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A h a p p y a c c id e n t e n a b le d t h e y o u n g C h a r le s D a r -

w in t o g o o n a v o y a g e o f e x p lo r a t io n a r o u n d t h e

w o r ld . A m o n g t h e o u t c o m e s o f t h a t v o y a g e w a s

a b o o k , T h e O r ig in o f S p e c ie s , w h ic h w a s p u b -

lis h e d in 1 8 5 9 . I n it D a r w in d e v e lo p e d a p e r s p e c -

t iv e o f t h e liv in g w o r ld t h a t , a s w e h a v e c o m e

t o r e a lis e , e n c a p s u la t e s it s e s s e n c e . B y v ie w -

in g p la n t s a n d a n im a ls a s d y n a m ic a l e n t it ie s t h a t

w e r e s u b je c t t o e x t e r n a l fo r c e s , h e w a s a b le t o

s h o w c o n v in c in g ly t h a t t h e y h a d e v o lv e d , o n t h e

w h o le b y a p r o c e s s k n o w n a s n a t u r a l s e le c t io n . I n

d o in g s o h e m a d e t h e p o in t t h a t t h e liv in g w o r ld

w a s e x p la in a b le o n t h e b a s is o f n a t u r a l la w s a n d ,

a t t h e s a m e t im e , t h a t b io lo g y c a n la y c la im t o a n

a u t o n o m o u s s t a t u s a m o n g t h e n a t u r a l s c ie n c e s .

P a r a d o x ic a lly , h e a c c o m p lis h e d a ll t h is w it h o u t

k n o w in g h o w h e r e d ity w o r k e d o r v a r ia t io n s o c -

c u r r e d . T h is a r t ic le a t t e m p t s t o lo o k a t T h e
O r ig in o f S p e c ie s fr o m t h e v a n t a g e p o in t o f t h e

p r e s e n t . A n a c c o u n t o f t h e e v e n t s t h a t le d t o t h e

w r it in g o f t h e b o o k w ill b e fo llo w e d b y a q u ic k

r u n t h r o u g h it s c o n t e n t s . T h e e s s a y e n d s w it h a

m e n t io n o f s o m e is s u e s t h a t c o n t in u e t o e n g a g e

e v o lu t io n a r y b io lo g is t s t o d a y .

B a c k g r o u n d

T h e su b -title o f th is a rticle is b o rro w e d fro m tw o d is-
tin g u ish e d stu d e n ts o f e v o lu tio n , H e rm a n n M u ller a n d

G e o rg e G a y lo rd S im p so n . M u ller a n d S im p so n se em to
h a v e in d e p e n d e n tly ch o se n \ O n e h u n d red y e a rs w ith o u t
D a rw in a re e n o u g h " a s a n a p p ro p ria te w a y to e x p re ss
th e ir d ism a y a t th e m isu n d e rsta n d in g s a b o u t D a rw in ism
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Confusion about

natural selection,

Darwin’s revolutionary

contribution to biology,

persists to this day, as

much among

biologists as others.

Darwin’s

contributions to

biology go far beyond

writing The Origin of

Species; he was to

develop many of the

ideas that he

presented there in

greater detail later.

th a t p re v a ile d a t th e tim e w h e n th e c en te n a ry o f th e
p u b lic a tio n o f T h e O rigin o f S pecies w a s b e in g c e le -
b ra te d . C o n fu sio n a b o u t n a tu ra l sele ctio n , D a rw in 's

re v o lu tio n a ry co n trib u tio n to b io lo g y, p e rsists to th is
d a y , a s m u ch a m o n g b io lo g ists a s o th ers. It m a y n o t
b e in a p p ro p ria te fo r u s to re c a ll th e m e ssa g e o f M u lle r
a n d S im p so n b y sa y in g \ O n e h u n d re d a n d ¯ fty y ea rs
w ith o u t D a rw in a re e n o u g h " .

O n th e O rigin o f S pecies by M ea n s o f N a tu ra l S electio n
o r th e P reserva tio n o f F a vo u red R a ces in th e S tru ggle
fo r L ife is th e fu ll, u n w ie ld y title o f th e b o o k w ritten b y
C h a rle s D a rw in a n d p u b lish e d in L o n d o n b y J o h n M u r-

ra y o n 2 4 N o v e m b er 1 8 5 9 . It so ld o u t im m e d ia te ly , w a s
q u ick ly rep rin ted , a n d w e n t th ro u g h six ed itio n s in D a r-
w in 's life tim e . T h e e d itio n s c o n ta in e x ten siv e ch a n g e s
a n d re v isio n s. S o m e ch a n g e s w ere m a d e to c o rre c t o b -
v io u s m isp rin ts a n d erro rs, so m e w e re m e a n in g fu l a d d i-

tio n s (th e p h ra se s̀u rv iv a l o f th e ¯ tte st' a p p ea rs in th e
¯ fth e d itio n a n d è v o lu tio n ' in th e six th ), a n d o th e rs in -
v o lv ed a so fte n in g o f sta n d o n D a rw in 's p a rt ( b̀ y th e
c rea to r' is a d d e d a fte r b̀ re a th e d ' in th e la st p a ra g ra p h
o f th e se co n d e d itio n ). It is g e n era lly b e lie v e d th a t th e

¯ rst e d itio n is tru e st to th e re a l D a rw in , a n d it is th e o n e
th a t is th e th e m e o f th is a rtic le . D a rw in 's c o n trib u tio n s
to b io lo g y g o fa r b e y o n d w ritin g T h e O rigin o f S pecies ;
h e w a s to d e v e lo p m a n y o f th e id e a s th a t h e p re se n te d
th e re in g re a te r d eta il la te r. N ev e rth ele ss, b e ca u se it
c o n ta in s b o th a co m p reh e n siv e v ie w o f th e ev o lu tio n a ry

p ro ce ss a n d d e sc rib es a p la u sib le m e a n s b y w h ich e v o -
lu tio n co u ld o c c u r (n a m e ly , b y n a tu ra l selec tio n ), th e
b o o k re ta in s a n ic o n ic sta tu s.

T h e O rigin o f S pecies is so m etim e s sp o k e n o f in th e sa m e
b re a th a s N e w to n 's P rin cip ia . A s fa r a s th e im p o rta n ce
o f th e tw o b o o k s in th e in te lle ctu a l h isto ry o f th e n a t-
u ra l scien ce s g o es th e c o m p a riso n is a p t. H o w ev er, it
is m isle a d in g in tw o re sp ec ts. O n e , ev en a t th e tim e

it w a s w ritte n th e P rin cip ia w a s h e a v y g o in g (th a t it
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The Origin became a

hit with the literate

public. Such is the

quality of Darwin’s

prose that the book

can be read to this

day for sheer

pleasure.

People continue to

read Darwin, continue

to find new sources of

inspiration in his

writings, to discover

new insights and

develop them further.

w a s w ritte n in L a tin a n d u se d g e o m e tric m eth o d s w ere
a d d e d d i± cu lties). G en e ra tio n s o f p h y sicists c a n a tte st
to its d e n se n e ss; a s re ce n tly a s 1 9 9 5 S C h a n d ra se k h a r

c a m e o u t w ith a g u id e en title d N ew to n's P rin cip ia fo r
th e C o m m o n R ea d er ( f̀o r th e u n c o m m o n p h y sicist' m a y
h a v e b e en clo ser to th e m a rk ). T h e re is so m e th in g o f th e
m a g ic ia n in N e w to n a n d rea d in g h im m a k es it c lea r th a t
d e ep tru th s a re b e in g c o n v ey ed . In c o n tra st w h a t D a r-

w in sa y s is tra n sp a ren t to th e e x te n t th a t o n e's ¯ rst re -
a c tio n is to w o n d er w h a t th e fu ss is a ll a b o u t (th o u g h th e
a p o c ry p h a l V ic to ria n la d y w h o sa id \ L et u s h o p e th a t
w h a t M r. D a rw in sa y s is n o t tru e ; b u t, if it is tru e , let u s
h o p e th a t it w ill n o t b ec o m e g e n era lly k n o w n " ca u g h t o n
to its sig n ī ca n c e). T h e O rigin b ec a m e a h it w ith th e

lite ra te p u b lic . S u ch is th e q u a lity o f D a rw in 's p ro se
th a t th e b o o k ca n b e re a d to th is d a y fo r sh e er p le a su re
{ a lm o st b e d tim e rea d in g m a te ria l. J T B o n n e r, o n e o f
th e le a d in g e v o lu tio n ists o f o u r d a y , h a s d ra w n a tten tio n
to th e v e ry ea se o f u n d e rsta n d in g o f D a rw in 's w ritin g a s

a re a so n w h y it m a k e s so m e p eo p le d o u b t th a t n a tu ra l
se le c tio n c a n b e c o rre c t (a p p a ren tly th e m a th e m a tic ia n
H a rish -C h a n d ra o n c e to ld B o n n e r h o w h e fo u n d it d i± -
c u lt to b e liev e th a t a n y th in g th a t sim p le co u ld a c c o u n t
fo r th e m e ssin e ss o f th e liv in g w o rld ). M a n y w ill h a v e

e ch o ed T H H u x le y 's fa m o u s re m a rk a fter ¯ rst rea d in g
T h e O rigin : H o w stu p id o f m e n o t to h a v e th o u g h t o f
th a t. T h ere is a n o th e r d i® e ren c e b e tw e e n th e P rin cip ia
a n d T h e O rigin o f S pecies. O n e h a rd ly e v er ex p ec ts to
¯ n d a refe re n ce to N e w to n 's w o rk in th e lite ra tu re o f

c o n tem p o ra ry p h y sic s; D a rw in c o n tin u e s to b e cited a ll
th e tim e . N e w to n ia n th in k in g h a d ¯ rst to b e a ssim ila te d
b y in te rm e d ia ries a n d th en tra n sm itted b y th em . O n ly
la ter o n w a s it a b so rb ed a n d a d a p ted to serv e d i® e ren t
e n d s a n d cita tio n s to d e riv a tiv e w ritin g s b eg a n to a c -
c u m u la te . In c o n tra st, p eo p le c o n tin u e to re a d D a rw in

fo r th e m se lv e s, co n tin u e to ¯ n d n e w so u rce s o f in sp ira -
tio n in h is w ritin g s, to d isc o v e r n e w in sig h ts a n d d e v e lo p
th e m fu rth er. W ith so m e ex a g g e ra tio n , o n e co u ld sa y
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Darwin developed

and retained

throughout his life

a keen interest in

the outdoors, in

observing plants

and animals and

especially when

young in collecting

beetles.

th a t N ew to n w ro te S u tra s th a t re q u ire B h a sh y a s to b e
u n d e rsto o d ; D a rw in sp e a k s d irec tly to e v e ry o n e .

T h e B e a g le V o y a g e a n d T h e r e a ft e r

A n u m b er o f e v e n ts c o n trib u ted to sh a p in g D a rw in 's ca -
re er to th e d e cisiv e m o m e n t w h e n th e b o o k c a m e to b e

w ritten . T h e sto ry is in stru c tiv e; it illu stra te s th a t in
h u m a n a ® a irs, it is n o t ea sy to p in p o in t ca u se s. B o rn
o n 1 2 F e b ru a ry 1 8 0 9 , D a rw in g re w u p a s th e in d u lg e d
so n o f a rich p h y sicia n . H u n tin g fo r sp o rt w a s th e o n e
th in g a b o u t w h ich h e w a s p a ssio n a te . B e sid es w a n tin g

to h a v e a g o o d tim e , h e d id n o t a p p e a r to b e m o tiv a te d
to d o a n y th in g . D esp ite th a t, D a rw in d e v e lo p e d a n d
re ta in ed th ro u g h o u t h is life a k e en in te re st in th e o u t-
d o o rs, in o b serv in g p la n ts a n d a n im a ls, a n d e sp e cia lly
w h e n y o u n g in c o llec tin g b e e tle s { p a rt o f a fa d th a t h a d

sp re a d th ro u g h V icto ria n E n g la n d . H is fa th e r R o b e rt
h a d trie d to m a k e h im fo llo w in h is fo o tste p s b y se n d in g
h im to stu d y m ed ic in e in E d in b u rg h , b u t th a t w a s n o t a
su c c ess. H e fo u n d th e le c tu re s b o rin g a n d w a s h o rrī e d
b y su rg e ry, w h ich a t th a t tim e w a s c a rrie d o u t w ith -

o u t a n a esth esia . T h e fa th e r d e c id e d th a t a c le rg y m a n 's
life w a s th e o n ly o p tio n le ft fo r h is so n . A d e g re e fro m
C a m b rid g e o r O x fo rd w a s a p re re q u isite fo r o rd in a tio n
in th e A n g lica n C h u rch . T h e ch o ic e fe ll o n C a m b rid g e:
R o b ert D a rw in a n d h is fa th er E ra sm u s, b o th irre lig io u s,
b o th su cc e ssfu l d o c to rs (in E ra sm u s's c a se w ith w id e -

ra n g in g ta ste s in a rea s th a t in c lu d ed n a tu ra l h isto ry a n d
e v o lu tio n ), h a d stu d ied th ere .

