta have higher relative v s of the neocoaex than 
primates ehat feed predomimnlly on leaves. This migbt, 
perhaps, be explained by rhe fact that fdt-eaters have to 
search Eor their food, which is usually raha sparsely dis- 
~ibuted, a f ~ G n g  tree occurring here and there or in small 
clumps, whereas leaf-eaters find &eir food more cvenly 
distributed. Also, fruit ripens at only cerrain dmes of the year 
and fruit-eaters must remember when that is. For example, 
orang-utans are known to visit their favourite fmi-ting mes 
only when rfne fmit is ripening: they remember when that 
is and do not, need to keep remrning m see if the fruit is 
ripe. Fmit-eaters, therefore, rely on well-cleveloped abiliries 
to f o m  and remember spatial and temporal maps of their 
environment. These abiXities might be acbieved by having a 
large neoeoaex rela-rive to the rest of the brain, However; 
there is a problem here because m als process spa~al  
Sorma~oxz in the kppocampus (as do birds) and the 
hippocampus is not in the neocoflex. Atso, as mendoned 
previously for p a z k g  a als, leaf-eaters can be quite 
selecdve in their diets, 

Social s m c m e  also influenced &e relative size of the 
neocofiex. The polygamous species (ones in which males 
had many female paflners) had significandy larger rela~ve 
xreocoaex volumes &an monogynous species (ones that 
fisrmed shgle malefemale pamers~ps) .  It is not at all 
clear bow having more pamers ~ g h t  hfluence the size of 
the neocoaex, but the latter was also iduerzced by the size 
of the prhate" social s o u p  (i.e. troop size). The larger 
the @clop size, the larger was the relative size of the 
neocomxr. Sawawehi suggeskd &at this relationship ~ g h r  
be explained by inhviduals in larger .troops haviag to 
remember more faces, vocatisa-tions and behavioural ebarac- 
terisrcics of their &sop members, Of course, all of these 
relationsEps do not tell us direcdy what the causal factors 
are, We can only speculate and should remember that the 
iduexlces could be indkect, caused by some other factor 
that goes along with e a ~ n g  fruit or being in. a ]large ~ o o p ,  
such as encountering different ~ n d s  of predators dependbg 
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on where food is fomd and on more or less grotecrion 
depenbg  on troop size, Even rhough we camat say 
conclusively what was the exact factor &at led to fhe 
expansion of the neocorcex, tfiese calculations show that 
some aspects of che enviromem lead ro 'Ehe seleczjon of 
species w i ~  dzferent rela.tive sizes of the neocofiex. 

Along wi& the neocoflex, an en~refy new stru 
evolved in the cerebral hemispheres of ma 
smcmre is a large tract of nenies comechg the two 
ceret7raI hemispheres to each otfier and it is called the 
corpus callosm. This @act is not present in repzilian or 
avian brains, wGch have a number of much srnaUer @acts 
connecling each side of the brain, The size of the corpus 
caUosm, relaeive to the rest of the brak, is largest in 
humans. Thus, humans have more aneocoflex and more 
comec.tion;s bemeea the separate neocodcal regions of the 
left and right ke~spheres.  The GOX~~PUS call~surn appears 
to have an hpoaarzt role in preventing the left and righcr 
hemispheres from both c a q h g  out the same function, h a t  
is, from duplicating functions. T h i s  appears to be possible 
because the corpus eallosum %&S areas in one hennisphere 
to .t_hek equivalent areas in the other he~sphere ,  hereby 
allowing iAibition by an area in one hemisphere of its 
equivalent in. the. other hemisphere. This wodd generate 
lstteraliisadon. of the he~spheres  (each he~sphe re  cawing 
out a different set of .Euxrcboxzs), which is discussed in the 
next section, 

was associated wi& the evolution of intefligence and, ulti- 
mately, consciousness. In tlnek book en~detd, Neocortical 
Development, wri~en in 1991, Bayer and Mman state: 'It 
is widely assumed &at the evolu~onary g r o d  of menral 
life that reaches its z e ~ &  in hmans is a ~ b u t a b l e  to the 
progressive expansion and elaborafion of &e neoc~nex" 
(Bayer and Aman, 19%). 

The foaawing quote is in a shilar vein: ' . .. . corn- 
parabve neurobiolow is aa integral part of attempts to 
understmd the functional organka~on of the neocoflex and, 
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d~mately, the evolur_ion of more complex functions  at 
are generated by the neocoaex, such as percegdon, cog- 
~ h o n  and csnsciousness" itzer, 199%). 

These are but ~o quo on &erne amongst 
neurobiologis~, who specialise in the smdy of neurons, 
other cdls in the brain and brain smeme. The p i ~ a a  for 
&ese scientists is that, udomnately, hey hwe liae f a d -  
is t r i~  w i a  the sfudy of al behaviour or comparadve 
psycholom. Their howledge of the brain itself is nor: 
matched by howledge of the behaviour of the anhais in 
quesricaxz. Before sensible rela~onships can be estabgshed 
bemeen brain organisa~on on the one hand and behaviour 
on the other hand, sciendsts need to be well versed in both 
fidds. 1 stsess this because perception, c o g ~ ~ o n  and con- 
sciousness can be measwed only in terms of behaviour and 
we want to be able to discover whetfier s have 
consciousness. The satemerzt by &ubi=er is on the 
assmption that consciousness evolved only in the mam- 
malian line, 

N&ough the neocomx might have provided S 

w i h  tbe neural skxbstrate (i.e. neural ckaits and s 1 
required fir intelligence and consciousness, wz'lihozdt a neo- 
coaex birds have complex cogni~ve ab2i~es that rival &ose 
of species with the neocofiex. T h e  hypa&esised association 
of the neoeoaex and consciousness is generated from a 
human-cen~ed posidsrrr. Ody in human$ it is assumed, 
has the neacortex become daborate enough to give rise to 
consciousness. 

Evolving from a repd-ian ancestor 
evolu~on separate from that of rria 
acquired cqnifive abiliries using diffe 
brain and Bifferent newaI ckcuits, As said before, the 
stru the avian brain is quite different from that of 
the lian brain, Reeog~"tin of this should tell us 
that the ngocoftex might not be essential far intelligence 
and cogrri-t_ion but, as we have seen, birds have usually been 
ignored or underestimated by the scientists who have written 
about &e evoludon of inteuigence and consciousness. 
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Sir John Eccles, fomerly of the Ausu-alian Narional 
Universi~ and winner of the Nobel Prize for his discoveries 
about the electroghysiology of neurons, has developed a 
hypothesis about the evofurian of consdousness based on. 
the presence of certain cells and circuits in the neocofiex, 
h the neocoflex &ere are neurons of a pa~cula r  shape 
h o r n  as pyramidal cells and rktese are clustered into 
bundles called dendronis (Fig, 4.7). As far as can be 
deduced from modern brains in vafious species, the den- 
drsns first appeared in the brain 200 milliion years ago in 
the first, primitive mammalian neocortex. mere  are about 
40 ~ l l i o n  of &ese dendrons in the human neocoaex. Eccles 
has hypoxbesised &at the dendrons are essen~al for can- 
sciousness. He speculates that e lec~cal  a e ~ v i w  in the 
denkons interacts with the "orld of the mind30 produce 
what he caUs units of eomciousness, or psychons. 'Thus, 
he ties consciousness to a padcdar cdl type, on. the 
assumplcian that only in m. als did consciousness evolve. 
As the pyramidal eeJls of the neocofiex are smcmrafiy very 
complex and have a great many connecbons, they are a 
good starting point for the smcmral correlate of conscious- 
ness, but they probably do not play an exclusive role in 
the mechanisms underlying conscious &ought, Besides, it 
wodd be difGcult, if not impossible, to test the hspo&esis 
that: the dendsons might be the Location of conscious mental 
processes. Eccles men~ons that birds show insigh~ul behav- 
iour and calls for fu&er examinadon of a parf of the avian 
brain, the Wulst, to see if the neurons there might have 

on w i ~  hose of she neocoaex of 
would provide useful. compa~son to test 

rztred hyps&esis but, even if they do 
similar to &at of ma 

nor prove that &ose particular circuits generate conscious- 
ness, 

More recently a subregion of the neocomx, the pre- 
frontal cortlex, located in the fronal lobes, has been 
desipared a special role in. human consciousness. The 
prefrsmsrl cortex occupies about one quarter of the human 



Fig. 4.7 Pyramidal nerve ceIIs in the mammalian neocortex, A 
single pyrarnidai celi is shown on the left, These cetls are 
interconnected in groups, called dendrons, as shown on the right 
Souree: After Eccfes, 1992. 

neocortex, an apparent advmce on the peat apes wEch 
have a prefrontal coflex occupying only about 14 per cent 
of their neocsnex, Some neurosckn.tjists call the prefrontal 

and headquaners" and recently .they have 
pa~cu la r  fom of synchronaus elect;rieal 

a c ~ ~ ~ ,  hewn as theta rhMnn, when a person is in deep 
&ought. Xn~ighgd and self-reflective tlzi in humans 
has been a ~ h t e d  to the prefrontal coflex. By hplicafion, 
an-imals, hcluding the great apes, may be said to lack insight 
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and reflection, or to manifest it in a less-developed fom. 
As a Row on from &is hypothesis there has been a 
suggestion that autistic individuals, who are said to show 
little understanding of their own mental states or those of 
orher individuals, may have impaired funcoioning of the 
prefrontal cortex, although there is insufficient evidence to 
substan~ate this c lah.  Moreover, the associa.tion of con- 
sciousness with an area of the brain that happens to be 
larger in humans echoes the earlier arguments about bigger 
being bener. I have already discussed the cono.ary evidence 
relating larger brain size to higher intelligence and con- 
sciousness and the same c~hcism codd be appged to the 
h6\.pothesised link b e ~ e e n  the size of the prefrmral c o ~ e x  
and conseiousrzess. 

In 1995, Barbara finfay and Rchard DarXhgon, wfiting 
in the journal Science, proposed a model that: might: explain 
the accelerated expansion of the: necrcoflex in. the evolution 

dian brains, the h m a n  brain being at the top of 
an exponendal increase in the size of this imponant re@an. 
of the brain, Recowsing &at each species is subjeaed to 
rhe forces of namral seleceon, that lead to it op~mising its 
behaviour in a padcular enviroment$ they asked what 
changes h g h t  take place in the brain to auow a species to 
dewlop a padcular speciafsed behaviour, controlled by a 
ga&eular locaEsed regon of the brain. For example, as 
discussed earEer in &is chapter, birds h a t  use spa~al  
S o m a ~ o n  to store their food and find it again. have an 
enlarged hippocampus. This is a special adapmdon to their 
paAmX_ar enviroment3 the birds s t ohg  flood when it is 
abundant and re~eving it when it is scarce. M 
store food (e.g. squkels) likewise have an enlarged hjrppo- 
campal, region of tke brain. f i m a l s  that have hands and 
can use &ern m catch prey or to manipulate objects have 
edargement of the pafl of the neocoflex that deals with 
the sense of touch f o m  the hands, This se@ort of the 
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ary somawsensov area, The 
her;ican raccoon, for example, has hands &at it uses in 
catching its prey and, compared with its nearest relaraik~es, 
it has a much enlarged pfimary sornatosensory area, and a 
larger padon of this area is devoted to processing infor- 
mation received kom the hands than it is in other species. 
In faczr, the infamadon about touch is sent from the hand 
in a consistent arrangement so that &ere is a map of the 
hdividwl digits of the hand on. this area of the brake How 
is the enlargement of an area specialised to ge&arm a 
gadcular adll.pdve fundon achieved, and what happens to 
the oher brain smcmres when this one region expands to 
make an adaptarion to a parzicular environment? 

Finlay and Darlingon wondered whe&er adaptaraion af 
a species to perform a special behaviour in a pa~cula r  
environment might have led to the expansion. of only the 
region (or regons) of the brain needed far &at pzihcular 
behavrisur or whefher other areas increased afong with it. 
They reasoned that, amongst the ma afs at least, the 
latter may be m e  because, when a brain is developing, it 
makes new neurons in a psthcu3ar order, and this order 
is ahosr idenficaJ in afl ma altian species, To make one 
area of the brain larger and keep the same order 'Ear 
m a h g  new neurons, all regions that develop at che same 
dme and after the requked region wodd have to edarge 
along with it, If this is what happens, the sefec~an cif one 
specialised a b i l i ~  (e.g. hands to cateh prey) would lead to 
an expanded capacity to pe&orm orher specialised funcrions. 
'Ibere are same examples that seem to S ~ ~ ~ O T I :  this pro- 
posirion. The Australian su-iped possum (Dactylopsilu 
tevirgata) has a special adaptation for its mode of feeding 
in the canopy of the rainforest: it has one digit 1ongtt-r than 
the others and it can use &is digit to get insects otat af 
holes in Qees, h also has the largest brain, corrected for 
its body weight, of all marsupials. Thus, its adaptation of 
a special digit may have led to an overall increase in brain 
size, not just an incxase in the size of the brain region 
con~aflhg the &git itself. 
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Put in. o ~ e r  words, acquirkg one specid a b i l i ~  may 
chance the brak3 sapcity for perfoming many other 
special funcfions. Thus, according to &is proposaf, h e n  
the hooves of undares (horses, donkeys, etc.) evolved first 
to paws (of rats, cars, etc.) and then to the hands of 
primates, not o d y  did the region of the neocomx used to 
cone01 the forelimbs expand in size but so diid the e n ~ r e  
neaconex. The adapta~on made might have been specifi- 
cally to evolve hands and &e abiliw to use &em to 
ma&pulate objects, but many other abilides went along with 
this acquisircion of the new behaviour. 

FirrXay rand Darf-ineon. measured the sizes of different 
regions of the brain of a large number of rna 
species livhg in different environments and p la~ed  
of each region against the total brain size (see Fig. 4.8). 
They found that, as total brain size increases, the size of 
the neoeortex, in its entirery, expands relative to all of the 
orher regions of the brain, The size of the neocoflex 
increases at: a faster rate &an the size of the o&er brain 
regions (e.g. the cerebeuum, dieneephalon and pafeacaflex) , 
In fact, the neocaaex expands exponenGally compared with 
the other regions of the brain. To cite an example gven 
by Finlay and XL)arlin@on, the brain of the smallest shrew 
is some 20 000 times sunder &an the h u a n  brain, 
whereas its neocofiex is more &an 100 000 ~ m e s  smaller. 
Of course, body weight has to be taken into account, but 
let us compare two species of compa y weightt: the 
insect-earing temec (a hedgehog-like of Madagas- 
car) has a brain that is ten times smaller *an  at of a 
s a m e 1  monE=ey, but a neocofiex that is sixty times smaller 
than that of the squkel modey, 

The h m a n  neoconex is at the tap of the exponentjal 
curve. Perhaps the human acquisirion of s m e  specific 
behaviours such as wa&ng in a more upright posmre and 
use of the hands in maGng tools led to an exponenrid 
increase in the size of rhe aeocortex. Thus, along with Ihese 
adaptalions, we might have acquked the increased brain 
capacify for tl?ifing3 for conseio~~nes~, 
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Fig. 4.8 The sizes of four diMerent structures in the brain are 
compared with the total size of 'the brain. The data have been 
collected frarn various different species and lines have been drawn 
to connect them all, instead of plotting singfe dots for each sample 
measured. Note that as brain size increases, the size c>f' the neocortex 
increases in an accelerating fashion (i.e. exponentially), whereas the 
size of the other structures increases in a more linear fashion. 
Therefore, with increasing brain size, the neocortex makes an 
increasing contribution ts the total volume of the brain Source: 
Adapted from Finlay and Darlington, 1995, 

This hypo&esis could explain the evoltrdonary leap 
foward in the human brafi.1, occuning 1.5 to 2 d l i o n  
years ago (.fa be discussed er in chapter 5). It: shaultd, 
however; apply to ohe r  branches of evolution and it could 
be tested for avian. species. Do the food-sto~ng species 
have other special ab&~es &at evolved along wirh their 
abit_jiv to store food using &eh larger hippocampus? Do 
owls, which are perfecdy adapted to searching for their 
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food in the dark of night usim specialised abilities for 
locahg the source of sounds made by h i r  prey, have 
other special abilities &at they acquised with this specialis- 
ation? Indeed, are they more inteEgentt because of this and, 
to go fuder ,  might they have acquked conscio~l~nes~ as 
a consequence? mese  are ex~emely interesGng q-uesrions, 
but at this h e  they. carnot be answered, 

Laterdisa~on of the brain refers to spedalisa~an of the 
he~sipheres of the brain to taw out &ferent fixnetions, 
to process dfferent SOBS of infoma.fion and to eoneol 
different behaviours. For example, in the xnajo~q of 
humans speech is conaolled by the left befisghere and the 
percepmal processes that allow us to understand lanpage 
are also located in &at he~sphere ,  n e  left he~sphe re  
conwols the right hand and, in most people, the left 
hernisphere is used to con~o l  w h ~ n g  and many o&er acts 
&at are p e ~ o m e d  by the right hand. The ~ g h t  he~sphe re  
in hmans is involved wi& emotional behaviour, pahcularly 
nega~ve emorions such as fear and discontent. For this 
reason, the facial expressions &at simal these emotions are 
expressed more s~rongiy on the IeA side of the face, On 
the orher hand, when most people spek, the dght side of 
the rn~ueh opens wider and sooner than the left side. The 
right hefisphere is also involved in dete 
lacarcions of objects and &us con~ofs ow 
our way using maps. 

These hncrjonal bterafisa~ons of the hemispheress in 
hmans  are matched by smcturd as 
The Sylvian fissure that runs b e ~ e e n  the two major 
language and speech areas in the left hemisphere is longer 
&an its ewivalenf in tbe right hernisphere (Fig, 4.9A to 
4.9C). The back part of the left hemisphere, the occipital 
cortex vvkich is used for vision, is larger &an the same 
region of the right he~splzere and the reverse is the case 
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PT Left Sylvian Fissure PI Right 
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hemisphere hemisphere Occipital (visual) cortex 
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Fig, 4.9 Left ((A) and right (B) views of the hemispheres of the 
human brain showing asymmetry in the regions used for speech: PT, 
planum temporate. Wo views looking down ifram the top of the brain 
are also shown. C is a view af the surface showing the asymmetry 
in the PT regions of the ten and right hemispheres and D is a section 
through the brain showing that the left occipital lobe is larger than 
the right and the  right frontal lobe is larger than the  left Source: 
Adapted from H. Steinmetz, 1996, Newscience and Bjsbehavioral 
RQV~~WS,  20, 587-591. 

for the I"rom pass of the he~sgheres,  b o w n  as the frontal 
lobes (Fig. 4,9D), 



Lateralisa~on af the human brain was discovered more 
ban. one hundred years ago when it was nodced that people 
who had suffered a s ~ a k e  leaving &em paralysed on the 
right side of the body suffered from aphasia, loss of the 
ability to speak, w h e ~ a s  those thaf had paraf~sis on the 
Xefr: side of the body had no detecrable deficies in their 
speech, ?"he aphasia followed from damage to the left 
hemisphere, which cantsols the right side of the body. The 
specific region of the damage affecting speech surrounded 
the Sylvian fissure of the left he~sphere .  

Knowledge of lateralisation in the hwman brain 
advanced considerably witk the research of Roger Sgeny, 
who smdied "split-brainhpatients, ones who had had the 
cowus callosum e o n n e e ~ g  the hemispheres secdoned 
because they suffered from severe epilepsy. This operaeion 
prevents i d o m a ~ o n  from being ~ansfened direcay from 
one hemisphere to the other, When such a subject looks 
straight ahead at a point an a screen and then a piemre 
is fiashed, say, in the left =&erne of the subject's visual 
field, the visual idorma.eion is sent to the sight hemisphere 
only and processed there. If the pieme is flashed in the 
exltreme right visual field, the infomaGon is sent to and 
processed by the left hemisphere and &is means h a t  
language and speech een&es are aceessed. Thus, the sub- 
jects can say the names of picmres of objects Bashed in 
the right visual fidd and they can also read words flashed 
&ere but, when the same images are flashed in &eir left 
visual field, they cannot do so. For example, if an image 
of an apple is presented in the right field, the subject can 
say 'apple" but that is not possible when the image of rhe 
apple is presented in the left field because the language 
cenpe in the left he~sphe re  eamot be aceessed. In ehe 
latter case, however, the subject is able to choose an apple 
from a bowl of fiuit to indicate what the right hemisphere 
has seen, Using this techn,;que, Spew was able to show 
that the left hemisphere is specialised for foms of analy.tica1 
&ought ineludhg mathemarical calculaeian, as well as for 
language and speech production, whereas the right 



hemisphere is specialised for music appreciallion, spatJsil 
abiliries, expression of emotions and nonverbal processing 
of images. These results have been conf~med by modern 
tecmyues of 'irnaging' neural acGviq in a living, intact 
brain while the subject performs a certain task (see Fig. 
4.10). We know now chat there are sorne aspecls of 
1an~ag.e &at are processed by the righl hemisphere and 
tkar the left hemisphere is used by waked musicians to 
analyse music. Presumably ~a ined  musicians have learnt to 
use differem neural circuits to analyse music, Exaclly wkch 
hemisphere is used by a @ven individual so taw out a 
padcular task appears to degend on past experience as 
well as the type of ~ o m a r i o n  processkg used. 

The exisrenee of "split-bmin' ppafients, who had had the 
corpus c d o s m  sec~oned, provided fuel for the debate on 
conseisusness. In the 1970s ~o scienbsts, Popper and 
Eedes, pub,;lished a dialawe about the potential paradox of 
*ese padents having two minds in one person* If conscious 
thou&t emerges from the neacogex, there is a possibaitqf 
that rhese "split-brainhftnbjects have mo separate minds 
because each side of the brain has a xleocortex. Ntema~veily, 
shce the left befisgbere is by far the one most co 
used far lanaage, perhaps eoxlsciousness resides h the left 
hemisphere only, This would mean that1 the ~ g h t  hemi- 
sphere is mconsciaus, As men~oned in chapter I, the issue 
of an obfigatov associa~on beween consciousness and 
language underscores this debate, The dght he~sphe re  is 
capable of GgMy complex mental processes even though it 
camot express &em verbafly. Laxlmage is, indeed, a 
convenient: vehicle by wsch we can assess consciousness, 
but that does not mean, that a nonvabal hemisphere, or 
for that maEer a nonverbal person, necessa~ly lacks con- 
sciousness. T o  access consciousness of ehe right he~sphe re  

d with the same Hficulbes as in 
Is have consciousness, Not suqris- 

ingly, herefore, the queseon of two minds in m e  pernon 
remains unanswered, It has, however, been observed fhat 
sorne 'spjit-brain' people mpe~ence conflic~ng emotions or 
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Fig. 4.10 tmaging techniques show active regions of the brain (here 
PET scans, meaning Positron Emission tornography). The human 
subject is performing different tasks and different regions of the brain 
are active. See Fig. 5.4 as a reference point For the regions that are 
active Some: Adapted from G.D. Fischbach, 2 992, Scientific 
American, Sept., 3G3 1 , 



perfom conaary acts. One subject repofis opening a draw 
wih one hand wMe shu&g it with the other, horfier 
repofis p u ~ n g  one a m  around her husband to greet him 
wMe pushing h h  away wi& the o ~ e r  hand. h e  there 
tx7s minds, with two moralides, in the same person? I &i& 
that &ese obsemarions might suggest so. They ce~didy  
b ~ d g e  the issues of consciousness in hmans  and a 
and EgMight the need to develop methods of assessing 
consciousness w i ~ ~ u t  fanwage. 

Far a loag time it was believed that lateralisation of 
the brain was a unique a ~ b u t e  of hmarrs, associated wi& 
ow abili~es for tool use, lanwage and consciousness. The 
association bemeen these three a ~ b u t e s  will be discussed 
in more detail in chapter 5 when fiandedaess is considered 
also. Here we are interested in the brain hrrceions that 
might depend on h a ~ n g  a latesafised brajin. Lateralisadon 
means that &ere are fewer funcdons duplicated in each 
hemisphere and, thus, the capaciw of the foretbrain may be 
effecrively doubled, This, it has been argued, explains the 
superior inteEgemce of hmans  and also our exclusive 
abiliries of language and consciousness, 

Wri~ng in 1989, Eccles adhered to th i s  view. To  Eccles, 
consciousness is urxlque to humans and is a product of our 
highly developed neocofiex as well as of lateralisadon. He 
believed that all mo&eys and apes have symme~cal brains, 

etry (i.e. lateralisation) evolved in humans 
to overcome the problem of nee more neoeofiex. 
Instead af the size of the neocsfiex er expanding, he 
suggests, f ~ n ~ d o n s  of the mocofiex were no longer dupli- 
cated on both sides of the brain. It is surprising that he 
held this view of lateralisation as unique to humans at the 
time he wrote it: because here was already clear evidence 
that manqr species of anhals have brain latesalisarion. 

As early as the early 1970s, Nottebohm and his 
co-workers at Rockektler I J ~ v e r s i ~  demonslrated that here 
is lateralisarion for the con~o l  of singing in song birds, 
such as canaries. he cut eiher the left or right nerve 
&at supplies h e  , the organ that produces the song, 
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situated on the aiway from the lungs. Grxteng the nerve 
on the right side had no effect on singing but c u h g  the 
neme on the left side prevented the bkd from singng. The 
c a n q  perfomed like an actor in a silent film, going 
 rough alX the motions of singng but u ~ e n n g  only 
and squeaks with an occasional syllable .fhr~wn in. Later 
Notfeboh traced &is lateralisa.tian to .she song nuclei in 
the brain (the ones that were discussed earlier in this 
chapter), Desiroying the higher vocal cezlee on the left side 
of the forebrain prevented the canan from singiging, but 
doing the same an the right side had no effect on song 
produc~on. Thus, Iaterafisation for song production. was 
demonseated. The role of the left he~sphe re  is interesting 
given that bird sang shares some of tke aspects of human 
fanpage and even involves lear&g: same species even 
learn to recoaise and produce local diaiects, Of course, 
we must remember hat3 if song is to be ilateralised, it has 
a 50:50 chance of being in the lee hefisphere. In fact, 
zebra finches have canwot of song larerailised to the dght 
he~sphere ,  alaough all of the other species invesrigated 
sa far use the left he~sphere .  

role of the left he~sghe re  in species- 
don is hiigMighted by discove~es of left 
isadon. for processing vocaltsa~fjians in a 

nmber  of species of ma als. Japanese macaques process 
their species-vpical calls in the left hemisphere, Like 
humans, they show a right ear advanage for recog~sing 
voealisations, the right ear sendkg its infornation p 
to the left he~splhere. No difference is found bemeen ears 
for o&eq nonvocalised sounds, indicating rhar the lateralis-. 
atiun involves higher mural processing and is not simpty 
a resdt of one ear hea~ng  b e ~ e r  &an the other. Fiats also 
show a 1-ight ear advantage for processing &eh species- 
vpical vocalisa~ons and not h r  otlher sounds, The sound 
hait has been tested is the high-pitched, d~ason_re. dis~ess 
call of rat pups. If the left ear of a morfrler rat is blacked 
with wax she will, as nomd,  run to a loud-speaker that is 
ernit~ng the sound of her pups and anempt to r e ~ e v e  
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&ern, vvfnde at the same h e  iporing a neu~a l  signal behg 
emimd from another speaker. Xf her right ear is blocked, 
she will approach both speakers at random, apparenGy 

ate the calls of the pups from the neu~a l  
dy, by Holly Fitcb and o&ers at Rutgers 

U ~ v e r s i ~ ,  US& has demonswated &at male rats also have 
a fight ear advantage far processing temporal sequences of 
tones, as do hmans. Clinical research on humans has 
suggested that there may be a link b e ~ e e n .  temporal 
processing of sounds and processing af speech sounds by 
&c; left kexnisphere. mus ,  children. who have diffieul~ h 
l e a r e g  Zanpage dso have $reat dzfictljq in disc 
rapidly presented tone sequences, The same is m e  of 
people who have damage to the speech cenae in the left 
he~sphere .  The i n a b a ~  ta harzae temporal idomadon. 
c a ~ e s  aver to rfiose aspects of speech and h p a k s  pro- 
cessing of Xanwage. The laterafised processing in rats mi&t, 
&erefore, represeng a very early specialisaxion of the left 
he~sphe re  which later in evolu.cian became used tisr 
lanpage. 

TXere appears to be no&ing pahcutfarly %urnanhabout 
use of the left he~sgbe re  to process co u~cat ion signals * 
"I'he same is also m e  for use of the left hemisphere to 
produce voca~sarciom, as we have seen in birds. 'Even the 
frog Rana pipiens uses the left side of its brain to make 
alam calfs. Nso, the left side of the brain is used by male 
gerbils to produce the vocalisations that they make when 
they are courting a &male, The role of the left hennjsphere 
in vocal cone01 and percepeon is a verji ancient one, It is 
not an: exclusive role and is not an 
for all species, but it is hpresshely 

Many other brain furtct_iorzs are 
h the late 1970s I &scovered that y 

nate food grains from small pebbles using the left 
side of the forebrain. Soon after that %chard &drew aE 
Sussex Universi~, IJK, tested chicks on the same task with 
a patch on the left or right eye. He found that the chicks 
ested with the patch on their left eye coufd learn fa 
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$iscrenate the grains from pebbles, whereas &ose with a 
patch on the right eye could not do SO. This result. CO 

the specialisa6on of the left side of the forebmin for 
perfoming &is task because, in birds, most of the infor- 
mation received by the ~ g h t .  eye is pmcessed by the left 
hehsphere and vice versa, 

Following these ~ ~ a l  sfudies with chicks, a large 
number of different finnctioxls have been found to be 
lateralised. To give just one more example, in chapter 2 I 
menr;ioned the smdies of in&vidual recoM~on in chjcks 
tested by placing the chick in an alley way with a f a m ~ a r  
chick at one end and an unfamaiar chick at the other end. 
The c ~ c k  can disc inate bemeera the f ad i a r  and uda- 
miGar chick and chooses to approach the farnaiar one. 
Giargio Vailodgara, at the U~versiw of U&ne, Itdy, and 
fichard h&ew, at Sussex Uxriversity, UK, conhuecl these 
exp&ments to see if the ckicb could do Bewise vvi& 
f a ~ l i a r  and udam%itiar objects and then tested &em wi& 
a patch over the left or ~ g h t  eye. Each chick was kept in 
a cage with a red ~ b l e - t e h s  bafl suspended about five 
cexrbmetres above the Ooor level, The ball had a small, 
white lhofizantal strip on its equator, Mter a few days of 
becohng famifiar wi& this baU, each chick was given a 
choice of the famdiar ball placed at one end of the alley 
way and a red ball wi& the s ~ p  or.iented vedcafly placed 
at. the other end. m e n .  tested binocularly the cfiick raodces 
the dzferencc b e ~ e e n  chese tvvo s h d i  and, usually, 
chooses to be near the fzmiliar one. It does lkewise when 
given a choice bemeen the famahr b d  and one with the 
strip o~ented at 45 degrees from the horkontal. Thus, with 
both eyes open, both large and small differences from the 
familiar srrimulus are detec~ed. If, on. the other band, the 
ckick is tested using its right eye, with a patch on the left 
eye, it chooses only betvveen the horizonral and vehcal 
orientadoas but not bemeen the horizontal and the 45 
depee orientatlion. If the fight: eye is patched, ctze chick 
(using its left eye) chooses h e ~ e e n  the famdiar s.tlimdus 
and both sf the unfadiar s b u l i ,  In ather wards, small 
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differences are no-rj;ced by the left eye and right side of the 
brain, whereas only larger differences are nodced by the 
right eye and left side of the brain. The left eye and right 
side af the bra& of the chick are also specialised to pedom 
sparial tasks, such as &ose used when searching for food, 

A ba~ery  of lateralised brain func~ons has been 
fomd by Viaor Denenberg at the Taniversi~ of 
Connecticut, USA. fits can also be f-ested monocularly 
because, as in birds, each eye sends its infornation to the 
opposite side of the brain. In Denenberg" laboratory rats 
have been tested (by P.E. Gowell and N.S. Waters) in a 
task requ_iring tktem to swim in a tank of water and to 
locate a hidden plagom on. wEch they can sand before 
behg Gfted out of the 'sswh maze", Rats can learn to locate 
the platfom using their supesios spa~al  abGi;itries. They o&ent 
using cues overhead in the roam and on the walls of the: 
tank. In the monscular tests, the rats were abk to pedom 
this t;zsk well if they were ushg the left eye but not if they 
were using the ~ g h t  eye, The demonsealted involvement: of 
the right hemisphere in pracessirzg spaIcj:ai infomar-ian is 
&e same as in chicks and humans. 

From aese selected examples, it will be seen that &ere 
is no doubt that aniimais have s~ongly lateralised brains 
and even &at the form of the lateralisadon is very shaar  
to &at of hmans, This is m e  even when we compare 

very different brains, such as birds and 
The cot-pus callosum of aIs may be 

in genera.tring fateraiisadon. of gin, as men- 
tioned in the previous secdon, by p e m i h g  ifibition of 
parrs of one hmisyhere by their equivalents in the other 
hemisphere, but the corpus caUosum is not essendaf I"ar 
brain. lateritlisa.fioxl. Bkds do not have a cowus caEosurn, 
but they have swongfy faterdised brains. 
h animals, as in hmans, &ere are smcmal  as weU 

as funcbonal asymme~ies of the brain. Chhpamees and 
orang-utans have asy etry of the Sylvian fissues, as do 
humans, In rats, &E: left visual region of the coflex is larger 
&an its equivalent on the rigbt side, as in humans, In birds 
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euies in the orgarrisatioxl of the neurons 
&at: ~ransmit visual information, to rhe forebrain, 

It is now clear that the hypothesised unique relationship 
b e ~ e e n  brain. lateralisa~on, lanmage and consciousness is 
incorrect. It may be that consciousness could not have 
evolved wihout brain lateralisation, ancl this might also be 
m e  for lanwge, but &ere w s  no simultaneous evolution 
of aU of these a ~ b u t e s  togeher, 

We h o w  of no shgle smemre in the brain that is ~ q u e  
to hmarzs, despite canhual c lahs  that have been made 
to &is effect at one time or ans&er. We are, it seems, 
always s e e ~ g  to find sornehing about the brain that might 
make us different from, and superior to, o&er species. 
Perhaps it is just more of eve-ing &at singles us out. 
Humans have the largest brain weight rela~ve to body 
weight, the largest neocoaex size relahve ta .clhe rest of the 
brain, the largest prefrontal coaex and the largest cowus 
callosw, Perhaps these represent a, special coduence af 
brain fefeatnsres, out of which cansciousness emerges, or 
perhaps it is ody a xrraaer of degree that separates us from 
other species, Ss far, hawever, seareKng far the Zrey to 
%uuanamess" brain smcmre has sewed mare to dash 
itlusions about our supefioriw, or simply difference, than 
to provide canfimarion of &ern. 



A number of abitides may have come together with the 
evolu~on of humans. These proposed characteristries include 
standing upfight on the feet (i.e. adopdng a bipedal 
posmre), the abiliq ts  pedom fme manipuladon wih the 
hands, right-handedness, tool use, lanmage, group hunting, 
the to plan ahead fin1en~ona6@) and consciousness. 
As we wiU see, many of hese characte~sdcs have also been 
observed in n,o&uman anhals. Yet, a coming together of 
all of these abiX-ides may explain the appearance of the f i s t ,  
modem huans ,  Homo sapielzs, 0.1 million, years ago, 

The first human-like arn_imals, the aus~alopithecines, 
appeared an ea& some 4 to 6 &llion years ago, and some 
say more precisely 4.4 miUion yeam ago, Mthough we do 
not h o w  exaccly in. which region of the vvodd the trarrsidon 
from nohuman apes to humans rook place, the discovery 
of fiassils &at are intemediate bemeen chimpanzees and 
the australopi&eeines in M ~ c a  suggests that this is the 
place where it occuned. Also, analysis of our genezic 
materid (i.e. the genes) places us closer to the chhpanzees 
and goriUas of M ~ c a  than to the orang-utans of Asia. "Ihe 
genes are inside the nucleus of everjr cell jn the body and 
they are passed on from generation to genewrion. They 
are the building blocks on which. aU, lik forms devdop. 
Muences from the envirament can ra&caEy affect what 
genes art: expressed; as rhe molecular hiolo&sts say, they 
can affect 'the read-out from the gcne-eic code'. Evolution 
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occurs by changes that accumdate over t h e  in the genes, 
rhese changes being referred to as mutadons, All living 
species share a considerable p ropo~on  of genes (i.e, they 
have genes that are the same, or almost the same). This 
is because aU of &ese are basic genes that need to be 
expressed in aU life forms. T%ey are basic for sufival. 
These basic genes encode certain proteins that are essen~af 
to the f u c t i o ~ n g  of oar cells and bodies as a whole, 
Nevefieless, each species has a collection of genes that 
differs from those of oher species, and those species 
that have evolved fufier apart from each o ~ e r  share fewer 
of the same genes. The fewer genes shared, the f u d e r  
apaa are the two species in evolu~onav time because, 
begifing from the b e  when they separated from each 
otf-rer, each species slowly accumdates &fferent muta'ritons 
of its separate gerredc code. We can. use these accmdated 
mutations as a clock to date when any two species began 
to evolve separately, Thus, fkom livhg a 
can obtain idornation that allows us to frace their evo- 
lutionaw past* 

Scien~sts can discover how much gerze~c material is 
shared b e ~ e e n  any two species by mixing their generic 
material together to see how muck matcbing occurs bemeerr 
their ~o geneGc codes. 'T'he process is called gem or DNA 
hybridisation. The genes are smng together in sequences 
like the words in a sentence, although each sentence of 
genes is a very tong one. 'T'he genetic code of one in&~dual 
is made up of many such s&gs of genes and thus we 
fight consider it as a colledan of sentences, some of which 
wiU. be read out at different b e s  in the  individual"^ life 
and in different conteas. m e n  gene hybri&sation is carried 
out, the sentences describing an individual of one species 
are compared with those describing an individual of anortner 
species, If we hybridise the genes of a chimpamee and a 
human, we find a remarkable 99 per cent similarity of the 
genetic code. We share slighdy less than this with gorillas 
and 98 per cent with orang-utans. By knowing the rate at 
which mutations accumulate, we can date the divergence 
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Fig. 5=1 Evolution of the hominoids, based an DNA hybridisation, 
This is the most accepted view, but it is not the only one. ft has been 
suggested that humans branched off after orang-utans and that 
gorillas and chimpanzees evolved later on their awn divergent 
branch. This view would explain the fact that although gorillas and 
chimpanzees use their knuckles when they walk, as did their 
ancestors, there is no anatomical evidence that the ancestors of 
humans were knuckle walkers. iin the scheme presented in %he figure, 
one has to assume that humans lost the knuckle-walking ability of 
their predecessors, 

of the human line of evolution (refened to as the b o m ~ d  
line of evolution) from orang-utans at about 10 to 12 million. 
yeam ago, from gorgfas at about 8 &ion. years ago and 
from chimpanzees at about 4 to 6 maion years ago (Fig, 
5.1). There are some inaccuracies in d a ~ n g  the hybri8is- 
arioxl data and we should remember that the e n ~ r o m e n t  
has a large effect in d e t e m i e g  what genes are expressed. 
This may explain why orang-utans acmally have more 
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physical feames in common with hwans  than do godas 
or chimpanzees. Yet, overall, the evidence suggests &at 
humans are more closely xlated to chimpanzees. Thus, 
while nohuman primates had spread out hnt. Afhca across 
Ihe continents through Europe to Soulrl.least Asia and to 
Sou& he r i ca ,  it appears to be hose that smyed in Africa 
that evolved into hominids. 