T h e ta sk o f g ettin g a d e g re e w a s n o t a d em a n d in g o n e

b u t ev e n so D a rw in c a m e c lo se to fa ilin g . T h e situ a -
tio n w a s sa v e d b y th e h e lp o f sp e c ia l tu itio n s fro m th e
P ro fe sso r o f B o ta n y in C a m b rid g e, J o h n H e n slo w , w h o
h a d b e c o m e h is frie n d a n d m e n to r. H en slo w se em s to
h a v e b e e n th e ¯ rst p e rso n to h a v e sp o tted in th is y o u n g

m a n a scie n tī c m in d th a t w a s o u t o f th e o rd in a ry . D a r-
w in m a n a g e d to c le a r h is B A ¯ n a ls b u t h a d to rem a in
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In 1831, Henslow

recommended the

22 year-old Darwin’s

name for the post of

unpaid companion-

naturalist to Captain

FitzRoy, who was to

lead a naval

expedition to chart

the coast of South

America.

in C a m b rid g e fo r a fu rth e r six m o n th s to fu l̄ l th e U n i-
v e rsity 's re sid en c y re q u ire m e n t. F in d in g h im se lf fre e o f
a ll o th e r a c a d e m ic co m m itm e n ts, h e m a d e u se o f th e

b re a k to d o so m e rea d in g fo r h is o w n p le a su re . A D is-
co u rse o n n a tu ra l p h ilo so p h y b y th e m a th e m a tic ia n a n d
a stro n o m e r J o h n H ersch e l m a d e h im fe el e a g er to d o
so m e th in g fo r sc ie n c e . A lex a n d er v o n H u m b o ld t's d e -
sc rip tio n o f h is S o u th A m erica n tra v e ls c a p tiv a te d h im

to th e ex te n t th a t h e d e c id e d to o rg a n ise a sm a ll e x -
p e d itio n to stu d y th e b o ta n y a n d g e o lo g y o f T e n erife,
o n e o f th e C a n a ry Isla n d s o ® th e A fric a n c o a st. T h e
p la n fa iled , b u t th a n k s o n c e a g a in to H e n slo w 's a ssis-
ta n c e , D a rw in h a d em b a rk ed o n a c o u rse o f p re p a ra to ry
tra in in g w ith th e em in en t P ro fesso r o f G eo lo g y , A d a m

S e d g w ick . G e o lo g y h a d b o re d h im in E d in b u rg h ; b u t
S e d g w ick 's in stru c tio n a w a k en e d su ch a n in tere st in th e
su b je ct th a t h e so o n b e c a m e so m eth in g o f a n e x p e rt.
V e ry so o n th ere a fte r, in 1 8 3 1 , H e n slo w , h a v in g co n sid -
e red a n d tu rn e d d o w n th e o ® e r h im self, re c o m m e n d e d

th e 2 2 y ea r-o ld D a rw in 's n a m e fo r th e p o st o f u n p a id
c o m p a n io n -n a tu ra list to C a p ta in F itzR o y , w h o w a s to
le a d a n a v a l e x p ed itio n to ch a rt th e co a st o f S o u th A m e r-
ic a . D a rw in w a s o v e rjo y e d a n d w a n ted to a cc e p t a t o n c e.
T h e e x a sp e ra te d fa th er re fu sed p erm issio n a t th e th resh -

o ld o f th e step th a t w a s to ch a n g e th e w o rld o f sc ie n c e.
R o b ert D a rw in o n ly sa w y e t a n o th e r p o stp o n em e n t o f
th e d a y w h en h is so n w o u ld b e g in to m a k e so m eth in g o f
h im se lf. T h e tim ely in te rv e n tio n o f D a rw in 's m a te rn a l
u n c le J o sia h W e d g w o o d m a d e h im ch a n g e h is m in d (see
B o x 1 fo r a n a cc o u n t w ritten m u ch la te r b y D a rw in 's
d a u g h ter H e n rie tta ).

T h e ¯ v e y e a rs th a t h e sp e n t o n th e B ea gle (D ec e m b e r
1 8 3 1 to O cto b e r 1 8 3 6 ) w ere to p ro v e th e d e ¯ n in g e le -

m en t in D a rw in 's ca ree r. T h e v o y a g e to o k h im a ro u n d
th e w o rld : so u th w a rd s fro m E n g la n d to B a h ia in B ra zil,
a ro u n d P a ta g o n ia , u p th e C h ile a n c o a st, w e stw a rd s a c -
ro ss th e P a c ī c (w ith a n ep o ch a l h a lt o n th e G a l¶a p a g o s
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B o x 1 . `T h e w a y in w h ic h m y F a t h e r g o t t o g o w it h t h e B e a g le ';
H e n r ie t t a L it c h ¯ e ld , O c t 1 8 7 3

(http: //darwin-online. org.uk/content /frameset?itemID=
CULDAR262. 23. 4&viewtype=t ext&pageseq=1 ) .

The players in the st ory are Charles Darwin's father, his maternal uncle Josiah Wedg-
wood, John Henslow the b otanist who was Darwin's friend and mentor at Cambridge, the
Reverend George Peacock, a Cambridge mathematician, and Captain Fit zroy, a deeply
religious naval commander who was looking for `a good Christian and cultivated natu-
ralist' to accompany him on a round-the-world voyage on the ship H M S B ea g le , whose
mission was ` completing the survey of Pat agonia and Tierra del Fuego; to survey the
shores of Chile, Peru, and some islands in the Paci¯c; and to carry a chain of chrono-
met rical measurements round the world' .

In the words of his daught er Henrietta, \Capt Fitzroy sent through Capt. Beaufort to
` Old Peacocke' of Cambridge to ask if he knew of any energetic young man ¯t t o observe
t he Nat. Hist of the countries at which they wd touch & to collect specimens - only
reserving for himself the task of observing the savages with whom they might come in
cont act. For t his purp ose he generously o®ered to share his cabin if anyone could be
found to come. Through Peacocke P rof Henslow stated that t hough my Father knew
very lit tle he would be ¯t for the purp ose & would b e active & zealous. My Father
was delighted wit h the scheme: but he found that the Doctor thought it utterly wild
& foolish & that t o go would be t he ruin of his career. He ended by raging, `Well if
you could ¯nd o n e sensible man who thinks it a wise scheme you may go.' Seeing how
strong was his Father' s disapproval my Fat her gave it up with many pangs. This took
place j ust before the 30th Aug on wh. day my F. went over as was his universal cust om
t o Maer a place ab out 20 miles o® belonging to his uncle Mr Wedgwood : : : When he
arrived at Maer he was lamenting his fate & happened to repeat his father's last words
t o Mr Wedgwood. His delight was great on ¯nding that Mr W. was of quite a di®erent
opinion : : : The di±culty of his fathers ob j ections was thus got over, & it was arranged
t o accept Fitzroy's o®er. . . My father, however, heard afterwards from Fitzroy that he
very nearly gave up taking him for an original reason. It appears that he had a great
b elief in physiognomy & on seeing my F. made up his mind that no man with such a
nose could have energy : : : I believe, however, that his brow saved him. "

isla n d s), to N ew Z e a la n d , S id n e y , T a sm a n ia , a ro u n d th e
C a p e o f G o o d H o p e, a re tu rn to B a h ia a n d th e n h o m e.
S a ilin g d id n o t a g ree w ith h im , b u t w h en e v e r th e sh ip

to u ch ed la n d a n d h e co u ld g e t d o w n , h e p a id k ee n a t-
te n tio n to p la n t a n d a n im a l life , fo ssils in clu d e d , m a d e
g e o lo g ic a l o b se rv a tio n s, co llec te d a ssid u o u sly a n d k e p t
sh ip p in g sp e cim en s b a ck to E n g la n d . T h e re w a s a n es-
p e c ia lly lo n g h a lt in P a ta g o n ia . T h e co lle ctio n s h elp e d

m a k e h is re p u ta tio n a s a n a tu ra list w h en h e w a s still
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Darwin slowly began

to contemplate the

possibility that what

lay behind the

geographical spread

of animals on earth

and their appearances

and disappearances

was a pattern of

change in the course

of which species

came, went and

became transformed.

Figure 1. A marine iguana

from the Galápagos is-

lands, where Darwin found

the famousfinches that (as

was demonstrated much

later) showed evidence of

speciationatwork.Theyare

unusual among lizards in

living off the sea. Darwin

called them “imps of dark-

ness”. (Credit: Wikimedia) tra v e llin g . H e m a in ta in e d a d ia ry d u rin g th e v o y a g e. It
w a s p u b lish e d la te r a s a J o u rn a l o f R esea rch es a n d b e -
c a m e a b e st-se ller (a s d id a n a b b re v ia ted p o p u la r v e rsio n

e n title d V o y a ge o f th e B ea gle ); ev en th e g re a t H u m b o ld t
w ro te to sa y h o w m u ch h e h a d e n jo y e d re a d in g it. T h e
d e sc rip tio n s reta in a v iv id n ess a n d ch a rm to th is d a y.
A fte r h is retu rn , a n d in th e fa ce o f c o n sta n t ill-h ea lth ,
fo r th e re st o f h is life D a rw in w o rk e d a t a p a c e th a t c a n

o n ly b e c a lle d sta g g erin g . Ẁ o rk ' m e a n t g o in g o v e r th e
o b serv a tio n s re c o rd e d d u rin g h is trip , ta lk in g to th e e x -
p e rts a b o u t th e sp ec im e n s h e h a d co llec te d { b o th fo ssils
a n d e x ta n t sp ec ies { , fra m in g q u e stio n s c o n sta n tly , co r-
re sp o n d in g w ith e v e ry o n e w h o c o u ld c o n c e iv a b ly h elp
h im w ith a n sw e rs a n d , a b o v e a ll, p o n d e rin g th e im p li-

c a tio n s o f th e a cc u m u la ted in fo rm a tio n . A ll h is sp e c u -
la tio n s w e n t in to m e ticu lo u sly k ep t n o te b o o k s.

D o u b ts a b o u t th e ¯ x ity o f sp e cies su rfa ce d a s ea rly a s

1 8 3 6 . T h is w a s w h e n D a rw in w o n d ere d w h e th e r th e to r-
to ise s a n d m o ck in g b ird s o f th e G a l¶a p a g o s, so m e o f th em
a p p a re n tly re stric te d to c e rta in isla n d s, m ig h t b e fu n d a -
m en ta lly d i® e re n t cre a tu re s. H e w ro te in h is n o te s: \ th e
z o o lo g y o f A rch ip e la g o es w ill b e w e ll w o rth e x a m in in g ;

fo r su ch fa c ts w o u ld u n d e rm in e th e sta b ility o f S p e c ie s" .
T h e o rn ith o lo g ist J o h n G o u ld sa id a y e a r la ter th a t a t
le a st in resp e ct o f th e m o ck in g b ird s, th e su sp icio n th a t
th e y w e re d i® e ren t sp e cies w a s co rrec t. A t th e sa m e
tim e , h e h ea rd fro m th e zo o lo g ist R ich a rd O w e n th a t a
S o u th A m e ric a n fo ssil slo th a n d fo ssil lla m a w ere c rea -

tu re s u n lik e a n y th in g k n o w n to sc ie n c e . D a rw in slo w ly
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The critical insight into

how evolution might

take place, into the

process of natural

selection, came later

in the same year when

Darwin read the

Reverend Thomas

Malthus’ Essay on

population.

b e g a n to co n te m p la te th e p o ssib ility th a t w h a t la y b e -
h in d th e g e o g ra p h ica l sp re a d o f a n im a ls o n ea rth ( d̀ istri-
b u tio n in sp a c e ') a n d th e ir a p p e a ra n c es a n d d isa p p ea r-

a n c e s ( d̀ istrib u tio n in tim e ') w a s a p a ttern o f ch a n g e
in th e c o u rse o f w h ich sp e cie s ca m e, w e n t a n d b e ca m e
tra n sfo rm e d .