The evoludon of humans oeeu~ed  at a dme when 
M ~ e a  was cooling and beeomhg drier. There was a major 
loss of forests and an. increase in grasslands, b o w n  as 
savamah, It has been suggested that this climadc change 
led to the evolu-cion of humans that walked upright on ~ e i r  
hind h b s  (blipedafiy) and to a change in heir feeding 
habits from p r h a d y  eadng fmit and leaves 'to eaf-ing meat, 
fi>r which they needed to hunt, This wiU be discussed in 
more det_ail later, The bipedal gait may have allowed the 
early hmans (hominids) to move more efficiendy aver the 
grasslands in search of food or other resowces, 

Beween the time of the first appearance of human-gke 
axtimals (4.4 d i o n  years ago) and the appearance of 
anatoficafly modem humans, Honzo sapiens, there existed 
a n u b e r  of different species af horninids. Apparentty, these 
species formed as a cunsewence of climaric changes causing 
fragmentation of the habitats in which they lived. This 
caused populafions of haminids to become isolated and &enr 
to evoke along selparate parhs. The earliest horninid spedes, 
Austrahpithecus afarenszj. (wEch existed from 3.8 to 2.9 
maim years ago), is believed to have @ven rise to two 
major subdivisions of hominids: the gracile Australvpithecus 
africanus (3 to 2 million years ago), which eventually led 
ta Home sapielzs; and the robust Paru~thropus or Ausmlo- 
pithecus rohsms and Auszratopithecus boisei (2.5 to 1 million 
years ago), a side b r a d  which had becorne extinet by 
about 1 million years ago (Fig. 5.2). The gracile stock of 
hominids included Homo habilk (1.9 to 1.5 million years 
ago), Homo erectus (1.8 to 0.25 million years ago), I"Jomo 
ne~nderghaZensis (0.12 to 0.04 maion years ago) and archaic 
Eiomo sapbras (0.4 to 0.09 maion years ago). Home habilis 



WNDS OF THEIR 6W 

M Sapiens (archaic) 

Age 5 2  The evolution of the haminicts, This is a konsensus' view 
and definitely not the only one that has been proposed (for 
alternatives see R. Gore, 2997, National Geographic, 191 (21, 72-97). 
The boxes indicate the approximate periods for which each horninid 
form existed. Some people prefer not to separate A. boisei and A. 
robustus and they assign both species to the same genus 
Paranlhropus. Note the uncertainty of the end point of the period for 
which Horns erectus existed, 

represented the fzsr notable increase in brain size, reladve 
to b o a  size, over apes but even so i t s  re1atlve brain size 
was only half that of Uomo sapiens. 



Each of these horninid species evenmally became extinct 
at one M e  or anotfier, Some h o ~ n i d s  suevived for longer 
than others, probably depending on when they came into 
competition with later horninid forms with larger brains. 
mere  is confroversy abouc exacdy when the vafious hom- 
inid forms appeared and died out, and also at what time 
the various fams  ~ g a . c e d  from their apparent birth place 
in Africa to spread out over Europe, Eurasia, Australia, and 
so on. A =cent repoa in the journal Science (wiaen by 
C. Swisher of the Berkeley Geochrondom Geneer, USA, 
with a number of colleagues) has made a claim, based on 
dating bone material, that Homo erectus existed in Central 
Java up to around 27 000 to 45 000 years ago, long after 
modern Home s a p i e ~ s  had evolved. But the repoft needs 
confxmadon because the age of the Home erecgus shus  was 
estimated only kdkecdy by measu~ng the ages of bovine 
teeth eoldected from the same layer of e a f i  and from 
alongside the shus. Samples of the s M s  were not made 
ava2able for direct &tinge As c ~ b c s  of the repaft arpe,  
the bovine teeth and the skds  may have come toge&er by 
sedirnent drift or some more recendy occudng m ~ r a l  
phenomenon, raher &an being deposited alongside each 
s&er because they lived and died at the same rime, 

In fact, it shodd be noted that aU of the: dates that I 
have cited for the various h o m ~ d s  are es.timarions only. 
Even when. samples of sh33s are avzgable, inaccuracies 
resdt from problems izlvolving d a ~ n g  the bone matefial, 
the fragmenmv namre of the remains that me available 
ancl a&er taxonomic (classiffcz~orr) issues, Not ody the 
age but also the dis~bulrion of the va~ous hornfid foms 
is an e s k a ~ o n ,  wi& s s a r  sowces of inaccuracy, How- 
ever, it now appears that, al&ough Homo ereceus dispersed 
widely across the conrinents, it was from the Home ereczzls 
popdation &at remaked h Mrica that Homa sapkns 
evolved, and Home sapz'ens then, dispersed from M ~ c a  to 
the rest of the world. As it did so, it must have caused 
the ex6nczion of the other h o m ~ d s  that it contacted. 

None of these chronological and anatomical details are 



of padcular concern to us here, but they provide us wih 
a background against which to consider brain evolu~on in 
the hominids and wi& a basis on which to pose the 
quesrion, 'When did the hman. brain become the one that 
we h o w  it is today?'. 

Did brain capacity evolve in complete synchrony with 
the changes in tbe skeleton that are used to place the various 
h o ~ n i d s  in different species, or were here steps taken by 
the evolving brain &at occurred independendy of &ese 
markers of physical evoludon! Did the adopdon of a bipedal 
posture influence the evolution of the human brain! 
Mfiough we can e s h a t e  brain volme from fossilised 
shus, haw much does this tell us about the organisahon 
and fluxlcdon of the evolving h u a n  brain? When did 
~ght-handedness and tooli using emerge and were they 
l ~ e d  to each o&er? When did hmans begin to use 
lanwage? Was it as recendy as around 30 QQO years ago, 
as W%am Noble and lain. Davidson have hyporhesiseb? 
Can we discover anytizhg about the consciousness of 
hominids from the palaeontological records? I will consider 
each of these proposed aspects of h w a n  evolu~on in. mm. 

The expmang brah 

We b o w  that modern h u a n s  have the largest brain size 
reladw to body size, and also the largest neocoaex and 
prefrontal cortex, of all animals (chapter 4). From the 
appearance of &e first hominids, the h i n  size began to 
increase steadily, rela~ve to the body weight, tvhich w s  
increasing also. Begiming at around 3.5 million yews ag-o, 
there was a steady and acceleraring increase (an exponential 
increase) in the size of the horninid brain, relative to body 
size, largely due to the increasing size of the neocoaex, as 
discussed in chapter 4. D g tilt-! past 2 d i o n  years of 
evolu~ort, of the line Home, brain size doubled, 

The steady increase in brain size was intempted at 
around 1.5 to 2 million years ago by a % u w '  in the 
exponential curve caused by a somewhat more sudden 
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Fig. 5.3 The capacity of the cranium of the horninids increased 
over evolutionary time. This broad curve encompasses the data from 
the different specimens of Fossil horninids (as in Fig. 5.2). Note that 
an increase in cranial capacity occurred around 1.5 million to 2 million 
years aao, followed by a hiatus until about 0.5 miliion years ago 
when cranium size began to increase rapidly. For more detail see 
Noble and Davidson, 1996. 

increase h brain size (Pig. 5.3). It was at this time that the 
climate changed drarna~cauy, and it eonhued to Rucmate 
considerably and aver rela~vely short periods of time. Forests 
were last aver just several decades only to remm again. just as 
fast. WiHiam Cdvjn, a neurapbysiofsgist at the Washingcon 
School of Medicine, USA, has hypo&esised &at these stvings 
in climate may have caused the sudden kcrease in the size 
sf the Home habilis brak by promo~ng the accumdarion sf 
rnenal abili~es that wadd p e r ~ t  f le~bdiw of behaviour. 



Such fle~biE@ would be necessary for survival in the 
chan@ng clima~e condirions, h increased capac i~  of the 
brain would have made it ready fbr any new life style that 
might have been demanded by the changing clhate. There 
is, however, no direct evidence to suyporf his  specularion, 
intereseing rhough it is, 

It is always then as fact that increasing brain size 
means increasing c o g ~ ~ v e  compleGw or inteuigenee. In a 
general sense, at least witrhin one line of evolu~on, this may 
be somewhat m e ,  but we must remember that species an 
divergent branches of evolution may use quite different 
organisarions of neurons to solve the same problems of 
behaviour, and size is not always Lhe issue, W i ~  their 
rela~vely smaa brains, birds can firncfion at cogkrive levels 
equivalent to &ase of prhacces (chapters 3 and 4). 

Palaeoanthropologi~ts~ who smdy the evolution sf 
ing fossils, can only obtain. idormation 

about the shape and size of bones, They can estimate brain 
size from the size of the cmnium and body size from the 
skeleton, and it may be reasonably accurate, but they can 
oslly guess at the level of intelkigence that an extinct brain 
might have had, The basic assumpsion of this kind of 
research is that brain size is direcrly and immutably related 
ta inteageace, 'This assumpdon may be to some extent: 
correct pro\rided that one keeps w i ~ k  one mdiverghg line 
of evolution, but we will never h o w  because integigence 
is somerfiing that ody a living a ~ m a l  can tell us, not brain 
size. This is the paucity of the homGd fossil record and 
it is on the u h o w n s  and the cracks in the evidence &atJ 
all too often, our human-cexl&ed views are founded. 

Stanang on om hind Embs 

Did brain size begin to increase as a result of hominids 
adopting an upright posNre or was it the other way around? 

No&uman primates move about by using all four 
limbs, eiiber m move on the pound (e.g. baboons) or to 
s ~ n g  in the mes and lrrnd on hrancks (e.g. many macaque 
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monkeys and bowler monkeys). In the case of our ntzarest 
relaeives, the great apes, orang-utans use all four limbs in 
almost equal amounts as they move through the canopy of 
rhe midorest. The hip joint of the orang-utsn ailuws the 
legs to be moved more like ams, whiIe the feet can cling 
more like hands. Chimpanzees and goaas  use four limbs 
likewise when they are moving &rough the Bees but, when 
moving on the ground, they usually suppm &emsdwes by 
using both their feet and the knucMes of their hands, m e y  
are refesred to as buckle waRers'. M1 of the apes are able 
to walk bipedally on the gromd but they do not do so 
habimally, as we do. Nso, when apes W& bipeda11y their 
gait is more laboured &an ours because they cannot extend 
the knee joint to make a straight leg for stepping out and 
the& feet have to be placed widely apart. 

PIXl hominids, except perhaps some of the earliest 
aus~alopi&eeines, were bipedal. This can be deduced by 
the smcmre of their feet, hips and p e i ~ e  bones and of 
the joint bemeen the bones of the neck and the back af 
the SW, as ehe head has to be held at a different angle 
when the body is in a bipedal versus a quadmpedal smnce. 
In fact, 3.6 d i o n  years ago in the glace we now call 
Tanzania, three h~rnirtids walked &rough some fine ash 
from a volcanic emzption. Their footprints were soon. 
hardened by sun. and rain and covered by more ash, In 
a me, the footprints became hssilised. These anciem foot- 
prints, &scovered two decades ago, showed that these early 
humans walked bipedauy, a small one wa&ng alongside a 
larger one, possibly parent and ck2d hand-h-hand, and 
anorher fdowhg in Fibe footsteps of the larger one. Judging 
by "the size of the cran_ia of skulls of about the same age 
as the ;footprints, these bipedal aus~alopithecines would 
have had a brain size about the same as &at of apes. 
Therefore, bipedalism might have preceded the increase in 
brain size that was to occur in horninids. 

Various explanations have been proffered to explain 
why "spedalism evolved. X have men.eioned already the one 
about more efficient movement over grasslands. T h e  up~gh t  



stance would also have allowed bener detecdon of predators 
on the pound in long pass. It should be noted that some 
quadrupedal species, such as meerkats and vertret moAeys, 
adopt a bipedd sance when they are looking for gromd 
predators. N&ough for an animd m h n g  at a fast speed 
bigedal locomorion is less efficient &an quadmpedal, being 
bipedal may have chanced the h o e ~ d s b t t a m i n a  for 
ft-acking prey at slower speeds; or, if early hominj;ds were 
still vegetarian as the smcture of their teeth suggests, they 
may have used their s ~ m i n a  to cover larger distances in 
search of plant foods or water. In addidon, adophon of the 
uprigiht posmre w d d  have freed the hands for carrying 
things and for &rowing *em. "TTIus the ho&mids could 
taw weapons for hmting, babies and vegetables or fmit 
ga&ered at a distance from the place where they were to 
be eaten. Bipedalism would also have freed the hands for 
using tools, altkrough the earliest stone tools appear to have 
been used well after bipedalism evolved, It is, of course, 
possible &at tools made of less durable mare~al eoufd have 
been used by homi~ds  well prior to t h i s  clme, as will be 
discussed later* 

Accordirzg ta Dean Falk of the State University of New 
York, USA, bipedaliism may have evolved for heat conwol. 
By living in open savamah, wiaout the shelter of trrees, 
the early hominids were exposed to the hot m;idday sun. 
and, according to Falk, there may have been an evolutionaqy 
advantage gitimd by standiag up away from the hat 
refiec~ve subs~are and at an angle that; reduced the swface 
area of the body exposed to the direct rays of the hot 
noonday sun. 

Sanding upright had cemin consequences for rhe 
brain, which r eq~re s  a goad supply of blood. There was 
a problem in getring bfood to a head held upright high 
a b o ~  the heart: and also in g e ~ n g  the blood back to the 
heart: wii&out overloading the main. vein involved, the 
juplar vein, Thus, along with beco g blIpedal came 
certain necessary changes h the arrangement: of the blood 
vessels and blood-cawing sinuses, The human. skull became 



covered on its outside and inside sdaces  with a complex 
web of communicaring veins. This rearrangernem of the 
blood vessels of the c r a ~ u m  could also serve to coal the 
brab. The braisl requjres a considerable supply of energy 
in order to knctiion, and this creates internal heat (metabolic 
hear). The heat from the brain, therefcrre, needs to be 
dissipated, and the blood system that evolved along with 
bipedalism could be used to do just that. The nerwork of 
veins could act like the radiator 06 a car to prevent 
overhearing, Thus, Fa& has armed that the change in the 
blood supply to the brain may have remaved a major barrier 
far its expansion in size. Witb its new coofiiag device the 
brain could grow larger and so generate more heat. 

Thus, according to Fa1k"s hygo&esis, the change in the 
vascular system of the brain may have evolved fxrsdy to 
overcome the gavitational problem of supplying blood to 
het brain when austrai,lopi&ecines became bipedal, and then 
could have been used to cool rhe braia in mm allowing 
the brain to expand. However, oher species have evolved 
efficient ways of cosling the brain in hot climates (e.g, the 
nasal cavity of Nubian goats, and of camels and dodeys, 
acts as a recycEng cooGng device for the brain, and &e 
ears of the elephant act likewise) and yet they have not 
show any pahelllar expansion of h e  brain along with 
this. Brain cooling carnot be the only factor &at led to 
expansion of brain size. 

There ~ @ t  be no singlet ewlanation for the evaludon 
af bipedalism, and its consequences may not have been. 
Lififed to a change in the vascular system of the brain, 
Bipedalism also freed the forelhbs and hands from &eir 
prerrrous role of s u p p o ~ n g  the body. Hence, bofi hands 
could be used for cawing, for maxlipula~on of objecls, for 
too1 use and for co ~ c a ~ o n .  AS dscussed in. chapter 4, 
according to the hypohesis of Finlay and Darlingon this 
newly acquired use of the hands may, i~self, have been the 
driving force for expansion of the xreoeortex, Of course, 
this expansion may have been facilitated by the reamange- 
ment of the craml?ial blood vessels h a t  had already occumed. 
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Did hipedsfism also lead to the right-handedness that 
ates in modern Home sapk~s?  

Handedness is often cited by an&ropolo@sts and psychol- 
ogists as one of the unique fea'earures of Home sapiens that 
might refiect ow supehor place in evolu~on and, &erefore, 
our cansciuusness. Humans are predominantly right- 
handed. Most of us use the rigbc hand preferendally for 
mnipuJa61:ng objects, for w ~ ~ n g  and o&er acts that require 
fine movements, Mast of us also use the right hand for 

and rl.rrorving but3 in fact, the degree of right- 
in the h w a n  populia.fion is not as consistent 

or quite as seong as we usually think. The hand preferences 
of individuals vary quite considerably on dfferent tasks, 
Few of us use the right hand absolutely consistendy for all 
asks. For example, a person may have a strong right-hand 
preference for m i ~ n g  but use the left hand for ha 
or *owing and so an, Despite the fact that it 
clabed that humans are about 90 per cent right-handed, 
and his  is m e  far wfi~ng,  the handehess of the human 
popula.fian seems to be nowhere near as swong when a 
~ d e r  range of aicdvilries wi& the hands is assessed. 

Recendy, Linda Marchant, of the Uxriversi~ of Wami, 
USA, and her eoileafles Williarn McGrew and kenaas 
Eibl-Eibesfeldt have used arcE.lival f h s  to assess hand 
preferences in three eaditrional socie.cies: the Giwi San of 
Botswana, the Elimba people of  Namibia and the 
Yanomam6 of Venezuela. They scored hand use in a wide 
range of a c ~ v i ~ e s  in-valvkg the hands uskg the tech- 
rriques devdaped by etlhologists to score the behav;iour of 

als accurately. The results showed the expected right- 
harrdedness but it was not as seong as the right-handedness 
that we associate with modern human cdmes. Since the 
tradidonal people smdied do not read and wite, their 
weaker right-handedness might be due to not perfarming 
the acdvie af wfilring, To put il: the otfier way around, in 
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literate cdmres the use of the ri&t hand for wri~ng 
may edance right-handedness in other tasks as weU as 
writing. However, it must be fecognised &at most of the 
data far literate culmres have relied on people fd~ng  in 
questiomaires about their hand preferences and this can 
give somewhat umeliable resulrrs, No ,ne has yet scored 
hand use in literate h m g n  cu1mres by applybg the same 
elhalogical tech~ques that Marchant, McC;revv and Eibl- 
Eibesfeldt used for the rra&.fiisnal culmres. Were that to be 
done, rhe same weaker degree of rxght-handehess might 
be fomd in literate cdmres also. 

There was one f a m  of hand use for which the G!wi 
San, I-fimba and Vanomamb people did show marked 
~ght-handedness, and that was tool usiing, They gripped 
tools &at required fine ma~puladon with the right hand. 
Rght-handedness appears to have been associated with tool 
using from the earliest b e  at w ~ c h  stone tools were used 
by hmaxls. Nicholas To& looked at the way in which the 
fracme paMems occurred on stone flakes made by early 
humans (Horn h&li's and Homo grgctus). The flakes were 
made in the manufacme of stone axes or f l i n ~  for c a ~ n g ,  
Toth concluded 'chat the stone smck to produce flirts must 
have been held in the left hand while it wgs s ~ c k  from 
above by a stone held in the ~ g h t  hand, The fracme 
paaems fined togeaer in such a way that each s e e  would 
have produced a new flake as the rock held in the left 
hand was roared clocbise rela~ve to the blows with the 

er held in the ri@t hand. Mthough 
en contested on the gromds that 

might have been from below ra&er &an from above, and 
herefore rhe opposite hand ~ & t  have been used, 1 am 
most interested here in the conclusion that he reached, as 
follows: ' .  . . early h o m i ~ d  tool-maGng pogda~ons were 
preferen~afiy right-handed, a trait characteris"cic of modern 
humans bwt W Other species, This arpes for the develop- 
ment of a profound latesalisa~an of zhe h a m i d  brain by 
1 .% to 1.4 million years agoVToa, 1985, p, 61 1). 

Handedness refiects speciatisatJon of the hemispheres 
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(each he~sphe re  con~ols the hand on the opposite side 
of the body) and it is an aspect of brain lateralisa.rion, 
d;iscussed in chapter 4. Thus, To& made an assacia~on 
bemeen brain lateralisafion, haxldedness and tool use, He 
suggested that handedraess may have evolved in hmans 
due to selec~ve pressulces to make tools and to use &em, 

Then another link was added to the brain !at-eralisaliion- 
handednesetool-using chaivl of associations, and that was 
lanwage. If was implied that clanseiousness is also associated 
with &ese characteristics. 

As men~aned in. chapter 4, lanmage and speech are 
functions of the left he~sphere .  Hence, the left hemisphere 
is specialised for coneosng the r;iQzht hand, and tool use 
by that hand and for communication using lawage,  Some 
anhropologists have posMateted that co 
gesmres preceded the evoludon of speech and &us fight- 
handedness and tool use preceded lanwage and led tu 
specialisa~on of the lee hemisphere for Iarzmage, B ~ e r s  
have suggested that designation. of the left hemisphere for 
lanmage came first and ri&t-handehess fotlowed. Yet 
o&ers have gone as far as to speculate &at language and 
the manufacmre of tools may use veq shilar eog~dve 
processes. 

While there may, indeed, be shaar  or associated brah 
mechanisms for harrdedrress, tool use and lanmage, it is 
now clear that they did not evolve toge~er ,  Handedness 
evolved very early in, animals. Even toads have handedness, 
or perhaps it should be called pawedness. Recent experi- 
ments in %be laborat-ory of hge lo  Bisztzza and Giorgio 
Vatlo~gara at the University of Udine, Italy, and by 
b d r e w  Robhs in my laboratory at the Universiw of New 
England, Australia, have shown that some species of toads 
prefer to use the ~ g h t  paw to wipe a small piece of paper 
from the snout or to push a d  pivot Lfiernselves to &e 
sudace of water when they bave been mrned over and 
submersed, A&-ttedy, the percentage of toads prefer~ng 
to use the I1.ight paw is less &an the percentage of humans 
rhat are right-handed, and some toads bave no preference, 
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but the bias towards fight-gawedness is sig~ficant, This 
result suggests  at forelimb preferences h g h t  have been 
as ancient as ehe first s &at moved out of water on 
to land, In fact, h b  nces might even, have evalved 
amongst the fishes, before amphibims (e.g. toads). Some 
species of fish show biases to swim in a particular direction 
of mrning, For example, when &ese fish see a predator 
almost af3. of &em nxrn in the same direction, eirher 
lefmards or r igb~ards  depending on the species. Nso, 
Wchael Fine and his colleagues in Virginia, USA, have 
reponed that channel caash prefer to rub the right fin 
against the pectord spine in order to produce a pulsahg 
sound, This behaviour is equivalent; to handedness. 

Pawedaess s c c m  in other species too. One smdy has 
repofled that dogs prefer to use the right paw to wipe away 
sticking tape Gom their eyes, not a very pleasant expe;i.ii- 
ment, ?%ere are more smdies of paw preferences in cats, 
and they indicate that cats prefer to use -the left paw to 
reach for and grab food or movhg objects. Some species 
of birds have foot preferences. Most pasrots and cockatoos, 
for example, prefer to hold food h the left foot. In fact, 
I have fomd h a t  sulptzm-crested cockatoos are so swongly 
left-footed for holding food -that X have yet to See a 
right-footed one, al&ough f am swe &at some right-footed 
ones do exist, The footehess of some species of bkds is 
as swong as ar even stronger than. the handedness of 
humans. 

Prima~s, too, have handedness, despite earGer claims 
char they did not. It used to be &ought &a, in any species 

ate, some in&viduals have a left-hand preference 
and o&ers a right-h~nd preference and  at these balance 
each orher out so that there is no overall bias, or handed- 
ness, in the popda~on. That is, prirnates were rhougXlt to 
have no&ing agn ta the right-handedness of humans. Such 
a 50:50 c l i s ~ b u h n  of hand preferences is, in fact, charac- 
teristic of rats and mice, but not of pGmates. As Jeamette 
Ward of the University of Memphis, USA, has shown, 
among the lower prirnaes (the oncs ha t  evolved first, 
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lemurs and bushbabies), left-handedness predominates for 
g i c h g  up and manipda.lling food objec~,  According to the 
hypohesis of Peter MacNeilage, some of the mokeys are 
left-handed, whereas the ages have a tendency to be 
~ght-handed. He hypo&esised that the fight hand of 
psimates is the strong hand and that it is used for h o l h g  
onto branches while the left hand is used far reaching for 
hod and taKng it to the moua to eat, as in the lower 
prbates- Accordhg to this hypothesis, once primates 
became a iide more bipedal, as h the case of the apes, 
the right ha& was freed from Irtavhg to support the body 
and codd be used ta manfpulak objects. The left hand is 
better at gabbing moving objects and the right is beuer 
for manipulation.. This seems to be true f"or many species. 
m i c h  hand gets used h a part;ic.ular simarion depends on 
whe&er aecwcate mabbing or fine manipdadon is required, 

There is still debate about handedness in apes, For 
example, ehhpanzees raised in cap&vi.tqr appear to be 
right-handed, &e hmans, whereas wild ones may not have 
a popda~fion bias for use of one hand over the other, at 
least aeeor&ng to the obsemations of Waiarn McGrew and 
Lkda Marchant, It seems that hand preferences ~ g h t  be 
modiged by the amomt of pracdce at clhbing, contact 
with hmans  and the name af the task bekg pe~ormed 
by the hands. To illus~ate The last point3 Gisela Kaplan 
and 1: have smdied hand preferences in orang-utans in 
Sab&, East Malaysia, and found that, al&ough &ere was 
no bias for all orang-utans to use the same hand to hold 
and manipulate food, &ere was a very smng population 
bias for Them to use the left bhand to ma~pulate pass of 
their face, for example, to clean the teeth, nose or ears. 
Humans, qparenrly, show the same left-hand prekrence 
to touch the face, This fmding af left-handedness in. 
orang-utans is important because it demonsuates that arang- 
utans have a lateralised brain !like hmans  and &at the 
strength of this handedness is equivalent to that of humans. 
It also shows that handedness is not a uniraq ckarac.feliis.tic 
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that appears in all tasks but, rather, it may be present for 
one rype of hand using and not ano&er. 

In chapter 4, I discussed some of the now quite 
efiaus.five evidence for lateralisarion of the brain in animds. 
M of this idornation on arrhrsls has been aeemulating 
over the last WO decades but, rsr&er surprisingly, little of 
it appears to have been taken into account by anthropolo- 
gists. By the h e  that Toth stated &at right-handedness 
was a wait characterrsric of modern humans and no other 
species (quoted previously), lateralisation of the brain and 
firotedness in birds had been well ddocmernted. From tkeir 
human-ceneed perspecbve, an&opologists are, of eaurse, 
not fnterested in birds, and it was not u n a  l987 that 
MaeNe2aige and his coau&ors pubfished their paper on 
handebess in. g tes. However, even .that and the fl 
of repofls on handedness in p ates that followed were 
ignored by Richad Leakey in his. book me Oe@ns of 
Hamankind published in 5 994. He still clahed handehess, 
lanwage and tool use are unique to hmans, as seen by 
the foU1owing quotation: 

Ai&oagh indiividud apes are pr-eferen~auy right- or left- 
handed, there is no populaion preference; modern hmans  
are u ~ q u e  in this respect. TOWS &scovq gives us an 
imponat evolu~onasy insight: some 2 mBion years ago, the 
brak of Home was heady becornkg truly ksman, in the 
way h a t  we know ourselves to be. (Richard LceaE;ey, 1994, 

P* 41) 

These words demons~ate how one field of science can 
ipore ana&er and how reluctanay favourite eheo~es are 
discarded, Even w i ~ n  one field there can be bfind spots: 
the au.Ehors, ment-ioaed previously, who mote abotrt the 
laterdsed fin use in c a ~ s b  stated incomeeay that primates 
and other als lack handehess, even. ~ a u g h  it; was 
well b o w  e h e  the paper was w~t ten.  

Q ~ e r  people have recagxlised &at lateralisa2rion of the 
braitn, and haadedness are not: uni hmans, but have 
axempted to keep alive the &eor g h m a n  evolution 
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to lanwage and lateralisat~on by claiming &at latleralisadoxz 
in humans is greater &an in a~mals .  This is not so. We 
aheady b o w  that chickens are just as stxongly lateralised 
as we are, and that they have lateralisation. of just as many 
fwnctiuns as we do. Footedness in some species u f  pamorsl 
is also as s ~ o n g  as handcdness in humans, 

At the h e  &at Michael CorbaBis mote his book The 
bps&d Age (published in 19"3), he may have been correct 
in, saying &at handedness in nodurnan primates is weaker 
&an the hmdehess of humans, but the handedness of 
orang-utans for touching the face is, in. fact, as swsng as 
the handedness of Izmans. Therefore, f da not agee with 
the follawhg statement: 'The crihcal even% that sshqed our 
handedness must &erefore have taken place since tbe time 
&at the split bemeen humans and chbpamees oecu~ed" 
(Michael Corbdlis, 1991, p, 99). 

Mso, 1 ~ i &  that rather .too muck emphasis is placed 
an handehess. It is only one manifestadon. of brain 
la~era5sa~sn. There are many other foms of laterdisation 
and these too are not exclusive to humans el.cher in kind 
or degree, Over a wide number of species (repdies, birds, 
rodents and prhates including hmans), the left hemi- 
sphere is specialised to process and make the vocalisarions 
epic& of the species and the fight hemisphere is used to 
assess sparjlal positions of objects and to eonasl emo~oxtal 
behaviour. Thus, being handed or having a lateralised brain 
are not ~ q u e  characte~slcics of humns-hey are nor 
hhatef_y associated with fanwage or the End of conscious- 
ness which i s  present in h 

Tool using may requke a special aspect of handedness, In 
hmans, tool using &at requires fine conaol wih the fingers 
in what is refened to as a precisicm. grip (as opposed to a 
power g ~ g j  is predominantly carsied out by the right hand. 
f have unen~oned afseady that To& presented some evi- 
dence that early humans had made Riints by hol&ng a stone 
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er in the right hand and s~iiking it against the stone 
from which the fiints wodd come, heid (allmost cemidy 
in a power grip) by the left hand. lo addition, most 
prehistoric stone axes are made for right-hand use. Perhaps 
the sane hand was preferred because axes and orher tools 
could then be shared, or perhaps it was easier to learn how 
to make a tool if it was an exact replica of the protowpe 
ratber than the mirror image. Both hypotheses have been 
put forvvard by archaeologists. 

The extensive evidence for handedness in p 
many o&er an.imals shows &at handedness e 
before tool using, Despirc3 this, it does remain passible that 
tool using edanced r.ight-handedness far the reasons that 
the archaeologists have suggested, The C/wi San, Himba 
and Uanomam8 people were most saongly right-handed 
when they were usixzg tools and this is likely to be m e  for 
other human culmres, given &at we consmet scissors, saws, 
po& for poming and most other tools so that they can only 
be used effecrivdy when. bdd by rhe right hand. 

Some researchers lixl this field have implied that right- 
handedness in tool using is u ~ q u e  to humans, and they 
cite evidence  at &ey have coIlected for hand preferences 
in wild chbpanzees fishing for termites (descfibed in 
chapter 3). William McGrew and Linda Marchant scored 
the hand in which the chhpamees held the piece of wig 
when they were i n s e ~ n g  it into the termite mound, Of the 
fifteen individuals that they scored, six had left-hand pref- 
erences for holding the mig, five had right-hand preferences 
and four had no hand preference. Thus, there was n o ~ n g  
equivalent to the right-hande&ess af humans in taal ushg, 
Sbiiar use of a probing tool has been scored in a small 
group of capdve South herican, eapucfiin. mo&eys (&bus 
apella) and most of t;fiese used the left hand to hold the 
probe. 

W3d ckmpamees also use tools to crack open nuts, 
as explabed in chapter 3, and they usually hold the ha 
in the left hand. Y ~ m a m  Su@yama and csfteapes from 
K y ~ t g  U~versiv ,  Japan, found that adult chimpanzees at 



Bossou in West Mfica held the ha er stone by preference 
in the left hand, whereas j uxdes  in. the same goup used 
ei&er the left or right hand and &us had no group 
preference (i.e. &ere was no handehess in the juve~les). 
This result suggests &at the consistent le&-hand preference 
in addts is learnt and it may be related to more success 
in c racbg  the nut when the hammer is hdd in the left 
hand. Like chbpamzees, eapuehins use the left hand ta 
hammm nuts, but they use the right hand to use leaves as 
a sponge. These con~11.adictot.y data on hand preferences 
indicate that we need to cotleet a lot more dormaeion on 
hand preferences in tool uskg by bo* wild and capdve 
p~mates, and to take the age of the subjects into account, 
behre we can draw any eomXusions about the u~queness, 
or ohe&se, of h w a n  right-handedness in tool uskg. 

Msa, one can. ody assme &at hmaas  would use the 
r;ight hand to insefl a ~g into a hole to fish for t e r ~ t e s .  
This has, however, never been tested, As discussed in 
chapter 4, in a very ~ d e  range of species the right 
hehsphere (which con~ols the left hand) is specialised to 
p e d ~ r m  tasks that rely sn  spahal infamafian. As a conse- 
quence, right-handed humns are quicker and more accmate 
al reaching out to grab a moving object with the left hand. 
On &is basis, we might pre&ct: that hmaazs, as well as 
chimpanzees, vvavld be more accwate at insedng the wig 
into the hole, ushg spadal i d o m a ~ o n ,  when they use the 
left hand ra&er than the right, The impoflant &% to 
maswe ~ g h t  be accuracy, rather &an which hand is used 
more often. UdomnateIy, this has not been done for 
humans or cEmpanzee so, ir wodd be impoflant to $0 

the s co~ng  at the beg stages of pedoming fhe task 
because, with prachce, the right hand ~ g h t  become as 
accurate as the left, 

The xight hand of both chhpanzees and humans ~ g h r  
be better at manipdaring the wig using fine finger move- 
ments (cornofled by the left he~sphere)  and, of course, 
t h i s  ahiFi@ could he usefu-1 in cemin aspects af temitc 
fishhg, such as m ~ n g  or moving the twig around d e n  
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it is in the hole or bt-inging the t-emite-laden twig to the 
r n o u ~ ,  Thus, .there may be a tl-ade-of beween -the hands 
to be used in this task: berter abgiw to hsert tfie wig wi& 
the left Ethad rdght be balanced against b e ~ e r  marxipulaliion 
of it with the right hand. The choice to use the left or 
fight hand rnay depend on the species ar on past expe~ence 
and have no&ing to do with being an, anha1 as opposed 
to a hman,  as some have clahed, The right-handediness 
of hmans  and, indeed, of capuchh mo&eys in certah 
tool-using tasks may be more to do with what idormatrion 
they are using to process the task &an somehhg unique 
about eieher species, In nut crachng, the left hand may be 
used because spatial aspects are impamnt for s ~ k i n g  the 
nut, but the nut is posirioned on the anvil ready for the 
s ~ k e  by the right hand, the one specialised far fme 
ma~pulafioxl. 

Many examples of tool using by various species of 
als were described in chapter 3, Tool using is not 

exclusive to hmans but, of course, we use a peater vadefy 
of tools in more complex ways, This rnay be a refleeeon 
of our more higMy evolved brahs and it rnay also have 
been axle of a nmber  of factors that> somehow, drove the 
evoludon of a more cornpiex a d  larger brain. 

Homo habilis was making stone tools around 2 million 
years ago. Shav flakes and the stones from which they 
were chipped have been fomd, The flakes appear to have 
been used to cut plant material or meat, or to manufacmre 
other tools, such as d i g b g  sticks. If &is was the first 
appearance of tool use by h o h ~ d g ,  it coincided with the 
ra&er sudden increase in brain size mendoxzed earfier, but 
it is possible that earlier hofni~ds were using took made 
of less durable materials, Thus, Homo habilis might have 
been the fist  hornifid to use stone tools, bumnot the fimt 
horninid to use tools as such. There may, of course, be 
some.thhg special about ushg stone tools but X suspect that 
this would be region specific. In ce~a in  pafis of the world 
it may be most impoaant, and only possible, to use one 
End of tool and in other regions ano&er kind of t-ool. 
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Thus, Home erectus in. the Nihewan Basin of Chha devel- 
oped simple stone tools, whereas Homo erecms in Sou&east 
Asia rnay have specialised in tools mandacmred from 
bamboo, which leaves no archaedo@cal Face. 'Ikere is 
no"thing to say wkch kind of tool mate~ai, stone or 
sorneahhg iess durable, requires a higher cognidve capacity, 
altfr;tough the weight of ~ & n . g  in archaeolaggt is on the 
side of stone tools. 

Nor, in, my opisrion, does (stone) tool m a ~ n g  signal 
the appearance of consciousness. Ceaainly, to make a tool 
r eq~re s  glamiing ahead, and hiis depends on at least one 
aspect of consciousness, but plamhg ahead can also be 
ma~fested by o ~ e r  behaviows &at do not leave archaeo- 
logical records. To  link the appearance of hten~onaliv 
( p l a ~ n g  ahead and behaving with a purpose in mhd) to 
the appearance of swne tools is, X believe, mistakedy based 
on what manufacmed objects leave an archaeological 
record, Moreover, the same plaming ahead is required to 
make a wooden tool as to make a stone one, and to make 
one tool as to make many, In. chapter 3 abe abfiir;y of 
c apuc~n  mokeys to make tools from bamboo was dis- 
cussed and, toge&er wirlnt rhe now extensive examples of 
tool manufacmre and use by apesz this suggests that tools 
made of pe~shable materials were being used we'if before 
hmans evolved, The step made by Homo habilis to make 

e ~ e a l  stone tools rnay not have been par- 
ticularly unusual. It was not m61 much later that Homo 
ereelus began to mmufacme symmemical tool forms that 
were often fashioned around fossilised shttlils in the rock. 
These decorated stone handaxes might have simalled the 
first appearance of ahstic regresenlation in horninids or, 
as some arg;ue, they might have been ornmenred merely 
by chance due to the possible ways of fracnrring rocks with 
ksslils in them. Scep~cism and debates abound, but they 
must now take into account the evidence that the abaiw 
to form mental represemations evolved well before: hmans  
(see chapter 3). Moreover, the kind of planning ahead that 
must characterise the making of tools also evolved weU 
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before hmans, as shown by tool manufacme in wild 
chimpanzees and orang-utans, in particular. 