T h e n o tio n o f b io lo g ic a l ch a n g e itself w a s n o t n e w . A f-

te r a ll, if o n e sp e cies c o u ld b e cre a te d , w h y n o t a n e n tire
su c c essio n ? E ra sm u s D a rw in , n o t to sp ea k o f th e m o re
fa m o u s J e a n -B a p tiste L a m a rck , h a d b ee n e v o lu tio n ists.
B u t th e id e a th a t o n e sp e cies c o u ld g iv e rise to a n o th er,
th a t to o a s p a rt o f th e w o rk in g s o f n a tu re, w a s ra d ica l {

a n d th e th o u g h t th a t h u m a n b e in g s m ig h t b e p a rt o f th e
sa m e p ro c e ss a ll th e m o re so . E a rly in 1 8 3 8 D a rw in v is-
ite d th e L o n d o n zo o to v ie w o n e o f th eir p rize ex h ib its,
th e o ra n g -u ta n J e n n y. H e n o tice d th a t w h e n th e k ee p e r
re fu sed h er a n a p p le, J e n n y th re w a ta n tru m ju st lik e a

h u m a n ch ild . A fte r co m in g b a ck h e w ro te in h is n o te -
b o o k : \ L et m a n v isit th e o u ra n -o u ta n g in d o m e stic a tio n
: : : se e its in te llig en c e . M a n in h is a rro g a n ce th in k s h im -
se lf a g re a t w o rk : : : M o re h u m b le a n d I b elie v e tru e to
c o n sid e r h im cre a te d fro m a n im a ls" . (T h e resem b la n ce

w a s n o t lo st o n Q u ee n V icto ria e ith er. U p o n see in g
a la te r o ra n g -u ta n , a n o th e r J e n n y , sh e d e sc rib ed it a s
\ frig h tfu l, a n d p a in fu lly a n d d isa g re ea b ly h u m a n " .) A
d i® e ren t n o teb o o k e n try fro m th e sa m e y e a r h a s b e co m e
fa m o u s: \ O rig in o f m a n n o w p ro v e d . { M e ta p h y sic m u st
° o u rish . { H e w h o u n d e rsta n d s b a b o o n w o u ld d o m o re

to w a rd s m eta p h y sic s th a n L o ck e" . S o m e o n e h u n d re d
y e a rs p re v io u sly th e E n g lish p h ilo so p h e r J o h n L o ck e h a d
p o site d th a t h u m a n s a re b o rn w ith a n e m p ty m in d , a
c le a n sla te , w h o se d e v e lo p m en t a fter b irth d e p e n d e d o n
se n so ry im p re ssio n s a n d re ° e ctio n . D a rw in w a s h in tin g

th a t th e m in d o f a n e w -b o rn b a b y m ig h t a lre a d y b e a
so p h istic a te d e n tity , e q u ip p e d b y e v o lu tio n to a n ticip a te
fea tu re s o f th e ex te rn a l w o rld .

T h e critic a l in sig h t in to h o w ev o lu tio n m ig h t ta k e p la c e,
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Darwin’s wife Emma

was deeply religious,

and he may have

agonised over the

pain he would cause

her by advancing a

theory which so

starkly opposed the

Biblical version of

creation.

in to th e p ro ce ss o f n a tu ra l se le c tio n , c a m e la ter in th e
sa m e y e a r w h e n D a rw in rea d th e R e v e ren d T h o m a s M a l-
th u s' A n E ssa y o n th e P rin cip le o f P o p u la tio n . M a lth u s

h a d re a so n e d th a t u n le ss th e re w a s so m e fo rm o f rep ro -
d u c tiv e c o n tro l, in th e lo n g ru n fo o d su p p ly co u ld n e v e r
k e e p u p w ith h u m a n p o p u la tio n g ro w th . In its a b se n c e,
th e re w o u ld b e in te n se c o m p e titio n fo r fo o d ; d isea se a n d
sta rv a tio n w o u ld a c t a s n a tu ra l ch e ck s o n th e p o p u la -

tio n . D a rw in re a so n e d b y a n a lo g y th a t liv in g c re a tu re s
o f th e sa m e k in d (th e m em b e rs o f a sp e cie s) c o u ld b e
su b je ct to a sim ila r p rin c ip le . B e c a u se m a n y m o re w ere
b o rn th a n co u ld b e su p p o rte d b y th e e n v iro n m e n t, in -
d iv id u a ls h a d to c o m p e te fo r re so u rc e s. If th e a b ility to
su c c ee d c o u ld b e tra n sm itte d fro m p a re n ts to o ® sp rin g ,

th e o n es th a t w e re m o re su c ce ssfu l w o u ld g ra d u a lly su p -
p la n t th e le ss su c c essfu l o n e s.

G iv e n th a t D a rw in sta rte d to th in k a b o u t n a tu ra l se -

le c tio n b y 1 8 3 9 , w h y d id it ta k e h im tw e n ty y e a rs to
c o m e o u t w ith T h e O rigin o f S pecies ? A fte r a ll, h e
h a d fo u n d th e tim e to w rite se v e n o th e r b o o k s in th e
m ea n w h ile. A s it h a p p en s, b y 1 8 4 4 h e h a d p re p a re d a
2 3 0 -p a g e h a n d w ritte n s̀k e tch o f m y sp ec ie s th e o ry '. H e

d e sc rib ed it in a p riv a te n o te a d d ressed to h is w ife a s
à c o n sid e ra b le ste p in scie n ce ', a n d req u e ste d h e r, ìn

c a se o f m y su d d e n d e a th ', to g et it p u b lish e d a n d t̀a k e
tro u b le in p ro m o tin g it'. S o th ere is n o q u estio n w h a t-
so e v e r th a t D a rw in k n e w h e w a s o n to a b ig th in g ; a n d
h e w a s n o t o n e to sh y a w a y fro m p u b lic a d m ira tio n a n d

a c c la im . W e m a y n e v e r k n o w a ll th e re a so n s b e h in d th e
d e la y , b u t so m e g u e sse s ca n b e m a d e . T h e ¯ rst g u e ss
in v o lv e s D a rw in 's m a rria g e in J a n u a ry 1 8 3 9 , ¯ v e d a y s
a fte r h e w a s e le c ted F e llo w o f th e R o y a l S o c ie ty. H is
w ife E m m a w a s d ee p ly re lig io u s, a n d h e m a y h a v e a g o -

n ised o v e r th e p a in h e w o u ld c a u se h e r b y a d v a n c in g a
th e o ry w h ich so sta rk ly o p p o se d th e B ib lica l v e rsio n o f
c rea tio n . A se co n d g u e ss h a s to d o w ith D a rw in 's fe elin g
th a t h e h a d n o t a c q u ired th e sta tu re th a t w a s n e ed e d if
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The theory of

evolution by natural

selection was

presented to the world

jointly by Darwin and

Wallace at a special

meeting of the

Linnean Society held

on 1 July 1858.

h e w a n te d to b e ta k e n se rio u sly o n a s fu n d a m en ta l a n
issu e a s e v o lu tio n . F o r a ll h is fa m e a s a n ex p lo re r a n d
stu d e n t o f n a tu ra l h isto ry, h is te ch n ica l c re d en tia ls a s a

b o ta n ist o r z o o lo g ist w e re w e a k . H is frie n d th e b o ta n ist
J o sep h H o o k e r h a d d isp a ra g e d so m eo n e e lse 's w ritin g o n
th e g ro u n d s th a t th e a u th o r h a d n o t c o n trib u ted to th e
u n d e rsta n d in g o f a sin g le sp ec ies. T h a t p ro d d ed D a r-
w in to d o so m e th in g th a t w o u ld g iv e h im p ro fe ssio n a l

c lo u t. H e sta rte d w o rk in g o n b a rn a c le s, m a rin e cru s-
ta c e a n s w h o se c la ssī c a tio n w a s (so th e z o o lo g ists to ld
h im ) a m e ss. D a rw in p lu n g e d in to th e a ® a ir w ith ty p ic a l
o b sessiv en e ss. O n e th in g le d to a n o th e r, a n d th e re su lt
w a s y e a rs o f to il th a t resu lte d in th re e m a ssiv e b o o k s
b e fo re 1 8 5 9 .

T h e B o o k

F in a lly T h e O rigin o f S pecies w a s p u t to g e th e r in h a ste
a n d rele a se d w ith m u ch d i± d en c e , a lm o st a p o lo g e tica lly,
a t a tim e n o t o f D a rw in 's ch o o sin g . It w a s a cc o m p a n ie d
b y th e d isc la im e r th a t it w a s a n a b stra c t o f a m o re c o m -
p re h en siv e w o rk th a t w a s in th e m a k in g (a n d n e v e r g o t

w ritten ). T h e sto ry is w ell k n o w n . A m u ch y o u n g e r n a t-
u ra list, A lfred R u ssel W a lla ce , w h o se ro le m o d e ls w ere
H u m b o ld t a n d D a rw in h im se lf, h a d h it u p o n th e id ea o f
n a tu ra l sele ctio n w h ile rec o v e rin g fro m a b o u t o f m a la ria
o n th e v o lca n ic isla n d o f T e rn a te in e a ste rn In d o n e sia
(se e R eso n a n ce M a rch 2 0 0 8 ). W h a t m a k e s th is in d e -

p e n d e n t d isc o v e ry a lm o st in c red ib le is th a t fo r W a lla ce
to o th e essen tia l in sig h t c a m e fro m th e v ery sa m e b o o k
b y M a lth u s. In h is e n th u sia sm h e c o u ld th in k o f n o b e t-
te r p e rso n w ith w h o m to sh a re h is jo y th a n D a rw in . H e
w ro te u p h is th o u g h ts in a sh o rt e ssa y en title d O n th e
T en d en cy o f V a rieties to D epa rt In d e¯ n itely fro m th e
O rigin a l T y pe a n d m a ile d it o ® to D a rw in fo r h is o p in -
io n . R ea lisin g th a t h e h a d b e en sc o o p e d in a m a tte r
w h e re th e p rio rity o u g h t to h a v e b e e n h is lo n g a g o , th e
stu n n e d D a rw in a p p ea le d to h is frien d s L y e ll a n d H o o k e r

(th e le a d in g B ritish g eo lo g ist a n d b o ta n ist re sp ec tiv e ly )
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On the Origin of

Species by Means of

Natural Selection

finally appeared on 24

November 1859.

Darwin took care to

affirm that he

believed natural

selection to be the

most important, but

not the sole cause of

evolution.

fo r a d v ice . T h eir in itia tiv e, a n d th e la rg e -h e a rte d n e ss o f
W a lla ce , e n su re d th a t a co m p ro m ise w a s rea ch e d th a t
w a s a g re e a b le to a ll.

T h e th e o ry o f e v o lu tio n b y n a tu ra l se le c tio n w a s a n -
n o u n ce d to th e w o rld jo in tly b y D a rw in (in th e fo rm o f
e x c e rp ts fro m th e 1 8 4 4 sk e tch , a lo n g w ith a le tte r b y
h im to th e H a rv a rd b o ta n ist A sa G ra y ) a n d W a lla c e (in

th e fo rm o f th e T e rn a te essa y ) a t a sp e c ia l m ee tin g o f
th e L in n ea n S o cie ty h e ld o n 1 J u ly 1 8 5 8 . In th e a b se n ce
o f e ith er a u th o r, th e a ctu a l p resen ta tio n w a s m a d e b y
L y ell a n d H o o k e r. It w a s c lo se to b ein g a ° o p . T h e
P re sid en t o f th e L in n ea n w a s to sta te la te r th a t th e a c -

tiv itie s o f th e S o c iety d u rin g th e y e a r h a d la ck ed à n y
o f th o se strik in g d isc o v e ries w h ich a t o n c e re v o lu tio n ise,
so to sp e a k , th e d ep a rtm e n t o f sc ie n c e o n w h ich th ey
b e a r'. G o a d e d in to ra p id a c tio n th e rea fter, D a rw in g o t
to w o rk . O n th e O rigin o f S pecies by M ea n s o f N a tu ra l
S electio n e v e n tu a lly a p p e a re d o n e y ea r la te r.

T h e ch ie f th in g s to re m em b e r a b o u t th e b o o k a re th a t
th e h u g e m a ss o f e v id e n ce in it se ttled o n c e a n d fo r a ll

th e fa c t th a t e v o lu tio n h a d ta k en p la c e ; o n to p o f th a t
it o ® e red a n o v e l a n d im m e d ia te ly p la u sib le e x p la n a tio n
fo r h o w it h a d ta k en p la c e . D a rw in to o k c a re to a f-
¯ rm th a t h e b e lie v e d n a tu ra l se lec tio n to b e th e m o st
im p o rta n t, b u t n o t th e so le c a u se o f ev o lu tio n . In m o d -
e rn ja rg o n , h e w a s a p lu ra list { u n lik e W a lla c e , w h o

re m a in e d a p a n -se lec tio n ist. H e w a s o p en to th e p o s-
sib ility th a t a tra it m ig h t ev o lv e b ec a u se its e x p ressio n
w a s c o rre la te d w ith a n o th e r tra it (o n w h ich se lec tio n
a c te d ). A lso , h e d id n o t e x c lu d e th e w o rk in g o f e n tire ly
ch a n ce fa c to rs a ® e ctin g a tra it. N o w k n o w n a s d rift,

th is is w h a t h a p p e n s w h en ch a n g es in a tra it a re n ei-
th e r a d v a n ta g eo u s n o r d isa d v a n ta g e o u s. L a stly, m o re
th a n o n c e h e v e ere d to w a rd s L a m a rck 's w a y o f th in k in g
a b o u t h ere d ity . T h e g h o st o f L a m a rck h a u n ts T h e O ri-
gin o f S pecies. D a rw in is c o n v in c e d th a t L a m a rck 's id ea s

c a n n o t b e rig h t, e sp ec ia lly th e cla im th a t ev o lu tio n a ry
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B o x 2 . T h e F ir s t P a r a g r a p h o f T h e O r ig in o f S p e c ie s

WHEN on board H.M.S. Beagle, as naturalist, I was much struck with cert ain facts in
t he distribution of the inhabitants of South America, and in the geological relations of
t he present to the past inhabitants of that continent. These facts seemed to me to throw
some light on the origin of species { that mystery of mysteries, as it has been called by
one of our greatest philosophers*. O n my return home, it occurred to me, in 1 837, that
something might p erhaps be made out on this question by patiently accumulating and
re°ecting on all sorts of facts which could p ossibly have any bearing on it.