T d  using does not appear to have been, in itself, 
particularly associated with the expansion of the horninid 
brain, From its appearance around 2 milgon years ago it 
developed extxt.emely slowly, with the devdopment of a tool 
kit at 1.5 mitlion years ago, and there was no other major 
advance un.@ around 300 000 years ago wit% the develop- 
ment of carved spears of beaudM shapes. Tool ushg does 
not appear to be ei&er a reflecGon of or a &ving force 
for the enlargement af the human brain, a l ~ a u g h  it ~ g h t  
have had a s@omger reladonsh_ip to a subregion af the brain. 

Although same forms of "cadan in animals share 
some aspects of human l , as far as we b o w  no 
form of a ~ m a l  commu~cadon is as flexible, crearive or 
complex as human lanwage. We should recawse, however, 
that this opinion may have been reached because we h o w  
too fitrle af any form of co unka~on  in a~majs ,  This 
remains an open possibiliq but not one that can be resafved 
here. We do h a w ,  however, that bird song has surprising 
si~larri.ries to human language in terms ;both of its devel- 
apme&rt and complexiq, 

In many species, including frogs, bkds, rodents, mon- 
keys and hmans, the left hehsphere is specialised for 
cammunicaliun by vocalisations (chapter 4). One impuaant 
characteristic of the brain concerned wit21 the comprehen-. 
sion of fanwage and the proherion of speech by hmans is 
the gearer invhernent af areas in the left he~sphe re  
compared w i ~  the right hemisphere, If a person has a s ~ o k e  
-that causes damage to the left hemisphercz, the inabiliq to 
speak or to understand lanmage may result depending un 
exactly which region(s) of the brain is (are) darnaged. In 
most people, here are ~o major regions, called Broca" area 
and Werxlicke" area (Fig. 5.41, in h e  left hemisphere &at 
are concerned with speech and language, Broca" area is 



Wernicke's 
area 

Fig. 5,4 A view of the left side of the human cattex showing 'the 
regions involved in speech and language, Broca's area and 
Wernicke's area. 

hvolved in speech praducfion and Wedcke" sin the com- 
prehension, of lanmage. The Sylvian fissure, wKch can be 
seen as a groove on the sudace of the brain, is longer and 
posi;rioned lower an the s d a c e  of the left hemisphere &an 
it is on &c right. This asy ects tfie presence of 

he~sphe re  only. 
The Sylvian fissure is cal also h the orher 

apes and some species of which may suggest 
precursors to h w a n  laneage. As the left hefisphere is 
specidised for produchg and processing the e 
simds of a n u b e r  of litnjmal species, it wodd seem &at 
the areas of the h w a n  brain involved in. language and 
speech may have evolved from eq~valent areas 
mere  are also o ~ e r  anatomical as 
humans, other apes and mokeys, In apes and Old World 
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monkeys, as in humans, the left occipital lobe of the coaex 
(at the back) is larger than the right and the right frontal 
lobe is larger than ehe left. 

It is possible to idencify the presence of Broca" area 
in a brain by the arrangement of the ovedyirng Gooves 
(sulci) on the surface of the bain. 'lhese sulci leave 
impressions. on the inside surface of the s W ,  Thus, by 
exanrining- the skulls of the exher early hominids it should 
be possible to determine when a discinct Broca's area migbt 
have evolved and to deduce f o m  this when Xanmage might 
have f i s t  appeared. Dean Fa&, menrioned earlier, li>und 
evidence chat Broca" area was present in Home ha~l i s  2 
million years ago, Fak nzade cranial edocasts of skulls of 

ates and h a d ~ d s ,  This involved fdling the inside 
cavit); of the SW with latex rubber and removing it after 
it had set, The procedure gves a model of the brah &a?: 
was in the swl ,  and the sulci on its srrdace can be seen, 
al&ough not always with great clariv. 

Using this me&od on a skull of Home habihs bown 
as m M  ER 1470, colleaed from Kenya and &ought ra 
be around 2 maion years old, Fa& was able to see evidence 
of Broca's area, 01: course, presence of a brain region is 
not c~nclusive evidence that it was, in fact, used for speech. 
h chapter 4, I menGoned that neurons that process au~ to ry  
signals (sounds) can grow into and take over the main 
retjiion of the cortex usually devoted to processing visual 
idornation, if blindness s e w s  from birth. Thus, the 
fuac~ons of: padeular regions of the brain are rather 
flexible, and they can change if an abnomalli~ occms 
during early development of the brain, Therefore, Broca's 
area, or what looks like it from the ra&er cmde impression 
made on the skdl, codd, perhaps, have been used for some 
furrc~on o&er than speech. n i s  is what Waiarrr Noble 
and Xain Davidson, of the University of New England, 
Aus~ralia, thik.  They beGeve &at language appeared much 
more recendy &an 2 mglion years ago, In their opinion, 
language was only s ~ h n g  to make its appearance as 
recenfly as 100 000 to 70 006 years ago, when hmans 



might have been builBing boats to make plamed migradons 
(e.g. ham Asia to Australia), and that it was defi~tely 
present only as recendy as some 32 000 years ago when 
humans were making symbolic representadons in bone and 
stone (see later). 

These dates for the or?igin. of lanwage can be only 
reasoned wesses. It has to be recog~sed &at the existence 
of Broca's area in HOW ha&fis makes it disfinctly possible 
&at humans were, in fact, using lansage 2 mifion years 
ago. Maybe it was a mdhentslq form of language but, if 
so, why was Broca" area so well developed &at it left a 
recognisable impression on the skdl? 

There is a stronger piece of evidence against the 
hypo&esis that the Broca" a r a  present in brahs 2 million. 
years ago was used for some funcrian o&er &an speech. 
Although, as 1 have said, ohe dmelopi~g brain has remarkable 
flexibi&@, ailowing one region to take an ffie funcl-ion of 
anorfier if some abnsrmali~ occurs (e.g. blindness), this is 
not ss for the evolvi~g brain, Evoludon and development 
are often confused. Comparative neuroanatomists, who 
compare the smcmres and funcrions of .the brain h 
different species, are always impressed by che consewarion 
of smct-ure and furzcdon across species. Of course, there 
are dfferences bemeen species but evolufionary eomecfions 
can be made. For example, once a pahcdar disGnct re@on 
of the brain has evolved to have a pa;Aeular visual. frxnc~oxl 
(e.g. for derrdng moving visual s h u l i  and locating their 
position), it tends m resin that fmcrion as evolu~on 
proceeds and new species form. During the course of 
evsludon the function may be m o ~ e d ,  and perhaps 
improved, but basically the designaeon of thaf region to 
perform a particular funftion is retained. Only if an 
abnomality occurs during the development o-f the brain 
might the function of a particular region be switched to 
something other than the role that it has been assigned by 
evolu~on. What does this mean for Broca" area in H ~ m o  
kubilz's? X would say that, if it was nut deSigmed for speech 
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as we h o w  it in modern humans, it was used for somehing 
very close to it* 

The abiliry to speak requires not ody the appropriate 
regions of tlze brak but also the conect apparams to 
produce the sounds, It mast be possible to mwe the tonpc 
into the comect positions, and the f aqm (voice box) must: 
be in the ~ g h t  place. In apes the larym is positioned higher 
up in Lhe neck and they cannot make speech sounds. The 
law= had to descend in the neck before h o f i ~ d s  could 
make speech sounds. Then: is conmversy about when that 
oceuned. Some say that it happened as recendy as 30 000 
years ago and orhers &at it happened much earlier, in 
Homo habilis, Yet others have reasoned that the tonpe is 
more important for speech than the l a v m  and that Homa 
erectus bad the tonf,fue muscles amched to the jaw bone in 
a mamer that would have pemitted speech. There is no 
solution to this controversy, but it should be noted that 
birds that mimic h m a n  speech produce speech sounds 
with a vocal apparams endrely different from that of 
hwans.  Sea lions can also produce speech-l&e sotmds. h 
other words, there may be ways around m a b g  the vocal 
apparams work to produce speech sounds even if it: is not 
easy or perfect and as long as the brain has developed the 
capaeiq to confro1 speech. 

It remains possible that Home hbilis of 2 mjJIfion years 
ago d g h t  have been bob spe&ng and maGng tools. 
Indeed, he or she might have been speahg  about making 
tools. It may be pure coincidence, but the regions of the 
brain &at cone01 the mouth, movements of speech are 
located right next to those that conwoX. the hands, Some 
people have arped that, speech and hand use evolved 
"hand-in-band" with each other. Co u ~ c a b o n  by means 

ight also explah this association. Even in 
s of today, hand gesmes s c a r  w i ~  speech 

and they follow the same r h m m  as speech, h Home sapkns 
speech and fine conaol of the hands are closely related to 
each azfier, but: that does not mean they evolved at the 
same time, 



MenM representaaatls and art 

The abiliv of bo& a~ma2s and humans to f o m  mental 
representadons was &scussed in chapter 3. h humans, 
mental representations may be expressed in art foms. The 
earliest symbolic art f o m ~  of humans &at have been 
meafied from European sites date back to a mere 32 000 
to 40 000 years ago, although recent finds of rock art. in 
Aus~alia by Rickard FuUagar of the Aus@alian Museum 
and colleagues may set this date back to about mice as 
many years ago. The l a ~ e r  fmding is a mat-cer of coneo- 
veny in archaeological ckcles, depending on the me&od 
used to date the samples. Irrespec.trive of this debate, the 
expression of art in durable media is a rela2ively recent 
development af the h m a n  species. On the grounds that 
language is a symboEc co mica2ion system, Noble and 
Davidson. reason &at the or;igin of 1anl;uage is also recent 
and &at it coincided with the appearance of these spbolic 
art forms, There are at least two pieces of evidence against 
this hypotEresis, First, as &scussed stlready, Broca's srea of 
the brain was present well before the appearance af the 
symbolic art forms. Secondly, prj.or to this  me, here may 
have been less durable symbolic art: foms, such as weaving 
or caning of so& wood, in which humans expressed their 
internal representa~oas, These would not have srxmived to 
be discovered by the archaeologists of today. 

Archaeologsts of Western culmres rely on art foms 
that are tlxpressed in rnaeriaXs ha t  persist, such as carwings 
in bane, ivory or rock or painkgs on rack, whereas, even 
today, many art foms are expressed in rransienr: media. 
T"he arrcient Japanese art form of ikebana (flower amange- 
meat) is not less aesthetic or symbolic because it is ~ansient. 
In fact, its very ~ransience is pan of its synrrbolisn. We 
eamot h o w  whether OUT human ancestors used such art 
forms, as they leave no tangible trace. Likewise dance and 
song may have been used as symbolic expression well prior 
to the making of sculpmres and paintings. Perhaps they 
were a logical progression from displays in animals. Might 
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not we tki& of h e  rxmaGsed "ancirrghf a~nrrals (catXed 
displays) as symbolic c un i ca~onmf  course, one could 
a r p e  &at: .fhe displays of animals are not iaten~onal forms 

u~cation, and that is l&ely to be correct for some 
species (e.g. the honey dame af bees) but perhaps not for 
other species, meree: one might draw the line on inten~on- 
ality in displays is more a rnaMer of opinion &an substantive 
fact3 and &at wodd be m e  for Zhe displays of h 

is not, as some ha 
it might be that humans can hold men 
for longer and do more w i ~  &ern (e.g. compare one: with 
anotha) &an can animals, This is not yet bown. 

There is some evidence that the frontal lobes (which 
contain the prefrontal cofiex, lioned in chapter LF3 as 
well as Broca" area) of the ma Xian canex are used for 

ng mental representahoa for keephg &em in 
mind to wide  behaviour, Of cowse, th is  is not likely to 
be the only Euxlcdan af the frontal lobes, but it could be 
a most impofiant one for the kind of consciausness &at 
aUows p l adng  ahead and dealing with symbols, It is well 
h o r n  &at people wha have had frontal loboto~es  (sev- 
erance of the frontal lobes &om the rest of the brain, used 
as a ~ g h l y  dubious aeament for depression) experience 
disrurbances of amntion and innpaired abiliv m plan ahead. 
T"hey may also show a "a~enhg' of emotional seaGcions 
and changed, some~mes happrspli-iate, social interaclions. 
At this rime, it would be ~s lead ing  to say &at fhe funcPions 
of the frontal lobes are known with any degree of ce~fainty 
but the indications are sufficic3nt for m a h g  speeula~ons. 

Compared with chose oE other p tes, the frontal 
lobes of hmans  are very hrge. F& has used the cranial 
endocasts of horninid shlls to look at tfie size of the frontal 
lobes relative to the rest of the brain, and she has concluded 
&at there- was a pahcdarly drarnaris enlargement of .the 
f r o n ~ l  lobes in the evolu~on of tht: Homa line f;o modern, 
hmaras (Fig, 5.5). The convolu.tians of the frontal lobes 
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Frontal lobe 

Fig. 5.5 The frontal lobes of a chimpanzee (A) and a human (B). 
Note that t"rh frontal lobe of the human is larger in proportion to the 
rest of the cortex than is the frontal lobe of the chimpanzee 

increased as the size of the frontal lobes increased and %hey 
were detectable from thdr hpressions on h e  S W .  Maybe 
this anatomical change to the brain reflects the evolut-ion 
of the h m a n  ab2iries of ment;il representation and con- 
sciousness but we are, once agafn, re ded that "bigger is 
be~er-S an assump~on m d  &at we camot prove &is wi& 
foss2 material. 

Nor can the abiliw to make mental representations be 
exclusively ~ e d  to the frontal lobes, In birds ano&er part 
of Ibe  brain must be used to farm Gsual representa~orts 
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as, for example, can be formed by young chicks. This 
ability of young chicks might be vestigial compared with 
human abili~es to f o m  mental representations but the fact 
that it occurs in the absence of any frontal lobes is of 
iaerest. Also, until the recent experiments &at I discussed 
in chapter 3, no one would have credited birds, particularly 
such young ones, with the abiliw to form mental repre- 
sentaitions. These resuI~s for a als ~ g h t  force us to 
differendy about hmans , 

Ceminly, there might have been a so-calIed 'creative 
explosion' hat: occuaed in bumans 30 QOO to 40 000 years 
ago or, at least, there was a cdmral sbifi: m eqress mental 
representations in nonperishable h m s .  Mthough rbjs must 
tell us some~ing hpoaant  about hmans  and tlneir cdme,  
X suggest that it is not an event on w ~ c h  to pin "ihe 
appearance of eiaer larz~age or consciousness. This time 
might, however, have been important for the flowering of 
fanpage, c d m e  and consciausness. 

In chapter 2, X discussed the topics of mind-reading and 
deception and haw they can. be used to advantage h 
social simaeions, These behaviours are not mique to 
humans. There is some evidence chat chimpanzees cm 
a ~ b u t e  &nd states to others (to members of their own. 
species and to humans too) and &ere is also evidence 
suggesbng &at tac-ticd deception may occur in many 
species. Home sapielzs m y ,  of course, make greater use of 
these ~ c t i c s  &an does any oxher species. According to 
Alison Jolly and Nicholas Humphey (discussed in e h a p ~ r  
31, higher inteibgence evolved with increashg social corn- 
p lex i~ ,  The evolu~on of consciousness may be associated 
with this. Human so~ieCies arc seen as the most sociaUy 
complex of all, and hence we consider ourselves to be both 
more intelligent and more conscious than o*er species. 
Many anthropologists believe that consciousness must have 



developed somewhere in the Homo line of evolurion, but 
how convincing is &e evidence for this? 

One may speczllae that consciousness emerged when 
Ihe brain. took a leap fomard in size and the neocortex 
developed a sufficient degree of complexit-y but this is, 
kdeed, pwely specdadon. Consciousness can ody  be 
measured either by looking at behaviour or by listerzing to 
what anotfier person says. As we have seen, we can look 
at the behaviow of livhg species and try to assess w h e ~ e r  
they have consciousness, difficdt thou& that might be. We 
do not have this kind of access to the behaviour of the 
now ex~nct  h o r n ~ d s .  By exanni~ng &e traces of &ek life 
style and the relics &at they have left behind, we can m ~ k e  
same deducrions about their level of skills and, w i ~  
reserva~ons, we c812 deduce somehing about their iateui- 
gence, Can we tell anwing about their cansciousness? 

h&opologists have asked when it was that h o ~ n i d s  
started to t f i E ~  about the %me. Burying bodies could be 
taken as an indiea~on of consciousness of some~xlg occur- 
Gng in the fume. Supers~fions that are part of the nmal 
of buqixag involve trhifixrg about events or images in 
ano&er time and place. They are the xnadestatiion of a 
certain kind of consciousness. However, al&ou& super- 
s ~ ~ o n  or religion is a major aspect of burial in all modem 
humans, this may not have been the case when burial first 
became a pracdce of the hominids. Burial also serves to 
cover over decaying maMer and thus may have represented 
a sfsaighff~mard biological advantage that later became 
associated with supersG~oxas* As such, burying may, in the 
first place, have been very little different from .the b w k g  
of bones by dogs, awms by squirrels or: seed by the storing 
birds that X discussed in chapter 3. Mso, worker bees 
remove the bodies of dead drones from the hive. Evidence 
chat b u ~ a l  occumed does not, uunfomnately, tell us that 
humans did, in fact, w o w  about the fumre, al&ough some 
anthropologists have assumed that it does. 

The first burials have been a ~ b u t e d  to the Heander- 
&aXs, w ~ c h  existed 0.12 ~lltjion, to 0.04 maion years ago, 
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as a side branch of the Home line of evolutJon. that did 
not lead directty to Home sqiens.  Some an&opologistr; 
contest this early date for bu~als, clahixlg that apparent 
burial may sintply haw happened by accident when, for 
example, a cave roof fell in on a sleeping Neandefial, If 
so, burial appearred mu& more recendy in the hominids. 

hespecGve of when ho s began to taw out 
deliberate buids  md wheh tells us something 
about the appearance of s u p e r s ~ ~ o n  in hominids, I do nor 
believe that it signals the begking of bekg able to plan 
ahead, Nor do I beGeve &at planAng ahead appeared as 
late as making. boats to migate, as Noble and Davidson 
have said, In chapre= d 3, examples &at may indicate 
planning ahead by a \.yere discussed. It wodd be 
unwise to pin the rise of consciousness to the archaeological 
irrdicarians of planning for the hmre. 

What can we conclude? 

To  draw generd conclusions from scattered hfomacion 
based on ai number of assump~ans is always  sky but I 
believe that it can be said that- tool using, language, c d ~ e ,  
social complexie, hi@ intefligence and consciousness all 
came together with she evolutJon of hwans,  Not one of 
these characterisrics appeared for the fist h e  in hmans, 
despite the fact that &is is often said to be the case, One 
could say that the evolurion of humans was the drawing 
mgeher of threads represenring each one of these charac- 
terislties &at appeared many fimes over in different forms 
in different species, If there is a disconrinuiry bemeen Home 
sapiens and orher living species, it does not lie in. the 
exclusive possession of stny one of these waits, O&er 
anhafs use tools but we use mare a-f ~ e n n  and more 
complex ones. Other anhals have complex co 
systems that share aspects of human language. They may 
be less sophislicated than h w a n  languagc;3, alhougfi they 
are probably far more sophisticated than we presen* 
understand. The kind of consciousness that Homo sapiens 
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has may be special, but we are not l&e2y to he alone as 
the ody species that is aware of itself. Symbolic language 
might have extended the power af our minds and it must 
have enz;iched consciousness but, in my opinion, it diid rzat 
mark the first appearance of consciousness, 

There is a conrinuiq of human speech with. the brain 
structures that: are used for vocalisations in animals, 
LateraGsaLion. is as mical of animal species as of humans, 
Both stone and wooden tools were being used well before 
humans evolved and p l ahng  ahead is essen~al to the 
sumivai of many species* No sin@e feamre on its own 
makes us special. 



We have a long w y  to go before consciousness in animals 
has been fully established as a scientific fact, despite all of 
the irndica.eions OF its existence that. have been d e s ~ b e d  in 
prevxous chapters of this book, In chaper 1, I said that 
lack of a u ~ t a w  defini~on for consciousness should not 
idibit research on the topic, but we should not forget that 
differem researchers may be Xoo~ng for dif fere~ fhbgs. 
A~ention could be hcussed on research on one pastieular 
facet of consciousness, but it is difficdt to choose what 
might be the best facet to look at. fist, There is also a 
danger iheresrt in, a focussed approach and &at is the risk 
of that single approach becoming the axiom for all fu&er 
research. on consciousness, Were that to happen, it would 
distort or s~ f l e  oher approaches as, for example, has 
secwred with IQ tes~ng and research on intelligence in 
hmarzs. Performance an an IQ test (wfich gives a numer- 
ical resdt:, called the Znteuigence Quodent) is only one 
aspect of the much broader coUec.tion of a ~ b u t e s  &at 
were refenred to as inte~gence, but IQ has dogged the field 
of research on intelligence in hmans  for decades. Wi& 
146s in mind, X &i& that: research on co@~on and 
consciousness in a als should proceed along its many 
different direc~ons but &at it should take more account of 
several issues h a t  1 ]Ill outfine in this chapter. 

The present flower;ing of scien~fxc investiga~on into 
consciousness in atnbals is coloured by our a ~ m d e s  to 
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ere is much at stake in the social realm: human 
socie~es have always relied s.lsongly on eiher coeGsGng 

s or expioi~ng them. It i 
gproach to the science of 

consciousnesse Scien~srs, it is said tr 
hto  research from an unbiased posi~on and intespret their 
findings in the same mamer. As Stewn Rose and H i l q  
Rose made clear some years ago in their book Scknce and 
Society, scien~sts do not work in ivory towers shielded from 
the a ~ t u d e s  of soe ie~ ,  We enter into 
anhals with a  story of ideas about a 
reached us ~ o u g h  our culmre in. the wider sociew and 
from wi&in scien~fic disciplhes that presc~be certain 
a ~ m d e s   to our research subjecrs. These atfimdes are most 
evident in. the inrves~gation of consciousness in animals, 

AMades and; the case far or agahst cansefor;xsness 

Scien~sts researching a al consciousness may hold oppos- 
ing posidons. Gabfid Horn of Cambridge U~versity, W, 
who researches memory fornabon in chick, has said that 
cGcks have memory systems veq shltfar to &ose of 
hmans. W d ~ n g  in 1988 he said that, when an a 
behaves in such a way as "E satisfy the cri te~a for ju 
the state of corasciousrress in human beings, it seems 
togicaliy capricious to a w e  &at Ihe afimal is nat conscious. 
He also stated &at he suspected &at the  me will come 
when the view that hmans  alone are conscious wfi1 be 
r egded  as bekg as igmranfly anhropacenb-ic as the view 
that: the sun revolves aromd the ea&* This posidon is in 
coneast to that of psychologist CeGa Heyes, U~versiw 
ColIetge Londw, W, in her 1993 cl-itique of the merhods 
that have been used to sntdy deception and a~bu.fiion of 
mental sutes in animals. of the o p i ~ o n  that, until 
there is de f i~ t e  proof als can a ~ b u t e  menal 
states and are not res simpler wws, the null 
hypoekesis must con~nue to be that a 81s $0 not a ~ b u t e  
menatal states. 



mus,  Heyes will bold the Descarrian posircion that 
" ls are asswed to lack she abifiq to a ~ b u t e  mental 

(consciousness) un& they are proven to be able to 
do otkeKse, hl&ougfi she says that she has no I-ntendan 
of s~fling zesearch on mentaf sates in animals, she paints 
our &at it is, and will conhue to be, extremely difficult 
to prove (beycmd doubt) rhat anhals have consciousness. 
In s&er words, it is gohg to be hard to eovavirtce her, as 
it will be many ather scien~sts, that anhais have canscious- 
ness. Compared ~& Horn" poosirion, hers is a closed one, 
Tr is, most certainly, deskable to adhere ta strict seiendfic 
rigow when garhering evidence, b adopt an unswewhg 
pasidon, against consciousness in Is until it: fs proven 
abemise is a matter of opinion, n ~ g c  rigour. Horn3 
Heyes and any other sciendsts may meet the same cfite~a 
of rigorous invesdga~on inespective of whe&er they be@n 
from an open ar closed posi~on about the topic. h most 
circles of scienUfic enquiv, however, the closed posi.trion 
receives more &dos, much to the d 
X wi l l  explore in chapter 7. 

Much of the i d o m a ~ o n  on decepLion and kind-  
als comes from anecdotal repofis made by 

researchers studying w2d in the field, a number of 
examples of which were chapter 2, Heyes rejects 
this evidence on the gromds that it is rarely possible to 
tell whetfier a given obsenration has be 
She is more pre&sposed to con.troHed 
out in laboratory eondidons, such as 
on cbgamees ,  she has objecdoxrs m some detags 
af his particular tal methods, fbs I 
2, the chimpam ired to h o w  the 
two hwans, one who bows which of four cups has been 
baited wi& a morsel of food and anotEter who does not, 
The hknower\ignaJs correa hfomation h u t  which, cup 
has been bided to the chimpamee and the "esser"igrza1s 
cups at random, CKmpamecs were able to learn to Eouaw 
zhe bower and thus bad a&buted a sate of howledge 
to that pa~cu l a r  person. M&ough this resdt is quite 



convindrtg, Heyes has suggested &at they ~ g h t  have 
merely learnt to respond to subde cues given by eemin. 
movements or &ecdons sf eye gaze of the testers. In fact, 
Heyes pointed out that there were differences h the ways 
in w ~ c h  the bowerband "esserkoved and looked in 
the tests @ven to the chhpanzees as opposed to heir 
movement and appearance in tests &at PovineZti also gave 
to moAeys. This could have explained why PovineEi 
concluded that the modeys were unable to a ~ b u t e  menal 
slates. whereas &e chhpamees were able to do so, It is 
impoaant to draw a~ention to &ese possible hfluences an 
the results and 1 agree with Heyes h a t  it is imporfant to 
approach all scienGfxc research logicauy and with conwaHed 

ental procedwes. 
Udomxlately, however, r_igh.cly con~ofied exge~ments 

rxsuaHy demand rather sterile and contrived teskg envkon- 
mens that may counteract the expression of complex. 
comi~oxl and evidence of consciousness. Ram photomaphs 
of the tesdng apparams used by Povirrelli and cofieagues, 
one can see that the chhpanzee is being tested in a ra&er 
sterfie laboratoq s e ~ n g ,  much like &e clinical enviroment 
of a hospital, Many readers will be famjaiar with the 
diseomected, dazed state af m9nd &at one develops after 
a period of h e  in a hospital ward, It is bown that hmans  
pedomm differentty on many tests when they are given in 
such an enviroment compared ~ t h  their perfomance 
outside in. the "real' world. In fact, etre mind state in a 
hospital e n ~ r o m e n t  is so different that patiem that have 
been. meatted with a psychoactive clrug (e.g. a major 
uanquitljser) in hospital may react quite differendy to zche 
same dmg when they leave hespial, h fact, the differences 
in the physiological and psychological responses of che same 
padent in different social sin~adons is so well known that 
Pa.tnlcia and Jack Barcbas of Stanferd University, USA, have 
devdoped a separare field of smdy caUed Sociophamaco- 
fow-o invesligate the effects sf the environment on dmg 
reactions. 

Thus, al&ough of interest for rhe  very het that exper- 



imexlts in the laboratory can be conmued in ways that 
studies of wild animals camot, resdts obtstined from capdve 
anha1s should not be seen as lhi ts  to the species as a 
whole. A monkey testcd in the laborar~ry may never show 
&at it can a ~ b u t e  mental states to otfiers, but that does 
not mean &at other members of its species in the wild 
may not be able to do so, 

Added to &is, ths experiments used to test for evidence 
of consciousness are often eraemely ccmtrived.. h some of 
Povinelli" tests the guesser stood with a bucket over his 
head wMe the cups were baited. How often w d d  anything 
like this occur in the chnrpanzee" real world? Even the 
procedure of poin~ng to hidden food is udikely to uccur 
amongst wild cbpanzees,  The fact that the chhpanzees 
tested Eke this dsplayed the ability to amitbute men&X sates 
is, perhaps, a ~ i b u t e  to mental abifibes far h excess of 
~ o s e  being used in the task! 

Differences bemeerr species in. the way they react to 
the same t e s ~ g  simat-;ion. is often ignored, XI: is common 
for modeys of vat*lious species to be compared with 
chimpanzees by resring &em all on the same ask. Using 
such procedures many researchers have concluded that 
modeys lack the abiliw to amibute men~L states to others 
whereas chimpanzees can da so, If all species are given the 
same End of test, these are bound -to be tlzsse that have 
the abiliv that is being tested and tfrose that are fomd to 
be wanting. As we have seen with &c; test of self-recogdtion 
in a &mar, species difkrences in sociabifi~ may d u e n c e  
the results of the test, and ss  too might dsferences in 
anen~on to rke past of the body to which &c spat of 
coloured dye is applied (see chapter 2) .  The o~ginal 
conclusion that apes could recognise &emselves in the 
minor; whereas modeys could not, did not take these 
factors into account. 

M too often, the results rhat have been obtained by 
testing a few c pamees are said to characterise We 
chimpanzeeyn general, as a species, Chimpameesbre said 
to be able to attribute m e n ~ l  sates and to cantemplate 



and solve problems, whereas "onkeys?, it has been 
chimed, camot do e i ~ e r  of these ~ n g s ,  The veq few 
individuals tested cannot represent the e n ~ r e  species, but 
even more astounding is the fact that alhough &ere are 
hundreds of species of mo&eys they are so often referred 
to collectively as if they were one species. The dgferent 
species of mo&eys are adapted for different en~onments,  
have different social behaviour and different physiology, 
and must have vexy. different 'kteUigences9 or mental states 
(chapter 3). In order to understand the mental processes 

als, these %rids of sweepingly inaccurate ctahs need 

This does not mean that here are no characte~stics 
that are shared by all, or most, members of a species, or 
that we will never be able to discover the mental abgides 
&at are eharacterisfic of zt species. We already h o w  many 
behaviours are wpical of particular species, However, the 
path to concluding that a p a ~ c d a r  behaviour or pedor- 
mance abiLiv is species mica1 must be trodden with 
caudan, Just because a srnd s o u p  of modeys of a single 
species does not, for emmple, eAibit the a b i l i ~  to amibute 
a state of mind or bowledge to another in one par~cular 
tesring situation, it does not mean that alt snodeys in all 
sima~ons would behave laewise. 

We shodd also remember that a als not only tested 
but also raised in laboratoq condihons have ah) been 
'hinstimdonalised" and we h o w  from hmans  that th is  
elristence tends to suppress at least sorne aspecrs of complex 
cognition. When the problem-soking or language abilifies 
of noAuman apes are compared with those of humans, no 
menrian is ever made of the fact that in the rnaj0ll.I~ of 
cases the na&uman. apes have been living in relatJlveEy 
impoverished Laboratory or zoo enviroments, whereas the 
humans wi& whom they are compared have suffered no 
such deprivations. Qf course, one cotrld wasider that the 
special language training that the apes received actually 
emiched their experience but, if it did so, it was in a 
particutar fmmework, not in a general sense* 



The chimpanzees that Beauix and Men Gardner 
(chapter 1) aught to use sign language were raised in an 
envkoment ha t  was shilar to that of h m a n  children and 
thus not impoverished, although the chimpanzees' situation 
was very different from being raised in the Mild. Some 
scienrists, however, have criticised rfie Gardners5 oorjginal 
research on the grolmds &at the rearing conditions were 
not contrroUed rigorously, Here is a double bind, On the 
one hand, the rearing and testing condirions must be 
con~olled completely or the compIex co&ni~ve ahiliries that 
animds display w3l not be believed. On the other band, if 
the rearing and tesfing condircions are conaolled completely, 
the envjironment becomes so sterile that a 
it will be less able, or willing, to display complex c o g ~ ~ v e  
abilities, fanwage abififies and cansciousness. 

Irraddmdty and prablems for teswg 

Throughout &is book I have spoken sornehrnes of the 
charac~ris.t_ics of species and somedmes of the charac- 
teris~cs of individuals, At b e s  X have been refeferring to 
those characterisrics that are eo on to aH, or at least 
most, members of a species. At other ~ m e s  I have been 
concerned to refer to fhe special characterist;ics of an 
individual and &us to recowse that, even w i ~ i n  one 
species, individuals may differ. This is particularly evident 
when, one looks at the individual as a whole, takng into 
account a large number of its characteristics, Thus, one 
can become aware of the individual as a separate self. 

When an hdividual, develops, it does so witkin. a 
framework of exper;lences in a particdar, aifiough changing, 
enviromental context. Wi.thin limits, it will be only in that 
environment that its sense of self might be fully expressed, 
If the sex is not a self in isolation but one expressed wi.tf3in 
st pahcular social and physical context3 that self may not 
be expressed in an alien envirament, Thus, if we pluck 
an a ~ m d  from the wild and bring it into the laboratory 
in order to rest whe&er it has awareness, we may be 



defea.ting our p q o s e ,  The wild animal brought into the 
laborator;t7 has to adapt to the presence of humans, It also 
has to adapt to the loss of s&er members of its own 
species. Such an individual would fmd its nzenrroq store to 
be of only I ~ t e d  use in directing its behaviour in the new 
enviroment. It wodd have lost a smcmre on which it 
could hang its sense aE self* 

P l X hese are massive changes, which must dier its sense 
of self and dmost all of its csgni6ve panems al&oup;h3 in 
h e ,  adaptacian, and new leamhg would QCCW and a new 
sense of self may develop in the new context. Vet, often, 
wild-caught animals are tested along wit31 a 
cap~v iq  wi& no excepdons made and n o ~ n g  of rhelr past 
hiistary aken into account. Bath caprive-raised and wild- 
caught eEmpamees have been tested for self-recog~hon in 
tests using the mirror and red dye, o u ~ n e d  h chapter 2. 
The researchers have always stated his  fact but it has not 
been considered in even the more comprehensive intergre- 
taeons of rhe results. 

Recognfdon of individual vaiaeon. raises ano&er prob- 
lem so frequendy encountered in &is area of research. As 
I said previausly, satemenis are often. made about an e n ~ e  
species on the basis of resdts that have been collected from 
testing only a few individuals, Even worse, sratemexlts are 
often. made about all anhals on the basis of results eolIected 
from only a few als and a few species- It is often said 
&at animals cannot do sorne&ing that hmans can do. 
Hmans  are members of one species; the coUecaive term 
"animals' is used for the thousan& of o&er a 
Those fhousands of species are not a unit that can sensaly 
be compared with hmans. 

Moreover, most a als differ one from ano&er as 
much as do humans, We pretend that they are aU ame. 
We also make compa~sons bemeen species of a 
the basis of r e s d ~  from very few representa~ves of each 
species, To give another example, a rather small number 
of capuchin monkeys have been tested in captik.iry on. a 
ask to be solved by using a tool (see chapter 3), the results 



are compared with those for the small number of chim- 
panzees that have been tested on a similar but not identical 
task, and the eondusion is reached that capuchins solve the 
problem by mindlessly nying every solution whereas chim- 
panzees contemplate it and use thought to reach a solution. 
Thus, in one swep  of the scientist's pm, all capuchins are 
condemned to a posirion b e b d  the barrier of conscious- 
ness, This amroach is not just unreasonable, it: is 
unscien~fic. ScienGsts should take into account all of the 
factors &at may influence heir resdts. However, the 
problems created by not do;ing so are c 
of a ~ m a l  c o g ~ ~ o n  and awareness. 

Perhaps this is about to change, as &ere are some 
scienrists who have swessed the hpoaaxlce of ixl&vidual 
differences. The p~matoloast Sarah Bsysen of Ohio State 
Universi~, USA, has said  at the best description of the 

hpamee  feamres md behaviam regresenlt-ed 
anzee popda~ons h the wild and in numerous 

captivll; envkoments is remarbble variabitity. 
I would say &at the same is true of mast oher species. 

We alf h o w  this from the pets that live in cllose contact 
v v i ~  us. No two dogs are the same, even when they are 
from the same litter, and the same can be said af cats, 
panots and so on, I_t is the intimacy of bowledge of the 
pet owner &at aUows dlsdncdoxls b e ~ e e n  in&.rriduals to be 
made. But anhtlls do nor change into being more u ~ f o m  
when they enter laboratories and become part of exper;i- 
men%. They may efiibir behaviours that they have in 
common, but they remah ixzdiv;iduds, ScienGsts often forget 
this. 

Leamhg &am ea u ~ c a ~ a x z  M& ohm species 

1 have reasoned &rau&out this book &at lanpage (defined 
uIlica~on used by hmans; see chapter 1) 

is not an essendd c~terion for crzmsciousness, alrhough 
it cenaay f a c z ~ t e s  de ng whe&er ana.flller indi- 
vidual is consckus. By means of language, it is possible to 



ate what one is ~ & n g  about. Lanpage is not 
essenriai to being conscious but it is a medium ehrough 

~ n d  can be expressed to a n o ~ e r  in&vidual. 
c a ~ o n  systems of other a 

ds but, so far, we have been 
unable to understand these systems well enough to see 
whe&crr this is so. Instead, we have wught some a ~ m a I s  
to use our lanpage, 

y chhpanzee (or bambo) at the Yerkes 
te Research Center in Adan&, USA1 has 
Sue Savage-Rumbaugh to communicate by 

poinhg at symbols on a board. He points at the symbols 
u ~ c a t e  with h m a m  but he can understand spoken 
and not in a  vial way of merely responding to 
s; rather, it appears that he understands the syntax 

of the Ianpage, For example, if he is given the following 
hsmerion in pidgin English hough  ear phones G o  get 
orange testing room-he will respond by gohg to get the 
orange, but he responds p i a  and decisively when. 
the syxrraceicany comect e d G o  and get the orange 
from the tes~ng room' i s  

f woufd suggest hiat other species tohat live in close 
contact wi& hmans, such as our pet dogs, cats and birds, 
may understand aspects of language, provided &at we have 

unicated with &em in sensible ways that have mem- 
ing, frene Pepperberg trained the panat- Hex by ma%ng 
sure &at he overheard mea~ngfuj, shgle  verbd hterac- 
tions betvveen humans, For example, in front of Aaex one 
person ~ g h t  ask wheeher the other has a key and the latter 
would say yes and hdd up the key. Mex was not exposed 
to rfie meaningless Tretey boy" '"Pally warn a drink?"hbrases 
&at we tend to say to birds. '"These phgses can be 
by parras, and a nmber  of o&er species of birds, but it 
is urrfaely that they nderstood by the birds because 
hey have not, been unicated to &em in m e a h g f d  
contexts. 