*John Herschel; Darwin learnt this from Captain FitzRoy.

ch a n g e c a n b e b ro u g h t a b o u t b y a n in n e r striv in g fo r
se lf-im p ro v e m en t; h e sa y s so tim e a n d a g a in . O cc a sio n -
a lly h e see m s h e sita n t a b o u t a cc e p tin g th e p o ssib ility

th a t a c q u ire d tra its c a n b e tra n sm itte d to o ® sp rin g . A t
o th e r tim e s h e is m o re fo rth rig h t. F o r e x a m p le , \ I a m
su rp rise d th a t n o o n e h a s a d v a n c e d th is d e m o n stra tiv e
c a se o f n e u ter in se cts, a g a in st th e w e ll-k n o w n d o c trin e
o f L a m a rck " (th e p o in t b e in g th a t it is lo g ic a lly im p o s-

sib le fo r th e tra it o f n o n -rep ro d u c tio n to b e p a sse d o n ;
a s th e sa y in g g o es, c e lib a c y is n o t h e rita b le ). D a rw in 's
n a m e w a s so stro n g ly a sso c ia ted w ith n a tu ra l se lec tio n
th a t it b ec a m e h̀ is th e o ry '. W a lla ce 's se lf-e ® a cin g n a -
tu re c o n trib u te d to th is; h e w e n t so fa r a s to w rite a
b o o k title d D̀ a rw in ism '. In sp ite o f th e m isle a d in g im -

p lic a tio n , th e w o rd c o n tin u e s to b e u se d a s a sy n o n y m
o f n a tu ra l se lec tio n .

R ig h t fro m th e ¯ rst p a ra g ra p h o f th e In tro d u c tio n , th e

d irec tn e ss a n d u n d e rsta te d sty le o f T h e O rigin h its th e
e y e (se e B o x 2 ). O f th e re m a in in g 1 4 ch a p ters, th e ¯ rst
tw o d e a l w ith v a ria tio n u n d er d o m e stic a tio n a n d v a ri-
a tio n in n a tu re , a n d th e th ird w ith th e s̀tru g g le fo r
e x iste n c e' (th e in sig h t fro m M a lth u s). T h e n , in a lm o st

d e d u c tiv e fa sh io n , th e fo u rth ch a p te r sp e lls o u t th e p rin -
c ip le o f n a tu ra l se le c tio n . T h e re st o f th e b o o k is ta k e n
u p w ith ju stify in g th e a ssu m p tio n s m a d e ea rlier, ta ck -
lin g p o te n tia lly tro u b le so m e issu es a n d p ro v id in g su p -
p o rtin g ev id e n ce . A ¯ n a l ch a p ter, e n title d R eca p itu la -
tio n a n d C o n clu sio n , su m m a rise s th e th esis { w h ich , in
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Figure 2. The only figure in

The Origin, a tree diagram

used byDarwin to illustrate

speciation. It is tobeviewed

from the bottom up, with

each horizontal line repre-

senting 1000 generations.

“A”, “B”, etc., are different

species at the start. Some

lineages that begin from A

(for example) go extinct.

Others diverge so much as

a result of natural selection

that eventually they are

classified as distinct spe-

cies.

Along the way Darwin

tackled a number of

issues that have since

grown into major

areas of research on

their own.

sh o rt, is th a t a ll life fo rm s h a v e b e e n sh a p e d b y d e sc en t
w ith m o d ī c a tio n fro m e a rlie r, few e r a n d sim p le r fo rm s,
la rg e ly b y a p ro ce ss k n o w n a s n a tu ra l se le c tio n .

D a rw in 's o w n d escrip tio n o f th e b o o k w a s ò n e lo n g
a rg u m e n t'. T h e a rg u m en t w a s u n d e rp in n ed b y a les-
so n th a t h e h a d ta k en to h ea rt fro m L y e ll's P rin cip les
o f G eo logy : u n b e lie v a b ly slo w p ro ce sse s th a t a c t o v e r

lo n g ep o ch s ca n lea d to d ra m a tic ch a n g e s. T h e tru th o f
L y ell's le sso n in tu rn d e p e n d e d o n a n a ssu m p tio n (a lso
m a d e u se o f in co sm o lo g y ) k n o w n a s U n ifo rm ita ria n ism .
It sta tes th a t th e n a tu ra l p ro c esse s th a t a re o b serv a b le
a t w o rk to d a y a re th e sa m e a s th o se th a t w ere a t w o rk in

th e p a st, a n d its a p p lic a tio n to g e o lo g y h a s b e e n tra ce d
b a ck a ll th e w a y to th e P e rsia n (o r, w ith e q u a l v a lid ity,
A ra b ) p h ilo so p h e r Ib n S in a . T h e a p p ro a ch w a s to la n d
D a rw in in tro u b le w ith th e fa m o u s p h y sicist W illia m
T h o m so n (L o rd K e lv in ). D a rw in h a d u se d th e ra te a t

w h ich sed im en ts w e re d ep o site d to e stim a te th a t so m e
fo rm a tio n s c o u ld b e m a n y h u n d red m illio n y e a rs o ld .
T h o m so n refu te d it b y sa y in g th a t th is w a s im p o ssib le:
if th e e a rth w a s th a t o ld , its ro ck s w o u ld h a v e c o o le d
d o w n m u ch m o re th a n th e y h a d . T h o m so n w a s w ro n g ,

o f c o u rse , b e ca u se h e h a d n o id e a o f th e e x iste n c e o f ra -
d io a c tiv ity a n d its co n trib u tio n to m a in ta in in g th e te m -
p e ra tu re o f th e e a rth .

A lo n g th e w a y D a rw in ta ck led a n u m b er o f issu es th a t

h a v e sin c e g ro w n in to m a jo r a re a s o f re se a rch o n th e ir
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o w n . O n e w a s se x u a l se lec tio n : w h y a re th e m a le s a n d
fem a le s o f th e sa m e sp ec ies o fte n so d i® ere n t in re sp ec t
o f tra its th a t a p p e a r to h a v e n o th in g to d o w ith rep ro -

d u c tio n ? A se co n d w a s so c ia l b eh a v io u r: h o w c o u ld a l-
tru istic tra its, w h ich b y d e¯ n itio n b en e ¯ t so m e o n e e lse,
n o t th e a ltru ist, e v o lv e ? A th ird w a s c o m p lex ity : h o w
c o u ld a stru ctu re su ch a s th e h u m a n e y e e v o lv e v ia in -
d e p e n d e n t m o d ī c a tio n s o f m in o r e® ec t if, fo r its p ro p e r

fu n c tio n in g , a la rg e n u m b e r o f c o m p o n en ts h a d to c o m -
p lem e n t ea ch o th e r p re c ise ly ? Y e t a n o th e r w a s in stin ct:
c o u ld m e n ta l tra its a lso b e th e re su lt o f e v o lu tio n a n d if
so h o w ? O n a ll th e se m a tte rs D a rw in a n tic ip a te d m a n y
id ea s th a t w e ten d to th in k o f a s m o d e rn .

C o n sid e r th e issu e o f h o w a tra it w h ich b e n e ¯ ts so m e o n e
o th e r th a n th e in d iv id u a l in w h o m it is p erc e iv ed , a n d in
fa c t is d e trim en ta l to th e in d iv id u a l in w h o m it is p e r-
c eiv e d , c o u ld n e v e rth e le ss sp rea d b y n a tu ra l se le ctio n .

H e fra m e s it th u s: \ T h is d i± c u lty , th o u g h a p p ea rin g in -
su p era b le , is le ssen e d , o r, a s I b e lie v e , d isa p p ea rs, w h e n
it is re m e m b ere d th a t sele ctio n m a y b e a p p lie d to th e
fa m ily , a s w ell a s to th e in d iv id u a l, a n d m a y th u s g a in
th e d e sire d e n d : : : T h u s, a w e ll-° a v o u re d v eg eta b le is

c o o k e d , a n d th e in d iv id u a l is d estro y ed ; b u t th e h o rti-
c u ltu rist so w s se ed s o f th e sa m e sto ck , a n d c o n ¯ d e n tly
e x p ec ts to g e t n e a rly th e sa m e v a rie ty : : : " . L a ter ch a p -
te rs h ig h lig h t th e im p o rta n c e o f m o rp h o lo g y a n d e m b ry -
o lo g y fo r h is th eo ry. D a rw in a sse rte d th a t re la te d n e ss
b y co m m o n d e sce n t (h o m o lo g y ), n o t sim ila rity o f fu n c -

tio n (a n a lo g y ), w a s th e rig h t w a y to g ro u p liv in g fo rm s
(a n e ssen tia l p req u isite fo r m a k in g se n se o f th e liv in g
w o rld ). B y d o in g so , h e p ro v id ed th e ¯ rst ra tio n a l b a sis
fo r c la ssī ca tio n . H e m a d e th e p erc e p tiv e o b se rv a tio n
(m a d e m u ch ea rlie r b y W illia m J o n es in th e c o n tex t o f

tra c in g lin g u istic a ± n itie s) th a t th e sig n ī c a n t tra its fo r
in fe rrin g re la te d n e ss b y d esce n t a re p re c isely th o se th a t
se em to b e o f little u se to th e ir b e a re rs. T h e b o o k e n d s
w ith a p o e tic a lly w o rd ed su m m a ry (see B o x 3 ).



138 RESONANCE  February 2009

GENERAL  ARTICLE

B o x 3 . T h e F in a l P a r a g r a p h

It is interesting to contemplate an entangled bank, clothed with many plants of many
kinds, with birds singing on the bushes, wit h various insects °it ting about, and with
worms crawling through the damp eart h, and to re°ect that these elab orately constructed
forms, so di®erent from each other, and dependent on each other in so complex a manner,
have all been produced by laws acting around us. There is grandeur in this view of life,
with it s several powers, having been originally breathed into a few forms or into one; and
t hat, whilst this planet has gone cycling on according to the ¯xed law of gravity, from
so simple a beginning endless forms most beautiful and most wonderful have b een, and
are being, evolved.

N a t u r a l S e le c t io n

In fo rm u la tin g th e th eo ry o f n a tu ra l se le c tio n D a rw in
w a s g u id ed stro n g ly b y w h a t h e h a d lea rn t a b o u t th e
m o u ld in g o f p la n t a n d a n im a l tra its to d e sire d en d s b y
m ea n s o f se le c tiv e b re ed in g . T h e v e ry ¯ rst ch a p te r o f
T h e O rigin refe rs to th e e x ten siv e u se o f a rtī c ia l se -
le c tio n m a d e b y th e E m p e ro r A k b a r fo r in d u lg in g h is

p a ssio n fo r fa n cy p ig e o n s (Ish qba a zi). P la n t a n d a n im a l
b re ed e rs h a d p u t th e ir k n o w le d g e o f h ere d ity to en o r-
m o u s p ra c tic a l b en e¯ t ev er sin ce th e d a w n o f a g ric u l-
tu re if n o t e a rlier. O fte n th e y su c c ee d e d in rein fo rc in g
ch a n g e s in tra its th a t in te re ste d th em , ste p b y sm a ll ste p

a n d o v er m a n y g en e ra tio n s. A s D a rw in p u t it, \ T h e k ey
is m a n 's p o w er o f a c c u m u la tiv e se lec tio n : n a tu re g iv e s
su c c essiv e v a ria tio n s; m a n a d d s th e m u p in ce rta in d i-
re ctio n s u se fu l to h im " . It w a s o b v io u s th a t a rtī c ia l
se le c tio n w o rk ed ; D a rw in a n d W a lla c e m a d e it p la u sib le

th a t n a tu ra l selec tio n w o rk e d in a sim ila r w a y.

T h e p rin c ip le o f n a tu ra l se lec tio n co n sists o f th re e a s-
su m p tio n s a n d a n im p lic a tio n . T h e a ssu m p tio n s a re

th e se : m e m b ers o f a sp e c ie s v a ry in re sp ec t o f ce rta in
tra its; th e tra its c a n b e p a sse d d o w n fro m p a re n ts to
o ® sp rin g ; a n d so m e v a ria tio n s ca n m a k e th e ir p o sse sso rs
m o re su cc e ssfu l in liv in g a n d rep ro d u c in g th a n o th ers.
In sh o rt, in d iv id u a ls a re a ssu m ed to e x h ib it v a ria tio n ,
h e rita b ility a n d d i® ere n tia l ¯ tn ess (it is im p lic it th a t
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The philosopher

Herbert Spencer

coined the phrase

“survival of the

fittest” to describe

natural selection.