I predict that many more species would understand 
aspects of our language if they were exposed to it in the 



same meaningful way as Alex and the signing apes have 
been, and with as much patience. The degree to which this 
might be possible will have to be determined and it is likely 
to vary amongst species and amongst individuals. I recog- 
nise that any research in this field is fraught with problems 
of training and interpretation, if it is to meet the suict 
crite~ai required to prove that an a is producing or 
understanding tanpage. Research a n@age in a ~ m a l s  
is of interest in its own fight buty f,espe 
can test a ~ m a f s  that have learxll; to s i p  or to c 
with us in other ways to see how their 

So far tbe focus of research with the 
been taught to communicate using English has been to find 
out whe&er or not they are acmally ushg language, as we 
define h, It is not relevant to enter into the debate about 
heir language abiliries here. I would simp$ like to point 
out that &ere wig be much more that we can learn from 
the signing apes, once the controversy about their fanwas  
abilities is set aside and the researchers can get on with 
a s b g  &ferent quesdons, This is not to deny that &ere 
has been some a~enrion paid to understanding the minds 
of the siming apes. 

m a t  do the s i g ~ n g  apes tell us about heir minds, 
quite apafl from the issue of wherber they use tanpage or 
not? 'l3ey signal desires, lkes and dislkes and also mem- 
ories of how they felt in the past. The lowland goday  
caUed Koko, who has been taught to use sign lanpage by 
Eugene Lhderx. and Francine Pa~erson, at Stadord Uni- 
versiry, USA, hats a worKng vocabutary of over S00 signs, 
She shrrgs &ese signs tog nto statements of about 
tfirree to six s i p s  and she unicates about hings in 
the present and past. 

Koko had a cornparrion ~ a e n  &at died and the loss 
made her v e q  sad. Later, when. asked about it, she would 
express her sa&ess about the loss. m e n  she saw a 
photogaph, of the Iri~en she again, expressed her sorrow. 
She was able to u ~ e a t e  about th and,  eref fore, 
~& about an not pad: of her diate sirnation, 



DS OF' THER OWN 

This is one of the criteria for consciousness, men~oned in 
chapter 1, 

The s i g ~ n g  ages also nicate about the fumlre 
in terns of desires to go or to be given things. 
Again, hey display &ought$ &at are not part of &eir 
immediate simar-ion. Perhaps the behavjoural psychologis 
codd find simple s~mdus-response explana~ons for these 

urricatrion, but in my o p ~ o n  the siHng ages 
and speaking panots open up the possibiliilf~r of more 
exploration of tfieizl nninds. 

A s h g  an ape about i ts  

Only from the anhals that have learnt to co 
with us by ols can we expect 
to fmd out t. fn the book Kanzk 
T'ke Ape at the Bm'nk qf Mind Sue Savage- 
Rumbaugh describes an occasion in which she was riding 
h a car with Kami" sister Panbaksha, Noiticing that 
Panbanisha ]looked as if she were lost in &aught, Savage- 
Rumbaugh ventured to ask her what she was & a n g  about. 
The reply came afier a few seconds of reaecdon and it 
was Kanzi" Savage-Rumbaugh was surprised because 
Panba~sha rarely used the name Kami. Next Savage- 
R w b a u b  replied "h, you are & i ~ n g  about Kanzi, are 
you?" and Panbanisha vocalised excitedy in ageement. 

Of course, ~s does not prove &at PanbaPliska was, in 
fact, ~ ~ n g  about Kami. Sometimes when we are asked 
what we are t.hi&ng about: we respond with the first ~ n g  
&at comes into our ~ x t d s .  The same problem of refiabili~ 
of idorma.eion about spontaneous and private ehoughts 
exasts for anhals and hmans alike. I suspect that this is 
the reason why Swap-Rumbaugk has not ofren asked .this 
quesbon of the apes wit21 whom she co 
also says that, when occasionally she has asked &em what 
they are &i&ng, they usually ignore the queslion. However, 
it w d d  be interesriag to build up a larger repeaoire of 
the answers to the quesrim 'Wh;lt are you h i f i n g  about"". 



One could compare the responses given to this question 
with those given to the quesrion 'What are you dreaming 
about?>sked when the ape is awakened during rapid-cye- 
movement sleep, the phase of sleep in which dreaming 
sccurs. If humans are awakened and asked what they are 
dreaming about, they can usually give an answer provided 
that they were in the rapid-eye-movement phase of sleep 
at the rime, The w a b g  makes the substance af the &earn 
become conscious. 

To my howledge, no one has anempred to ask the 
sign-language-trained apes about their dreams, but it should 
be possible. What E arn suggesting is that these responses 
shodd be compared with fespomes given when the ape is 
~ & n g  and awake. If the two Sets of answers are different 
for the most part, we may have an indica~on flza"Eey 
report genuine thi&ng because dreams and conscious 
thought> in humans at least, are rarely -the same. Of cowse, 
if Panbanisha is particularly focussed on. Kami, she might 

in the day and also dream about him at: 
night. In th i s  case, s ~ l a r  sees of answers would not mean 
that apes do not have imer thoughts. However; a vahety 
of answers and a difference be~eexl, the sets of answers 
d u ~ n g  the day versus the ni&t would suggest &at h e r  
tE-rought and dreams O ~ C U .  

WJe need to ask hportant quesdons of the apes who 
have learned to communicate with us, and of parrots like 
Mex also. I agree with tke folowing statement of Savage- 
Rmbaugh: 

To f u d e r  aw understanding of h m a l  intelligence we must 
learn to ask beaer quesrions-ques~ons that focus on unuisural 
events, rather than mundane and reaay csnwollabk ones. IE 
we were to start wi& the assumption &at a ~ m a l s  are 
conscious and capable of &ought, reason, and complex 

unication, we wodd f i d  it dgficdt to came up with 
evidence that would &sprsve &is view. Instead, we start wi& 
the premise that they are incapable of such aecomplisbments 



and find it difgcdt to disprove this view, (Savage-Rumbaul;gh 
and L e ~ n ,  f 994, pp. 263-2641 

So far l: have coneen~ated on measu~ng behaviour to 
understand the mind, and I have chosen to do this because 
the mind is expressed ody in behaviour, whether that 
behaviour "o Ifanwage or some~ing else, Thou@ts requke 
efecwicd acGvi@ in the brain. and changes in the molecules 
inside the brain but tlhese e lec~cal  and chedcat events are 
mt the f i n d  itsdE They are cowelates of the expression of 
mind, but they do not. embody the d a d  in its endrev, 
al*thortgh many scienltIsts researching these processes seem 
to believe &at they do. Xt has recendy became popular to 
use newobiolageal approaches in the sntdy of conscious- 
ness (i.e. to investigate physical and chemical aspects af 
newe cell funcdo&g in the brain) and, as so often 
happens, the scienhsts a h g  this approach forget that they. 
are fookng ody at cornelates of consciousness. Before; long 
they bedn to believe that the pahcular wave forms or 
chemical events that they are measurhg are consciousness, 
and &at way af reducing coxlseiolxsness takes us away from 
the beha~our  of the whole a ~ m a l  in the real world. The 
approach is called red-rtctionism. It is an appmach ihat mns 
the risk of fo rgebg  &at consciousness elrists at- higher 
levels of orga&sadon and can only be expressed by the 
behaving, whole admai, 

I was somewhat dismayed to fmd &at a coderence 
en~ded  Toward a Science of Consciousness3Etdd in 
Tucson, USA, in 1996 was ahost  en~rely devoted to nerve 
cell comec~oxls, molecular events, quanmm mechanics of 
nerve cell funcfion, computer modelling and some phifo- 
sophy of the mind. Human perception was included, and 
some research that had used anhals to record various 
chentical and physical aspecrs of brain function was 
repoaed. The latter had tested monkeys squatting in front 
of video mo~ to r s  to measwe eye movements. There was 



no paper that vaguely approached the theme of conscious- 
e I $a not wish to d e ~ a c t  from the 

challenging papers presented by eminent scientists in their 
particular fields, I do wish to express my surplise at the 
narrow focus of a coderence a h e d  "award a science of 
consciousness" It is as if it is acceptable to use a 
study the nuts and bolts of cognitive processes, whereas it 
is mfashionable, in These reahs at least, to consider the 
expression of thi 

I am not about to c~%icise the &recZion of any research 
that deals with rhe baffling question of consciousness hut 
I do befieve that ehe study of consciousness should be broad 
enougb and be approached open-nnind 
expand aw visions, ra&a &an worKng 
carrfmes of the eonsmcts already in place 
here is much to be gained from exckange of ideas and 

by considering the conscio 
s tage&er. I wodd go a step 

be gained by compa 
into account their differences and 

nate the problems. Foeussing on the 
rneneal processes of prhates and ignsfing those of birds 
has led many scienests to &storted views of the brah 
smcmes  that might be involved in awareness and con- 
sciousness (chaper 4) and has provided a. narrow view of 
evolu%ion. Much can be achieved by compa~ng species 
even tkough we might do so merely to shed light on our 
own species. I would hope &at there w 3  be increased 
effofis to understand orher species as well as our own, 

Topics related to consciousness &at have been covered in 
this book indude clever or ktelligent discr~nat ion and 
categorisafion of ob j ec~  and evens; co&~ve integarion of 
i doma~or r  and where it fight occw in different parts of 
the brahi ways of responding that might reveal hternal 
menwE states such as self-awareness and awareness of the 
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mhd state of o&ers, and co c a ~ o n  about even& of 
the past and of the conceived fume. The mathem~cian 
and philosopher David Chahers believes that &ese are the 
'easy>rt>blerns of consciousness because they can be 
tacMed by standard m e ~ a d s  of sdence, Perhaps that is 
m e  if one confines the discussion. ta consciausxless in 
humans but, as we have seen, &ese became 'hard"rob1ems 
when we apply &em to akmals. The merf.lsbs that we 
need to apply rare neither sandard nor easy. 

Chdxners says &at one of the hard problems of 
consciousness is the subjec~ve expeeence of being conscious. 
We experience being able to se r example, rehess has 
a q u a i i ~  &at we YeelLwe experience ernodons as an 
hternal feeling; and we experience sm trah of thought. 
Philosophers call these qu&tadve feelings "ualia" As Daflriel 
Dennea points out in his book Csnscious;~zess Excplaked, the 
conscious mind not only  messes colours, smeUs and ss  
on, but &so appreciates them. 

The qua5a must arise from the worfings of: the brain, 
the d e h c a l  signals and the molecular changes and so on, 
but we do not h o w  how, The problem with qualia is h a t  
they are completely private experiences and we do not h o w  
haw expee7-ielace of cl-zi&ng comes about in humans, let alone 
in anhals. Nor do we h o w  how we might go about 
investlga~ng the: acmtzl conscious experience. In chapter 2, 
1 asked w h e ~ e r  rhe young chick wha is ma&ng dislress 
calls actuaay has the experxence of feeli~g disrxessed. We 
do not h o w  of a way to access that feeling itself> if it 
elrisrs, but we ~ g h t  assume &at it exists in same fom or 
anorher if we can demonstjrate that the chick shows o&er 
characteristics of awareness. n o s e  who seek .ts understand 
the subjedve exge~ence af consciousness will not be 
sarjisfxed with the kind of research. being carried out: on 
awareness or consciousness in axrrrnals, but those who seek 
ta learn more about animals wiU be excited by answers to 
the questions &at Chahers calls 'easy'. 



THINKING, FEELING AND 
ANIMAL RIGHTS 

We pawonlse &ern for heir incompleteness, for their tragic 
fate of having takn form so far below ourselves, h d  thcreh 
we err, and gresi* err. For the animal sln8 not be measured 
by man, In a world older and more complae &an ours they 
move f~shec t  and complete, @fted with extensions of the 
senses we have lost or never a~ained, Eving by voices we 
shag never hear, 'They are not b r e ~ e n ;  they are not 
underlings; h e y  are other nations, eau&t with oursekes in 
the net of life and h e ,  fellow prisoners of rfie splendour 
and @avail of tbe earth. (Bestan, 19'7 1, pp. 19-20) 

Thoughout this book 1 have drawn a ~ e n ~ s n  to the ways 
in wEch our a ~ m d e s  ta animals have shaped our views 
and expectarions af their c o a ~ s e  a b ~ ~ e s  and awareness. 
'The scien~fic smdy of a~nnals is itself far from free of 
these a ~ m d e s .  In this final chapter, it is approp~ate to 
deal w i ~  the ways in which att_i~des to the mental a b a ~ e s  
of a~xxzals influence how we treat them and how we v;iew 
&em in the aamal enviroment, 

We have seen that species adapt to their part_icular 
environments. Most are, indeed, uniquely specialised to suit 
their own nan~tral environme~s. But are mast of &em really 
so different from us? htelligence and consciousness may 
have evolved many times over but -the outcome might be 
furic~onauy much the same. 

Mso, vviU we ever hear their voices? Beston (quoted 



above) speaks as a rzamralist in awe of the a 
namral enviroment that surounded his c o ~  
great beach of Cape Cod In as sachu  
senhent  that many share and I must 
l[ have been moved to thi& l k e ~ s e .  

als can be no more &an a source of 
inspira~an to seek more bawledge about them. As a 
seienGst who studies rhe behaviour of anbds ,  I do believe 

g closer to hea~ng  the voices of o ~ e r  
species and that &ek CO nicaeion may not be beyond 
access by us. To reach it we will need a different perspecGve 
and a desire to understand, in. the true sense of the word, 
nor; merely to exploit them for the p q o s e s  of hmans, I 
am afraid that most funded research is -for the latter category 
and rela~vely little support is given, to understanding those 
other species that are "aught with ourselves in the net of 
He and time'. 

The issue is ~o-pronged, Urrless we study them now, 
many aimaIs W% be no longer wih  us %n the net, of life 
and b e "  as &ey be exket. To recsgise the need 
to smdy heir behaviour, not merely for exploitabon, vviU 
mean to change attimdes, to dismanfle the divide that we 
have consmc-r;ed beweexrt them and us. 

als m in&ddds  and idend~es last 

h chapter 6, the need to take individual differences bemeen 
Is into account in research was discussed. Of coume, 

uld be inconece to say that individual differences apply 
equany to all spec als from uniceUdar orga~sms 

exady the same, but individ- 
behaviour must have become 

Physical and mental uniqueness of individuals nrigh"ce 
a precursor to self-awareness because the self must be 
distinguishable from others. Social behaviour also relies on 
individuals being different. Each individual m s t  be 
recognised by its appearance and behaviour. 



G, kTELNc2r AND AN1 

If animds were merely machines, all members of the 
same species ~ g h t  be al&e. Few of us consider Lhis to be 
so for species with which we are f a ~ l i a r  as pets or as 
w o r b g  animals. Never&eless, hese qel-iences with ani- 
mals on an hd i~dua l  level seem to do little to change our 
a ~ m d e s  to a ~ m a l s  in a gerreral sense, We still tend to see 
species that sue less f a ~ l i a r  to us as unimq e n ~ ~ e s  and 
to ignore individual differences, instead concen~a~ng  on 
the characterisGcs shared by aU members of the species. 
We tend to treat species wit31 which we are less fad ia r  
as invariant units, We give our pets names but thi& of 
wild species coUlec~vely 'as the hngaroos" 'the horses" and 
so on. The same is m e  in sci 
research on a&mals involves tes 
werage (mean) scores are calcul 
ar even the species. As Lynda Birke of 
UK, has pointed out, scienGsts often 
worhng on standardised poups of an. 
or rabbits) merely because they have not bolhered to get 
to b o w  the individuals well enough. Rats are as irrdividuauy 
different from each other as are dogs and cats. Our a ~ m d e s  
are often, a maner of conve~ence for research, This 
approach of smdy-ing a als as species has been useful, 
up 20 a point3 in discipGnes such as erhology and ecology, 
b-ut even in these fields some researchers are starzing to 
take illldividual &fferenees into account, As X have discussed 
in previous chapters, taking into accomt in&vidual &ffer- 
ences is exeemely t3tpoaant when one is smdying camplex 
behaviour, in pa~cu la r  behaviours &at refiect conscious- 
ness. We need to live in close contact and co adon 
with animals if we are gokg ta be able to their 
subfle behaviours and if we are going to undersand Lhem 
in any way, 

eties of the past &at lived in close contact with 
either as hunters or as famers on smaU farms 
animals, were acutely aware of the hdividualiry 

af animals- This began to change vvlitfi vent of larger 
herds and flocks. By mediaeval h e s  a were seen as 
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m e s  or symbols and they could bear in public 
ceremonies of p ~ s h m e n t .  The perceived eharacterisdcs of 
each type al were associated w i ~  the  amr re of the 
c rhe ,  In for example, dogs were hung an ei*er 
side of a person who had commi~ed a c 
infamy. als tkernselves were .tried an 
id ickd  h a m  on humans, In 
humans lived in chse ass~eiadon 
some senses, seen as equivalent to 
were camidered to be outsiders. They were seen to refiect 
h w a n i v  but to be outside it in a way that set a boundary 
beween animals and hmans, &hough individual an,irnals 
could be punished for human-type e es by public exe- 
~wbons the same as those used far humans, they were not 
seen as in&viduals but as species-specific Types, Xenard 
the fox', for example, epitomised a host of unacceptable 

e those w o r ~ n g  on smaller fams may have, over 
intained close rela6sxlships w i ~  indivihal 

arzimals, as human socieq has increased in size and far 
has become an en~epreneurial practice with ever-increasing 
sizes of Rocks and herds, it has become impossible for 
famers to b o w  akmsrls as individuals, In the indus~a l  
faming of today the idenrities of individual animals are 
esmpleteIy Xost. MmaXs in intensive farms arc seen as 
bodies, ta be fa~ened or to lay eggs. mowledge of their 
behaviour is of concern only to prevent them from aicr ing 
injury an each other or themsehes, ta stop fearher pecking, 
tail and ear bihg, and so on. Their higher comitive abiliries 
are ignofed and definirely unwanted. I ended my previous 
book3 The P)(eit.li&Iopment of Brain and Behavkur in the 
Chichn, with che gatemem chat the domesric chichn is 
the avian species most exploited and least respected, Despite 
Pheir dornesdea~on, chickens have retairred complex cog- 
~ r i v e  abiliries. They are not the same as feral or wild 
chickens, but the view af domes~e cGckens as smpid has 
more to do with how we think of chickens than with the 
ab2i6es of the chickens rrtremselves, '"Fhe examples of 



coxxrmunicafiion behaviour and decision nna~ng in domestic 
cKcks that we discussed in chapters 2 and 3 show that 
they are anMing but smpid. 

According tra Peter Singer, a philosopher at Marrash 
University., hsrcralia, and aufior of Animal Lib;re-ration, the 
main. issue underlyhg the consmction of a &f b e ~ e e n  
a ~ m a l s  and humans is to jiushfy the eaGng of anhals. 
hdus&al farming relies on this gulf bemeen "em' and 
"us" So too does the new move into producing 'designer 
animals" ones gene~caUy exrgkeered to grow faster or 
produce a certain sort of meat or any oel-rer product that 
the market demands. Designer anbals will sdlf. have minds, 
maybe even consciousness, but they wiB not be llreaced as 
such, 

Do domesdc admds have lesser 

An u l b a t e  aim of breeding programs for domesbe animals 
als that have minds so blunted that they 

will passiveIy accept overcrowded housing caazdilrions and 
having vimally noOhing to do but eat-and then to eat 
standard and bodng food delivered automaGcally, There is 
na evidence that domesfic chickens, or ather domcslric 
breeds, have been so cog~tively blunted &at they need or 
want no more behavioural sdmula~on. &an they receive in 
baaemy farms. In fact, if domesdc breeds are rek~oduced 
to more narural conditions and bred &ere, they adapt 
rapidly to the beaer condi~ons. It is possible to change 
some aspects of behaviour by selec~ve breeding but only 
wihin lifits. Domes~e breeds may be more docile, or less 
fearful and mre accepr_ing of the presence of humans, but 
~ c s e  behaviours reflect temperament and mo~va.fion, not 
cogniGve abaities. 