The phrase

“survival of the fittest”

conflates the outcome

of natural selection

with its causes and

risks making the entire

theory sound like a

tautology, which it is

not.

th e y a re ca p a b le o f re p ro d u cin g ). If th e a ssu m p tio n s
a re tru e , a lo g ica l im p lic a tio n fo llo w s: th e co m p o sitio n
o f a p o p u la tio n ch a n g es o v er th e c o u rse o f g e n e ra tio n s,

th a t is, th e p o p u la tio n e v o lv e s, w ith th e rela tiv e ly m o re
su c c essfu l ty p es b ec o m in g m o re c o m m o n . T h e p h ilo so -
p h e r H erb e rt S p e n c e r c o in ed th e p h ra se \ su rv iv a l o f th e
¯ tte st" to d e sc rib e n a tu ra l se lec tio n . D a rw in w a s su f-
¯ c ie n tly ta k e n u p w ith th e d e sc rip tio n to u se it in th e

la ter e d itio n s o f T h e O rigin . F ew th in g s h a v e ca u se d
m o re c o n fu sio n . T h e p h ra se c o n ° a tes th e o u tc o m e o f
n a tu ra l se lec tio n w ith its ca u se s a n d risk s m a k in g th e
e n tire th e o ry so u n d lik e a ta u to lo g y , w h ich it is n o t. T h e
a ssu m p tio n s liste d e a rlie r a m o u n t to te sta b le , a n d th e re -
fo re fa lsī a b le , a ssertio n s c o n c e rn in g liv in g c re a tu re s. It

is o n ly if th e a ssu m p tio n s a re tru e th a t th e im p lic a tio n
is v a lid .

E v o lu tio n b y n a tu ra l sele ctio n in v o lv e s a co n tin u a l te st-

in g o f tra its w ith re g a rd to h o w w e ll th e y eq u ip a p la n t o r
a n im a l to p e rfo rm re la tiv e to o th e rs o f its k in d a n d u n d e r
sp ec ī ed c o n d itio n s. T h e refo re it b rin g s in to p la y co n -
sid era tio n s o f e n g in e e rin g d e sig n , o f e ± c ie n c y , o f w h a t
o n e m ig h t ca ll è co n o m ic ' c riteria { w ith th e n u m b e r o f

su rv iv in g o ® sp rin g a s th e cu rren c y in w h ich ev o lu tio n -
a ry su c ce ss is m e a su red . C o rn ish -B o w d e n h a s re ferre d
to th is a sp e c t o f n a tu ra l se le c tio n a s th e p u rsu it o f p e r-
fec tio n . A n o ld e r a n d m o re c o m m o n w o rd , a d a p ta tio n ,
d e sc rib es th e e n d re su lt. E v o lu tio n b y n a tu ra l se lec tio n
is a n a d a p tiv e p ro c ess. S e e n th e o th e r w a y ro u n d , a d a p -

ta tio n is th e sig n a tu re o f n a tu ra l se le c tio n . T o th e e x -
te n t th a t liv in g c rea tu res e x h ib it a d a p ta tio n s, o n e m a y
in fe r th a t n a tu ra l selec tio n h a s b ee n o p e ra tin g . A t a n y
ra te , n o o n e h a s c o m e u p w ith a b e tte r c a u sa l e x p la -
n a tio n fo r a d a p ta tio n s. T o su g g e st th a t th ey ca n co m e

a b o u t b y ìn te llig e n t d esig n ', a s so m e h a v e d o n e o f la te,
is a b su rd in th e ex tre m e . C ru c ia lly, n a tu ra l se lec tio n
w o rk s fro m o n e g e n e ra tio n to th e n e x t: it d ea ls w ith th e
sh o rt term . W h e n o n e lo o k s b a ck o v er a g re a t m a n y
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Evolution by

natural selection is

an adaptive

process. Seen the

other way round,

adaptation is the

signature of natural

selection.

Evolution is

opportunistic,

comparable to a

game of chance

that rewards

successes.

g e n e ra tio n s, su c ce ssiv e a d a p ta tio n s a re se e n to h a v e a c -
c u m u la te d a n d g iv e n rise to a m a jo r tra n sfo rm a tio n , to
w h a t lo o k s lik e a p ro d u c t o f d esig n . B u t th e d e sig n is

u n in te n d e d , w ith o u t p u rp o se . T h e re is n o w a y in w h ich
e v o lu tio n c a n p la n fo r th e fu tu re; it h a s n o lo n g -term
g o a l. E v o lu tio n c a n n o t e x h ib it fo resig h t. It c a n b e c o m -
p a re d to a g a m e o f ch a n c e th a t re w a rd s su c ce sse s { if
th e y h a p p e n . T h is is w h y it is sa id th a t e v o lu tio n is

o p p o rtu n istic. O p p o rtu n ism im p lies th a t it is n o t e a sy
to tra ce th e a ctu a l p a th ta k e n b y a n ev o lu tio n a ry tra n s-
fo rm a tio n .

A d a p ta tio n is to a se t o f c ircu m sta n ce s { th e èn v iro n -

m en t' { th a t c o m p rise s th e p h y sic a l en v iro n m e n t a n d
th e b io tic e n v iro n m en t. B̀ io tic' in c lu d es o th er m e m -
b e rs o f th e sa m e sp ec ies a s w e ll a s o th er sp ec ies. P re y,
p re d a to rs, p a ra site s a n d in fec tio u s a g e n ts fa ll in to th e
la tter c a te g o ry. S in c e th e o th e r sp e c ie s a re a lso su b jec t

to sele ctiv e p re ssu re s, it is o b v io u s th a t th e e v o lu tio n o f
a sp e c ie s c a n n o t b e v iew e d in iso la tio n . T h e a d a p tiv e
o u tc o m e th a t it a tta in s m u st ta k e in to a c co u n t a ll o th e r
a d a p ta tio n s sim u lta n e o u sly . A n a d a p tiv e re sp o n se to
th e e n v iro n m e n t b y o n e sp ec ies ch a n g e s th e b io tic e n v i-

ro n m e n t o f a n o th er sp e cies. O r, a s fre q u en tly h a p p e n s,
th e p h y sic a l e n v iro n m e n t m a y ch a n g e . W h a t a ll th is
m ea n s is th a t ev o lu tio n is a co n tin u o u s p ro c e ss; it d o e s
n o t c o m e to a n e n d . A s th e p a la e o n to lo g ist V a n V a le n
p o in ts o u t, th is im p lies th a t a s a sp e cie s e v o lv es, it d o e s
n o t im p ro v e itse lf in a n y a b so lu te sen se. If it d o e s n o t

g o ex tin ct (w h ich h a s b e en th e fa te o f th e v a st m a jo r-
ity o f a ll sp e cies { y e t a n o th er p ie ce o f e v id e n ce a g a in st
b e tte rm e n t), th e b est it ca n d o is to k e ep u p w ith a ll th e
o th e r sp ec ies. H e su m s u p th e situ a tio n in th e w o rd s o f
th e R e d Q u ee n : \ It ta k e s a ll th e ru n n in g y o u ca n d o , to

k e e p in th e sa m e p la c e " (L ew is C a rro ll, in T h ro u gh th e
L oo kin g G la ss ).
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Evolution is a

continuous

process; it does

not come to an

end.

V a r ia t io n a n d H e r e d it y

C o n sid e rin g th a t v a ria tio n a n d h e red ity a re tw o o f th e
e sse n tia l p re -re q u isite s fo r n a tu ra l se le c tio n , it see m s re -
m a rk a b le th a t D a rw in g o t a s fa r a s h e d id w h ile b e in g
(a lo n g w ith e v e ry o n e else a t th e tim e) ig n o ra n t a b o u t
th e w o rk in g s o f b o th . T o d a y w e k n o w th a t fo r a ll p ra c -
tic a l p u rp o se s v a ria tio n s o c cu r à t ra n d o m '. T h a t is, th e

lik e lih o o d o f o c c u rren c e o f a v a ria tio n is in d ep en d en t o f
its o u tc o m e. D a rw in to o k v a ria tio n a s a fa ct, a s so m e -
th in g th a t w a s th e re. A s to p o stu la tin g m e ch a n ism s,
h e h a z a rd e d th e g u ess th a t È ® ec ts o f U se a n d D isu se ',

À c clim a tisa tio n ' a n d C̀ o rre la tio n o f G ro w th ' m ig h t b e

in v o lv e d . A p a rt fro m th e la st fa c to r, th is a g a in m e a n t a
tilt in th e d ire ctio n o f L a m a rck ia n id e a s. B ein g u n a b le
to co m e u p w ith g o o d a lte rn a tiv e s, h e c o u ld n o t sh a k e
o ® L a m a rck en tirely. B u t h e su m m e d u p th e p rev a il-
in g sta te o f k n o w led g e fa irly b y c o n fe ssin g th a t \ O u r

ig n o ra n ce o f th e la w s o f v a ria tio n is p ro fo u n d " .

R eg a rd in g th e m e ch a n ism o f h e red ity to o , D a rw in w a s
e n tirely in th e d a rk . Y e a rs la te r h e c a m e u p w ith a

b len d in g th e o ry o f in h e rita n c e c a lle d P a n g e n esis; it w a s
se en to b e u n sa tisfa cto ry rig h t fro m th e sta rt (se e B o x
4 ), H e d id n o t k n o w th a t th e ¯ rst ste p s in so lv in g th e
rid d le o f h e re d ity w ere b ein g ta k e n b y h is co n tem p o -
ra ry J o h a n n M e n d e l. T h e re is e v e ry rea so n to b e lie v e
th a t D a rw in sh o u ld h a v e lea rn t o f M en d e l's d isc o v e ry,

w h ich w a s p u b lish ed in 1 8 6 6 , in tim e fo r th e la te r e d i-
tio n s o f T h e O rigin ; b u t h e d id n o t. Iro n ic a lly , D a r-
w in 's o w n e x p e rim e n ts o n c ro ssin g d i® e re n t v a rie ties o f
th e sn a p d ra g o n (A n tirrh in u m ) g a v e c le a r e v id e n c e o f
th e M̀ e n d elia n ' 3 :1 ra tio , a n d th e re fo re o f th e a to m istic

n a tu re o f h e re d ita ry fa cto rs. U n fo rtu n a te ly h e d id n o t
u n d e rsta n d th e im p lic a tio n s o f w h a t h e h a d fo u n d . U n -
lik e M e n d e l, D a rw in la ck e d a h y p o th e sis, a v ie w p o in t,
w h ich w o u ld m a k e h im re c o g n ise a n d th e n a n a ly se th e
sig n ī ca n c e o f a 3 :1 ra tio . T h e p ro c e ss b y w h ich th e

la w s o f M e n d e lia n h ere d ity fo u n d th e ir rig h tfu l p la ce in

Regarding the

mechanism of

heredity too,

Darwin was

entirely in the dark.
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B o x 4 . P a n g e n e s is

Darwin's theory of heredity was published in T h e V a r ia tio n o f A n im a ls a n d P la n ts U n d e r
D o m e stica tio n (1868) . He develop ed it in order to explain how traits t hat had been
modi¯ed by selection could be passed on to o®spring. The idea was based on `gemmules',
which were supp osed t o be carriers of hereditary traits dist ribut ed all over the body,
each gemmule being sp eci¯c to the part to which it b elonged and modi¯able by the
use made of that part during an individual's pre-reproductive life. They were brought
t oget her in preparation for transmission to t he next generation. Critically, in the next
generation t he gemmules of t he parents were assumed to mix, to blend as colours might.
In his own words: \It is universally admit ted that the cells or unit s of the b ody increase
by self-devision, or proliferation, ret aining t he same nature, and t hat they ultimately
b ecome converted into the various tissues and substances of the body. But besides this
means of increase I assume that t he units t hrow o® minute granules which are dispersed
t hroughout the whole syst em; that these, when supplied wit h proper nutriment, multiply
by self-division, and are ultimately develop ed into unit s like those from which they were
originally derived. These granules may b e called gemmules. They are collected from
all parts of the syst em to constitute the sexual elements, and their development in the
next generation forms t he new being; but they are likewise capable of transmission in a
dormant state to future generations and may t hen be developed." Gemmules would have
b een a way for transmitt ing traits that were acquired during life, and their existence
would have pleased Lamarck. Fleeming Jenkin, professor of Engineering in Edinburgh,
shot down t he proposal's utility by p ointing out that the variation in each generat ion
would be halved by blending { in which case, over time, what would remain for natural
selection act on? Darwin' s cousin Francis Galton thought he had disproved pangenesis
when he transfused blood between di®erent breeds of rabbits and found that the recipients
bred true to their original types.

e v o lu tio n a ry b io lo g y w a s fa r fro m sm o o th (see b e lo w ).
D e sp ite h is la ck o f ¯ rm n ess o n th e m a tte r, th e su g g es-
tio n s th a t (a ) v a ria tio n a n d h e red ity m ig h t w o rk in d e -

p e n d e n tly a n d (b ) th e p a ce o f e v o lu tio n w a s d riv e n b y
se le c tio n , n o t v a ria tio n , a re im p o rta n t c o n trib u tio n s o f
D a rw in to e v o lu tio n a ry th e o ry { p e rh a p s n e x t o n ly to
n a tu ra l se lec tio n itself. It is th e la ck o f c o u p lin g b e -
tw e e n v a ria tio n a n d h ere d ity w h ich e x p la in s h o w see m -

in g ly p u rp o se fu l e n titie s c a n ev o lv e in th e a b se n c e o f
d e sig n . F u rth er, it en d o w s th e p rin c ip le o f n a tu ra l se -
le c tio n w ith a lm o st lim itless p o w e r w h en it c o m e s to
c o n stru c tin g c o m p lex ity . M a th em a tic ia n s a n d p h y sic ists
h a v e b o rro w e d th e stra te g y to se a rch fo r q u ick a n d
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It is not unknown

for a robust theory

or set of ‘laws’ to

thrive in the

absence of a

known mechanism

that can justify

them.

a c c ep ta b le so lu tio n s to se e m in g ly in tra c ta b le p ro b le m s.
N o w o n d e r th e p h ilo so p h e r D a n ie l D en n ett c a lls n a tu ra l
se le c tio n \ D a rw in 's D a n g e ro u s Id e a " .

T h e esse n ce o f th e id e a is th a t v a ria tio n ta k e s p la ce
a t o n e le v el a n d th e co n se q u en ce o f th e v a ria tio n is
te sted a t a n o th e r lev e l. A u g u st W e ism a n n ¯ rst e m -
p h a sised its c e n tra lity to ev o lu tio n w h e n h e h ig h lig h te d

th e d istin c tio n b e tw e en re p ro d u c tiv e tissu e (th e g erm
lin e ) a n d th e re st o f th e b o d y (th e so m a ). T h e g erm
lin e is fu n c tio n a lly seq u e ste red a n d tra n sm its h ere d i-
ta ry tra its w h e re a s th e so m a , w h ich is ex p o se d to th e
e n v iro n m en t, e x p resse s th o se tra its. H o w ev er, th e d is-

tin ctio n b e tw ee n g e rm lin e a n d so m a is o b v io u s o n ly in
m u ltic e llu la r a n im a ls. It is m u rk y in th e c a se o f p la n ts
a n d n o n -ex iste n t w h e n it c o m e s to u n ic ellu la r life. W h a t
a c tu a lly lies b e h in d W e ism a n n 's d istin c tio n , a n d th e rea -
so n w h y L a m a rck ia n in h e rita n ce d o e s n o t w o rk , b e ca m e

c le a r o n ly in th e m id -2 0 th c e n tu ry . It n e e d e d a rec o g -
n itio n o f th e e sse n tia l d i® ere n c e b etw e en g e n e s a n d p ro -
te in s. G e n e s c o n ta in sy m b o lic in fo rm a tio n fo r m a k in g
p ro te in s a n d v a ria n t g e n es le a d to v a ria n t p ro te in s. B u t
it c a n n o t w o rk in rev erse . A s fa r a s w e k n o w a v a ria n t

p ro te in ca n n o t a lter th e in fo rm a tio n c o n te n t o f th e g en e
th a t en c o d e s it.

Ig n o ra n ce o f h o w h ere d ity o r v a ria tio n w o rk ed w e re c e r-
ta in ly h a n d ic a p s. D e sp ite th o se h a n d ic a p s, D a rw in a n d

W a lla ce m a n a g ed to d e v e lo p th e h y p o th e sis o f n a tu ra l
se le c tio n a n d e x p lo re m a n y o f its ra m ī c a tio n s. It is n o t
u n k n o w n fo r a ro b u st th eo ry o r se t o f l̀a w s' to th riv e
in th e a b se n c e o f a k n o w n m e ch a n ism th a t c a n ju stify
th e m . N ew to n 's th eo ry o f g ra v ita tio n a l a ttra ctio n is

o n e e x a m p le, a n d M e n d e lia n g e n e tic s is a n o th e r. G e -
n e tic s ° o u rish e d fo r h a lf a c e n tu ry a n d , b y b u ild in g o n
M en d e l's la w s, g en e ticists b u ilt u p a n im p re ssiv e fo rm a l
stru c tu re o f th e o re tica l g e n e tic s b e fo re th ey k n ew w h a t
a g e n e w a s.
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Life was a property

of any entity that

could evolve by

natural selection.

For the scientific

community, a big

lesson to draw from

The Origin was that

the living world could

be explained on the

basis of natural

laws.

W h a t d id t h e O r ig in o f S p e c ie s A c h ie v e ?

O n th e la y p u b lic , th e b ig g e st im p a ct o f th e b o o k w a s th e
im p lic a tio n th a t h u m a n b ein g s d id n o t o c cu p y a sp e c ia l
p la c e in th e u n iv e rse . T h e la st ch a p te r o f T h e O rigin
ta n ta lisin g ly h e ld o u t th e p ro m ise th a t \ In th e d ista n t
fu tu re : : : lig h t w ill b e th ro w n o n th e o rig in o f m a n a n d
h is h isto ry " , b u t th e b o o k m a d e it a m p ly clea r th a t h u -

m a n s w e re o n a p a r w ith a ll o th er c rea tu res in th e liv in g
w o rld . In term s o f th e fa m ilia r tree o f life , e v o lu tio n b y
n a tu ra l se lec tio n im p lie d th a t h u m a n s w e re a t th e e n d
o f o n e b ra n ch , d o g s o f a n o th e r, ta p e w o rm s o f a th ird ,
m a n g o e s o f a fo u rth , a n d so o n . In a n o b je c tiv e sen se,

n o n e o f th e m c o u ld b e sa id to b e m o re a d v a n ce d th a n o r
su p erio r to a n o th e r. F o r th e sc ie n tī c co m m u n ity , a b ig
le sso n o f T h e O rigin w a s th a t th e liv in g w o rld c o u ld b e
e x p la in e d o n th e b a sis o f n a tu ra l la w s. T h e p ersu a siv e
c la im th a t o n e sp e c ie s co u ld g iv e rise to a n o th e r len t

a d d itio n a l su p p o rt to th e le sso n . E v o lu tio n in th e se n se
o f a tra n sfo rm a tio n o f fo rm s a n d p ro p e rtie s is in h e ren t
to ch em istry (if n o t to p h y sic s, w ith c o sm o lo g y b e in g a
p ro m in en t ex c ep tio n ). B y m a k in g it p la u sib le th a t b io -
lo g ica l e v o lu tio n c o u ld o c c u r n a tu ra lly , D a rw in a n d W a l-

la c e sh o w e d th a t b io lo g ica l ch a n g e w a s a t le a st fo rm a lly
a n a lo g o u s to ch e m ic a l ch a n g e . T h e irs w a s th e ¯ rst ste p
in th e still-o n g o in g in te g ra tio n o f th e n a tu ra l sc ie n c es.
T h e y m a d e it m e a n in g fu l fo r u s to th in k o f b io lo g y a s
w e d o to d a y , a s th e scie n ce o f liv in g m a tter. T ru e , th e
p ro b le m o f th e o rig in o f life w a s le ft u n a d d re sse d . B u t
T h e O rigin o f S pecies m a d e p eo p le th in k o f it a s a n a p -
p ro a ch a b le p ro b le m , a s so m eth in g th a t c o u ld b e ta ck le d
w ith th e m e th o d s o f co n v e n tio n a l sc ie n c e. S o m e p eo p le
c la im th a t th e a g e-o ld issu e o f h o w to d istin g u ish b e -
tw e e n liv in g a n d n o n -liv in g h a s n o w b e e n settled : a n y

e n tity th a t c a n e v o lv e b y n a tu ra l se le c tio n ca n b e sa id
to b e a liv e.

In te re stin g ly , w h ile p u sh in g b io lo g y c lo se r to p h y sic s a n d

ch e m istry , n a tu ra l se lec tio n a lso fo rm a lised th e sp e c ia l
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Chance plays an

essential role in

evolution, both

during mutation

and recombination.

sta tu s o f b io lo g y w ith in th e n a tu ra l sc ien c e s. It sh o w e d
th a t ev en th o u g h liv in g sy stem s m u st o p e ra te e n tire ly
a c c o rd in g to th e ru les o f p h y sics a n d ch e m istry , th e

tra its th a t th ey e x h ib it a re n o t n ecessa ry o u tc o m es o f
th e ru les. T h e re a so n is th a t ch a n ce in terv en es b e tw ee n
th e la w s o f p h y sics a n d th e p ro d u c ts o f b io lo g ica l e v o -
lu tio n . H e rita b le ch a n g es o c cu r in u n p re d icta b le w a y s,
a n d th e lik elih o o d th a t a p a rticu la r ch a n g e o c cu rs h a s

n o th in g to d o w ith w h e th e r it is a d v a n ta g e o u s o r d is-
a d v a n ta g e o u s. T h is re a lisa tio n is a t ro o t o f o u r u n d e r-
sta n d in g o f n a tu ra l se lec tio n . C h a n ce p la y s a n e sse n tia l
ro le in e v o lu tio n , b o th d u rin g m u ta tio n a n d rec o m b in a -
tio n (th e sh u ² in g o f g e n e s). N a tu ra l se le ctio n sh o w e d
h o w b io lo g y is d i® e re n t fro m p h y sic s in a n o th er resp e ct.

In p h y sic s, a s o fte n a s n o t th e o b je ct o f stu d y is th e
ìso la ted sy ste m ', fo r e x a m p le th e sin g le h y d ro g e n a to m .

T h e u n d e rly in g a ssu m p tio n is th a t a ll h y d ro g en a to m s
a re id e n tic a l; a n d th e e sse n c e o f a n a to m ca n b e stu d ie d
in iso la tio n . T h is a p p ro a ch d o e s n o t w o rk in b io lo g y b e -

c a u se th e p ro p e r u n d e rsta n d in g o f a n in d iv id u a l p la n t o r
a n im a l re q u ire s ta k in g in to a c c o u n t its e x iste n c e w ith in
th e c o n te x t o f th e re st o f th e p o p u la tio n , th a t to o a
p o p u la tio n w h o se m em b e rs d i® e r sig n ī c a n tly .

T h e th ird w a y in w h ich n a tu ra l se le c tio n sh o w e d h o w
b io lo g y d i® e rs fro m p h y sic s a n d ch e m istry is th a t it fo -
c u sse d o n th e fu n d a m e n ta l im p o rta n c e o f th e p a st fo r
u n d e rsta n d in g th e p re se n t. It m a d e u s re a lise th a t b e -
sid es p ro x im a l e x p la n a tio n s fo r th e ex iste n ce o f a tra it

(i.e ., th e u su a l ca u sa l e x p la n a tio n s b a sed o n p h y sic s a n d
ch e m istry ), b io lo g y p e rm its u s to a ssig n ù ltim a te ' e x -
p la n a tio n s. T h e d istin c tio n w a s k n o w n to A risto tle . H e
sa id th a t th e e x iste n c e o f a h o u se c a n b e ex p la in ed in
tw o w a y s. O n e c a n sa y th a t th e h o u se is th e re b e c a u se

b rick s, m o rta r a n d so o n w e re p u t to g eth e r. H o w ev er,
o n e c a n a lso sa y th a t th e h o u se is th e re b e ca u se so m e -
o n e w a n te d to liv e in it. T h e se c o n d so rt o f ex p la n a tio n ,
w h ich in v o k es th e co n se q u en c e o f th a t w h ich is so u g h t
to b e e x p la in e d , is c e n tra l to a n y a rg u m e n t b a se d o n
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Natural selection

enables us to account

for the presence of a

trait in ourselves by

saying that its

possession enabled

our ancestors to be

more successful at

survival and

reproduction than

others who did not

possess it.

n a tu ra l se le c tio n . F o r ex a m p le , su p p o se w e w a n t to e x -
p la in th e ex iste n ce o f co lo u r v isio n . W e c a n sa y th a t
w e se e c o lo u rs beca u se w e p o sse ss th e a p p ro p ria te c o n e

c ells in th e e y e . O n th e o th er h a n d w e ca n eq u a lly le -
g itim a te ly sa y th a t w e se e c o lo u rs beca u se th o se o f o u r
a n c e sto rs in w h o m th e co n e c ell p ig m en t v a ria n t ¯ rst
a ro se h a d a n a d v a n ta g e o v e r th o se w h o h a d o n ly ro d -
b a sed b la ck -a n d -w h ite v isio n . N a tu ra l sele ctio n e n a b le s

u s to a c co u n t fo r th e p re se n ce o f a tra it in o u rse lv e s b y
sa y in g th a t its p o ssessio n en a b led o u r a n c e sto rs to b e
m o re su c ce ssfu l a t su rv iv a l a n d re p ro d u c tio n th a n o th -
e rs w h o d id n o t p o sse ss it, o r p o sse ssed it in a d i® e ren t
d e g re e. T h u s n a tu ra l se lec tio n a c c o u n ts fo r th e a sp ec t
o f p u rp o se th a t is ch a ra c teristic o f a ll life fo rm s. B u t it

d o es so b y in v o k in g h isto ric a l c o n tin g e n c y, n o t d esig n .