In earlier chapters, X have poinred out the importance 
of environment. on the development of brain and behaviour. 

a1 raised in eapdv i~  of any farm, whe.cher it be 
in intensive farming, a laboratory or a zoo, can adapt 

ly to feral or wild condidons, In most eases, a 



prolonged g e ~ o d  of rehabilita~on . t r a i ~ g  is required and 
in some cases adap~don to the new condirions may be 
hpossi,Eale, This does not mean that the breed itself has 
shifted away from a need for more natural or more 
sGmdaring condi~ons. Domestic hens taken from battery 
cages may take some time to adapt to more freedom, but 
if their chicks are raised in more nattrraf coxz&~oxls rhey 
show swrising sidarif;y to wild cKcfxens, T h e  e o g ~ ~ v e  
capaciry of rhe breed and its ability to p e ~ o r m  complex 
behaGow appears to remah i_nt;ltct, despite generadons of 
breedhg u d e r  rhe conwol af humans. 

Whellzer we assume that anhals do or do not have 
con~eiousae~s how we &eat them, Hence, cog- 
~r ; ion and co in animals is unquestlionably an 
issue of great hpomaxce to the welfare of anhals, not 

but also in other areas in wfi_ich humns 

hpoaant  to the eneire h ima l  Welfare 
movement that scien~srs are begi to accept ha t  at 
feast some species of animals (most p idehes  apply only 
to verfebrae ancimals) can experience pain after the indi- 
vidud has reached a parlJcdar stage of development, 

ore, many scientises now recognise that the pain 
be somade or psychologeal and that it may be 

specific to an individual, based on that individual's past 
experience and particular needs. Past experience with par- 
cicdar people can also embered and dter the a m o u ~  
of s ~ e s s  suffered by a in subsequent experiments or 
procedures. The presence of a preferred human relieves 
seem, whereas one that is disliiEred exacerbates it. Memories 
of past events and associations become part of the present 
sirnation and compound the a ~ m a l "  feelings. 2 3 e  sensation 
of pain is not absolute but subjective and dependent on 
many different facton. 

The sensa.r_ion: of pain is not direcdy related to aware- 



ness of self or of others, but awareness and consciousness 
might alter the kind of pain that is suffered and the 
subjective experience of pain. N&~ugh  it is unquescimablc 
that anhals with cansciousazess will expeience pain, failure 
ta find evidence of consciousness in a species should not 
be used as a reason to conclude that the species does not 
feel pain. It rnust be remernbezed haw diflFicult it is to 
design everimems that, in any way, measure consciuusness. 
Added to this, &ere are the l&ely afferenees in conscious- 
ness benveen species, as well as benveen individuals. Since, 
as I. have reasoned in this book, consciousness in its various 
mazliifesta~ons may have evolved many h e s  over, and t!ms 
species may have dzferent inteftigences and different forms 
of consciousness, it follows &at &e way in which animals 
expe~ence pain may also vaq from one species m the next. 
A.though we have not yet found a way of estabfishing 
whe&er &is is a fact, &is way of viewing +he experience 
of pain by animals provides a useh1 basis for animal 
welfare, 

Marian DawEns af Oxford University, W, has said 
that decisions about w h e ~ e r  an anhail can feel pak do 
not have to be based on absolutes, One does not have to 
choose bemeen the a ~ m a l  being, on the one hand, an 
automaton witI"tout consciausness and, on the o&er hand, 
having aU of the elements of consciousness (as in humans). 
That is, the choice is not bemeen an a 
completely wi&ou-f an abitj_ry to feel pain and an 
that has the total sensa~on of pain, as we h o w  i 
problem wi& this line of reasoning is &at it places anha1 
species on a hierarchic& scale with hmans  at the top. 
Some animals are seen as having more elements of con- 
sciousness than have other a~mals ,  but rarher than being 
a matter of more versus less it may be one of different 
kinds of consciousness in differem animals. Thus the 
seasarion of pain may be art issue not of more versus less 
pain but of different gain in diffmene a aIs, Same suppart 
for this conceptrualisisa.e,ion comes .Ejrom the fact that hmans 
experience different b b s  of pain. For example, we can 



expe~exlce dull continuous palin vemus rapid s h a ~  pah, 
and &ese sensaPions are detected by different receptors and 
newe endings in he: skin and ~ansmitted to the brain via 
dzferent neural pa~ways. There are many orher knds of 
pain, sorne of which mi9;~ be different degees sf the same 
End of pain and o&ers &at are different sensations that 
we sa l  refer to as pain. The one that ~ g h t  concern us 
mast here is psychological pain. Far exmple, we refer to 
the pain of Isss, felt after a close friend dies. Koko, the 
gorilla who co 'cates uskg h e r i e a n  Sign Lanwage, 
expressed the feeling of loss after her kitten died 
(chapter 6). Dogs have been hown to pine away and die 
after the dearh of a h m a n  campa~on,  There are many 
such examples, al&ough the pain of loss has not been 
smdied sciendficdy . 

We also experaence pain or suffering by seeing o&ers 
suffer because we emparltise with tf.lem. If animals can 
a h b m e  mental states to ofhers, as indeed we have saong 
indicii~axls that at least sorne species can. (discussed in 
chapter 21, then we have to consider &at an a 
suffer by seeing the suffering of ohers. 

The gofla Koko has demsnsmted clearly h a t  she can 
assess the sufferkg of ohers and feel sadness on their 
behalf, Koko has signed %Sad?-hen one of her carers 
expressed sadness* Vhen Koko m s  shown a photograph 
of anoher gorilla; s ~ g g G n g  tcr, get m a y  from being bached, 
she signed 'Me cry these" which suggests recognition of 
the piemre and self-related idea~ficarion. rather than em- 
parhy. Empa&y was &m in other si~ations: when her 
cornpanion gorilla, lWchael, was eving because he warned 
to be let out of his roam, Koko signed Feel s o w  out9. 
There might be many anirnals &if ing this in laboratory 
and faming enviromenm as they watch or hear other 

als bein: experimented on or being Wed. None of 
the present widelines for animal welfare take this into 
accamt. 

There may be many levels of emn~on and cognition 
&at respond to seeing anoaher member of one" sspecies 



suffer. Species and individuals will vary on how this affects 
 ems but we have no reason to believe that they are not 
affected, kg is la~on  for animal welfare will, in my opinion, 
have to include guidelines for prevendng suffering by 
empa&y with the suffering of ohers. 

Ar the present b e  legislation for appropriate caging 
condi~ons for arzimals used in research and agricdmre takes 
into account the mi urn req~rements for the species. It 
is a h e d  to enswc &at provision is made fur the spedes 
to carw out its basic behaviours, Some say that a species 
must be able to express its Ynskcts" imate behaviours. 
The debate has centred around, for example, whether 
ba~ery  hens should be given rrrate~al in which they c m  
dust-babe or whether cattle in feedlots shadd be provided 
with shelter. These are such basic aspects of behavioural 
and physiolo@cal requhements that it can only be said that 
the debate is about pro~ding minimally beaer housing; 
condirions at the least E"mancia1 east, Once one begins to 
consider that the domes6c animals in quesrian have complex 
comi.trion and &at they may require more slimulatian.  an 
they receive in intensive Earning condirions and in most 
laboratov housing, the debate about welfare moves on to 
an entirely new level, 

Anhals in confined caging or housed in csndi~ons that 
provide them with little slimulabon show stereotyped 
behaviours, meaning that they repeat 'che same behaviour 
over and over again, For example, pigs housed in isolafion 
in crates or in overcrowded conditions with little to do will 
chew the bars or lick them in stereo~ped ways, bxnals  
in zoos frequenoy do mewise or they pace up and down 
along the waUs of the cage. Humans in instituxions, such 
as menal hospitals or gaols, also develop stereotryped 
behaviours. Tt seems &at the stereop~pies provide sorne 
sort of physical szlimulation, and some menpal 
sbulation, that: calms the stsessed 

The condirisns that are s ~ e s s f d  vary with the: species 
and the past exper5ence of in&viduals, but being isolated 
is srressfd to some and being overcrowded is s~essful to 
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oaers, Not being able to move around is clearly stressfd 
als. But what about s ~ e s s  caused by insufficient 

mental srimulation? We wodd not hesitate to accept that 
as a source of s@ess in, bimaxls (indeed, &at is the basis 
of hpr issment  and p u ~ s h e n t ) ,  but few consider &at it 
is the same fix a s. It is now  me 
srimda-elon into adeGnes for a 
already considered un.acceptaMe to keep sheep in hetabo- 
lism cagesycages in which they stand on wire floors and 
that are so small that the sheep camot turn around) for 
very long periods but this decision is based purely on their 
physical need to have exercise. The lack of mental stimu- 
ladon that the sheep receives when confined in the cage 
may be just as s@essful, Lack of s h u l a ~ a n  is a recog~sed 
problem for pets, such as birds locked in cages with few 
&ings to play with or ears and dogs locked in. the house 
whae the owner goes out, There are pet &erapy programs 
that seek to entertain. anhals in. t-hese sima~ons, There are 
ewn video f i h s  available for cats and dogs to watch 
(bouncing balls and the like), but I b o w  of no evidence 
that these aemaHy provide the required stimulation. We 
b o w  that species from fish to birds and primates will a ~ e n d  
to video hages but we do not h o w  what hey ~ g h t  
choose t-o watch for any pefiod of h e !  

: The &eat Ape Project: 

A ~ m d e s  to the welfare of a als are various and, as we 
have seen, they are changing3 and will continue to do so, 
" 

spanse to the new idarmadon on hi&er eognircion in 
als. Some people are in suppsn of p idehes  and 

legis1a.f.ion specifically to protect afimals. Others feel &at 
animds have rights that must be protected. 
h 1993 the book The Great Ape Project edited by Paola 

Cavaliei and Peter Singer was published, It advocated that 
all of the peat apes, including humans, shadd be put 
wihin one f a d y ,  instead of the present catego~sarcion &at 
separrtres h m a m  from the orher @eat apes. lk i s  positiun 



is based in part on our genetic simaariy to the other apes 
(our genes & f i r  by up to ody 2 per cent: see chapvr 5)  
and in part on the new discoveries of the intelligence of 
chimpamees, orang-utans and godas. 

In fact, some of the signing apes have been tested on 
intelligence tests designed for hmans. For example, Lyn 
Miles at the U~versiw of Temessee, USA, has tested 
Ckantek, a s i g ~ n g  orang-utan, an the s~netard Bayfey Scale 
for Infant Development, wEch is used to assess mental 
developmexlz: of h m a n  children.. The tests include buiXding 
towers af cubes, folding paper into certain shapes and 
poin~ng to specific picmres. At men@-four msxrhs old, 
Chantek" score was eq~valeat to that aE a human ch3d 
of 13.6 mon&s. At f i e  and a half years old his score was 
equivalent to that of a human child of almost m o  years 
old. Other indicators of mentd development, inclu&ng 
symbolic play, language comprehension. and tool use, put 
the five-year-old Cbantek at the level of a four-year-old 
human child. The gorilla Kaka showed much the same 
relationship to an. intelli On some m e s  of 
ques~ons Ksko e ~ e r  than n chadren of the same 
age: namely, in d i s e r i ~ n a ~ o n  beween "samehand "different" 
and in detee~on of R ~ W S  in. a series of incomplete or 
distorted drawings. On oher types of ques~ons, such as 
ehose requiring precise coodinarion m fit pieces of puzzles 
together, she was not: as good as human children. Some 
intelligence tests have as much to do with movement eanaol 
of the fingers and bands as to do with problem solving 
using coMtion, and the conswcrian of an orang-utan's 
and of a gorilla" hand does not make it easy for &ern to 
put togerher pieces of puzzle designed far b m a n  hands. 

I find these results hpressive, pasriculiarly when one 
considers that the human standards with which Chantek 
and Koko were compared were average values cdculated 
by assesskg a large number of chilrlren raised in envirsn- 
men& vev different from theirs. M&ough Chaatek and 
G k a  were given much a~ention and mining, their worXds 
were velrlJr different from &ose of the human ch2dren wi& 
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which they were cornpard. In some ways they received 
more attenGon and shda t i on  than most human cM&en 
and in. oher ways they received less. h padculah they 
were not p e m i ~ e d  free movement in the world at large. 
This could have cumiled at least some aspects of their 
m e n ~ t  development3 alfiough o ~ e r  aspects might have 
been ehanced, The point is that, not bebg hmans and 
nor being raised enrirefry like most humans, or--utans and 
o&er apes camot be compared urrea~ngfay with humans 
by using the same test. X @ant that these comparisons have 
served to hpress people regarding heir mental cwab%Ges, 
but only because p~v;iously we have believed them to be 
so inferior to us, Moreover, Chantek and Koko are shgle 
represena~ves of tfiek species being compared ~& the 
average human child. Haw vpical are they of their respee- 
rive species? Chantek might be a very intelligem orang-utan, 
whatever we might mean when we apply this concept to 
an individual, and Koko d g h t  be a very integigent goaa .  
Mtema~vely, they might not be especially intelljigent com- 
pared with oher members of their species. 

Qf course, it could be a r ~ e d  &at Chantek, Koko and 
the o&er s i g ~ n g  apes were, in fact, raised to some extent 
as fiddle class h e ~ e a n  children. and &erefore the intel- 
ligence tests used were appropriate for them. In a sense I 
agree with this, at least in comparison with ather apes, but 
they were not raised exacdy Iike a human child and they 
still ehibit bbeaviours and abiE~es that are wpical of &dr 
species. The researchers working with Koko recog~sed &is 
and cited .the followhg emmple to auswate the point: 

hswers  &at seem perfecliy plausible to a gor2la must 
sornethes be scored as emors on standardized tests, For 
instance, the am-hdersen Test has two quesGons with 
a disdnct human bias. One queseion directs the child to T'aoint 
to the two &ings that are good to ea t .The  choices are a 
block, an apple, a shoe, a flower, and an icecream sundae, 
Koka picked the apple and the flower, &oher quesGon asked 
the c&ld to point out where it would run to shelter from the 
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rain. The choices were a hat, a spoon, a see, and a house, 
Koko sensibly chose the tree. (Paaerson and Linden, 1981, 
p. 124) 

'The ques~ons are Ass culme dqendent, I have a Bdinese 
f ~ e n d  who eats ceaain types of Bowers as delicacies and 
might respond similarly to the same ques.tion. 

More smdies such as this wiX-2 edighters our search to 
understand the minds of apes but we must remember that 
the intelligence tests used have been designed far hmans, 
not orang-utans or mees or gsrr"llas, Indeed, intefli- 
gence tests are prab even wihin human popula~ons. 
In fact, htegigexlce tests are acmatly designed for ~ d d l e  
and upper class, Western children, and they do not aansfer 
as accurate measures sf the intelligence of workng class 
chilrJren or children of aacr  cultures. It has been possible 
to design an intelligence test on which warEng class 
children pedom wi& higher scores than ~ d d l e  class 
chilctsen. The test asks the children to salve different soas 
of social problems and to have different background how- 
ledge. Judging by this, there should be no dif6cul@ in 
designing an inteuigence test: on which arang-utam p e ~ o m  
b e ~ e r  than humans, provided that we h o w  enough about 
the behaviour of orang-utans in. the first place, Hme the 
reader might be reminded of the pigeons that perfomed 
better than humans on a task requikg &ern to match 
shuXi presented at various rotations, a problem based on 
the Eysenck IQ test (chapter 3 ) .  

Despite the veuy. serious problems with the standard 
human intelligence tests, it is of interest to give them to 
the signing apes, prot.ided that the answers are interpreted 
creatiwely in order to demans~ate how close the perfor- 
mances scores of human and apes can be. However, I must 

to an element of concern, When tested on tl-tese 
ence -rests designed far humans, apes will atways have 

lower scores than humans of the same age and I suspect 
 at this is used to co our feeling af superio~w. We 
have designed the tests so that they will do just that. 



Of course, the Great Ape Project takes other cognitive 
ab,ili~es of the great apes into account, when it a h s  to 
shift the boundary that presendy divides us from the orher 
great apes and thus extend to these animals rhe rights &at 
are presenlly lim,i@d to hmans. Xn a prapr l ic  sense, f 
certaidy suppor~: this move. On the one hand, there is an 
urgent need to protect the dkndling ambers  of great apes 
that are still suwivhg in the wild from being poached m 
be eaten or sold as pets. OR the other hand, they should 
not be ehib i red in zoos or used for medical researtlh. Huge 
nuberg  of them are presenrly used for these purposes, 
pahcularly in the U~tedC States. 

we extend h m a n  fights E 0  people who canmat tak, or 
have not yet learnt to ta&, and to ans of all levels of 
IQ performance, and righdy so, Yet, as proponents of the 
Great Ape Project: pobt out9 it can be said &at the great 
apes overlap with the range of h an perkrmance, Apes 
and hmans  differ in sorne characterisfics and overlap in 
orhers, The overlaps are justifica~on for not separafing &ern. 
from us. 

The Great Ape Project has raised chese and rnany ather 
importam issues. However, my suppoa of the Great Ape 
Project is not given, wirtzorxr some resewafions. By sXftin,g 
the boundary to allow apes into the s m e  group as hmaxls, 
we are still saying that %some anhafs are more equal &an 
o&ers< In t h i s  book 1 have emphasised the higher cogni~ve 
abilides of birds. The inte1:lligence of sorne species of bkds 
is, in many ways, equivalent to &at of sorne species of 
prhates, even the apes. Yet genetically they are far removed 
fmm us. m a t  can we do about heir righs? The same 
may, in fumre, be said of rnany other species. h e  we to 
gant rights to only our closest gexle~c: rela~ves? h e  we to 
do so on the basis of inteuigence or awareness, both of 
which are impossible to assess on, any single c~terion? 
Whatever amibute we choose, here w21 be the problem of 
placing a boundary dividing &ose species that we rhik 
have 3tYrom t%lose that do not. 
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The debates about the welfare and ights of anhals wiU 
con~xlue, reliant on new inflorma;cion about cogrrition and 
consciousness in animals. A ~ t u d e s  will change and .those 
changes will also be resisted by those who have mast to 
gain by & i ~ a g  of animals as little more than, clocbork 
macfinery, 

For many years the smdy of consciousness was seen 
as an unacceptable topic for those who smdy the s m c m e  
and hnctisn af the brain (neuroscien.fists) as welt as for 
those who study the behaviour of animals (e.trhologists). Xt 
was tainted with the intangble, comidered beyond parrsi- 
mofious explanation. Consciousness does, indeed, defy 
explanabon in the shglest possible terns, Xt demands 
concepmalisatioxl at higher Zevels of compleA.ty, even involv- 
ing a touch af  the mysteiaus. That is its chauenge, The 
e&alo@st P a ~ c k  Bateson of Gamb~dge Universiry, lIK.3 
has said that slavish obedience to the m a x h  of parskany 
tends to 'sterilize haginadonband that some of the most 
i n t e r e s~g  a t~bu te s  of anhal  behaviour are &us almost 
cerraidy overlooked. I could not agree more. By ignakg 
the mast hteresfing a ~ b u t e s  of the behaviour of 
we not ody d h i n  own expernienees but also 
the errristence of a 
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