N a t u r a l S e le c t io n a ft e r D a r w in

A fte r a n in itia l ° u sh o f e n th u sia sm th e a p p e a l o f n a t-
u ra l se le ctio n d e c lin ed . A t o n e tim e m a n y h a d g iv e n
u p o n it a s a p la u sib le m ech a n ism fo r e x p la in in g e v o -
lu tio n . D i± c u lt a s it is to b e lie v e , th e red isc o v e ry o f

M en d e l's la w s in 1 9 0 0 w a s re sp o n sib le fo r th is. T h e im -
p re ssio n g a in e d g ro u n d th a t d i® e re n ce s in th e M e n d elia n
c a rrie rs o f h e red ity w e re a sso cia te d w ith d isc rete , q u a l-
ita tiv e ch a n g es (fo r ex a m p le, in M en d e l's o w n ex p eri-
m en ts, th e y ello w v e rsu s g re e n c o lo u rs a n d ro u n d v e r-
su s w rin k le d sh a p es o f p ea s). H o w th e n c o u ld th e y e x -

p la in th e slo w , q u a si-c o n tin u o u s p ro c ess o f ev o lu tio n a ry
ch a n g e th a t n a tu ra l selec tio n d em a n d ed ? D̀ a rw in ists',
w h o w e re c o n v in ce d o f th e tru th o f n a tu ra l se le ctio n ,
c a m e to th e c o n c lu sio n th a t M e n d e l's la w s w e re in cid e n -
ta l to its u n d e rsta n d in g . M̀ en d elia n s' d rew th e o p p o -

site in fe ren c e . T h ey th o u g h t th a t n a tu ra l se le ctio n w a s
a ll v e ry w e ll fo r ex p la in in g g ra d u a l, q u a n tita tiv e tra n s-
fo rm a tio n s. B u t th e rea l stu ® o f e v o lu tio n h a d to b e
so m e th in g e lse , n a m e ly m u ta tio n s th a t ch a n g e d tra its
in a m a jo r w a y . T h e b irth o f a g e n e tic a l th e o ry o f n a t-

u ra l se le c tio n h a d to a w a it th ree d e v e lo p m e n ts. T h e ¯ rst
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The tempo of

molecular evolution

appears to depend

more on the rate of

mutation than on

natural selection.

A combination of

laboratory and field

work in palaeontology,

natural history and

genetics made natural

selection respectable

once again and gave

rise to the

construction of what

we now call the

modern or neo-

Darwinian synthesis.

w a s a d e ep e r u n d e rsta n d in g o f g en etics p ro v id ed b y th e
e x p erim en ta l w o rk o f T H M o rg a n a n d h is sch o o l (iro n i-
c a lly , fo r a lo n g tim e M o rg a n h im se lf rem a in e d sc e p tic a l

a b o u t th e u sefu ln e ss o f n a tu ra l sele ctio n fo r e x p la in in g
e v o lu tio n a ry ch a n g e ). T h e sec o n d w a s th e d e v e lo p m en t
o f a m a th e m a tic a l trea tm e n t o f th e sp re a d o f g e n es in
p o p u la tio n s in itia te d b y J B S H a ld a n e, R A F ish er,
S W rig h t a n d S S C h e tv e rik o v . F in a lly , a co m b in a tio n

o f la b o ra to ry a n d ¯ e ld w o rk in p a la e o n to lo g y, n a tu ra l
h isto ry a n d g en etics m a d e n a tu ra l selec tio n resp e cta b le
o n c e a g a in a n d g a v e rise to th e co n stru c tio n o f w h a t w e
n o w c a ll th e m o d e rn o r n e o -D a rw in ia n sy n th e sis. B e -
fo re th a t h a p p e n e d , th in g s h a d re a ch e d su ch a p a ss th a t
H a ld a n e u se d th e e p ig ra p h \ D a rw in ism is d ea d { A n y

se rm o n " to la m p o o n th e situ a tio n in th e v ery ¯ rst ch a p -
te r o f h is b o o k T h e C a u ses o f E vo lu tio n .

T h e o n e m a jo r m o d ī c a tio n to th e D a rw in ia n p ic tu re o f

e v o lu tio n ca m e fro m d isc o v e rie s m a d e in m o le cu la r b i-
o lo g y fro m th e 1 9 6 0 s o n w a rd s. T o e v e ry o n e 's su rp rise,
it tu rn ed o u t th a t a t th e m o le cu la r le v e l, m o st ch a n g e s
in th e h e re d ita ry m a te ria l (a s in fe rre d fro m D N A a n d
p ro te in se q u en c e s) w e re a lm o st ǹ e u tra l' { n e ith e r a d -

v a n ta g eo u s n o r d isa d v a n ta g e o u s. O f a ll th e ch a n g e s
th a t o c c u r in D N A , o n ly a tin y fra c tio n see m s to b e
sig n ī ca n t fo r e v o lu tio n a t th e le v e l o f th e o rg a n ism .
A s a re su lt, th e te m p o o f m o le c u la r ev o lu tio n a p p ea rs
to d e p e n d m o re o n th e ra te o f m u ta tio n th a n o n n a t-
u ra l se le c tio n . M o le cu la r b io lo g y h a s k e p t th ro w in g u p

o th e r su rp rises w ith re g a rd to th e d eta ils o f th e p ro c e sse s
th ro u g h w h ich g en etic in fo rm a tio n g e ts d e c o d ed , a n d w e
d o n o t y e t k n o w h o w to ¯ t th em in to a co h ere n t ev o lu -
tio n a ry p ic tu re . A t a m o re b a sic le v e l, w e a re still to
a ssim ila te th e im p lic a tio n o f th e e x tra o rd in a ry d istin c -

tio n th a t ex ists w ith in liv in g cre a tu re s b e tw ee n q u a si-
sy m b o lic in fo rm a tio n a l e n tities (D N A , R N A ) a n d th eir
m ea n in g (p ro te in s), o r in d e e d w h y e v o lu tio n h a s m a d e
th e d istin c tio n .
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Recent work in

palaeontology has

underscored the

importance of not

rushing to final

judgement: dramatic

findings have

revealed long-sought

transitional forms, for

example in the

evolution of

tetrapods.

We still lack a

satisfactory

genetical theory of

speciation or of the

origin of the major

groups.

E v o lu t io n a r y T h e o r y 1 5 0 Y e a r s a ft e r T h e O r ig in

B y n o m ea n s d id th e a cc e p ta n c e o f n a tu ra l se le c tio n se t-
tle a ll issu es. A n u m b e r o f th e m c o n tin u e to b e v ig o r-
o u sly d e b a te d ; o n ly a fe w c a n b e m e n tio n e d h e re . T h e
d e b a te s a re o f a c u rio u s so rt, b e c a u se w ith th e e x c e p -
tio n o f th o se c a se s in w h ich p h y sic a l c a ta stro p h e s h a v e
p la y e d a ro le h a rd ly a n y o n e q u e stio n s w h e th er n a tu ra l

se le c tio n c a n a c c o u n t fo r th e o rig in o r m a in ten a n ce o f a
tra it. R a th er, th e issu e is w h e th e r th e re m ig h t b e a n a l-
te rn a tiv e w a y o f a cc o u n tin g fo r th e tra it, o n e th a t d o e s
n o t in v o k e sele ctio n e x p lic itly . F o r e x a m p le, it m a y b e
th a t th e tra it fo llo w s a u to m a tic a lly fro m th e p rin c ip le s

o f p h y sic s a n d ch e m istry . T h u s th e p o ssib ility o f n a tu ra l
se le c tio n b e in g re sp o n sib le fo r a tra it is n o t q u estio n ed ;
th e p la u sib ility o f its h a v in g d o n e so is. T h e sp littin g o f
lin e a g es in to d i® e re n t sp e cie s a n d th e a p p e a ra n c e o f m a -
jo r n o v elties (e.g ., n u c le a te d c e lls, m u ltice llu la rity , a n d

th e v e rte b ra te lim b ) a re o th e r e x a m p le s. A re th ese b e t-
te r e x p la in e d b y so m eth in g o th e r th a n n a tu ra l se lec tio n ?
O n e re a so n fo r a sk in g is th a t w e still la ck a sa tisfa c -
to ry g e n e tic a l th eo ry o f sp ec ia tio n o r o f th e o rig in o f th e
m a jo r g ro u p s. M a th em a tica l g e n e tic s ca n d e a l w ith g e -

n e tic d i® e re n ce s th a t a re c o rre la te d w ith d i® e ren ce s in
q u a n tita tiv e tra its, b u t is u n a b le to b rid g e th e g a p b e -
tw e e n sp ec ies. A n o th e r d e b a te d issu e is th e su d d e n n e ss
(a s so m e c la im ) w ith w h ich m a jo r n o v e ltie s a p p ea red .
T h e sta n d a rd sele ctio n ist resp o n se is th a t th e se em in g
a b ru p tn ess o f m a n y e v o lu tio n a ry ch a n g e s is m o re a p p a r-

e n t th a n re a l, a n a rtefa ct d eriv in g fro m th e p a u c ity o f
fo ssil re co rd s in g e n e ra l (a p ro b le m to w h ich T h e O rigin
d e v o te s m u ch sp a ce : th e risk o f m ista k in g th e a b se n ce
o f e v id en c e fo r ev id en c e o f a b se n c e is a lw a y s p re se n t).
R ec e n t w o rk in p a la eo n to lo g y h a s u n d e rsc o re d th e im -

p o rta n c e o f n o t ru sh in g to ¯ n a l ju d g e m en t: d ra m a tic
¯ n d in g s h a v e re v ea le d lo n g -so u g h t tra n sitio n a l fo rm s,
fo r e x a m p le in th e e v o lu tio n o f tetra p o d s. A lso , g eo -
lo g ica l tim e sc a les ca n b e m islea d in g . O n a sc a le o f
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1 0 0 m illio n y e a rs, o n e m illio n y e a rs lo o k lik e a n in sta n t.
B u t a m illio n y e a rs c a n e n c o m p a ss a n e n o rm o u s n u m b e r
o f g en e ra tio n s a n d p ro v id e en o u g h tim e fo r q u a lita tiv e

ch a n g e s in tra its to ta k e p la c e.

T h e g en e ra l o p in io n rem a in s th a t th e re is n o w a y o f
u n d e rsta n d in g a d a p ta tio n , th e d e ¯ n in g ch a ra c te ristic o f
liv in g o rg a n ism s, o th er th a n a s a re su lt o f n a tu ra l se le c -

tio n . O n th e o th er h a n d , so m e ev o lu tio n a ry b io lo g ists
h a v e b e e n d ra w in g a tten tio n to th e a b ility o f m a tte r to
o rg a n ise itself sp o n ta n e o u sly in to o rd ere d sta te s. T h e
o u tc o m e s c a n b e strik in g w h e n th e y resem b le g e n e ric
fea tu re s o f p la n t a n d a n im a l fo rm (e .g ., b ra n ch in g , sy m -

m etry , se ria lly re p ea ted stru ctu re s). B y c o m p a rin g th e
d i® e ren t p a rts o f a n o rg a n ism to th e c̀ en trifu g a l g o v -
e rn o r o f th e stea m en g in e ' th a t m a in ta in ed sta b ility b y
u sin g fe e d b a ck , W a lla ce a n tic ip a ted th e g e n e ra l p h ilo s-
o p h y . It is so m e tim e s d e sc rib e d a s a s̀y stem s', a s o p -

p o se d to re d u c tio n ist, a p p ro a ch . T h is w a y o f lo o k in g
a t p la n t a n d a n im a l fo rm h a rk s b a ck to th e ea rly 1 9 0 0 s
a n d th e a d v o c a c y o f D 'A rc y W e n tw o rth T h o m p so n , a
sta u n ch a n ti-e v o lu tio n ist. A m o n g o th e r th in g s, h e a r-
g u e d stro n g ly th a t v e rteb ra te sk eleta l m o rp h o lo g ie s w ere

b e st u n d e rsto o d a s eq u ilib riu m stru c tu res th a t w e re th e
re su lt o f m ech a n ica l fo rce s, n o t a s p ro d u c ts o f ev o lu -
tio n . T h e n th e m a th e m a ticia n A la n T u rin g sh o w ed in
1 9 5 2 th a t d i® u sib le ch e m ica ls th a t w ere a b le to c a ta ly se
th e ir o w n sy n th esis c o u ld sp o n ta n e o u sly g iv e rise to a
ra n g e o f sp a tia l p a tte rn s. H o w ev er, th e re a re p ro b le m s

w ith b io lo g ic a l o rd e r th a t is in d e p e n d e n t o f g e n e tic in -
fo rm a tio n . T h e re is n o a ssu ra n ce th a t th e sa m e p a tte rn
w ill rec u r g en e ra tio n a fter g en era tio n : fo r ex a m p le, th e
e n v iro n m en t m a y ° u c tu a te o r c ritica l su b stra te s m a y b e
in sh o rt su p p ly . A w a y to g e t a ro u n d th is d i± c u lty h a s

b e e n p ro p o sed . If a se lf-o rg a n ise d p a tte rn is sta b le it
c a n re c u r g e n e ra tio n a fter g e n era tio n . S u p p o se it is a lso
b e n e ¯ c ia l a n d p e rsists o v e r a su ± c ie n tly la rg e n u m b e r
o f g e n e ra tio n s. T h en g en e tic ch a n g e s c o u ld o c c u r in th e
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Traits can and do

vary in the

absence of

genetic variation.

Natural selection

moulds living

organisms so that

they function as

efficiently as they can

under the genetic

and environmental

conditions to which

they are subject.

in te rim a n d e n su re th a t th e p ro c esse s th a t g e n e ra te th e
p a tte rn b ec o m e in d ep e n d en t o f e x te rn a l stim u li a n d u n -
a ® ec te d b y e x te rn a l p e rtu rb a tio n s. In th is p ic tu re th e

ro le o f n a tu ra l se le ctio n is m o re to ¯ n e -tu n e a tra it th a n
to ca u se its a p p ea ra n c e .

T ra its ca n a n d d o v a ry in th e a b se n c e o f g en etic v a ri-
a tio n . N o n -g e n e tic v a ria tio n c a n n o t le a d to im m ed ia te

e v o lu tio n a ry c o n seq u e n c es, b u t a s w e h a v e ju st se en it
h a s th e p o te n tia l d o so if it p ersists o v er m a n y g e n era -
tio n s. T h a t a p a rt, it a p p e a rs lik e ly th a t u n d e r ce rta in
situ a tio n s n o n -g e n e tic v a ria tio n is a u se fu l stra te g y to
a d o p t b y a g ro u p th a t is m a d e u p o f g e n etic a lly sim ila r,

p e rh a p s id e n tic a l, in d iv id u a ls. T h e a rg u m en t is th a t a
g ro u p in w h ich d i® ere n t m em b e rs d o d i® e re n t th in g s is
b e tte r o ® th a n a g ro u p in w h ich e v e ry o n e d o e s th e sa m e
th in g .

It is g e n e ra lly b e lie v e d th a t a lo n g w ith th e d e v e lo p -
m en t o f cu ltu re , n a tu ra l selec tio n h a s slo w e d d o w n o r
b e c o m e in sig n ī c a n t in h u m a n s. In ste a d , c u ltu ra l ev o lu -
tio n , w h ich u n lik e b io lo g ic a l e v o lu tio n is la rg ely L a m a r-

ck ia n , is sa id to h a v e ta k e n o v er. W h ile th a t is la rg e ly
tru e , th e in te re stin g th in g is th a t c u ltu ra l e v o lu tio n to o
m a y n o t b e fre e o f b io lo g y. W ith th e p o ssib le e x c e p tio n s
o f la n g u a g e, c o o k in g a n d life c y cle rite s, th e re a re m a n y

c̀h a ra cte ristic a lly ' h u m a n c u ltu ra l tra its { fo r in sta n ce
to o l u se , a g ricu ltu re , a rt, m u sic a n d ritu a l { fo r w h ich

it is n o t to o fa r-fe tch e d to th in k o f a n a lo g ie s in a n im a ls.
A q u e stio n e n g a g in g a tten tio n is, a re th e y m o re th a n
a n a lo g ies? Is it m e a n in g fu l to ta lk o f a n im a l c u ltu re ?
A n d if so , ca n o n e tra c e lin k s w ith th e c o rre sp o n d in g
h u m a n tra its?

N a tu ra l se le c tio n m o u ld s liv in g o rg a n ism s so th a t th ey
fu n c tio n a s e± c ie n tly a s th e y c a n u n d e r th e g e n e tic a n d
e n v iro n m en ta l c o n d itio n s to w h ich th ey a re su b jec t. G e -

n e tic v a ria tio n s o c c u r ra n d o m ly , a n d th e o n es th a t le a d
to a d a p tiv e ch a n g e s sp re a d th ro u g h th e p o p u la tio n .
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A d a p ta tio n is sa id to b e to a n en v iro n m e n t; e co lo g ists
sp ea k o f a n o rg a n ism 's ǹ ich e'. E v e n th o u g h th e e n -
v iro n m e n t in c lu d e s o th e r o rg a n ism s, th is is a p a ssiv e

v ie w o f th e ro le o f th e e v o lv in g o rg a n ism itse lf. B u t
w h a t if a n im a ls a n d p erh a p s p la n ts ta k e a n a c tiv e p a rt
in c o n stru ctin g th e ir o w n e n v iro n m en ts, so m e th in g th a t
w e k n o w h a p p e n s a ll th e tim e? W ea v er b ird n ests, te r-
m ite m o u n d s a n d b ea v er d a m s a re sp ec ta c u la r e x a m p les.

C a ses su ch a s th e se h a v e fu elle d th e g ro w th o f w h a t
is c a lle d n ich e c o n stru ctio n th e o ry , a th e o ry still in its
in fa n c y. Its g o a l is to in c o rp o ra te th e e le m en t o f self-
re in fo rc e m e n t (o r fe ed b a ck , o r a u to c a ta ly sis) im p lic it in
su ch situ a tio n s in to sta n d a rd e v o lu tio n a ry d isc o u rse.

O n ly tim e w ill te ll w h e th er th e p o ssib ilitie s m en tio n e d
h e re w ill m o d ify th e D a rw in ia n p ictu re o f e v o lu tio n in
a n in te restin g w a y o r m e rely a d d fo o tn o te s to it.

D a r w in a ft e r T h e O r ig in o f S p e c ie s

In th e lo n g ru n , th e su c ce ss o f a th eo ry h a s to d o w ith
a n u m b e r o f fa c to rs. Its sc o p e a n d e x p la n a to ry p o w er,

w h e th e r it c o n tin u e s to fu l̄ l a n e ed , h o ld s its o w n v is-
µa -v is a ltern a tiv e th e o rie s, a n d so o n , a ll c o m e in to th e
p ictu re . B u t if a th e o ry is to c a tch o n w h e n it is ¯ rst p ro -
p o se d , it m u st b e n o v e l a n d it m u st s̀m e ll rig h t'. A n u n -
d e rly in g m e ch a n ism fo r im p le m e n tin g th e a ssu m p tio n s

o f a th eo ry is so m e th in g to b e p riz ed , a b o n u s. B u t
it is n o t e sse n tia l. D a rw in 's c o m p re h en siv e a n a ly sis o f
e v o lu tio n in T h e O rigin o f S pecies, in w h ich n a tu ra l se -
le c tio n w a s th e m o st im p o rta n t b u t n o t so le e n g in e o f
e v o lu tio n a ry ch a n g e , sm elt rig h t. W h e n su b se q u e n t a d -

v a n c e s in b io lo g y u n co v ere d th e d e ta ils b e h in d h e rita b le
v a ria tio n s, th e fe e lin g w a s re in fo rce d .

T h e eig h t b o o k s th a t D a rw in w ro te a fter T h e O rigin {

th e re w e re six tee n in a ll { in itia ted resea rch in d iv e rse
a re a s o f b io lo g y . T h e D escen t o f M a n , a n d S electio n in
R ela tio n to S ex is, a s th e title su g g e sts, tw o b o o k s in
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Further Reading

The Darwin Online site (www.darwin-online.org.uk) is a gold mine; it claims that it

has all of Darwin’s published and unpublished writings. If no citation is given, it

should be assumed that a quotation used in this article comes from there. There is

also a less comprehensive Alfred Russel Wallace Page (www.wku.edu/~smithch/

index1.htm); a review of Peter Raby’s Alfred Russel Wallace: A Life (Princeton

University Press, 2002) draws attention to the different route that led Wallace to

natural selection (www.ias.ac.in/resonance/March2008/p277-282.pdf; Resonance,

pp.277-282, March 2008). Two modern, scholarly and readable biographies of

Darwin are by Adrian Desmond and James Moore (Darwin: A tormented evolu-

tionist; Penguin, 1992) and E Janet Browne (Charles Darwin: Voyaging and

Charles Darwin: Power of Place; Jonathan Cape, 1995 and 2002). A much smaller

but insightful biography is Cyril Aydon’s Charles Darwin (Robinson, 2002). The

Galápagos finches are exemplars of speciation and adaptive radiation. Their story

is told in The Beak of the Finch: A Story of Evolution in Our Time by Jonathan

Weiner (Vintage, 1995). As a brilliant piece of detective work by the historian of

science FrankSulloway showed, the significance of the finches was established only

in the middle of the 20th century. See Darwin and His Finches: The Evolution of a

Legend (F J Sulloway, Journal of the History of Biology, vol. 15, no. 1 pp. 1-53,

1982). J Maynard Smith’s The Theory of Evolution (Penguin Books, 1993) covers

much of evolutionary biology, not just natural selection. The best description of

o n e . T h e E xp ressio n o f th e E m o tio n s in M a n a n d A n i-
m a ls esta b lish ed th e ev o lu tio n a ry b a sis o f ep iste m o lo g y
a n d fo u n d e d th e (c u rren tly c o n tro v e rsia l) ¯ e ld o f ev o lu -

tio n a ry p sy ch o lo g y . O f th e rem a in in g se v e n , six w e re o n
p la n ts a n d , a s J B S H a ld a n e p u t it, a re c o n c ern e d w ith
th o se a sp e cts o f p la n t life w h ich a re m o st lik e a n im a l a n d
h u m a n life . H a ld a n e w en t so fa r a s to sa y th a t th e se,
n o t th e th e o ry o f e v o lu tio n , co n stitu ted D a rw in 's m o st

o rig in a l co n trib u tio n to b io lo g y . T h e y d ea l w ith se n -
so ry p e rce p tio n , m o v e m e n t, p re d a tio n a n d re p ro d u ctiv e
stra te g ie s. (T h e w o rk o n p la n t b eh a v io u r w a s ca rrie d
fo rw a rd b rillia n tly b y J C B o se.) D a rw in rem a in e d a c -
tiv e till th e en d . H is la st p a p e r w a s p u b lish e d th irtee n
d a y s b e fo re h e d ie d o n 1 9 A p ril 1 8 8 2 . It co n ta in e d a

v in d ic a tio n o f th e c la im th a t e v e n a se d e n ta ry sh ell̄ sh
(c o ck le ) co u ld d isp erse o v er la rg e d ista n ce s b y la tch in g
o n to th e leg o f a w a te r in sec t o r fro g . T h e w o rk w a s
b a sed o n a re p o rt th a t h e h a d re ce iv ed fro m F ra n cis
C rick 's g ra n d fa th e r.
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natural selection that I know is The Blind Watchmaker (Penguin, 1990) by Richard

Dawkins. Two excellent books explore how it works in detail: A Cornish-Bowden’s

Pursuit of Perfection (Oxford University Press, 2004) does so in the case of

biochemical pathways and J T Bonner’s Why Size Matters (Princeton University

Press, 2006) shows how a simple theme can lead to varied outcomes. G G Simpson

treats the theme of evolutionary opportunism in The Meaning of Evolution (Yale

University Press, 1949). See The contribution of Ibn Sina (Avicenna) to the develop-

ment of earth sciences (Al-Rawi et al., Foundation for Science Technology and

Education, 2002; http://www.muslimheritage.com/uploads/ibnsina.pdf) for an early

example of uniformitarianism. On Growth and Form by D’Arcy Thompson (Cam-

bridge University Press, 1992; abridged edition by John Tyler Bonner) is a classic

exposition of the physicalist approach to biological form, and a recent book on the

subject by Forgacs and Newman is reviewed in http://www.iisc.ernet.in/currsci/

dec102006/1568.pdf. M Morange discusses Darwinian and other approaches to the

origin of life in Life Explained (Yale University Press, 2008). S Sarkar’s Doubting

Darwin? (Wiley-Blackwell, 2007) contains a robust rebuttal of ‘creationist designs

on evolution’. J T Bonner’s The Evolution of Culture in Animals (Princeton, 1986)

considers how biology might have played a role in cultural evolution. The story of

Darwin’s last paper is given in Discoverer of the Genetic Code by Matt Ridley

(HarperCollins, 2006).


